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IMAG): PROCESSING APPARATUS AND METHOD

Juventor: Patrick 1’irim

5
BACKGROUND OF Ti)Y; INVENTION
1. Iicld of the Invention
10 The present invention relates generally (o an image proccssing apparatus, and
‘ ‘ morc particularly to & methad and apparatus for identifying and localizing an arca in

relative movement in a scenc and determining the speed and oriented dircetion of the area

in rcal time.

15 2. Description of the Related Arl
The human or animal eye is the best known system for identifying and
localizing an object in relative movement, and for determining its spe a).ul dircction of
movement. Varions ¢fforis have been made Lo mimic the function of the ¢yc. One type of
' dovice for this purpose is referred 10 as an artificial reting, which is shown, for cxample,
20 in Giocomo Indiveri ef. el, Proccedings of MicroNeuro, 1996, pp. 15-22 (analog artificial
retina), and Pierre-Frangois Riedii, Proccedings of MicroNcuro, 1996, pp. 23-29, (digital

arificial retina which identifics the cdges of an object), However, very fast and high

@

capacity memorics arc sequired for these devices to operate in real time, and only Jimited

information is oblained about the moving arcas or objects obscrved Other cxamples of _
2% artificial retinas and similar devices are shown in U 8. Patent Nos. 5,094,495 “and
5,712,729,
Another proposcd method for detecting, objects in an image is (o slorc a frame
from a video camecra or other observation scnsor in a first two-dimensional memory. The
frame is composcd of a scquence of pixels representative of the scenc obscrved by the
30 cemera at timc t,. The video signal for the next frame, which represents the scene at time
1,, is stored in a sccond two-dimensional memory. If an object has moved between times ¢,
and ¢,, the distance d by which the objeet, as represented by ils pixels, has moved in the

scene between 1, and 4, is determined. The displacement speed is then equal to d/7, where

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

NG Y o BRSO HeRk R

5
10
1§
20
o
25
30

ke R

S e & BT - D T e R o o

T =1, - 1, This type of system requires a very Jarpe memory capacity if it is used io obtain
preeisc specd and oriented dircction. Information for the movement of the obicet. ‘There is
also a dclay in obtaining, the speed and displacement direction information comesponding
to t, 1 R, where R is the time necessary for the calenlations for the period o, - 1, svstem.
These two disadvantages limit applications of this type of systcm.

Another type of prior image processing system is shown in French Patent No.

2,611,003, of which the inventor hercof is also an inventor. This patent 1¢ues 10 a

‘method and apparatus for real time processing of a sequenced data flow from the oviput

of a camera in order to perform data compression. A hisiogram of signal levels fons the
cumera is formed using & first sequence classification law., A repicsentative Gaussian
funciion associated with the histogram ,is stored, and the maximum and minimum ievals
are exfracted. The signal Jevels of the next sequence are comparcd with the signal jo.cls
for the first sequence using a fixed time constant identica) for cach pixcl. 4 zinary
classification signal is gencrated (hat characterizes the nex( sequence with reference . the
classification law An auxiliary signal is gencrated from the binary sipial e s
represcntative of the duration and position of a range of significant vudues Finsir. the
auxiliary signal is used to gencrate a signal localizing the range with the Jongest iz on,
called the dominant range. These operations are repeated for subseguent sequences - he
sequenced signal.

This prior process cnables data compression, kecping oniy inici.:ing

parameters in the processed flow of scquenced data. In particular, the process 5. capuble

__of processing & digital vidco signal in order 10 oxtract and lovuliz¢ m ko one

characteristic of at Icast onc arca in the image. It is thus possible 10 classify, for cxanipie,
brightness and/or chrominance fevels of the signal and 10 characterize and Jocalkzc an
object in the image.

U.S. Patent No. 5,488,430 delccts and cstimates a displacement by separarely

determining horizontal and vertical changes of the obscrved arca. Difference signal: are

used 1o detect movemcnts from 1ight to 1eft or from Iefl to right, or fromi top 16 bottunr or
bottom fo top, in the horizontal and vertica) divections respectively. This is aceenyished
by carrying out an EXCLUSIVI? OR function un horizontal/vertical difference signals and
on frame difference signals, and by using 2 ratio of the sums of the horizontal/veriical
signals and the sums of frame difference signuls with respeet 10 v K x 3 window.

Calcuiated values of the inmage along orthogonal horizondal and vertical dircctions are
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uscd with an identical repetitive differcnce K in the orthogona) dircctions, this difference
K being defined as a function of the displacement speeds (hat arc (o be determined. The
device deteninines the direction of movement along cach of the (wo orthagona! dircetions
by applying a sct of calculation opcrations to the difference signals, which requires very
complex computations. Additional complex computations arc also necessary 1o obtnin the
speed and oriented direction of displacement (extraction of & square root to oblain the
amplitude of the specd, and calculation of the srctan function 1o obtain the oriented
direction), starting from projcctions on the horizontal and veriical axcs. This deviee also
docs not smooth the pixcl values using a time constant, cspecially a time constant that is
variable for cach pixel, in order to compensate for excessively fast variations in (he pixcl
valucs. »

Finally, Albcrio Tomita Sales Represcanative. and Rokuve Ishii, "13and Shapc
Lxtraction from 2 Scquence of Dipitized Gray-Scale Jmages," Institute of Electrica! and
Eleetronics Engincers, Vol. 3, 1994, pp. 1925-1930, deteets movement by subiracting
between successive iimages, and forming hislograms bascd wpon the shape of a human
hand in order to cxtract the shape of a human hand in a digitized scenc. The histogram
analysis s based upon a gray scalc inherent to the human hand. 3t docs not include any
mcans of forming histograms in the planc coordinates . The solc purpose of the method is
1o detect the displaccment of a human hand, for cxample, in order to replace the normal
computer mousc by a hand, the movements of which arc identified 1o control a computer.

It would be desirable to have sn image processing system which has a
relutively simple stracture and requires a relatively small memory cnpacity, and by which
information on the movement of objeets within an image can be obtained in real-time. 1t
would also be desirablc 1o have a meiliod and apparaws for detecling movements that are
not limited 1o the hand, bul to an); object (in the widest scnsc of the temm) in a sccnc; and
which docs not usc histograms bascd on the gray valucs of a hand, bul rather the
histograms of diffcrent variablcs representative of the displacement mnd histograms of
planc coordinates. Such a systcm would be applicable to many types of applications

requiring the detection of moving, and npn-moving objects.
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SUMMARY O)° F1L INVENTION

The present invention is a process for identifying relative moveniem of an

object in an input signal, the input signal having a succession of frames, cach {frame

o

having a succession of pixcls. Ior cach pixel of the input signal, the input signal is

smoothed using a time constant for the pixcl in ordes to generate a smoothicd inpul signal.

Jor cach pixe] in the smoothed input signal, a binary value corresponding to the existence

of a significant varigiion in the amplitude of the pixc) between the curren! frame and the

immediarcly previows smoothed input frame, and the amplitude of the vatiation, are
10 determined.

’ Using the cxistence of & significent variation for & given pixcl, <he iime
consian{ for the pixel, which is to be uscd in smoothing subsequent frames of ¢ input
signal, is modificd. The timc constant is preferably in the form 2", and is inevcased or
decreascd by incrementing or deerementing p. Yor cach particular pixe) of e uput

15 signal, two matrices arc then formed: & first mawix comprising the binary viuc: of a
subsct of the pixels of the framc spatially rclated to the parlicular pixel; and & 3. -ond
matrix comprising the amplitude of the variation of the subset of the pixels v 1. {-ame
spavially rclated to the particular pixcl, Jn the first mauix, it is determingd wiii+ the
particular pixel and the pixcls along an oriented direction relative to the particu - »ixel

20 bavo binary values of & particular valuc representing significant variation, and 7. such
pixels, it is determined in the second matrix whether the amplitude of the pixels &iany the

.\ oricnicd dircction relative to the particular pixel varics in a known mannc: insicating

e movement in the oriented dircction of the particular pixel and the pixels along the
oriented direction relative to the particular pixcl. The amplitude of the variation o the

257 7pixcls along the oricnted direetion determines thevelocity of movement of the particular
pixel and the pixels along the oriented dircction relative to the particular pixcl.

In cach of onc or moic domains, a histogram of the values distributed in the
first and second matrices falling in cach such domain is formed, For a particulr domain,
an arca of significant variation is dotermined from the histogram for that domain,

30 llistograms of the arca of significant variation along coordinaie axes arc then formed.

Yrom these histograms, it is detcrmined whether there is an area in movement for the

particular domain. The domams are preferably sclected from the group consisting of 1)

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

RCV. VONTEPA MUENCHEN 04 125- 4-98 ¢ 16 H0 33 1 48713456~ +4U 8Y 239944654 O

10

20

PUI/EPOR DR

n
U N
S

luminance, ii) speed (V), iii) oriented direction (131), iv) time constant (CO), v) huc, vi)
saturation, und vii) first axis (x(m}), and viii) sccond axis (y(m)).

In one embodiment, the first and sccond matrices are square matrices, with the
same odd number of rows and colunns, centered on the particular pixcl. In this
cmbodiment, the steps of determining in (he first matrix whether the particular pixel and
the pixcls along an oricnted direction relative fo the particular pixel have binary vatucs of
n particular value representing significant variation, and the stop of determining in the
sccond matrix whether the amplitude signal varics in s predetermined criteria along an
oriented dircetion relative to the particular pixel, comprise applying nested n x n matrices,
where n is odd, centercd on the particolar pixel to the pixcls within cach of the first and
sccond matrices, The process then includes the further step of detenmining the smallest
nested matrix in which the amplitude signal varics along an oricnted direction around the
particular pixel.

In an alternative ecmbodiment, the first and sccond matrices are hexugonal
matrices centered on the particular pixel. In this cmbodiment, the sieps of determining in
the first matrix whether the particular pixel and the pixcls along an oriented dircetion
relative 1o the paticular pixel have binary valucs of a particular valﬁc representing
significant variation, and the step of determining in the sccond matrix whether the
amplitude signal varies in a predetermined criteria along an oriented dircction relative to
the particular pixel, comprisc applying nested hexagonal matrices of varying size centered
on the particular pixc! to the pixcls within cach of the first and sccond matrices. The
proccss then further includes deiermining (he smallest nested matrix in which the
amplitude signal varics along, an oricnted dircction around the particular pixcl.

In a still further cmbodiment of the invention, the first and second malrices |

30

arc inveried )~shaped matrices with a single row and a single column. In this
cmbodiment, the steps of deterimining in the first matvix whether the particular pixcl and
the pixcls along an oriented direction relative to the particular pixel have binary values of
a particular valuc representing significant variation, and the step of determining in the
sccond matrix whether the amplitude sigoal varics in & predetermined criteria along an
oricnicd dircction relative fo the parlicular pixcl, comprise applying nested n x n matrices,
where 1 is odd, 1o the single Jine and the single column 1o determing (he smallest matyix

in which the amplitude varles on & line with the: steepest slope sand constant quantification.
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