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and stores data concerning the wingspan 22 of the aircraft and other details
concerning the size, shape and ICAQ category (A to G) of the aircraft. The image
processing system 8 classifies the aircraft on the basis of the size which can be used
subsequently when determining the registration markings on the port wing 20. The
data obtained can also be used for evaluation of the aircraft during landing andjor
take-off.

Alternatively a pyroelectric sensor 27 can be used with a signal processing wing
detection unit 29 to provide a tracking system 1 which also generates the acquisition

signal using the trigger logic circuit 39, as shown in Figure 4 and described later.

Detecting moving aircraft in the field of view of the sensor 3 or 27 is based on
forming a profile or signature of the aircraft, P(yf), that depends on a spatial
coordinatey and time t . To eliminate features in the field of view that are secondary
or slowly moving, a difference profile AP(y,t) is formed. The profile or signature can be
differenced in time or in space because these differences are equivalent for moving
objects. If the intensity of the light or thermal radiation from the object is not changing
then the time derivative of the profile obtained from this radiation is zero. A time
derivative of a moving field can be written as a convective derivative involving partial
derivatives, which gives the equation

dPly.t) _ 9Pty |, 9P _ g
dt ot oy

(3)

wherev is the speed of the object as observed in the profile. After rearranging

equation (3), gives

Pyl _ _, 9Py

el

at ay “4)

which shows that the difference in the profile in time is equivalent to the difference in

the profile in space. This only holds for moving objects, when v = 0. Equation (4) also

25 follows from the simple fact that if the profile has a given valueP(y,t,) at the
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coordinate (¥,.t,), then it will have this same value along the line
Y=Y+ Ut - t) (5)

To detect and locate a moving feature that forms an extremum in the profile,
such as an aircraft wing, the profile can be differenced in space AyP(y,t)‘ Then an
extremum in the profile P(y,t) will correspond to a point where the difference profile A F(y,{)

crosses zero.

In one method for detecting a feature on the aircraft, a profile P(y,t) is formed
and a difference profile A(y,t) is obtained by differencing in time, as described
below. According to equation (4) this is equivalent to a profile of a moving object that
is differenced in space. Therefore the position ¥p of the zero crossing point of AP(y.t)
at time t is alsc the position of the zero crossing point ofAyP(y,t) which locates an

extremum in P(y.f).

In another method for detecting a feature on the aircraft, the difference between
the radiation received by a sensor 27 from two points in space is obtained as a
function of time, AyS(t), as described below. If there are no moving features in the fieid
of view, then the difference is constant. If any object in the field of view is moving, then
the position of a point on the object is related to time using equation (5). This allows
a profile or signature differenced in space to be constructed

APy = AS() (6)

and, as described above, allows an extremum corresponding to an aircraft wing to be

located in the profile from the zero crossing point in the differential signature.

The image acquisition system 10 includes at least one high resolution camera
7 to obtain images of the aircraft when triggered. The images are of sufficient
resolution to enable automatic character recognition of the registration code on the
port wing 20 or elsewhere. The illumination unit 16 is also triggered simultaneously to

provide illumination of the aircraft during adverse lighting conditions, such as at night
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or during inclement weather.

The acquired images are passed to the analysis system 12 which performs
Optical Character Recognition (OCR) on the images to obtain the registration code.
The registration code corresponds to aircraft type and therefore the aircraft
classification determined by the image processing system 8 can be used to assist to
the recognition process, particularly when characters of the code are obscured in an
acquired image. The registration code extracted and any other information concerning

the aircraft can be then passed to other systems via a network connection 24.

Once signals received from the pyroelectric sensors 21 indicate the aircraft 28
is within the field of view of the sensors 3 of the tracking sensor system 6, the tracking
system 1 is activated by the proximity detector 4. The proximity detector 4 is usually
the first stage detection system to determine when the aircraft is in the proximity of the
more precise tracking system 1. The tracking system 1 includes the tracking sensor
system 6 and the image processing system 8 and according to one embodiment the
images from the detection cameras 3 of the sensor system 6 are used by the image
processing system 8 to provide a trigger for the image acquisition system when some
point in the image of the aircraft reaches a predetermined pixel position. One or more
detection cameras 3 are placed in appropriate locations near the airport runway such
that the aircraft passes within the field of view of the cameras 3. A tracking camera 3
provides a sequence of images, {/}. The image processing system 8 subtracts a
background image from each image / of the sequence. The background image
represents an average of a number of preceding images. This yields an image A/, that
contains only those objects that have moved during the time interval between images.
The image Al is thresholded at appropriate values to yield a binary image, i.e. one
that contains only two levels of brightness, such that the pixels comprising the edges
of the aircraft are clearly distinguishable. The pixels at the extremes of the aircraft in
the direction perpendicular to the motion of the aircraft will correspond to the edges
18 of the wings of the aircraft. After further processing, described below, when it is

determined the pixels comprising the port edge pass a certain position in the image
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corresponding to the acquisition point, the acquisition system 10 is triggered, thereby
obtaining an image of the registration code beneath the wing 20 of the aircraft.

imaging the aircraft using thermal infrared wavelengths and detecting the
aircraft by its thermat radiation renders the aircraft self-luminous so that it can be
imaged both during the day and night primarily without supplementary illumination.
Infrared (IR) detectors are classified as either photon detectors (termed cooled
sensors herein), or thermal detectors (termed uncooled sensors herein). Photon
detectors (photoconductors or photodiodes) produce an electrical response directly
as the result of absorbing IR radiation. These detectors are very sensitive, but are
subject to noise due to ambient operating temperatures. It is usually necessary to
cryogenically cool (80°K) these detectors to maintain high sensitivity. Thermal
detectors experience a temperature change when they absorb IR radiation, and an
electrical response results from temperature dependence of the material property.
Thermal detectors are not generally as sensitive as photon detectors, but perform well

at room temperature.

Typically, the coofed sensing devices are formed from Mercury Cadmium
Telluride offer far greater sensitivity than uncooled devices, which may be formed from
Barium Strontium Titanate. Their Net Equivalent Temperature Difference (NETD) is
also superior. However, with the uncooled sensor a chopper can be used to provide
temporal modulation of the scene. This permits AC coupling of the output of each pixel
to remove the average background. This minimises the dynamic range requirements
for the processing electronics and ampilifies only the temperature differences. This is
an advantage for resolving differences between cloud, the sun, the aircraft and the
background. The advantage of differentiation between objects is that it reduced the
load on subsequent image processing tasks for segmenting the aircraft from the

background and other moving objects such as the clouds.

Both a cooled and uncooled thermal infrared imaging system 6 has been used
during day, night and foggy conditions. The system 6 produced consistent images of
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the aircratft in all these conditions, as shown in Figures 8 and 9. In particular, the sun
in the field of view produced no saturation artefacts or flaring in the lens. At night, the

entire aircraft was observable, not just the lights.

The image processing system 8 uses a background subtraction method in an
attempt to eliminate slowly moving or stationary objects from the image, leaving only
the fast moving objects. This is achieved by maintaining a background image that is
updated after a certain time interval elapses. The update is an incremental one based
on the difference between the current image and the background. The incremental
change is such that the background image can adapt to small intensity variations in
the scene but takes socme time to respond to large variations. The background image
is subtracted from the current image, a modulus is taken and a threshold applied. The
result is a binary image containing only those differences from the background that

exceed the threshold.

One problem with this method is that some slow moving features, such as
clouds, still appear in the binary image. The reason for this is that the method does not
select on velocity but on a combination of velocity and intensity gradients. If the
intensity in the image is represented by /(x,y,t), where x and y represent the position
in rows and columns, respectively, and t represents the image frame number (time)
and if the variation in the intensity due to ambient conditions is very small then it can
be shown that the time variation of the intensity in the image due to a feature moving
with velocity v is given by

él(_;?yv_t) = ~V.VI(xy.b) @

In practice, the time derivative in equation (7) is performed by taking the
difference between the intensity at (x,y) at different times. Equation (7) shows that the
value of this difference depends on the velocity v of the feature at {x,y) and the
intensity gradient. Thus a fast moving feature with low contrast relative to the

background is identical to a slow moving feature with a large contrast. This is the
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situation with siowly moving clouds that often have very bright edges and therefore
large intensity gradients there, and are not eliminated by this method Since features
in a binary image have the same intensity gradients, better velocity selection is
obtained using the same method but applied to the binary image. In this sense, the

5 background-subtraction method is applied twice, once to the original grey-scale image
to produce a binary image as described above, and again to the subsequent binary
image, as described below.

The output from the initial image processing hardware is a binary image B(x,y,f)

10 where B(x,y,t) = 1 if afeature is located at (x,y) attime ¢, and B(x,y,t) = Orepresents
the background. Within this image the fast moving features belong to the aircraft. To
deduce the aircraft wing position the two-dimensional binary image can be

compressed into one dimension by summing along each pixel row of the binary image,
Piy.t) = f Bix,y.t) dx (8)

where the aircraft image moves in the direction of the image columns. This row-sum

15 profile is easily analysed in real time to determine the location of the aircraft. An
exampie of a profile is shown in Figure 10 where the two peaks 30 and 31 of the
aircraft profile correspond to the main wings (large peak 30) and the tail wings (smaller
peak 31).

20 in general, there are other features present, such as clouds, that must be
identified or filtered from the profile. To do this, differences between profiles from
successive frames are taken, which is equivalent to a time derivative of the profile.
Letting A(x,y,t) be the aircraft where A(x,y.f} = 1if (x,y) lies within the aircraft and 0
otherwise and letting C(x,y.f) represent clouds or other slowly moving objects, then

25 it can be shown that the time derivative of the profile is given by

Py _ Ay ., 00V L O
p f pn dx f > dx f > [Ax.y.HC(x.y.H]dx

- f—a“%‘;”'” [1 - Clxy.ax + &(C)

(9)
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where £(C) = 0O is a small error term due to the small velocity of the clouds. Equation
(9) demonstrates an obvious fact that the time derivative of a profile gives information
on the changes (such as motion) of feature A only when the changes in A do not
overlap features C. In order to obtain the best measure of the location of a feature, the
overlap between features must be minimised. This means that C{x,y,f) must cover as
small an area as possible. If the clouds are present but do not overlap the aircraft,
then apart from a smail error term, the time difference between profiles gives the
motion of the aircraft. The difference profile corresponding to Figure 10 is shown in
Figure 11 where the slow moving ciouds have been eliminated. The wing positions
occur at the zero-crossing points 33 and 34. Note that the clouds have been removed,

apart from small error terms.

The method is implemented using a programmabie logic circuit of the image
processing system 8 which is programmed to perform the row sums on the binary
image and to output these as a set of integers after each video field. When taking the -
difference between successive profiles the best results were obtained using

differences between like fields of the video image, i.e. even-even and odd-odd fields.

The difference profile is analysed to locate valid zero crossing points
corresponding to the aircraft wing positions. A valid zero crossing is one in which the
difference profile initially rises above a threshold /, for a minimum distance y, and
falls through zero to below -/, for a minimum distance y,. The magnitude of the
threshold /; is chosen to be greater than the error term £(C) which is done to discount

the affect produced by slow moving features, such as clouds.

In addition, the peak value of the profile, corresponding to the aircraft wing, can
be obtained by summing the difference values when they are valid up to the zero
crossing point. This method removes the contributions to the peak from the non-

overlapping clouds. It can be used as a guide to the wing span of the aircraft.

The changes in position of the aircraft in the row-sum profile are used to
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determine a velocity for the aircraft that can be used for determining the image
acquisition or trigger time, even if the aircraft is not in view. This situation may occur
if the aircraft image moves into a region on the sensor that is saturated, or if the trigger
point is not in the field of view of the camera 3. However, to obtain a reliable estimate
of the velocity, geometric corrections to the aircraft position are required to account
for the distortions in the image introduced by the camera lens. These are described
below using the coordinate systems (x,y,z) for the image and (X,Y,Z) for the aircraft

as shown in Figures 12 and 13, respectively.

For an aircraft at distance Z and at a constant altitude Y, the angle from the

horizontal to the aircraft in the vertical plane is

Y,
tang, = — (10)
Z

Since Y, is approximately constant, a normalised variable Z,, = 2/, can be used. If y,
is the coordinate of the centre of the images, f is the focal length of the lens and 6,

is the angle of the camera from the horizontal in the vertical plane, then

tanf, - tanB,

Yoo ¥
= tan, - 8,) = ——Io———
f €, - & 1 + tanb, tan6, (1)

where the tangent has been expanded using a standard trigonometric identity. Using
(10) and (11) an expression for the normalised distance Z,, is obtained
1+ BQ/ - yo)taneC

2 = o v (12)

where B = 1/f. This equation allows a point in the image at y to be mapped onto a
true distance scale, Z,,. Since the aircraft altitude is unknown, the actual distance
cannot be determined. Instead, all points in the image profile are scaled to be
equivalent to a specific point, y,, in the profile. This point is chosen to be the trigger
line or image acquisition line. The change in the normalised distance Z,(y,) at y, due

to an increment in pixel value Ay, is AZ,{y,) = Z\(y, + Ay,) - Z,(y,). The number
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of such increments over a distance Z,(y,) - Zy(y,) is M = (Z,(y,) - Z(y,WDZ\(y,).

Thus the geometrically corrected pixe! position at y, is

Z\¥,) - Zyy) A

= +MA = +
Ye2 = Vs Y1 = Yy AZy0) 4

(13)

For an aircraft at distance Z and at altitude Y,, a length X on it in the X direction
subtends an angle in the horizontal plane of
X - Xy
J Yg + 22 ‘/1 + Z5

tanb, = (14)

5 where normalised values have been used. If x, is the location of the centre of the

image and f is the focal length of the lens, then

= tan® (15)

Using (12), (14) and (15), the normalised distance X, can be obtained in terms of x

and y

Xy = k .f X°)\/1 + Zgy) (16)

As with the y coordinate, the x coordinate is corrected to a value at y,. Since X,
10 should be independent of position, then a length x, - x, at y, has a geometrically

corrected fength of

e ZXy,)
T

) \ J1+B%, - vof  sinB, - Bly, - ¥,x0s6,
= (Xz - Xof=
sing; - By, - ¥opose, YV B - Xof

The parameter B = 1/f is chosen so that x and y are measured in terms of pixe!

Xe2 = Xo = (xz - X

numbers. If y, is the centre of the camera centre and it is equal to half the total

number of pixels, and if 8, is the vertical field of view of the camera, then
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B - tan[GFo\/?_} (18)

Yo

This relation allows B to be caiculated without knowing the lens focal length and the

dimensions of the sensor pixels.

The velocity of a feature is expressed in terms of the number of pixels moved
between image fields (or frames). Then if the position of the feature in frame n is y,),
the velocity is given by v, = y, - y,.,. Over N frames, the average velocity is then

N

1 1y 1
W= Vo = 2o = Yot} = G - Vo) (19)

which depends only on the start and finish points of the data. This is sensitive to errors
in the first and last values and takes no account of the positions in between. The error

in the velocity due to an error 8y, in the value y,, is

o) = (20)

A better method of velocity estimation uses all the position data obtained between
these values. A time t is maintained which represents the current frame number. Then

the current position is given by

y =y, - vt (21)

where y, is the unknown starting point and v is the unknown velocity. The number n
of valid positions y, measured from the feature are each measured at time ¢ .

Minimising the mean square error
. 1~
2 _
X2 = T Yot Vf (22)
n=1

with respect to v and y, gives two equations for the unknown quantitiesy, and v.

Solving for v yields
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v = — (23)

This solution is more robust in the sense that it takes account of all the motions of the
feature, rather than the positions at the beginning and at the end of the observations.
If the time is sequential, so that {, = nAt where {, = 1 is the time interval between
image frames, then the error in the velocity due to an error 8y, in the value y, is

_ SV [6(N 1 - 2n)
o) = o2 20

5 which, for the same error dy,, in (19), gives a smaller error than (21) for N > 5. In
general, the error in (24) varies as 1/N? which is less sensitive to uncertainties in

position than (19).

If the aircraft is not in view, then the measurement of the velocity v can be used
10 to estimate the trigger time. if y, is the position of a feature on the aircraft that was iast

seen at a time {,, then the position at any time ¢ is estimated from

y =y - vit-t) (25)

Based on this estimate of position, the aircraft will cross the trigger point located

at y, at atime t; estimated by

t, =t - LA/ (26)

An alternative method of processing the images obtained by the camera 3 to
15 determine the aircraft position, which also automatically accounts for geometric
corrections, is described below. The method is able to predict the time for triggering

the acquisition system 10 based on observations of the position of the aircraft 28.
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To describe the location of an aircraft 28 and its position, a set of coordinates
are defined such that the x axis points vertically upwards, the Z axis points
horizontally along the runway towards the approaching aircraft, and y is horizontal
and perpendicular to the runway. The image 66 of the aircraft is located in the digitised
image by pixel values (x,,.y,), where x,, is defined to be the vertical pixel value and Yp
the horizontal value. The lens on the camera inverts the image so that a light ray from
the aircraft strikes the sensor at position (-x,-y,,0), where the sensor is located at
the coordinate origin. Figure 14 shows a ray 68 from an object, such as a point on the
aircraft, passing through a lens of a focal length f, and striking the imaging sensor at
a point (-x,, -y,), wherex, andy, are the pixel values. The equation locating a point

on the ray is given by

r=xy(zf - )%, + y(af - Ny, + 22, (27)

where z is the horizontal distance along the ray, and the subscript ¢ refers to the
camera coordinates. The camera axis Z_is coilinear with the lens optical axis. It will

be assumed that z/f»1, which is usually the case.

-

Assuming the camera is aligned so that y_. = y is aligned with the runway

coordinate, but the camera is tilted from the horizontal by angle 8. Then

. = X cosO - Z sinB
(28)

X
2 = XxsinB + 2 cosB

i

and a point on the ray from the aircraft to its image is given by

r= z[(xp cosB / f + sinB) X + [y, / f) § + (cosb - x, sinb / ) z‘r] (29)
Letting the aircraft trajectory be given by
t) = (z(t) tanbs + Xo) X + yo¥ + ()2 (30)

where z(t) is the horizontal position of the aircraft at time ¢, 8 is the glide-slope
angle, and the aircraft is at altitude x, and has a lateral displacement y, at z(t,) = 0.
Here, t = {, is the time at which the image acquisition system 10 is triggered, i.e. when
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the aircraft is overhead with respect to the cameras 7.

Comparing equations (29) and (30) allows z to be written in terms of z(¢) and

gives the pixel positions as

Z(fjjcosB tanB; - sinB] + x, cosd
Z(tsin® tanBg; + cosB] + x, sind

x(t) = f (31)

and

y,t) = % (32)
i Z(t)[sind tanBgg + cosd] + x, sind

Since z,(t) is the vertical coordinate and its value controls the acquisition
trigger, the following discussion will be centred on equation (31) The aircraft position

is given by

Z(h) = wt, - B (33)
where v is the speed of the aircraft along the 2 axis.
The aim is to determine {, from a series of vaiues of z (f) at ¢ determined from

the image of the aircraft. For this purpose, it is useful to rearrange (31) into the

following form

c—t+axp—btxp=0 (34)
where

vitanB .. + cotB) + x
g = o( GS ) 0 (35)

A1 - tanBgg cotB)

tanB.. + cotd

- GS (36)

f1 - tanBgg cotB)

15 and
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X1%o
c=1 -
° A1 - tanB,, cotf) (37)

The pixel value corresponding to the trigger point vertically upwards is x, = f cot8.

The trigger time, {;, can be expressed in terms of the parameters a, b and ¢

(o Crax 28
° 1+ b, (38)

The parameters a, b and ¢ are unknown since the aircraft glide siope, speed,

altitude and the time at which the trigger is to occur are unknown. However, it is

5 possible to estimate these using equation (34) by minimising the chi-square statistic
Essentially, equation (34) is a prediction of the relationship between the measured
values x, and t, based on a simple model of the optical system of the detection
camera 3 and the trajectory of the aircraft 28. The parameters a, b and ¢ are to be

chosen so as to minimise the error of the model fit to the data, 1.e. make equation (34)

10 be as close to zero as possible.

Let x, be the location of the aircraft in the image, i.e. pixel value, obtained at
time f . Then the chi-square statistic is
N
X2 =3 [ t, + ax, - btx,f (39)
n=1

for N pairs of data points. The optimum values of the parameters are those that

15 minimise the chi-square statistic, i.e. those that satisfy equation (34).

For convenience, the following symbols are defined

N
X=Yx, T

>, -

N N 2
Xt Y = Y X4
=1 B

n=
v oo (40)
= E X" tn' R = Z xntn' S =

n=1 n=1 n=1
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Then the values of a, b and c that minimise equation (39) are given by

(NP - XT)IP? - NS) - (NR - PTY{(PX - NQ)

) (NY - X3 P2 - NS) « (PX - NQ)? 1)
_ (NP - XTYPX - NQ) + (NR - PTINY - X3 42
(NY - X2P? - NS) + (PX - NQY? (42)
and
C = I_:_b_,z_.:_ai.( (43)

On obtaining a, b and ¢ from equations (41) to (43), then {, can be obtained from
equation (38).

Using data obtained from video images of an aircraft landing at Melbourne
airport, a graph of aircraft image position as a function of image frame number is
shown in Figure 15. The data was processed using equations (41) to (43) and (38) to
yield the predicted value for the trigger frame number {, = 66 corresponding to trigger
point 70. The predicted point 70 is shown in Figure 16 as a function of frame number.
The predicted value is {, = 66 + 0.5 after 34 frames. In this example, the aircraft can
be out of the view of the camera 3 for up to 1.4 seconds and the system 2 can still
trigger the acquisition camera 7 to within 40 milliseconds of the correct time. For an
aircraft travelling at 62.5 m/s, the system 2 captures the aircraft to within 2.5 metres

of the required position.

The tracking system 6, 8 may also use an Area-Parameter Accelerator (APA)
digital processing unit, as discussed in International Publication No. WO 93/19441,
to extract additional information, such as the aspect ratio of the wing span to the

fuselage length of the aircraft and the location of the centre of the aircraft.

The tracking system 1 can also be implemented using one or more pyrcelectric

sensors 27 with a signal processing wing detection unit 29. Each sensor 27 has two
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adjacent pyroelectric sensing elements 40 and 42, as shown in Figure 17, which are
electrically connected so as to cancel identical signals generated by each element. A
plate 44 with a slit 46 is placed above the sensing elements 40 and 42 so as to
provide the elements 40 and 42 with different fields of view 48 and 50. The fields of
view 48 and 50 are significantly narrower than the field of view of a detection camera
discussed previously. If aircraft move above the runway in the direction indicated by
the arrow 48, the first element 40 has a front field of view 48 and the second element
42 has a rear field of view 50. As an aircraft 28 passes over the sensor 27 the first
element 40 detects the thermal radiation of the aircraft before the second element 42,
the aircraft 28 will then be momentarily in both fields of view 48 and 50, and then only
detectable by the second element 42. An example of the difference signals generated
by twao sensors 27 is illustrated in Figure 18 where the graph 52 is for a sensor 27
which has a field of view that is directed at 90° to the horizontal and a sensor 27 which
is directed at 75° to the horizontal. Graph 54 is an expanded view of the centre of
graph 52. The zero crossing points of peaks 56 in the graphs 52 and 54 correspond
to the point at which the aircraft 28 passes the sensor 27. Using the known paosition
of the sensor 27 the time at which the aircraft passes, and the speed of the aircraft 28,
a time can be determined for generating an acquisition signal to trigger the high
resoclution acquisition cameras 7. The speed can be determined from movement of the

Zero crossing points over time, in a similar manner to that described previously.

The image acquisition system 10, as mentioned previously, acquires an image
of the aircraft with sufficient resolution for the aircraft registration characters to be
obtained using optical character recognition. According to one embodiment of the
acquisition system 10, the system 10 includes two high resolution cameras 7 each
comprising a lens and a CCD detector array. Respective images obtained by the two

cameras 7 are shown in Figures 19 and 20.

The minimum pixe! dimension and the focal length of the iens determine the
spatial resolution in the image. If the dimension of a pixel is L, the focal length f and

the altitude of the aircraft is h, then the dimension of a feature W, on the aircraft that
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is mapped onto a pixel is
Lh L h
- _P -
Woia = = or f= WP— (44)

min

The character recognition process used requires each character stroke to be
mapped onto at least four pixels with contrast levels having at least 10% difference
from the background. The width of a character stroke in the awrcraft registration is
regulated by the ICAQ. According to the ICAO Report, Annex 7, sections 4.2.1 and
5.3, the character height beneath the port wing must be at least 50 centimetres and
the character stroke must be 1/6™ the character height. Therefore, to satisfy the
character recognition criterion, the dimension of the feature on the aircraft that is
mapped onto a pixel should be W,,,, = 2 centimetres, or less. Once the CCD detector
is chosen, L, is fixed and the focal length of the system 10 is determined by the
maximum altitude of the aircraft at which the spatial resolution W, = 2 centimetres

is required.

The field of view of the system 10 at altitude h is determined by the spatial
resolution W, chosen at altitude h,,, and the number of pixels N, along the length
of the CCD,

N W_ . h
WFov - pl" " min (45)

hmax

For h = h_, and N, = 1552 the field of view is W;,, = 31.04 metres.

To avoid blurring due to motion of the aircraft, the image moves a distance less

20 than the size of a pixel during the exposure. If the aircraft velocity is v, then the time

to move a distance equal to the required spatial resolution W, is

w
g = _mn 46
v ( )

The maximum aircraft velocity that is likely to be encountered on landing or
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take-off is v = 160 knots = 82 ms *'. With W, = 0.02 m, the exposure time to

avoid excessive blurring is f < 240 us.

The focal length of the lens in the system 10 can be chosen to obtain the
required spatial resolution at the maximum altitude. This fixes the field of view.
Alternatively, the field of view may be varied by altering the focal length according to

the altitude of the aircraft. The range of focal lengths required can be calculated from

equation (44)

The aircraft registration, during daylight conditions, is illuminated by sunlight
or scattered light reflected from the ground. The aircraft scatters the light that is
incident, some of which is captured by the lens of the imaging system. The
considerable amount of light reflected from aluminium fuselages of an aircraft can
affect the image obtained, and is taken into account. The light power falling onto a

pixel of the CCD is given by

g AR (47)

where L, is the solar spectral radiance, AA is the wavelength bandpass of the entire
configuration, Qg is the solid angle subtended by the sun, Ry, is the reflectivity of
the ground, R, is the reflectivity of the aircratft, A, is the area of a pixel in the CCD
detector and f# is the lens f-number.

The solar spectral radiance L, varies markedly with wavelength A. The power
falling on a pixel will therefore vary over a large range. This can be limited by
restricting the wavelength range A\ passing to the sensor and optimally choosing the
centre ‘wavelength of this range. The optimum range and centre wavelength are

chosen to match the characteristics of the imaging sensor.

in one embodiment, the optimum wavelength range and centre wavelength are
chosen in the near infrared waveband, 0.69 to 2.0 microns. This limits the variation in
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light power on a pixel in the sensor to within the useable limits of the sensor. A
KODAK™ KAF-1600L imaging sensor {(a monolithic silicon sensor with lateral overflow
anti-blooming) was chosen that incorporated a mechanism to accommodate a
thousandfold saturation of each pixel, giving a total acceptabie range of light powers
in each pixel of 10%. This enables the sensor to produce a useful image of an aircraft

when very bright light sources, for example the sun, are in its field of view.

The correct choice of sensor and the correct choice of wavelength range and
centre wavelength enables an image to be obtained within a time interval that arrests
the motion of the aircraft and that provides an image with sufficient contrast on the
aircraft registration to enable digital image processing and recognition of the

registration characters.

In choosing the waveiength range and centre wavelength, it was important to

avoid dazzling light from the suppiementary illumination of the illumination unit 16. The

optimum wavelength range was therefore set to between 0.69 um and 2.0 um.

The power of sunlight falling onto a pixel directly from the sun is

AT
Pp~sun = LAA)\'4_f#—2 (48)

The relative light powers from the sun and from the aircraft registration falling

onto a single pixel is

PAs 2n
P T OR.A (49)
p sun’ ‘gnd’ “A

With Q. = 6.8 x 10°° steradians, R,, = 0.2 and R, = 1, the ratio is
Py sunfPp = 4.6 % 10°. This provides an estimate of the relative contrast between the
image of the sun and the image of the underneath of the aircraft on a CCD pixel. The

CCD sensor and system electronics are chosen to accommodate this range of light

25 powers.
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In poor lighting conditions, the aircraft registration requires additional
illumination from the illumination unit 16. The light source of the unit 16 needs to be
sufficient to illuminate the aircraft at its maximum altitude. If the source is designed to
emit light into a solid angle that just covers the field of view of the imaging system then
the light power incident onto a pixel of the imaging system 10 due to light emitted from
the source and reflected from the aircraft is given by

P = PS%A— N—A"f; (50)
A Mptot
where A, is the area on the aircraft imaged onto a pixel of area A, F; is the light
power of the source, R, is the aircraft reflectivity, N, is the total number of pixels in
the CCD sensor and f# is the f-number of the lens. The power of the source required
to match the daytime reflected illumination is estimated by setting
P, =73 x 10M"W, R, =1, A, = 81 um?, Ny = 1552 x 1032, fit = 1.8 and
noting that A, = W2, where W, = 0.02 m.Then P, = 1.50 x 10* W. For a Xenon
flash lamp, the flash time is typically { = 300 us which compares favourabiy with the
exposure time to minimise motion blurring. Then the source must deliver an energy of
E, = Pt = 45 J. This is the light energy in a wavelength band AA = 0.1 nm. Xenon
flash lamps typically have 10% of their light energy within this bandpass centred
around A = 0.8 um. Furthermore, the flash lamp may only be 50% efficient. Thus the
electrical energy required is approximately 90 J. Flash lamps that deliver energies of
1500 J in 300 us are readily available. lilumination with such a flash lamp during the
day reduces the contrast between the direct sun and the aircraft registration, thereby
relaxing the requirement for over-exposure tolerance of the CCD sensor. This result
depends on the flash lamp directing all of its energy into the field of view only and that
the lens focal length is optimally chosen to image the region of dimension

W..» = 0.02 monto a single pixel.

in one embodiment, the aperture of the lens on the acquisition camera 7 is
automatically adjusted to control the amount of light on the imaging sensor in order to

optimise the image quality for digital processing. In the image obtained, the intensity
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level of the registration characters relative to the underside of the aircraft needs to be
maintained to provide good contrast between the two for OCR. The power P, of the
flash 16 is automatically adjusted in accordance with the aperture setting ## of the
acquisition camera 7 to optimise the image quality and maintain the relative contrast
between the registration characters and the underside of the aircraft, in accordance
with the relationship expressed in equation (50). For example, during the day the
aperture of the lens may be very small and the power of the flash may be increased
to provide additional illumination of the underside, whereas during night conditions,
the aperture may be fuily opened and the power of the flash reduced considerably as
additional illumination is not required. As an alternative, or in addition, the electrical
gain of the electronic circuits connected to an acquisition camera 7 is adjusted

automatically to optimise the image quality.

To appropriately set the camera aperture and/or gain one or more point optical
sensors 60, 62, as shown in Figure 21, are used to measure the ambient lighting
conditions. The electrical output signals of the sensors 60, 62 are processed by the
acquisition system 10 to produce the information required to control the camera
aperture and/or gain. Two point sensors 60, 62 sensitive to the same optical spectrum
as the acquisition cameras 7 can be used. One sensor 60 receives light from the sky
that passes through a diffusing plate 64 onto the sensor 60. The diffusing plate 64
collects light from many different directions and allows it to reach the sensor 60. The
second sensor 62 is directed towards the ground to measure the reflected light from

the ground.

The high resolution images obtained of the aircraft by the acquisition system
10 are submitted, as described previously, to the analysis system 12 which performs
optical character recognition on the images to extract the registration codes of the

aircraft.

The analysis system 12 processes the aircraft images obtained by a high

resolution camera 7 according to an image processing procedure 100, as shown in
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Figure 22, which is divided into two parts 102 and 104. The first part 102 operates on
a sub-sampled image 105, as shown in Figure 23, to locate regions that contain
features that may be registration characters, whereas the second part 104 executes
a similar procedure but is done using the full resolution of the original image and is
executed only on the regions identified by the first part 102. The sub-sampled image
105 is the original image with one pixel in four removed in both row and column
directions, resulting in a one in sixteen sampling ratio. Use of the sub-sampled image

improves processing time sixteen-fold.

The first part 102 receives the sub-sampled image at step 106 and filters the
image to remove features which are larger than the expected size of the registration
characters (b) at step 108. Step 108 executes a morphological operation of linear
closings applied to a set of lines angled between 0 and 180°. The operation passes
a kernel or window across the image 105 to extract lines which exceed a
predetermined length and are at a predetermined angle. The kernel or window is
passed over the image a number of times and each time the predetermined angle is
varied. The lines extracted from all of the passes are then subtracted from the image
105 to provide a filtered difference image 109. The filtered difference image 109 is
then thresholded or binarised at step 110 to convert it from a grey scale image to a
binary scale image 111. This is done by setting to 1 all image values that are greater
than a threshold and setting to O all other image values. The threshold at a given point
in the image is determined from a specified multiple of standard deviations from the
mean calculated from the pixel values within a window centred on the given point. The
binarised image 111 is then filtered at step 112 to remove all features that have pixel
densities in a bounding box that are smaller or larger than the expected pixel density
for a bounded registration character. The image 111 is then processed at step 114 to
remove all features which are not clustered together like registration characters. Step
114 achieves this by grouping together features that have similar sizes and that are
close to one another. Groups of features that are smaller than a specified size are
removed from the image to obtain a cleaned image 113. The cleaned image 113 is
then used at step 116 to locate regions of interest. Regions of interest are obtained
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in step 116 from the location and extents of the groups remaining after step 114. Step
116 produces regions of interest which include the registration characters and areas
of the regions are bounded above and below, as for the region 115 shown in
Figure 23.

The regions of interest obtained by the first part 102 of the procedure 100 are
further processed individually using the full resoiution of the original image and the
second part 104 of the procedure. The second part 104 takes a region of interest 115
from the original image at step 120 and for that region filters out features larger than
the expected character sizes at step 122, using the same morphological operation of
linear closings applied to a set of lines angled between 0 and 180°, followed by image
subtraction, as described above, to obtain image 117. The filtered image 117 is then
binarised at step 124 by selecting a filter threshold that is representative of the pixel
values at the edges of features. To distinguish the registration characters from the
aircraft wing or body the filter threshoid needs to be set correctly. A mask image of
significant edges in image 117 is created by calculating edge-strengths at each point
in image 117 and setting to 1 ali points that have edge-strengths greater than a mask
threshold and setting to O all other points. An edge-strength is determined by taking
at each point pixel gradients in two directions, Ax and Ay, and calculating
m to give the edge-strength at that point. The mask threshold at a given
point is determined from a specified multiple of standard deviations from the mean
calculated from the edge-strengths within a window centred on the given point. The
filter threshold for each point in image 117 is then determined from a specified multiple
of standard deviations from the mean calculated from the pixel values at all points
within a window centred on the given point that correspond to non-zero values in the
mask image. The binarised image 118 is then filtered at step 126 to remove features
that are smaller than the expected character sizes. Features are clustered together at
step 128 that have similar sizes, that are near to one another and that are associated
with similar image values in image 117. At step 130 the correctly clustered features
that have sizes, orientations and relative positions that deviate too much from the
averages for the clusters are filtered out to leave features that form linear chains. Then
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at step 132, if the number of features remaining in the image produced by step 130 is
greater than 3, then a final image is created by rotating image 118 to align the linear
chain of features with the image rows and by masking out features not belonging to
the linear chain. The final image is passed to a character recognition process 200 to
determine whether the features are registration characters and, if so, which

characters.

The final image undergoes a standard optical character recognition process
200, as shown in Figure 24, to generate character string data which represents the
ICAQ characters on the port wing. The process 200 includes receiving the final image
at step 202, which is produced by step 132 of the image processing procedure 100,
and separating the characters of the image at step 204. The size of the characters are
normalised at step 206 and at step 208 correction for the alignment of the characters
is made and further normalisation occurs. Character features are extracted at step 210
and an attempt made to classify the features of the characters extracted at step 212.
Character rules are applied to the classified features at step 214 so as to produce a

binary string representative of the registration characters at step 216.

Although the system 2 has been described above as being one which is
particularly suitable for detecting an aircraft, it should be noted that many features of
the system can be used for detecting and identifying other moving objects. For
example, the embodiments of the tracking system 1 may be used for tracking land
vehicies. The system 2 may be employed to acquire images of and identify

automobiles at tollway points on a roadway.

Many modifications will be apparent to those skilled in the art without departing
from the scope of the present invention as hereinbefore described with reference to

the accompanying drawings.
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CLAIMS:

1. An object detection system including:
passive sensing means for receiving electromagnetic radiation from a moving
object and generating intensity signals representative of the received radiation; and
processing means for subtracting said intensity signals to obtain a differential
signature representative of the position of said moving object.

2. An object detection system as claimed in claim 1, wherein said processing
means generates an image acquisition signal on the basis of said differential

signature.

3. An object detection system as claimed in claim 2, including acquisition means,
responsive to said acquisition signal, for acquiring an image of at least part of said
moving object; and

analysis means for processing said image to identfy said moving object.

4. An object detection system as claimed in claim 3, wherein said analysis system

processes said acquired image to extract markings to identify said moving object

5. An object detection system as claimed in claim 1, 2, 3 or 4, wherein said moving

object is an aircraft.

6. An object detection system as claimed in claim 5, wherein said aircraft is in
flight.
7. An object detection system as claimed in claim 5, wherein said electromagnetic

radiation is thermal radiation.
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8. An object detection system as claimed in claim 5, including proximity detecting
means for detecting the presence of said aircraft within a predetermined region and,

in response thereto, generating an activation signal for said passive sensing means.

9. An object detection system as claimed in claim 1, wherein said passive sensing
means includes imaging means for obtaining images of said radiation at successive
periods of time, and

said processing means generates respective profiles of pixel values for said
images and a difference profile, generated from the difference between successive

profiles, which includes said differential signature.

10.  An object detection system as claimed in claim 9, wherein said position
corresponds to a zero crossing point in said difference profile where said difference
profile has nsen above a first predetermined threshold for at least a first predetermined
distance and then falls to below a second predetermined threshold for a second

predetermined distance.

11.  An object detection system as claimed in claim 10, wherein said praocessing
means monitors the movement of said position in successive ones of said difference

profile and determines the time for generation of an image acquisition signal.

12. An object detection system as claimed in claim 11, wherein said processing
means generates a background image from successive images obtained by said
imaging means and subtracts said background image from images of said radiation

before generating said profiles.

13.  An object detection system as ciaimed in claim 1, wherein said passive sensing
means includes pyroelectric sensors with different fields of view and said intensity
signals include at least first and second signals representative of the thermal radiation

present in said views, respectively, and
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said processing means subtracts said first and second signals to obtain a

differential signal including said differential signature.

14.  An object detection system as claimed in claim 13, wherein said processing
means determines a time for generation of an image acquisition signal on the basis
of the position of said passive sensing means, the time of generation of said
differential signature and the speed of said moving object.

15.  An object detection system as claimed in claim 14, wherein said time of
generation and said speed are determined from a zero crossing point of said
differential signature.

16.  Animage acquisition system including:

at least one camera for acquiring an image of at least part of a moving object,
in response to a trigger signal, and

analysis means for processing said image to locate a region in said image
including markings identifying said object and processing said region to extract said

markings for a recognition process.

17.  An image acquisition system as claimed in claim 16, wherein said camera
images received radiation between 0.69 to 2.0 um.

18.  Animage acquisition system as claimed in claim 17, wherein said camera has

an exposure time of < 240 us.

19.  Animage acquisition system as claimed in claim 17, including an infrared flash

having its power adjusted on the basis of the aperture setting of said camera.

20.  Animage acquisition system as claimed in claim 17, including optical sensor
means positioned to obtain measurements of ambient direct light and reflected light
for the field of view of said camera and adjust settings of said camera on the basis of

said measurements.
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21.  An image acquisition system as claimed in claim 16, wherein said analysis
means sub-samples said image, extracts lines exceeding a predetermined length and
at predetermined angles, binarises the image, removes features smalier or larger than
said markings, removes features not clustered as said markings, and locates said

region using the remaining features.

22.  An image acquisition system as ciaimed in claim 21, wherein said analysis
means extracts said region from said image and processes said region by removing
features larger than expected marking sizes, binarising said region, removing features
smalier than expected marking sizes, removing features not clustered as identifying
markings, and passing the remaining image for optical recognition if including more

than a predetermined number of markings.

23.  Animage acquisition system as claimed n claim 17, wherein said moving object

is an aircraft.

24 Animage acquisition system as claimed in claim 23, wherein said aircraft is in
flight.

25.  An object detection system as claimed in claim 2, including an image acquisition
system as claimed in any one of claims 16 to 24, wherein said trigger signal is said

image acquisition signal.

26.  An object detection methed including:
passively sensing electromagnetic radiation received from a moving object;
generating intensity signals representative of the received radiation; and
subtracting said intensity signals to obtain a differential signature representative

of the position of said moving object.

27.  An object detection method as claimed in claim 26, including generating an

image acquisition signal on the basis of said differential signature.
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28.  An object detection method as claimed in claim 27, including acquiring an
image of at least part of said moving object in response to said acquisition signal; and

processing said image to identify said moving object.

29.  An object detection method as claimed in claim 28, including processing said

acquired image to extract markings identifying said moving object.

30.  An object detection method as claimed in claim 26, 27, 28 or 29, wherein said
moving object is an aircraft.

31.  An cbject detection method as claimed in claim 30, wherein said aircraft is in
flight.

32. An object detection method as claimed in claim 30, wherein said

electromagnetic radiation is thermal radiation.

33.  An object detection method as claimed in claim 30, including detecting the
presence of said aircraft within a predetermined region and, in response thereto,

generating an activation signal to execute said passive sensing step.

34. An object detection method as claimed in claim 26, wherein said passive
sensing includes imaging said radiation at successive periods of time, and

said subtracting includes generating respective profiles of pixel values for
images of said radiation and generating a difference profile, from the difference

between successive profiles, which includes said differential signature.

35. An object detection method as claimed in claim 34, wherein said position
corresponds to a zero crossing point in said difference profile where said difference
profile has risen above a first predetermined threshold for at least a first predetermined
distance and then falls to below a second predetermined threshold for a second

predetermined distance.
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36. An object detection method as claimed in claim 35, including monitoring the
movement of said position in successive ones of said difference profile and

determining the time for generation of an image acquisition signal.

37. An object detection method as claimed in ciaim 36, wherein said subtracting
includes generating a background image from successive images of said radiation
imaging means and subtracting said background image from images of said radiation

before generating said profiles.

38. An object detection method as claimed in claim 26, wherein said passive
sensing includes pyroelectric sensing with different fields of view and said intensity
signals include at least first and second signals representative of the thermal radiation
present in said views, respectively, and

said subtracting includes subtracting said first and second signals to obtain a

differential signal including said differential signature.

39.  Anobject detection method as claimed in claim 38, including determining a time
for generation of an image acquisition signal on the basis of the position of passive
sensors, the time of generation of said differential signature and the speed of said

moving object.

40. An object detection method as claimed in claim 39, wherein said time of
generation and speed are determined from a zero crossing point of said differential

signature.

41.  Animage acquisition method including:

acquiring an image of at least part of a moving object, in response to a trigger
signal, using at least one camera, and

processing said image to locate a region in said image including markings
identifying said object and processing said region to extract said markings for a

recognition process.
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42.  An image acquisition method as claimed in claim 41, wherein said camera

images received radiation between 0.69 to 2.0 um.

43.  Animage acquisition method as ciaimed in claim 42, wherein said camera has

an exposure time of < 240 us.

44,  An image acquisition method as claimed in claim 42, including adjusting the
power of an infrared fiash for said camera on the basis of the aperture setting of said

camera.

45,  An image acquisition method as claimed in claim 42, including obtaining
automatic measurements of ambient direct light and reflected light for the field of view
of said camera and adjusting settings of said camera on the basis of said

measurements.

46. An image acquisition method as claimed in claim 41, wherein said image
processing includes sub-sampling said image, extracting lines exceeding a
predetermined length and at predetermined angles, binarising the image, removing
features smaller or larger than said markings, removing features not clustered as said

markings, and locating said region using the remaining features.

47.  An image acquisition method as claimed in claim 46, wherein said region
processing includes extracting said region from said image, removing features larger
than expected marking sizes, binarising said region, removing features with ar=as
smaller or larger than expected marking areas, removing features not clusterec as
identifying markings, and passing the remaining image for optical recognition if

including more than a predetermined number of markings.

48. An image acquisition method as claimed in claim 42, wherein said moving

object is an aircraft.
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49.  Animage acquisition method as claimed in claim 48, wherein said aircraft is in

flight.

50. An object detection method as claimed in claim 27, including an image
5 acquisition method as claimed in any ane of claims 41 to 49, wherein said trigger

signal is said image acquisition signal.
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69 Anaircraft surveillance system.

An aircraft surveillance system (2) comprising an aircraft
(4). at least one closed circuit slow scan television camera (6)
which is positioned in the aircraft (4) and which is for surveying
a predetermined area. first transducer means (8) which is
positioned in the aircraft (4) and which is for converting video
signals from the camera () into audio signals. first transceiver
means (10} which 1s positioned in the aircraft (4) and which is
for transmitting the audio signals from the first transducer
means (8) and for recewving command signals. second
transceiver means (12) which is positioned in a command base
{14) remote from the aircraft (4) and which is for receiving the
audio signals from the first transceiver means {10) and for
sending the command signals. second transducer means (16}
which 13 positioned in the command base (14} and which 1s for
converting the audio signals received from the second
transceiver means (12} into video signals, and at least one
television monitor (18) for providing a visual display consequent
upon receiving the video signals from the second transducer
means {16).
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Description

AN AIRCRAFT SURVEILLANCE SYSTEM

This invention relates to an aircraft surveiliance
system.

It is an aim of the present invention to provide an
aircraft surveillance system which can be used fo
survey the inside of an aircraft during an emergency
such for example as a hijack or which can be used to
survey land or objects outside the aircraft such for
example as a border sheltering terrorists.

Accordingly. this invention provides an aircraft
surveillance system comprising an aircraft. at least
one closed circuit slow scan television camera which
is positioned in the aircraft and which is for surveying
a predetermined area, first transducer means which
is positioned in the aircraft and which is for
converting video signals from the camera into audio
signals, first transceiver means which is positioned
in the aircraft and which is for transmitting the audio
signals from the first transducer means and for
receiving command signals, second transceiver
means which is positioned in a command base
remote from the aircraff and which is for receiving
the audio signals from the first transceiver means
and for sending the command signals, second
transducer means which is positioned in the com-
mand base and which is for converting the audio
signals received by the second fransceiver means
into video signals, and at least one television monitor
for providing a visual display consequent upon
receiving the video signals from the second trans-
ducer means.

The afrcraft surveillance system of the invention is
especially useful for surveying the inside of an
aircraft during a hijack. When a hijack occurs, the
hijackers invariably inform ground control that they
have hijacked the aircraft and, with the surveillance
system of the present invention, it is only necessary
for the ground control to issue an appropriate
command signal {o cause the camera to operate and
to cause pictures of the hijack to be transmitted
back to a television monitor in ground control. The
transmitted pictures can be enlarged as may be
desired. for example to ascertain the identity of a
hijacker and/or whether or not the hijacker has a real
gun. grenade or the like or whether the gun, grenade
or the like is an imitation device. It will thus be
apparent. that by the time the aircraft is forced to
land at its destination determined by the hijacker,
ground control will be in a good position to know
exactly what action to take.

The aircraft surveillance system of the invention is
also of a special use for surveying land. In this case,
the aircraft will usually be a slow flying aircraft such
for example as a helicopter. as opposed to a
passenger flying aircraft. Pictures of the land can be
relayed fo a command base and the pictures may
help to establish the position of terrorists. escaped
prisoners or the like on the land.

The pictures can be displayed as black and white
or colour pictures.

The command base will usually be a ground
command base but, if desired, the command base

10

15

25

could be in another aircraft, a ship or a vehicle.

The command signals will usually be start-up
signals for initiating operation of the aircraft surveill-
ance system. However, if desired, the start-up
signals may be other signals for actuating the
commencement of other desired functions.

The first and the second transceiver means may
be substantially identical pieces of equipment.

The first transducer means will usually convert the
video signals from the camera to audio signals on
cassette tape. The audio signals will usually be
transmitted from the aircraft to the command base
as radio signals. For example. the audio signals may
be transmitted on normal aircraft radio frequencies
such for example as the aircraft Mayday frequency.

Advantageously, the first transducer means and
the first fransceiver means are housed together ina
single piece of equipment. Similarly, the second
transducer means and the second transceiver
means are also advantageously housed togetherin a
single piece of equipment. Such single pieces of
equipment can be arranged to be mobile or static.

The transducer means and the transceiver means
are advantageously in the form of a single piece of
equipment known as IBSONSCAN Il. The IBSON-
SCAN |l is manufactured and sold by Ibsonmain
Limited, of Uxbridge, Middlesex, England. Other
equipment can of course by used if desired.

Preferably, the first and the second transceiver
means record on to tape so that they have a
playback facility for helping repeated surveillance of
an area or an cobject in that area.

Usually, the first and the second transceiver
means will have a rewind facility.

Any appropriate camera may be employed. Exam-
ples of cameras that may be employed are those
manufactured by Ademco,Philips and Norbane. The
cameras may be positioned where desired and
appropriate in the aircraft. For example, for a
passenger aircraft there will usually be one camera
positioned in the cockpit together with a number of
other cameras positioned in the passenger, accom-
modation of the aircraft, the actual number of
cameras empioyed being dependent upon the size
of the passenger accommaodation. For a jumbo jet, it
is envisaged that at least four cameras will be
required for the passenger accommodation, whilst it
is envisaged that a minimum of two cameras will be
required for the passenger accommodation of a
Boeing 737 or a Boeing 757.

The cameras will usually be connected to the
aircraft TPU power circuit to ensure that the power
to the cameras cannot easily be switched off.
Indeed, it is desirable that the entire aircraft
surveillance system is such that it cannot by
switched on ar off or otherwise generally interferred
with by aircraft personnel so that, in the event that
the hijackers should know that they are being filmed,
they cannot instruct the aircraft personnel to switch
off the aircraft surveillance system.

The cameras can be positioned at random

Sony, Ex. 1002, p.1568



3

positions in the same type of aircraft if desired in
order that hijackers cannot easilly know the location
of the cameras. The cameras can also be concealed
where possible, for example in overhead compart-
ments, again sc that their presence cannot easily be
established.

Preferably, the aircraft surveillance system is such
that the TV monitor has a picture hold facility.

The aircraft surveillance system may be one which
has a visual display facility only, the signals passing
from the aircraft to the command base then being
signals which are only for permitting the visual
display. Alternatively, the aircraft surveillance system
may be one which has a visual display facility and
also a speech facility, the signals passing from the
aircraft to the command base then being first signals
which permit the visual display and second signals
which permit the speech.

An embodiment of the invention will now be
described solely by way of example and with
reference to the accompanying drawing which
shows in diagrammatic form an aircraft surveillance
system.

Referring to the drawing, there is shown an
aircraft surveillance system 2 comprising an air-
craft 4 and four closed circuit siow scan television
cameras 6 which are positioned in the aircraft 4 and
which are for surveying predetermined areas in the
aircraft 4 such for example as the cockpit area and
the passenger areas. One camera 6 will be employed
for surveying each predetermined area.

The aircraft surveillance system 2 also comprises
first transducer means 8 which is positioned in the
aircraft 4 and which is for converting video signals
from the cameras 6 Iinto audio signals. First
transceiver means 10 is positioned in the aircraft 4
and is for transmitting the audio signais from the first
transducer means 8 and for receiving command
signals.

The aircraft surveillance system 2 also comprises
second transceiver means 12 which is positioned in
a command base 14 remote from the aircraft 4 and
which is for receiving audio signals from the first
transceiver means 10 and for sending the command
signals. The command base 14 is also provided with
second transducer means 16 which is for converting
the audio signals received by the second transceiver
means 12 into video signals. A television monitor 18
is linked to the second transducer means 16 for
providing a visual display consequent upon receiving
the video signals from the second transducer means
186.

The cameras 6 are controlled by a controf device
20 which is activated by receiving appropriate
control signals from the first transducer means 8.
The control device 20 can be used to make the
cameras 6 pan, tilt, zoom or perform other functions.
Tre control device 20 can also be used to activate
lights or perform other control functions.

The first transducer means 8 and the first
transceiver means 10 are advantageously formed
logether in a single housing as a single piece of
equipment 22. Similarly, the second transceiver
means 12 and the second transducer means 16 are
advantageously formed together in a single housing

0232 031

10

20

25

30

35

40

45

50

60

65

4

as a single piece of equipment 24. The equipment
22,24 is advantageously the equipment referred to
above and known as IBSONSCAN I1. The equipment
22,24 is such that it enables the pictures to be set as
a continuous series of still pictures, updated every
twenty two seconds, through standard voice fre-
quency radio channels. The equipment 22 is able to
take a television frame from the television cameras 6,
convert the video signals to audio signals, record
then, dial the command base 14, make a security
check, and send the pictures, if desired accompa-
nied by the time, date. source and any other required
information. The equipment 24 is able to receive the
signals from the equipment 22, make a security
check, accept the signals, and record the signals,
The equipment 24 contemporaneously restores the
signal to a video mode and allows the picture to be
displayed on the television monitor 18, together with
any other transmitted information such for example
as the above mentioned time, date and source.

The equipment 22,24 can control the entire aircraft
surveillance system 2 and the transmitting equip-
ment by sending up to sixty four separate instruc-
tions. if a poor connection is made, the equipment
22 can be instructed to rewind and replay its
recording of an entire sequence. The equipment 24
can receive an entire fransmission and it also has the
facility to enable a single frame to be held on the
television monitor 18. An entire transmission can be
played back later for analysis and hard copying if
desired.

It is envisaged that the aircraft surveillance
system 2 will be especially useful for dealing with
hijack situations and also for enabling aircraft border
patrols to spot terroriste.

It is to be appreciated that the embodiment of the
invention described above with reference to the
accompanying drawing has been given by way of
example only and that modifications may be ef-
fected. Thus, for exampie, more or less than the
illustrated four cameras 6 may be employed, and
more than one television monitor 18 may also be
employed. Also, the cameras 6 could be directed
outside an aircraft to survey a predetermined area
such as a border or a coastline.

Claims

1. An aircraft surveillance system comprising
an aircraft, at least one closed circuit slow scan
television camera which is positioned in the
aircraft and which is for surveying a predeter-
mined area, first transducer means which is
positioned in the aircraft and which is for
converting video signals from the camera into
audio signals, first transceiver means which is
positioned in the aircraft and which is for
transmitting the audio signals from the first
transducer means and for receiving command
signals, second transceiver means which is
positioned in a command base remote from the
aircraft and which is for receiving the audio
signals from the first transceiver means and for
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sending the command signals, second trans-
ducer means which is positioned in the com-
mand base and which is for converting the
audio signals received by the second trans-
ceiver means into video signals, and at least
one television monitor for providing a visual
display consequent upon receiving the video
signals from the second transducer means.

2. An aircraft surveilfance system according
to claim 1 in which the first transducer means is
for converting the video signals from the
camera to audio signals on cassette tape.

3. An aircraft surveillance system according
to claim 1 or claim 2 in which the first transducer
means and the first transceiver means are
housed together in a single piece of equipment,
and in which the second transducer means and
the second transceiver means are also housed
together in a single piece of equipment.

4. An aircraft surveillance system according
to any one of the preceding claims in which the
first and the second transceiver means record
on to tape so that they have a play back facility
for helping repeated surveillance of an area of
an object in that area.

5. An aircraft surveillance system according
to any one of the preceding claims in which the
first and the second transceiver means have a
rewind facility.

6. An aircraft surveillance system according
to any one of the preceding claims in which the
television monitor has a picture hold facility.

7. An aircraft surveillance system according
to any one of the preceding claims and which
has a visual display facility only, the signals
passing from the aircraft to the command base
then being signals which are only for permitting
the visual display.

8. An aircraft surveillance system according
o any one of claims 1 - 6 and which has a visual
display facility and also a speech facility, the
signals passing from the aircraft to the com-
mand base then being first signals which permit
the visual display and second signais which
permit the speech.
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(4 Infrared vehicle identification system.

@) An infrared vehicle identification system [109]
comprising a microprocessor confrolled in-
frared (IR) transmnitter [112] located on an
aircraft nose wheel landing strut [111] and an
infrared receiver [128] including a microproces-
sor [44] enclosed in a plurality of edge light
assemblies [20] located along surface pathways
of an airport including runways and taxiways.
The infrared transmitter [112] comprises an ar-
ray of light emitting diodes [120] (LEDs) ar-
ranged in a semicircle within the horizontal
plane. The transmitter [112] emits a plurality of
fields [121, Fig.13] of encoded data to provide
vehicle identification and position information.
One field [122] comprises a steady stream of
pulses that aliows the IR receiver [128] to calcu-
late the baud rate of the transmitter [112] and
automatically adjust its intemal timing. The
other fields include a unique word [123] for
marking the beginning of a message, the num-
ber [124] of characters in the message, the’
vehicle identification number [125], the vehicle
position [126] and a checksum [127]. The latter
[127] ensures that a complete and correct mes-
sage has been received. If the transmitted mes-
sage is intemmupted for any reason, the
checksum [127] will detect it and the messages
will be voided. The IR receiver [128] relays a
valid message of vehicle identification [125] and
position [126] to a central computer system [12,
Fig.1] at the airport control tower via the edge
light assembly power wiring 21, Fig.1].
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Background of the Invention

This invention relates to identification of airport surface traffic and in particular to an apparatus and meth-
od for detecting and identifying aircraft or other vehicle movement on airport taxiways, runways and other sur-
face areas.

Currently, ground control of aircraft at an airport is done visually by the air traffic controller in the tower.
Low visibility conditions sometimes make it impossible for the controller to see all parts of the field. Ground
surface radar can help in providing coverage during low visibility conditions; it plays an important part in the
solution of the runway incursion problem but cannot solve the entire problem. A runway incursion is defined
as "any occurrence at an airport involving an aircraft, vehicle, person, or object on the ground that creates a
collision hazard or results in loss of separation with an aircraft taking off, intending to take off, landing, or in-
tending to land.” The U.S. Federal Administration Agency (FAA) has estimated that it can only justify the cost
of ground surface radar at 29 of the top 100 airports in the United States. However, such radar only provides
location information; it cannot alert the controller to possible conflicts between aircraft.

In the prior art, an airport control and monitoring system has been used to sense when an airplane reaches
a certain point on a taxiway and controls switching lights on and off to indicate to the pilot when he may proceed
on to a runway. Such a system sends microwave sensor information to a computer in the control tower. The
computer comprises software for controlling the airport lighting and for providing fault information on the airport
lighting via displays or a control panel to an operator. Such a system is described in sales information provided
on a Bi-directional Series 7 Transceiver (BRITEE) produced by ADB-ALNACO, Inc., A Siemens Company, of
Columbus, Ohio. However, such a system does not show the location of all vehicles on an airfield and is not
able to detect and avoid a possible vehicle incursion.

A well known approach to airport surface traffic control has been the use of scanning radars operating at
high frequencies such as K-band in order to obtain adequate definition and resolution. An existing airport
ground traffic control equipment of that type is known in the art as Airport Surface Detection Equipment
(ASDE). However, such equipment provides surveillance only, no discrete identification of aircraft on the sur-
face being available. Also there is a need for a relatively high antenna tower and a relatively large rotation an-
tenna system thereon.

Another approach to airport ground surveillance is a system described in U. S. Patent No. 3,872,474, is-
sued March 18, 1974, to Arnold M. Levine and assigned to International Telephone and Telegraph Corporation,
New York, NY, referred to as LOCAR (Localized Cable Radar) which comprises a series of small, lower pow-
ered, narrow pulses, transmitting radars having limited range and time sequenced along opposite sides of a
runway ramp or taxiway. In another U. S. Patent No. 4,197,536, issued on April 8, 1980, to Amold M. Levine,
an airport surface identification and control system is described for aircraft equipped with ATCRBS (Air Traffic
Control Radio Beacon System) and ILS (Instrument Landing System). However, these approaches are expen-
sive, require special cabling and for identification purposes require expensive equipment to be included on the
aircraft and other vehicles.

Another approach to vehicle identification such as types of aircraft by identifying the unique characteristic
of the "footprint" presented by the configuration of wheels unique to a particular type of vehicle is described
in U.S. Patent No. 3,872,283, issued March 18, 1975, to Gerald R. Smith et al. and assigned to The Cadre
Corporation of Atlanta Georgia.

An automatic system for surveillance, guidance and fire-fighting at airports using infrared sensors is de-
scribed in U. S. Patent No. 4,845,629, issued July 4, 1989 to Maria V. Z. Murga. The infrared sensors are ar-
ranged along the flight lanes and their output signals are processed by a computer to provide information con-
cerning the aircraft movements along the flight lanes. Position detectors are provided for detecting the position
of aircraft in the taxiways and parking areas. However, such system does not teach the use of edge lights along
the runways and taxiways along with their associated wiring and it is not able to detect and avoid a possible
vehicle incursion.

The manner in which the invention deals with the disadvantages of the prior art to provide a low cost in-
frared vehicle identification system will be evident as the description proceeds.

Summary of the Invention

Accordingly, it is therefore an object of this invention to provide a low cost infrared system that identifies
aircraft or other vehicles on airport taxiways and runways.

Itis also an object of this invention to provide at an airport a low cost aircraft or vehicle identification system
using existing edge light assemblies and associated wiring along runways and taxiways.

It is another object of this invention to provide an infrared vehicle identification system that generates a

2

Sony, Ex. 1002, p.1575



20

25

30

35

55

EP 0613 109 A1

graphic display of the airport showing the location of all ground traffic inciuding direction and velocity data and
identifies such ground traffic.

The objects are further accomplished by providing a vehicle identification system for identifying aircraft
and other vehicles on surface pathways including runways and other areas of an airport comprising means
disposed on the aircraft and other vehicles for transmitting identification message data, means disposed in
each of a plurality of light assembly means on the airport for receiving and decoding the message data from
the transmitting means, means for providing power to each of the plurality of light assembly means, means
for processing the decoded identification message data generated by the receiving and decoding means in
each of the plurality of light assembly means, means for providing data communication between each of the
light assembly means and the processing means, and the processing means comprises means for providing
a graphic display of the airport comprising symbols representing the aircraft and other vehicles, each of the
symbols having the identification message data displayed. The transmitting means comprises means for cre-
ating unique message data which includes aircraft and flight identification, and infrared means coupled to the
message creating means for transmitting a coded stream of the message data. The message data further in-
cludes position information. The receiving and decoding means comprises an infrared sensor. The receiving
and decoding means comprises microprocessor means coupled to the infrared sensor for decoding the mes-
sage data. The plurality of light assembly means are arranged in two paraliel rows along runways and taxiways
of the airport. The light assembly means comprises light means coupled to the lines of the power providing
means for lighting the airport, vehicle sensing means for detecting aircraft or other vehicles on the airport, mi-
croprocessor means coupled to the receiving and decoding means, the light means, the vehicle sensing means
and the data communication means for decoding the identification message data, and the data communication
means being coupled to the microprocessor means and the lines of the power providing means. The symbols
representing aircraft and other vehicles comprise icons having a shape indicating type of aircraft or vehicle.
The processing means determines a location of the symbols on the graphic dispiay of the airport in accordance
with data received from the light assembly means.

The objects are further accomplished by a vehicle identification system for surveillance and identification
of aircraft and other vehicles on an airport comprising a piurality of light circuits on the airport, each of the light
circuits comprises a plurality of light assembly means, means for providing power to each of the plurality of
light circuits and to each of the light assembly means, means in each of the light assembly means for sensing
ground traffic on the airport, means disposed on the aircraft and other vehicles for transmitting identification
message data, means disposed in each of the light assembly means for receiving and decoding the message
data from the transmitting means, means for processing ground traffic data from the sensing means and de-
coded message data from each of the light assembly means for presentation on a graphic display of the airport,
means for providing data communication between each of the light assembly means and the processing means,
the processing means comprises means for providing such graphic display of the airport comprising symbols
representing the ground traffic, each of the symbols having direction, velocity and the identification message
data displayed. Each of the light circuits are located along the edges of taxiways or runways on the airport.
The sensing means comprises infrared detectors. The transmitting means comprises means for creating
unique message data which includes aircraft and flight identification, and infrared means coupled to the mes-
sage creating means for transmitting a coded stream of the message data. The message data further com-
prises position information. The receiving and decoding means comprises an infrared sensor. The receiving
and decoding means comprises micropracessor means coupied to the infrared sensor for decoding the mes-
sage data. The plurality of light assembly means of the light circuits being arranged in two parallel rows along
runways and taxiways of the airport. The light assembly means comprises light means coupled to the lines of
the power providing means for lighting the airport, the ground traffic sensing means for detecting aircraft or
other vehicles on the airport, microprocessor means coupled to the receiving and decoding means, the light
means, the ground traffic sensing means and the data communication means for decoding the identification
message data and processing a detection signal from the ground traffic sensing means, and the data com-
munication means being coupled to the microprocessor means and the lines of the power providing means.
The light assembly means further comprises a photocell means coupled to the microprocessor means for de-
tecting the light intensity of the light means. The light assembly means further comprises a strobe light coupled
to the microprocessor means. The processing means comprises redundant computers for fault tolerance op-
eration. The symbols representing the ground traffic comprise icons having a shape indicating type of aircraft
or vehicle. The processing means determines a location of the symbols on the graphic display of the airport
in accordance with the data receive from the light assembly means. The processing means determines afuture
path of the ground traffic based on a ground clearance command, the future path being shown on the graphic
display. The processing means further comprises means for predicting an airport incursion. The power pro-
viding means comprises constant current power means for providing a separate line to each of the plurality of
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light circuits, and network bridge means coupled to the constant current power means for providing a commu-
nication channel to the processing means for each line of the constant current power means.

The objects are further accomplished by providing a method of providing a vehicle identification system
for identifying aircraft and other vehicles on surface pathways including runways and other areas of an airport
comprising the steps of transmitting identification message data with means disposed on the aircraft and other
vehicles, receiving and decoding the message data from the transmitting means with means disposed in each
of a plurality of light assembly means on the airport, providing power to each of the plurality of light assembly
means, processing the decoded identification message data generated by the receiving and decoding means
in each of the plurality of light assembly means, providing data communication between each of the light as-
sembly means and the processing means, and providing a graphic display of the airport with the processing
means comprising symbols representing the aircraft and other vehicles, each of the symbols having the iden-
tification message data displayed. The step of transmitting identification message data comprises the steps
of creating unique message data which includes aircraft and flight identification, and transmitting a coded
stream of the message data with infrared means coupled to the message creating means. The step of trans-
mitting message data further includes transmitting position information. The step of receiving and decoding
the message data includes using an infrared sensor. The step of receiving and decoding the message data
further comprises the step of coupling microprocessor means to the infrared sensor for decoding the message
data. The step of receiving and decoding the message data with means disposed in the plurality of light as-
sembly means further comprises the step of arranging the plurality of light assembly means in two parallel rows
along runways and taxiways of the airport. The step of providing a graphic display comprising symbols repre-
senting aircraft and other vehicles further comprises the step of providing icons having a shape indicating type
of aircraft or vehicle. The step of providing a graphic display comprises the step of determining a location of
the symbols on the graphic display of the airport in accordance with data received from the light assembly
means.

Brief Description of the Drawings

Other and further features of the invention will become apparent in connection with the accompanying
drawings wherein:

FIG. 1 is a block diagram of an airport vehicle incursion avoidance system;

FIG. 2 is a block diagram of an edge light assembly showing a sensor electronics unit coupled to an edge

light of an airfield lighting system;

FIG. 3 is a pictorial diagram of the edge light assembly showing the edge light positioned above the sensor

electronics unit;

FIG. 4 is a diagram of an airfield runway or taxiway having a plurality of edge light assemblies positioned

along each side of the runway or taxiway for detecting various size aircraft as shown;

FIG. 5 is a black diagram of the central computer system shown in FIG. 1;

FIG. 6 shows eleven network variables used in programming the microprocessor of an edge light assembly

to interface with a sensor, a light and a strobe light;

FIG. 7 is a block diagram showing an interconnection of network variables for a plurality of edge light as-

semblies located on both sides of a runway, each comprising a sensor electronics unit 10 positioned along

a taxiway or runway,

FIG. 8 shows a graphic display of a typical taxiway/runway on a portion of an airport as seen by an operator

in a control tower, the display showing the location of vehicles as they are detected by the sensors mounted

in the edge light assemblies located along taxiways and runways;

FIG. 9 is a block diagram of the data flow within the system shown in FIG. 1 and FIG. 5;

FIG. 10 is a pictorial diagram of an infrared identification system showing an IR transmitter mounted on

an airplane wheel strut and an IR receiver mounted in an edge light assembly of an airport lighting system;

FIG. 11 is a block diagram of an IR transmitter of an IR vehicle identification system;

FIG. 12 shows a top view of the IR transmitter mounted on an airplane wheel strut providing a 195° area

of coverage generated by an IR light emitting diode array in the IR transmitter;

FIG. 13 shows data fields of a coded data stream transmitted by the IR transmitter;

FIG. 14 is a block diagram of an IR receiver of the IR vehicle identification system;

FIG. 15is a flow chart of an IR message routine which is a communication protocol continuously performed

in an IR receiver microprocessor; and

FIG. 16 is a flow chart of a vehicle sensor routine which is continuously performed in an IR receiver mi-

Croprocessor.
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Description of the Preferred Embodiment

Referring to FIG. 1 a block diagram of an airport vehicle incursion avoidance system 10 is shown comprising
a plurality of light circuits 18,.,, each of said light circuits 18,., comprises a plurality of edge light assemblies
20,. , connected via wiring 21;_, to a lighting vault 16 which is connected to a central computer system 12 via
a wide area network 14. Each of the edge light assemblies 20;., comprises an infrared (IR) detector vehicle
sensor 50 (FIG. 2).

The edge light assemblies 20,. , are generally located along side the runways and taxiways of the airport
with an average 100 foot spacing and are interconnected to the lighting vault 16 by single conductor series
edge light wiring 21,. ,. Each of the edge light circuits 18,_, is powered via the wiring 21,_, by a constant current
supply 24,.,, located in the lighting vault 16.

Referring now to FIG. 1 and FIG. 2, communication between the edge light assemblies 20,., and the central
computer system 12 is accomplished with LON Bridges 22,. , interconnecting the edge light wiring 21,_, with
the Wide Area Network 14. Information from a microprocessor 44 located in each edge light assembly 20,_,,
is coupled to the edge light wiring 21,. , via a power line modem 54. The LON bridges 22,. , transfers message
information from the edge light circuits 18,., via the wiring 21,. , to the wide area network 14. The wide area
network 14 provides a transmission path to the central computer system 12. These circuit components also
provide the return path communications link from the central computer system 12 to the microprocessor 44
in each edge light assembiy 20. ,. Other apparatus and methods, known to one of ordinary skill in the art, for
data communication between the edge light assemblies 20,. , and the central computer system 12 may be em-
ployed, such as radio techniques, but the present embodiment of providing data communication on the edge
light wiring 21,. , provides a low cost system for present airports. The LON Bridge 22 may be embodied by de-
vices manufactured by Echelon Corporation of Palo Alto, California. The wide area network 14 may be imple-
mented by one of ordinary skill in the art using standard Ethernet or Fiber Distributed Data Interface (FDDI)
components. The constant current supply 24 may be embodied by devices manufactured by Crouse-Hinds of
Winsiow, Connecticut.

Referring now to FIG. 2 and FIG. 3, FIG. 3 shows a pictorial diagram of the edge light assembly 20,.,. The
edge light assembly 20,. , comprises a bezel including an incandescent lamp 40 and an optional strobe light
assembly 48 (FIG. 2) which are mounted above an electronics enclosure 43 comprising a vehicle sensor 50.
The electronics enclosure 43 sits on the top of a tubular shaft extending from a base support 56. The light
assembly bezel with lamp 40 and base support 56 may be embodied by devices manufactured by Crouse-Hinds
of Winslow, Connecticut.

A block diagram of the contents of the electronics enclosure 43 is shown in FIG. 2 which comprises a cou-
pling transformer 53 connected to the edge light wiring 21,.,. The coupling transformer 53 provides power to
both the incandescent lamp 40 via the lamp control triac 42 and the microprocessor power supply 52; in ad-
dition, the coupling transformer 53 provides a data communication path between the power line modem 54
and the LON Bridges 22,., via the edge light wiring 21,_,. The microprocessor 44 provides the computational
power to run the internal software program that controis the edge light assemblies 20,. ,. The microprocessor
44 is powered by the microprocessor power supply 52. Also connected to the microprocessor 44 is the lamp
control triac 42, a lamp monitoring photo cell 46, the optional strobe light assembly 48, the vehicle sensor 50,
and the data communications modem 54. The microprocessor 44 is used to control the incandescent edge light
40 intensity and optional strobe light assembly 48. The use of the microprocessor 44 in each light assembly
20,. , allows complete addressable control over every light on the field. The microprocessor 44 may be em-
bodied by a VLSI device manufactured by Echelon Corporation of Palo Alto, California 94304, called the Neu-
ron® chip.

Still referring to FIG. 2, the sensor 50 in the present embodiment comprises an infrared (IR) detector and
in other embodiments may comprise other devices such as proximity detectors, CCD cameras, microwave mo-
tion detectors, inductance loops, or laser beams. The program in the microprocessor 44 is responsible for the
initial filtering of the sensor data received from the sensor 50 and responsible for the transmission of such
datatothe central computer system 12. The sensor 50 must perform the following functions: detect a stationary
object, detect a moving object, have a range at least haif the width of the runway or taxiway, be low power and
be immune to false alarms. This system design does not rely on just one type of sensor. Since sensor fusion
functions are performed within the central computer system 12, data inputs from all different types of sensors
are acceptabie. Each sensor relays a different view of what is happening on the airfield and the central com-
puter system 12 combines them. There are a wide range of sensors that may be used in this system. As a new
sensor type becomes available, it can be integrated into this system with a minimum of difficulty. The initial
sensor used is an IR proximity detector based around a piezoeiectric strip. These are the kind of sensors you
use at home to turn on your flood lights when heat and/or movement is detected. When the sensor output pro-
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vides an analog signal, an analog-to-digital converter readilty known in the art may be used to interface with
the microprocessor 44,

Another proximity detector that can be used is based around a microwave Gunn diode oscillator. These
are currently in use in such applications as Intrusion Alarms, Door Openers, Distance Measurement, Collision
Warning, Railroad Switching, etc. These types of sensors have a drawback because they are not passive de-
vices and care needs to be taken to select frequencies that would not interfere with other airport equipment.
Finally, in locations such as the hold position lines on taxiways, solid state laser and detector combinations
could be used between adjacent taxiway lights. These sensor systems create a beam that when broken would
identify the location of the front wheel of the airplane. This type of detector would be used in those locations
where the absolute position of a vehicle was needed. The laser beam would be modulated by the micropro-
cessor 44 to avoid the detector being fooled by any other stray radiation.

Referring to FIG. 2 and FIG. 4, a portion of an airport runway 64 or taxiway is shown having a plurality of
edge light assemblies 20,_g positioned along each side of the runway or taxiway for detecting various size air-
planes or vehicles 60, 62. The dashed lines represent the coverage area of the sensors 50 located in each
edge light assembly 20,_g positioned along each side of the runway 64 or taxiway to insure detection of any
airplane 60, 62 or other vehicles traveling on such runway 64 or taxiway. The edge light assemblies 204. , com-
prising the sensor 50 are logically connected together in such a way that an entire airport is sensitized to the
movement of vehicles. Node to node communication takes place to verify and identify the location of the ve-
hicles. Once this is done a message is sent to the central computer system 12 reporting the vehicles location.
Edge lights assemblies (without a sensor electronics unit 43) and taxiway power wiring currently exist along
taxiways, runways and open areas of airports, therefore, the sensor electronics unit 43 is readily added to ex-
isting edge lights and existing taxiway power wiring without the inconvenience and expense of closing down
runways and taxiways while installing new cabling.

Referring now to FIG. 1, FIG. 5, FIG. 8 and FIG. 9, the central computer system 12 is generally located at
a control tower or terminai area of an airport and is interconnected to the LON Bridges 22,. , located in the
lighting vault 16 with a Wide Area Network 14. The central computer system 12 comprises two redundant com-
puters, computer #1 26 and computer #2 28 for fault tolerance, the display 30, speech synthesis units 29 &
31, alert lights 34, keyboard 27 and a speech recognition unit 33, all of these elements being interconnected
by the wide area network 14 for the transfer of information. The two computers 26 and 28 communicate with
the microprocessors 44 located in the edge light assemblies 20,. ,. Data received from the edge light assembly
20,., microprocessors 44 are used as an input to a sensor fusion software module 101 (FIG. 9) run on the
redundant computers 26 and 28. The output of the sensor fusion software module 101 operating in the com-
puters 26, 28 is used to drive the CRT display 30 which displays the location of each vehicle on the airport
taxiway and runways as shown in FIG. 8. The central computer system 12 may be embodied by devices man-
ufactured by IBM Corporation of White Plains, New York. The Wide Area Network 14 may be embodied by
devices manufactured by 3Com Corporation of Santa Clara, California. The speech synthesis units 29, 31 and
the speech recognition unit 33 may be embaodied by devices manufactured by BBN of Cambridge, Massachu-
setts.

The speech synthesis unit 29 is coupled to a speaker 32. Limited information is sent to the speech synthesis
unit 29 via the wide area network 14 to provide the capability to give an air traffic controller a verbal alert. The
speech synthesis unit 31 is coupled to a radio 37 having an antenna 39 to provide the capability to give the
pilots a verbal alert. The voice commands from the air traffic controller to the pilots are captured by microphone
35 and sent to the pilots via radio 36 and antenna 38. In the present embodiment a tap is made and the speech
information is sent to both the radio 36 and the speech recognition unit 33 which is programmed to recognize
the limited air traffic control vocabulary used by a controller. This includes airline names, aircraft type, the
numbers 0-9, the name of the taxiways and runways and various short phrases such as "hold short”, "expedite"
and "give way to." The output of the speech recognition unit 33 is fed to the computers 26, 28.

Referring again to FIG. 2, the power line modem 54 provides a data communication path over the edge
light wiring 21,_, for the microprocessor 44. This two way path is used for the passing of command and control
information between the various edge light assemblies 20, , and the central computer system 12. A power line
transceiver module in the power line modem 54 is used to provide a data channel. These modules use carrier
current approach to create the data channel. Power line modems that operate at carrier frequencies in the 100
to 450 Khz band are available from many manufacturers. These madems provide digital communication paths
at data rates of up to 10,000 bits per second utilizing direct sequence spread spectrum modulation. They con-
form to FCC power line carrier requirements for conducted emissions, and can work with up to 55 dB of power
line attenuation. The power line modem 54 may be embodied by a device manufactured by Echelon Corpor-
ation of Palo Alto, California 94304, called the PLT-10 Power Line Transceiver Module.
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The data channel provides a transport layer or lowest layer of the open system interconnection (OSI) pro-
tocol used in the data network. The Neuron® chip which implements the microprocessor 44 contains all of the
firmware required to implement a 7 layer OSI protocol. When interconnected via an appropriate medium the
Neuron® chips automatically communicate with one another using a robust Collision Sense Multiple Access
(CSMA,) protocol with forward error corrections, error checking and automatic retransmission of missed mes-
sages (ARQ).

The command and control information is placed in data packets and sent over the network in accordance
with the 7 Layer OS| protacol. All messages generated by the microprocessor 44 and destined for the central
computer system 12 are received by the network bridge 22 via the power lines 21,. , and routed to the central
computer system 12 over the wide area network 14.

The Neuron® chip of the microprocessor 44 comprises three processors (not shown) and the firmware
required to support a full 6 layer open systems interconnection (OSI) protocol. The user is allocated one of the
processors for the application code. The other two processors give the application program access to all of
the other Neuron® chips in the network. This access creates a Local Operating Network or LON. ALON can
be thought of as a high level local area network LAN. The use of the Neuron® chip for the implementation of
this invention, reduces the amount of custom hardware and software that otherwise would have to be devel-
oped.

Data from the sensor electronic unit 43 of the edge light assemblies 20;. , is coupled to the central computer
system 12 via the existing airport taxiway lighting power wiring 21. Using the existing edge fight power line to
transfer the sensor data into a LON network has many advantages. As previously pointed out, the reuse of
the existing edge lights eliminates the inconvenience and expense of closing down runways and taxiways while
running new cable and provides for a low cost system.

The Neuron® chip allows the edge light assemblies 20,. , to automatically communicate with each other
atthe applications level. This is accomplished through network variables which allow individual Neuron® chips
to pass data between themselves. Each Neuron® "C’ program comprises both local and network variables.
The local variables are used by the Neuron® program as a scratch pad memory. The network variables are
used by the Neuron® program in one of two ways, either as a network output variabies or a network input va-
riables. Both kinds of variables can be initialized, evaluated and medified locally. The difference comes into
play in that once a network output variable is modified, network messages are automatically sent to each net-
work input variable that is linked to that output variable. This variable linking is done at installation time. As
soon as a new value of a network input variable is received by a Neuron® chip, the code is vectored off to
take appropriate action based upon the value of the network input variable. The advantage to the program is
that this message passing scheme is entirely transparent since the message passing code is part of the em-
bedded Neuron® operating system.

Referring now to FIG. 6, eleven network variables have been identified for a sensor program in each mi-
croprocessor 44 of the edge light assemblies 20. .. The sensor 50 function has two output variabies: prelim_de-
tect 70 and confirmed_detect 72. The idea here is to have one output trigger whenever the sensor 50 detects
movement. The other output does not trigger unless the local sensor and the sensor on the edge light across
the runway both spot movement. Only when the detection is confirmed will the signal be fed back to the central
computer system 12. This technique of confirmation helps to reduce false alarms in order to implement this
technique the adjacent sensor 50 has an input variable called adj prelim_detect 78 that is used to receive the
other sensors prelim_detect output 70. Other input variabies are upstream_detect 74 and downstream_detect
76 which are used when chaining adjacent sensors together. Also needed is a detector_sensitivity 80 input
that is used by the central computer system 12 to control the detection ability of the sensor 50.

The incandescent light 40 requires two network variabies, one input and the other an output variable. The
input variable light_level 84 would be used to control the light's brightness. The range would be OFF or 0% ali
the way to FULL ON or 100%. This range from 0% to 100% would be made in 0.5% steps. Since the edge light
assembly 20, , also contains the photocell 46, an output variable light_failure 84 is created to signai that the
lamp did not obtain the desired brightness.

The strobe light 48 requires three input variables. The strobe-mode 86 variable is used to select either the
OFF, SEQUENTIAL, or ALTERNATE flash modes. Since the two flash modes require a distinct pattern to be
created, two input variables active_delay 88 and flash_delay 90 are used to time align the strobe flashes. By
setting these individual delay factors and then addressing the Neuron® chips as a group, allows the creation
of a field strobe pattern with just one command.

Referring now to FIG. 7, a block diagram of an interconnection of network variables for a plurality of edge
light assemblies 20,_, located on both sides of a runway is shown, each of the edge light assemblies 20,.,
comprising a microprocessor 44. Each Neuron® program in the microprocessor 44 is designed with certain
network input and output variables. The user writes the code for the Neuron® chips in the microprocessor 44
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assuming that the inputs are supplied and that the outputs are used. To create an actual network the user has
to "wire up" the network by interconnecting the individual nodes with a software linker. The resulting distributed
process is best shown in schematic form, and a portion of the network interconnect matrix is shown in Figure
7. The prelim_detect 70 output of a sensor node 44, is connected to the adj_primary_detect 92 input of the
sensor node 44, across the taxiway. This is used as a means to verify actual detections and eliminate false
reports. The communications link between these two nodes 44, and 44, is part of the distributed processing.
The two nodes communicate among themselves without involving the central computer system 12. If in the
automatic mode or if instructed by the controller, the system will also alert the pilots via audio and visual in-
dications.

Referring again to FIG. 1 and FIG. 4, the central computer system 12 tracks the movement of vehicles as
they pass from the sensor 50 to sensor 50 in each edge light assembly 20,. .. Using a variation of a radar au-
tomatic track algorithm, the system can track position, velocity and heading of all aircraft or vehicles based
upon the sensor 50 readings. New vehicies are entered into the system either upon ieaving a boarding gate
or landing. Unknown vehicles are also tracked automatically. Since taxiway and runway lights are normally
across from each other on the pavement (as shown in FIG. 4 and FIG. 7), the microprocessor 44 in each edge
lights assembly 20,_, is programmed to combine their sensor 50 inputs and agree before reporting a contact.
A further refinement is to have the microprocessor 44 check with the edge light assemblies 20,., on either
side of them to see if their sensors 50 had detected the vehicle. This allows a vehicle to be handed off from
sensor electronic unit 43 to sensor electronic unit 43 of each edge light assembly 20;_,, as it travels down the
taxiway. This also assures that vehicle position reports remain consistent. Vehicle velocity may also be calcu-
lated by using the distance between sensors, the sensor pattern and the time between detections.

Referring to FIG. 5 and FIG. 8, the display 30 is a color monitor which provides a graphical display of the
airport, a portion of which is shown in FIG. 8. This is accomplished by storing a map of the airport in the re-
dundant computers 26 and 28 in a digital format. The display 30 shows the location of airplanes or vehicles
as they are detected by the sensors 50 mounted in the edge light assemblies 20,., along each taxiway and
runway or other airport surface areas. All aircraft or vehicles on the airport surface are displayed as icons,
with the shape of the icons being determined by the vehicle type. Vehicle position is shown by the location of
the icon on the screen. Vehicle direction is shown by either the orientation of the icon or by an arrow emanating
from the icon. Vehicle status is conveyed by the color of the icon. The future path of the vehicle as provided
by the ground clearance command entered via the controliers microphone 35 is shown as a colored line on
the display 30. The status of all field lights including each edge light 20,.,, in each edge light circuit 18,_, is
shown via color on the display 30.

Use of object orientated software provides the basis for building a model of an airport. The automatic in-
heritance feature allows a data structure to be defined once for each object and then replicated automatically
for each instance of that object. Automatic flow down assures that elements of the data base are not corrupted
due to typing errors. It also assures that the code is regular and structured. Rule based object oriented pro-
gramming makes it difficult to create unintelligible “spaghetti code.” Object oriented programming allows the
runways, taxiways, aircraft and sensors, to be decoded directly as objects. Each of these objects contains at-
tributes. Some of these attributes are fixed like runway 22R or flight UA347, and some are variable like vehicle
status and position.

In conventional programming we describe the attributes of an object in data structures and then describe
the behaviors of the object as procedures that operate on those data structures. Object oriented programming
shifts the emphasis and focuses first on the data structure and only secondarily on the procedures. More im-
portantly, object oriented programming ailows us to analyze and design programs in a natural manner. We can
think in terms of runways and aircraft instead of focusing on either the behavior or the data structures of the
runways and aircraft.

Table 1 shows a list of objects with corresponding attributes. Each physical object that is important to the
runway incursion problem is modeled. The basic airpiane or vehicle tracking algorithm is shown in Table 2 in
a Program Design Language (PDL). The algorithm which handles sensor fusion, incursion avoidance and safe-
ty alerts is shown in a single program even though itis implemented as distributed system using both the central
computer system 12 and the sensor microprocessors 44.
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Sensor

Runway

Taxiway

ATTRIBUTE
Location
Circuit
Unique_addreas
Lamp_intensity
Strobe_status
Strobe-dalay
Sensor_status
Sensor_type
Name

Location
Length

width
Direction
Status

Sensors (MV)
Intersecticna (MV)
Vehicles

Name

Location
Length

wideh
Direction
Status

Sensors (MV)
Hold Locaticns

Vehiclea (MV)

EP 0613 109 A1

TABLE 1

DESCRIPYION

X & Y coordinates of sensor

AC wiring circuit name & number

Net address for this sensor and itas mate
0% to 1008 in 0.5% steps

Blink rats/off

Prom atart signal

Detect/no detect

IR, laser, proximity, etc.

22R, 27, 33L, etc.

X & Y coordinates of start of center line
In faet

In feet

In degrees from north

Not_active, active_takeoff, active_landing, alarm
List of lights/sensors along this runway
List of intersections

List of vehiclas on the runway

Name of taxiway

X & Y coordinates of start of center line
In feet

In feet

In degyrees from north

Not active, active, alarm

List of intersections

List of holding locations

List of vehicles on the runway
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Adrcraft
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Name
Location
Status

Sensors (MV)

Airline

Model
Tail-numbex
Bmpty_weight
Preight_waight
Fuel_weight
Top_spead
V1i_speed
VZ_apeed
Acceleration

Decsleration

MV = Multi-variable or array

while (forever)

|

Intersection Nama
Intersection of two center lines
Vacant/Occupied

List of sensors creating intersection border

United

727-200
N3274z2

9.5 tons
2.3 tons
3.2 tons
598 mph
100 mph
140 wph
0.23 g’s
0.34 g’s

Table 2

if (edge light shows a detection)

if (adjacent light also shows a detection sensor fusion)

I
|
|

else

|

/* CONFIRMED DETECTION */

if (previous block showed a detection)

|
!

/* ACCEPT HANDOFF */

Update aircraft position and speed

else

/* MAY BE AN ANIMAL OR SERVICE TRUCK */

Alert operator to possible incursion

/* MAY BE AN AIRCRAFT ENTERING THE SYSTEM */

Start a new track

Request status from adjacent light

10

Sony, Ex. 1002, p.1583



10

15

20

25

30

35

55

EP 0 613 109 A1

| | if (Adjacent light is OK)
| | | /* NON CONFIRMED DETECTION */
| | else
| | | Flag adjacent light for repair
| | endif
| endif
endif
if (Edge light loses a detection AND status is OK)
| if (Next block showed a detection)
P /* PROPER HANDOFF */
else
if (vehicle speed > = takeoff)

| Handoff to departure control

| /* MISSING HANDOFF */

|
I

[

| | else
I

| | | Alert operator to possible incursion
| | endif

| endif

endif

/* CHECK FOR POSSIBLE COLLISIONS */

for (all tracked aircraft)

| Plot future position

| if (position conflict)

o Alert operator to possible incursion
| endif

endif

Update display

endwhile

Referring again to FIG. 1 and FIG. 2, the control of taxiway lighting intensity is usually done by placing ail
the lights on the same series circuit and then regulating the current in that circuit. In the present embodiment
the intensity of the lamp 40 is controlled by sending a message with the light intensity value to the micropro-
cessor 44 located within the light assembly 20,. ,. The message allows for intensity settings in the range of 0
to 100% in 0.5% steps. The use of photocell 46 to check the light output allows a return message to be sent
if the bulb does not respond. This in turn generates a maintenance report on the light. The strobe light 48 pro-
vides an additional optional capability under program control of the microprocessor 44. Each of the micropro-
cessors 44 in the edge light assemblies 20 is individually addressable. This means every lamp on the field is
controlled individually by the central computer system 12.

The system 10 can be programmed to provide an Active Runway Indicator by using the strobe lights 48
in those edge light assemblies 20,., located on the runway 64 to continue the approach light “rabbit" strobe

"
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pattern all the way down the runway. This lighting pattern could be turned-on as a plane is cleared for landing
and then turned-off after the aircraft has touched down. A pilot approaching the runway along an intersecting
taxiway would be alerted in a clear and unambiguous way that the runway was active and should not be
crossed.

If an incursion was detected the main computers 26, 28 could switch the runway strobe lights 48 from the
“rabbit" pattern to a pattern that alternatively flashes either side of the runway in a wig-wag fashion. A switch
to this pattern would be interpreted by the pilot of an arriving aircraft as a wave off and a signal to go around.
The abrupt switch in the pattern of the strobes would be instantaneously picked up by the air crew in time for
them to initiate an aborted landing procedure.

During Category Iil weather conditions both runway and taxiway visibility are very fow. Currently radio
based landing systems are used to get the aircraft from final approach to the runway. Once on the runway it
is not always obvious which taxiways are to be used to reach the airport terminal. In system 10 the main com-
puters 26,28 can control the taxiway lamps 40 as the means for guiding aircraft on the ground during CAT HI
conditions. Since the intensity of the taxiway lamps 40 can be controlled remotely, the lamps just in front of
an aircraft could be intensified or flashed as a means of guiding it to the terminal.

Alternatively, a short sequence of the "rabbit" pattern may be programmed into the taxiway strobes just
in front of the aircraft. At intersections, either the unwanted paths may have their lamps turned off or the en-
trance to the proper section of taxiway may flash directing the pilot to head in that direction. Of course in a
smart system only those lights directly in front of a plane would be controlled, ali other lamps on the field would
remain in their normal mode.

Referring now to FIG. 9, a block diagram is shown of the data flow within the system 10 (as shown in FIG.
1 and FIG. 5). The software modules are shown that are used to process the data within the computers 26,
28 of the central computer system 12. The tracking of aircraft and other vehicles on the airport operates under
the control of a sensor fusion software module 101 which resides in the computers 26, 28. The sensor fusion
software module 101 receives data from the plurality of sensors 50, a sensor 50 being located in each edge
light assembly 204. , which reports the heat level detected, and this software module 101 combines this infor-
mation through the use of rule based artificial intelligence to create a complete picture of all ground traffic at
the airport on a display 30 of the central computer system 12.

The tracking algorithm starts a track upon the first report of a sensor 50 detecting a heat level that is above
the ambient background level of radiation. This detection is then verified by checking the heat level reported
by the sensor directly across the pavement from the first reporting sensor. This secondary reading is used to
confirm the vehicle detected and to eliminate false alarms. After a vehicle has been confirmed the sensors
adjacent to the first reporting sensor are queried for changes in their detected heat level. As soon as one of
the adjacent sensors detects a rise in heat level a direction vector for the vehicle can be established. This proc-
ess continues as the vehicle is handed off from sensor to sensor in a bucket brigade fashion as shown in FIG.
7. Vehicle speed can be roughly determined by calculating the time between vehicie detection by adjacentsen-
sors. This information is combined with information from a system data base on the location of each sensor
to caiculate the velocity of the target. Due to hot exhaust or jet biast, the sensors behind the vehicle may not
return to a background level immediately. Because of these condition, the algorithm only uses the first four
sensors {two on either side of the taxiway) to calculate the vehicles position. The vehicle is always assumed
to be on the centerline of the pavement and between the first four reporting sensors.

Vehicle identification can be added to the track either manuaily or automatically by an automated source
that can identify a vehicle by its position. An example would be prior knowledge of the next aircraft to land on
a particular runway. Tracks are ended when a vehicle leaves the detection system. This can oceur in one of
two ways. The first way is that the vehicle leaves the area covered by the sensors 50. This is determined by
a vehicle track moving in the direction of a gateway sensor and then a lack of detection after the gateway sensor
has lost contact. A second way to leave the detection system is for a track to be lost in the middle of a sensor
array. This can occur when an aircraft departs or a vehicle runs onto the grass. Takeoff scenarios can be de-
termined by calculating the speed of the vehicle just before detection was lost. If the vehicle speed was in-
creasing and above rotation speed then the aircraft is assumed to have taken off. If not then the vehicle is
assumed to have gone on to the grass and an alarm is sounded.

Referring to FIG. 5 and FIG. 9, the ground clearance routing function is performed by the speech recog-
nition unit 33 along with the ground clearance compliance verifier software module 103 running on the com-
puters 26,28. This software module 103 comprises a vehicle identification routine, clearance path routing,
clearance checking routine and a path checking routine.

The vehicle identification routine is used to receive the airline name and flight number (j.e. "Delta 374")
from the speech recognition unit 33 and it highlights the icon of that aircraft on the graphic display of the airport
on display 30.

12
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The clearance path routine takes the remainder of the controller's phrase (i.e. "outer taxiway to echo, hold
short of runway 15 Left") and provides a graphical display of the clearance on the display 30 showing the airport.

The clearance checking routine checks the clearance path for possible conflict with other clearances and
vehicles. If a conflict is found the portion of the path that would cause an incursion is highlighted in a blinking
red and an audible indication is given to the controller via speaker 32.

The path checking routine checks the actual path of the vehicle as detected by the sensors 50 after the
clearance path has been entered into the computers 26, 28 and it monitors the actual path for any deviation.
If this routine detects that a vehicle has strayed from the assigned course, the vehicle icon on the graphic dis-
play of the airport flashes and an audible indicator is given to the controller via speaker 32 and optionally the
vehicle operator via radio 37.

The airport vehicle incursion avoidance system 10 operates under the control of safety logic routines which
reside in the collision detection software module 104 running on computers 26, 28. The safety logic routines
receive data from the sensor fusion software module 101 location program via the tracker software module
102 and interpret this information through the use of rule based artificial intelligence to predict possibie colli-
sions or runway incursions. This infarmation is then used by the central computer system 12 to alert tower con-
trollers, aircraft pilots and truck operators to the possibility of a runway incursion. The tower controllers are
alerted by the display 30 aiong with a computer synthesized voice message via speaker 32. Ground traffic is
alerted by a combination of traffic lights, flashing lights, stop bars and other alert lights 34, lamps 40 and 48,
and computer generated voice commands broadcast via radio 36.

Knowledge based problems are also called fuzzy problems and their solutions depend upen both program
logic and an interface engine that can dynamically create a decision tree, selecting which heuristics are most
appropriate for the specific case being considered. Rule based systems broaden the scope of possibie appli-
cations. They allow designers to incorporate judgement and experience, and to take a consistent solution ap-
proach across an entire problem set.

The programming of the rule based incursion detections software is very straight forward. The rules are
written in English allowing the experts, in this case the tower personnel and the pilots, to review the system
at an understandable level. Another feature of the rule based system is that the rules stand alone. They can
be added, deleted or modified without affecting the rest of the code. This is almost impossible to do with code
that is created from scratch. An example of a rule we might use is:

If (Runway_Status = Active)
then (Stop_Bar_Lights = RED).
This is a very simple and straight forward rule. It stands alone requiring no extra knowledge except how Run-
way_Status is created. So let's make some rules affecting Runway_Status.
If (Departure = APPROVED) or (Landing = IMMINENT),
then (Runway_Status = ACTIVE).
For incursion detection, another rule is:
If (Runway_Status = ACTIVE) and (Intersection = OCCUPIED),
then (Runway_Incursion = TRUE).
Next, detect that an intersection of a runway and taxiway are occupied by the rules:
If (Intersection_Sensors = DETECT),
then (Intersection = OCCUPIED).
To predict that an aircraft will run a Hold Position stop, the following rule is created:
If (Aircraft_Stopping_Distance > Distance_to_Hold_Position),
then (Intersection = OCCUPIED).

In order to show that rules can be added without affecting the reset of the program, assume that after a
demonstration of the system 10 to tower controllers, they decided that they wanted a "Panic Button" in the
tower to override the rule based software in case they spot a safety violation on the ground. Besides installing
the button, the only other change wouid be to add this extra rule.

If (Panic_button = PRESSED),
then (Runway_Incursion = TRUE).
It is readily seen that the central rule based computer program is very straight forward to create, understand
and modify. As types of incursions are defined, the system 10 can be upgraded by adding more rules.

Referring again to FIG. 9, the block diagram shows the data flow between the functional elements within
the system 10 (FIG. 1). Vehicles are detected by the sensor 50 in each of the edge light assemblies 20,_,,. This
information is passed over the local operating network (LON) via edge light wiring 21,_, to the LON bridges
22, .. The individual message packets are then passed to the redundant computers 26 and 28 over the wide
area network (WAN) 14 to the WAN interface 108. After arriving at the redundant computers 26 and 28, the
message packet is checked and verified by a message parser software module 100. The contents of the mes-
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sage are then sent to the sensor fusion software module 101. The sensor fusion software module 101 is used
to keep track of the status of all the sensors 50 on the airport; it filters and verifies the data from the airport
and stores a representative picture of the sensor array in a memory. This information is used directly by the
display 30 to show which sensors 50 are responding and used by the tracker software module 102. The tracker
software module 102 uses the sensor status information to determine which sensor 50 reports correspond to
actual vehicles. In addition, as the sensor reports and status change, the tracker software module 102 iden-
tifies movement of the vehicles and produces a target location and direction output. This information is used
by the display 30 in order to display the appropriate vehicle icon on the screen.

The location and direction of the vehicle is also used by the collision detection software module 104. This
module checks all of the vehicles on the ground and plots their expected course. If any two targets are on in-
tersecting paths, this software module generates operator alerts by using the display 30, the alert lights 34,
the speech synthesis unit 29 coupled to the associated speaker 32, and the speech synthesis unit 31 coupled
to radio 37 which is coupled to antenna 39.

Still referring to FIG. 9, another user of target location and position data is the ground clearance compliance
verifier software module 103. This software module 103 receives the ground clearance commands from the
contraller’s microphone 35 via the speech recognition unit 33. Once the cleared route has been determined,
it is stored in the ground clearance compliance verifier software module 103 and used for comparison to the
actual route taken by the vehicle. If the information received from the tracker software module 102 shows that
the vehicle has deviated from its assigned course, this software module 103 generates operator alerts by using
the display 30, the alert lights 34, the speech synthesis unit 29 coupled to speaker 32, and the speech synthesis
unit 31 coupled to radio 37 which is coupled to antenna 39.

The keyboard 27 is connected to a keyboard parser software module 109. When a command has been
verified by the keyboard parser software module 109, it is used to change display 30 options and to reconfigure
the sensors and network parameters. A network configuration data base 106 is updated with these reconfi-
guration commands. This information is then turned into LON message packets by the command message
generator 107 and sent to the edge light assemblies 20,.,, via the WAN interface 108 and the LON bridges
22, ..

Referring now to FIG. 1 and FIG. 10, FIG. 10 shows a pictorial diagram of an infrared vehicle identification
system 109 invention comprising an infrared (IR) transmitter 112 mounted on an airplane 110 wheel strut 111
and an IR receiver 128 which comprises a plurality of edge light assemblies 20,. , of an airport lighting system
also shown in FIG. 1. The combination of the IR transmitter 112 mounted on aircraft and/or other vehicles and
a plurality of IR receivers 128 located along runways and taxiways form the infrared vehicle identification sys-
tem 109 for use at airports for the safety, guidance and control of surface vehicles in order to provide positive
detection and identification of all aircraft and other vehicles and to prevent runway incursions. Runway incur-
sions generally occur when aircraft or other vehicles get onto a runway and conflict with aircraft cleared to land
or takeoff on that same runway. All such incursions are caused by human error.

Referring now to FIG. 11, a block diagram of the IR transmitter 112 is shown comprising an embedded
microprocessor 118 having DC power 114 inputs from the aircraft host or vehicle on which the IR transmitter
112 is mounted and an ID switch 116 within the aircraft for entering vehicle identification data which is received
by the IR transmitter 112 on a serial line. Vehicle position information is provided to the IR transmitter 112 from
a vehicle position receiver 117 which may be embodied by a global positioning system (GPS) receiver readily
known in the art. The output of embedded microprocessor 118 feeds an IR emitter comprising a light emitting
diode (LED) array 120. When power is applied to the IR transmitter 112, the microprocessor continuously out-
puts a coded data stream 121 (FIG. 13) which is transmitted by the IR LED array 120. The embedded micro-
processor 118 may be embodied by microprocessor Model MC 6803 or equivalent manufactured by Motorola
Microprocessor Products of Austin; Texas. The IR LED array 120 may be embodied by IR LED Devices man-
ufactured by Harris Semiconductor of Melborne, Florida.

Referring now to FIG. 12, a top view of the IR transmitter 112 comprising the IR LED array 120 mounted
on an airplane wheei strut 111 is shown. The IR LED array 120 comprises a piurality of high power LEDs each
having a beam width of 15°. By placing thirteen LEDs in an array, a 195° area can be covered. The IR LED
array 120 illuminates edge light assemblies 20,_4 along the edges of the runway 64. Each of the edge light
assemblies 20,_, comprises an IR receiver 128.

Referring now to FIG. 13, the coded data stream emitted from the IR transmitter 112 comprises six sep-
arate fields. The first field is called timing pattern 122 and comprises a set of equally spaced pulses. The sec-
ond field is called unique word 123 which marks the beginning of a message. The third field is called character
count 124 which specifies the number of characters in a message. The fourth field is calied vehicle identifi-
cation number 125. The fifth field is called vehicle position 126 and provides latitude and longitude information.
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The sixth field is called message checksum 127. The equally spaced pulses of the timing pattern 122 allow
the IR receiver 128 to calculate the baud rate of a transmitted message and automatically adjust its internal
timing to compensate for either a doppler shift or an offset in clock frequency. The checksum 126 field allows
the IR receiver 128 to find the byte boundary. The character count 124 field is used to alert the IR receiver
128 in the edge light assemblies 20,_, as to the length of the message being received. The IR receiver 128
uses this field to determine when the message has ended and if the message was truncated.

The vehicle identification number 125 field comprises an airline flight number or a tail number of an aircraft
or a license number of other vehicles. The actual number can be alpha-numeric since each character will be
allocated eight (8) bits. An ASCII code which is known to those of ordinary skill in the art is an example of a
code type that may be used. The only constraints on the vehicle ID number is that it be unique to the vehicle
and that it be entered in the airport's central computer data base to facilitate automatic identification. The
checksum 127 guarantees that a complete and correct message is received. If the message is interrupted for
any reason, such as a blocked beam or a change in vehicle direction, it is instantly detected and the reception
voided. This procedure reduces the number of false detects and guarantees that only perfect vehicle identifi-
cation messages are passed on to the central computer system 12 at the airport tower.

Referring now to FIG.1, FIG. 2, FIG. 10 and FIG. 14, a block diagram of the IR receiver 128 is shown in
FIG. 14 which comprises and IR sensor 130 connected to an edge light assembly 20,. , shown in FIG. 1, FIG.
2 and FIG. 10, on an airport. In FIG. 14, only the relevant portions of FIG. 2 are shown, but it should be under-
stood that all of the elements of the edge light assembly 20,. , shown in FIG. 2 are considered present in FIG.
14. The IR receiver 128 comprises the IR sensor 130 which receives the coded data stream 121 (FIG. 13) from
the transmitter 112. The output of the IR sensor 130 is fed to the microprocessor 44 for processing by an IR
message routine 136 for detecting the data message. A vehicle sensor routine 138 in microprocessor 44 proc-
esses signals from the vehicle sensor 50 for detecting an aircraft or other vehicles. The IR message routine
136 is implemented with software within the microprocessor 44 as shown in the flow chart of FIG. 15. The
vehicle sensor routine 138 is also implemented with software within the microprocessor 44 as shown in the
flow chart of FIG. 16. The outputs of the IR message routine 136 and vehicle sensor routine 138 are processed
by the microprocessor 44 which sends via the power line modem 54 the identified aircraft or vehicle and their
position data over the edge light wiring 21,.,, communication lines to the central computer system 12 shown
in FIG. 1 at the airport terminal or control tower. The IR sensor 130 may be embodied with Model RY5SBDO01
IR sensor manufactured by Sharp Electronics, of Paramus, New Jersey. The microprocessor 44 may be em-
bodied by the VLSI Neuron® Chip, manufactured by Echelon Corporation, of Paio Alto, California.

Referring to FIG. 15, aflow chart of the IR message routine 136 is shown which is a communication protocol
continuously performed in the micropracessor 44 of the IR receiver 128. After an IR signal is detected 150 the
next action is transmitter acquisition or to acquire timing 152. The microprocessor 44 looks for the proper timing
relationship between the received IR pulses. If the comrect an/off ratio exists, the microprocessor 44 calculates
the baud rate from the received timing and waits to acquire the unique word 156 signifying byte boundary and
then checks for the capture of the character count 160 field byte. After the character count is known, the mi-
croprocessor 44 then captures each character in the vehicle ID 162 field and stores them away in a buffer. it
then captures vehicle position 163 including latitude and longitude data. If the IR coded data stream is dis-
rupted before all the vehicle iD characters are received, the microprocessor 44 aborts this reception try and
returns to the acquisition or IR detected 150 state. After all characters have been received, the checksum 164
is calculated. If the checksum matches 166, then the message is validated and the vehicle ID relayed 168 to
the central computer system 12. With this scheme the microprocessor 44 is implementing both the physical
and a link layer of the OSI protocol by providing an error free channel.

Referring now to FIG. 16, a flow chart is shown of the vehicle sensor routine 138 software running on mi-
croprocessor 44. This software routine 138 runs as a continuous loop. An internal timer is continuously
checked for a time out condition (timer = zero 170). As soon as the timer expires the analog value from sensor
50 is read (Read Sensor Value 171) by the microprocessor 44 and the timer is reset to the poll_time 172 variabie
downloaded by the central computer system 12. This sensor value is compared against a predetermined de-
tection threshold 173 and downloaded by the central computer system 12. If the sensor vaiue is less than the
detection threshold, the microprocessor 44 sets the network variable prelim_detect to the FALSE state 174.
If the sensor value is greater than the detection threshold the microprocessor 44 sets the network variable
prelim_detect to the TRUE state 175. If a preliminary detection is declared, the program then checks to see
what reporting mode 176 is in use. If all detections are required to be sent to the central computer system 12,
then this sensor value 180 is sent. If only those readings that are different from the previous reading by a pre-
determined delta and download by the central computer system 12, then this check is made 177. If the change
is greater than the delta 177, the program checks to see if it should confirm the detection 178 to eliminate any
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false alarms. If a confirmation is not required, then this sensor value 181 is sent. If in the confirmation mode,
then the adjacent sensor’s 179 preliminary network variable is checked. If the adjacent sensor has also de-
tected the object, then the current sensor value 182 is sent.

This concludes the description of the preferred embodiment. However, many modifications and aiterations
will be obvious to one of ordinary skill in the art without departing from the spirit and scope of the inventive
concept. Therefore, it is intended that the scope of this invention be limited only by the appended claims.

Claims

1. Avehicle identification system for identifying aircraft and other vehicles on surface pathways including

runways and other areas of an airport comprising:

means disposed on said aircraft and other vehicles for transmitting identification message data;

means disposed in each of a plurality of light assembly means on said airport for receiving and de-
coding said message data from said transmitting means;

means for providing power to each of said plurality of light assembly means;

means for processing said decoded identification message data generated by said receiving and
decoding means in each of said plurality of light assembly means;

means for providing data communication between each of said light assembly means and said proc-
essing means; and

said processing means comprises means for providing a graphic display of said airport comprising
symbols representing said aircraft and other vehicles, each of said symbols having said identification mes-
sage data displayed.

2. The vehicle identification system as recited in Claim 1 wherein said transmitting means comprises:
means for creating a unique message data which includes aircraft and flight identification; and
infrared means coupled to said message creating means for transmitting a coded stream of said

message data.

3. The vehicle identification system as recited in Claim 3 wherein:
said message data further includes position information.

4. The vehicle identification system as recited in Claim 1 wherein:
said receiving and decoding means comprises an infrared sensor.

5. The vehicle identification system as recited in Claim 3 wherein:
said receiving and decoding means comprises microprocessor means coupled to said infrared sen-
sor for decoding said message data.

6. The vehicle identification system as recited in Claim 1 wherein:
said plurality of light assembly means being arranged in two parallel rows along runways and taxi-
ways of said airport.

7. The vehicle identification system as recited in Claim 1 wherein said light assembly means comprises:

light means coupled to said lines of said power providing means for lighting said airport;

vehicle sensing means for detecting aircraft or other vehicles on said airport;

micropraocessor means coupled to said receiving and decoding means, said light means, said ve-
hicle sensing means and said data communication means for decoding said identification message data;
and

said data communication means being coupled to said microprocessor means and said lines of said
power providing means.

8. The vehicle identification system as recited in Claim 1 wherein:
said symbols representing aircraft and other vehicles comprise icons having a shape indicating
type of aircraft or vehicle.

9. The vehicle identification system as recited in Claim 1 wherein:
said processing means determines a location of said symbols on said graphic display of said airport
in accordance with data received from said light assembly means.
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A vehicle identification system for identifying aircraft and other vehicles on surface pathways including
runways and other areas of an airport comprising:

means disposed on said aircraft and other vehicles for creating a unique message including aircraft
and flight identification;

infrared means coupled to said message creating means for transmitting a coded stream of said
message data;

infrared means disposed in each of a plurality of light assembly means on said airport for receiving
said message data from said transmitting means;

microprocessor means coupled to said receiving means for decoding said message data;

means for providing power to each of said plurality of light assembly means;

means for processing said decoded message data generated by said decoding means in each of
said plurality of light assembly means;

means for providing data communication between each of said light assembly means and said proc-
essing means; and

said processing means comprises means for providing a graphic display of said airport comprising
symbols representing said aircraft and other vehicles, each of said symbols having said identification mes-
sage data displayed.

The vehicle identification system as recited in Claim 10 wherein:
said message data further includes position information.

The vehicle identification system as recited in Claim 10 wherein:
said plurality of light assembly means being arranged in two parallel rows along runways and taxi-
ways of said airport.

The vehicle identification system as recited in Claim 10 wherein said light assembly means comprises:

light means coupled to said lines of said power providing means for lighting said airport;

vehicle sensing means for detecting aircraft or other vehicles on said airport;

said microprocessor means coupled to said decoding means, said light means, said vehicle sensing
means and said data communication means further processes a detection signal from said vehicle sens-
ing means; and

said data communication means being coupled to said microprocessor means and said lines of said
power providing means.

The vehicle identification system as recited in Claim 10 wherein:
said symbols representing aircraft and other vehicies comprise icons having a shape indicating
type of aircraft or vehicle.

The vehicle identification system as recited in Claim 10 wherein:
said processing means determines a location of said symbois on said graphic display of said airport
in accordance with data received from said light assembly means.

A vehicle identification system for surveillance and identification of aircraft and other vehicles on an air-
port comprising:

a plurality of light circuits on said airport, each of said light circuits comprises a plurality of light
assembly means;

means for providing power to each of said plurality of light circuits and to each of said light assembly
means;

means in each of said light assembly means for sensing ground traffic on said airport;

means disposed on said aircraft and other vehicles for transmitting identification message data;

means disposed in each of said light assembly means for receiving and decoding said message
data from said transmitting means;

means for processing ground traffic data from said sensing means and decoded message data
from each of said light assembly means for presentation on a graphic display of said airport;

means for providing data communication between each of said light assembly means and said proc-
essing means; and

said processing means comprises means for providing such graphic display of said airport com-
prising symbois representing said ground traffic, each of said symbols having direction, velocity and said
identification message data displayed.
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The vehicle identification system as recited in Claim 16 wherein:
each of said light circuits being located along the edges of taxiways or runways on said airport.

The vehicle identification system as recited in Claim 16 wherein:
said sensing means comprises infrared detectors.

The vehicle identification system as recited in Claim 16 wherein said transmitting means comprises:
means for creating unique message data which includes aircraft and flight identification; and
infrared means coupled to said message creating means for transmitting a coded stream of said

message data.

The vehicle identification system as recited in Claim 19 wherein:
said message data further comprises position information.

The vehicle identification system as recited in Claim 16 wherein:
said receiving and decoding means comprises an infrared sensor.

The vehicle identification system as recited in Claim 21 wherein:
said receiving and decoding means comprises microprocessor means coupled to said infrared sen-
sor for decoding said message data.

The vehicle identification system as recited in Claim 16 wherein:
said plurality of light assembly means of said light circuits being aranged in two parallel rows along
runways and taxiways of said airport.

The vehicle identification system as recited in Claim 16 wherein said light assembly means comprises:
light means coupled to said lines of said power providing means for lighting said airport;
said ground traffic sensing means for detecting aircraft or other vehicles on said airport;
microprocessor means coupled to said receiving and decoding means, said light means, said
ground traffic sensing means and said data communication means for decoding said identification mes-
sage data and processing a detection signal from said ground traffic sensing means; and
said data communication means being coupled to said microprocessor means and said lines of said
power providing means.

The vehicle identification system as recited in Claim 24 wherein:
said light assembly means further comprises a photocell means coupled to said microprocessor
means for detecting the light intensity of said light means.

The vehicle identification system as recited in Claim 24 wherein:
said light assembly means further comprises a strobe light coupled to said microprocessor means.

The vehicle identification system as recited in Claim 16 wherein:
said processing means comprises redundant computers for fault tolerance operation.

The vehicle identification system as recited in Claim 16 wherein:
said symbols representing said ground traffic comprise icons having a shape indicating type of air-
craft or vehicle.

The vehicle identification system as recited in Claim 16 wherein:
said processing means determines a location of said symbols on said graphic display of said airport
in accordance with said data receive from said light assembly means.

The vehicle identification system as recited in Claim 16 wherein:
said processing means determines a future path of said ground traffic based on a ground clearance
command, said future path being shown on said graphic display.

The vehicle identification system as recited in Claim 16 wherein:
said processing means further comprises means for predicting an airport incursion.

The vehicle identification system as recited in Claim 16 wherein said power providing means comprises:
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constant current power means for providing a separate line to each of said plurality of light circuits;
and

network bridge means coupled to said constant current power means for providing a communica-
tion channel to said processing means for each line of said constant current power means.

Amethod of providing a vehicle identification system for identifying aircraft and other vehicles on surface
pathways including runways and other areas of an airport comprising the steps of:

transmitting identification message data with means disposed on said aircraft and other vehicles;

receiving and decoding said message data from said transmitting means with means disposed in
each of a plurality of light assembly means on said airport;

providing power to each of said plurality of light assembly means;

processing said decoded identification message data generated by said receiving and decoding
means in each of said plurality of light assembly means;

providing data communication on lines of said power providing means between each of said light
assembly means and said processing means; and

providing a graphic dispiay of said airport with said processing means comprising symbals repre-
senting said aircraft and other vehicies, each of said symbols having said identification message data
displayed.

The method as recited in Claim 33 wherein said step of transmitting identification message data com-
prises the steps of creating unique message data which includes aircraft and flight identification; and

transmitting a coded stream of said message data with infrared means coupled to said message
creating means.

The method as recited in Claim 34 wherein said step of transmitting message data further includes trans-
mitting position information.

The method as recited in Claim 33 wherein said step of receiving and decoding said message data in-
cludes using an infrared sensor.

The methed as recited in Claim 33 wherein said step of receiving and decoding said message data further
comprises the step of coupling microprocessor means to said infrared sensor for decoding said message
data.

The method as recited in Claim 33 wherein said step of receiving and decoding said message data with
means disposed in said piurality of light assembly means further comprises the step of arranging said
plurality of light assembly means in two parallel rows along runways and taxiways of said airport.

The method as recited in Claim 33 wherein said step of providing a graphic display comprising symbols
representing aircraft and other vehicles further comprises the step of providing icons having a shape in-
dicating type of aircraft or vehicle.

The method as recited in Claim 33 wherein said step of providing a graphic display comprises the step of
determining a location of said symbols on said graphic display of said airport in accordance with data re-
ceived from said light assembly means.
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AIRCRAFT IDENTIFICATION AND
DOCKING GUIDANCE SYSTEMS

BACKGROUND OF THE INVENTION
Field Of The Invention

This invention relates to systems for locating, identifying and tracking objects.
More particularly, it relates to aircraft location, identification and docking guidance
systems and to ground traffic control methods for locating and identifying objects on an
airfield and for safely and efficiently docking aircraft at such airport.

Description Of Related Art

In recent years there has been a significantly increased amount of passenger, cargo
and other aircraft traffic including take offs, landings and other aircraft ground traffic. Alse
there has been a marked increase in the number of ground support vehicles which are
required to off load cargo, provide catering services and on going maintenance and support
of all aircraft. With this substantial increase in ground traffic has come a need for greater
control and safety in the docking and identification of aircraft on an airfield.

Examplary of prior art systems which have been poposed for detecting the
presence of aircraft and other traffic on an airfield are those svstems disclosed in U.S.
Patent 4,995,102; European Patent No. 188 757; and PCT Published Applications W0
93/13104 and WO 93/15416.

However, none of those systems have been found to be satisfactory for detection
of the presence of aircraft on an airfield, particularly, under adverse climatic conditions
causing diminished visibility such as encountered under fog, snow or sleet conditions.
Furthermore, none of the systems disclosed in the prior references are capable of
identifying and verifying the specific configuration of an approaching aircraft. Still further,
none of the prior systems provide adequate techniques for tracking-and docking an aircraft
at a designated stopping point such as an airport loading gate. Also. none of the prior
systems have provided techniques which enable adequate calibration of the instrumentation
therein.

Thus, it has been a continuing problem to provide systems which are sufficiently
safe and reliable over a wide range of atmospheric conditions to enable detection of objects
such as aircraft and other ground traffic on an airfield.

In addition, there has been a long standing need for systems which are not only

capable of detecting objects such as aircraft, but which also provide for the effective
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identification of the detected object and verification of the identity of such object, for
cxamplc. a detected aircraft with the necessary degree of cetainty regardiess of prevailing
weather conditions and magnitude of ground traffic.

There has also been a long standing, unfuifilled need for systems which are
capablc of accurately and efficiently tracking and guiding objects such as inconsing aircraft
lo a suitable stopping point such as an airport loading gate. In addition, the proviston of
accurate and effective calibration techniques for such systems has been a continuing

problem requiring resolution.

SUMMARY OF THE INVENTION

In order to overcome the foregoing problems, systems and methods are required
which are capable of achieving accurate, safe, efficient and cost effective location of
objects such as aircraft on an airfield and for proper identification and verification of the
identity of such objects. In addition, systems and methods are required for tracking and
docking guidance of objects such as aircraft, particularly, in a real time operating mode.
Furthermore, systems and methods are required for calibration of such operating systems.

Accordingly, it is a primary object of the present invention to provide such
systems and methods. In this regard, it is a specific object of the present invention to
provide docking guidance systems which are capable of determining the precise position as
well as verifying the identity of aircraft on an airfield. Another object of the invention is to
provide information to an individual or individuals controlling the docking or parking of
aircraft on an airfield via a display unit utilizing communications between the :'system and a
personal computer and other methods for monitoring the overall method operation.

A further object is to provide the safety of digitally precise docking control and,
also, to provide for implementation of such control in an extremely cost effect manner.

A still further object is to provide for the display of aircraft docking information
for use by a pilot, co-pilot or other personnel docking an aircraft including information
concerning the closing rate distance from an appropriate stopping point for the aircraft.
Another significant object is to provide for the automatic comparison and determination
that the aircraft positioning and incoming direction does not deviate from the appropriate
path necessary for the particular type of aircraft being docked and. particularly, to provide
visual feedback as to the closing distance in a countdown format from a display, positioned
forward of the aircraft which contains the distance for docking. position to left or right of

appropriate center line for docking and a check of the aircraft nype.
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Yet another object is to provide systems which not only provide azimuth guidance
to either the pilot or the co-pilot, but also provide for scanning of the apron to enable
appropriate and safe docking of an aircraft. Another object is to provide systems which are
particularly sensitive so that accurate parking positions arc achieved within cxtremely
minimal tolerances.

A further object is to provide systems which are extremely flexible and allow for
the implementation of new operational parameters such as adding new aircraft types,
alternate or secondary parking stop positions and other related information in regard to
identifying, guiding and docking aircraft on an airfield.

These and other objects of the invention are accomplished by providing systems
and methods for detecting the presence of an object on an airfield employing light pulses
such as laser pulses projected, for example, off of mirrors in the direction of an incoming
object positioned within a capture zone on the airfield and collecting light pulses reflected
off the object which indicates the presence of the object. Likewise, this technique enables
the determination of the aircraft’s position within the capture zone as well as the detection
thereof.

The present invention also provides systems and methods for verifying the identity
of the detected object which, for example, enables a determination that the correct type of
aircraft is approaching the docking facility and is to be docked therein. Such verification
systems and methods involve the projection of light pulses such as laser pulses in angular
coordinates onto an object and collecting reflected pulses oft of the object in a detection
device which enables a comparison of the reflected pulses to be made with a ;;roﬁle
corresponding to the shape of a known object in order to determine whether the detected
shape corresponds to the known shape.

Furthermore, the present invention provides systems and methods for tracking
incoming objects wherein light pulses such as laser pulses are projected onto an incoming
object and the light reflected from the object is collected and employed in order to
assertain the position of the object relative to an imaginary axial line projecting from a
predetermined docking point and to detect the distance between the object and the predeter-
mined point for purposes of determining the location of the object.

Thus, the present invention provides for the location or capture of an approaching
aircraft and for the identification or recognition of its shape within a designated capture
zone or control area which is essential in initiating an aircraft docking procedure.

Thereafter, in accordance with the present invention, a display is provided which enables
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docking of the identified aircraft in an appropriate docking arca for of{ loading of
passengers, cargo and the like.

The present invention accomplishes thesc features while eliminating the heretofore
standard need for sensors which must be embedded in the apron of the docking areas. This
results in a significant reduction not only in installation time and associated costs but, also,
reduces maintenance costs thereafter. Furthermore, this invention permits retrofitting of the
present systems into existing systems without requiring apron construction and the
accompanying interruption in use of the airport docking arcas which has been required with
prior devices previously used for docking guidance systems.

In preferred embodiments of the systems of the present invention, a pilot bringing
an aircraft into a gate at an airport is provided with a real time display mounted, for
example, above the gate which indicates the atrcraft’s position relative to the point where
the pilot must start to brake the plane. Also displayed is the aircraft’s lateral position
compared to a predetermined line for a plane of its type to follow in order to most
expeditiously arrive at the gate.

The software employed in the systems of the present invention preferably compri-
ses four modules which perform the main computational tasks of the system and control
the hardware. These modules include one for capture, one for identification, one for
tracking and one for calibration of the system.

In a preferred embodiment of this invention, the capture module is employed to
direct the devices for projecting light pulses to scan the area in front of a docking gate.
Thus, when mirrors are employed to reflect and project pulses such as laser pt-ilses, the
capture module continues to direct the laser to scan this area until it detects an object
entering the area. Once it detects an object, the capture module computes the distance and
the angular position of the object and passes control onto the racking module.

Once activated, the tracking module follows the incoming aircraft to the gate
while providing information about its lateral location and distance relative to the desired
stopping point. Using this information, the pilot can correct the course of the plane and
brake at the precise point that will result in stopping the aircraft in a desired docking
position in alignment with the gate. During the tracking, an identification module first
scans the detected object to determine if its profile matches the reference profile of the
type of aircraft expected. If the profiles do not match, the system informs the airport tower
and a signal is transmitted for stopping the docking function.

Finally. the calibration module calibrates the distance and angular measurements to
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cnsurc that the readings of the detection devices such as a Lascr Range Finder accurately

correspond to the distance and angle of the aircraft. This module runs periodically during

the capture and tracking modules to determine the continucd accuracy of the system.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the invention will become apparent from the

following detailed description taken in connection with the accompanying drawings

wherein:
Fig 1
Fig 2

Fig 3

Fig 4

Fig §
Fig 6
Fig 7
Fig 8
Fig 9

Fig 10
Table I

Table II

is a view illustrating the system as in use at an airport;

is a diagrammatic view illustrating the general componentry of a
preferred system in accordance with the present invention;.

is a top plan view illustrating the detection area in front of a docking
gate which is established for purposes of detection and identification of
approaching aircraft;

is a flow chart illustrating the main routine and the docking mode of
the system;

is a flow chart illustrating the calibration mode of the system;

is a view illustrating the components of the calibration mode;

is a flow chart illustrating the capture mode of the system;

is a flow chart illustrating the tracking phase of the system;

is a flow chart illustrating the height measuring phase of the system;
and ’

is a flow chart illustrating the identification phase of the system.

is a preferred embodiment of a Horizontal Reference Profile Table
which is employed to establish the identity of an aircraft in the systems
of the present invention;

is a preferred embodiment of a Comparison Table which is employed
in the systems of the present invention for purposes of effectively and

efficiently docking an aircraft;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference is now made to Figures 1-10 and Tables I-II. in which like numerals

designate like elements throughout the several views. Throughout the following detailed

description, numbered stages depicted in the illustrated flow diagrams are generally indi-
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cated by clement numbers in parenthesis following such references

Referring to Fig. 1, the systems of the present invention generally designated 10 in
the drawings provide for the computerized location of an object. verification of the identity
of the object and tracking of the object, the object preferably being an aircraft 12. In
operation, once the control tower 14 lands an aircraft 12, it informs the system that a plane
is approaching the gate 16 and the type of aircraft (i.c., 747, L-1011, etc.) expected. The
system 10 then scans the area in front of the gate 16 until it locates an object that it
identifies as an airplane 12. The system 10 then compares the profile of the aircraft 12
with a reference profile for the expected type of aircraft. If the located aircraft does not
match the expected profile, the system informs or signals the tower 14 and shuts down.

If the object is the expected aircraft 12, the system 10 tracks it into the gate 16 by
displaying in real time to the pilot the distance remaining to the proper stopping point 29
and the lateral position 31 of the plane 12. The lateral position 31 of the plane 12 is
provided on a display 18 allowing the pilot to correct the posiuon of the plane to approach
the gate 16 from the correct angle. Once the airplane 12 is at its stopping point 53, this
fact is shown on the display 18 and the pilot stops the plane. Employing the system 10 of
the present invention, it should be noted that once the plane 12 comes to rest, it is
accurately aligned with the gate 16 requiring no adjustment of the gate 16 by the ground
staff.

Referring to Fig. 2, the system 10 consists of a Laser Range Finder (LRF) 20, two
mirrors 21, 22, a display unit 18, two step motors 24, 25, and a microprocessor 26.
Suitable LRF products for use herein are sold by Laser Atlanta Corporation and are
capable of emitting laser pulses and receiving the reflections of those pulses refiected off
of distant objects and computing the distance to those objects.

The system 10 is arranged such that there is a connection 28 between the serial
port of the LRF 20 and the microprocessor 26. Through this connection, the LRF 20 sends
measurement data approximately every 1/400th of a second to the microprocessor 26. The
hardware components generally designated 23 of the system 10 are controlled by the
programmed microprocessor 26. In addition. the microprosesso: 26 feeds data to the
display 18. As the interface to the pilot, the display unit 18 is olaced above the gate 16
to show the pilot how far the plane is from its stopping point 29. the type of aircraft 30 the
system believes is approaching 'and the lateral location of the plane 31. Using this display,
the pilot can adjust the approach of the plane 12 to the gate 16 10 ensure the plane is on

the correct angle to reach the gate. If the display 18 is showing the wrong aircraft type 30,
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the pilot can abort the approach before any damage 1s done. This double check ensures the
safety of the passengers. planc and airport facilities because if the system tries to maneuver
a larger 747 as if it was a 737, it likely will cause extensive damage.

In addition to the display 18, the microprocessor 26 processes the data from the
LRF 20 and controls the direction of the laser 20 through its connection 32 to the step
motors 24, 25. The step motors 24, 25 are connected to the mirrors 21, 22 and move them
in response to instructions from the microprocessor 26. Thus, by controlling the step
motors 24, 25, the microprocessor 26 can change the angle of the mirrors 21, 22 and aim
the laser pulses from the LRF 20.

The mirrors 21, 22 aim the laser by reflecting the laser pulses outward over the
tarmac of the airport. In the preferred embodiment, the LRF 20 does not move. The
scanning by the laser is done with mirrors. One mirror 22 controls the horizontal angle of
the laser while the other mirror 21 controls the vertical angle. By activating the step motors
24, 25, the microprocessor 26 controls the angle of the mirrors and thus the direction of
the laser puise.

The system 10 controls the horizontal mirror 22 to achieve a continuous horizontal
scanning within a +10 degree angle in approximately 0.1 degree angular steps which are
equivalent to 16 microsteps per step with the Escap EDM-453 step motor. One angular step
is taken for each reply from the reading unit, i.e., approximately every 2.5 ms. The vertical
mirror 21 can be controlled to achieve a vertical scan between ~20 and -30 degrees in
approximately 0.1 degree angular steps with one step every 2.5 ms. The vertical mirror 21
is used to scan vertically when the nose height is being determined and when the aircraft
12 is being identified. During the tracking mode, the vertical mirror 21 is continuously
adjusted to keep the horizontal scan tracking the nose tip of the aircraft 12.

Referring to Fig. 3, the system 10 divides the field in front of it by distance into
three parts. The farthest section, from about 50 meters out, is the capture zone S0. In this
zone 50, the system 10 detects the aircraft’s nose and makes a rough estimate of lateral and
longitudinal position of the aircraft 12. Inside the capture zone 30 is the identification area
51. In this area, the system 10 checks the profile of the aircraft 12 against a stored profile.
The system 10 shows the lateral position of the aircraft 12 in this region, related to a
predetermined line, on the display 18. Finally, nearest to the LRF 20 1s the display or
tracking area 52. In the display ‘area 52, the system 10 displays the lateral and longitudinal
position of the aircraft 12 relative to the correct stopping position with its highest degree of

accuracy. At the end of the display area 52 is the stopping point 53. At the stopping point
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53, the aircraft will be in the correct position at the gate 16.

In addition to the hardware and softwarc, the system 10 maintains a database
containing reference profiles for any type of aircraft it might encounter. Within this
database, the system stores the profile for each aircraft type as a horizontal and vertical
profile reflecting the expected echo pattern for that type of aircraft.

Referring to Table L. the system maintains the horizontal profile in the form of a
Table 1 whose rows 40 are indexed by angular step and whose columns 41 are indexed by
distance from the stopping position for that type of aircraft. In addition to the indexed
rows, the table contains a row 42 providing the vertical angle to the nose of the plane at
each distance from the LRF, a row 44 providing the form factor. k, for the profile and a
row 45 providing the number of profile values for each profile distance. The body 43 of
the Table I contains expected distances for that type of aircraft at various scanning angles
and distances from the stopping point 53.

Theoretically, the 50 angular steps and the 50 distances to the stopping point 53
would require a Table I containing 50 x 50, or 2500, entries. However, the Table I will
actually contain far fewer entries because the profile will not expect a return from all
angles at all distances. It is expected that a'typical table will actually contain between 500
and 1000 values. Well known programming techniques provide methods of maintaining a
partially full table without using the memory required by a full table.

In addition to the horizontal profile, the system 10 maintains a vertical profile of
each type of aircraft. This profile is stored in the same manner as the horizontal profile
except its rows are indexed by angular steps in the vertical direction and its cc;lumn index
contains fewer distances from the stopping position than the horizontal profile. The vertical
profile requires fewer columns because it is used only for identifving the aircraft 12 and
for determining its nose height, which take place at a defined range of distances from the
LRF 20 in the identification area 51. Consequently, the vertical profile stores only the
expected echoes in that range without wasting data storage space on unneeded values.

The system 10 uses the previously described hardware and database to locate,
identify and track aircraft using the following procedures:

Referring to Fig. 4, the software running on the microprocessor performs a main
routine containing subroutines for the calibration mode 60, capture mode 62 and docking
mode 64. The microprocessor first performs the calibration mode 60, then the capture
mode 62 and then the docking mode 64. Once the aircraft 12 is docked, the program
finishes. These modes are described in greater detail as follows:
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Calibration Mode

To ensure system accuracy, the microprocessor 26 is programmed to calibrate
itself in accordance with the procedure illustrated in Fig. S before capturing an aircraft 12
and at various intervals during tracking. Calibrating the system 10 ensures that the
relationship between the step motors 24, 25 and the aiming direction is known. The length
measuring ability of the LRF 20 is also checked

Referring to Fig. 6, for calibration, the system 10 uses a square plate 66 with a
known position. The plate 66 is mounted 6 meters from the LRF 20 and at the same height
as the LRF 20.

To calibrate, the system sets (a,3) to (0,0) causing the laser to be directed straight
forward. The vertical mirror 22 is then tilted such that the laser beam is directed backwards
to a rear or extra mirror 68 which redirects the beam to the calibration plate 66. (100) The
microprocessor 26 then uses the step motors 24, 25 to move the mirrors 21, 22 until it
finds the center of the calibration plate 66. Once it finds the center of the calibration plate
66, the microprocessor 26 stores the angles (atepsPep) at that point and compares them to
stored expected angles. (102) The system 10 also compares the reported distance to the
plate 66 center with a stored expected value. (102) If the reported values do not match the
stored values, the microprocessor 26 changes the calibration constants, which determine the
expected values, until they do. (104, 106) However, if any of these values deviate too
much from the values stored at installation, an alarm is given. (108)

Capture Mode

Initially, the airport tower 14 notifies the system 10 to expect an inco_}ning
airplane 12 and the type of airplane to expect. This signal puts the software into a capture
mode 62 as outlined in Fig. 8. In capture mode 62, the microprocessor 26 uses the step
motors 24, 25 to direct the laser to scan the capture zone 50 horizontally for the plane 12.
This horizontal scan is done at a vertical angle corresponding to the height of the nose of
the expected type of aircraft at the midpoint of the capture zone 30.

To determine the correct height to scan, the microprocessor 26 computes the
vertical angle for the laser pulse as:

B¢ = arctan [ (H-h)/l¢ ]
where H = the height of the LRF 20 above the ground, h = the nose height of the expected
aircraft, and I; = the distance from the LRF 20 to the middle of the capture zone 50. This
equation results in a vertical angle for the mirror 21 that will enable the search to be at the

correct height at the middle of the capture zone 50 for the expzcted airplane 12.
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Alternatively, the system 10 can store in the database values for 8, for different types of
aircraft at a certain distance. However, storing f; limits the flexibility of the system 10
because it can capture an aircraft 12 only at a single distance from the LRF 20.

In the capture zone 50 and using this vertical angle, the microprocessor 26 directs
the laser to scan horizontally in pulses approximately 0.1 degrece apart. The microprocessor
26 scans horizontally by varving «, the horizontal angle from a center line starting from

the LRF 20, between ot . . a value defined at installation. Typically, «,, is set to 50

.
which, using 0.1 degree pulses, is equivalent to 5 degrees and results in a 10 degree scan.

The release of the laser pulses results in echoes or reflections from objects in the
capture zone 50. The detection device of the LRF 20 captures the reflected pulses,
computes the distance to the object from the time between pulse transmission and receipt
of the echo, and sends the calculated distance value for each echo to the microprocessor
26. The micro processor 26 stores, in separate registers in a data storage device, the total
number of echoes or hits in each | degree sector of the capture zone 50. (70) Because the
pulses are generated in 0.1 degree intervals, up to ten echoes can occur in each sector. The
microprocessor 26 stores these hits in variables entitled s, where « varies from | to 10 to
reflect each one degree slice of the ten degree capture zone 50.

In addition to storing the number of hits per sector, the microprocessor 26 stores,
again in a data storage device, the distance from the LRF 20 to the object for each hit or
echo. Storing the distance to each reflection requires a storage medium large enough to
store up to ten hits in each 1 degree of the capture zone 50 or up to 100 possible values.
Because, in many cases, most of the entries will be empty, well known progra}hming
techniques can reduce these storage requirements below having 100 registers always
allocated for these values.

Once this data is available for a scan, the microprocessor 26 computes the total
number of echoes, Sy, in the scan by summing the s,’s. The micreprocessor 26 then
computes S, the largest sum of echoes in three adjacent sectors. (72) In other words, S,
is the largestsum of (S, ;, Sy, Sq4p)-

Once it computes S, and Sy, the microprocessor 26 determines whether the
echoes are from an incoming airplane 12. If Sy, is not greater than 24, no airplane 12 has
been found and the microprocessor 26 returns to the beginning ot the capture mode 62. If
the largest sum of echoes, S, is greater than 24 (74), a "possible” airplane 12 has been
located. If a "possible" airplane 12 has been located, the microprocessor checks if Sy,/Sy is
greater than 0.5 (76), or the three adjacent sectors with the largest sum contain at least half
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of all the cchoes received during the scan.

If Spy/St is greater than 0.5, the microprocessor 26 calculates the location of the
center of the echo. (78, 82) The angular location of the center of the echo is calculated as:
ey =0+ (Sgrym Sq(Sqy +8g +8;5 1)
where S is the S that gave S,, and a_ is the angular sector that corresponds to that S_.

The longitudinal position of the center of the echo is calculated as:

= (1n) 1y 210 Ly,
where the |, ; are the measured values, or distances to the object, for the pulses that
returned an echo from the sector «, and where n is the total number of measured values
in this sector. (78, 82) Because the largest possible number of measured values is ten, n
must be less than or equal to ten. -

However, if S,,/S; < 0.5, the echoes may have been caused by snow or other
aircraft at close range. If the cause is an aircraft at close range. that aircraft is probably
positioned fairly close to the centerline so it is assumed that o, should be zero instead of
the above calculated value and that I, should be the mean distance given by the three
middle sectors. (80) If the distance distribution is too large, the microprocessor 26 has not
found an airplane 12 and it returns to the beginning of the capture mode 62. (81).

After calculating the position of the aircraft 12, the system 10 switches to docking
mode 64.

Docking Mode

The docking mode 64, illustrated in Fig. 4, includes three phases, the tracking
phase 84, the height measuring phase 86 and the identification phase 88. In the tracking
phase 84, the system 10 monitors the position of the incoming aircraft 12 and provides the
pilot with information about axial location 31 and distance from the stopping point 53 of
the plane through the display 18. The system 10 begins tracking the aircraft 12 by scanning
horizontaily.

Referring to Fig. 8, during the first scan in tracking phase 84, the microprocessor
26 directs the LRF 20 to send out laser pulses in single angular steps, a, or, preferably, at
0.1 degree intervals between:

(o - ap - 10) and (o + & + 10)
where o, is determined during the capture mode 62 as the angular position of the echo
center and a, is the largest angular position in the current profile column that contains
distance values.

After the first scan,  is stepped back and forth with one step per received LRF
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value betwecn:

(o - o - 10) and (a, + o, *+ 10)
where @ is the angular position of the azimuth determined during the previous scan.

During the tracking phase 84, the vertical angle, §, is set to the ievel required for
the identified craft 12 at its current distance from the LRF 20 which is obtained from the
reference profile Table [ . The current profile column is the column representing a position
less than but closest to 1.

The microprocessor 26 uses the distance from the stopping point 53 to find the
vertical angle for the airplane’s current distance on the profile Table . During the first
scan, the distance, l,, calculated during the capture mode 62, determines the appropriate
column of the profile Table I and thus the angle to the aircraft 12. For each subsequent
scan, the microprocessor 26 uses the § in the column of the profile Table I refiecting the
present distance from the stopping point 53. (112)

Using the data from the scans and the data on the horizontal profile Table I, the
microprocessor 26 creates a Comparison Table I . Referring to Table I the Comparison
Table II is a two dimensional table with the number of the pulse. or angular step number,
as the index 91, i, to the rows. Using this index, the following information, represented as
columns of the table, can be accessed for each row: I; 92, the measured distance to the
object on this angular step, L,; 93, the measured value compensated for the skew caused by
the displacement (equal to |; minus the quantity s, the total displacement during the last
scan, minus the quantity i times Spr the average displacement during each step in the last
scan (i.e.) li-(sm-isp)), d; 94, the distance between the generated profile and the reference
profile (equal to Tijs the profile value for the corresponding angle at the profile distance j.
minus L.}, a; 95, the distance between the nose of the aircraft and the measuring equipment
(equal to Tjs0» the reference profile value at zero degrees, minus d,). a, 96, the estimated
nose distance after each step (equal to a, the nose distance at the end of the last scan,
minus the quantity i times sp), a,, the difference between the esumated and measured nose
distance (equal to the absolute value of a; minus a.), and Note 97 which indicates the
echoes that are likely caused by an aircraft.

During the first scan in the tracking phase 84, the system 10 uses the horizontal
profile column representing an aircraft position, j, less than but closest to the value of 1.
For each new scan, the profile column whose value is less than but closest to (a, - s,) is
chosen where a_, is the last measured distance to the aircraft 12 and s, is the aircraft’s

displacement during the last scan. Additionally, the values of ths profile are shifted
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sideways by « to compensate for the lateral position of the aircraft. (112)

During each scan, the microprocessor 26 also generates a2 Distance Distribution
Table (DDT). This table contains the distribution of a; values as they appear in the
Comparison Table 11. Thus, the DDT has an entry representing the number of occurrences
of each value of a; in the Comparison Table II in | meter increments between 10 to 100
meters.

After every scan, the system 10 uses the DDT to calculate the average distance,
a, to the correct stopping point 53. The microprocessor 26 scans the data in the DDT to
find the two adjacent entries in the DDT for which the sum of their values is the largest.
The microprocessor 26 then flags the Note 97 column in the Comparison Table II for each
row containing an entry for a, corresponding to either of the two DDT rows having the
largest sum. (114)

The system 10 then determines the lateral deviation or offset. (116) The micropro-
cessor 26 first sets:

2d = gy - Uiy
where o, and a_ are the highest and lowest o values for a continuous flagged block of
d, values in the Comparison Table Ii. Additionally, the microprocessor 26 calculates:

Y, = Id4;
for the upper half of the flagged d; in the block and:

Y2 = Zd
for the lower half of the block. Using Y, and Y,, "a" 116 is calculated as:

a=kx (Y, - Yy)/d
where k is given in the reference profile. If "a" exceeds a given value, preferably set to
one, it is assumed that there is a lateral deviation approximatelv equal to "a". The I;
column of the Comparison Table II is then shifted "a" steps and the Comparison Table II is
recalculated. This process continues until "2" is smaller than an empirically established
value, preferably one. The total shift, a,, of the [, column is considered equal to the lateral
deviation or offset. (116) If the lateral offset is larger than a predetermined value,
preferably set to one, the profile is adjusted sideways before the next scan. (118, 120)

After the lateral offset is checked, the microprocessor 26. provides the total
sideways adjustment of the profile, which corresponds to the lateral position 31 of the
aircraft 12, on the display 18. (122)

The microprocessor 26 next calculates the distance to the nose of the aircraft, a_,,
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a_, = Z(flagged a,)/N
where N is the total number of flagged a;. From a_, the microprocessor 26 can calculate
the distance from the plane 12 to the stopping point 53 by subtracting the distance from the
LRF 20 to the stopping point 53 from the distance to the nose of the aircraft. (124)

Once it calculates of the distance to the stopping point 33. the microprocessor 26
calculates the average displacement during the last scan, s,,. The displacement during the
last scan is calculated as:

S =a

m~ 3m1 "y
where a_,, and a;, belong to the last two scans. For the first scan in tracking phase 84, S
is set to 0.

The average displacement Sp during each step is calculated as:

S, =S,/ P
where P is the total number of steps for the last scan cycle.

The microprocessor 26 will inform the pilot of the distance to the stopping
position 53 by displaying it on the display unit 18, 29. By displaving the distance to the
stopping position 29, 53 after each scan, the pilot receives constantly updated information
in real time about how far the plane 12 is from stopping.

If the aircraft 12 is in the display area 52, both the lateral 31 and the longitudinal
position 29 are provided on the display 18. (126, 128) Once the microprocessor 26 displays
the position of the aircraft 12, the tracking phase ends.

Once it completes the tracking phase, the microprocessor 26 verifies that tracking

has not been lost by checking that the total number of rows flagged divided bv the total
number of measured values, or echoes, in the last scan is greater than 0.5. (83) In other
words, if more than 50% of the echoes do not correspond to the reference profile, tracking
is lost. If tracking is lost and the aircraft 12 is greater than 12 meters from the stopping
point, the system 10 returns to the capture mode 62. (85) If tracking is lost and the aircraft
12 is less than or equal to 12 meters from the stopping point 33. the system 10 turns on
the stop sign to inform the pilot that it has lost tracking. (83, 87)
) If tracking is not lost, the microprocessor 26 determines if the nose height has
been determined. (130) If the height has not yet been determined. the microprosessor 26
enters the height measuring phase 86. If the height has already been determined, the
microprocessor 26 checks to see-if the aircraft has been identified. (132)

In the height measuring phase, illustrated in Fig. 9, the microprocessor 26

determines the nose height by directing the LRF 20 to scan vertically. The nose height is
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used by the system to ensure that the horizontal scans arc made across the tip of the nosc.
To cheek the nosc height, the microprocessor 26 sets 3 to a predetermined value

Bax and then steps it down in 0.1 degree intervals once per reccived/reflected pulse until it

reaches f

another predetermined value. 8, and B, arc sct during installation and

min’ max

typically are -20 and 30 degrees respectively. After B reaches .= the microprocessor 26

min
directs the step motors 24, 25 up until it reaches P,, . This vertical scanning is done with
a set to « , the azimuth position of the previous scan.

Using the measured aircraft distance, the microprocessor 26 sclects the column in
the vertical profile table closest to the measured distance. (140) Using the data from the
scan and the data on the vertical profile table, t};e microprocessor 26 creates a. Comparison
Table [I. Referring to Fig.4, the Comparison Table Il is a two dimensional table with the
number of the pulse, or angular step number, as an index 91. i. to the rows. Using this
index, the following information, represented as columns of the table, can be accessed for
each row: [, 92, the measured distance to the object on this angular step,l,; 93, the measu-
red value compensated for the skew caused by the displacement (equal to |; minus the
quantity S_, the total displacement during the last scan. minus the quantity i times Spe the
average displacement during each step in the last scan), d, 94. the distance between the
generated profile and thereference profile (equal to Tij» the profile value for the correspon-
ding angle at the profile distance j, minus 1,;), a; 95, the distance between the nose of the
aircraft and the measuring equipment (equal to Tiso- the reference profile value at zero
degrees, minus d;), a, 96, the estimated nose distance after each step (equal to a, the nose
distance at the end of the last scan, minus the quantity 1 times s,). a4, the difference
between the estimated and measured nose distance (equal to the absolute value of a; minus
a.), and Note 97 which indicates echoes that are likely caused by an aircraft 12.

During each scan, the microprocessor 26 also generates a Distance Distribution
Table (DDT). This table contains the distribution of a; values as they appear in the
Comparison Table II. Thus, the DDT has an entry representing the number of occurrences
of each value of 3, in the Comparison Table Il in 1 meter increments between 10 to 100
meters.

After every scan, the system 10 uses the DDT to calculate the average distance,
ay, to the correct stopping point 53. The microprocessor 26 scans the data in the DDT to
find the two adjac-ent entries in'the DDT for which the sum of their values is the largest.
The microprocessor 26 then flags the Note 97 column in the Comparison Table Il for each

row containing an entry for a; corresponding to either of the two DDT rows having the
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largest sum. (142)

Once it completes the calculation of the average distance to the correct stopping
point 53, the microprocessor 26 calculates the average displacement during the last scan,
Sm- The displacement during the last scan is calculated as:

S = 8m.p - @

m m

where a_ ; and a_ belong to the last two scans. For the first scan in tracking phase 84, s,
is set to 0. The average displacement s, during each step is calculated as

Sp = Sm/ P
where P is the total number of steps for the last scan cycle.

Calculating the actual nose height is done by adding the nominal nose height,
predetermined height of the expected aircraft when empty, to the vertical or height
deviation. Consequently, to determine the nose height, the system 10 first determines the
vertical or height deviation. (144) Vertical deviation is calculated by setting:

2d = Brax - Prmin
where B, and P, are the highest and lowest {§ value for a continuous flagged block
of d; values in the Comparison Table II. Additionally, the microprocessor 26 calculates:

Y, = Zd,
for the upper half of the flagged d; in the block and:

Y, = Zd4;
for the lower half of the block. Using Y, and Y,, "a" is caiculated as

a=kx (Y- Y,/d
where k is given in the reference profile. If "a"exceeds a given value, preferal;ly one, it is
assumed that there is a vertical deviation approximately equal to "a". The 1; column is then
shifted "a" steps, the Comparison Table II is re-screened and “a" recalculated. This process
continues until "a" is smaller than the given value, preferably one. The total shift, B, of the
l; column is considered equal to the height deviation. (144) The Bj values in the vertical
Comparison Table I are then adjusted as Bj + ABJ- where the height deviation ABj is:

AB; =B, x (apg +a) / (3 + ay)

and where a_q is the valid a;, value when B was calculated.

Once the height deviation is determined, the microprocessor 26 checks if it is
bigger than a predetermined value, preferably one. (146) If the deviation is larger than that
value, the microprocessor 26 adjusts the profile vertically corresponding to that offset.
(148) The microprocessor 26 stores the vertical adjustment as the deviation from the

nominal nose height. (150) The actual height of the aircraft is the nominal nose height plus
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the deviation. Once it completes the height measuring phase 86. the microprocessor 26
returns to the tracking phase 84.

If the microprocessor 26 has already determincd the nose height, it skips the
height measuring phase 86 and determines whether the aircraft 12 has been identified.
(130, 132) If the aircraft 12 has been identified, the microprocessor 26 checks whether the
aircraft 12 has reached the stop position. (134) I{ the stop position is recached, the
microprocessor 26 turns on the stop sign and the system 10 has completed the docking
mode 64. (136) If the aircraft 12 has not reached the stop position, the micro-processor 26
returns to the tracking phase 84. (134)

If the aircraft 12 is not identified, the microprocessor 26 checks whether the
aircraft 12 is less than or equal to 12 meters from the stopping position 53. (i3.3) If the
aircraft 12 not more than 12 meters from the stopping position 33. the system 10 tums on
the stop sign to inform the pilot that identi-fication has failed (135) After displaying the
stop sign, the system 10 shuts down.

If the aircraft 12 is more than 12 meters from the stopping point 53; the micropro-
cessor 26 enters the identification phase illustrated in Fig.10. (133. 88) In the identification
phase 88, the microprocessor 26 creates a Comparison Table 1! to reflect the results of
another vertical scan and the contents of the profile table. (152. 154) Another vertical scan
is performed in the identification phase 88 because the previous scan may have provided
sufficient data for height determination but not enough for identification. In fact, several
scans may need to be done before a positive identification can be made. After calculating
the vertical offset 156, checking that it is not too large 158 and adjusting the profile verti-
cally corresponding to the offset 160 until the offset drops below a given amount, prefer-
ably one, the microprocessor 26 calculates the average distance between marked echoes and
the profile and the mean distance between the marked echoes and this average distance.
(162)

The average distance d,, between the measured and corrected profile and the
deviation T from this average distance is calculated afier vertical and horizontal scans as
follows:

d, = Zd/N

T=3|d,-d,| N
If T is less than a given value, preferably 5, for both profiles. the aircraft 12 is judged to
be of the correct type provided that a sufficient number of echoes are received. (164)

Whether a sufficient number of echoes is received is based on.
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N/size > 0.75
where N is the number of "accepted” echoes and "size" is the maximum number of values
possible. If the aircraft 12 is not of the correct type, the microprocessor turns on the stop
sign 136 and suspends the docking mode 64. Once the microprocessor 26 completes the
identification phase 88, it returns to the tracking phase 84.

While the present invention has been described in connection with particular
embodiments thereof, it will be understood by those skilled in the art that many changes
may be made without departing from the true spirit and scope of the present invention as

set forth in the following claims.
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WE CLAIM:
1. A system for verilying the shape of a detccted object comprising:
means for projecting light pulses in angular coordinates onto an object:
means for collecting light pulses reflected off said object and for determining the
detected shape of said object; and
means for comparing said detected shape with a profile corresponding to the shapc
of a known object and for determining whether said detected shape
corresponds to said known shape.
2. The system of claim 1 wherein the light pulses are projected onto a mirror system
with means for adjusting the mirror system to project the light pulses outwardly.
3. The system of claims 1- 2 wherein the profile corresponding to the shape of a
known object comprises sets of expected reflected pulses at various distances from the
stopping point.
4. The system of claims 1-3 further including means for detecting the presence of an
object within a capture zone, said detection means comprising:
said adjustable mirror system projects said light pulses outwardly in a predeter-
mined plane such that said projected light pulses will reflect off an object
within a capture zone;
means for processing collected light pulses reflected off said object within the
capture zone to enable detection of the presence of such object.
5. The system of claim 4 wherein said capture zone comprises an area within said
plane of said projected light pulses. said area being defined as a predeterminec:l angular
configuration relative to an axis extending from said mirror system and at predetermined
axial distances from said mirror system, said arca being divided into multiple angular
sectors defined by rays extending outwardly from said mirror svstem. 6. The system of
claims 4-5 wherein said capture zone is repetitiously scanned with said light pulses
projected in said predetermined plane until an object is detected based on the processing of
said collected light pulses reflected off said object.
7. The system of claim 4-6 wherein said object is an airplane having a nose section
positioned a predetermined vertical height above a surface of an airfield.
8. The system of claims 4-7 wherein said adjustable mirror system projects said light
pulses at a predetermined angle relative to said surface of said airfield so that said light
pulses intersect with said nose section of said airplane. '

9. The system of claims 2-8 wherein said adjustable mirror system is operated by
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step motors under the control of a programmed microprocessor
10. The system of claims 2-9 including a microprocessor for adjusting the mirror
sysiem so that the projected light pulses scan the capture zonc and a data storage device for
receiving data concerning the light pulses reflected off an object, said data storage device
5 containing comparative information for comparison with the received data and said micro-
processor employing said received data and said comparative information to determine
whether an object has entered the capture zone.
11. The system of claim 10 wherein said received data includes the number of pulses
reflected off a detected object in each sector of the capture zone and said comparative
10  information includes data for determining the distance between a detected object and said
means for collecting the light pulses. -
- 12. The system of claims 9-10 wherein:
the microprocessor totals the number of reflected pulses in each scan of said
capture zone;

15 said microprocessor determines the largest sum of reflected pulses for three

adjacent sectors; and
said microprocessor determines that an object has been detected if the largest sum
of reflected pulses for three adjacent sectors is at least a predetermined
minimum number out of a total number of pulses projected within said

20 three adjacent sectors and the number of reflected pulses in the three
sectors with the largest sum is more than half of the total number of
reflected pulses in the scan of said capture zone. i

13. The system of claims 1-12 further including means for tracking an incoming
object, said tracking means comprising:

25 means for detecting the position of said incoming object relative to an imaginary
axial line projecting from a predetermined point and for detecting the
distance between said object and said predetermined point whereby tracking
of the location of said object is enabled.

14. The system of claim 13 wherein:

30 a comparison table is generated containing information about collected light pulses
and said information is compared with a profile table indicating the shape
of known objects;

a distance distribution table is generated recording the distribution of distances

from the object to said collection means for each collected light pulse; and
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an average distance 1s calculated from the detected position of said object 1o a
desired stopping position for said object
1s. The system of claims 14 wherein:
the average distance to the stopping position is calculated by averaging the
distance to said stopping position recorded for the entrics in tic
comparison table corresponding to the two adjacent entries in the distance
distribution table having the largest sum.
16. The system of claims 13-15 including a display indicating the distance from the
object to a stopping point, the type of object and the location of the object compared to
said imaginary axial line.
17. The system of claims 14-16 wherein the average stopping distance is comumuni-
cated to a computer on board the aircraft allowing that computer to stop the aircraft when
said aircraft reaches said stopping position.
18. The system of claims 1-17 further including means for directing said projected
light pulses onto a calibration element positicned in a known angular direction and at a
known distance from said means for directing said projected light for purposes of
calibration of said system.
19. The system of claim 18 wherein the means for direcung said projected light
comprises a second mirror system.
20. The system of claims 18-19 wherein:
said light pulses are reflected off said object and are received at a detector;
determining a detected angular direction of the object relative to said :ﬁght
source based on said pulses received at said detector and in accordance
with predetermined angular parameters;
comparing said detected angular direction with said known angular direction to
determine whether said detected angular direction corresponds to said
known angular direction.
21 The system of claim 20 further comprising:
adjusting the angular parameters if said detected angular direction and said known
angular direction do not correspond so that the detected angular direction
is caused to correspond essentially to the known angular direction.
22. The system of claims 20-21 further comprising:
determining the detected distance of the object from said light source based on

predetermined distance parameters; comparing said detected distance with
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24.

24

a known distance of said objcct from said light source to determine
whether said detected distance corresponds to said known distance.
The system of claims 20-22 further comprising:
adjusting the distance parameters if said detected distance and said known
distance do not correspond so that the detected distance is caused to
correspond essentially to the known distance.

The system of claims 18-20 wherein the angular direction and distance of said

calibration means from said means for directing said projected light in a horizontal plane

are calibrated while the angular direction and distance of said calibration means from said

means for directing said projected light in a vertical plane are held constant. .

25.
26.
27.

28.
29.

The system of claims [-24 wherein said light pulses are laser light pulses.

The system of claims 1-25 wherein said profile is stored in a memory device.

A system for tracking an incoming object comprising:

means for generating light pulses;

means for projecting said pulses outwardly onto an incoming object and for
reflecting said light pulses off said object;

means for collecting the light pulses reflected off of said object;

means for detecting the position relative to an imaginary axial line projecting from
a predetermined point and for detecting the distance between said object
and said predetermined point whereby tracking of the location of said
object is enabled.

The tracking system of claim 27 wherein the light pulses are laser ligin puises.

The tracking system of claim 27-28 wherein the light pulses are projected onto a

mirror system with means for adjusting the mirror system to project the light pulses

outwardly onto an incoming object.

30.

The tracking system of claims 27-29 wherein a microprocessor provides the means

for monitoring the location of said object.

31

The tracking system of claims 27-30 wherein

a comparison table is generated reflecting information about the Iaser scan and is
compared with a profile table indicating the shape of known objects;

a distance distribution table is generated recording the distribution of distances
from the nose of the object to the measuring device for each reflected
pulse; and

an average distance to a desired stopping positioh is calculated.
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32. The tracking system of claims 27-31 wherein
the average distance to the stopping position is calculated by averaging the
distance to said stopping position recorded for the entries in the comparison
table corresponding to the two adjacent entrics in the distance distribution
table having the largest sum.
33. The tracking system of claims 27-32 wherein a display shows the distance from
the object to the stopping point, the type of object and the location of the object compared
to center.
34. The tracking system of claims 27-33 wherein the average stopping distancc is
communicated to a computer on board the aircr;ﬂ allowing that computer to stop the
aircraft when said aircraft reaches said stopping position.
3s. A method for verifying the shape of a detected object comprising;:
projecting light pulses in angular coordinates onto an object;
reflecting said pulses back to a detector and determining the detected shape of the
object based on said reflected pulses;
comparing said detected shape with a profile corresponding to the shape of a
known object; and
determining whether said detected shape corresponds 1o said known shape.
36. The method of claim 35 wherein the profile corresponding to the shape of a
known object comprises sets of expected reflected pulses at various distances {rom the
stopping point.
37. The method of claim 35-36 wherein a microprocessor is programmed:to identify

an object.
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AIRPORT NOISE MONITORING SYSTEM

This invention relates to airport noise monitoring systems,
i.e. noise monitoring systems which are adapted +to
distinguish aircraft from other noise events. Once a noise
event is attributed to an aircraft, the aircraft is
S 1identified from other information, which enables the
carrier to be fined if the noise 1level exceeds an

acceptable noise level.

Background to the invention
10 Airport noise monitoring systems commonly include a number
of noise monitoring terminals distributed in and around the
airport. Most current airport noise monitors use the
technique of "Short Leq" for the acquisition of data,
usually based upon a 62.5 ms long basic integration period.
15 sShort Leq allows the system to recognize an individual
flight by its time history. O0f course, not all noise
monitoring terminals have a sufficiently good signal-to-
noise ratioc and in practice, many noise events are lost
~ amongst other noise sources such as heavy vehicles or
20 industrial plant. One measure of the efficiency of an
aircraft noise monitoring system is how well it recovers

signals in noisy conditions.

Cirrus Research plc produces a noise monitoring terminal

25 which uses efficient aircraft-recognition algorithms. The
algorithms are described in A. D. Wallis & R. W. Krug, "The
Sydney and Brisbane Noise Terminals", Proc. WESTPRAC, pp.
492-499, Nov. 1991 and basically consist of multiple
threshold detection with specified event durations.

30 Experience has proven that this complex nine-parameter
algorithm will recognise some 99% of scheduled or military
aircraft correctly. In common with all systems, the Cirrus
system does have a lower success rate for very quiet
aircraft or in areas of high background noise.

35
With 100 flights per day, the system described above may
incorrectly identify one flight per day and thus, before
the noise events can be assigned to individual aircraft,
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something else must be brought in to reduce this
recognition error rate, since at a major airport with over
1000 flights per day, even a 99% success rate is

unacceptable. i

Each airport has access to flight information - as .
displayed on the internal information boards - and this is
often used as one of the correlation parameters in
identification. However, if the airport has significant
10 general aviation or private traffic, this information will
be incomplete and significant events such as jet test
flights will not be included. Thus, knowing that a noise
event has taken place and that there was an incoming or
outgoing flight at a similar time is still not adequate to
15 enable the two to be correlated with a sufficient degree of
confidence. The flight information data must be tied to a
particular noise event with no significant possibility of

error.

20 m he _in ion
According to the present invention, a true take-off or
landing time is attributed to each flight by appropriate
sound detectors, and whether the aircraft is taking off or
landing is recognised. An airport noise monitoring system
25 according to the present invention comprises a pair of
sound detectors to be installed in or on and spaced along
a runway and means for monitoring the output of each sound
detector so as to recognize an output form from either one
of the detectors characteristic of an aircraft flying
30 overhead, Checkingvthe output from the other sound detector
representing time prior to and subsequent to the event
giving rise to the characteristic output form for an output
form indicative of the proximity of an aircraft and .
consequently assigning to the event a flag indicative of
35 the direction of motion of the aircraft and whether it is
taking off, flying by or landing. The output form £from
either of the detectors characteristic of an aircraft
flying overhead may be recognized by the nine-parameter
algorithm as discussed above.
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Having sound detectors placed in or on the runway and
recognizing and timing the passage of aircraft provides
accurate information as to take-off or landing times, which
may then be correlated with noise events detected by

5 monitoring terminals elsewhere with a reasonable degree of
certainty. The data from the sound detectors are now used
in place of the airport flight time information to give a
good event definition and only then is the flight time
information added to enable individual flights to be

10 recognised. In effect, the flight time information is
required only to indicate the orde; in which the aircraft
take off or land, rather than the exact time.

Preferably, the means for monitoring, checking and
15 assigning is adapted to assign *to the event a flag
indicating that the direction of motion of the aircraft is
away from the said one sound detector and towards the said
other sound detector when the output from the said other
sound gate includes an output form indicative of the
20 proximity of an aircraft within a predetermined window of
time subsequent to the event. Further, the means for
monitoring, checking and assigning is preferably adapted to
assign to the event a flag indicating that the aircraft is
landing when the said output form indicative of the
25 proximity of an aircraft is not characteristic of an
aircraft flying overhead. When the said output form
indicative of the proximity of an aircraft is
characteristic of an aircraft flying overhead, the means
for monitoring, checking and assigning will preferably
30 assign to the event a flag indicating that the aircraft is
flying by. The output form indicative of the proximity of
an aircraft may be any output exceeding a predetermined
noise level.

35 Similarly, the means for monitoring, checking and assigning
is preferably adapted to assign to the event a flag
indicating that the direction of motion of the aircraft is
towards the said one sound detector and away from the said
other sound detector when the output from the said other
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sound gate includes an output form indicative of the
proximity of an aircraft within a predetermined window of
time prior to the event. Further, the means for
monitoring, checking and assigning is preferably adapted to .
5 assign to the event a flag indicating that the aircraft is
taking off when the said output form indicative of the .
proximity of an aircraft is not characteristic of an
aircraft flying overhead. Any output from the said other
sound detector which has already been taken into account in
10 assigning a flag indicative of the direction of motion of
an aircraft giving rise to a previous event will preferably
be disregarded by the means for monitoring, checking and
assigning.

15 The noise monitoring system may further include a plurality
of further sound detectors to be distributed in or around
the airport and including means for monitoring the output
of each noise detector so as to recognize an output form
characteristic of an aircraft flying overhead and for

20 correlating the events and flags recognized and assigned by
the means for monitoring, checking and assigning with
events giving rise to the characteristic output forms
recognized by the means for monitoring the output of each
further sound detector.

25
The means for monitoring the output of each further sound
detector and/or the means for monitoring, checking and
assigning may comprise one or more suitably programmed
microprocessors.

30

The present invention also extends to a method of detecting
an aircraft comprising monitoring the output of each of a
pair of sound detectors installed in or on and spaced along
2 runway so as to recognize an output form from either one
35 of the detectors characteristic of an aircraft flying
overhead, checking the output from the other sound detector
representing time prior to and subsequent to the event
giving rise to the characteristic output form for an output
form indicative of the proximity of an aircraft and

Sony, Ex. 1002, p.1652



W0 95/27910 PCT/GB95/00820

5

assigning to an event giving rise to such a characteristic

output form a flag indicative of the direction of motion of

the aircraft and whether it is taking off, flying by or

landing in dependence upon the output from the said other
5 sound detector.

The method may include checking the output from the said
other sound detector within a predetermined window of time
subsequent to the event and assigning to the event a flag

10 indicating that the direction of motion of the aircraft is
away from the said one sound detector and towards the said
other sound detector if that output includes an output form
indicative of the proximity of an aircraft. In these
circumstances, the method preferably includes assigning to

15 +the event a flag indicating that the aircraft is landing if
the said output form indicative of the proximity of an
aircraft is not characteristic of an aircraft flying
overhead. Further, the method preferably includes
assigning to the event a flag indicating that the aircraft

20 is flying by if the said output form indicative of the
proximity of an aircraft is characteristic of an aircraft
flying overhead.

The method may include checking the output from the said
25 other sound detector within a predetermined window of time
prior to the event and assigning to the event a flag
indicating that the direction of motion of the aircraft is
towards the said one sound detector and away from the said
other sound detector if that output includes an output form
30 indicative of the proximity of an aircraft. In these
circumstances, the method preferably includes assigning to
the event a flag indicating that the aircraft is taking off
if the said output form indicative of the proximity of an
aircraft is not characteristic of an aircraft flying
35 overhead. Preferably, any output from the said other sound
deteqtor which has already been taken into account in
assigning a flag indicative of the direction of motion of

an aircraft giving rise to a previous event is disregarded.
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The method may further include monitoring the output of
each of a plurality of further sound detectors distributed
in or around the airport so as to recognize an output form
characteristic of an aircraft flying overhead and .
5 correlating the events and flags recognized and assigned by
monitoring and checking the outputs of the said pair of v
sound detectors with events giving rise to the
characteristic output forms recognized by monitoring the
output of each further sound detector.
10
The monitoring of the output of each further sound detector
and/or the monitoring and checking of the output of the
said pair of sound detectors and consequent assignment of
flags may be accomplished by one or more suitably

15 programmed microprocessors.

Brief descripti h rawi

The present invention will now be described by way of

example with reference to the accompanying drawings in
20 which:

Fig. 1 illustrates a simple sound detector with one

pressure transducer;

25 Fig. 2 illustrates a more complex sound detector with
provision for intensity measurement:

Fig. 3 is a schematic illustration of a runway with
sound detectors installed; )

30

Fig. 4 is a schematic illustration of the output from

the two sound detectors when an aircraft is taking

off; and .
35 Fig. 5 is a corresponding illustration when the

aircraft is landing.

Detailed description
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The simple noise detector 10 illustrated in fig. 1 includes
a pressure transducer 12, which in this example is a
microphone. The output from the microphone is passed
through a band-pass filter 14, which removes unwanted

5 frequencies, leaving those which are generated by aircraft
engines and provide the highest signal-to-noise ratio. The
filtered signal then passes through a squarer 16 and is
integrated by an integrator 18, operating over a 62.5 ms
cycle, to provide a series of pulses representing the mean

10 square average sound level during the preceding 62.5 ms.
These pulses are digitised and stored in a memory or store
20 to be processed by a CPU 22 as described.

A more complex noise detector 110 is illustrated in fig. 2,

15 inclading a pair of microphones 112, 114. The signals from
the microphones are summed at 116 and 118, with one
summation circuit 118 having the output from one microphone
114 inverted by inverter 120, thus outputting the
difference between the two microphone signals. The signals

20 pass through respective band-pass filters 122, 124 as
described above and are then processed by an integrator
126, a pre-processor 128 and a CPU 130 to yield intensity,
sound power and directionality information in the usual
way. Again, a series of digitised pulses is stored in a

25 memory or store 132 to be processed by a suitably
programmed CPU 134.

Fig. 3 illustrates schematically the placement of the sound
detectors on a runway. As can be seen, one sound detector

30 200 or possibly a pair of sound detectors 200 is placed at
one end A of the runway and another sound detector 300 or
pair of sound detectors 300 is placed at the other end B.
Where a single detector is emplaced at each end of the
Tunway, it is preferred that it be embedded in the runway

35 surface. The separate detectors 200; 300 or pairs of
detectors 200; 300 are able by virtue of their spacing
along the runway to resolve the position of the aircraft at
various times as it flies overhead and therefore determine
its direction of flight.

Sony, Ex. 1002, p.1655



WO 95/27910 PCT/GB95/00820

8

Fig. 4 illustrates diagrammatically a typical output from
two sound detectors 200; 300 positioned at points A and B
on or in the runway when an aircraft is taking off in the
direction A-B. As the aircraft taxis into place at one and .
S A of the runway, the associated sound detector 200 detects
the increased level of sound. However, the character of v
the sound detected by this detector 200 is quite different
from that attributable to an aircraft passing overhead and
accordingly, the sound level is simply stored in memory for
10 future reference. As the aircraft begins its run along the
runway, the sound level detected by the detector 200
diminishes with a characteristic slope. Although this
slope could be used as a trigger for an attributable event,
this is not preferred owing to inherent differences in the
15 take-off patterns of various aircraft and flights and the
fact that incoming aircraft could be mistaken for aircraft
beginning their take-off. Rather, the characteristically
diminishing sound 1level is again stored for future
reference. )
20
Once the aircraft has travelled sufficiently far down the
runway, it takes off and subseguently passes over the
second sound detector 300. The output from this detector
300 will have a form characteristic of an aircraft £flying
25 overhead and will be recognised as such by the processing
electronics, i.e. the microprocessor. The recognition
algorithm is as described above. Once this characteristic
form has been recognised, the CPU will refer back to the
stored sound levels from the first detector 200 within a
30 predetermined window of time preceding the event at the
second detector 300 and in doing so will encounter the high
level of sound terminating in a characteristic slope. This
will be recognised as indicating the presence of an
aircraft at the first detector 200, and perhaps even the
35 fact that it is beginning its take-off. Accordingly, this
event will be timed and flagged as a take-off in the
direction A-B.
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Fig. 5 illustrates diagrammatically a typical output from
two sound detectors 200; 300 positioned at points A and B
on or in the runway when an aircraft is landing in the
direction A-B. As the aircraft passes over the first sound

5 detector 200, the output from this detector 200 will have
a form characteristic of an aircraft flying overhead and
will be recognised as such by the processing electronics,
i.e. the microprocessor. Again, the recognition algorithm
is as described above. Once this characteristic form has

10 been recognised, the CPU will refer back to stored sound
levels from the second detector 300 within a predetermined
window of time preceding the event at the second detector
300 and in doing so will be unable to identify a high level
of sound, which has not already been attributed to a

15 previous event, indicating the presence of an aircraft at
the second detector 300. Accordingly, the CPU will wait
until the beginning of predetermined window of time and
then inspect the output from the second detector.

20 After landing, the aircraft will run or taxi by the second
detector 300, which detects the increased level of sound.
The character of the sound detected by this detector 300 is
quite different from that attributable to an aircraft
passing overhead and accordingly, provided this sound level

25 coincides with the window of time following the event at
the first detector 200, this event will be timed and
flagged as a landing in the direction A-B. In the unlikely
event that both detectors show characteristic forms
attributable to an aircraft flying overhead within the

30 predetermined window of time from one another, the event
will be flagged as a fly-by or abortive landing in the
relevant direction.

Once the take-offs and landings are accurately timed and
35 flagged, they may be correlated with high confidence levels
with noise events detected by other noise monitoring
stations in and around the airport, and the flights in

question identified from airport information which is used
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to determine the order in which particular flights took off
and landed.
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CLAIMS

1. An airport noise monitoring system comprising a pair
of sound detectors to be installed in or on and spaced
5 along a runway and means for monitoring the output of
each sound detector so as to recognize an output form
from either one of the detectors characteristic of an
aircraft flying overhead, checking the output from the
other sound detector representing time prior to and
10 subsequent to the event giving rise to the
characteristic output form for an output form
indicative of the proximity of an aircraft and
consequently assigning to the event a flag indicative
of the direction of motion of the aircraft and whether

15 it is taking off, flying by or landing.

2. A noise monitoring system according to claim 1 in
which the means for monitoring, checking and assigning
is adapted to assign to the event a flag indicating

20 that the direction of motion of the aircraft is away
from the said one sound detector and towards the said
other sound detector when the output from the said
other sound gate includes an output form indicative of
the proximity of an aircraft within a predetermined

25 window of time subsequent to the event.

3. A noise monitoring system according to claim 2 in
which the means for monitoring, checking and assigning
is adapted to assign to the event a flag indicating

30 that the aircraft is landing when the said output form
indicative of the proximity of an aircraft is not
characteristic of an aircraft flying overhead.

4. A noise monitoring system according to claim 2 or

35 claim 3 in which the means for monitoring, checking
and assigning is adapted to assign to the event a flag
indicating that the aircraft is flying by when the

said output form indicative of the proximity of an
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aircraft is characteristic of an aircraft flying

overhead.
5. A noise monitoring system according to any preceding ‘
5 claim in which the means for monitoring, checking and

assigning is adapted to assign to the event a flag
indicating that the direction of motion of the
aircraft is towards the said one sound detector and
away from the said other sound detector when the

10 output from the said other sound gate includes an
output form indicative of the proximity of an aircraft
within a predetermined window of time prior to the
event.

15 6. A noise monitoring system according to claim 5 in
which the means for monitoring, checking and assigning
is adapted tc assign to the event a flag indicating
that the aircraft is taking off when the said output
form indicative of the proximity of an aircraft is not

20 characteristic of an aircraft flying overhead.

7. A noise monitoring system according to claim 5 or
claim 6 in which the means for monitoring, checking
and assigning is adapted to disregard any output from

25 the said other sound detector which has already been
taken into account in assigning a flag indicative of
the direction of motion of an aircraft giving rise to

a previous event.

30 8. A noise monitoring system according to any preceding
claim further including a plurality of further sound
detectors to be distributed in or around the airport
and including means for monitoring the output of each
noise detector so as to recognize an output form

35 characteristic of an aircraft flying overhead and for
correlating the events and flags recognized and
assigned by the means for monitoring, checking and
assigning with events giving rise to the

characteristic output forms recognized by the means
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for monitoring the output of each further sound
detector.

9. A noise monitoring system according to any preceding
5 claim in which the means for monitoring the output of
each further sound detector comprises one or more

suitably programmed microprocessors.

10. A noise monitoring system according to any preceding

10 claim in which the means for monitoring, checking and

assigning comprises one or more suitably programmed
microprocessors.

11. A method of detecting an aircraft comprising
15 monitoring the output of each of a pair of sound
detectors installed in or on and spaced along a runway
SO as to recognize an output form from either one of
the detectors characteristic of an aircraft €flying
overhead, checking the output from the other sound
20 detector representing time prior to and subsequent to
the event giving rise to the characteristic output
form for an output form indicative of the proximity of
an aircraft and assigning to an event giving rise to
such a characteristic output form a flag indicative of
25 the direction of motion of the aircraft and whether it
is taking off, flying by or landing in dependence upon

the output from the said other sound detector.

12. A method according to claim 11 including checking the

30 output from the said other sound detector within a

predetermined window of time subsequent to the event

and assigning to the event a flag indicating that the

direction of motion of the aircraft is away from the

said one sound detector and towards the said other

35 sound detector if that output includes an ocutput form
indicative of the proximity of an aircraft.

13. A method according to claim 12 including assigning to
the event a flag indicating that the aircraft is
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landing if the said output form indicative of the
proximity of an aircraft is not characteristic of an

aircraft flying overhead.

5 14. A method according to claim 12 or claim 13 including
assigning to the event a flag indicating that the
aircraft is flying by if the said output form
indicative o©of the proximity of an aircraft is
characteristic of an aircraft flying overhead.

10
15. A method according to any one of claims 11-14
including checking the output from the said other
sound detector within a predetermined window of time
prior to the event and assigning to the event a flag
15 indicating that the direction of motion of the
aircraft is towards the said one sound detector and
away from the said other sound detector if that ocutput
includes an output form indicative of the proximity of
an aircraft.
20
16. A method according to claim 15 including assigning to
the event a flag indicating that the aircraft is
taking off if the said output form indicative of the
proximity of an aircraft is not characteristic of an
25 aircraft flying overhead.

17. A method according to claim 15 or claim 16 in which

any output from the said other sound detector which

has already been taken into account in assigning a

30 flag indicative of the direction of motion of an

aircraft giving rise to a previous event is
disregarded.

18. A method according to any one of claims 11-17 further

35 including monitoring the output of each of a plurality
of further sound detectors distributed in or around

the airport so as to recognize an output form
characteristic of an aircraft flying overhead and

correlating the events and flags recognized and
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assigned by monitoring and checking the outputs of the
said pair of sound detectors with events giving rise
to the characteristic output forms recognized by
monitoring the output of each further sound detector.

19. A method according to claim 18 in which the monitoring
of the output of each further sound detector is
accomplished by one or more suitably programmed
microprocessors.

10

20. A method according to any one of claims 10-19 in which
the monitoring and checking of the output of the said
pair of sound detectors and consequent assignment of
flags is accomplished by one or more suitably

15 programmed microprocessors.
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JP1998-155040 (Nisshin Denki ; Pub.Jun.9,1998) (JP-A-10-155040)

[Title of the Invention] CALLING METHOD OF DIAL-UP CONNECTION
COMMUNICATION EQUIPMENT AND SUPERVISORY CONTORL SYSTEM USING IT

[Abstract]

[Problem] To provide a calling method, which may surely call the communication equipment
connected to the Internet network by dial-up and perform two-way communication securely in
real time.

[Means for Resolution] The communication equipment 2 calls the communication equipment
3 through a telephone line 4 to transmit a connection request and its own public key to the
communication equipment 3. On the other hand, the communication equipment 3 transmits
its own public key to the communication equipment 2.  After that, both of the
communication equipment 2, 3 once disconnect the telephone line 4, and call neighboring
providers 5, 6 to connect the same respectively to the Internet network 7. Both of the
communication equipment 2, 3, encipher their own IP addresses in the current connection by
the public key of the party to transmit it as an electronic mail to the electronic mail address of
the party. Each of the communication equipment 2, 3 decodes the received electronic mail
by its own privacy key to confirm the IP address of the party. After that, both of the
communication equipment 2, 3 communicate through the Internet network 7 using the

concerned IP address.

[Claims]

[Claim 1] A calling method of dial-up connection communication equipment, which is
a method of calling dial-up connection communication equipment connected to a network by
dial-up, comprising: a first process in which calling communication equipment transmits a
connection request to dial-up connection communication equipment by a communication line
provided separately from the network and capable of calling the dial-up connection
communication equipment; a second process in which the dial-up connection communication
equipment receiving the connection request is connected to the network by dial-up; and a third
process in which the calling communication equipment and the dial-up connection
communication equipment communicate with each other through the network.

[Claim 2] The calling method of dial-up connection communication equipment
according to claim 1, wherein the third process includes: an encipher process in which the
transmitting communication equipment between the calling communication equipment and the
dial-up connection communication equipment enciphers and transmits at least part of the data
transmitted in the third process; and a decoding process in which the receiving communication
equipment decodes the enciphered data.

[Claim 3] The calling method of dial-up connection communication equipment

according to claim 2, wherein the first process includes a process in which the calling
1
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communication equipment or the dial-up connection communication equipment informs the
party at the other end of a key of cryptograph used in encipher.
[Claim 4] The calling method of dial-up connection communication equipment
according to claim 1, 2 or 3, wherein the network is provided with a server for relaying the
communication between the calling communication equipment and the dial-up connection
communication equipment, and the third process includes: a process in which both of the
above communication equipment inform the sever of their own identifications; a process in
which both of the above communication equipment inform the server of the identification of
the party at the other end to select the communication equipment of the party at the other end;
and a process in which the server relays the communication between the selected
communication equipment.
[Claim 5] The calling method of dial-up connection communication equipment
according to claim 1, 2 or 3, wherein the network is a network which specifies a transmitting
destination by an address in the network in transmitting data, and also assigns the dial-up
connection communication equipment a temporary address in every connection, and the third
process includes: a process in which the dial-up connection communication equipment obtains
its own address in the current connection; a process in which the dial-up connection
communication equipment informs the calling communication equipment of its own address
by an electronic mail; and a process in which the calling communication equipment and the
dial-up connection communication equipment specify the party at the other end by mutual
addresses to communicate with each other.
[Claim 6] The calling method of dial-up connection communication equipment
according to claim 1, 2, 3, 4 or 5, wherein after the third process, the calling method further
includes a fourth process in which the calling communication equipment directly calls the
dial-up connection communication equipment by the communication line to confirm whether
or not the dial-up connection communication equipment normally disconnects the line from
the communication line.
[Claim 7] A supervisory control system, comprising: a child station having facility
equipment; and a parent station for controlling the facility equipment by communication with
the child station, wherein the parent station includes: parent station communication means for
calling the child station through a ring enable communication line to transmit a connection
request, and then communicating with the child station through a network provided separately
from the communication line, and the child station includes: child station communication
means connected to the network by dialing up it on receiving the connection request through
the communication line to communicate with the parent station through the network.
[Detailed Description of the Invention]
[0001]
[Technical Field to which the Invention Belongs]

This invention relates to a calling method of dial-up connection communication

equipment connected to a network at need such as communication equipment connected to the
2
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Internet network, for example, by dialing up it and a supervisory control system using it.
[0002]
[Prior Art]

As one of communication means, public telephone line network has been widely used.
In this public telephone line network, prior to the communication, the connection (logical
channel) is secured between the calling end and the called end to call the called party. In this
type of connection mode communication system, the longer the channel is, the more the
establishment of connection becomes difficult. Therefore, the public telephone line network
generally adopts the rate system according to the communication distance.

[0003]

On the other hand, as new communication means, the Internet network has been
spread rapidly in recent years. In the case of the Internet network, the communication
equipment at the transmitting end creates datagrams by separating a data raw by each
predetermined size upon transmitting data and transmits the same to the adjacent
communication equipment. An address (IP address) in the Internet network of the
communication equipment at the receiving end is added to each datagram. In the case of
receiving the datagram, the communication equipment transmits the data to the
communication equipment closer to the receiving end among the adjacent communication
equipment according to the IP address of the transmitting destination (the receiving end).
Thus, the transmit data can be sent to the receiving end without establishing the connection.
In this type of connectionless mode communication system, both of the communication
equipment at the transmitting end and at the receiving end do not grasp the channel between
them. Therefore, in the case of the Internet network, frequently the rate system according to
the quantity of data (the communication time) is adopted, or a fixed rate system is adopted at
intervals of a predetermined period such as every year. Since both of rate systems are not
susceptible to the distance between the transmitting end and the receiving end, in the long
distance communication, especially in the communication with the foreign countries or the
like, there is high possibility of reducing the communication cost by communication using the
Internet network.

[0004]

Although the Internet network has been used the electronic mail, etc., for data
communication mainly composed of characters herctofore, in recent years, with the
improvement in bandwidth of the line, it has been used for two-way communication in real
time between the communication equipment as well such as a video conferencing system and
the Internet telephone.

[0005]

The methods of connecting the respective communication equipment to the Internet
network are classified roughly into the connecting using a leased line and the dial-up
connection. In the connection method using the leased line, a dedicated communication line

is provided between the communication equipment and an Internet connecting firm (a
3

Sony, Ex. 1002, p.1671



provider) to thereby always connect each piece of communication equipment and the Internet
network. In this case, since the communication equipment is always connected to the
Internet network, an inherent IP address is assigned to the communication equipment. This
method is adopted in the large companies and universities, and the users always pay fixed
expenses as the maintenance costs for the communication line to the telephone company or the
like.

[0006]

On the other hand, the dial-up connection is a method of connecting the
communication equipment and the Internet network to each other in the case of requiring the
connection to the Internet network. The connection to the Internet network is performed by
communicating with the provider using the telephone line and relaying this communication by
the provider. The provider assigns a free IP address as an IP address of the communication
equipment when the communication equipment is put in the connecting state. Thus, the IP
address can be shared among a plurality of pieces of communication equipment. Further,
this method may dispense with the dedicated communication line between the respective
pieces of the communication equipment. As a result, when the amount of communication is
small, the connection can be done more inexpensively as compared with the leased line circuit.
Accordingly, the dial-up connecting method is adopted mostly in a small firm and a personal
house, which have comparatively smaller amount of communication. In this case, the
electronic mail is stored by the provider, so the user verifies the arrival of the electronic mail
by confirming a predetermined storage area in the provider at every connection.

[0007]
[Problems that the Invention is to Solve]

However, when the called communication equipment adopts the dial-up connection
method, the calling communication equipment cannot determine whether or not the called end
is connected to the Internet network beforehand. When the communication equipment at the
called end is connected to the Internet network at the time of calling, the calling
communication equipment can communicate with the called end, but if not so, both of the
communication equipment cannot communicate with each other.  Consequently, the
connection cannot be made surely, resulting in the problem of insufficient quick
responsiveness. This problem is critical in the case of speech communication similar to that
on the ordinary telephone, in the case of a video conferencing system, and especially in the
case of two-way communication in real time.

[0008]

Although this problem occurs when each communication equipment is connected not
only to the Internet network but also to the network at need as in the case of personal
computer communication, as described in the following, further problems are caused in the
case of dial-up connection to the Internet network.

[0009]

To be concrete, the datagram is transmitted according to the respective
4

Sony, Ex. 1002, p.1672



communication equipment configuring the Internet network and the IP address of the
transmitting destination included in the datagram. Consequently, in communication, the
transmitting end has to grasp the IP address of the receiving end. In the dial-up connection
method, however, the IP addresses of the respective pieces of communication equipment are
not determined until they are connected to the provider. Consequently, the transmitting end
cannot grasp the IP address of the receiving end beforehand as in the leased line connection
method.

[0010]

In order to solve the above problem, a server having a fixed IP address has been
installed heretofore for relaying the communication between the respective pieces of the
communication equipment. In this case, the respective pieces of communication equipment
start to communicate with the server after connection to the Internet network. When the
respective pieces of communication equipment start to communication, the server relays the
communication with the equipment at one end to that at the other end. In this case, the
datagram transmitted to the IP address of the server is transferred to the communication
equipment of the other party, so the respective pieces of communication equipment need not
know the IP address of the other party. As a result, the communication can be performed
without any obstacle even between the pieces of communication equipment connected to each
other by dial-up.

[0011]

In the case of providing the server, however, it is necessary to maintain the server,
resulting in newly causing the problem of requiring the maintenance cost. Further
encountered is the problem that when the server is busy, even if the relevant communication
equipment and the communication equipment of the other party are free, the communication
cannot be performed. Further a method of searching for the other party of communication
other in the server is not set up, so it is difficult to find a desired other party of communication.
For example, at the moment, it is frequent to search for the other party by the following
searching method. That is, the respective pieces of communication equipment register its
own identifier in the server. The server displays a list of identifiers received, and the
respective pieces of communication equipment select a desired other party from the list.
According to this method, as the number of connectors increases, the more the time and
trouble for searching increases.

[0012]

Further, even if the server is installed, the problem that when the communication
equipment of the other party is not connected to the network, communication cannot be started
remains unsolved.

[0013]

The invention has been made in the light of the above problems and it is an object of

the invention to provide a calling method of communication equipment, which may improve

the quick responsiveness of the communication equipment when the called communication
5
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equipment is connected to a network by dial-up.
[0014]
[Means for Solving the Problems]

According to the invention of claim 1, a calling method of dial-up connection
communication equipment is a method of calling dial-up connection communication
equipment connected to a network by dial-up, and it is characterized in that the method
includes the following processes in order to solve the above problems.

[0015]

That is, the method includes: a first process in which calling communication
equipment transmits a connection request to dial-up connection communication equipment by
a communication line provided separately from the network and capable of calling the dial-up
connection communication equipment; a second process in which the dial-up connection
communication equipment receiving the connection request is connected to the network by
dial-up; and a third process in which the calling communication equipment and the dial-up
connection communication equipment communicate with each other through the network.
[0016]

As the above network, cited are connectionless mode network such as the Internet
network and personal computer communication, and as the communication line, cited are a
telephone line and a harbor radio.

[0017]

Generally the network, which cannot call the other party, is more easily achieved than
the communication line, which can call the other party, such as the telephone line. Further,
in the case where the communication equipment is connected to the network at need as in the
dial-up connection, a channel between the network and the communication equipment and
resources on the network such as an address can be shared by the other communication
equipment and the other uses. Accordingly, the dialed-up connection communication
equipment can be reduced in communication cost as compared with the case of directly
communicating using the communication line and the case of connection to the network by a
leased line.

[0018]

In the above constitution, before both of the calling communication equipment and
the dial-up connection communication equipment communicate through the network, the
calling communication equipment transmits a connection request to the dial-up connection
communication equipment. Thus, even if the dial-up connection communication equipment
is not connected to the network, in communication in the third process, it can be connected to
the network. Accordingly, in the dial-up connection communication equipment, which can
communicate at a low rate, communication can be surely started in a desired timing to enable
real-time communication.

[0019]

According to the invention of claim 2, the calling method of dial-up connection
6
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communication equipment is characterized in that in the constitution of the invention as
claimed in claim 1, the third process includes: an encipher process in which the transmitting
communication equipment between the calling communication equipment and the dial-up
connection communication equipment enciphers and transmits at least part of the data
transmitted in the third process; and a decoding process in which the receiving communication
equipment decodes the enciphered data.

[0020]

As the method used in encipher, various methods such as a method of using a
common key of cryptograph to encipher and decoding and a method of enciphering using a
public key and encoding using a privacy key different from the public key may be applied.
Both of communication equipment acquire key of cryptograph such as a common key of
cryptograph and the public key of the other party by a predetermined method such as
communication in the first process or mail prior to the third process.

[0021]

In the case of communication through the network, there is the risk that the
transmitted data is wiretapped or altered. Especially in the case of using the Internet network
or the like as the network, the communication equipment at the calling end and the
communication equipment at the receiving end cannot specify a data transmission channel, so
that the degree of risk of communication jamming such as tapping is high.

[0022]

In the above constitution, however, among the communication contents, at least some
contents are concealed from a third party other than the calling communication equipment and
the dial-up connection communication equipment. As a result, the security to the
communication jamming can be improved as compared with the case of transmitting a
plaintext as it is without enciphering the communication contents.

[0023]

As the data to be enciphered, cited are the communication contents themselves, and
the user names or addresses of both of communication equipment. However, as the amount
of data to be enciphered increases, the load of both of the communication equipment increases,
so that only part of the data may be enciphered in consideration of the signification of
communication. Generally when the user name and address are heard by a third party, the
significance of the communication contents is apt to be guessed. Accordingly, in the case of
transmitting the user name and address prior to communication such as an image and voice,
encryption of these is especially desired. Thus, the security to communication jamming can
be improved without much increase in load of both of communication equipment.

[0024]

Further, according to the invention of claim 3, the calling method of dial-up
connection communication equipment is characterized in that in the constitution of claim 2,
the first process includes: a process in which the calling communication equipment or the

dial-up connection communication equipment informs the party at the other end of a key of
7
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cryptograph used in encipher.
[0025]

In the case of using the public key in encipher, the party at the other end is informed
of the public key corresponding to its own privacy key. In the case of enciphering using
common key of cryptograph, the key of cryptograph is informed to the party at the other end.
[0026]

In the above constitution, the key of cryptograph is informed at every connection
request, whereby even when the key of cryptograph is changed from that of the preceding
communication, both of communication equipment can transmit and receive the enciphered
data smoothly. In addition, both notification of connection request and sending of key of
cryptograph are performed in a batch using the communication line. Accordingly, the time
and trouble for connecting the communication line can be reduced as compared with the case
of individually performing both of the above.

[0027]

Further, in the case of setting the key of cryptograph by mail or the like, the
respective pieces of communication equipment have to set the key of cryptograph before use.
The key of cryptograph is provided for each of communication equipment, so that especially
when the number of parties to communicate increases, the time and trouble for setting
increases. On the contrary, in the constitution as described in claim 3 of the invention, the
key of cryptograph is informed in every connection, whereby it is not necessary to preset the
respective keys of cryptograph, so that the time and trouble for setting can be reduced.

[0028]

The key of cryptograph is transmitted to the communication equipment of the party at
the other end through the communication line, and the data enciphered by the key of
cryptograph is transmitted through the network. Accordingly, when a third party attempts to
interfere the communication, wire tapping of two-way communication is needed. As a result,
the security to communication jamming can be improved as compared with the case of
transmitting the key of cryptograph and data by single communication means.

[0029]

On the other hand, according to the invention of claim 4, the calling method of
dial-up connection communication equipment is characterized in that in the constitution of the
invention as claimed in claim 1, 2 or 3, the network is provided with a server for relaying the
communication between the calling communication equipment and the dial-up connection
communication equipment, and the third process includes: a process in which both of the
above communication equipment inform the sever of their own identifications; a process in
which both of the above communication equipment inform the server of the identification of
the party at the other end to select the communication equipment of the party at the other end,;
and a process in which the server relays the communication between the selected
communication equipment.

[0030]
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As the network, cited is a connectionless mode network such as the Internet network.
In this constitution, in enciphering in claim 2 or 3, the identifications of both of
communication equipment are cited as especially suitable data.

[0031]

In the above constitution, similarly to claim 1, even when the dial-up connection
communication equipment is not connected to the network, in communication in the third
process, it can be connected to the network. Thus, both of communication equipment can
surely start the communication in a desired timing through the server provided in the network.
Even when the server makes public the identification, the user identification is enciphered and
registered to thereby easily conceal the identifications of both of communication equipment
from a third party.

[0032]

According to the invention of claim 5, the calling method of dial-up connection
communication equipment is characterized in that in the constitution of the invention as
described in claim 1, 2 or 3, the network is a network such as the Internet network, which
specifies a transmitting destination by an address in the network in transmitting data, and also
assigns the dial-up connection communication equipment a temporary address in every
connection, and the third process includes: a process in which the dial-up connection
communication equipment obtains its own address in the current connection; a process in
which the dial-up connection communication equipment informs the calling communication
equipment of its own address by an electronic mail; and a process in which the calling
communication equipment and the dial-up connection communication equipment specify the
party at the other end by mutual addresses to communicate with each other.

[0033]

In the case of the dial-up connection communication equipment, an address is
undetermined until the connection to the network is made. Therefore, according to the
conventional method, the calling communication equipment cannot grasp the address of the
receiving end so that the dialed connections of communication equipment cannot
communicate through the network.

[0034]

On the other hand, as in the constitution of the invention of claim 4, in the case of
providing the network with the server for relaying the communication between both of
communication equipment, even the dialed-up connections of communication equipment can
communicate smoothly. In this case, however, the cost for separately providing the server
and the maintenance cost are needed. Further, when the server is busy, there is the risk that
both of communication equipment cannot communicate.

[0035]

On the contrary, in the constitution of the invention as described in claim 5, at the

point of time the dial-up connection communication equipment determines its own address

after connection to the network, it can inform the calling communication equipment of the
9
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address. Thus, both of communication equipment can communicate through the network
without providing the server as in the constitution of claim 4.  Accordingly, the cost required
for communication can be further reduced as compared with the constitution of the invention
described in claim 4, and also both of communication equipment can surely communicate
regardless of congestion in the server.

[0036]

At the end of communication through the network, the dial-up connection
communication equipment disconnects the connection to the network. In this case, when the
dial-up connection communication equipment fails in disconnection of the line from the
network, the dial-up connection communication equipment continues the connection to the
network, so that the communication cost is raised against our desire. Especially, when no
user is present in the periphery of the dial-up connection communication equipment such as
the case where the dial-up connection communication equipment is a child station of a
monitoring control system, failure in line disconnection is hard to grasp. Accordingly, when
failure in line disconnection occurs, the period of time the dial-up connection communication
equipment is connected to the network against out desire is apt to get longer, resulting in the
high risk of increasing wasteful communication cost.

[0037]

On the contrary, according to the invention of claim 6, the calling method of dial-up
connection communication equipment is characterized in that in the constitution of the
invention described in claim 1, 2, 3, 4 or 5, after the third process, the calling method further
includes a fourth process in which the calling communication equipment directly calls the
dial-up connection communication equipment by the communication line to confirm whether
or not the dial-up connection communication equipment normally disconnects the line
connection to the communication line.

[0038]

In the above constitution, at the end of communicating with the dial-up connection
communication equipment, the calling communication equipment confirms whether the line
disconnection is successful or not by ring tone in direct calling. Thus, the calling
communication equipment can surely recognize the line disconnection failure of the dial-up
connection communication equipment. Accordingly, it is possible to take suitable measure
such as the calling communication equipment’s again designating the dial-up connection
communication equipment to disconnect the line or the calling communication equipment’s
user leaving for the installation place of the dial-up connection communication equipment to
disconnect the line. As a result, the occurrence of wasteful communication cost due to
failure in line disconnection can be surely prevented.

[0039]

In the case of the communication line using ring tone different between the period the

line is connected and the period the line is disconnected, the dial-up connection

communication equipment is set so that call-in is not caused until a predetermined number of
10
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times of ring tone, and in conformation, the calling communication equipment discriminates
the ring tone before it reaches the predetermined number of times, thereby confirming the
disconnection of the line. In this case, when the calling communication equipment
disconnects the line used for direct call before it reaches the predetermined number of times,
the communication cost is not needed even when the dial-up connection communication
equipment can normally disconnect the line from the network.

[0040]

When the calling method of dial-up connection communication equipment related to
the invention of claim 1 is used, it is possible to construct a communication system, which
may start the communication in a desired timing, and reduce the communication cost.

[0041]

In this case, in the supervisory control system, generally, a child station is installed in
a place away from a parent station, and the parent station monitors and controls a number of
child stations. Therefore, the cost for communication between the parent station and the
child stations is liable to increase, and there is a strong demand toward reduction of
communication cost. Especially, in the case where the data transmitted to the parent station
by the child station is video data such as the case of monitoring the installation place, the
amount of data is very large so that when the data is transmitted through a ring enable
communication line, high communication cost is needed. On the other hand, in the
supervisory control system, delay of designation is directly linked with escalation of an
accident so that the child station has to instantaneously respond to designation of the parent
station. Therefore, when the child station communicates with the parent station through the
network only connected by dial-up connection, the child station cannot respond to the
designation of the parent station and there is the risk of escalating the accident. ~As a result of
these, in the monitor and control system, while the quick responsiveness of the child station to
the designation of the parent station is kept, reduction of communication cost is strongly
demanded.

[0042]

On the contrary, according to the invention of claim 7, in order to solve the above
problem, a supervisory control system includes: a child station having facility equipment; and
a parent station for controlling the facility equipment by communication with the child station,
and the monitor and control system is characterized in that the parent station includes: parent
station communication means for calling the child station through a ring enable
communication line to transmit a connection request, and then communicating with the child
station through a network provided separately from the communication line, and the child
station includes: child station communication means connected to the network by dialing up it
on receiving the connection request through the communication line to communicate with the
parent station through the network.

[0043]

In the above constitution, the parent station communication means of the parent
11
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station calls the child station through a communication line such as a telephone at an arbitrary
point of time such as a point of time user’s designation is given. On the other hand, the child
station communication means of the child station receives a connection request from the
parent station and then sets up the connection to the network such as the Internet by dial-up
connection. After that, the parent station and the child station transmit and receive the data
through the network.

[0044]

In the above constitution, the child station is connected to the network by dial-up
connection, which enables communication at a low rate, whereby the communication cost can
be remarkably reduced as compared with the case where the child station and the parent
station communicate using the communication line only. On the other hand, after the
parent station calls the child station using the ring enable communication line, the data is
transmitted and received through the network, so that the parent station can start
communication with the child station in a desired timing. As a result of these, it is possible
to achieve the supervisory control system, which may remarkably reduce the communication
cost between the child station and the parent station while the child station can instantaneously
respond to the designation of the parent station.

[0045]
[Mode for Carrying Out the Invention]

[First Embodiment] One embodiment of the invention will now be described
according to Figs. 1 to 4. A calling method of dial-up connection communication equipment
according to the present embodiment is a calling method applied to a communication system
in which the calling end and the called end communicate through a telephone line and the
Internet network and also at least the called communication equipment is connected to the
Internet network by dial-up, and this is a preferable method especially for long-distance
communication such as between Japan and the U.S.A. The dial-up connection is a method of
connecting the communication equipment, which is not always connected to the network such
as the Internet network, to the network when each of communication equipment determines to
need connection.

[0046]

In the following, prior to the description of the above calling method and
communication equipment for implementing the method, a communication system using the
communication equipment will be described. That is, as shown in Fig. 1, a communication
system 1 according to the present embodiment includes the above calling method, and the
system is provided with communication equipment 2 and 3 which are at the calling end or at
the called end, respectively. In the present embodiment, which communication equipment 2,
3 is at the calling end or at the called end is not especially determined, and both of
communication equipment 2 and 3 have the functions of both the calling end and the called
end as mentioned later. The communication equipment 2, 3 at the called end corresponds to

the dial-up connection communication equipment described in the scope of the claims.
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[0047]

Both of the communication equipment 2, 3 are respectively connected to a telephone
line (a communication line) 4. The telephone line 4 is a digital line such as ISDN (Integrated
Services Digital Network) or an analog line, and the respective communication equipment 2, 3
can inform a switchboard not shown of the telephone line 4 of the telephone number of the
party at the other end by dialing. Thus, the respective communication equipment 2 and 3 can
mutually call the party at the other end through the telephone line 4 to directly communicate
with each other.

[0048]

The users of the respective communication equipment 2 and 3 join the Internet
connection firms (provider) 5 or 6, and the communication equipment 2, 3 can respectively
use the Internet network (network) 7 by dial-up connection. Since the communication
equipment 2, 3 are respectively at the calling end in some case and at the called end in some
case, both of providers 5, 6 are required to have the same function. In the following,
although the provider 5 on the communication equipment 2 side will be described for the sake
of convenience, the configuration of the provider 6 is the same.

[0049]

To be concrete, on receiving a connection request from the communication equipment
2 through the telephone line 4, the provider 5 causes the communication equipment to input
ID showing an account (use capability) and a password preset by each ID. At the end of
checking the account with the password, the provider 5 assigns a free IP address among its
possessed addresses (IP addresses) on the Internet network 7 as a temporary IP address of the
communication equipment 2. Thus, the communication equipment 2 can recognize its own
IP address in current connection. As a result, the communication equipment 2 can create a
data row (datagram) divided by each predetermined size, transmit the same to the provider 5,
and discriminate the datagram addressed thereto out of the datagram received from the
provider 5. The provider 5 transfers the datagram from the communication equipment 2 to
the Internet network 7, and transmits the datagram from the Internet network 7 to the
communication equipment 2. Thus, the communication equipment 2 can be connected to the
Internet network 7 without any inherent IP address.

[0050]

The provider 5 shares the IP address and the connection line with the Internet
network 7 among subscribers of dial-up connection. Accordingly, in the provider 5, the
connection rate of the dial-up connection is often set to a lower rate as compared with the case
where the communication equipment 2 holds an inherent IP address, and is always connected
to the Internet network 7 through a leased communication line, that is, the case of leased line
connection.

[0051]
The provider 5 is provided with an access point for communicating with the

communication equipment 2 through the telephone line 4. The access point is disposed near
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to the communication equipment 2 such as the range of speech communication specified by
local exchange code, and the communication equipment 2 can hold down the rate (telephone
charge) of the telephone line 4 in communicating with the provider 5.

[0052]

Further, the provider 5 is a main server of the communication equipment 2 as well.
To be concrete, the provider 5 previously assigns an electronic mail address to the
communication equipment 2 and includes a storage area (a mail box) not shown
corresponding thereto. The electronic mail addressed to the communication equipment 2 is
delivered to the provider 5, and the provider 5 receives the electronic mail addressed to the
communication equipment 2 and stores it in the corresponding mailbox. The provider 5 is
always connected to the Internet network 7, and the IP address is always constant.
Accordingly, the electronic mail is surely delivered whether the communication equipment 2
is connected to the Internet network 7 or not and regardless of the IP address in connection.
Each of communication equipment 2 can read out an electronic mail addressed to itself from
the mailbox in connection by dial-up.

[0053]

At present the Internet network has been spread widely and a number of providers
have started to provide service. Most of these providers support dial-up connection and have
a function of a mail server.  Accordingly, the communication system 1 of the present
embodiment can be easily configured by providing the communication equipment 2 and 3.
[0054]

The following description mainly deals with the case of transmitting both a voice and
an image as in a video conference as configuration examples of the communication equipment
2 and 3. In the following, not only the case of transmitting both of a voice and an image but
also the real-time transmission of data through the network such as the Internet network 7 by
both communication equipment 2 and 3 are known generally as network conference.

[0055]

As to a method of achieving the respective pieces of communication equipment 2 and
3, although various configurations are considered as mentioned later, the description will now
deal with the configuration in which the communication equipment 2(3) includes: a connector
2a (3a) controlling the connection between the telephone line 4 and the Internet network 7;
and a computer 2b (3b) serving as an input/output device. In this configuration, the calling
method of the present embodiment is implemented by the connector 2a. The communication
equipment 2 and 3 are respectively provided with telephone sets 2¢, 3¢ for ordinary speech
communication except communication according to the above calling method.  Since both of
communication equipment 2 and 3 have the same configuration, in the following, for the sake
of convenience, only the configuration of the communication equipment 2 will be described in
detail.

[0056]

That is, the computer 2b includes an input device not shown such as a video camera
14

Sony, Ex. 1002, p.1682



and a microphone, wherein the voice and image of the user side can be transmitted as a digital
data row to the connector 2a. Further, the computer 2b includes an output device (not
shown) such as a monitor and a speaker, wherein the data row received from the
communication equipment 3 through the connector 2a can be informed as an image and a
voice to the user.

[0057]

The computer 2b and the connector 2a are connected to each other by a previously
selected communication method such as RS232C, RS422A, IrDA or LAN, whereby data can
be transmitted and received in two-way. As to the communication method between both, it
doesn’t matter whether wired or wireless, or digital or analog, and also what the
communication speed and the communication standard are like if only two-way
communication is enabled in real time.

[0058]

On the other hand, the connector 2a of the present embodiment, as shown in Fig. 2,
includes: a flash memory 11 for storing a program for implementing the calling method of the
present embodiment and various settings; an interface part 12 communicating with the
computer 2b in the above predetermined communication method; a communicating IC
(Integrated Circuit) 13 connected to the telephone line 4 and the telephone set 2¢; a CPU
(Central Processing Unit) 14 for controlling the whole connector 2a; and a RAM (Random
Access Memory) 15 serving as a working storage. Further, a status display liquid crystal
panel 16 is provided to display the status of the connector 2a such as the electronic mail
address of the communication equipment 3. The respective members 11 to 16 are
respectively connected to a bus 17, and the data is transmitted between the respective
members through the bus 17.

[0059]

The above flash memory 11 is an electrically reloadable non-volatile memory, which
stores a program for performing the operation mentioned later and various set points used in
the concerned program. To be concrete, as the set points concerning the communication
equipment 3, cited is a telephone number in a direct call. Further, the memory stores a
password for identifying the communication equipment 2 by the communication equipment 3
in a direct call. The concerned password is previously transmitted to the communication
equipment 3, and the communication equipment 3 can determine whether or not the password
is a call from a regular user by checking. Further, as the set points concerning the provider 5,
a telephone number of the provider 5, an account, a password and its own electronic main
address are stored. Further, in the present embodiment, in communication through the
Internet network 7, the communication equipment 2 and the communication equipment 3
communicate by enciphering at least part of the communication contents using the public key
cryptosystem such as RSA code. Accordingly, the flash memory 11 stores a privacy key
used in encipher and decoding and a public key as well. Naturally instead of the flash

memory 11, non-volatile record means such as ROM (Read-Only Memory), a battery back-up
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RAM or a hard disk may be used.
[0060]

The interface part 12 is an interface such as RS232 C interface according to a method
of communication between the computer 2b and the connector 2a, and the CPU 14 can
communicate with the computer 2b through the interface part 12.

[0061]

Further, the communicating IC 13 is an IC for MODEM, which may control the line
connection/disconnection of the telephone line 4, and convert a data row processed by the
CPU 14 from and to an electric signal transmitted through the telephone line 4. Further,
according to the designation of the CPU 14, the telephone line 4 and the telephone set 2¢ can
be connected to each other to ring the bell of the telephone set 2c.

[0062]

On the other hand, the CPU 14 controls the interface part 12 and the communicating
IC 13 according to the program of the flash memory 11. To be concrete, the connector 2a
can be directly communicated with the communication equipment 3 through the telephone line
4 by dialing a desired telephone number or connected to the Internet network 7 through the
provider 5. Thus, the connector 2a can perform direct communication through the telephone
line 4 and communication through the Internet network 7 in a predetermined order as
mentioned later.

[0063]

The CPU 14 can control the computer 2b and the telephone set 2¢ through the
interface part 12 or the communicating IC 13. Thus, the connector 2a can determine whether
or not the computer 2b designates the connection through the Internet network 7 from the user
by keying or the like, and a connecting destination. The connector 2a connects the telephone
line 4 and the telephone set 2¢ to each other to perform ordinary speech communication.
[0064]

In the case of direct connection through the telephone line 4, the CPU 14 can transmit
a predetermined message to the communication equipment 3 through the communicating IC
13, and also identify the message received from the communication equipment 3. The
communication method between the communication equipment 2 and 3 is serial
communication according to the standards V32, V32bis, V34, V21 or V22, in which a
message can be transmitted and received between them.

[0065]

On the other hand, in the case where the communication equipment 2 and the
provider 5 are connected to each other by dial-up, the CPU 14 transmits and receives datagram
to and from the provider 5 through the communicating IC 13. Thus, the connector 2a can
recognize the IP address in current connection and also transmits an electronic mail in a
predetermined format. Further, the connector 2a confirms its own mailbox provided in the
provider 5 in a predetermined period to determine whether or not the electronic mail from the

communication equipment 3 arrives. When the electronic mail has arrived, the contents of
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the electronic mail are confirmed to recognize the IP address of the other party.
[0066]

In addition, in the case of connection through the Internet network 7, the CPU 14
controls the interface part 12 and the communicating IC 13 to relay the communication
between the computer 2b and the Internet network 7. In the case where data is transmitted in
a format different from that of datagram transmitted through the Internet network 7 such as a
voice data row and an image data row between the computer 2b and the connector 2a, the
CPU 14 converts both of them mutually. On the other hand, in the case of transmitting the
datagram to the computer 2b, the CPU 14 passes the datagram as it is. Thus, the connector
can smoothly relay the communication between the computer 2b and the Internet network 7.
[0067]

Further, the CPU 14 can encipher the data transmitted to the communication
equipment 3 using the public key of the communication equipment 3 or decode the data
received from the communication equipment 3 using its previously stored own privacy key.
[0068]

Although the computer 2b is in charge of input/output in the communication
equipment 2 in the above description, the input/output device is not limited to this. As
described above, as to the communication method between the input/output device such as the
computer 2b and the connector 2a, it doesn’t matter whether wired or wireless, or digital or
analog, and also what the communication speed and the communication standard are like.
Accordingly, various input devices such as a telephone set and a video camera can be used.
In this case, however, the connector 2a need to convert the datagram transmitted by the
Internet network 7 and the data between the telephone set 2¢ and the connector 2a mutually.
[0069]

Especially as shown in Fig. 3, in the case of using a telephone set 22¢ as an input
device of communicating equipment 22, the telephone set 22c can be used both in speech
communication through the Internet network 7 and ordinary speech communication. Further,
it will be sufficient to provide a connector 22a between the telephone set 22¢ having the same
configuration as the conventional one and the telephone line 4, the installation can be more
facilitated as compared with the case of providing another input device.

[0070]

In this case, since the input device is only the telephone set 22¢, it is necessary to
discriminate between speed communication through the Internet network 7 and ordinary speed
communication. Although a switch or the like is provided on the connector 22a, thereby
designating the speech communication through the Internet network 7, the following method
may be adopted to allow the user to discriminate between them using the telephone set 22¢
only. That is, the user presses a button for a preset register number of the party at the other
end after the operation not used in the ordinary speech communication such as pressing the
“#” button three times on lifting a telephone receiver. The connector 22a recognizes the

above button operation according to a voice signal sent from the telephone set 22¢ to identify
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the occurrence of a connection request and the party at the other end. When speech
communication with the other party is enabled through the Internet network 7, the user is
notified by ringing a bell of the telephone set 22¢ or the like. On the other hand, when an
ordinary telephone number is pressed, the connector 22a determines the ordinary speech
communication according to a signal from the telephone set 22¢, and passes the signal intact
to the telephone line 4. Thus, the telephone set 22¢ can perform a direct call through the
telephone line 4 similarly to the case without the connector 22a. Thus, as the operation for
designating the communication through the Internet network 7, the operation not used
ordinarily is assigned by the input device, whereby a connection request through the Internet
network 7 and an ordinary communication connection request can be discriminated only by
using the same input device as the conventional one.

[0071]

Although the above description deals with the case in which the computer 2b is in
charge of input/output, and the connector 2a is in charge of controlling the connection order to
the telephone line 4 or the Internet network 7 or encryption in the communication equipment 2,
the role sharing between both members 2a, 2b is also not limited to this. For example, the
processing of the connector 2a such as the above connection order control and the encryption
may be mostly performed by the computer 2b. In this case, ordinary MODEM or a terminal
adaptor of ISDN may be applied to the connector 2a.

[0072]

In Fig. 1 and Fig. 3, although the connector 2a (22a), the computer 2b and the
telephone set 2c (22c) are respectively described as separate members for the sake of
convenience of description, naturally they may be integrated. As an example of integration,
cited are a domestic television set shown in Fig. 1, in which the connector 2a and the
computer 2b are integrated and a telephone set shown in Fig. 3, in which the connector 22a
and the telephone set 22¢ are integrated. Further, when a wireless telephone line is used as
the telephone set 4, the above integrated telephone set may be constructed as a cellular phone.
When a video camera is adopted as the input/output device and integrated with the connector
2a, it is possible to achieve the video camera, which may transmit an image and a video
through the Internet network 7. In this case, more preferably a wireless telephone line is
used so that the video camera is made portable. The selective combination of
integration/separation or input/output device, and further wireless or wired telephone line 4
will achieve various configurations of communication equipment 2.

[0073]

The operation in the case where the communication equipment 2 calls the
communication equipment 3 in the communication system 1 shown in Fig. 1 will now be
described step by step according to the flowchart shown in Fig. 4.

[0074]
That is, when the user of the communication equipment 2 designates the

communication equipment 2 to communicate with the communication equipment 3 by keying
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of the computer 2b, in the step Sla, the communication equipment 2 dials the telephone
number of the communication equipment 3. Thus, the communication equipment 3 is called
through the telephone line 4. In the following, the step Sla is abbreviated as Sla simply.
Further, the processing conducted by the communication equipment 2 is indicated by adding a
final letter (a) such as Sla, and the processing conducted by the communication equipment 3
is indicated by adding a final letter (b) such as S1b to discriminate between them.

[0075]

On the other hand, in the case of ready for communication, the user of the
communication equipment 3 designates the communication equipment 3 to turn on “receive
wait” by previously pressing a button or the like (S1b). When the “receive wait” is on state,
the communication equipment 3 responds to a telephone call (S2b). As a result, the
communication equipment 2 and the communication equipment 3 can start direct
communication through the telephone line 4.

[0076] -

On detecting the response of the communication equipment 3, the communication
equipment 2 transmits a predetermined message such as “ CALL CU-SEEME from user name
of the communication equipment 2, PASSWORD: user’s electronic mail address of the
password communication equipment 2, public key of the communication equipment 2” to
inform the communication equipment 3 of user name of the communication equipment 2,
password, electronic mail address, and public key of the communication equipment 2 used in
communication (S2a). The communication equipment 3 checks the combination of received
user name and password with the previously stored combination to determine whether or not
the party is a qualified communication party (S3b). When the party is not the qualified
communication party, for example, when the user name or password is wrong, or the party at
the other end speaks by a voice, the connector 3a of the communication equipment 3 rings the
bell of the telephone set 3¢ to connect the telephone line 4 and the telephone set 3¢ (S4b).
Thus, the user of the communication equipment 3 can talk with the party at the other end using
the telephone set 3c.  In this case, the following processing is not conducted.

[0077]

On the other hand, in the above S3b, when the qualified communication party is
verified, the communication equipment 3 transmits a predetermined message such as “OK
CU-SEEME from the user name of the communication equipment 3, user’s electronic mail
address of the communication equipment 3 and public key of the communication equipment
3” (S5b), and the communication equipment 2 receives the message (S3a). Thus, the
communication equipment 2 can obtain the receipt of its own connection request by the
communication equipment 3, the user name of the communication equipment 3, electronic
mail address and the public key of the communication equipment 3 used in communication.
[0078]

After that, the communication equipment 2 and 3 disconnect their connection to the

telephone line 4 (S4a, S6b), and start dialing-up a predetermined provider 5 or 6 (S5a, S7b).
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In the respective communication equipment 2 and 3, the connectors 2a, 3a designate the
computer 2b to start network conferencing software previously provided on the computer 2b
such as CU-SEEME developed by Corel University (S6a, S8b).

[0079]

In the above SS5a and S7b, when dial-up connection is successful, the communication
equipment 2 and 3 obtain IP address for the current connection only from the respective
providers 5, 6 (S7a, S9b). As a result, the respective communication equipment 2 and 3 can
transmit the datagram to the Internet network 7.

[0080]

At this point of time, however, the communication equipment 2 and the
communication equipment 3 do not grasp the IP address of the party at the other end so that
the datagram addressed to the party at the other end cannot be generated. Therefore,
although the communication equipment 2 and 3 can communicate with the equipment having
the predetermined IP address such as the providers 5, 6, the communication between both of
the communication equipment 2 and 3 cannot be started.

[0081]

Subsequently, the respective communication equipment 2 and 3 encipher their own
names and own IP addresses using the public key sent from the party at the other end in the
above S2a or S5b.  After that, the communication equipment 2 and 3 transmit the cryptogram
as an electronic mail to the electronic mail address of the party at the other end (S8a, S10b).
Each electronic mail is enciphered by the public key of the party at the other end, so that it
cannot be decoded without the privacy key held by the party at the other end.

[0082]

The communication equipment 2 and 3 monitor their own mailboxes provided on the
providers 5, 6 at a predetermined period such as the intervals of five seconds. When the
electronic mail arrives from the party at the other end, the communication equipment 2 and 3
read the electronic mail from the mailbox and perform decoding using their own privacy keys.
Thus, the communication equipment 2 and 3 can obtain the name and IP address of the party
at the other end (S9a, S11b).

[0083]

Further, on receiving the IP address of the party at the other end, the communication
equipment 2 and 3 inform the network conferencing software of the IP address to call the
party at the other end. Thus, at the network conferencing software, the communication is
started (S10a, S12b).

[0084]

Each datagram includes the IP address of the transmitting end in addition to the IP
address of the transmitting destination. Thus, when one communication equipment 2 (3)
calls the communication equipment 3(2) of the party at the other end, the called network
conferencing software can recognize the calling IP address based upon the received datagram.

Accordingly, the communication can be started at the point of time one calls. To be concrete,
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when the processing of the above S10a starts earlier than the processing of the S12b, the
communication equipment 3 need not to conduct the above processing S11b.  Similarly when
the above S12b starts earlier, the communication equipment 2 may omit the processing of the
S9a. The network conferencing software is created to communicate even when they mutually
call at the same time, so that even when each processing S9a, S11b is not omitted, the
communication can be started smoothly.

[0085]

Further, at the point of time one communication equipment 2(3) calls the
communication equipment 3(2) of the party at the other end, the communication can be started,
so that during dial-up connection of both communication equipment 2 and 3, even if one of
them does not transmit an electronic mail, both communication equipment 2 and 3 can start
communication. However, when both communication equipment 2 and 3 transmit electronic
mails, the communication can be started the moment the electronic mail of one of them arrives,
so that the probability of more early starting the communication can be made higher as
compared with the case where only one transmits an electronic mail.

[0086]

During the conference, the voice and image from the computer 2b are transmitted to
the computer 3b through the connector 2a, the provider 5, the Internet network 7, the provider
6 and the connector 3a, and the voice and image from the computer 3b are transmitted in the
opposite direction through the above path. Thus, the users of the communication equipment 2
and the communication equipment 3 can communicate by the network conference software
(S10a, S12b). At the end of conference, the communication equipment 2 and 3 respectively
disconnect dialed connection (S1la, S13b) to end the communication between the
communication equipment 2 and 3.

[0087]

When the user at the receiving end is absent, for example, or when communication
through the Internet network 7 is not desired, the connector 3a is designated to turn off
“communication wait” by pressing a predetermined button or the like. In this case, the
connector 3a makes the connection to the telephone set 3¢ unconditionally without conducting
the processing of the S2 and subsequent steps.

[0088]

In the case of communication through the Internet network 7, it is unknown at the
time of sending what the path of datagram transmitted by the communication equipment 2 and
3 is like to reach an address like, and the equipment constituting the Internet network 7
determines the next equipment to pass the datagram on receiving the datagram.

[0089]

Consequently, in the equipment where each datagram passes, the datagram is easily
altered and copied, so that communication jamming is easily caused as compared with the
case of direct communication through the telephone line 4. Especially in the case of

transmitting the user name and IP address still in a plaintext by an electronic mail, the
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significance of communication can be judged from the user name so that the possibility that
the subsequent communication is subjected to jamming as a priority becomes higher. On the
other hand, arithmetic processing is essential to encryption and decoding, so that a higher
throughput is demanded from the communication equipment 2 and 3 as compared with the
case where encryption is not performed.

[0090]

Accordingly, in the present embodiment, in order to achieve compatibility between
load in communication and security to jamming, only the contents of the electronic mail are
enciphered. = However, when further higher security to jamming is required, the
communication contents are enciphered also during the communication period of the network
communication software to thereby improve the security comparatively easily.

[0091]

Further, since the path for passing each datagram is not determined, it is difficult to
assure the arrival time of the datagram. In a certain channel, when the amount of data
exceeds the tolerance, there is the risk of losing datagram. In the communication system 1 of
the present embodiment, however, in order to transmit the voice data and the image data, the
communication equipment 2 and 3 are connected to the Internet network 7 through the
communication line having enough communication capacity. When both providers 5, 6 are
selected, a provider which connects both providers 5, 6 by a line having enough
communication capacity is selected. Therefore, when the data amount is much smaller like
an electronic mail as compared with the voice data and the image data, there is practically
very low degree of risk of delay and loss. If an electronic mail does not arrive within a
predetermined time, when the electronic mail is retransmitted, the possibility of delay and loss
can be further reduced.

[0092]

Although both communication equipment 2 and 3 exchange electronic mail addresses
between them through the telephone line 4 prior to the communication through the Internet
network 7 in the present embodiment, this is not restrictive. For example, an electronic mail
address of the party at the other end may be previously stored in the flash memory 11 shown
in Fig. 2 or the like. The electronic mail address is, however, changed on the convenience of
the user in some case. In that case, it takes the time and trouble for the user of the
communication equipment 2, 3 to inform the party at the other end of a new electronic mail
address every time they change the electronic mail address, and for the user of communication
equipment 2, 3 at the other end to reset the received electronic mail address on the
communication equipment 2, 3. On the contrary, in the present embodiment, the electronic
mail addresses are mutually informed at every calling, whereby the time and trouble for
changing the electronic mail address can be remarkably reduced.

[0093]
[Second Embodiment]

According to the first embodiment, as separate communication means from the
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telephone line 4, the Internet network 7 is used, and the communication equipment 2 and the
communication equipment 3 directly communicate through the Internet network 7. On the
contrary, as shown in Fig. 5, a communication system 31 of the present embodiment is the
same as the first embodiment in that as a separate communication line from a telephone line
34, the Internet network 37 is used. However, the difference is that communication
equipment 32 and communication equipment 33 communicate through a server 38 provided
on the Internet network 37. In the communication system 31, the respective members of
from the communication equipment 32 to the Internet network 37 have the substantially
similar functions to those of the communication equipment 2 to the Internet network 7.
Therefore, only the different parts will be described, and the description of the similar parts
will be omitted.

[0094]

A server 38 provided in the communication system 31 of the present embodiment is
called reflector, which has an inherent IP address and may relay the communication between
the communication equipment 32 and 33 communicating with the server 38. To be concrete,
the server 38 is provided with an area for storing combination of an IP address and
identification of the current communicating equipment. When each of equipment informs
the server 38 of the identification, the server 38 stores the combination of the IP address and
identification of the equipment in the above area. Further, the server 38 may transmit a list
of identifications from the above area according to equipment’s request. Thus, cach of
equipment can know the identification of the current communication enabled equipment
through the server 38. Further, the equipment specifies the identification to the server 38 to
select a desired party at the other end of communication.

[0095]

The server 38 stores the IP addresses and identifications of all of equipment on
storing the identification of the equipment. Therefore, the server 38 may transmit datagram
received from one end to the IP address of the other end when the equipment specifies the
party at the end of communication. The server 38 may transfer the datagram received from
some equipment to two or more pieces of equipment. In this case, two or more pieces of
equipment can communicate with each other.

[0096]

At present, various servers 38 are provided on the Internet network 37, and among
them, some server 38 makes public its IP address to be used by unspecified individuals.
Thus, these servers 38 are selected to easily constitute the above communication system 31.
[0097]

In the present embodiment, the hardware configurations of the communication
equipment 32 and 33 are the same as those of the communication equipment 2 and 3 as shown
in Fig. 1, and the operation varies with a difference in loaded software. Accordingly, in the
following, the operation when the communication equipment 32 calls the communication

equipment 33 will be described, and the description of the hardware configuration is omitted.
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[0098]

As shown in the flowchart of Fig. 6, the calling method of the present embodiment
includes steps (S21a to S31a and S21b to S33b) of conducting the same processing as those of
step Sla to S1la and S1b to S13b shown in Fig. 4.

[0099]

However, although in specifying the party of communication at the other end, the
communication equipment 32 and 33 mutually exchange IP addresses using electronic mails
in the first embodiment, according to the present embodiment, the communication equipment
32 and 33 register predetermined identifications in the server 38 and select the identification
of the party at the other end to specify the party of communication at the other end.
Therefore, instead of the steps of exchanging their own IP addresses as in the steps S8a, S9a
and S10b, S11b shown in Fig. 4, the following steps S28a, S29a and S30b, S31b are provided.
In the S22a and S25b, the communication equipment 32 and 33 omit notification of an
electronic mail address.

[0100]

That is, at the end of processing in the S27a and S29b, the communication equipment
32, 33 may transmit datagram including its own IP address to the Internet network 37 through
the providers 35, 36. At this point of time, in the S22a or S25b, the public key and user name
transmitted by the party at the other end are obtained.

[0101]

The communication equipment 32 and 33 encipher their user names by the public key.
Further, the communication equipment 32, 33 inform the server 38 of the enciphered user
names as identifications. The server 38 registers the combination of the identifications and
IP addresses of the communication equipment 32, 33 (S28a, S30b). The server 38 can obtain
the respective IP addresses according to the datagram transmitted when the communication
equipment 32, 33 inform the identifications.

[0102]

In the present embodiment, the identifications of the communication equipment 32,
33 are enciphered and registered in the server 38. Accordingly, although a third party
communicating with the server 38 can look at a list of identifications, the user names are
unknown. As a result, similarly to the case of enciphering the electronic mail in the first
embodiment, also in the present embodiment, the user name can be concealed from a third
party.

[0103]

Subsequently, the communication equipment 32 and 33 cause a request for a list of
identifications to the server 38. Further, the communication equipment 32 and 33 decode the
respective identifications in the list using its own privacy key to select the identification in
which a match between a previously informed user name and the decoding result occurs.
After that, the communication equipment 32 and 33 inform the server 38 of the identification

as the party of communication at the other end (S29a, S31b). The server 38 obtains one IP
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address from datagram used in notification, and obtains the other IP address from the IP
address corresponding to the identification. After that, on receiving datagram from one of
both IP addresses, the server 38 transfers the datagram to the other IP address. Thus, the
communication equipment 32 and 33 may perform two-way communication even if they do
not know the IP addresses mutually. In the present embodiment, similarly to the above first
embodiment, during communication using the network conferencing software, the
communication equipment 32 and 33 do not encipher the contents of communication to reduce
the load in communication. However, the contents of communication are enciphered by the
public key of the party at the other end also during the period to further improve the security
to communication jamming.

[0104]

After the S29a, S31b, substantially similarly to the first embodiment, the
communication equipment 32 and 33 perform two-way communication using the network
conferencing software and then disconnect dialed connection at the end of a conference,
thereby ending the communication.

[0105]

In the communication system 31 of the present embodiment, the server 38 relays the
communication so that when the communication equipment 32 calls the communication
equipment 33, mutually they do not require the 1P address. It will be sufficient that both
providers 35, 36 are not electronic mail servers of the communication equipment 32 and 33,
and the communication equipment 32 and 33 cannot transmit and receive an electronic mail.
Also in this case, the same effect as that of the present embodiment can be obtained.

[0106]

The communication equipment 32, 33 need to inform the identification to the IP
address of the server 38 in the above S28a, S30b. This IP address may be previously stored
in the flash memory 11 shown in Fig. 2, or make arrangements for it in the process of
communication on the telephone line 34. Before registration in the above S28a, S30b, if a
common server 38 is specified between the communication equipment 32 and 33, it does not
matter how the server 38 is specified.

[0107]

[Third Embodiment]

According to the first and second embodiments, as communication means separate
from direct communication using the telephone lines 4, 34, the Internet networks 7 and 37 are
used. On the contrary, in the present embodiment, as separate communication means, the
case of using personal computer communications will be described.

[0108]

As shown in Fig. 7, in a communication system 41 of the present embodiment, the
users of communication equipment 42 and 43 enter the personal computer communications,
and the communication equipments 42 and 43 telephone neighboring access points 45, 46 to

be connected to a personal computer communication server 47 by dial-up.
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[0109]

The personal computer communication server 47 communicates with the
communication equipment 42 and 43 to provide predetermined services such as database
retrieval.  Further the personal computer communication server 47 of the present
embodiment may relay the communication between both communication equipment 42 and 43
similarly to the server 38 shown in Fig. 5. Thus, two-way communication can be performed
between both communication equipment 42 and 43 through the personal computer
communication server 47.

[0110]

The personal computer communication server 47 administers the subscribers by ID or
the like, and checks ID and password when the communication equipment 42 and 43 are
connected through a telephone line 44 to identify the communication equipment 42 and 43,
respectively, similarly to the provides 5 and 6 as shown in Fig. 11. However, differently
from the case of communication through the Internet network 7 as in the communication
system 1 shown in Fig. 1, in the communication system 41 shown in Fig. 7, the IDs of both
communication equipments 42 and 43 are managed by the personal computer communication
server 47. Accordingly, in the communication system 41, the communication party at the
other end is specified by the respective IDs. The respective access points 45, 46 and the
personal computer communication server 47 are connected to each other by leased lines 48,
48.

[0111]

Currently many the personal computer communication servers 47 are provided.
Therefore, one of them is selected and the communication equipment 42, 43 are provided to
comparatively easily constitute the communication system 41.

[0112]

The communication equipment 42 and 43 of the present embodiment are the
substantially same hardware components as the communication equipment 2, 3 (22) shown in
the first embodiment. However, the communication equipment 42 and 43 of the present
embodiment transmit and receive data of a format corresponding to the communication mode
with the personal computer communication server 47 when they are connected to the personal
computer communication server 47. The transmission and receiving of the data of the format
may be easily achieved by partially altering the hardware or software of the communication
equipment 2 and 3.

[0113]

In the above configuration, when the communication equipment 42 calls the
communication equipment 43, the communication system 41 is operated as shown in Fig. 8.
That is, in the steps from S41a to S44a and from S41b to S46b, the communication equipment
42 conducts the same processing as that of Fig. 6 before communication through the personal
computer communication server 47, thereby calling the communication equipment 43 through

the telephone line 44 to transmit a connection request. At this time, both communication
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equipment 42 and 43 exchange public keys with each other.
[0114]

Subsequently, in the steps from S45a to S48a and from S47b to S50b, similarly to Fig.
6, both communication equipment 42 and 43 are respectively connected to the personal
computer communication server 47 by dial-up to communicate through network conferencing
software.

[0115]

In the present embodiment, however, the communication party at the other end is
specified by using ID inherent to the communication equipment 42 and 43. Accordingly, the
processing in the steps from S27a to S29a and from S29b to S31b is omitted. According to
the present embodiment, in the S47a and S49b, in communication using the network
conferencing software, both communication equipment 42 and 43 encipher and transmit the
contents of communication using the public key of the party at the other end, which is
exchanged with each other through the telephone line 44. The enciphered communication
contents are decoded by its own previously held privacy key.  Thus, the communication
contents can be concealed from a third party.

[0116]

[Fourth embodiment]

The description of the above first to third embodiments deals with the configuration
using the calling method of the dial-up connection communication equipment according to the
invention even when communication equipment 2 (32, 42) calls the communication equipment
3 (33, 43), and on the contrary, even when the communication equipment 3 (33, 43) calls the
communication equipment 2 (32, 42). However, the calling method of the dial-up
connection communication equipment may be used only when the communication equipment
at one end calls the other communication equipment.

[0117]

The case of using the calling method of dial-up connection communication
equipment according to the invention only when the parent station calls the child station will
now be described in detail by taking a monitor camera system (a supervisory control system)
as an example.  Although the Internet network or personal computer communications may be
used as a network as shown in the first to third embodiments, the following description deals
with the case of using the Internet network similarly to the first embodiment.

[0118]

That is, according to the present embodiment, a monitor camera system 51 is used for
monitoring an unmanned parking garage, for example, and as shown in Fig. 9, the system
includes: a parent station (calling communication equipment) 52 disposed in a head office and
a child station (dial-up connection communication equipment) 53 disposed in each parking
garage. The child station 53 is provided with a transmitter (child station communicating
means) 53a for transmitting a video obtained by a monitor camera 53b ... to the parent station

52, and the video obtained by each monitor camera 53b is sent to a receiver (parent station
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communicating means) 52a of the parent station 52 through the transmitter 53a of the child
station 53. At the parent station 52, according to the video, whether the presence/absence of
parking without permission is confirmed. Thus, all unmanned parking garages over the
country can be monitored by only one head office. Accordingly, it is not necessary to
dispatch monitoring staff members to the respective parking garages, so that the labor costs
can be reduced. The charge of parking is collected once in a week, for example, by a local
contracting staff member.

[0119]

To be more precise, the transmitter 53a of the child station 53 has the substantially
same configuration as the connector 3a shown in Fig. 1. However, the difference is that in
order to control a plurality of monitor cameras 53b, interfaces of the number corresponding to
the number of monitor cameras 53b are provided. With this point, a function of recognizing
a designation from the parent station 52 to select the monitor camera 53b designated to obtain
a video, and designating the monitor camera 53b to obtain a video is assigned to the
transmitter.  Since the function can be achieved when the CPU 14 shown in Fig. 2 executes a
predetermined program, the transmitter 53a can be achieved by the same hardware as that of
the connector 3a.

[0120]

Further, each monitor camera 53b is disposed in a position to photograph a number
plate of a vehicle parked in each parking space of the parking garage. The resolution of a
video obtained by each monitor camera 53b is set to read the characters of the number plate.
Each monitor camera 53b and the transmitter 53a are connected by a predetermined
communication method as the computer 2b and the connector 2a shown in Fig. 1, whereby the
monitor camera 53b can obtain a video according to the designation of the transmitter 53a, and
the video data showing the obtained video can be transmitted to the transmitter 53a.

[0121]

Further, in the present embodiment, a wireless telephone system is used in part of the
telephone line 54, and the transmitter 53a is connected to the parent station 52 or the provider
56 through a cellular phone set 53c. The wireless telephone system may utilize various
systems such as a personal handy phone system (hereinafter referred to as PHS) and an
automobile telephone system, and the child station 53 is provided with the cellular phone set
53¢ according to each system. Similarly to the connector 3a shown in Fig. 1, the transmitter
53a and the telephone line 54 may be directly connected to each other without utilizing the
wireless telephone system.

[0122]

Thus, the child station 53 may directly communicate with the parent station 52
through the telephone line 54 similarly to the communication equipment 33 shown in Fig. 1,
and it can be connected to the Internet network 57 through the telephone line 54 and the
provider 56 by dial-up.

[0123]
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On the other hand, the parent station 52 may communicate with the child station 53
by both the direct connection through the telephone line 54 and the connection through the
Internet network 57 similarly to the communication equipment 2 shown in Fig. 1.  The parent
station 52 of the present embodiment is directly connected to the Internet network 57 by a
leased line 58 differently from the communication equipment 2. Thus, the parent station 52
may call the child station 53 to communicate therewith using the calling method of the dial-up
connection communication equipment according to the invention. Since the parent station 52
of the present embodiment is always connected to the Internet network 57 by the leased line
58, an inherent IP address is assigned to the parent station 52.

[0124]

To be concrete, the parent station 52 of the present embodiment is provided with a
receiver 52a instead of the connector 2a shown in Fig. 1, and provided with a terminal 52b
instead of the computer 2b and the telephone set 2¢, which informs a video from the monitor
camera 53b to a user and receives user’s designation. The receiver 52a and the terminal 52b
are connected by a predetermined communication method such as LAN similarly to the
connector 2a and the computer 2b to perform bi-directional transmission and receiving of the
data.

[0125]

The receiver 52a of the present embodiment includes a terminal adapter (TA)
function, and it can be connected to an ISDN line through a digital line terminal device (DSU)
not shown. The ISDN line is a digital line by which two lines (B channel) are
simultaneously used by single subscriber contract. One line is monopolized to be connected
to the Internet as a leased line 58, and the other line is used as the telephone line 54. The
leased line 58 is not limited to this, but various lines such as a cable television line and an
optical fiber can be used. When the ISDN line is used, however, both the leased line 58 and
the telephone set 54 can be achieved by single subscriber contract, so that the parent station 52
may be achieved comparatively inexpensively.

[0126]

To be concrete, although the receiver 52a has the similar configuration to that of the
connector 2a shown in Fig. 2 as shown in Fig. 10, S/T point interface (referred to S/T point I/F
for short) 18 connected to the DSU is provided instead of the communicating IC 13.  The S/T
point I/F 18 can control setting/disconnection (line connection/disconnection) of a call
according to the designation of the CPU 14, or convert a data row processed by the CPU 14
and an electric signal transmitted on the ISDN line to and from each other. Further the S/T
point I/F 18 also may modulate the data row to be processed by the CPU 14 to a voice signal,
and then transmit the voice signal on the ISDN line, demodulate the voice signal transmitted
from the ISDN line, and convert it to the data row to be processed by the CPU 14. Thus, the
receiver 52a can directly communicate with the transmitter 53a of the child station 53 through
the telephone line 54. The communication method between the receiver 52a and the

transmitter 53a is serial communication according to predetermined standards such as V32,
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V32bis, V34, V21 or V22, which may transmit and receive a message between them.
[0127]

Thus, the receiver 52a may directly call the child station 53 through the telephone
line 54 and also communicate with the child station 53 through the leased line 58 and the
Internet network 57.

[0128]

If the function as the whole of the parent station 52 is the same, it is possible to freely
set the role sharing of the receiver 52a and the terminal 52b and whether or not both of them
are integrally formed according to use, but the case where the receiver 52a acts as a server
receiving a video from the monitor camera 53b will now be taken as an example and described.
In this case, the video from each monitor camera 53b is stored in the receiver 52a, and the
terminal 52b designates the receiver 52a to receive the video and display the video. On the
other hand, when the user decides to obtain a video of a place where a certain monitor camera
53b is disposed, the terminal 52b discriminates the designation of the user by keying or the
like, and informs the receiver 52a of an obtain request for a video to the monitor camera 53b.
The receiver 52a discriminates the child station 53 corresponding to the monitor camera 53b
according to the information from the terminal 52b, and calls the child station 53 by the
calling method of the dial-up connection communication equipment according to the
invention.

[0129]

The operation of the parent station 52 and the child station 53 in calling the child
station 53 will now be described according to the flowchart shown in Fig. 11. Similarly to
the flowcharts of the first to third embodiments, the step showing the operation of the calling,
that is, parent station 52 is referred by a reference numeral to which a final letter (a) is added
such as S61a, and the step showing the operation of the called, that is, child station 53 is
referred by a reference numeral to which a final letter (b) is added.

[0130]

That is, at the parent station 52, the terminal 52b generates a receive request for
obtaining a video from the monitor camera 53b according to the designation of the user and
informs it to the receiver 52a (S6la). The receiver 52a retrieves the child station 53
corresponding to the monitor camera 53b according to the receive request to obtain the
information for calling the child station 53 such as a telephone number and a password.
Further, the receiver 52a telephones to the telephone number using a free line out of two ISDN
lines to make a phone call to the transmitter 53a of the child station 53 (S62a). When the
transmitter 53a responds to a telephone call (S61b), direction communication is enabled
between the receiver 52a and the transmitter 53a by the telephone line 54.

[0131]

Further, in the S63a, when the receiver 52a informs the transmitter 53a of a

predetermined password, the transmitter 53a verifies whether or not the received password is a

predetermined notified password in the S62b, and if it is the notified password, a response
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message is transmitted to the receiver 52a.
[0132]

On receiving the response message, the receiver 52a gives a communication
parameter (access information) used in connection through the Internet network 57 to the
transmitter 53a in the S64a, and after receiving the communication parameter, the transmitter
53a disconnects the line connection with the telephone line 54 (S63b). Thus, the direction
connection between the receiver 52a and the transmitter 53a is disconnected.

[0133]

The communication parameter transmitted in the above S64a includes dial-up
information used for dial-up connection of the transmitter 53a such as a telephone number of
the nearest provider 56 of the transmitter 53a, an account of the provider 56 and a password.
The receiver 52a may inform each transmitter 53a of previously associated dial-up
information, and for example, the receiver 52a may confirm the position of the transmitter 53a
and inform the dial-up information corresponding to the transmitter 53a using the service of
the radio communication system for informing both of the calling end and called end of the
current position of the terminal.

[0134]

Further, the communication parameter includes the information used in transmitting
video data through the Internet network 57 such as a key of cryptograph, the IP address of the
receiver 52a, log-in name for ftp (File Transfer Protocol), and a communication start condition.
To be more precise, the above key of cryptograph is a key of cryptograph used in enciphering
the video data by the transmitter 53a, which is a throwaway type varying with every
connection. The communication start condition shows a condition in connecting the
transmitter 53a to the receiver 52a through the Internet network 57, and the following
conditions are cited. When a first condition is selected, the receiver 52a calls the transmitter
53a on the telephone line 54, and the moment the communication is disconnected, the child
station 53 starts the communication. When a second condition is selected, the transmitter
53a automatically starts the communication at fixed time intervals or at a specified time.
Further, when a third condition is selected, in the case where some abnormality is sensed by a
sensor (not shown) connected to the transmitter 53a, the transmitter 53a automatically starts
the communication. In addition, when a fourth condition is selected, the transmitter 53a
always performs the image processing for the video from each monitor camera 53b, and in the
case where a predetermined change appears in the video, it automatically starts the
communication. When a fifth condition is selected, in the case where a call is received from
an ordinary telephone set (not shown) through the telephone line 54, the transmitter 53a
automatically starts the communication after the connection with the telephone set is
disconnected.

[0135]
When direct communication between the receiver 52a and the transmitter 53a is

disconnected in the above S63b, the transmitter 53a is on standby until the communication
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start conditions informed in the above S64a are satisfied (S64b).
[0136]

When the communication conditions are satisfied, the transmitter 53a designates the
monitor camera 53b to take a photograph or selects the latest video from the videos
transmitted from the monitor camera 53b to obtain the video data from the monitor camera
53b, and enciphers the same using the key of cryptograph informed in the above S64a.
Further, the transmitter 53a is dialed up and connected to the Internet network 57 through the
provider 56 specified in the S64a (S65b). Thus, an IP address is assigned and the transmitter
53a is connected to the Internet network 57. The receiver 52a is always connected to the
Internet network 57 through the leased line 58.

[0137]

Subsequently, in the S66b, the transmitter 53a causes a request for ftp connection to
the receiver 52a through the Internet network 57 (S66b). The ftp connection request is
caused by transmitting a predetermined command to the IP address of the receiver 52a
informed in the above S64a.

[0138]

Further, on receiving the ftp connection request, the receiver 52a transmits a random
number to the transmitter 53a on a login name input screen (S65a). Since the IP address of
the transmitter 53a is not determined until it is assigned in the above S65b, the receiver 52a
cannot estimate the IP address of the transmitter 53a. However, the datagram, which is
transmitted to the receiver 52a when the transmitter 53a causes a request for ftp connection in
the above S66b, includes the IP address of the transmitter 53a as an IP address at the
transmitting end.  Accordingly, the receiver 52a may transmit arbitrary data to the transmitter
53a through the Internet network 57 without any hindrance by transmitting the datagram to the
IP address.

[0139]

Further, the transmitter 53a enciphers the received random number using the key of
cryptograph informed in the above S64a to generate a password, and transmits the password to
the receiver 52a (S67b). On the other hand, the receivers 52a determines whether or not the
received password is a password, which corresponds to the login name and is enciphered
using the password informed in the above S64a. When it is the password, which corresponds
to the login name and is correctly enciphered, the transmitter 53a is acknowledged to be a
regular party at the other end (S66a).

[0140]

The acknowledged transmitter 53a transmits the video data enciphered in the above
S65b to the receiver 52a by an ftp protocol (S68b). The video data reaches the receiver 52a
through the Internet network 57, and the receiver 52a receives the enciphered video data
(S67a). Further, at the completion of transmission, the transmitter 53a disconnects the line
connection with the provider 56 (S69b). Thus, the communication between the receiver 52a

and the transmitter 53a through the Internet network 57 is completed.
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[0141]

Further, the receiver 52a telephones the transmitter 53a to confirm whether or not the
line connection between the transmitter 53a and the provider 56 is normally disconnected
according to a ring tone. To be concrete, the transmitter 53a is set so that when a telephone
call is received, call-in does not occur until ring tone is sounded predetermined number of
times such as once or twice. As a result, when the receiver 52a calls up the transmitter 53a,
ring tone is sounded a predetermined number of times. In the ordinary telephone line 54, the
ring tone varies with whether or not the called transmitter 53a is connected to the line.
Accordingly, the receiver 52a may confirm whether or not the line connection between the
transmitter 53a and the provider 56 is disconnected according to the ring tone.

[0142]

For example, when an ordinary ring tone indicating that the line is not busy is
sounded, the receiver 52a determines that the transmitter 53a is correctly disconnected from
the Internet network 57. On the other hand, when a tone “a dah dah” indicating that the line
is busy rings, the receiver 52a determines that the transmitter 53a is now connected to the
Internet network 57. In this case, the receiver 52a transmits a disconnection command or the
like to the IP address of the transmitter 53a, which communicated through the Internet
network 57 a little while ago, thereby designating line disconnection to the transmitter 53a. In
response to the information of the receiver 52a, the user of the terminal 52b may leave for the
installation place of the monitor camera 53b to disconnect the line.

[0143]

In either case, the parent station 52 may grasp the failure in disconnection at the child
station 53 to take suitable measures. As a result, the generation of wasteful communication
cost due to failure in line disconnection can be surely prevented. When the receiver 52a
stops a telephone call before the predetermined number of times, the telephone charges is free.
[0144]

In the S69a, the receiver 52a decodes the received video data and transmits the
decoded video data to second equipment such as a terminal 52b shown in Fig. 9 by fip
protocol. Thus, the video data is displayed on the terminal 52b, and the user of the terminal
52b may confirm the video of the installation place of the monitor camera 53b.

[0145]

As a result, even when the child station 53 is dialed up and connected, the parent
station 52 may confirm the video from the monitor camera 53b at an arbitrary point of time,
and when any abnormality is found, such as when parking without permission is found, a
specified monitor camera 53b may be monitored as a priority. Accordingly, the parking
space where parking without permission is found is surrounded by a fence or information to
that effect is given to a security company to take measures corresponding to the abnormality.
[0146]

As described above, the communication equipment constituting the Internet network

57 receives datagram from the neighboring communication equipment regardless of the IP
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address of the transmitting communication equipment. Accordingly, the receiver 52a may
receive the video data from a plurality of transmitters 53a through the Internet network 57
when the throughput of the receiver 52a and the communication capacity of the leased line 58
are within the limits. Further, the receiver 52a may maintain the connection through the
Internet network 57 and the direct connection through the telephone line 54 at the same time.
Accordingly, the receiver 52a may dial up to a second transmitter 53a to designate acquisition
of a video even while the video data is received through the Internet network 57.

[0147]

The description of the respective steps deals with the case where the video obtained
by the monitor camera 53b is transmitted to the receiver 52a through the Internet network 57.
When it is difficult to transmit data through the Internet network 57, such as when the
provider 56 is congested, the transmitter 53a may dial up the receiver 52a to transmit a video
by the direct communication through the telephone line 54. In this case, access to the
Internet network 57 and encryption are not needed, so that the transmitter 53a can transmit a
video to the receiver 52a at an earlier time.

[0148]

Although the receiver 52a and the transmitter 53a transmit the video data using the
ftp protocol in the above respective steps, this is not restrictive. If it is a method of
transmitting the data through the Internet network 57, the video data may be transmitted using
the other methods such as an clectronic mail. According to the fip protocol, however, it is
possible to surely confirm whether or not the data is transmitted by both of the receiver 52a
and the transmitter 53a. Therefore, when data transmission fails, it is possible to take
suitable measures, such as retransmission of data.

[0149]

Further, although the receiver 52a confirms whether or not the line connection of the
transmitter 53a is disconnected according to a ring tone in the above S68a, this is not
restrictive. For example, the receiver 52a may dial up to the transmitter 53a to directly
communicate with each other, thereby confirming whether or not the line connection is
disconnected. In the case of confirming the disconnection of the line according to a ring tone,
however, the communication cost is free so that the communication cost can be further
reduced as compared with the case of direct communication.

[0150]

An example of cost in managing the monitor camera system 51 will be simply
described. In the above monitor camera system 51, since the number plate is confirmed
according to the video obtained from the monitor camera 53b, after being compressed, a video
with high precision as much as about 500 kilo-byte per sheet is needed. Accordingly, in the
case of performing direct communication for the video using ISDN line whose data
transmission speed is 64 k bps, it takes about 62 sec to transmit one sheet of video. In this
case, when the parent station 52 and the child station 53 are located in Tokyo and Nagoya,

respectively, the communication cost is about 40 yen. As a result, supposing that the
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frequency of obtaining a video is one time per hour, about 350,400 yen is needed for one year.
On calculating the cost in the case of performing direct communication by analog line whose
transmission speed is 33.6 kbps under the same conditions, as about 120 sec is needed for one
time transmission, the communication cost is about 120 yen per time and about 700,800 yen is
needed for one year. In the case of connecting the child station 53 to the Internet network 57
by a leased line, in recent years, about 400,000 yen is needed for using the leased line for one
year.

[0151]

On the contrary, in the case of communication through the Internet network 7, when
the provider 6 is within the range of speech communication with the child station 53 at the
local telephone charge, the time required for one time transmission is within 180 sec, so the
communication cost per time is 10 yen and it is about 87,600 yen for one year. Further, when
the charge for the provider 6 is about 60,000 yen for one year, the communication cost per
year is about 147,600 yen. As a result, in the above monitor camera system 51, the
communication cost per child station 53 can be remarkably reduced by about 560,000 yen
(about 79%) as compared with that in the case of direct communication using an ordinary line,
and by about 200,000 yen (about 57%) as compared with that in the case of ISDN. Further,
as the precision and number of sheets of video required by the parent station 52 or the
communication frequency increases, the communication cost becomes relatively lower in the
monitor camera system 51. On the other hand, as compared with the case where the child
station 53 is connected by the leased line, the communication cost per child station 53 can be
reduced by about 250,000 yen (about 63%) per year in the monitor camera system 51.

[0152]

The above communication cost is a merely example, so it largely varies with the rate
system of the communication line used, and the rate system of the provider 6. As described
above, in the respect of equipment required for communication, the communication cost can
be easily reduced in the network more than in the communication line. Further, even in the
case of communication using the network, the communication cost can be easily reduced in
the dial-up connection more than in the connection using the leased line. Thus, the
communication cost of the above monitor camera system 51 is often remarkably low as
compared with both the case where the child station 53 is connected by the leased line and the
case where the parent station 52 and the child station 53 are directly communicated.

[0153]

[Fifth Embodiment]

The description of the fourth embodiment deals with the case where the parent station
52 is always connected to the Internet network 57 by the leased line 58. On the contrary, as
shown in Fig. 12, the description of the present embodiment will deal with the case where a
parent station 52 is, similarly to the communication equipment 2 shown in Fig. 1, dialed up
and connected to the Internet network 57 through a provider 55.

[0154]
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The receiver 52a of the present embodiment has the same hardware configuration as
that of the fourth embodiment, so that in communicating with a child station 53, one of two
ISDN lines is used to achieve dial-up connection to the provider 55. The other components of
the monitor camera system 51 such as the child station 53 have the same construction as that
of the fourth embodiment. Therefore, the members having the same functions as those of the
fourth embodiment are designated by the same reference numerals to omit the description.
The operation of the parent station 52 and the child station 53 will now be described in detail
according to the flowchart shown in Fig. 13.

[0155]

In the present embodiment, in addition to the steps shown in Fig. 11, both steps S71a
and S72a are provided. In the S71a provided after the S61a, the receiver 52a is dialed up and
connected to the Internet network 57 through the provider 55 when it is not connected to the
Internet network 57. Thus, the receiver 52a can obtain its own IP address informed in the
subsequent S64a.

[0156]

The receiver 52a is connected to the ISDN line. Accordingly, in the above S62a,
while the receiver 52a is still connected to the Internet network 57, it may call a transmitter
53a using the other line. As a result, the IP address assigned to the receiver 52a in the above
S71a is assigned to the receiver 52a after the S64b as well.

[0157]

On the other hand, in the S72a provided after S67a, the receiver 52a disconnects the
line connection from the provider 55. Thus, the receiver 52a is disengaged from the Internet
network 57.

[0158]

In the above configuration, the receiver 52a is dialed up and connected to the Internet
network 57. Accordingly, as compared with the fourth embodiment in which the receiver
52a is connected by the leased line 58, the communication cost can be further reduced.

[0159]

In the above configuration, when the second to fifth conditions that the receiver 52a
cannot manage the communication start point are selected among the communication start
conditions informed in the above S64a, sometimes the receiver 52a is not connected to the
Internet network 57 in transmitting a video by the transmitter 53a.  Accordingly, in the case
of selecting these conditions, the transmitter 53a has to call the receiver 52a using the calling
method of dial-up connection communication equipment according to the invention. In this
case, the receiver 52a and the transmitter 53a inform the party at the other end of its own IP
address using an electronic mail or through a server as shown in the first and second
embodiments.

[0160]
Although the description of the fourth and fifth embodiments deals with the case

where photographing is designated to the monitor camera of the unmanned parking garage to
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obtain a photographed video as an application example of a monitor camera system, the
monitor camera system of the invention is not limited to this, but it may be used in various
purposes. For example, when the monitor camera is disposed in buildings and warehouses
possessed in various places all over the country, the management firms may monitor the
buildings and warehouses from one office as the parent station. Similarly, it may be applied
to the purpose for monitoring unmanned shops and unmanned convenience store in a drive-in
from a head office. Further, it may be used when a banking agency manages unmanned shop
or an electric company manages an unmanned transformer substation or dam at remote places
from a head office. Further, when the monitor camera is disposed in a delivery place, the
condition of the delivery place can be known at the head office of a device maker, so that the
monitor camera can be made useful for remote maintenance for delivered devices. When the
unmanned cameras are disposed in volcanoes of various places, the volcanic activities of these
may be monitored from the Research Laboratories of the Universities. The monitor cameras
are disposed in the first-food shops, restaurants and convenience chain stores and the data
obtained by photographing the respective interiors of the stores are transmitted to the head
office, whereby various market information pieces such as customer attendance, the number of
customers, constitution, age group or seated places by each time zone, can be acquired at the
head office.

[o161]

In either case, it is not necessary to dispatch a monitoring staff member, so that the
labor costs can be reduced. In addition, the monitor data can be transmitted through a
network such as the Internet so that the communication cost can be remarkably reduced as
compared with the case of using the communication line such as a telephone line. Further,
since the monitor camera is called by the communication line, the parent station may
designate the monitor camera to acquire a video at a desired point of time. As a result of
these, it is possible to achieve the monitor camera system, which may acquire a video at an
arbitrary point of time at a little budget.

[0162]

Although the description of the fourth and fifth embodiments deals with the case
where a controlled system of the child station 53 is the monitor camera 53b, this is not
restrictive. The invention may be applied to the monitor control system in which various
pieces of equipment are controlled systems such as the case where the child station 53
transmits the data acquired using various sensors to the parent station 52, or the case where the
child station 53 controls a motor and a pump according to the designation of the parent station
52. However, when the amount of data transmitted is large as in the case where the monitor
camera 53b transmits the acquired video, the time required for communication is long so that
when the data is transmitted by direct communication using the communication line, the
communication cost rises sharply. Therefore, the effect in applying the invention to the
monitor camera system 51 especially becomes larger.

[0163]
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As shown in the first to fifth embodiments, respectively, the calling method of dial-up
connection communication equipment is the calling method applied to the communication
system in which the calling communication equipment and called communication equipment
are respectively connected to the telephone line, and at least the called communication
equipment is dialed up and connected to the network such as the Internet network and
personal computer communications through the telephone line, and it is characterized in that
before communication through the network, the calling communication equipment transmits a
connection request to the called communication equipment using the telephone line.

[0164]

Thus, even when the called communication equipment is not connected to the
network, in communication through the network, the called communication equipment can be
connected to the network. Accordingly, both of communication equipment may surely start
the communication in a desired timing. Thus, as compared with the prior art, the quick
responsiveness of the called communication equipment can be improved to achieve real-time
communication.

[0165]

Further, at least the called communication equipment is dialed up and connected to
the network. Therefore, the cost in communication through the network can be remarkably
reduced as compared with the case of connection to the network through the leased line and
the case of direct communication through the telephone line. Especially, in the case where
there is a long way between the places for installing both of communication equipment as in
the foreign countries or the like, the cost in the case of direct communication through the
telephone line is very high, so the effect of the invention is great.

[0166]

Although the description of the respective embodiments deals with the case where
both of communication equipment are dialed up and connected, this is not restrictive. As in
the fourth embodiment, for example, when at least the called communication equipment is the
dial-up connected communication system, the same effect as those of the first to fifth
embodiments can be obtained.

[0167]

Although the calling communication equipment informs a connection request by the
telephone line in the above respective embodiments, this is not restrictive. The other
communication lines such as a harbor radio may be used. When the equipment can inform a
connection request to the called end, the same effect as those of the respective embodiments
can be obtained.

[0168]

Although the description of the respective embodiments deals with the case where the
calling communication equipment calls one piece of communication equipment, this is not
restrictive, but two or more pieces of communication equipment may be called. Similarly to

the case of calling one piece of communication equipment, two or more pieces of
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communication equipment are called in order by the telephone line, whereby a number of
pieces of communication equipment can communicate at the same time on the network. In
this case, the user of the calling communication equipment is a convener of a conference. In
this case, network conferencing software enabling two or more pieces of communication
equipment to communicate at the same time is needed, but generally this type of product has
been already used.

[0169]

Although the communication equipment of each embodiment enciphers at least part
of data transmitted by the network such as the user name and the communication contents, this
is not restrictive. In communication through the network, the data may be transmitted still in
the plaintext without enciphering.

[0170]

In the case of transmitting the data still in the plaintext, however, there is the risk that
the data transmitted through the network is tapped or altered. Especially, in the case of using
the Internet network as the network, the transmitting communication equipment and the
receiving communication equipment cannot specify a data transmission channel
Consequently, wiretapping is easy so that the risk of communication jamming is high.

[0171]

On the contrary, in the above respective embodiments, in transmitting the data
through the network, at least part of data is enciphered by various keys of cryptograph such as
a public key of the party at the other end and a common key of cryptograph. Thus, at least
part of the data can be concealed from a third party, which is not a regular communication
party, so that the security to communication jamming can be improved.

[0172]

As the data to be enciphered, cited are the communication content itself, and user
names and addresses of both communication equipment. As the amount of data to be
enciphered increase, the load of both communication equipment increase, so only part of data
may be enciphered in consideration of significance of communication. Generally, when the
user name and address are heard by a third party, the significance of the communication
content is easily estimated. Accordingly, as shown in the first and second embodiments, in
the case of transmitting the user name and address prior to the communication of an image and
a voice, especially preferably these are enciphered. Thus, the security to communication
jamming can be improved without much increase in load of both of communication
equipment.

[0173]

As a method in which each communication equipment obtains a key of cryptograph,
various methods are considered. The key of cryptograph may be previously informed to the
party at the other end by the other communication means such as by mail, and stored in
storage means of each communication equipment such as the flash memory 11 shown in Fig. 2.

In this case, however, the user of each of communication equipment has to set the key of
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cryptograph informed from the party at the other end to each of communication equipment
prior to communication. Since the key of cryptograph is provided for every communication
equipment, as the communication party at the other end is increased in number, the time and
trouble for setting is increased. Further, the key of cryptograph should be changed at need to
improve the security to communication jamming. Accordingly, the user of each of
communication equipment has to inform a new key of cryptograph to all of the parties at the
other end every time its own key of cryptograph is changed.

[0174]

On the contrary, according to the above respective embodiments, the key of
cryptograph is informed through the communication line at the time of causing a connection
request. When the key of cryptograph includes a public key and a privacy key, the public
keys are exchanged through the communication line. On the other hand, in the case of using
the common public key, it will be sufficient that the communication equipment at one end
informs it to the other communication equipment. In this configuration, the key of
cryptograph is informed at every connection request, so that even when the key of cryptograph
is changed from that in the preceding communication, correction is easy. Accordingly, the
key of cryptograph can be easily changed at every connection request, so that the security to
communication jamming can be further improved. In addition, both notification of a
connection request and sending of a key of cryptograph are performed in a batch using the
telephone line. Thus, as compared with the case of individually performing both of them, the
time and trouble for connecting the telephone line can be reduced.

[0175]

Further, the key of cryptograph and the enciphered data are transmitted by separate
communication means. Accordingly, when a third party attempts to cause communication
jamming, it is necessary to tap both of communications, so that the security to communication
jamming can be more improved as compared with the case of transmitting the key of
cryptograph and the data by single communication means. As the communication line, it is
preferable to use the communication line comparatively hard to hear such as the telephone line
for preventing wiretapping of the key of cryptograph.

[0176]

In the case where both of communication equipment communicate with each other
through a server provided on the network as in the second embodiment, in addition to the
above, it is necessary that both of communication equipment register the identifications in the
server, and both of communication equipment inform the identification of the party at the
other end to the server to select the communication party at the other end.

[0177]

In this case, the identification registered in the server is open to the public, so that
when the user name is registered intact, there is the risk of lowering the security to
communication jamming. Further, it takes time and trouble to select a desired identification

among the identifications registered in the server. In this case, it will be sufficient that the
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above public key is used to encipher the user name and register it in the server. Thus, the
user name can be concealed from a third party.
[0178]

In the configuration where the server is provided as in the second embodiment, the
cost for separately providing the server and maintenance cost are needed. Further, when the
server is congested, there is the risk of disabling both of communication equipment from
communicating.

[0179]

On the contrary, the first embodiment provides a method in which both of
communication equipment can directly communicate with each other through the network
differently from the second embodiment. To be concrete, the method includes a process in
which in dial-up connection, the called communication equipment acquires its own address,
and transmits it to the calling communication equipment by an electronic mail. Thus,
differently from the second embodiment, both of communication equipment can communicate
through the network without especially providing a server. As a result, the cost required for
communication can be further reduced. Further, both of communication equipment can
surely communicate regardless of congestion of the server.

[0180]

When the communication through the network is ended, the dial-up connection
communication equipment is disconnected from the network. In this case, when the dial-up
connection communication equipment fails in line disconnection from the network, the dial-up
connection communication equipment is continuously connected to the network, so that the
communication cost rises sharply as undesired. Especially, when a user is absent in the
periphery of the dial-up connection communication equipment, for example, when the dial-up
connection communication equipment is the child station of the monitor control system,
failure in line disconnection is hardly grasped. Consequently, when failure in line
disconnection occurs, the period of time the dial-up connection communication equipment is
connected to the network as undesired is apt to be long so that there is a large risk of
increasing the wasteful communication cost.

[0181]

On the contrary, as in the fourth and fifth embodiments, the calling communication
equipment calls the dial-up connection communication equipment through the communication
line after the end of communication through the network to confirm whether or not the dial-up
connection is normally disconnected. As a result, the wasteful communication cost due to
failure in line disconnection can be reduced.

[0182]

As one example of a communication system to which the calling method of dial-up
connection communication equipment according to the invention is applied, the description of
the first to third embodiments deal with the Internet telephone system in which a video and a

voice are transmitted, and the description of the fourth and fifth embodiments deals with the
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supervisory control system such as the monitor camera system. This is, however, not
restrictive.  The Internet VPN (Virtual Private Network) is constructed and widely applied in
the case of transmitting and receiving arbitrary data.

[0183]

By using the calling method of the dial-up connection communication equipment, the
communication can be started in a desired timing, and also the communication system, which
may reduce the communication cost can be constructed, so that when the quick responsiveness
is strongly demanded as in the Internet telephone system and the supervisory control system,
especially it is preferable.

[0184]

To be concrete, in the supervisory control system, generally the child station is
installed in a place remote from the parent station, and the parent station supervises and
control a number of child stations. Consequently, the cost in communication between the
parent station and the child stations is apt to increase, so the reduction of the communication
cost is strongly demanded. On the other hand, in the supervisory control system, a delay of
designation is directly connected with escalation of an accident, so that the child station has to
immediately respond to designation of the parent station. Consequently, when the child
station communicates with the parent station only through the dialed-up and connected
network, the child station cannot respond to the designation of the parent station, resulting in
the risk of escalating an accident. As a result of these, in the supervisory control system, it is
strongly requested to reduce the communication cost while maintaining the quick
responsiveness of the child station to the designation of the parent station. Therefore, when
the parent station calls the child station, the application of the calling method of the dial-up
connection communication equipment according to the invention is especially effective.

[0185]
[Advantage of the Invention]

According to the invention of claim 1, the calling method of the dial-up connection
communication equipment, as described above, includes: a first process in which the calling
communication equipment transmits a connection request to the dial-up connection
communication equipment by the communication line provided separately from the network
and capable of calling the dial-up connection communication equipment; a second process in
which the dial-up connection communication equipment receiving the connection request is
connected to the network by dial-up; and a third process in which the calling communication
equipment and the dial-up connection communication equipment communicate with each
other through the network.

[0186]

In the above constitution, even when the dial-up connection communication
equipment is not connected to the network, in communication in the third process, the dial-up
connection communication equipment can be connected to the network. Therefore, the

invention produces the effect of surely starting the communication in a desired timing and
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achieving real-time communication in the dial-up connection communication equipment,
which may communicate at a low rate.
[0187]

According to the invention of claim 2, in the calling method of the dial-up connection
communication equipment, as described above, in the constitution of the invention described
in claim 1, the third process includes: an encipher process in which the transmitting
communication equipment between the calling communication equipment and the dial-up
connection communication equipment enciphers and transmits at least part of the data
transmitted in the third process; and a decoding process in which the receiving communication
equipment decodes the enciphered data.

[0188]

In the above constitution, at least part of the communication content is concealed
from a third party other than the calling communication equipment and the dial-up connection
communication equipment by encryption. As a result, the invention produces the effect of
improving the security to communication jamming as compared with the case of transmitting
the communication content still in a plaintext without enciphering.

[0189]

According to the invention of claim 3, in the calling method of the dial-up connection
communication equipment, in the constitution of the invention described in claim 2, the first
process includes: a process in which the calling communication equipment or the dial-up
connection communication equipment informs the party at the other end of a key of
cryptograph used in encipher.

[0190]

In the above constitution, both notification of a connection request and sending of a
key of cryptograph are performed in a batch. Thus, the invention produces the effect of
transmitting the key of cryptograph at every connection without any increase in time and
trouble for connecting the communication line, and reducing the time and trouble when the
key of cryptograph is changed.

[0191]

Further, the key of cryptograph and the enciphered data are transmitted by separate
communication means. As a result, the effect of further improving the security to
communication jamming such as wiretapping and alteration of data is also produced.

[0192]

According to the invention of claim 4, in the calling method of the dial-up connection
communication equipment, as described above, in the constitution of the invention described
in claim 1, 2 or 3, the third process includes: a process in which both of the above
communication equipment inform the sever of their own identifications; a process in which
both of the above communication equipment inform the server of the identification of the
party at the other end to select the communication equipment of the party at the other end; and

a process in which the server relays the communication between the selected communication
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equipment,
[0193]

Therefore, the invention produces the effect that both of communication equipment
may surely start the communication in a desired timing through the server provided on the
network to achieve real-time communication.

[0194]

According to the invention of claim 5, in the calling method of the dial-up connection
communication equipment, as described above, in the constitution of the invention described
in claim 1, 2 or 3, the third process includes: a process in which the dial-up connection
communication equipment obtains its own address in the current connection; a process in
which the dial-up connection communication equipment informs the calling communication
equipment of its own address by an electronic mail; and a process in which the calling
communication equipment and the dial-up connection communication equipment specify the
party at the other end by mutual addresses to communicate with each other.

[0195]

Therefore, both of communication equipment may communicate through the network
without especially providing the server as in the constitution of claim 4. As a result, in
addition to the effect of the invention described in claim 4, the invention produces the effect of
further reducing the cost required for communication and surely performing communication
regardless of congestion of the server.

[0196]

According to the invention of claim 6, as described above, in the constitution of the
invention described in claim 1, 2, 3, 4 or 5, the calling method of the dial-up connection
communication equipment further includes: a fourth process in which the calling
communication equipment directly calls the dial-up connection communication equipment by
the communication line to confirm whether or not the dial-up connection communication
equipment normally disconnects the line from the communication line, after the third process.
[0197]

Therefore, the invention produces the effect that the calling communication
equipment can surely recognize failure in line disconnection of the dial-up connection
communication equipment to surely prevent the generation of wasteful communication cost
due to failure in line disconnection.

[0198]

According to the invention of claim 7, the supervisory control system is, as described
above, configured so that the parent station includes: the parent station communication means
for calling the child station through a ring enable communication line to transmit a connection
request, and then communicating with the child station through a network provided separately
from the communication line, and the child station includes: the child station communication
means connected to the network by dialing up it on receiving the connection request through

the communication line to communicate with the parent station through the network.
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[0199]

In the above constitution, after the parent station communication means calls the
child station using a ring enable communication line, the child station communication means
is connected to the network by dial-up connection which enables communication at a low rate
to transmit and receive the data through the network. As a result, the invention produces the
effect of achieving the supervisory control system, which may remarkably reduce the
communication cost between the child station and the parent station, while the child station
can immediately respond to the designation of the parent station.

[Brief Description of the Drawings]

[Fig. 1] Fig. 1 is a block diagram showing the configuration of the principal part of the whole
communication system according to one embodiment of the invention.

[Fig. 2] Fig. 2 is a block diagram showing the configuration of the principal part of a
connector provided on the calling and called communication equipment of the above
communication system.

[Fig. 3] Fig. 3 is a block diagram showing the connecting relationship of communication
equipment according to one embodiment of the invention.

[Fig. 4] Fig. 4 is a flowchart showing the operation of both of calling and called
communication equipment in calling in the above communication system.

[Fig. 5] Fig. 5 is a block diagram showing the configuration of principal part of the whole
communication system according to another embodiment of the invention.

[Fig. 6] Fig. 6 is a flowchart showing the operation of both the calling end and the called end
in calling in the above communication system.

[Fig. 7] Fig. 7 is a block diagram showing the configuration of the principal part of the whole
communication system according to still another embodiment of the invention.

[Fig. 8] Fig. 8 is a flowchart showing the operation of both the calling end and the called end
in calling in the communication system.

[Fig. 9] Fig. 9 is a block diagram showing the configuration of the principal part of a
supervisory control system according to still another embodiment of the invention.

[Fig. 10] Fig. 10 is a block diagram showing the configuration of the principal part of
a receiver in the above supervisory control system.

[Fig. 11]Fig. 11 is a flowchart showing the operation when the parent station calls the child
station in the above supervisory control system.

[Fig. 12] Fig. 12 is a block diagram showing the configuration of the principal part of
a supervisory control system according to still another embodiment.

[Fig. 13] Fig. 13 is a flowchart showing the operation when the parent station calls the
child station in the supervisory control system.

[Description of the Reference Numerals and Signs]

2,22, 32, 42: communication equipment

3, 33, 43: communication equipment (dial-up connection communication equipment)

4,34, 44, 54: telephone line (communication line)
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7,37, 57: Internet network (network)

38: server

48, 58: line (network)

52: parent station (communication equipment)

52a: receiver (parent station communication means)

53: child station (dial-up connection communication equipment)

53a: transmitter (child station communication means)
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FIG. 1:

US.A

JAPAN

2a: CONNECTOR

3a: CONNECTOR

4: TELEPHONE LINE

5, 6: PROVIDER

7: INTERNET NETWORK

FIG. 2:

TO TELEPHONE SET

TO COMPUTER

4. TELEPHONE LINE

11: FLASH MEMORY

12: INTERFACE PART

13: COMMUNICATING IC

16: STATUS DISPLAY LIQUID CRYSTAL PANEL

FIG. 3:
4: TELEPHONE LINE
22a: CONNECTOR

FIG. 4:

- PROCESSING OF COMMUNICATION EQUIPMENT 2

START

Sla: CALL THE COMMUNICATION EQUIPMENT 3 ON THE PHONE.

S2a: TRANSMIT PASSWORD, ELECTRONIC MAIL ADDRESS AND PUBLIC KEY OF
COMMUNICATION EQUIPMENT 2.

S3a: RECEIVE MESSAGE OF THE PARTY AT THE OTHER END.

S4a: DISCONNECT THE PHONE.

S5a: DIAL-UP CONNECTION

S6a: START NETWORK CONFERENCING SOFTWARE.

S7a: ACQUIRE ITS OWN IP ADDRESS.

S8a: TRANSMIT ELECTRONIC MAIL IN WHICH ITS OWN IP ADDRESS IS
ENCIPHERED.

S9a: DECODE IP ADDRESS OF THE PARTY AT THE OTHER END.

S10a: NETWORK CONFERENCE

S1la: DISCONNECT DIAL-UP CONNECTION.

END
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- PROCESSING OF COMMUNICATION EQUIPMENT 3

S1b: RECEIVE WAIT, ON

S2b: RESPONSE ON THE PHONE.

S3b: THE PARTY AT THE OTHER END IS VERIFIED?

S4b: CONNECT THE TELEPHONE SET.

S5b: TRANSMIT A CONNECT ENABLE MESSAGE, AND PUBLIC KEY AND
ELECTRONIC MAIL ADDRESS OF COMMUNICATION EQUIPMENT 3.

S6b: DISCONNECT THE PHONE.

S7b: DIAL-UP CONNECTION

S8b: START NETWORK CONFERENCING SOFTWARE.

Sob:

ACQUIRE ITS OWN IP ADDRESS.

S10b: TRANSMIT ELECTRONIC MAIL IN WHICH ITS OWN IP ADDRESS IS
ENCIPHERED.

S11b: DECODE IP ADDRESS OF THE PARTY AT THE OTHER END.

S12b: NETWORK CONFERENCE

S13b: DISCONNECT DIAL-UP CONNECTION.

FIG. 5:

U.S.A.

JAPAN

32a: CONNECTOR

33a: CONNECTOR

34: TELEPHONE LINE

35, 36: PROVIDER

37: INTERNET NETWORK
38: SERVER

FIG. 6:

- PROCESSING OF COMMUNICATION EQUIPMENT 32

START

S21a: CALL THE COMMUNICATION EQUIPMENT 33 ON THE PHONE.
S22a: TRANSMIT PASSWORD AND PUBLIC KEY OF COMMUNICATION EQUIPMENT
32.

S23a: RECEIVE MESSAGE OF THE PARTY AT THE OTHER END.

S24a: DISCONNECT THE PHONE.

S25a: DIAL-UP CONNECTION

S26a: START NETWORK CONFERENCING SOFTWARE.

S27a: ACQUIRE ITS OWN IP ADDRESS.

S28a: ENCIPHER ITS OWN IDENTIFICATION AND REGISTER IT IN SERVER.
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S29a: SELECT THE IDENTIFICATION OF THE PARTY AT THE OTHER END.
S30a: NETWORK CONFERENCE

S31a: DISCONNECT DIAL-UP CONNECTION.

END

- PROCESSING OF COMMUNICATION EQUIPMENT 33

S21b: RECEIVE WAIT, ON

S22b: RESPONSE ON THE PHONE.

S23b: THE PARTY AT THE OTHER END IS VERIFIED?

S24b: CONNECT THE TELEPHONE SET.

S25b: TRANSMIT A CONNECT ENABLE MESSAGE, AND PUBLIC KEY OF
COMMUNICATION EQUIPMENT 33.

S26b: DISCONNECT THE PHONE.

S27b: DIAL-UP CONNECTION

S28b: START NETWORK CONFERENCING SOFTWARE.

S29b: ACQUIRE ITS OWN IP ADDRESS.

S30b: ENCIPHER ITS OWN IDENTIFICATION AND REGISTER IT IN SERVER.
S31b: SELECT THE IDENTIFICATION OF THE PARTY AT THE OTHER END.
S32b: NETWORK CONFERENCE

S33b: DISCONNECT DIAL-UP CONNECTION.

FIG. 7:

US.A

JAPAN

42a, 43a: CONNECTOR

44: TELEPHONE LINE

45, 46: ACCESS POINT

47: PERSONAL COMPUTER COMMUNICATIONS SERVER

FIG. 8:

- PROCESSING OF COMMUNICATION EQUIPMENT 42

START

S41la: CALL THE COMMUNICATION EQUIPMENT 43 ON THE PHONE.

S22a: TRANSMIT PASSWORD AND PUBLIC KEY OF COMMUNICATION EQUIPMENT
42.

S43a: RECEIVE MESSAGE OF THE PARTY AT THE OTHER END.

S44a: DISCONNECT THE PHONE.

S45a: DIAL-UP CONNECTION

S46a: START NETWORK CONFERENCING SOFTWARE.

S47a:  ENCIPHER THE COMMUNICATION CONTENT BY NETWORK
49
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CONFERENCING SOFTWARE AND COMMUNICATE.
S48a: DISCONNECT DIAL-UP CONNECTION.
END

- PROCESSING OF COMMUNICATION EQUIPMENT 43

S41b: RECEIVE WAIT, ON

S42b: RESPONSE ON THE PHONE.

S43b: THE PARTY AT THE OTHER END IS VERIFIED?

S44b: CONNECT THE TELEPHONE SET.

S45b: TRANSMIT A CONNECT ENABLE MESSAGE, AND PUBLIC KEY OF
COMMUNICATION EQUIPMENT 43.

S46b: DISCONNECT THE PHONE.

S47b: DIAL-UP CONNECTION

S48b: START NETWORK CONFERENCING SOFTWARE.

S49b:  ENCIPHER THE COMMUNICATION CONTENT BY NETWORK
CONFERENCING SOFTWARE AND COMMUNICATE.

S50b: DISCONNECT DIAL-UP CONNECTION.

FIG. 9:

52a: RECEIVER

53a: TRANSMITTER

54: TELEPHONE LINE

56: PROVIDER

57: INTERNET NETWORK

FIG. 10:

TO ISDN LINE THROUGH DSU.

TO COMPUTER.

11: FLASH MEMORY

12: INTERFACE PART

13: S/T POINT I/F

16: STATUS DISPLAY LIQUID CRYSTAL PANEL

FIG. 11:

- PROCESSING OF PARENT STATION

START

S61a: CAUSE A RECEIVE REQUEST.

S62a: CALL TRANSMITTER ON THE PHONE.
S63a: INFORM PASSWORD.

S64a: INFORM COMMUNICATION PARAMETER.
50
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S65a: TRANSMIT RANDOM NUMBER TO TRANSMITTER ON LOGIN NAME INPUT
SCREEN.

S66a: ACKNOWLEDGE TRANSMITTER BY PASSWORD.

S67a: RECEIVE ENCIPHERED VIDEO DATA.

S68a: CALL TRANSMITTER ON THE PHONE, AND CONFIRM LINE
DISCONNECTION ACCORDING TO RING TONE.

S69a: DECODE VIDEO DATA.

END

-PROCESSING OF CHILD STATION

S61b: RESPONSE ON THE PHONE.

S62b: VERIFY PASSWORD, AND TRANSMIT RESPONSE MESSAGE.

S63b: RECEIVE COMMUNICATION PARAMETER AND DISCONNECT THE PHONE.
S64b: WAIT FOR COMMUNICATION START CONDITION.

S65b: ACQUIRE A VIDEO, ENCIPHER AND DIAL-UP CONNECTION.

S66b: ftp CONNECTION REQUEST TO RECEIVER.

S67b: TRANSMIT PASSWORD CREATED BY ENCIPHERING RANDOM NUMBER TO
RECEIVER.

S68b: TRANSMIT ENCIPHERED VIDEO DATA.

S69b: DISCONNECT DIAL-UP CONNECTION.

END

FIG. 12:

52a: RECEIVER

53, 53a: TRANSMITTER
54: TELEPHONE LINE

55, 56: PROVIDER

57: INTERNET NETWORK

FIG. 13:

- PROCESSING OF PARENT STATION

START

S6la: CAUSE A RECEIVE REQUEST.

S71a: DIAL-UP CONNECTION

S62a: CALL TRANSMITTER ON THE PHONE.

S63a: INFORM PASSWORD.

S64a: INFORM COMMUNICATION PARAMETER.

S65a: TRANSMIT RANDOM NUMBER TO TRANSMITTER ON LOGIN NAME INPUT
SCREEN.

S66a: ACKNOWLEDGE TRANSMITTER BY PASSWORD.
51
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S67a: RECEIVE ENCIPHERED VIDEO DATA.

72a: DISCONNECT DIAL-UP CONNECTION.

S68a: CALL TRANSMITTER ON THE PHONE, AND CONFIRM LINE
DISCONNECTION ACCORDING TO RING TONE.

S69a: DECODE VIDEO DATA.

END

-PROCESSING OF CHILD STATION

S61b: RESPONSE ON THE PHONE.

S62b: VERIFY PASSWORD, AND TRANSMIT RESPONSE MESSAGE.

S63b: RECEIVE COMMUNICATION PARAMETER AND DISCONNECT THE PHONE.
S64b: WAIT FOR COMMUNICATION START CONDITION.

S65b: ACQUIRE A VIDEO, ENCIPHER AND DIAL-UP CONNECTION.

S66b: ftp CONNECTION REQUEST TO RECEIVER.

S67b: TRANSMIT PASSWORD CREATED BY ENCIPHERING RANDOM NUMBER TO
RECEIVER.

S68b: TRANSMIT ENCIPHERED VIDEO DATA.

S69b: DISCONNECT DIAL-UP CONNECTION.

END

52
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TICRIBEEIIE, BATIVT v TR S NBER
At TH-> T, ASZMEBETES, £25
M. TORBIE, H—7 VEBICER B EHOHRE
ERREL RS, £l Y=/ \DRAE > TV BBEIC
. TGS TR TERL A ENAH B,

[0035] CHUCKH LT, aRIE 5 uddROFEHDOREK
Tld. ZATIVT » TEFBERSRE. v FU—JI
LU, BS0OT RUAHMEE LIZBE T, FHAEH
DEEBHINGEZET NLARWHTE 5, ThICED,
EREAOEROL S, F—\ERIZBT LA W\
EEMIE. Ry MUV ENLTEETES, LN
ST, AR 4 FDHOFEADMRIC LT, dEc sy
LEMZEOICHIRTE S LRI, Y—\DiRMICEE D
5, mBEEIE. BRIGBETES,

[0036] £CAT. v bT—ENT ZBEIK
TEHE, BATNLNT v TEEOEGHERE, 2y FU—
7 L OBERYINT B, T, RATIVT v THERSE
BHERA 2y b7 — 7 EOEKRYMNCART B L. 4%
ZATIVT v THFGBGHEE. 3y bT—TICERE
NI HOT. BEBANTHEICERT 5, R #l
W BATNT v TR BEHER BRI AT L
DFRTHBEERY, RATIVT v TR
FERCHERENOZOERICIE. ERRYIBTC AR LT
LARMRLIC W, LAt T, BIERYIKHC R L 7-35
B MEAATNT v TERDREKEN T R Y b
T—Z I ENB RN ES KOABTH D, Bk
BEEAMEAT ZENNAE,

[0037] THICHLT. FKECDKICHRS XA
TIVT w TESSHEHESOFECH U AR, fBRIL
2. 3. 4EIESTEHORHEOHAKICENT, &5
2. LA 3 TREDE T, LatRRIOBEHaEN X4
TIVT v THESSHEHA A L all (i TIEEE O
LT, WEAATIVT v 7 EE e h Y BE miR
L OERMER R EEICUM U S ST 5584 T
BAREATVAIEEME LTV,

[0038]) LaBHEICINT, FEHAOMEHEN.
BATIVT v THEEBEREE L OBEMETI 5 L. 4
ZAE, EETUH UBORHE LEXLIC K-> T, BER
MO ERHRT 5. THUCKD . FEEOE 1S
W, HATIVT y TEREE RO BRI R e i 52
ICEHTCE %, LIz T, 2L, HHRIOBIEH
IEATIVT < Tl A\ TR AR L
120 RO SRR AN A T IV T v TR
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BEBBOREEFNEVTERE T 24 L, Y
KIMBRM U BT ENTED, TORR. aHRYIEO%
B ERT 2 BB CEEEHORERHERICH L TE

B

[0039] %&b, ERMPERINTOSHME. ER
I E T B & T ¥ - ot Uit v 258
EERROB AL, FTEEROMEH LEAHZ E TETEL
WA IS, RATIVT v TERSBIERIRIET B &
HiC, WERRHCBOT, RO SRR L
LHATEEEE TSRS 5 C Lic k> T, EROUHT
RHRTED, TORE. FHOBEHEN FEFE
[HELE TICEBF O UICER U 7= a2 Uil d ud,
BATIVT v THRBIHEHERM 20y BT — 5 L OIgE
EEICUWCEIGETH-> TLBERBITETH

5o

[0040] &ZAT. WPRIT 1 ORINARB XA T IV
Ty TEREBEHEOM U LAEERVS & gD
BA 2T TBRIEOBEATIRET, HD. EBEBRMEH
WTEBIMES AT LEHERT X 5,

(004 1] TCT. BEHAEEI AT LT, —iRIC,
TRMN, BE,SENBINCREINTEY ., HD,
HRMEE DT RESERGRT 2, Lizh->T, 8HR
EFREMBET BREOLNE, HMALIBTHD ., W
BEAOBENM R BREN TS, i, RESHTE
BERY BGEG L. FRVBRENELT 57— 2k
F—ZOBAE, F—2BEMMEDTEOOT, U LA
BEBERREN U CLET— 2R mETR L. SVl
BEANDEICES, —H. BEREEY 2T LT, 8
TROBNIWEROIERICEHET 0T, Tk, B0
FERICHEEIC S LS 5xuy, LEEA->T, &
ATVT v TERIC K DB ENS Xy N T—0DR%E
NLT. FRIEROEEY 354, FRIVEROET
ICHISTEY, R RESg3ENIH B, hHo
R, EEREES 27 LTI, BROERICHT 52T
ORISR/ F £, SBIEBPAEIHT % 2 £hsal
RKDLNTU D,

[0042] THICHLT. FRET OFBPICHRLER
Bl 27 L, it T B7nhic, RiErkEs
EETRTRRE. Y% TRE ORI K - T hidR i
BAHET BHE & R HA B REIE S X7 LBy

T, FEE#RE. FOH LA OBERREZ /T LT R
FREZFECHL., BRERERAT%T, L@ EER
ST SNy MU — I Bi T Ll EadifE
THHEMETFRERA. LiITRIE. LRBEERL
LT, PRS- 7% T, By by
— VIR ATIVT v TEREL T, Sy bT— 7l
TLEHRB LBET A TRBETFREHA VAT LR
e L T35,

[004 3] EadtpdictsnT, o)z FF

W FIZE, I SOIRTAH - 1R s LT EOR

()

FBATE10—155040

AT, Bk EOBEERREN L TFRETUEYT, —
. FUOFHBETFERE, a5 OBMEREZ
Wolzth. HATNVT v ITERCL-> T, WRE 7>
Z—2y R ED TRy N7 OIS b, T
D&, BRE, FRE Fy bT=0ENLTT—X
EEZT B,

[004 4] FEHER T, FRY, ZOHETERE
BEI RATIVT v THEICK>T, v hU—7 LR
ENTVBOT, WMEEHOHZRNT, FRVFRE
BETRHEICHART, BEBATKREICHIRTZ S,
—7. FUHUABEGRERRREZ AV BRNTFRZ
UHLER. 3y bT—=2ENLT, T—20EEG
MTONZDT, lhild, FIEDRA IV T THIED
WERBBTES, TNSOER. HROBRICHL

T, FRNEISARETH O N5, TR EBR L OO
A B R A K HRTRE A B I S X 7 L IR T
&b,

[0045]

oy £ EDfE]

(55 1 OFEHEFRE) RRIAO—FEMFERICDVT M &
WU L IZEDOCHIAY 2 LT D@D THB, FE
FEREIC 155 XA TV T v THGOBE RO U LA
Hild, A & B & AR K U R — ey
MAENMLUTCEETE. »o. Pl L& HHlo®BE
HERDA 22— 3oy MRNE A TIVT w THEREN T
BUHE Y A7 LICHAE NS LATETH > T,
W, BARETAVALRE, BIESCEIET A
BB ETH S, s, KATIVT v TEREEL.
W{HERRAS A > Z—Fy MR ED 3y FT— 7 Lk
BREEINTELT. BBEEIILBELILI L &

W, 3y bI—T LT AETH S,

[0046]) LUFTld, LU LARE. BLU. T
T EHET BESHINC DUV TR BN, HamE
BESMER SN A BEY X7 LICDWTEAT 5, 97%
bbb, B UTRT XIS, AEMEREICRSBES AT
L1id, EAEUHUAEZ LG L, SRS 200030
A HTEERR 2 BXRU 3 ERA T 5, REHR
HETIS, BEERIE2 - 3OVITNHHANC K B0 H
BN R B E, FRCRDSNTHR ST, milfEHds 2
< 313, BT B I DI, FIHAES K U O
EEARF LTV 5, Ads, Bl 2@Emes2 - 3

M. EEFEEROBECERO A A TV Ty THR GRS
IG5,

[004 7] FimBEHEE2 - 31d. TNETHEFE
B OGREERD 4IXEBRIN TS, FEEEER4

&, Mz, 1 SDN ( Integrated Services Digital
Network) 72 EDTVHVERR, HDNNET 1 JERR
KETHYH. BEEHRE2 - 313 R XTIV
g8 LT, BRUAWEERRR 4 DA T
OREBTENTES, ThUckD, Sz -
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34, EEERAENLT, BDICHFETTHL, &
BlfETE S,

[(0048] &/-. ZiHEHE2 - 3OMHBIX. 1>
Z—3y MEFEEE (oA X)) 5HBVIE6ITHIA
LTHED, BEMIR2 - 3. XAT7IVT7 v 7k
ST, A2 Z=3v Ml (v FT—=7) TREINTFN
HHTE %, RiEEKE2 - 313, IR ERE
B 2 BB EAHBOT, MIWIAKS - 61
. MUBRENESRE NS, LINTlE. SBHOMTI L,
TERIS 2 (o 703 A A 5 ICDWTEAT B, 7o
INA X6 DK EFERECH S,

[0049] BHAMICIE. Ta/1 &5, EaMEH4
2T U GIHGEHERS 2 D SECESRE 2 TG 6, 7hy
> b (FHER #RT1IDE. &1 DBICTFORES
NIRRT —REBANERD, THYY B EISAT—
REDIBEMEDBE, TunA X513, A5MEEL
TWABA Y Z—3y M7 HICEIB7 RLA (1 P77
FLZ) D3 BZENTWB T PT RLAR, YLEER
W2OMMFD I P7 RLRELTHDLYETS, Thick
b, WEKIR2 1L, BRERRBCBU3E501PT7 FL
AmEBHTED, TOER. BEHKIE2IE TEORE
SH|ICRYIS NI T =25 (F—2TF L) BERLT
TUNAESAEHLTZD, TRA R 5 0 5%IFE -
=275 L0055, BAY0T— 275 WE#ilT
&%, Tung X5k, BEER2HISOT—2YS5 L
A Y R—=F0y METNREL, A2 Z—Fy MY T
S5DT—HR 55 LEBEMEs 2 ~\EHET %5, Thick
h, BEMEE2E. BEEDIPT RLAERALTE
AV Z—Fy METNEH T E S,

[0050] 7ung X5, ZAT7IVT v THFEC K
BIMABOB T, I PTRLARA VEZ—%y MBT &
OEFARRE ERHE LTV, LIEH->T, Tand
ZBILBNT, BATIVT v THEROBEREE, 3
B2 HWEED T P77 RLRERFL, EROBEER
ENLTA > Z—% MAT EHEEHER L TV 584,
Thbb, GINHREGOEREAICHN TR FEEINT
WBHT EHBL,

[0051]) &7, TrA X518, BEERAZTL
TS 2 LI5S B 1-0ic, 7 7 RS> Ml
ATB%, TOVARAL Y ME, W2, HTNREECE
ETELHENG Y, BEME 2 DERICEINTE
b, EEHE2 1. A K5 LBET B, EiEE
A O/ GHBFD ELMAZTENTES,
[0052]) &lc, TaRr& 513, BIEEE2DX
—I—\TEH B, BHEMICIE, TN X513, @
IR 21, EFA—LT RLAZETFHNOHTTH
DL THUCHIS L7z BIR U ERIEE (A—LRy 7
2) ZIEA TS, BEHKRE2FEOEF AL, 71
AR EABES N, TTA K 5%, 8 KIS 2 50D
EFAIERIFE S T, 5T 5 A—/LRy 7 AU

N

HHTE10—155040

W95, 70NA X5, AV Z—2y MR TICERHE
WENTE, FO1P7RLAR. BIL—TETH3,
L7=hv> T, EERIR 2 D >~ 2—%y MET ICERE
NTOBMEDN. BXU, BERO 1 P7 FLAKED
59, BFA—IIIHRICEESIND, BBIEHIE2
. HATNT w TESE LIRS, FIDEOETF A=V
e LERA—IVR Y Z AW ST T A TES,
[0053]) BfE. A2 2—3w Mald, LLERLD
DHYH, ZLDOTCUS THY—EZXRFHAL T 5B,
INSOTUNAEDL LI, BATNT v THEREY
F=bLTHEH, A—IV—N\DBEEERZHZ T 5%, L
e T, MEEM 2 BXU32BIF R T EICK- T,
AIHIEIECR DR S AT I | BRI TE %,
[0054] HuT, ZidEHE2 - 3OMEBAEIL L
T, FlzE, EFARFR OIS ICHE LERE DX
FRAGET BEEEPLCHITT %, Gk, MT TR
B L EGRE O REET BIHAICEL T, mHEEH
82 - 3M, AVE—% Y MATRREDRY FI—U %
NMUT, YPNRA LT —RRAEETHT 22y B
T— I ZEBEKIT B,

[(0055]) %/z, BiEEHEE2 - 3DOEBAELLT
& BT B LS IR DERAIEZSNEMN. TCT
W, G2 (3) A HEER4A BLUA EZ—R
v MRT EOBEERET B8R 2 a (3a) & A
gL x50 ¥a—%2b (3b) EEBATH
BREBICOWTHINE %, T OMRTI3. AJhErREIC
HBEUH LA, BRER2 aEBL TS, &
Te. BiBEHE2 - 3103, FROTUHUAEC L SE
1L OERNEEHIC, BAE 2 ¢ - 3 e AENTENE
IoENTWS, %, mHREHE2 - 313, FEROBERK
FELTWADT, MFTIE, SHOMEE L, BiEksE
2 DRI DV T DI EHBCHIAT 5.

[0056] 97%cbb, ar¥a—22bld. HRIE
ETFAAATRTA 058, BIRUVEROCATEEZEZ
TEH. FHEAOEHERERZ EATY ZVOT—42
e LTRSS 2 anNfk T2 %, £z, avEa—X
2 bld, EZARAY—A—HEOHNER (KRt
) BEATED., #FiEs2 aztL, BEHKEINS
FUH 7o T — 2P & 07T & U CRIHEICET
&%,

[0057] a2 ¥a—%2b A2 a LOMI,
Bz, RS232C®RS422A, 1rDA, %
Wik, LANKGE, FHBRENIOMESHEIC K > T
BENTEHED, WERAICT—R2EEETE D, 5B, W
EEOBEAEL. VT INRA LA EBENTTRET
HIUE, 15 B, HBNNE, TV THab,
TEEEEPEERELZMD .

[0058] —7., AEMREICHEERR2 ald, [4
ZITRT XSS, AEMEEICARBPFUH Uiz I
T570Y T LR ERMETSF lashA
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V11, FEEDBESETI Y Ea—X2DbL
WHET A2 2—T7 2—Af1 2 &, EadlR 4 BXT
TAGER 2 ¢ LEHRIENTVABER 1 C ( Integrated
Circuit ) 1 3&. ¥Hids2 aRAehlEldTSCPU

(Central Processing Unit) 1 4 &, {EEROERE
£7%%RAM ( Random Access Memory ) 15 &&{iiZ
TW%, EHIC, FIZIE, BEHEIDEBTFA-LT F
LRITE, HRigs2 a DIERRTT B-0IC, JRRER
TR STV T 6 BRI BNTNS, FBH 1 10l
16, FNFIANR L TICERENTEY . SEM
DT =2 N2 TENMLUTUEEE NS,

[0059) Fi@FlashXE)1 11d ERANCE
AFRESR IO AT ) TH- T, BT 2TER
T TSLE, SIS NCTERT 5 %R
TEfEE MBS N TV %, BIAMICIE, iBE2E31CR
THREME U, BT B EER R 2N
BFoh3, 50, EETECHTRC, BE#R3IH
TEEHIR 2 AT 572D/ AT — FEEME W TY
Bo MW NAT— P, TOMEHIRIICBIEABNT
BY. EERE3IG. TONSRT—REHEATAI LK
Ko T, BROMRAED SOFCH UhEMEHIETE
o Efo, TunaZ5CEIRREME LT, TEN
A X5 0EFH S, THhIY b, SRAT— R, BRUH
FOEFA—LVT RLIAMBHEIN TS, EHIC, K
FEHFRETIE, A > 2—%y MBTENLTEETS

B, GG 2 Ll 3 ik, fIXIE RSARS
7% ORISR ERCT, BEABRDODRLE
| AL TCBET S, Lzd->T, Flash?
Y1 & B s K CES OIS 2iE3
BRULHRLIEL TS, A, Y8505, F I
ashXEY1 1IXAT. ROM ( Read-Only Memor
y ) RNy FUNy T TENIZRAM, HBNL.
= RFA R E . IR ET % e PR O
TEEIN,

[0060] &7z, 72— 7x—A81 21d, Hlx

£, RS232CAVE—Tx—RAx¥E, Q¥ 1—-%
2 b LIERER2 a EOBEAIECE Ul Y X—T 2 —
ATHY, CPUIL 41d, YUHA 2V EZ—T 2 —AER1 2
ENALT, A2Ea—R22bEEETES,

(006 1] &5ic, FEUEERT C 1 3. BRI,
EFLED ] CHETH- T, EFEER 4 Ok
YR EIE L=, CPU 1 4AWIEY 37— 4% E
BT 4 ZERENBERS e AMIICERLIZD T
&%, Flo. CPUIL 4DEMRIGU T, BFER4 &
EEEAR 2 ¢ LAEREL T, BAER2 c ONLEIRST T
L& TES,

[0062] —/4. CPU14id, FlashXEV1
LDTOT S LIHE>T, AV E—T2—AEB1 28B&
TN T C 1 3&NET 3, LUK, BhitE2 a
W&, FTPOEEESEZATIVLT, Bk 4 %L

®

FH¥10—155040

T, EEHIS3 LEBBELED. TunAEZ5%EML
T, AV Z—32y METICEE LD TE S, THICK
D, B2 ald, BT AL I IC, BEEERR4 ZTL
FEEEEE., A3y MAT ENUIBIE L EFR
EDIEBTITHTENTES,

[0063) £/, CPU1 4. A1vEZ—T7z—Z{®
12H5WVIGEEHIC13ENMLT, av¥a—%2
bPEFER2 cEHIETES, Chickbh, HFEE2 a
&, avEa—%2bH FIZE F—ANERECE-
T, RIS AV Z2—2y MBT RN LI EheteR
SNFDED. BLU, BERAREEHETES, &
fo. BEEER2 ald, HELR 4 LHAER 2 ¢ LRERIL
TR RITS CEMNTES,

(006 4] FEEERR 42N L THEHBEREN TS
&, CPUI1 4ii. BERIC135NMLT. BEHKS
3ANFTEDA v —V&ENT S LHIC, IS8 3
SEEUIRA v b— VAT E S, HIEHE2 - 3M
OEERRER. AL, V32, V32bis, V3
4, V21, $BAVIEV 2 2 EOHRRICIE LIz U T
JBETHD . MBI TRy —I"EZTED,
[0065]) —7, EEES2ETONAE5 ENTA
TILNTw TEGEENTOAEE. CPUIL 414, BER
1C13%MUT, TunNAR557—2T5 LE%ES
Th, THICED, B2 ald, IREERO IPT R
L ARZEET B LI, FTEORRDETF A— Lkl
TED, EHIC, B2 ald, Tang/EX51I0305
NIEDDA—)VRy 7 A RFREDOEMTHREL T, &
EBEE 3 SDEFA—ILHERE L T A EDZHIE
T 5, BFA—IHERE L TOWIEER, ET7A—LD
NEAMZEL T, HFD 1 PT7 FLRAEEHBTES,
[0066] MR T, AZ—%v MAT RN U THS
LTWAEA, CPUL4d, AV &—T7x—A#12
BICWEMIC13EFH|LT, avEa—X2bk
AV A=y MAT L OBOBELZTHT 5, 5B, 2
VEa—%2b iR 2 a LOMICENT, BRI,
P T A FIRERT — AR DE DR AV E—*
v BT TEEEINET—2 TS5 L BB TT
—HIMEEENTOBESE, CPU 1 ANHEEZHER
B, =5, AYEa—R2bEDMTT—2T5 L
MEEENZEER. CPUL 413, HET—27 94
EEOFFBASES, ChUCkn, B2 ald. O
Ea—R2bl A Z—%y MET LDOMT, 5%
fare RIS AT E S,

[0067]) £, CPUI1 41d. BEHIZ3DNMH
VT, BEMS 3T BT 2 EBE{L LT
D, FHEEINTODHASOMEREHIOT, #
EIMNSBUIRH T —RERBS LD TES,
[0068]) /i, LRCDOHAFTIE, WEEMKIR2ICB,
T, aAYEa—Z2 bMAAHIEIELTWEH, Al
FEEEE. ChUCBESEDOTIERLY, BRLIzESIC,
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A Ea—%2 bREDAHFER L HFIS2 a LOM
DTF—2DEEAEIE, BR GR 7rad/ For
V. BABVTBEHEOE SRR EEBbRV. Lz
MoT, BRESRPETAHATHRE, BLDASHEER
FHTES, 12720, COFAICIE. #EEs2ald,
VE—Foy MET TIREENBTF— 2 7S Lk, &k
2 cBRUEER2 afioF— A2 L%, HEICEHRTS
DENH B

[0069] $Hc, MBITRTXIIC, EEHER2 20
AFEEBE LT, EifgR2 2 c ZHATRHAICE. 1
v E—Foy MRT At UTnERE LB E O L ORA T
HaES2 2 cRENITE S, E7z. TERENBRORERD
dads2 2 c &, WAl 4 OIS, B2 2 a%k
BT BRI TROOT, D ANEBEEZRT B HEIC
HARTHRBIERICL S,

[007 0] COBER. ANHEENEFER2 2 c OB
BDT, A2Z—2y MBT ZNUIEEE, @BEOE
FEERATELEN DD, TrUd, EEEE2 2 alc A
AVFIRERFIT, A2 2—y MAT =T LTS
ERRUTE RN, HlZIE UTFIORT AEEZRAVS
TElck-oT, [HHEE. B2 2 cOBERAVTH
BERRITES, bbb, RS, ZEREN-T
%, " 87 REUZ3TTIRE, WHOEETIIER
LW ER Lizth, FOREENTARFOBHESD
PR WY, B2 2 ald, BIERR2 2 c A DD
NTLBTTREBICL > T, TNEDRE IV HER 25
L. BREROREL, HERLEZHFHNTS, ZTLT.
A2 B—%y MBATENUT, HE @ISR S
b HIZIE, EREEE2 2 cONIVERSTRELT, #
FABCENT %, —7., EEOEEESHHENL L.

EERR2 2 ald, EEE22 cHLDEBICK-T. &
HOBELHEL, BREEARANLHZEEEZTOEEE
MERD, THUCKD, BiFmR2 2 cld, #hid22a
MRV E LERRC, BREERRA 2T U TERBETE
%, TOEIIC, A2 2=y BT ENLILBER
RTBEMEE LT, AHEET, WHER LSO
DB TEHT LICE - T, MR EFERO AR B2
BT, A2 2—30y MRTZNTUIERER L, @
DGR BRI T & %,

(007 1] &7z, LIEOFHATIE. BEEE 2B
T, AvEa—%2 bWAHAEBEY L, FZIE BiE
B 4 HBUNNEA > 2—F 0y MET LIEFT BIEEOF!
0, B S SR B 2 a DS LTV BAN, iR
M2 a2 bOBENHEE, THUCRESEDTIEA,
BlZE, FRBROIBERIE OSSR L, BiE2 a
DUFRDFEE K, AV 2—22bMMT-oTE XV, &
DFEIE. B2 ald, BHEOETLRI SDNOX
—IFNT E SR ERFRTE S,

[0072] &, MIBIUMITIE, HBOMT

b EREi2a (22a) . aYEa—Z2b, BLU

©)]

BT10—155040

B/EERR2 ¢ (22 ¢) BZNTNRIOEM & U CEEEL
TWVBH, EREMNS KL TE X, —&ILDflL
LT, RUSORTERBZakaEa—22beN
—fRE o FRERTLYE, $30E. H3IORT kT
822 aLEEB2 2 c LEKICBRLUIZERRLE
PETENS, THIC, BENRA L LT, EROER
EEERT S L. FR—-AROEEREEREGEL L
THRTRILETES, &, AhEBELTET
AHASEFHL, Bhis2 a—Kkd2L, 1%
—3w METENLT, BROSEREEEHTESRY
FAHATGHEIRTES, TORE., EREFRRRZE
HyBE, WHTERDT, SOKUFETHDB, —1h/
Mk, B0, AHRAEE, oIk, BifEER 4D
BRIVERI R EEEREDEZ L, BEREE2E. &
RO EZBND,

[0073] Xc, RUSRTHEY 27 L Lick»

T, TEEKES 2 HNEIEHES 3 A UHT I SO FE.
HAKRT 7u—Fv— MNIEDE, &R0 TEICEH
Big 2 L TOMD TH B,

[007 4] bbb, BERE 2 OEREN. FlX

., av¥a—422 bDF—AN ALK T, BEH
383 LOBERBERE 2 ERTS L. ATV TS 1
alcBOT, EHAR 213, TSHR 3 DEEHFSEX
ATIVE D, THUCKD, BEHER 3L, BREERR4 2
ALTHECHENS, &8, UTFTCE. AFv7S1a
ZHICS 1 aDXIICHENRT B, iz, St 2 M7
SHEICIE, S 1 aDX JICKRIC aZiR L., BERKIE
IAFTOMIRICIE. S 1 bDXSICKEK bEMmML

T, EEEEIT .

[007 5] =7, BELTERVES., @EHKE3D
FEHEIL, 2L, PORRERTLRELT, ZEY
1 DA VRBEKIESNIERLTVS (S1b) o
WA 313, ZEY 21 RS D OEE, EHEOFY
HLICISETS (S2b) . CORR, HEHRR2 &8
1244353 L1X, BEREEAR4 &L CEBRESEMRETE
5.

[007 6] EEHEs2 1, BIERE3OIEEERIT
5k, HzE,. " CALL CU—SEEME fro
m EGER 2 Off)ER PASSWORD 123RY
— FEEREE 2 OFERBEOET AT LA #EH
B2 DNHE RE. FIEDA v E—VREH LT, &
EH22 2 DEAE SR, /AT —F, BFA-LT FL

A, BEOUHEBHCAERT 385HER 2 DLARZEE
BESIGERT S (S 2 a) . WBfEEE3 I 2o
TERER L /SAT— R EDHBEDLEETHIELT
WBHIAREDE LA LT, EHOMGHIEN SR
ETB (S3b) o HHELGRISAT—RAHSTWS
HER, BESSFECI > TERLTWARGEERE, E
HIONESHHT TR A, Wi e 3 ORI 3 a

1, BER3 cONVEIBS LT, EalligR4 & B
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3ceEEHTS (S4b) » ThiCkY, EEHE3
OMER &I, BFERS cBNOTHFELFEITENTE
%, TOBER, DEROIIBIIThNZL,
[0077) —#. LEES 3 bick T, FHOBEE
FTHHTEMMRTEL L, WBEHIE31E. FX
. " 0K CU—SEEME from H{ZKS3
DIERES BEEER 3 OFEREDETA—-LT FLA
BERER 3 ONMEE” L. FIEDA v —Yk ki
L (S5b) . WA 21d, Mg v b—I%ZIFEL
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(54)[TITLE OF THE INVENTION]
INTERACTIVE GRAPHICS DELIVERY SYSTEM
(57)[ABSTRACT]
[Problem to be solved]

To provide a system for delivering interactive graphics, which can deliver a real
circumstance on an arbitrary position through an image in real time to a user.
[Solution)

The present system includes an image input means that is provided at each spot in
order to input interactive graphics on many spots that can be disclosed to a public; an
image transmission means for transmitting each interactive graphics to be inputted from
these respective image input means with a wire or without a wire; an interactive spot data
base for recording an identification data in order to identify respective spots each other
while relating them to a predetermined key; a key input means for inputting the
predetermined key; a retrieving means for retrieving the identification data of an
interactive graphics at the corresponding spot from the interactive spot data base on the
basis of the key inputted from this key input means; an image receiving means for
receiving the corresponding interactive graphics from each image transmission means on
the basis of the identification data retrieved by this retrieving means; and a display means
for outputting this received interactive graphics.

[Claim(s)]
[Claim 1]

An interactive graphics delivery system, comprising:

an image input means that is provided at each live spot in order to constantly
input interactive graphics on many live spots that can be disclosed to a public in real time,
respectively;

a map database means for recording respective spots on a map and interactive
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graphics identification data in order to identify the respective interactive graphics from
each other while relating them with each other;

an image importing means for importing the corresponding interactive graphics
from the image input means on line on the basis of the interactive graphics identification
data corresponding to a certain spot on the map that is displayed by the map database
means; and

a display means for displaying the interactive graphics that is imported by this
image importing means in real time.

[Claim 2]

An interactive graphics delivery system, comprising:

an image input means that is provided at each live spot in order to constantly
input interactive graphics on many live spots that can be disclosed to a public in real time,
respectively;

a map database means for recording respective spots on a map and interactive
graphics identification data in order to identify the respective interactive graphics from
each other while relating them with each other;

a map data extracting means for extracting map data in order to indicate a map of
a predetermined area including a live spot of the corresponding interactive graphics from
the map database means, when a certain interactive graphics is displayed, using interactive
graphics identification data for identifying that interactive graphics as a key; and

a display means for displaying a map on the basis of the map data that is
extracted by this map data extracting means.

[Claim 3]

An interactive graphics delivery system, comprising;

an image input means that is provided at each live spot in order to constantly
input interactive graphics on many live spots that can be disclosed to a public in real time,
respectively;

an interactive graphics identification database means for recording interactive
graphics identification data in order to identify the respective interactive graphics from
each other while relating them to retrieving data composed of a character string, a symbol
string, a figure, or an image or the like;

a retrieving data input means for inputting the retrieving data composed of the
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character string, the symbol string, the figure, or the image or the like;

an interactive graphics identification data selecting means for selecting one or
plural interactive graphics identification data that are related with each other from the
interactive graphics identification database means on the basis of the retrieving data
inputted from this retrieving data input means;

an image importing means for importing the corresponding interactive graphics
from the image input means on line on the basis of this selected interactive graphics
identification data; and

a display means for displaying the interactive graphics that is imported by this
image importing means.
[Claim 4]

The interactive graphics delivery system according to Claims 1, 2, or 3,

wherein the image input means picks up images that are seen from the respective
live spots toward plural directions, respectively; and

the interactive graphics identification data in order to identify the respective
interactive graphics from each other is composed of position data for indicating a position
of each live spot where the image input means is installed and directional data for showing
a direction in which that image input means shots an image.
[Claim 5]

An interactive graphics delivery system, comprising:

an image input means that is provided at each live spot in order to constantly
input interactive graphics on many live spots that can be disclosed to a public in real time,
respectively;

an interactive graphics identification data recording means for recording
interactive graphics identification data in order to identify the respective interactive
graphics from each other;

a present position specifying means for specifying a present position of a user;

an interactive graphics identification data selecting means for selecting the
interactive graphics identification data in order to specify the interactive graphics on one
or plural live spots that are near the present position of the user;

an image importing means for importing the corresponding interactive graphics

on the basis of this selected interactive graphics identification data; and
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a display means for displaying the interactive graphics that is imported by this
image importing means in real time.
[Claim 6]

The interactive graphics delivery system according to Claim S5,

wherein the image input means picks up images that are seen from the respective
live spots toward plural directions, respectively; and

the interactive graphics identification data in order to identify the respective
interactive graphics from each other is composed of position data for indicating a position
of each live spot where the image input means is installed and directional data for showing
a direction in which that image input means shots an image;

the present position specifying means includes a means for specifying the present
position of the user and a means for specifying a progress direction of the user; and

the interactive graphics identification data selecting means selects the interactive
graphics identification data that is composed of the position data showing a position of a
live spot, which is located in a direction of the progressing side of the user from the
present position of the user and is near the present position of the user, and the directional
data showing the progressing side of the user on the basis of the present position of the
user and the progress direction of the user that are specified by the present position
specifying means.

[Claim 7]

The interactive graphics delivery system according to any one of Claims 1 to 6,
further comprising:

a marking means for marking a portion that is designated by a user in the
interactive graphics displayed by the display means in order to distinguish the portion
from other portions.

[Claim 8]

The interactive graphics delivery system according to any one of Claims 1 to 7,
further comprising:

a voice input means that is disposed in the vicinity of the image input means, for
inputting a voice generated on a live spot where the image input means is disposed or on
its periphery in real time; and

a voice output means that is disposed in the vicinity of the display means, for
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outputting a voice from the voice input means.
[Claim 9]

The interactive graphics delivery system according to any one of Claims 1 to 8,
further comprising:

an aroma input means that is disposed in the vicinity of the image input means
and is composed of an aroma sensor and a means for converting a signal from this aroma
sensor into digital data of an aroma, for inputting an aroma on a live spot where the image
input means is disposed or on its periphery;

a converting means for converting the aroma data from the aroma input means
into fragrance blending data for generating an aroma similar to that aroma; and

an aroma generating means that is disposed in the vicinity of the display means,
for generating a desired aroma by blending the fragrance from the fragrance blending data.
[0001]

[Detailed Description of the Invention]
[Technical Field to which the Invention Belongs]

The present invention relates to a delivering interactive graphics system, which
can deliver a real circumstance in real time of each spot while relating the interactive
graphics to a map or the like. In addition, the present invention relates to a system for
displaying a map including a spot of the interactive graphics from the interactive graphics.
[0002]

[Prior Art]

Conventionally, there has been a system for recording images at respective
spots in a recording medium such as a CD-ROM or a hard disk, retrieving them on the
basis of retrieving data such as a predetermined key word, and then, displaying them.
[0003]

[Problems that the Invention is to Solve]

However, these images recorded in the recording medium are “past images” (they
are not “fresh images™). Therefore, this involves a problem such that a user only can see
“old (not fresh)” images although a real scene is changing day by day depending on
season’s transition, a weather of a day, and a condition of a construction work of a road
and a building. In addition, assuming that the images recorded in the recording medium

are just updated, these images do not respond to a user’s wish that the user wishes to see a
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real condition of the present moment. Further, there is a problem such that it is very
expensive to frequently update the image data with respect to the recording medium.
[0004]

The present invention has been made taking the foregoing problems into
consideration and an object of which is to provide a delivering interactive graphics system,
which can deliver a real circumstance on an arbitrary position through an image in real
time to a user. In addition, according to the present invention, another object of the
present invention is also to provide a system for displaying a map including a spot of the
interactive graphics from the interactive graphics.

[0005]
[Means for Solving the Problems]
(Related Art)

As a related art that is identified by the present inventor, the followings are
considered. They are identified by the present inventor when the present application (the
application after an internal priority date under Patent Law Section 41) has been filed
although it is not clear if they are “the prior arts” of the present invention (if it is
publicly-known before a priority date (June 11, 1996)).

(a) According to “Weekly Diamond, additional volume 1996. 8 Internet Super Time
Management” issued by Diamond Corporation, the following description is given, namely,
“In Internet, there are many cases that a TV camera is fixed and simultaneous reporting of
a sight spot is provided. In the future, you will be able to see a real image of world’s
heritage such as Sphinx and a hill overlooking Himaraya and a sight spot such as the Arc
de Triomphe in Paris” (in this document, P.76).

“How about putting a camera on a lobby or an entrance of a hotel, making the camera
on-line, and seeing the hotel via a remote controller? A person will see that the hotel is
crowded or happen to see his or her acquaintance there on the web.  Such on-line camera
is increasing on the web.” (in this document, P. 82)

As an introduction of a website of Internet, “A History Street http://www.kiis.or/rekishi/
Keiko Hata, You can take a walk in Ise, Asuka, Nara, Kyoto, Osaka, and Kobe that are
main scene spots of a history street according to captures and photos (not less than 100)
(snip) You can access each item by means of retrieving by area and by age and selection

via a mouse (a clickable map) on the map. At present, the information is given only
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through the captures and the photos, however, (in the future) we are offering you a moving
image and voice information” (in the document, P. 133).

(b) According to an article entitled as “Completely use a magic box and overturn a view of
a world” in Nippon Keizai News Paper dated on June 16, 1996, the following is given in
the article for introducing Mr. Masaki Fujihata, a computer artist. Namely, “Recently, he
is immersed in a project using Internet together with students at Keio University where he
is teaching. For example, he is trying to deliver an image of Mt. Fuji at 24 hours real
time through a camera put in Shonan Fujisawa Campus. Worldwide access users can
change a direction of the camera through their PC at home and can zoom in”.

(¢) According to “Weekly Diamond” issued on August 31, 1996 by Diamond Corporation,
on P. 84, the following is given in the article entitled “Diary of Super Filling, Virtual Tour
of Map and Photo (written by Yukio Noguchi). Namely, “there is ‘a virtual tour’ in
Internet.  If you click a map appearing on a screen, the photo at this point will appear”.
(d) In an advertisement column of Nippon Keizai News Paper dated on September 3, 1996,
there is a description entitled “Map Information System with a high operability Sumitomo
Denko Systems”, and it says, “A digital road map exclusively for Windows 95,
‘AtlaMate/Windows 95 edition’, which has been developed and sold by Sumitomo Denko
Systems (snip). This product allows a still image, a moving image, and a voice to be
given on a map as a multimedia function.”

In addition, in the specification of “AtlaMate/Windows 95 edition” in this advertisement
article, the following description is given. “Abundant Registration Function, It can
register a still image such as a photo, a moving image such as a video, and a voice or the
like on a map”

(e) According to an article entitled as “Completely Use Internet, Feel nature at home” in
Nippon Keizai News Paper dated on September 30, 1996, the following is given.
Namely, “in cooperation with NEC, Sakawa-machi in Kochi Prefecture opened ‘Sakawa
Internet Broadcasting Station’” which allows a user to enjoy a natural scenery through
Internet by a live broadcast. Setting a camera on a top of Mt. Kokuzo at this town (675
meters above sea level) and freely moving a camera from a PC at home or at office, the
user can enjoy a scenery from Cape Asizuri to Cape Muroto. This broadcasting center
was opened at Sakawa Jibasangyo center. Transmitting an image from a camera without

a wire to a camera control apparatus of Nagano Chominkan, which is a facility established
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by a town and is located at a base separated from the camera about 3 km, a still image is
delivered on Internet. Freely remotely controlling the camera from a PC, the user can
enjoy a panorama about 300 degrees in a horizontal direction and about 60 degrees in a
vertical direction in a zoom of the maximum 10 times. An address of the Internet

broadcasting center is http://www/meshnet.or.jp/sakawa/. NEC expands the Internet

broadcasting center nationwide from May. NEC will open the Internet broadcasting
center on Matsumae-cho, Bibae-cho, and Saroma-cho of Hokkaido and they are setting
cameras on scene spots and beauty spots more than 100 within 2 to 3 years”.

As described above, there are various arts relating to the present invention.
However, although any of them relates to the present invention, the present invention
further develops these related arts and these related arts do not deny novelty of the present
invention.

[0006]

In order to solve the problems of the above-mentioned conventional arts, a
delivering interactive graphics system according to the present invention is as follows:

(1) The delivering interactive graphics system according to the present invention
comprises an image input means that is provided at each live spot, for inputting interactive
graphics on many live spots that can be disclosed to a public in real time, respectively; an
interactive graphics identification database means for recording the interactive graphics
identification data in order to identify the respective interactive graphics of the respective
live spots from each other while relating and matching them to each point on the map of
the map database, respectively; a retrieving means for retrieving the corresponding one or
plural interactive graphics identification data from the interactive graphics identification
database means on the basis of the spot that is designated on the map of the map database;
an image importing means for importing the corresponding interactive graphics in real
time with a wire or without a wire on the basis of the interactive graphics identification
data that is retrieved by this retrieving means (for importing the corresponding interactive
graphics according to a method for transmitting it through a network or accessing it by a
browsing software for Internet and browsing it or the like); and a display means for
outputting an interactive graphics that is imported by this image importing means (a
moving image or a still image).

(2) In addition, the present invention may comprise an image input means that is provided
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at each live spot in order to constantly input interactive graphics on many live spots that
can be disclosed to a public in real time, respectively; an interactive graphics identification
database means for recording a map database for recording a map and coordinate data for
specifying respective spots on the map, the coordinate data in the map database, and the
interactive graphics identification data for identifying the respective interactive graphics
while relating and matching them each other; a retrieving means for retrieving one or
plural spots on the map corresponding to or relating to the live spot of the interactive
graphics from the interactive graphics identification database, when a certain interactive
graphics is displayed, using interactive graphics identification data for identifying that
interactive graphics as a key; a map data extracting means for extracting map data in order
to indicate a map of a predetermined area including the spot on the map that is retrieved
by this retrieving means; and a display means for outputting a map by means of map data
that is extracted by this map data extracting means.

(3) Further, the delivering interactive graphics system according to the present invention
comprises an image input means that is provided at each live spot in order to constantly
input interactive graphics on many live spots that can be disclosed to a public in real time,
respectively; an interactive graphics identification database means for recording
interactive graphics identification data in order to identify the respective interactive
graphics from each other while relating them with a key composed of a character string, a
symbol string, a figure, or an image or the like; a key input means for inputting the key
composed of the character string, the symbol string, the figure, or the image or the like; a
retrieving means for retrieving the corresponding one or plural interactive graphics
identification data from the interactive graphics identification database means on the basis
of the key that is inputted from this key input means; an image importing means for
importing the corresponding interactive graphics on the basis of the interactive graphics
identification data that is retrieved by this retrieving means (including the case of
browsing it by a browser for Internet when it is transmitted by a network); and a display
means for outputting an interactive graphics (a moving image or a still image) that is
imported by this image importing means.

(4) In addition, according to the present invention, the image input means may pick up
images in plural directions from one live spot (for example, the case of picking up an

image when one camera is pivoted to be located in certain plural directions or the case of
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picking up an image at the same time providing plural video cameras in plural directions,
respectively), and it is preferable that the interactive graphics identification data for
specifying the respective interactive graphics is composed of the position data showing the
positions of respective live spots where the image input means is disposed and the
directional data showing the direction in which the image input means shots the image.

(5) In addition, the present invention comprises an image input means that is provided at
each live spot in order to constantly input interactive graphics on many live spots that can
be disclosed to a public in real time, respectively; an interactive graphics identification
data recording means for recording interactive graphics identification data (composed of
the coordinate data of the latitude data and the longitude data or the like) in order to
identify the respective interactive graphics from each other; a present position specifying
means (a conventional publicly-known GPS receiver and the like) for specifying a present
position of a user; an interactive graphics identification data selecting means for selecting
one or plural interactive graphics identification data corresponding or relating to one or
plural live spots that are near the present position of the user on the basis of the present
position of the user (composed of the coordinate data of the latitude data and the longitude
data or the like) that is specified by this present position specifying means; an image
importing means (including the case of accessing it and browsing it through a network and
the case of transmitting it or the like) for importing the corresponding interactive graphics
on line on the basis of this selected interactive graphics identification data; and a display
means for displaying an interactive graphics (a moving image or a still image) that is
imported by this image importing means in real time.

(6) In addition, according to the present invention, the image input means picks up images
that are seen from the respective live spots toward plural directions, respectively, as same
as the above-described (4); the interactive graphics identification data in order to identify
the respective interactive graphics from each other is composed of position data for
indicating a position of each live spot where the image input means is installed and
directional data for showing a direction in which that image input means shots an image;
the present position specifying means includes a means for specifying the present position
of the user and a means for specifying a progress direction of the user; and the interactive
graphics identification data selecting means selects the interactive graphics spot

identification data in order to specify the interactive graphics (a moving image or a still
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image), which is located in a direction of the progressing side of the user from the present
position of the user and is near the present position of the user, and copies a direction near
the progress direction of the user on the basis of the data showing the present position of
the user that is specified by the present position specifying means (the position coordinate
data composed of the latitude data and the longitude data or the like) and the data showing
the progress direction of the user that are specified by the present position specifying
means.
(7) In addition, according to the present invention, it is preferable that a marking means
for marking a portion that is designated by a user in the interactive graphics (a moving
image or a still image) displayed by the display means in order to distinguish this portion
from other portions.
(8) In addition, according to the present invention, it is preferable that the image input
means may also comprise a means for inputting a voice that is generated on that spot in
real time.
(9) In addition, the present invention may further comprise an aroma input means that is
provided in the vicinity of the image input means and is configured by an aroma sensor
and a means for converting a signal from this aroma sensor into aroma digital data, for
inputting an aroma on the spot where the image input means is disposed or an aroma
around the spot; a converting means for converting the aroma data from this aroma input
means into fragrance blending data for generating an aroma similar to that aroma; and an
aroma generating means that is disposed in the vicinity of the display means, for
generating a desired aroma by the fragrance blending data. Further, in this (9), the
above-described “converting means for converting the aroma data into the fragrance
blending data for generating an aroma similar to that aroma” is directly connected to the
aroma input means. This converting means may be connected to the aroma generating
means via the computer communication network or may be directly connected to the
aroma generating means via the input means and the computer communication
network .[0007]
[Mode for Carrying Out the Invention]
First Embodiment:

Next, with reference to Figs. 1 to 4, the first embodiment according to the present

invention will be described. In Fig. 1, a reference numeral 1 denotes a personal
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computer (PC) used by a user and the personal computer 1 is configured by a control
apparatus 2 made of a CPU and a communication modem or the like; a hard disk
apparatus 3 in which a computer program and data are recorded, a CD-ROM drive 5 for
driving a CD-ROM 4 in which the computer program and the data are recorded; a key
board 6 and a mouse 6a for inputting the data; a display 7 for outputting an image; and a
speaker 8 for outputting a voice.

[0008]

The control apparatus 2 is connected to a computer for a relay service 11 via a
public circuit for a computer communication network 10 such as Internet. To this
computer for a relay service 11, computers (servers) 14, 14a, and 14b are connected,
which serve to control video cameras 12, 12a, and 12b and sound collecting microphones
13, 13a, and 13b, which are disposed on many live spots respectively, for recording the
data from these video cameras 12 and sound collecting microphones 13, and allowing the
user to browse the data via a communication network. The image data and the voice data
inputted by these many video cameras 12 and microphones 13 or the like can be
transmitted to the user via the computers 14 and the computer for a relay service 11
according to need from the user. Further, four video cameras 12 are installed on
respective live spots, respectively, and these four video cameras are preferably installed so
as to shoot the images in four directions including east, west, south, and north,
respectively.

[0009]

In addition, the computer for a relay service 11 is also connected to many other
computers for a relay service 12. For example, the user connected to a certain computer
for a relay service 11 can import the inputted data from other computer for a relay service
12 or the like via this computer for a relay service 11 and from the video camera and the
microphone via the computer (the server) connected to the computer 11. In this case, as
a method for importing an image and a voice, various methods are available such as a
method for adding the information from the video camera and the microphone to an
electronic mail and a method for importing a website by a browser software for Internet by
the user, which website is opened on a computer communication network so as to deliver
the input information of the video camera and the microphone (namely, a method for using

a website on a computer communication network like a hard disk of a personal computer
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at the user side) or the like.
[0010]

According to this first embodiment, in the CD-ROM 4, a map database for
recording the map data and the address data for specifying each spot on this map relating
them with each other; an interactive graphics database for recording this address data with
the image identification data for identifying the interactive graphics of respective live
spots (respective places where the video camera 12 and the microphone 13 are installed)
relating and corresponding them with each other; a reproduction program for reproducing
these map databases; a retrieving program for retrieving the interactive graphics database;
and a program for importing the interactive graphics corresponding to the retrieved
interactive graphics identification data from this retrieved interactive graphics
identification data and displaying it are recorded.

[0011]

It is assumed that a user who lives in Osaka now wishes to see a sunset in the
coastline of Shonan beach, in Kanagawa Prefecture that is his or her home town, in
summer. In this case, for example, it is assumed that the user reproduces the map
database to display the map of a predetermined area including Shonan beach on a screen
and then, the user clicks the spot of Shonan beach on this screen by means of the mouse 6a.
Then, on the basis of this input, the control apparatus 2 will retrieve the address data
corresponding to the spot on this map from the spot database. ~ After that, on the basis of
this retrieved address data, the control apparatus 2 will retrieve the interactive graphics
identification data indicating the interactive graphics of the corresponding live spot from
the interactive graphics database. Then, on the basis of this retrieved interactive graphics
identification data, accessing the computer for a relay service 11 and importing the image
data and the voice data from the video camera and the microphone installed on the live
spot corresponding to the interactive graphics identification data (the video camera and the
microphone installed in a direction corresponding to an image pickup direction when the
interactive graphics identification data also specifies the image pickup direction) on line,
they are outputted from the display 7 and the speaker 8 in real time. The image and the
voice to be outputted in this case are the image and the voice in real time of the present
time, so that the user can get feeling and impression as if the user is actually present at this

spot. Conventionally, for example, there has been a CD-ROM capable of recording the
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image of a beach, for example, Shonan beach, retrieving it from a key word and outputting
it, and the images recorded in these CD-ROM are shot by a professional cameraman on
the best time (for example, a time when a sunset is most beautiful) from the best angle.
On the contrary, the image given in this embodiment may be shot on a rainy day or a
cloudy day or on a time when you cannot see the best scenery. However, since this
image is “the image at this moment and at this instance (namely, the image that is never
seen), the user can feel “realistic sensation” and “impression”. In other words, when the
user “wishes to see a sunset of Shonan beach now”, unless he or she can see not the past
recorded image of “sunset on Shonan beach” but the image of “sunset on Shonan beach at
this moment”, the user cannot get a strong impression. This embodiment can meet this
user’s wish.

[0012]

Further, the constitution of the embodiment that has been explained with
reference to Fig. 1 will be explained again with reference to Fig. 2.  Fig. 2 illustrates the
constitution of the embodiment functionally and conceptually. In Fig. 2, a reference
numeral 32 denotes an interactive graphics input unit constituted of a video camera and a
microphone for inputting an interactive graphics and a voice of each spot in real time,
which is connected to a computer communication network (a computer communication
network) 30. A reference numeral 24 denotes a CD-ROM, in which the map database 26,
its reproduction program and its retrieving program; the interactive graphics identification
database 25 and its retrieving program; and a program for importing the corresponding
interactive graphics from the interactive graphics identification data via the
communication network or the like are recorded. In addition, in Fig. 2, a reference
numeral 21 denotes a map database reproducing unit for reproducing the map database 26
which is recorded in the CD-ROM 24; and a reference numeral 22 denotes a control unit
for controlling a display unit 27 and a speaker 28 upon receipt of a signal from this map
database reproducing unit 21 and outputting predetermined image and voice. In addition,
a reference numeral 23 denotes a retrieving unit for retrieving the identification data of the
corresponding interactive graphics from the interactive graphics identification database 25
on the basis of the address data on the spot which is designated by the user (click it by a
mouse) on the screen on which the map database is reproduced. Controlling an image

importing unit (for example, an apparatus for recording a browser which is a software for
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viewing a website of Internet and executing it) 26 and accessing an image input unit 32
via a communication circuit for a computer communication network 30, the control unit
22 may import the interactive graphics and the voice from the image input unit 32 in real
time on line. The control unit 22 may output these interactive graphics and voice that are
imported on line by means of the display unit 27 and the speaker 28 in real time while
relating them with the reproduced image (the map image) from the map database 26.
[0013]

Next, a screen to be displayed by the display 7 being controlled by the control
apparatus 2 shown in Fig. 1 will be described with reference to Fig. 3 and Fig. 4. As
shown in Fig. 3, on an upper half part 7a of the display 7, the interactive graphics is
displayed and on a lower half part 7b thereof, the map is displayed. When using this first
embodiment, at first, driving the CD-ROM 4 shown in Fig. 1, the user may display a
desired map on the lower half part 7b of the display 7 from the map database. For
example, by retrieving the map data from a key word such as a name of a place, the map
in the map database recorded in the CD-ROM 4 may be displayed (such an art has been
publicly known). Then, according to the present embodiment, for example, as shown in
a, b, c,d, e, f, and g of Fig. 4, points showing each spot are colored in a predetermined
color (for example, red) to be displayed on this displayed map. Among respective points
ofa, b, c,d, e, f, and g of Fig. 4, a, b, ¢ and e of Fig. 4 are corresponding to the video
camera 12 and the microphone 13 in Fig. 1. In other words, according to the first
embodiment, the video camera 12 in Fig. 1 is configured by four video cameras that are
installed on the positions of a, b, ¢, and d so as to pick up images in different directions,
respectively. In addition, the microphone 13 in Fig. 1 is configured by four microphones
that are installed so as to collect sounds in different directions, respectively. In other
words, explaining the video camera 12, among four video cameras configuring the video
camera 12, the video camera installed on the position a in Fig. 4 picks up an image in West
(a left direction) in the figure so as to generate an interactive graphics having the image
identification data of “1428A”. In addition, the video camera installed on the position b
in Fig. 4 picks up an image in South (a lower direction) in the figure so as to generate an
interactive graphics having the image identification data of “1428B”. In addition, the
video camera installed on the position ¢ in Fig. 4 picks up an image in East (a right

direction) in the figure so as to generate an interactive graphics having the image
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identification data of “1428C”. In addition, the video camera installed on the position d
in Fig. 4 picks up an image in North (an upper direction) in the figure so as to generate an
interactive graphics having the image identification data of “1428D”. In addition, among
respective points represented by a, b, ¢, d, e, f, and g of Fig. 4, ¢, f, and g of Fig. 4 are
corresponding to the video camera 12a and the microphone 13a in Fig. 1.  In other words,
according to the first embodiment, the video camera 12a in Fig. 1 is configured by three
video cameras that are installed on the positions of e, f, and g in Fig. 4 so as to pick up
images in different directions, respectively. In addition, the microphone 13a in Fig. 1 is
configured by three microphones that are installed so as to collect sounds in different
directions, respectively. In other words, with respect to the video camera 12a, among
three video cameras configuring the video camera 12a, the video camera installed on the
position e in Fig. 4 picks up an image in North-West (a left upper direction) in the figure
so as to generate an interactive graphics having the image identification data of “1429A”.
In addition, the video camera installed on the position f in Fig. 4 picks up an image in
East-South (a right lower direction) in the figure so as to generate an interactive graphics
having the image identification data of “1429B”. In addition, the video camera installed
on the position g in Fig. 4 picks up an image in East (a right direction) in the figure so as
to generate an interactive graphics having the image identification data of “1429C”. As
described above, according to the embodiment to be explained with reference to Fig. 4, a
combination of the address data for identifying each spot on the map (“1428” and “1429”
or the like) and the data (“A” “B” “C” “D” or the like) showing the image pickup direction
of each video camera on the same live spot and the interactive graphics identification data
for identifying the interactive graphics on each spot (“1428A” and “1429A” or the like)
are recorded while relating them with each other. More specifically, according to the
example shown in Fig. 4, four interactive graphics identification data indicating four
pickup image directions, namely, “1428A”, “1428B”, “1428C” and “1428D”, respectively,
are recorded corresponding to one address data “1428” on the map (the address data for
identifying the area of a center cross point in Fig. 4). In addition, three interactive
graphics identification data indicating three pickup image directions, namely, “1429A”,
“1429B”, and “1429C”, respectively, are recorded corresponding to one address data
“1429” on the map (the address data for identifying the area of a left point in Fig. 4).

Further, according to the example shown in Fig. 4, the interactive graphics identification
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data (for example, “1428A) is configured by a combination of the address data (for
example, “1428”) on the map and the directional data (for example, “A”), however,
according to the present invention, it is not always necessary to use the address data on the
map in the interactive graphics identification data as itis. For example, making the
address data on the map into the address data (or the coordinate data) configured by
equally spacing the entire map, the interactive graphics identification data may be
configured by a combination of the identification code (for example, a serial number of
the order of setting of the video camera) on a certain spot where the video camera is
installed in practice and the directional data.

[0014]

According to the example shown in Fig. 4, the identification data of the
interactive graphics that is obtained when each video camera 12 and each microphone 13
input an image and a voice, respectively (here, a term of “an interactive graphics” is used
as a meaning including both of the image data inputted by the video camera and the voice
data inputted by the microphone in principle) is configured by the data indicating the spot
and a direction in which the video camera 12 is shooting an image (this direction is
identical with a direction in which the microphone 13 tries to collect a sound). In other
words, the interactive graphics are identified by each spot and its image pickup direction
each other and “the interactive graphics identification data” is configured by the data
indicating each spot and the data indicating a direction of image pickup and sound
collection. Therefore, even on the same spot, if the direction of shooting an image (a
direction such as East, West, South, and North or the like) is different, it becomes a
different interactive graphics having different identification data. Explaining this with
reference to Fig. 4, a spot having the address data (1428A) represented by “a” in Fig. 4
corresponds to the interactive graphics having the image identification data, namely,
(1428A), and the interactive graphics indicating this identification data, namely, (1428A)
is an image made by shooting the scenery in an A direction (a left direction in the figure)
from the spot of “a” in Fig. 4. In addition, the spot on the map having the address data
(1428B) represented by “b” in Fig. 4 corresponds to the interactive graphics having the
identification data, namely, (1428B), and the interactive graphics indicating this
identification data named as (1428B) is an image made by shooting the scenery in a B

direction (a lower direction in the figure) from the spot of “b” in Fig. 3. In addition, the
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spot on the map having the address data (1428C) represented by “c” in Fig. 4 corresponds
to the interactive graphics having the identification data, namely, (1428C), and the
interactive graphics indicating this identification data named as (1428C) is an image made
by shooting the scenery in a C direction (a right direction in the figure) from the spot of
“c” in Fig. 4. In addition, a spot represented by “d” in Fig. 4 having the address data
named as (1428D) corresponds to the interactive graphics having the identification data
named as (1428D) one-on-one, and the interactive graphics indicating this identification
data named as (1428D) is an image made by shooting the scenery in a D direction (an
upper direction in the figure) from the spot of “d” in Fig. 4. Further, in Fig. 4, the spot
represented by “e” having the address data (1429A) corresponds to the interactive graphics
having the identification data, and the interactive graphics indicating this identification
data named as (1429A) is an image made by shooting the scenery in an A direction (a left
upper direction in the figure) from the spot of “e” in Fig. 4. In addition, in Fig. 4, the
spot represented by “f” having the address data (1429B) corresponds to the interactive
graphics having the identification data, and the interactive graphics indicating this
identification data named as (1429B) is an image made by shooting the scenery in a B
direction (a right lower direction in the figure) from the spot of “f” in Fig. 4. In addition,
in Fig. 4, the spot represented by “g” having the address data (1429C) corresponds to the
interactive graphics having the identification data, and the interactive graphics indicating
this identification data named as (1429C) is an image made by shooting the scenery ina C
direction (a right direction in the figure) from the spot of “g” in Fig. 4.

[0015]

As seen from the above description, according to the example shown in Fig. 4, a
reference numeral 1428 denotes the address data on the map indicating the area of this
cross point (in this example shown in Fig. 4, the area of this cross point is referred to as “a
live spot”), and A, B, C, an D indicate a direction of shooting an image (and collecting a
sound) from the cross point area (the live spot). Likewise, according to the example in
Fig. 4, a reference numeral 1429 denotes the address data on the map indicating the cross
point area on the left on the map, and A, B, and C indicate a direction of shooting an
image (and collecting sound) from the cross point area. According to the example shown
in Fig. 4, the identification data of the interactive graphics is configured by a combination

of the address data (“1428” and “1429” or the like) indicating a position of each live spot
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on the map and the data indicating the direction (A, B, C, and D or the like).
[0016]

Accordingly, if the user wishes to visit the place, for example, the area of the
cross point indicated by 1428 in Fig. 4 and he or she “wishes to know the condition of this
cross point now (crowded or not, what person is walking in what clothes or the like) and
in order to know this, wishes to see the interactive graphics™, the user may click any spot
among a to d on the map shown in Fig. 4 by means of a pointing device such as a mouse.
Then, the interactive graphics identification data corresponding to the address data on the
map is retrieved by means of the control apparatus 2 (from the interactive graphics
database), and on the basis of this retrieved interactive graphics identification data, the
corresponding interactive graphics is imported via the computer communication network
to be displayed on the upper half part 7a of the display 7.

[0017]

In addition, obtaining a road between the place where the user wishes to visit and
the place where the user is present now on the map (this has been realized conventionally
by a public-known art), the user also may indicate the interactive graphics on the spot on
its route by rotation (for example, assuming that a display time of one interactive graphics
to be five seconds, a next interactive graphics will be displayed by rotation for each five
seconds). In addition, when the user is driving a car, obtaining the present position
information on the map from the positioning information received by a GPS receiver and
obtained from various sensors (this has been realized conventionally by a public-known
art) and obtaining the identification data of the interactive graphics from the spot
corresponding to the present position of himself or herself obtained on the map, the user
also may import the corresponding interactive graphics through a server on the network on
the basis of the identification data (for example, the computer for a relay service 11 shown
in Fig. 1) and may display it. Thereby, the user can check if the present position on the
map (the present position that is presumed by the GPS receiver or depending on the
information from a sensor) is identical with the real present position or not with eyes. In
other words, if the interactive graphics displayed on the display 7 is identical with the real
scenery obtained when the user sees the outside from the inside of a car on the basis of the
interactive graphics identification data that is obtained as described above, it can be said

that there is no measurement error and the present position presumed by the GPS is correct.
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However, if they are not identical, the presumed present position is not correct.
[0018]

Further, the control apparatus 2 may be connected to the computer for a relay
service 11 without a wire, the computer for a relay service 11 may be connected to each
video camera 12 and each microphone 13 without a wire, and “the map database”, “the
interactive graphics database”, these retrieving programs, and map database reproduction
programs may be imported from the server (the computer) on the network such as the
computer for a relay service 11 or the like without being read from the CD-ROM 4.
Particularly, as described above, in the case of using the personal computer 1 shown in Fig.
1 in a moving car (when the user himself or herself is driving a car, in the case of
obtaining the present position information on the map displayed on the screen from the
positioning information received by a GPS receiver and obtained from various sensors and
displaying this “an interactive graphics on the live spot corresponding to the present
position of the user himself or herself and in an image pickup direction corresponding to a
progress direction of the user himself or herself” on the display 7 of the personal computer
1), it is necessary to transmit or receive the data between the control apparatus 2 of the
personal computer 1 and the computer for a relay service without a wire,

[0019]
Second Embodiment:

Next, with reference to Fig. 1, the second embodiment according to the present
invention will be described. In Fig. 1, a reference numeral 1 denotes a personal
computer (PC) used by a user and the personal computer 1 is configured by a control
apparatus 2 made of a CPU and a communication modem or the like; a hard disk
apparatus 3 in which a computer program and data are recorded, a CD-ROM drive 5 for
driving a CD-ROM 4 in which the computer program and the data are recorded; a key
board 6 for inputting the data; a display 7 for outputting an image; and a speaker 8 for
outputting a voice. The control apparatus 2 is connected to a computer for a relay service
11 via a public circuit 10. To this computer for a relay service 11, video cameras 12 and
sound collecting microphones 13 are connected via a computer (server) 14. The image
data and the voice data inputted by these many video cameras 12 and microphones 13 or
the like can be transmitted to the user via the computers 14 and the computer for a relay

service 11 according to need from the user. In addition, many video cameras 12 and
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sound collecting microphones 13 can be identified each other depending on the
identification data. Accordingly, further, the interactive graphics and the voice from
respective cameras 12 and respective sound collecting microphones 13 can be identified
with each other. In addition, the image data and the voice data inputted from these many
video cameras 12 and microphones 13 or the like can be browsed by the user via the
computer for a relay service 11 on line (for example, the user can browse these data by
using a browser of a software for viewing a website of Internet). In addition, the
computer for a relay service 11 is also connected to many other computers for a relay
service 12 or the like. For example, the user connected to the computer for a relay
service can import the data, which are inputted from the video camera and the microphone
connected to other computers for a relay service 12 or the like, from other computers for a
relay service 12 or the like via the computer for a relay service 11.

[0020]

According to the second embodiment, in the CD-ROM 4, an interactive graphics
database relating the image identification data for identifying the interactive graphics of
respective spots (respective places where the video camera 12 and the microphone 13 are
installed) with many key words each other; and a program for retrieving the image
identification data from these key words are recorded. The key word recorded in this
interactive graphics database may include various things, for example, a name of a place, a
category of a place (beach, street corner, harbor town, mountain, intersection, building,
restaurant, stage theater, theater, sport facility, baseball field, hot spring, and temple or the
like), a category of action (sport, play, cinema, eating, and walk or the like). Itis
assumed that a user who lives in Osaka now wishes to see a sunset in summer, at Shonan
beach, on a coastline, in Kanagawa Prefecture that is his or her home town. In this case,
for example, if the user inputs key words such as “Kanagawa Prefecture, Summer,
Shonan-beach, Coastline, Sunset” or the like, on the basis of these inputted key words, the
control apparatus 2 will retrieve the corresponding interactive graphics identification data
from among the interactive graphics identification data recorded in the CD-ROM 4.

Then, on the basis of this retrieved interactive graphics identification data, accessing to the
computer for a relay service 11 and importing the image data and the voice data from the
video camera and the microphone that are installed on the spot corresponding to this

identification data in real time, the user can output them from the display 7 and the
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speaker 8. The image and the voice to be outputted in this case are the image and the
voice in real time of the present time, so that the user can get feeling and impression as if
the user is actually present at the spot.

[0021]

In addition, in the same way, according to the second embodiment, if the user
inputs key words such as “temple, Kyoto”, the control apparatus 2 will retrieve a plurality
of image identification data corresponding to these key words and will display them on the
display 7 by rotation. In addition, for example, if the user in a long-term hospitalization
wishes to visit hot springs of each spot in Kyushu, although he or she cannot visit in
practice, if the user inputs key words such as “each place of Kyushu, visit hot springs”,
retrieving a plurality of image identification data corresponding to these key words and
receiving the image corresponding to these identification data in practice, then, the control
apparatus 2 will display them on the display 7 by rotation. This allows the user to be
capable of getting the impression as same as when he or she visits there in practice
although he or she does not visit there. Thus, it can be also said that this second
embodiment is a system which can realize “a virtual travel”, whereby the user can get the
impression as same as when he or she visits there in practice although he or she actually
does not visit there.

[0022]

Likewise, if the user wishes to try out the food at various restaurants at a harbor
town in Yokohama, inputting key words of “Yokohama, a harbor town, and trying out the
food at various restaurants”, the control apparatus 2 will retrieve the corresponding plural
image identification data on the basis of these key words and will import the data of the
interactive graphics from plural respective spots corresponding the these key words (in
this case, if the setting the video camera and the microphone in the restaurant is allowed to
offer the image to the public, the user can know the status of the inside of the restaurant,
for example, a level of congestion of customers and an atmosphere of a restaurant or the
like). In addition, in the same way, if the user wishes to visit stage theaters (baseball
fields) throughout Japan, inputting key words of “Japan, visiting stage theaters (baseball
fields)”, the control apparatus 2 will retrieve the corresponding image identification data
on the basis of these key words, and then, the control apparatus 2 will output the

interactive graphics corresponding to these key words in real time. In this case, if each
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stage theater or each baseball field accepts transmission of the content of a play (or the
content of a match) only for a predetermined time, the user can watch the content of this
play (or the match) as if in place of an index even only for a predetermined time.
[0023]
Third Embodiment:

Next, the third embodiment according to the present invention will be described.
The third embodiment is provided with the followings in addition to the constitution of the
above-described first embodiment. At first, an aroma input apparatus is provided in the
vicinity of the video camera 12 and the microphone 13. This aroma input apparatus is
provided with an aroma sensor and a coding unit for coding a signal from this aroma
sensor into digital data. The aroma sensor is configured by the existing plural aroma
sensors and all of the aroma amount detection values from respective sensors are provided
to the coding unit (an encoder). The coding unit (the encoder) may code the provided
aroma amount detection value. This coded aroma data (the digital data) is recorded in a
recording apparatus, and then, a remote user can browse and import the data in real time
via the computer communication network. Further, it is preferable that a plurality of the
aroma sensors is prepared for each kind of aroma so that the information which can
reproduce the original aroma of the field site faithfully can be obtained. Next, on the
user side is provided a converter for converting the browsed and imported aroma data (the
digital data) into fragrance blending data in order to generate the aroma which is similar to
the aroma of the field site and an aroma generator, which is disposed in the vicinity of the
display 7 (Fig. 1), for blending a fragrance from the fragrance blending data and
generating a desired aroma. At first, the above-described “a converter for converting the
browsed and imported aroma data (the digital data) into fragrance blending data for
generating an aroma similar to the aroma of a field site” will be described below. The
converter may convert a pattern of the detection value of each aroma sensor into a pattern
of the output value of each fragrance. More specifically, with respect to each of various
kinds of aromas, when the user allows the aroma sensor to detect the aroma, the value of
the detection value has been searched and recorded in advance. Then, from the data
recording a relation between this aroma and the detection value pattern of the aroma
sensor and the data recording relation between each aroma and a (component) of fragrance,

a pattern of a detection value of each aroma sensor and a pattern of an output value of
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plural kinds of fragrances are recorded being related with each other. The converter may
convert the pattern of the output value of the (component) of the fragrance (this becomes
“the fragrance blending data”). Explanation thereof in more detail is as follows. In the
converter, a sensor fragrance amount conversion table in which a relation between the
detection value of the aroma sensor when each aroma is detected by the aroma sensor and
the output value of each fragrance when this aroma is generated by the aroma generator to
be described later has been recorded in advance. Then, the converter may convert the
detection value for each aroma sensor into the output value for each fragrance with
reference to this sensor fragrance amount conversion table on the basis of the detection
value data of the aroma sensor.

[0024]

Next, the “aroma generator for generating a desired aroma by blending a
fragrance from the fragrance blending data” will be described below. Preparing plural
kinds of fragrances in advance, on the basis of the “fragrance blending data” (the
above-described fragrance output pattern data, namely, the data indicating how much the
aroma component is generated from each fragrance), the aroma generator may generate
required kinds of aroma components (the component from the fragrance) by a required
amount. As a configuration of the aroma generator, a stationary type for spreading the
aroma in the entire space in a certain space and an individual portable type for allowing a
person who wears the aroma generator near a user’s nose or in a user’s nose only to sense
the aroma are considered. For example, as the stationary type, the followings are
considered. In other words, aligning containers in which fragrances are contained on a
bottom of a box and attaching a cover which can arbitrarily adjust an area where a
fragrance contacts air to each container, an air blower is installed on the rear side of the
box if needed. Then, in accordance with the data of the above-described “fragrance
output pattern”, a degree of opening and closing of the cover of the container of each
corresponding fragrance is adjusted. In addition, with respect to the portable type, the
basic configuration may be the same as that of the stationary type, however, downsizing
the basic configuration of the stationary type, the portable type can be attached in the
vicinity of a nose of the user by a head supporter such as a headpiece type, a head set type,
an eyeglass type, and a mask type or the like. Further, according to this third

embodiment, the side of the personal computer 1 is provided with the above-described
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“converter for converting the coded aroma data which is browsed and imported into the
fragrance blending data for generating the aroma similar to the aroma of the field site”,
however, the present invention is not limited to this. For example, the converter may be
disposed on the spot where the video camera 12 and the microphone 13 on the field site
are installed and the apparatus may be disposed in the computer (server) for a relay service
11 on the computer network. In addition, the art of “having data, recording, establishing
a communication, and reproducing of an aroma” that has been described according o the
above-described third embodiment is a prior art disclosed, for example, in Japanese
Patent-Application Laid-Open No. 7-55742 or the like.

[0025]

Forth Embodiment:

Figure 5 is a block diagram showing a fourth embodiment of the present
invention. In Fig. 5, a reference numeral 21 denotes a liquid crystal display (LCD). In
addition, in Fig. 5, a reference numeral 22 denotes a Grobal Positioning System (GPS)
receiver that has been conventionally put on the market, which measures a delay time of
an electric wave from an artificial earth satellite and obtains the present position of the
user depending on a distance from an orbit. This GPS receiver 22 may include a GPS
receiving antenna for receiving a GPS electric wave to be transmitted from the artificial
earth satellite and a position identifying unit (configured by a CPU) for identifying the
present position from this GPS electric wave as latitude data and longitudinal data. The
GPS antenna may receive an electric wave from the GPS satellite, for example, 1.5 GHz
and may transmit the signal thereof to the position identifying unit. The position
identifying unit may receive electric waves of four or more satellites which can receive the
electric wave among the GPS satellites in operation, obtain the present position at a
receiving point and calculate the latitude data and the longitude data on the basis of a
distance between each satellite and the receiving point which is calculated from the known
position of the satellite and the received electric wave. Further, the detailed constitution
and the using method of the above-described GPS receiver 2 has been conventionally
publicly-known (for example, refer to JP-A-5-45171, JP-A-7-30654, and JP-A-8-94735 or
the like), so that the detailed description is herein omitted. In addition, in Fig. 5, a
reference numeral 26 denotes a progress direction input unit for measuring the progress

direction (East, West, South, and North or the like) when the user is traveling on foot, by a
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vehicle, and by a railroad or the like, using an earth magnetism or the like and obtaining
the progress direction. According to this forth embodiment, “the present position
specifying means” of the user according to the present invention is configured by the GPS
receiver 22 and the progress direction input unit 26. In addition, in Fig. 5, a reference
numeral 23 denotes a control unit for receiving the coordinate data (the latitude data and
the longitude data) as the present position information from the GPS receiver 22 and the
data in the progress direction from the progress direction input unit 26, selecting the
corresponding satellite image, and displaying it on the LCD 21.  This control unit is
configured by a personal computer or the like.

[0026]

In addition, in Fig. 5, a reference numeral 24 denotes a server (computer) for a
map database that is connected to the control unit 23 via a public circuit network for a
computer communication 20 such as Internet. This server (computer) for a map database
24 may record, for example, a map of all over Japan as a data base while relating it to the
position identification data such as coordinate data (the latitude data and the longitude
data), a name of a place, a name of a facility, and identification data of the facility (a
telephone number of the facility) or the like. This server for a map database 24 is
connected to the control unit 23 via the public circuit network 20 on line. Further, it is
desirable that this public circuit network 20 may include not only a wire communication
network but also a wireless communication network such as a portable telephone network,
a personal handy phone system (PHS) network, an automobile telephone network and an
artificial earth satellite communication network or the like.

[0027]

In addition, in Fig. 5, a reference numeral 25 denotes an interactive graphics input
unit that is connected to the public circuit network for a computer communication 20 such
as Internet and this interactive graphics input unit 20 is configured by a plurality of digital
video cameras disposed on each live spot for inputting the interactive graphics in plural
directions on each live spot (the interactive graphics seen in plural directions from
respective live spot), respectively, on a steady basis, and a computer for providing an
interactive graphics for providing the digital image data from these digital video cameras
to a plurality of users who are accessing on line via a computer communication network

such as Internet. This computer for providing an interactive graphics may record the
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interactive graphics at respective spots as a data base as being related to the position
identification data such as the coordinate data (the latitude data and the longitudinal data),
a name of a place, a name of a facility, and the identification data of the facility (a
telephone number of the facility or the like) and the directional data such as East, West,
South, and North or the like. This computer for providing an interactive graphics is
connected to the control unit 3 by the communication network 20 on line. Further, it is
desired that this communication network 20 may include not only a wire communication
network but also a wireless communication network such as a portable telephone network,
a personal handy phone system (PHS) network, an automobile telephone network and an
artificial earth satellite communication network or the like.

[0028]

The control unit 23 may access to the server for a map database 24 based on an
instruction by means of an input apparatus such as the key board 26 or the mouse 27 and
the like by the user and may import the data of a map on a predetermined area including a
spot (a spot indicated by the input apparatus) desired by the user so as to display this data
on the LCD 21. In addition, when the user indicates an arbitrary spot of the displayed
map by means of the mouse 27 and directs a display of the interactive graphics of a
predetermined area including this spot, the control unit 23 may access to the interactive
graphics identification database 25 including the computer for providing an interactive
graphics of respective live spots and may import the data of the interactive graphics of the
corresponding predetermined area on line so as to display this interactive graphics on the
LCD 21 in real time. In addition, when the user desires the display of the corresponding
interactive graphics or the map including this live spot by inputting the name of the place,
the name of the facility, and the identification data of the facility that the user desires to
display, the control unit 23 may access to the interactive graphics identification database
25 or the server for a map database 24 and may import the corresponding interactive
graphics and the corresponding map on line so as to display them on the LCD 21. In
addition, when the user instructs to display an interactive graphics on the live spot in a
direction toward a progress direction from the present point where the user himself or
herself is located and located nearest and which is seen in its progress direction, the
control unit 23 may receive the user’s present position and the progress direction as the

coordinate data (the latitude data and the longitudinal data) from the GPS receiver 22 and
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the progress direction input unit 26 and the directional date. Then, on the basis of this
coordinate data and this directional data, the control unit 23 may access to the interactive
graphics identification database 25 of the corresponding respective interactive graphics
and may be provided with the corresponding interactive graphics on line so as to display it
on the LCD 21. Further, in this case, as a method whereby the control unit 23 receives
the corresponding interactive graphics from the image input apparatus 25, various
methods may be available, for example, a method for directly accessing to each of the
image input apparatuses 25 of respective places by a browsing software for a conventional
Internet and a method for demanding the image input apparatus 25 to transmit the
corresponding interactive graphics data as a file attached to an electronic mail and
receiving the transmission or the like.

[0029]

In addition, according to this fourth embodiment, in the case that a certain
interactive graphics is displayed on the LCD 21, when the user orders to make a
predetermined marking only a certain portion in the displayed interactive graphics, for
example, only a specific building, a specific bridge, and a specific road, so that this
portion can be easily distinguished from other portions, the control unit 23 may include a
means (a program) which can mark that portion so as to be highlighted from other portions.
As marking in this case, various methods, for example, a method for dying the portion by
a different color and coloring it, a method for hatching only this portion, and a method for
displaying that portion by a solid line that is thicker than other portion or the like are
available.

[0030]
Fifth Embodiment:

Next, Figure 6 is a block diagram showing a fifth embodiment of the present
invention. In Fig. 6, since reference numerals 21, 22, 23, 26, and 27 are the same as
those in Fig. 4, the explanations thereof are herein omitted. In Fig. 6, a reference
numeral 34 denotes a CD-ROM player (a reproducer) that is connected to the control
apparatus 23, and a reference numeral 35 denotes a CD-ROM to be read by the CD-ROM
player 34. In the CD-ROM 35, for example, the map database having the map of the
entire Japan recorded in connection with the position identification data such as coordinate

data (the latitude data and the longitude data), a name of a place, a name of a facility, and
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facility identification data or the like is recorded. In addition, in Fig. 6, a reference
numeral 31 denotes an image input apparatus that is connected to the computer
communication network 30 such as Internet and the image input apparatus 31 is the same
as the image input apparatus 25. The control unit 3 is capable of reading a map of a
predetermined area including a position that is desired by the user and displaying it on the
LCD 1 by reading the CD-ROM 15 by means of the CD-ROM player 14. In addition,
the control unit 3 can import an interactive graphics in a predetermined direction that is
desired by the user from a live spot that is desired by the user and can display it on the
LCD 21 by accessing an image input apparatus 31 via the computer communication
network 30. In addition, when the user commands to “display an interactive graphics on
the live spot in a dircction toward a progress direction from the present point where the
user himself or herself is located and located nearest and which is shot from that spot
toward a progress direction of the user himself or herself”, the control unit 23 may receive
the user’s present position as the coordinate data (the latitude data and the longitudinal
data) from the GPS receiver 22 and may receive the data in the progress direction of the
user from the progress direction input unit 26. Then, on the basis of this coordinate data
and the progress directional data, by accessing the image input apparatus 31, the control
unit 23 may read the data of the interactive graphics at a live spot near the corresponding
coordinate data and in a direction near the progress direction of the user on line so as to
display this interactive graphics on the LCD 21 in real time.
[0031]
[Advantage of the Invention]
€)) According to the interactive graphics delivery system of the present invention, the
user can see the status of the spot at the present time in an interactive graphics, for
example, only by designating the desired spot by means of a pointing device (for
example, by clicking with a mouse) while watching a map. In addition, the user
can display the interactive graphics corresponding to the desired spot continuously
by means of the computer without designation by the pointing device each time if
the spot identification data of plural spots of which interactive graphics the user
desires to display are set to be inputted in series by a computer program.
Therefore, here, the user can also experience “a virtual trip” to obtain the same

impression as that when the user visits there although he or she does not actually
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visit there while watching the map. In addition, for example, the user can
compete with others on “a hunt for treasure” game in the world of the computer
communication network in the world at the same time. The content of this game
is that the users across the globe are searching one treasure while watching the
interactive graphics of each spot in the world from the map of the entire world.

In addition, by combining the conventional GPS receiver with the invention of
Claim 1, the following effects can be obtained. Namely, if the user commands to
read out the map of a predetermined area including the present position from the
map database on the basis of the present position obtained from the GPS receiver
(the coordinate data of the latitude data and the longitude data), display it, and
import the interactive graphics of that spot on line by clicking the present position
(the coordinate data) indicated on that displayed map or the spot near it, it can be
checked if the present position obtained from the GPS receiver is correct or not
with no measurement error.  In other words, if the displayed interactive graphics
coincides with that seen from the present position of the user in fact, it is possible
to determine that the present position from the GPS receiver is correct
(conventionally, it has been difficult for the user to check if the present position
obtained from the GPS receiver is correct or not by himself of herself).

@ Further, according to the interactive graphics delivery system of the present
invention, the user can display the spot on the corresponding map from the
identification data of the interactive graphics while seeing the interactive graphics
on a certain spot, so that the user can easily know where the place where the user
can see the interactive graphics is located (the name of a place or a facility and the
like).

3) Further, according to the interactive graphics delivery system of the present
invention, the user can see the interactive graphics of one or plural spots
corresponding to that retrieving data in real time on that place by inputting the
retrieving data composed of a character string.  Particularly, it is possible to offer
“a virtual travel” which allows the user to see the actual scene at this moment on
remote plural positions in series in real time.

@) According to the present invention, if the interactive graphics identification data

for specifying each interactive graphics is composed of the position data indicating
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the position of each live spot where the image input means is installed and the
directional data indicating the direction in which that image input means shots the
image, it becomes possible to offer a different interactive graphics depending on a
direction in which the user sees even from the same spot. Then, it is possible to
offer the interactive graphics which can reproduce a “live actual scene” in more
detail and in real time.

%) In addition, according to the present invention, obtaining the present position of
the user by means of a present position specifying means such as the GPS receiver,
the interactive graphics of the live spot corresponding to this obtained present
position is imported to be displayed. Accordingly, the user can use the GPS
receiver, for example, in the following manner. Namely, when he or she is
moving by a car, obtaining the present position by means of the GPS receiver, the
user can see the spot on the map corresponding to that present position on the map
of a screen (the system for this has been put into practical use as a map routing and
drive guiding system to a destination for a car). In addition, at the same time, the
user obtains the present position information from the GPS receiver and accesses
to the corresponding image input means via the communication network. Then,
the user imports the interactive graphics corresponding to the present position on
line and displays it on the screen. Thereby, the user checks if the present position
displayed on the map (many systems for displaying the present position of the user
to be measured by the GPS receiver using an arrow on the map of the screen has
been already put on the market) coincides with the interactive graphics or not
while watching the map having the route to the destination listed thereon. Then,
if the present position displayed on the map coincides with the interactive graphics,
it is possible to check if the present position obtained from the GPS receiver is
correct without a measurement error.  If they do not coincide with each other, the
user can see that the present position obtained from the GPS receiver is wrong.
Further, without depending on the invention set forth in Claim 5 described here, by
combining the conventional GPS receiver with the invention set forth in Claim 1, it
is also possible to obtain the same effect as Claim 5 (as described above). In
other words, the user himself or herself can check if the present position obtained

from the GPS receiver is correct or not if the user reads out the map of a
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predetermined area including the present position from the map database on the
basis of the present position obtained from the GPS receiver, display it, and by
clicking the spot near the present position indicated on that displayed map, imports
the interactive graphics of one or plural spots near the spot clicked by the mouse
on line.

6) In addition, according to the present invention, the image input means picks up the
image seen toward plural directions from respective live spots. The live spot
identification data for identifying respective live spots from each other is
composed of the position data indicating the position of each live spot where the
image input means is installed and the directional data indicating the direction in
which that image input means shots the image. The present position specifying
means includes the means for specifying the present position of the user and the
means for specifying the progress direction of the user. The live spot
identification data selecting means may indicate the live spot near (nearest) the
present position of the user on the basis of the present position of the user that is
specified by the present position specifying means (the coordinate data and the like,
with latitude data and the longitude data) and the progress direction of the user
(East, West, South, and North or the like) and may select the live spot
identification data in a direction near (nearest) the progress direction of the user.
Therefore, the user traveling by a car or the like can see the interactive graphics
corresponding to the present position obtained from the GPS receiver at the same
time while seeing the present position of the user himself or herself on the map
displayed on the screen (the present position of the user himself or herself obtained
from the GPS receiver is displayed by an arrow).  Therefore, the user can check if
the present position on the map measured by the GPS is actually correct or not by
checking the spot on the map with the interactive graphics.

W) In addition, according to the present invention, by providing a marking means for
marking so as to distinguish the portion designated by the user in the interactive
graphics displayed by the display means from other portion, only a certain portion
(for example, specific building, bridge, road, river, and park or the like) in the
interactive graphics (it may be a moving image or a still image), so that it is

possible to process the interactive graphics into a formation that is easily seen
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depending on the user’s object.

(8) In addition, according to the present invention, by including the means for
inputting a voice generated on that spot into the image input means in real time,
this inputted voice is imported with a wire or without a wire in real time (including
the case of browsing it by a browser for Internet and the case of transmitting it by
the communication network or the like). Thereby, the user can know not only the
interactive graphics (a live image of the actual scene, a moving image or a still
image) but also “a live voice of the actual scene”.

%) In addition, according to the present invention, further, by including an aroma
input means for inputting aroma of the spot where the image input means is
installed or its surrounding aroma, which is configured by an aroma sensor and a
means for converting a signal from this aroma sensor into aroma digital data; a
means for converting the aroma data from this aroma input means into fragrance
blending data for generating an aroma similar to that aroma; and an aroma
generating means for generating a desired aroma by blending a fragrance from the
fragrance blending data, the user can sense not only the interactive graphics and an
real voice but also can sense an actual aroma of the actual scene in real time in a
remote place.

[Brief Description of the Drawing(s)]

[FIG. 1]

FIG. 1 is a view showing a configuration of hardware of a first embodiment or a
second embodiment according to the present invention.

[FIG. 2]

FIG. 2 is a view showing a conceptual configuration of the first embodiment or
the second embodiment according to the present invention.

[FIG. 3]

FIG 3 is a view showing the constitution of a display of the first embodiment
according to the present invention.

[FIG. 4]

FIG 4 is a view showing an example of a map that is displayed on a display
according to the first embodiment in the present invention.

[FIG. 5]
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FIG. 5 is a block diagram showing a fourth embodiment according to the present

invention.

[FIG. 6]

FIG. 6 is a block diagram showing a fifth embodiment according to the present

invention.

[Description of the Reference Numerals and Signs]

1: personal computer (PC)

[N

~N O AW

: control apparatus

: hard disk apparatus
: CD-ROM

: CD-ROM drive §

: key board

: display

7a:
7b:

upper half part of display
lower half part of display

8: speaker

10:
11:
12,
13,
21:
22:
23:
24:
25:
26:
27:
30:
31:
34:
35:

public circuit

computer for relay service

12a, 12b: video camera

13a, 13b: microphone

LCD

GPS receiver

control unit

server for map database (computer)
image input apparatus

key board

mouse

computer communication network
image input apparatus

CD-ROM player

CD-ROM
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FIG 6
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