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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicants:
DAVID A. MONROE, ET AL

Filed: January 3, 2003 Art Unit: 2625

Serial No.: 10/336,470 Examiner: Houshang Safaipour

For: APPARATUS FOR
CAPTURING, CONVERTING
AND TRANSMITTING A
VISUAL IMAGE SIGNAL VIA
A DIGITAL TRANSMISSION
SYSTEM

Docket No.: 07-0197

won KR YR LN LR LN LR LR LR LR LR O LR LR

PETITION FOR EXTENSION OF TIME
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:

In response to the Office Action mailed March 8, 2007, Applicants respectfully
request an Extension of Time to file this response within the third (3rd) month from the
original due date (which was June 8, 2007). A Credit Card Payment is submitted
herewith for payment of the first month extension fee ($1020.00) under 37 CFR
1.17(a)(1) for a non-small entity. Applicants hereby authorize the Commissioner to
charge any additional fees or any underpayment of any fees, or to credit any
overpayment, to Moore Landrey LLP Deposit Account No. 50-4128. In view of this

Petition, Applicants respectfully submit for consideration the accompanying, timely filed

Response.
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Respectfully submitted,

/jeftrey.d.hunt/
Jeffrey D. Hunt, Reg. 38,189

Date: September 7, 2007

Customer Number 67589
MOORE LANDREY LLP
1609 Shoal Creek, Ste. 100
Austin, Texas 78701
Telephone:  (512) 499-8900
Facsimile: (512) 320-8906
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Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

PATENT APPLICATION FEE DETERMINATION RECORD | Appiication or Docket Number | Filing Date
Substitute for Form PTO-875 10/336,470 01/03/2003 | [ To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY []  ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
[ sasic Fee
|__(37CFR1.16(a) (b) or (c) N/A N/A N/A N/A
[] seArcH FEE
| (37 CFR1.16(k), (), or (m) N/A N/A N/A N/A
[ EXAMINATION FEE
(37 CFR 1.16(0), (p). o () N/A N/A N/A N/A
é?E/;I_R?LQI(I\\;l)S minus 20= | * X$ = ORI Xxs =
INDEPENDENT CLAIMS ) 1. _ -
(37 CFR 1.16(h)) minus 3 = xX$ = xs =
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
/A3|;PC|_;(';A;T1|2N SIZE FEE is $250 ($125 for small entity) for each
( 86D additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
|:| MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
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s 1T?et$: (37 CFR * 15 Minus | = 49 =0 X$ = OR | x $s50= 0
5
z ) 4 Minus | =4 =0 x$ = OR | x s200= 0
<§( D Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
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E D Application Size Fee (37 CFR 1.16(s))
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<€ | ] FIRsT PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16() OR
TOTAL TOTAL
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FEE FEE

Legal Instrument Examiner:

Jacquelyn L. Williams

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Approved for use through 10/31/2007. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Substitute for form 1449/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Under the Paperwork Rgduction Act of 1995, no persons are required to r§pond to a collect_ion of information unless it contains a valid OMB control number.
Complete if Known

Application Number

10/336,470

Filing Date

January 3, 2003

First Named Inventor

David A. Monroe

Art Unit 2625

Examiner Name

Safaipour, Houshang

\_ Sheet |1 [ of 17 Attorney Docket Number [07-0197
U. S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No.! MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code? "% Figures Appear
U$-4,163,283 07-31-1979  [Darby
US-4,179,695 12-18-1979  |Levine, etal
US- 4,179,536 04-08-1980 |Levine
U$-4,516,125 05-07-1989  [schwab, etal
US-4 831,438 05-16-1989  |Bellman Jr. et al
US-4,845,629 07-04-1989  [Murge
US- 4,891,650 01-02-1990  (Sheffer
US- 5,027,104 06-25-1991  |Reid
US- 5,027,114 06-25-1991  [Kawashime, et al
US- 5,166,746 11-24-1992  |Sato, etal
US- 5 218,367 06-08-1993  |Sheffer, et al
US- 5,243,340 09-07-1993  [Norman, etal
US- 5 283,643 02-10-1994  |Fujimoto
Us-5,321,615 06-14-1994  (Frisbie, et al
Us- 5,334,982 08-02-1994  |Owen
US- 5,341,194 09-27-1994  [Rose, etal
US- 5 400,031 03-21-1995  [Fitts
US- 5,408,330 04-18-1995  [Squicciarini, et al
US- 5 448,243 09-05-1995  |Bethke, etal
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
Initials* No." Date Applicant of Cited Document Where Relevant Passages
. e s MM-DD-YYYY Or Relevant Figures Appear Tt
Country Code® "Number* “Kind Code® (if known) ||
JP9-251599 04-16-1999 |Mastake, et al ]
JP11-160424 06-18-1999 |Tenpei
JP6-301898 10-28-1994 [Hoover
JP9-282600 10-31-1997 |Hasegawa, et al
EP209,397 07-07-1993 |Murga, et al
EP220,752 05-06-1987 |Julin, et al.
Examiner Date
Signature Considered

"EXAMINER: Inftial If reference considered, whether or not citation is in conformance Wwith MPEP 609, Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. ' Applicant's unique citation designation number (optional). *See Kinds Codes of

USPTO Patent Documents at wii to.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. °Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ®Applicant is to place a check mark here if English language

Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,

including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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US- 6,009,356 12-28-1999  |Monroe

US- 6,246,320 06-12-2001  [Monroe

US- 6,356,625 03-12-2002 |Casteiani
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US- 5,553,609 09-10-1996  [Chen, etal

Us-6,067,571 05-23-2000  |lgarashi, et al
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US- 6,476,858 11-05-2002 |Ramirez Diaz, etal

US- 6,522,352 02-18-2003 [Liao, etal

US- 6,556,241 04-29-2003 [Yoshimura, et al

US- 6,675,386 01-06-2004  [Hendricks, et al

UsS-6,720.990 04-13-2004  [Walker, etal
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(57)Abstract:

PROBLEM TO BE SOLVED: To automaticaily extracta « o
downstream area and an upstream area of a sewage

mapping system by holding a node data group,
specifying a starting point, and extracting a downstream
side node up to reaching a terminal facility by starting
from a node.

SOLUTION: When the passage number reduces in the
downstream direction, data of a node searching file of an
object mesh is developed in a work file, and the content
is displayed on a display. A starting point 41 is picked by
imparting a click by a mouse or coordinate data, and the
vicinity of a node 45 is designated as the starting point
41. Next, a first node 45a in the vicinity of the stating
point 41 is extracted, and a downstream side node 45b
is extracted. Next, the fact that the node 45b is a terminal facility 47 is confirmed, and the
whole nodes 45 extracted up to the terminal facility 47 from the starting point 41 are
emphatically displayed on the display by changing a color. Therefore, in a sewage mapping
system, a downstream area and an upstream area when a certain place is used as the
starting point 41, can be automatically extracted.
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(54) AIRPORT GROUND SURFACE MONITOR DEVICE
(57)Abstract: 5@1{
PROBLEM TO BE SOLVED: To provide an airport addls
ground surface monitor device which can reduce control R
operations by an air-traffic controllers and increase
safety in an airport ground surface, by recognizing
positions and identification numbers of all airplanes and
vehicles moving on the airport ground surface in a
congested state and automatically sending a collision
alarm to objects which may possibly collide.

SOLUTION: The flight names, vehicie numbers, moving
directions, and positions of all the airplanes and vehicles
on the airport ground surface are recognized by using
image data of video cameras 41 installed at different
places on the airport and character recognition by image
processing and displayed while correlated with an airport
ground surface detection radar. Further, this device is equipped with a collision alarm
transmission device 60 which automatically sends a collision alarm to the airport ground

surface and an airplane/ vehicle-mounted collision alarm reception device 62 which receives
the information and generates an alarm.
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LCHBMCERIN A - LAAERICARD, BEi7a—
FIE, TN RADERITY A T T —TIIRE
SRAWT EREIET R, £, =— FAFEAK (L
25—) THYBELHELTWAIELREESNDB, L
—w:§6<¢7917b%ﬁ&fﬂﬁ?°?7*iﬂ
. BEERERER (AP T 4 - a— R BERLT
Lijmztﬁu\o F7V=y MERBE T a7 IT

I, BER. BER. AEBRUEUFR, F7V=7
FELTEHETa— FEN0EEEICT 5. Zb

DEFTV =7 b, BYE (TR E=—h) &8,
IRALDT FUEa— I, BEB22RPT7IA B
UA347TDEICEHESIN T D LDEHYD., £
EHRRERMIBOL 2 REELH D,

[0038]) kDT rTIITR, 1O2DFTY
=7 FOT P Ez— FEF—F BBV TERS
., ¥ZA TV FOEBHIINOOT—FHELET
BETAEREL LTREREShE, A7V MERELT
nrZIIvot, EREVTV SR BLIKF—FRE
CEEPS DY, FECEECCREICELS, BEC
FERZIEI, ATV MERE T S 7 I 7L
i, HRAREETT 2/ T LAEEFFLREICE D, bh
bt BERRCHEBOXEE LT - BECER
EELEIOTRARL, BERRUHERIZI OV TEL
%,

[0039] RIRUVE2X, #METHT R E=a2—}
¥EL ATV bOURNTHB, BL.
F1ER2LIFZHOLOTH-T, EENTTOHEL
T TH B, BEBBAREICE - TEEREYEY
FT7 V=T M, BEFMMESATWD, ERALHEE
NITEMBHTAITY AR, FulTARFEE (P
DL) TE3IRUVEAITRENTWS, BL, ZI T,
£3LFLLIFIEKDLDOTH-T, BEEWICEIVEEL
EEGTHB, EUTRE, BARERUERESER
FFADY AN, FRAVE2—F - VRATFAL2R
BEv¥mesrsayoyHa40mAEE2ER LTS
BURTLELTERSNBDOTIEH DN, 1207 R
ZZ AR ONTREINTN S,

[0040])

[#&1]

= >
—— s
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# 1

ATV b THYEa—-t B H

Ty o 1 U FDXRUY B
ok R|TA7 Y v SERDBHFREN
Unique_address B /Y RUEDEFORy M TFL X
Lamp_intensity 0. 5%DRF»7T0%~100%
Strobe_status TYIRESAT
Strobe_delay BEESHS
Sensor_status B /IRl

Sensor_type FAM, L—¥., LH. TOM
\Es £33 22R, 27, 33L. etec.

vz -4 VORBADXEVY ZER

B 74— MBS

L 74— hE{

K& trsoxs

ko . Mot_active, active_takeoff, active_landing
alarn

Tt YHEEBRITR LTS B Y FOYRE

RGN oY A b

EH HEH LOEFDY X b

(&2]
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ATVz20F ZEUE2—}

& 2
% 3

FHz EH
tr@
Bz
&

R

& V)
fold Lacations
g AN

4

fivdi-

frs:
LAl
L
TN

prac

L3

Tail-number
Bapty weight
Freight_weight
Fuel weight
Top_speed
V1_speed

V2 _speed

mE

s

MV=8FXXiET U -
[%£3]

BRBOLK
FRBOMEO XRTY BR
74— MRS

74— MEE
thonEX

RTIF4 T TIT4T. TI— 4
BADY X |
RHELBOY R
BRERLOERmD) X b
RADZH
2EXDEUI-F4 VDOREX
E/SRE
BARAZEAEYFDY R b
LFA4Fy F
727-200
N32742Z

9.5 hv

2.3+

3.2bv

5 9 8mph

10 Omph

1 4 Qnph

0.23¢s

0.34¢s
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[&4]

andif

{ forever)

(edge light shows a detection)

if (adjacent light alsc shows a detection gsnsor fusion)

f

!
l

/* CONFIRMED DETECTION */

if (previous block showad a detection)

|
I

/* ACCRPT HANDOFF */

Update alrcraf: position and speed

else

I
!
I
|

alae

I
|
!
!

andif

if (Adjacerct light is OK)

l

/* MAY BE AN ANIMAL OR SERVICE TRUCK */

Alert cperator to posgible incursion

/* MAY BE AN AIRCRAFT ENTERING THE SYSTEM */

Start a new track

Request gtatus from adjacent light

/* NON CONFIRMED DETECTION */

else

i

Plag adjacent Light for repair

endif

_13,
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| is
b if
I

alse
I
[ T

alse

b
o
| | endif
|

endlif

|  Plot future pasition
|

o

| endif

| Update display

BU™ 1 R0E 2 st R0 T 7 4 v s
DOEEE, BE, 74 r2BERCEFIER LICEEXE
DOEREPFNAEHREZEET I XL -2ThEN S,
IOEEFTIER, FUTA400BER, FAL - TRV
7Y 20, AEEEShzvfr7nratyi44

W2, 74 FEEEREI Ay E—URELZLLIZLEST
HEENTND, ZTOAvE—JICL-T, BERE

N, 0. 5=V NDRTF YT TD0O~1003—%&
VINDEBTHFRINDAZ LICR2D, 74 MNEHETFT =
7B 74 b4 6 DERZ. AALTRISE LRV
HITRBESNELND L EREICT A, ZHE, 7
A MCELTAVTFF UV ABERRESTZ, R ba—7
c T4 481, wAruTayH44DT I T A
FEOT T, ERd3A 7V 3 vOREEEEHRT S, —
vV FAL - TRYTV200%A 70T ayH 4
ADFNFNIZ, BT FRLAEEARTHD, I
i, 74—V REDTRTOF o IRFRI LV E2—F
VAT AL 2L THEANCHIETERTHDA ZLEEE
RLTH3B,

[0041] YRFA10M, Pus/FALT, BER

-14-

for (all tracked aircraft)

if (poaition conflict}

= 4

(Edge light loses a detsction AND statua is OK)
{Next block showed a detecticn)

/* PROPER HANDOFF */

if (vehicle speed > = takeoff)

Handoff to departurs control

/* MISSING HANDOFF */

Alert gperatcor to possible incursiocn

/* CHECX FOR POSSIBLE COLLISIONS */

Alert cperator to posaible incursion

64 FicBBENEZ Y - FA - TEYTY20
1on ADR bu—T - 74 F4B8RERTHZLITLS
T, TIOT 4 TRERRTREREL, TT2—F - F
A MNIFEYy b RAbr—T RE—ZEREEDT
LRTETH B, ZDOFAT 4T - RE—fF, R
BEEOEDICEBESNEECA Y LT, MR ERE
L7=#%T, 274320 TE3, RETIFHRIR
S THERICER L TE A1 oy ML, BRI OB
TRVWHET, BERIEIT 774 7 THEIPBRELT
FRORVEEEER DT,

[004 2] BABBHEENAERZEITIE, A1v a3
a—%26, 28BBEROAIZ—T T4 1438
¥ IS5y b AE-UPOBERORRCFEESS
RCRECKET B/ — VLA v FTED, THA
H—2 DAL vFiE, BFETE 2y MO, BN
3 LOTAERTEEL LDOETE LTEREINE
B, A ba—=TDRE—-~DRRORA v Fik, BT
EESCBBIZTURONAT, FEFEEFLETIOC
FicE S,

[0043] #7 3V IIOKEREORIT, BERE
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FER L OHERABKRICEECED, BETIERCES
WEEEV AT ARANSNTED . MEgr KKK
FT7a—FnbLEERICELS, WoRABERICED

L. BRI T VCEETAEDICEOFEREER
FTREPUTLLALLTRRY, Y2F A1 0 TR
ALY - arPa—F26, 283, HFEKF740
. A7 AVIIORESFEOHEOM L CHEHRTHFE
THFERELLTHIET S, FERT 74 00BEITE
BHAETE DT, MEROEFDS L Th, #—3F
AA~FOMEEFHFETIFERL L THRDE Y KBESE
HIENRTESB,

[0044] £/, FEy b XFg—vORENY—F
VRAEREHOEFOFERR b —T 27 AT
B3ZEHTED, AT, BERVERTIRZ V7
F7EINTW A0, ik, FEROELEZ I3
YOADARERLT A2y NCEDOFEE@EIED
MWRREIND, BNV AT AT, bbAADIE.
MEBOEMCH T A METAHIHEENAT, 74—
REDFTRTOEALADT v TIEEEE—FOEER
Bl n,

[0045] ®MOWiE, Y27410 (M1 KUKES5I
RENTWDE) ORHTOT—FORNCET 7y
TEBRENTVND, Y7 72T « EV2—/LHRE
L, Ind, PRI VEL—F - VRAFAL2DIUE
2—%26, 28ADTF—FEABTIOCAHR

%, EHRIBITOIMERRVZOMOEFD BT, =
YE2—H26, 28RREHZREVTRMEY T =T
cEV2—1 0 1 OHBOTICITbNE, ZU#e
VI by =T - FV2—01011F EROELHFS50
PoTFT—FEZTEIPE, Be0ozrH503E=yY
cTAL - TEYTY 20, PKEBESNTWTRE
ENFEBOL_AVEREL, Y7 h7=T c EV2—
1012, ZoOFRERANCES (rule bas
ed) ALHBEERALTERL, EHCBIDZTAT
D ERBORLEREREFR 2 Ea—F « VAT b
120F 4 A7 VA 30 LIZERT S,

[0046] BTAZY X 2T, BEOBRONEEL
ALV BENBRLVSNALERELAEZEVFS0NELD
BECESE, BYERET L. ZOREER, ®IZ. B
1OWEE Lt I bBRERATHESG> TS
B R - TRESNEBRL-NVEF =2y I/ THE
WKLo THREEE LD, ZOFE2OFARV T, KHEN
EREPERTAIDCAVLh., BERENEEEND,
EESHERINDIE. BLORESR Lz BT
2EVYR, TORBEENEALILVOEKICELTE
fEns, BEE FOHD 1 OBRBL A0 EEER
HT2&, EBCEROFENT bVEEDBZEMNT
x5, O utR L, ERAEVILLETAE,
H7CRENDLIBRAT VY L—DFXNTCREINT
TR, BT 5, EROEER, BET5209
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HMOERREOBEEFETIZLICE 2T, BBLE
RETER, ZOFRIL. VAT ADT—F_R—205
DEEVFICONTOFREEREDINT, BEDE
ERHEIND, BROBERSCY x v NEFNBEET,
HRORAGICHDEFiE, TCIRFERLVVIZEE
RN ELYDHB, TOREDEDIZ, TATY XA
Z. BI040 (FEROERIZ2 D) K%
EALTEAOMEBELIET S, EfE. EROEVH
—FAVEDELID4OOREFTI BV OMICHD
b BUBEENRS,

[0047) E@EHRIN%, TOMBETETmLZTES
BEML AN Y —RZ Lo T, FHXNEEHT, BT
fMCE 5, FlE LT, BREOHRER LICRICERET
BMEHO, FTOHOHMBTHD, ERSPREV AT 2%
EDLEBHLET T2, Zhik., 2208850RD 12
LLTEZS, BliZ. EFEREr¥50001°3—F53
U THOHERETH D, ik, EFEERHSS—
TrA BV OFRIICBEIL, Y~ T =A - EUF
BaAVFT MNERSTLHRTHREBRRTAZLICLIR
EEND, BRHEVAT A2 ERE2ORANE. EFSE
VY T L—OFRETRONABEETH D, THiE. M
TTERERTANIIEFPEMCAD R L XICED
3, BEEOYF U I, RENKDNDEMOERDE
BErHETAZLLCE - TRDDBZENTE S, EFEE
EXLA L EGEEEFBLD L, NTHSERELEZDD
EEBZOND, FHTHRGHE. EREESICAYIAA
PhoeEznoh, 77 —508%5,

[0048] HISRUEO TR, HMEFUTFTSU 2L
—F 4 TR, 2V E2—726, 28 ETEHNT
WERET YT T URARERREREY T by =T - Y
2—103IH-T, AP—FRB=2=y F3 INE
T3, cOYT7 =7 - EYV2—A10 3%, EF
wmalN—F, FIUT U RABEN—T 47, 7UT
FURF gl —Fu R BEF=v T
—FVEED,

[004 9] E@BHL—F I AC—FHB=2=v
F3IMBMESHE LT TA MER (RExiE T
F3T7T4F) LEZBITRADCAVLN, T4 R LA
30LDEHEDTT VT 4y 7 BEREDUGMEROT
A aVERLRT,

[0050) ZUT TV RBEL—F VL BHIEDE
EOBRKYHERD. THETRTT AR 304EK
TVTIUVADT T 7 4 v I REREEZD,
[0051) 2 U7 FVAR -Foy7  —F U
DZ VT I ARCERE OEMOTEED DI, 7
VT VvARBRF =y T3, HBEERODoLEE
Wi, BARSI B TAREDCD ZBRO—EHS, B
BT3RETHLFEN, FFELIBETRNAE—4—
IZENMLTEFHEIEZONS,

[0052] E&Fzv s - A—FLiE. ZUTFVA
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BERaVE2—F26, 28ICANENEERTESY
S0 Lo TREESNEEFOEEOEEERF = v 7
L. Mop0abiclE L CEBRORESEE TS, 20
N—F U REFERBES NI —AINOANTNE I &
EFRELEZZBEIE., EHOS 7y 74 v 7 RTREDE
FOTA SR L., EFCEAERNAY—F—3
2ENLTCEFRTREZON, £2472 a0 THD
M, ERBCLVEROARLV—-FICLERRAELDI
B3,

[0053] ZHEFREBAER AT L1041, a0
=526, 28 L TENWTWAEERH Y7 h 7 =7
cEVa2—01 0 ARCHEET IRERBAL—F L OH
BOTICEET 3, BL2HRBL—F i3, EFEEY 7
FI 27« &2Va— 10 2DBTaSSazftL
T, BVHBEY 7 =7 - EV2—A10 1067
—FEZITRO . ZOBERE, HANCE I ATLMES
FIET A LI > THRL, BHECHERBAOTE
HEFET L, ZoFHIT. RiIC, FRaAVE2—F -
VAT AL 2L THNORT, BFHRIEOEHE. M
TEO AL Ty FRR T v 7 OFRL—Zi, BER
~DOBATEECHT 28552525, THEBOFHT
i A=A —3 20503 — A EREFICLD
AyBE—VLEII, FARAT LA 30 L-TEELZ
B, HEREIL KBEFA . 7Ty ra2TRTA

b, BlER— FOMOEETA R34, F740,
48, RUY, a2 FRETFILIAEREI6%
ML TORRECL>TEEENS,

[0054] &%icES< (knowledge ba
sed) BER77V—HELLREN, ZOMEDCE
Wik, FursamBs, FyYarYl— (deci
sion tree) FEAECEIET AV F—To—
2FBE (interfaceengine) EOFE
EEL, EOBRSICHLTYL00FERRHBEYNT
HOEPOBERNEBFEIND, RBATEI VAT AL,
ARERSAFOBELIERT S, TOVART AL
i, REEADIE. HECEREESLAND LB TE
5L, MERSEZENT I, —ELEEBRT o —F%
LB LEBAERBILAR D,

[0055)] HAIKESKBAREY 7 bv=T071
TT7IVIE, EBCEERLOTH D, RREESET
ErNTWT, BEMEL D, - TIEFHEOERE L
RAay R, BRAERVUVTY AT LAERMTS
TERTER, HANCESKVAT AN 5 1 DOHH
1. REBSMMZLTWAZETH D, THoDRENT.
a— ROMORSICERY S5 2o, (0, HiEk. EE
BHEEETH D, Zhik, A7 FvF (scratch)
PohELNEa—RIZELTRIZELAVERTETH S,
BeBMEAT RO,

1f (Runway_ Status=Active),
then (Stop_Bar_Lights=RED).

THD, TIEFFICHEHMT, HERAIITHS, 2D
FANE, WA LTRunway_StatusdfEd
DML, WP RDIRSDOFBLLEL LR, K

iZ, Runway_ Status IEBrEL8U%
NS OMESTH S,
[00586]

1f (Departure=APPROVED) or (Landing=1I

MMINENT) ,

then (Stop_Bar Lights=RED).

BABRHD = HDOBOHE] 1T,

I1f (Runway Status=Active) and (Inters

ecti1on=0OCCUPIED),

then (Runway Incursion=TRUE).

KL, BEBEKCBEROZTANREFEENTNAZ &%

BHET S HENT.

I1f (Intersection_Sensor=DETECT),
then (Intersection=OCCUPIED).

A rBREELE (Hold Position
stop) T3 EEFRTAEDICE. RO

feons, $72bb,

If (Aircraft_Stopping_Distance>Dist

ance_ to Hold Position),
then (Intersection=0OCCUPIED) .

Fu s G ADRY) ORSCEEEE RV THAIOAN
BEHETHE L E2RTHEDIC, FHEOTHELZLIZ
VRAFALLODTFEVARAML—V a3 B LEBRT, D
B, B bTHEEES T I3ELERF ROTEEED
O ZORANTES Y7 b =T ICEBETS [BA

RE Y| REHBCRITTIELVERELLZEEELT
HEH, REVEFEICRBTHZ LS, KDY D
1 2ORAEMZB LV DOBREE—DEETH D, T72
bbb,

If (Panic_button=PRESSED),
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then (Runway Incursion=TRUE)

FROFMESL av=—F - 7o 75 api+Emk
L, BREL BETAZLCEHLTHECHETHA D
ERBEFICEREINL S, BAOIATIREESIND
L YRFALOE, L0ELORRUEMMTEZ LI
Lo T L —FOELENETETH S,

[0057) BUE9IzBNT, 7y 70N, VAF
A10 (H1) ASOBEMRSOROF—F Ofmhg
RLTWA, E@EE, =vY A4 - T7E7U20
L PENPRICRBT A5 0ICE > TREEN
B, ZOFERIZ. Ty FA M- TATYIUT21
1 EFLTLONRy bU—7 EZ2EEN, LONT
Y22,  KED, BxOAvE—V - ATy}
M. RIS, WANA VY F—T7x2—R 10 8ITET AL
Ay b7 (WAN) 14t% TEaE2—F2
6. 28FTELND, TEIVE=2—F26, 28I
BELABETIE, AvE—Y -7y I, Avke—
N e VT RNT2T cEFV 210010850
FzyvrIh, BEShb, Ave—VDARIE. K
2, BUFEEeE Y 7 2T =V 2—A1 0 1IZED
N3, Evy@MEY7 b7 TV 2—410 i,
EECHDTITOEL 45 0 DREEZEHTZ0ICH
WHND, ZOYV T T T - BV 2—VE, TENS
DT—FET74NFL, BELT, A2y -7
V—DORRHERERETBEHT D, ZOFRE. T4AT
VA3 0IE>TEEMEIN, E0BVHFBIGELT
B, £, BFEBY 7R T cE=V2—A102
KESTHOLRTVEMRTEND, BBy 7k
=T cE¥Va2—/110 20 BUYVREOERE AN
T, EDtYH¥5 0 DREPEROERIIIGT 2 0%
YT 5, FiZ, oSSR CRENERTBICD
T, BFEERY 7 b =T - BV 21 0 2IEEH
OEBHEZJIILT, BEMBERVFAEAEELS, &
DERIZ, TAAT LA 30ICE2TRZ =V EICHE
PRERTA IV ERTTIDZANDNE,
[0058] EFROABRUFRIT, £i-, HERHY
ZhU=z7 - BV 21 04RRE2THANVDHRS,
IDEVa—/ME, #BEDTRTOEFmLF =y L
T, FoOFRINZa—RE7ay bT535, WTFh
DD 200 FENRETHIBERICVIBEITE, ZoV
ThT 2T « TV a—E, FAXTLAL30, BEF
A R34, FIETEIALC—I—3 2B EEREALE—
FEEI=v F29, R, 77T 3 0RRESLEE
BE3 TS ESNERAE—FER2=v b3 126
TARL—FREEERELD,

[0059] FECHO o\ T, EERERVMIEBTF —
FEBIFATION, 7 VT 7 AEERAES
V72T &YV 2—/103Thd, ZOVTZ T
=7 - EFY2—N103F, AC—FRF2=v 33
EALTOEREDA 70743 5nb0#M 7Y

_17_.

TIZURAMFESTND, 7V T T ABRERTA—
FARNS T ARESNAE, TREMESZ YT T RK
EREEEY T =T - FVa2—A1 0 3ICKRME

L, EEAERICEDL— BT IDICHVLN

%, BRREBY 77T - V2010 205%0F
BoBRVEFBIBESIN A2 04 NTNEZ
LERTEAIER, 2OV 7 =T - FV2—4L10
3. TARTLA30, EEF4 34, A~ —
32ILFEEEINTEAE—FER2T=v P29, R}, 7
VIF3ONEASLEERB I TIES SN ERAY—F
=y F3 L EES>TARNL—FIEEELEZ D,
[0060] F—B—F27i%, F—R—F- - —F—
VT RT=T e EV2—110 9CERENTVA,
MERZOF—R—-FK - R—P— - VT T=T - TV
210 9L THREINDE L, FHEZ. T4 AT
VA 300FFvavEEREL, EUFRTRY FU—
7 e NRTA—FEFRETDHIOICHENLNE, Ay D
—JRBRT —F~_—X 106k, TNHOEERMTIC
Lo TEHFEIND, TOFRIT. RiZ, Ay
RAEBLIOTIWCE>TLONAyE—Y - Ay MIHE
THi, WANA Y Z—7x—2108KUMLONTY
yP22, _ ARLT, =y V-FLb-TRYTY 2
0., K&ELNS,

[0061] Zh T, FEEEFORFLKDE, L
L, ZOBAOEMEBLOEEND Z LREIDEE
DUENYUEFICIFETHA S, EoT, ARHADE
B, FSHORTFHEROGHIILI-TOHREEEND D
DET B,

[HEOH E 2 5i8F)

(K1) ZHEEFERARREY 2T LOEHO T2 v 7K
Th3B,

2] =277 4= R-FA4F 47« VAT LOT
vV T NCHER SN Y EF=y M ER T
vV TFA N TRETVDTuy 7RTHB,

[Z3] 4 EFa2=y bOLBIHEET Ry Y
FARERTZyY - FA L - TR OKBETH

B,

[H4] Z 2SR UEEs Ry AOMEZRERETS
2, BERUIFTEROFAIICKR > THEEBSNEE
BOTy Y FA TR TIUERESTE, =7 74—
A ROBERUIFEROKETH D,

[H5] M1 RLEHRAVE2—F - VAT LDT
oy JETHB,

[®6] =yY -S4 - FEVITVD®AS 77t
y¥E, BrF, FAMRRR bu—7 T h&DA
VE—=T 2 —ADHOTu T I NCANLBRE 1
1Ny NI—IEETH 5,

(M7] BEEXXIFERCL-> BT I HEF
2=y FEERTHAED, BEROAMNICEBSNL
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BEOZYY -S4 - TEVTVDEDDERy T —
IEROMEZSEERLTNS,

(8] EHBITNBANL—FDEFLHD—FHIT
B HHBNRFER BERD T T v T4 v I RTET
HY. ZORTIZ, BEBRUCBEBICF-TEBER

Ty VeI b TRTIVEBRE SN EVFICL
STRESNAZETRDMELRLTWA,

(M9 M1 RUES IRLEYRT ARDT—F DR
noTay 7 lThR,

[X1]

[X3]

e B4 QTeS - SAEB
I
]
WS oTwy « SAbER
SvE a9 - L 2T
(FIG. 5)
)
6 OTyY - SANER
- L-18a
z‘; FnoTvy - SAE@K
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20, 20-
£ g
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§2 7
A
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(6]
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k4
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PRELIM_DETECT :
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¢ CONFIRMED_OETECT ] r; \

"\2 UPSTREAM _DETECT

78> DOWNSTREAM_DETECT
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eo?
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}
|
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30> FLASH_DELAY |
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(54) SYSTEM FOR MONITORING TRAFFIC OF OBJECTS MOVING ON GROUND OF
AIRPORT

(57)Abstract:

PROBLEM TO BE SOLVED: To more safely monitor the
traffic of objects moving on the ground of an airport by
issuing an alarm, only when a monitor level set based on
the state of jamming and the condition of a visual range
is higher than a threshold value at the time of detecting
any abnormal state.

SOLUTION: A sensor integrating part 102 is provided,
inputs from plural sensors 100 are integrated by the
sensor integrating part 102, and the respective moving
objects are extracted. Then, the coordinate data of
respective moving objects extracted by the sensor
integrating part 102 are supplied to a tracking processing
part 104, and the moving objects are monitored. Such a
device is provided with a jamming state detecting means
for the airport, a visual range condition detecting means for detecting the visual range
conditions, a monitor leve! setting means for setting the monitor level based on the jamming
state and the visual range condition, and a warning means for issuing the alarm, only when
the set monitor level is higher than the prescribed threshold value at the time point of

detecting the abnormal state. Thus, the alarm is effectively suppressed by changing the
threshold value.
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Description

The present invention relates {6 an automatic
surveillance, guidance and fire-fighting system or
installation, and concerns a system or installation
whose primary purpose is to preveni accidents
and, in the event that they do occur due for exam-
ple to aircraft fault or pilot error, to bring about the
extinction of any fires which occur, in the shortest
possible time, by means of the functional integra-
tion of surface telemetry and automated fire-fight-
ing.

In the same way that other airport systems
were designed and implemented in their time (such
as VASIS, ILS, CALVERT, etc.), all of which sat-
isfactorily met the established requirements for
achieving air safety, so also the present, newly
designed system (RUSTEM), meets other require-
ments in the same field, but within the airport
precincts.

In order to explain what the system comprises
as well as the grounds which justity it, it is useful to
set out the current state of affairs and accordingly
infroduce the necessary conceptual innovation in
specific important aspects, being those which epit-
omize the characterisiics of RUSTEM ("Runway
Security and Taxiway Escort System™).

In effect, wherever there is an aircraft in opera-
tion, the concept of air safety and the necessary
means of affaining this must be present, whether
the aircraft is in the air or on the ground. Thus the
concept of air safety covers the whole range of air-
air, air-ground, ground-ground and ground-air cir-
cumstances.

Likewise, if this approach is not taken, a gap in
safety will occur in this relationship which may
result in an accident, whilst the aircraft is in opera-
tion in any of the four circumstances mentioned
above, transporting people, goods and fuel.

It is well-known in the air industry that from
time to time serious accidents occur, although their
prevention, and where necessary fire-fighting oper-
ations, have been a priority effort of the aeronau-
tical profession. The present system is part of this
effort, though in this instance it is related to the
airport environment, that is the ground-ground situ-
ation.

In this context it is appropriate to recall the
accident which occurred in 1983 at the airport of
Barajas (Madrid), in which two aircraft collided on
the ground. On this occasion, one aircraft was on
its take-off run, whilst the other aircraft in taxiing
and trying to head for the start of the runway fo
take-off in its turn, took a wrong turning and moving
across a fast exit slipped into the middle of the
flight path, where the collision occurred.

At this time the airport was not under mini-
mums, but visibility was poor so that the aircraft
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which was taking off did not see the intruding
aircraft, neither did the latter see the aircraft taking
off, nor did the tower at that time see either of the
aircraft, all due fo the length of the runways. This
occurs in certain circumstances where the airport is
operative but there is not clear visibility over the
full distances.

These situations, and many others, indicate
conditions of a lack of air safety which require
analysis and a complete solution of the problems
to which they give rise.

Furthermore, an aircraft in flight is not close to
the ground, whilst in take-offs, landings and taxiing,
it is in contact with it and therefore is in a higher
risk situation, in which safety conditions must be
maximized.

Since it is possible fo set up ground installa-
tions in airports which could not be set up through-
out a country, and since aircraft must operate in
airports, it is clearly desirable to provide a safety
system on runways and taxiways capable of guar-
anteeing this safety. The RUSTEM system is in-
tended to meet this requirement.

Also, the increase in modern air traffic, which
leads at times to saturation in the number of oper-
ations per hour on an operative runway, has led to
an increase in the risk of accidents, taking into
account the poor visibility conditions which often
occur. This expansion in traffic makes a built-in
airpori safety system increasingly urgent and nec-
essary, as the accidents in different airports of the
world confirm. The same problem occurs in military
air bases, where there is the additional problem
that combat aircraft may enter the base in emer-
gency conditions, for which reason telemetric moni-
toring and automated fire-fighting thus become
necessary. The RUSTEM system can be applied to
both civil and military airport ground situations.

Two damaging effects occur in an accident:
ruptures and fire.

In accidents en route, the most important factor
is usually ruptures, whilst generally in airport ac-
cidents fire is the cause of the greatest damage.

This is due to the different velocity of the
aircraft en route and in the airport, so that the
dynamic impact is usually much greater in an
accident in the air.

On the other hand, once an accident has taken
place in an airport, it is obvious that there is not the
least remedy in the case of ruptures, causing dam-
age to the aircraft and the passengers. However,
the fire factor develops according to a specific
process, and, fire being the determining factor in
causing the greatest damage in airport accidents, it
may be combatted because it is a process, pro-
vided of course that there are the necessary means
for this, both in extinguishing capacity and in speed
of activation, since without the latter condition the

Sony, Ex. 1002, p.1313
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fire itself will put paid to the matter.

From what has been said it emerges that the
sole means of combatting the rupture factor is by
avoiding the accident, as far as possible in the
airport, within the present margin of possible air-
craft faults or pilot error, for which reason preven-
tion in this case lies in the area of telemetric
monitoring, guidance and signalling on the ground.
If, despite the measures taken, an accident occurs
due to the aircraft or the pilot, the airport infrastruc-
ture must then have available an automatic fire-
fighting system for seliminating fires extremely rap-
idly, since fire is generally the most damaging
factor in airport accidents.

The research carried out in the quest for an
efficient airport system which will meet these re-
quirements, emphasized the necessity for integrat-
ing the surveillance and fire-fighting functions into
one single system.

In fact, given the great speed required in fire-
fighting, this had to be of an automatic nature.
Since an aircraft which has had an accident may
become immobilized (or its hot sections) at any
point of the surface in question, it was obviously
necessary to have available the x,y coordinates of
the aircraft or its sections. Hence it was necessary
to integrate telemetric surveillance with automated
fire-fighting. Furthermore, if surface telemetry pro-
vides the x, y position of a damaged aircraft, or of
its sections in the case of it being ruptured, this
surface telemetry could also be used to obtain the
position of normal aircraft, that is not in a state of
emergency, in normal operation.

With this, the conclusion was reached that a
telemetric method had to be used in our system,
both for the monitoring of normal aircraft and for
establishing emergencies according to the various
forms and circumstances in which these could oc-
cur in each instance, as for example fuel which has
leaked and is on fire. As aforementioned, the fire-
fighting method has to be automatic due to the
great speed demanded, since it is not just dealing
with a simple fire, but with an aircraft carrying
people, and loaded with highly inflammable fuel.
Hence the designer’s thinking has to be governed
by the time-scale, taking the second as the unit.

Nevertheless, it is essential to point out that,
regarding air traffic, two very different areas or
environments must be considered in airports: on
the one hand the flight strips (which contain the
flight runways, one runway for each strip), and on
the other hand the taxiways in their entirety, and
the aircraft parking areas.

The vast majority of airport accidents occur in
the first mentioned area, where aircraft are running
at great speed. In the second area, in the taxiways,
aircraft are travelling slowly in procession and able
to brake quickly where necessary, as is the case in
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the parking areas.

This qualitative and quantitative distinction is
taken into account in the present system, supplying
the appropriate solution for the characteristics of
each of the indicated environments.

As will be seen, the current situation is an-
alysed and, as a result of the limitations of tanker
trucks (as currently used in fire-fighting), as weli as
the limitations of surface radar (as used in surveil-
lance in some airports), research into a new sys-
tem which could completely solve these limitations,
gave rise to the RUSTEM system, in which surveil-
lance and fire-fighting are functionally integrated in
a single operational system, constituting an innova-
tion in the airpori field.

An automatic aircraft taxi route selecting and
traffic control system is disclosed in US 3706969,
and may use an array of infrared sensors {o detect
position and/or movement of aircraft. However the
system appears to be dedicated to such a function
insofar as the sensors are all located adjacent
runway and taxiway intersections and in areas be-
tween the intersections there seems to be no sur-
veillance.

Furthermore EP 0117162 discloses an infra-red
surveillance system for detecting fires in a forest,
in which each of an array of sensors is scanned
over a field of view; however in this case there
appears to be no provision for tracking a moving
heat source as it moves past the sensors.

In the present system, which is set out in the
appended claims, an array of thermal sensors un-
der computer control is provided which is adapted
to provide both the function of tracking a moving
aircraft as it passes the sensors and the function
wherein each sensor scans its locality so that the
position of any heat source within a locality may be
determined from the outputs of adjacent detectors.
Thus the present invention has the advantage that
a single sensor array may be operated and used in
two ways for two different and necessary purposes.

In broad outiine, which will be explained in
greater detail in the following pages, and taking into
account the fact that statistically airport accidents
occur on the flight strips in the vast majority of
cases, a RUSTEM system can include the follow-
ing elements:

a) Two parallel, buried lines of hydrants, one on
each side of the runway. These lines, being a
fixed system, extend beyond both threshoids at
the heads of the runways. The hydrants only
emerge in case of accidents, and have eleva-
tion, rotation and to-and-fro movement. So that
when their valve is triggered they can take care
of any accident occurring within the flight strip
as rapidly as possible. The automatic action of
the hydrants is computer-controlled. The pipes
feeding them are kept filled constantly. Thus,
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activation of the system from the airport tower
leads to their entry into operation in a matter of
a few seconds.

b) As far as surveillance is concerned, there are

out the airport, with the exception of those
corresponding to the sensing of each aircraft.
These detectors only pick up the aircraft, but
purposely do not pick up other objects such

two different zones as described earlier. The 5 as service vehicles or people. Hence cars or
main surveillance is over the flight strips with people, purposely not being picked up, do
additional surveillance over the taxiways and not distort the detection signals which cor-
parking areas, by means of aircraft control and respond only io aircraft, and therefore the
guidance. computer continuously guides each aircraft
b.1) Two parallel lines of infra-red, telemetric 10 from an initial point to a final point, according
sensors are installed along the flight strips, to a route which has been laid out by the
capable not only of tracking the trajectory of control tower. The activated detectors go on
the aircraft, but also of detecting heat sources activating others in the direction of fravel of
in case of emergency, feeding this data to the aircraft, picking it up and deactivating the
the automatic fire-fighting operations. Simi- 15 previous detecfors along the aircraft's fax-
larly, several anemometers obtain wind data. iway.
The whole flight strip is in the form of a c) A set of elements is installed in the airport
rectangle, and the aforementioned telemetric tower, which amongst others consist of the fol-
sensors are located along the longest sides lowing:
of this rectangie, monitoring the strip. 20 c.1} A main panel on which the runway com-
b.2) In the taxiways and parking areas the puter displays the aircraft's reference both in
inferest is in the aircraft control and guidance its flight path and as it comes fo a halt. In the
system, according to OAC! SMGC require- event of an emergency, this computer on the
ments, simultaneously maintaining and moni- one hand produces several alarms and on the
toring minimum separation between aircraft. 25 other hand draws some emergency circles
Thus conitinuous dstectors are installed, as corresponding to a damaged aircraft, or its
well as directional beacons along the axis, hot sections and fire sources. In the event of
and, where necessary, directional beacons aircraft collision the same thing happens.
along the edges, and some airport traffic Similarly, in the event that an intruding air-
lights. Both the detectors and traffic lights are 30 craft penetrates into the rectangular area of
interconnected with a computer which pro- the air-strip, the alarm is automatically ac-
cesses taxiing and parking throughout the fivated.
airport. Likewise, the computer which controls
b.3) Aircraft movements in the taxiways and taxiing also displays the position of the iden-
parking areas are automatically guided, each 35 tification references corresponding to the air-
aircraft having in front of it a specific number craft situated in the taxiways and parking
of lit axial beacons, according to the aircraft's areas. In the event that an aircraft goes below
route. The number of beacons is always its minimum distance on the taxiway with
fixed, about 100 metres apart. Thus, as the respect to the aircraft preceding it or takes a
aircraft moves forward it is detected by the 40 wrong route, an alarm is also provided, and at
taxiing beacons, which send signals to the the same time the reference on the panel
computer, and the latter lights up new axial relating to the offending aircraft blinks inter-
beacons in front of the aircraft according to mittently.
the route it has to take, and switches off the ¢.2) A confrol console from which the whole
beacons which the aircraft has left behind. 45 system is controlled, both for surveillance
The computer establishes rights of way at and guidance as well as for fire-fighting, with
crossroads, where the aircraft which has to simple and exiremely sparing operations for
wait will see its axial beacons flashing on and the controllers, since the system's data pro-
off and the crossroad traffic light on red. cessor carries out the work.
Once the first aircraft having right of way has 50 Similarly, the taxiway fraffic lights are
passed across the crossroad, the second air- automatically activated, the internal routes for
craft which had to wait will have ifs axial taxiing being indicated "in situ”, and acti-
beacons lit continuously to enable it to con- vated locally for each aircraft, according to
tinue on its way. whether it is on its landing run, or "en route”
Any intermittence in the guidance bea- 55 from the parking area to the runway and the
cons signals the pilot to brake. head of its take-off exit; also indicated are the
The aforementioned taxiing detectors are routes from the runway fo the parking area,
neutral and without electrical current through- taking into account the corresponding runway
4
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head. In addition, routes from the parking

area to the hangars and vice versa are

shown; or from hangars to runway, and vice

versa.

¢.3) Computers and automatic connections.
d) Lastly, there is the installation of piping, for
water and extinguishing substances, their stor-
age tanks, pumps, dispensers, drums, auto-
protection devices, connections, and other ap-
propriate and necessary elements for the hy-
drant system. Also the general piping for the
supply of the hydrants from one and the same
line may be unique, the dispensing then being
carried out at the start of the general piping.
Also there is a power plant with electrical con-
nection to the airport’s supply network, and from
this plant the various elements of the RUSTEM
system are supplied. It is taken for granted that
the whole airport has to have general emer-
gency generating units. Furthermore, the system
is adaptable to any civil airport or air base. And
in the event that once installed it is decided to
increase the length of a runway, the lines of
hydrants and telemetfric sensors of this flight
lane can be exiended, so that the previous in-
stallation remains operative and valid.

Statistically, 99% of airport accidents, including
situations where aircraft have previously announced
their emergency status, occur within flight lanes.
Therefore it is both logical and necessary for auto-
matic hydrants to be installed within the said lanes,
hydrants which due fo their range and their three
degrees of freedom, are capable of covering any
emergency, being able to act both in treating the
whole runway, as well as on specific points on the
damaged aircraft, colliding aircraft, or their dis-
persed sections, eliminating heat sources, acting
globally and simultaneously on all of them.

The hydrants referred to are always without
pressure and without electrical current. Thus, there
is double protection against their being activated
spontaneously. That is to say, if and only if, the
tower activates the fire-fighting system, do the tele-
metric sensors along the flight lane send the posi-
tion and extent of the heat sources to the com-
puter, and the anemometers send the wind force
and direction; with this data the computer system
rapidly calculates the fire-fighting parameters, i.e.
selects the specific hydrants which will be activated
and supplies them with the operating parameters
corresponding to each of them, and it is then that
the selected hydrants enter into operation, in a very
few seconds, launching a large discharge of extin-
guishing fluid and rapidly suppressing the heat
sources.

While there is an aircraft in motion within the
flight lane, whether in normal or emergency status,
the system is locked and cannot operate. The fire-
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fighting operation only occurs with a motionless
aircraft.

However, the hydrants can prepare the runway
on the announcement of a damaged aircraft ap-
proaching the airport.

Lastly, it was evident that an installation in
accordance with the invention allows the possibility
that the analogue type signals originating from the
surface radar installed in an airport may be pro-
cessed by the computer equipment of the said
installation and incorporated as an additional ele-
ment with regard to airport safety. The surface
radar would act as one more sensor for the installa-
tion, its signals being used as additional data for
the overall safety system. To this end, the afore-
mentioned installation can be improved in the fol-
lowing manner: j) for airports operating in very low
visibilities, some flight fane sensors, in addition o
infra-red sensing, incorporate an emitter and detec-
tor of electro-magnetic pulses, or an ultrasonic ac-
tive element, capable of detecting objects within
the flight lane relating to aircraft or vehicles; k) for
airports with normal or average visibility, the stan-
dard sensors not only pick up the aircraft located in
the flight lane, but also vehicles penetrating it; 1)
there is the option of installing an interface capable
of processing the signals originating from the sur-
face radar which has been installed in an airport,
and introducing such signals into the computer
controlling the surveillance, and with this data mak-
ing an addition to the functions of the system; m)
there is the option that the installation's taxiing
detectors may be generally activated simultaneous-
ly, and the sensing of aircraft and other objects
may be carried out simultaneously, in this case
means can be incorporated for discriminating air-
craft from other objects, and maintaining the logical
sequence in the guidance of each aircraft in the
zone of movement and parking of aircraft; and n)
there is the option that the piping and pressure
storage tanks for water and exiinguishing agents
for the flight lane are divided up into independent
modules, and their discharge is attained by means
of the pressure of a compressed gas connected by
regulating valves to the water and extinguishing
agent storage tanks.

The invention will now be described by way of
example with reference to the accompanying draw-
ings, in which:-

Figure (1) is a representation of a "standard
protected zone" (SPZ), i.e. a flight lane fitted
with automated hydrants and telemetric sensors
(ST) for surveillance, able to be integrated with
automatic fire-fighting in emergencies. The hy-
drants can both freat the complete runway be-
fore the arrival of an aircraft arriving in an emer-
gency situation, and also act in precision fire-
fighting, either on one or more aircraft, or on
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their hot sections and other burning surfaces
caused by the accident.

Figure (2) illustrates the protection of two or
more crossing runways and their corresponding
flight lanes (SPZ).

Figure (3) shows diagrammatically the three de-
grees of freedom of an extinguishing unit
(hydrant), according to its three perpendicular
projections.

The dispensing of the extinguishing fluid may
be carried out at the foot of the hydrant, or at the
start of the supply pipe (in which case it could be
single).

References in this figure include:

VL - Side view

P - Plan

v - View through A-A

Tr - Trap

La - Cannon jet

Ag - Rubber shock absorber
Tm - Elevating motor supply trolley
Ae - Extinguishing agent

Ag - Water

Mg - Mobile base turning motor
Ro - Bearings

Tg - Main cover

To - Trolley

En - Gear

Bf - Fixed base

Bm - Mobile base

Me - Elevating motor

Jr - Rotary joint

Figure (4) graphically demonstrates the parallax
error produced by standard surface radars. In the
figure it is seen that as MA=MP; and RA=RA’, so
that OA = OA', and P does not coincide with A"
This distorts the x, y coordinates of the object
when the runway has inclines.

Figure (5) represents a plan (P) and elevation
(E) of a flight lane in which the variation in slope of
the runway axis is seen. Also the position of the
telemetric sensors is shown (not to scale), forming
successive rectangles or squares aiong the whole
length of the flight lane, the successive rectangles
thus being adapted both to the slopes and to the
changes in gradient allowed by the OACI standard.

Figure (B) is an illustration of the detection
procedure while tracking an aircraft by means of
infra-red sensors along the flight lane, thanks to the
position of the colliding beams and the correspond-
ing signals for their processing by computer.

Figure (7) is similar to the previous one, al-
though here one sees a dangerous situation in
having two aircraft within the flight lane, which
could collide. One can see also the rectangles
formed by each set of four telemetric sensors (STI)
- "infra-red sensored areas” (ISA).
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Figure (8) represents the tracking of an aircraft
during the sequence of its entrance onto the run-
way.

Figure (9) shows the sweep mode of the tele-
metric sensors (ST) along the flight lane (SPZ).
The sources in this case are motionless, three heat
sources being represented, as well as the detection
carried out by the four sensors from the four cor-
ners of the infra-red sensored area (ISA) in ques-
tion, allowing the surface dimensions of each heat
source to be accurately defined. The sweep mode
is that used in emergencies.

Figure (10) shows an airport layout in which
can be seen both the flight lane (SPZ) and the
taxiways equipped with detectors (D), guidance
beacons (B) and traffic lights (S). Inside the SPZ's
neither detectors (D) nor traffic lights (S) are in-
stalled. However, at those points of the SPZ perim-
eter where taxiways impinge, the firstdetectors and
traffic lights are installed, so that an aircraft is
detected on leaving the runway. Full continuity in
airport surveillance is thus achieved, since although
an aircraft which exits from the area of the SPZ
leaves behind the telemetric sensors (ST) tracking
it, it will be immediately detected by the first tax-
iway detector (D) on entering the corresponding
section of taxiway. Thus, in both cases, where the
aircraft is inside the SPZ and where it is on any
taxiway, it is immediately displayed on the main
panel (Pn) located in the airport tower. Detectors
(D), beacons (B) and traffic lights (S) have been
shown in the drawing. Moreover, although auto-
mated hydrants could be sited in other zones,
other than in the flight lanes, this does not seem
justified in view of accident statistics.

Figure (11) represents a view of the system
equipment located in the tower; panel (Pn), console
(Co), computers (Or) and connections (Cn), as well
as the position of the officer on watch in front of
the controls. The panel (Pn) is of large dimensions
and almost vertical, its angle of inclination being
adjustable, for ease of observation both by the
operator and by other tower personnel. Since it is
necessary that all the controliers can see the afore-
mentioned panel, it will be located in the upper part
of the tower's large window, and for this purpose a
small building modification will have to be made
locally in the roof of the tower, allowing the panel
to be housed in front of the controllers, so that the
latter can both observe the panel and see through
the tower's window.

Also shown in this figure are:

Tr - Adjustable support rod
Pa - Wall

Ca - Cable

Gz - Hinge

The RUSTEM system console controller directs
taxiing and parking, and the remaining controllers
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direct flight operations on the runways and flight
lanes.

The installation of the RUSTEM system does
not involve alterations to the current consoles and
installations, nor does it interfere with their opera-
tion or the work of the tower's flight controllers.

Figure (12) represents the main panel located
in the tower. Its dimensions are those which are
appropriate and necessary to reflect the resolution
and definition of sources of which the flight lane
telemetric sensors (ST) are capable. The operation
of both the flight lane computer and the computer
dealing with taxiing is displayed on the panel (Pn).
When there are emergencies the telemetric sen-
sors go into sweep mode and the reference sym-
bols which appear directly on the panel are emer-
gency circies. In tracking mode, the aircraft refer-
ence is seen on the panel as well as a reference
which changes according to the actual path of the
aircraft.

Figure (13) illustrates an airport flight lane in
which an aircraft and a motor vehicle appear.

Figure (14) represents an airport layout in
which the surface radar (RS) and control tower (T)
are shown.

Having planned the system under the con-
ditions described above, it is now appropriate to
take stock of the current situation in airports in
general, since the problem is substantially the
same in all countries.

To start with the aspect of fire-fighting.

In all civil airports and air bases there is a fire
station, equipped with tankers, prepared "ad hoc”.
This originates from the early days of aviation, as
an extension of the methcd used by municipal fire
brigades and has been evolved by frying to adapt
to requirements.

Little by little, and despite the efforts made to
improve it, its poor performance with regard to the
special case of an aerconautical accident has be-
come increasingly clear, as seen in practical cases.

Protests by pilots’ associations and the frank
pessimism of the aeronautical authorities devoted
to this matter, confirm this sifuation in the various
different countries.

For various reasons, as aircraft have been de-
veloped they have increased in volume and weight,
and therefore in engine power and size of fuel
tanks, and can achieve much longer flights.

This has caused airports to increase the capac-
ity of the tankers in which water and special extin-
guishing agents are transported. This has already
led to cases of enormous tankers, some of which
have had to incorporate two engines, one in front
and one behind. This would suggest that a limit has
been reached in the method used.

Also, given the volume which has to be irans-
ported, there have been actual instances where the
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tankers have overturned, since, although smooth,
there are unavoidable gradients in the airport ter-
rain. There are thus some limitations and inter-
actions between the load transported, speed of
travel of the vehicle and stability.

Furthermore, if an accident occurs at the head
of a runway, at the far end of the start of the
runway, often muddy areas and other obstacles
prevent or make difficult an approach ciose to the
said accident.

On occasion, the aeroplane or colliding aircraft,
are broken into sections which are dispersed, thus
requiring the said tankers fo be able fo attend to all
the fires simultaneously and involving an increase
in the fleet of trucks necessary.

Moreover, the trucks cannot act on their own,
but only when the airport tower so indicates. So
that as in the majority of airports the surveillance
function is deficient, as the tower first has toc deter-
mine whether there is an emergency or not, a
question which is often difficult and uncertain due
to the lack of an instrument which can rapidly
verify this, especially at night or in low visibilities.

All this causes a build-up of fime which weighs
heavily against a hypothetical fire and rescue op-
eration, since first the tower has to determine
whether or not there is an emergency, after that it
has to notify the fire brigade and this has to be
mobilized; then the journey has to be made from
the fire station fo the site of the accident, at times
far away as in the case of the heads of runways.
Once the fire brigade have arrived, they have to
take charge of the disaster which has occurred
different each time, which is complicated in the
case of dispersed sections.

Thus, there is an excessive time lag which is
inconsistent with the type of accident being consid-
ered. It is thus inevitable that performances have
been low, losing human lives and increasing the
damage to aircraft.

When in the past, aircraft were much smaliler,
less global inefficiency was observed with this pro-
cedure, but currently this is continually on the
increase, since it is actually the method and proce-
dure used which have to be changed giobally, both
in theory and in practice.

According to OACI publications extinction must
be carried out in a period of five minutes, due to
the fuel, its explosive capacity, and the toxic gases
which may asphyxiate the passengers frapped in
the accident.

Currently, the OACI specifies between two and
three minutes for starting up fast fire trucks after
the alarm has been given.

This clearly shows that between the five tragic
minutes available and the two or three minutes for
the mobilization of the high-speed trucks, there
only remain two minutes for the work of extinction,
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thus emphasizing the necessity for using a different
method, like the RUSTEM system whose auto-
mated hydranis enter into operation in a few sec-
onds after the fire rescue button has been pressed
by the tower.

In addition to the problems and limitations de-
scribed, there are other problems which also act
negatively on the efficiency of fire rescue oper-
ations, this time related to the rescue personnel
themselves. These may be summarized as follows:

- the fortunate rarity in the number of accidents
paradoxically has a negative effect on the
rescue personnel, because they become out
of practice due to their enforced inactivity,
leading to reduced performances when the
critical time arrives of unavoidable emergen-
cies.

Also, having arrived at the site of the accident,
on the one hand they are tied to the fire tanker,
and on the other the accident has managed to
produce a number of fire sources. Thus, each
accident being different, they have fo improvise
their action on the way, often leading to psycho-
logical blocks in the face of the urgency of the
various sources to be extinguished and their dis-
persal.

- The airport fireman, moreover, in contrast to
his city counterpart, in all cases without the
least exception, has to deal with an aircraft
which is liable o explode at any moment in
its emergency state. So that the fireman’s
own survival instinct militates against the
work he carries out, acting in a situation of
fear and insecurity which Jogically leads to
low performances.

The truth is that it is irrational and preposterous
to completely, systematically and without excep-
tion, require heroism as an everyday norm for
work. So that if the technician does not carry out
his own self-criticism, he will continue to maintain
an error of principle and with it foreseeable low
performances, as demonstrated in practical in-
stances.

It is absurd to deal with saving the life of the
pilot by placing the lives of several firemen at risk
in the attempt. As human beings their ilives are as
important as that of the pilot and to be respected
equally with all others.

If this is not agreed upon, the pilot may not be
saved since fear will tend to paralyse the actions of
the firemen, with predictable low performances.

Thus, no matter what the quality of the fire-
tankers may be at a given moment, they have to
be operated by firemen, whose actions are un-
predictable.

Faced with this set of problems, both in the
method employed and those related to the rescue
personnel, the conceptual modification intrinsic to

10

5

20

25

30

35

40

45

50

55

the present system is based on the following:
a) the setting up of a fixed, buried installation on
both sides of the runway, extending it to both
ends beyond the thresholds (Figure 1).
b) these two lines consist of hydrants, which in
the position of rest are underground, covered by
a steel cover flush with the surrounding area so
that if an aircraft leaves the runway and runs
over the said cover it will not damage the air-
craft nor the hydrant hidden underneath (Figure
3).
¢} each hydrant incorporates itwo cannons
whose slevations are generally at different an-
gles and appropriate to every fire-fighting opera-
tion (Figure 3).
d) each hydrant (Figure 3) has a rotary base, so
that it can rapidly assume any angle of azimuth,
and therefore line up on the aiming position.
e) the complete hydrant is capable of to-and-fro
movement for covering the damaged area.
f) the hydrant has a main trigger valve, continu-
ously adjustable by servo-motor.
g) the hydrant's range is such that it covers the
whole width of the flight lane, i.e. each line of
hydrants, being rotatory, covers at least two-
thirds of the said width. Thus, the runway and its
two adjacent areas are covered along the length
of the runway and its two ends. For instrument
runways, the OACI Standards establish the per-
mitted runway widths as being between 45 and
80 metres, so that on these runways the width
of the flight lane has to be not less than 300
metres (Figure 1).
h) it happens that airport accidents occur siatis-
tically in 99% of the cases within the area de-
fined by the flight lane, for which reason the
automated hydrants are suitably located to cov-
er any emergency in the aforesaid flight lane.
The computer software does not improvise, but
rationally covers all cases.
i) as the pipes which supply the hydrants are
always under load, and as the hydranis cover
the whole width of the flight lane, the tfriggering
of the hydrants is extremely rapid and they
cover any emergency, whatever the topographi-
cal position of the accident and its separate
focal points.
j) the automatic action of the hydranis is
computer-controlled, and as the buttons are
pressed on the conirol console located in the
tower, they act together in preparing the whole
runway on the prior announcement of the arrival
of an aircraft in an emergency, being accurately
trained on the stopped aircraft, or its sections,
whatever the topographical dispersal they may
have. The fire-fighting takes place globally and
simultaneously over all the heat sources
present.
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k) the position of the aircraft or its sections, in x,
y coordinates, is supplied by the telemetric sur-
veillance of the present system, as will be ex-
plained later (Figure 12).

So, concentrating for a moment on the fire-
fighting method described, the following advan-
tages may be pointed out, amongst others:

1. The automated fire-fighting system requires
only a few seconds to come into operation after
the button is pressed in the airport tower, thus
cutting out the excessive time lag which occurs
with fire tankers.
2. As both the water and the extinguishing sub-
stances are supplied under pressure to the hy-
drant by means of underground pipes, no irans-
port by truck is necessary, since now the extin-
guishing fluid is placed "in situ™ via continuously
full pipes.
3. Since the water and extinguishing agent stor-
age tanks are also fixed, they can be as large as
required, with reserves, whatever the size of the
aircraft or the collision in question. The pump,
the dispensers, valves, connections and auto-
protection devices act in fast response, each
line being fitted with the necessary service pres-
sure regulation drum. The pressure is sufficient
to guarantee the maximum range of the hy-
drants, the pump being automatically triggered
and responding as soon as there is a slight
reduction in the pressure of the regulating drum.
4. The computer which conirols the hydranis
selects these according to each accident, in
accordance with the topographical position of
the aircraft, or its sections, as weli as according
to the force and direction of the wind.
Furthermore, once the fire-fighting operation
is initiated, this computer is updated with the
possible variations in both the topographical and
meteorological data relating to the accident,
since new heat sources may have arisen and
the wind data may have changed, so that the
parameters of each hydrant are altered through-
out the fire-fighting operation, the latter being
self-adjusted automatically according to the pos-
sible variations in the mishap, as well as to
those in the prevailing wind.
5. Each hydrant releases via its two cannons a
large volume of extinguishing fluid, hitting the
whole accident zone. If the aircraft in the emer-
gency does not break up into sections, several
hydrants will act together on the aircraft from
different angles, hitting it rapidly with a large
volume flow, leading to an extremely rapid ex-
tinction.
6. The hydrants do not suffer from psychological
blocks, since they do not have to think about
their actions in each accident, nor are they
afraid of fire or explosions, instead when the fire
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brigade arrives on the scene of the accident, the
fire sources wili already be under control and
since the lives of the rescue team will remain
protected, the latter will complete the operation
with high success rates, in favour of both the
injured and uninjured.

7. The same can be said for the runway ends,
since the system is the same.

8. Due to the automation and its great speed
and coverage, in the majority of the accidents
there will be a high rescue success rate, both in
terms of people and in preventing more damage
to the aircraft, which can be salvaged.

This completes the explanation of the principal
fire-fighting concepts in the present RUSTEM sys-
tem.

Now consider the aspect of airport surveillance.

The current general situation can be described

as follows:
Although seemingly it might be imagined that there
is nothing to enquire into regarding the matter in
question, the negative secondary effects which the
introduction of the ILS has had on civil airports and
air bases should be pointed out, negative effects
which were not taken into account when the use of
the ILS was introduced and extended into all air-
ports.

This very beneficial instrument was introduced
to try to maintain air traffic running inspite of poor
visibility conditions on an aircraft's approach to the
airport.

The ILS (instrument landing system) is, in fact,
a landing instrument.

The said instrument consists of an aerial which
is located on the threshold of the runway, emitting
signals which are picked up by an instrument on
board, indicating whether the aircraft is to the right
or left of the runway axis, as well as whether the
aircraft in its approach is flying above or below the
correct approach path. Hence, although the pilot
cannot see the runway due to cloud, he carries out
the landing on instruments, gradually altering his
course until he is finally on the runway, landing in
the touchdown zone.

The runways which have ILS are called instru-
ment runways, which on the ground have to meet
the strictest OACI standards regarding widths,
slopes...etc., with their respective flight lanes being
wider (2 minimum of 300 metres).

Thus, it may easily be appreciated that in the
past, when there was no ILS, pilots did not land
unless they had complete visibility regarding the
runway. The tower also had this same visibility with
respect to the aircraft trying to land. Put simply,
both visibilities, that of the pilot and that of the
tower were one and the same visibility.

But, if suddenly the aircraft is given some
electronic eyes with which the pilot can carry out
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the landing, without seeing the runway with his
naked eye, there is a situation in which the operat-
ing minimums of this airport have been reduced,
by which the aircraft is helped to land, but at the
cost of leaving the tower blind if the tower has lost
visibility over the complete airport environment.

Together with this there is a situation of gen-
eral risk in all ground operations, which negative
effect was not tfaken into account when the ILS was
intfroduced and its installation extended into all civil
airports and air bases.

In fact, although initially it would appear some-
what illogical, in reality the airport accident referred
to previously at Madrid airport, in which two aircraft
collided, was basically due to the existence of the
ILS in the said airport, since although the ILS is a
landing instrument, and in that accident there had
been one aircraft landing and the other taxiing,
both ground operations were being carried out in
conditions of poor visibility, since the introduction
of the ILS has lowered the operating minimums in
all the world's airports. Neither aircrait saw the
other, nor did the tower see either of the two by
eye, nor did the tower see the collision, nor the
place where both the colliding aircraft were to
come to a halt in the flight lane. All the tower saw
was fog and initially not knowing what had hap-
pened, lost time in calling the fire brigade who then
had to look for the site of the accident, also in poor
visibility.

On this occasion, the general risk mentioned
above became a disaster, with a corresponding
loss of human lives and damage to the aircraft.
This airport acident is symptomatic of the risk
situation which has been highlighted and which it is
essential to correct, because from time to time it
costs the lives of passengers and pilots.

Air safety embraces the whole environment,
and it therefore also includes the ground-ground
area.

The ILS comes under the air-ground heading,
but an airport is an organic whole as with any
object in reality, so that it is connected. Accord-
ingly, if only one part is considered without taking
info account the rest, as happened with the ILS
(which was aimed exclusively at aiding landing),
secondary effects may be, and, in fact, have been
produced, such as that quoted of leaving airport
towers blind.

Aircraft in an airport cannot move without the
proper instructions from the control tower, but if the
latier are blind with respect to incidents occurring
on the runways, the tower personnel seem 1o be in
a contradictory situation where they have to control
and direct surface fraffic and at the same time ars
left blind and without any instrument allowing them
to view incidents in the airport. This confradiction
from time to time costs people's lives and must be
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corrected.

That is to say, this is not an attempt to elimi-
nate the ILS, since it is very beneficial, rather an
aftempt to provide the tower with a suitable instru-
ment for carrying out telemetric surveillance in the
airport, despite there being poor meteorological
conditions, or that it is operating at night, as is
usual.

In fact, the day has arrived for so-called sur-
face radar, which instead of directing its beam into
open space directs it towards the ground, sweeping
the airport.

However, this equipment is not suitable, nor is
it included in the present RUSTEM system. Here
the telemetric method will be something else.
There are various reasons for this:

In the first place, surface radar emits ils pulses
from one point, the aerial.

Secondly, the runway is not flat, but has gra-
dients, even though limited and standardized.

In addition, it should be taken into account that
radar does not measure distances, but the time
difference between the transmission of the pulse
and the reception of its echo bounced back by the
object, although since the pulse and its echo con-
sist of electromagnetic radiation their velocity (c) is
known, and since the time difference between the
transmission and reception is known, the corre-
sponding distance is obtained. But in this process,
if the object located on a runway is such that this
runway is horizontal, or else has gradients, the
result will be that although the straight distance
between both objects and the aerial is the same,
nevertheless their respective coordinates with re-
spect to runway axes will be different in x, y. This
parallax effect is shown in Figure (4).

That is to say, standard surface radar falsifies
the x, y coordinates of the object due to a parallax
effect which appears when runways have gradients.

These gradients are smooth, but as the length
of runways is relatively greaf, the result is that
often there is a very significant difference in height
{z) between one end of the runway and the other,
so that, in fact, the radar falsifies the corresponding
measurement of the x, y position of the objects.

These radars, which in themselves are not very
economic due to their functional structure and the
elements which they incorporate, would be even
more expensive if an attempt were made to obtain
the correct x, y coordinates, since in this case one
would have to turn to a three-dimensional radar
accompanied by a correcting computer. Then the
output signal from the (3D) radar receiver would
have to be corrected with the computer, which in
turn would have to contain the topographical data
of the different points of the airport. This would
have fo take place in real time so that this type of
equipment would be more complex and more ex-
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pensive, and therefore not very advisable.

There is yet another problem which is that
when speaking in general of airport or in-flight
surveillance, the concept persists that this telemet-
ric surveillance will be with respect to normal air-
craft, when in fact in the case of an airport, not only
do the movements and stoppages of normal air-
craft have to be monitored, but also the telemetric
system has to supply data on emergencies and
fires in case of accidents. In addition, it is vital to
obtain via telemetry, the actual form of the fire
sources which appear. Only in this way will the
aiming and automated action of the fire-fighting
operation be efficient and accurate. That is, the
surveillance function and the fire-fighting function
cannot be separated nor split off.

Thus, considering the case of a fuel lake in
flames, the result of an accident, three (3) negative
factors emerge with regard to surface radar:

a) as said earlier, if the runway has gradients
(and it always has some), the x, y position of the
source is displaced, and as the hydrants con-
stitute a fixed system in which each hydrant has
its respective x, y coordinates with respect to
the runway axes, the position of the source
would be in error with respect to the hydrants,
and their action would be incorrect, due to hav-
ing carried out the telemetry by means of stan-
dard surface radar.

b) but imagine a three-dimensional, computer-

corrected radar, making the installation even

more expensive. A second difficulty now ap-
pears, making the increased outlay practically
useless. In actual fact, a burning fuel lake is
seen from the radar aerial basically as a "wall”
of flames and smoke. So that in any case the
echo signal is going to give the position of this
"wall”, but is not going to give the surface
dimensions of this burning lake, since the "wall”
prevents the determination of the surface length
of the lake, i.e. it is the straight section of the
object which is used in the radar; in an airport
the radar has an aerial raised at a point of
proper height, and therefore the sweep carried
out by the beam will come up against this

"wall". Naturally if the surface extent of the

source is not known, it will not be possible to

operate the hydrants correctly.

c) lastly, there is another reason, which is that

flames generally return a distorted radar echo

and the measurement is still not reliable.

All these reasons make the use of surface
radar inadvisable, since in the event of using it,
these problems would distort the necessary telem-
etry. Furthermore, radar will give the sections of
the aircraft, but in an airport accident these sec-
tions are of less interest since the rupture factor
already has no remedy in this case, of greater
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interest instead in the telemetry of emergencies is
the position of the heat sources, which will some-
times coincide with the sections and at other times
not. For example, an aircraft could have its under-
carriage broken off in an accident, and this part
could be detected by radar. But this part is of no
interest as far as the hydrants are concerned, only
the fire sources which are the sole item which must
be eliminated as quickly as possible affer the ac-
cident has occurred. Thus, if the telemetry gives
mainly the metal sections and not the heat sources,
this telemetry would be completely useless and
detrimental in this instance, since it would oblige
the hydrants to have to act on sections and not on
sources, the hydrants being "thrown off track” by a
bad choice of the telemetric method used.

Radar has been a great advance, but on every
occasion the correct instrument has to be used
which is consistent with the function demanding
solution, without confusing the uses and functional
possibilities of each instrument.

Moreover, although surface radar distorts x, y
positions, it is used to give a screen display which
is often sufficient for surveillance exclusively. But if
an automated fire-fighting system is sought, those
errors and difficulties which have been pointed out
are disadvantageous, and another method of telem-
etry must be turned to, which naturally gives the
correct X, y position of normal aircraft, but which
also gives accurate data in cases of emergency,
that is, with one and the same method, both func-
tions must be brought about without duplicating the
elements used.

Again, it is essential to understand that an
airport is divided into two zones which are com-
pletely different in function:

a) the fiight lanes and the runways contained
within them.
b) the faxiways and parking areas.

In fact, when an aircraft is in operation, it does
nof, nor cannot have any intention in the airport
other than to move in one of two directions:

- from the parking area to the runway (going
via the taxiways).

- from the runway to the parking area (aiso
going via the taxiways).

In a taxiway the aircraft travels very slowly and
often in procession, where some aircraft follow oth-
ers.

But in the flight lanes and runways the situation
is completely different, since this is the ground-air
or air-ground iransition area. In a taxiway an aircraft
can stop sharply if necessary, but this is com-
pletely impossible on the runways.

Thus, although the airport is an organic whole
and its parts are interconnected, there are basic
qualitative differences in these parts, and this dif-
ferentiation therefore also has to be reflected ap-
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propriately in the telemetry system and its respec-
tive consequences and functional derivations.

For example, 99% of airport disasters occur in
the flight lanes, so that it makes sense for the
automated hydrants to be installed in the flight
lanes, but not in other airport areas. That is, al-
though they could of course be installed, it would
not make sense comparing the function/cost rela-
tionship.

The same thing occurs with the analysis of
surface radar, since there are many zones of little
or no conflict in the airport, and for these surface
radar surveillance gives a totally disproportionate
funtion/cost relationship. Hence, this is another rea-
son for the present RUSTEM system not using
surface radar.

Also, as indicated by the OACI SMGC require-
ments, surface radar will not be regarded as the
determining element. This is due, among other
reasons, to the fact that although the tower can
observe the said radar screen, the pilots in the
taxiway cannot see this screen. It is specified that
the pilots be guided "in situ", which requires detec-
tors, guidance beacons and traffic lights at cross-
ings, something which surface radar does not pro-
vide.

Because of guidance and emergencies, the
RUSTEM system does not make use of surface
radar.

As will be explained, two different methods will
be used:

1) Two parallel lines of infra-red sensors for the
flight lanes (Figure 11). Each of these lines
located on the longest sides of the rectangle
formed by the flight lane. As for instrument
runways, the flight lane has to be at least 300
metres wide, this would be the minimum dis-
tance at which both parallel lines of sensors are
installed.

2) Detectors and beacons (Figure 10) for control
of aircraft in the taxiways and parking areas.
Reference is made here to the generic detector,
the following different types of detector being
able to be used: weight pickup, uitrasonic pic-
kup, heat pickup, pickup of the metallic nature of
the aircraft (magnetic or electrical fields) and so
on, since it is essential in the RUSTEM system
that such detectors are neutral throughout the
airport, with the exception of the detectors which
pick up the aircraft along its run, as the said
detectors are only activated exclusively for air-
craft, due to the interconnecting mechanism be-
tween each of the successive detectors.

In order that a detector can perform the
pickup and send its signal to the computer it
has to be activated by electric current. This
activation will be such that it will occur as the
aircraft itself moves. The activated detectors will
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"accompany" the aircraft's progress.

These detectors are installed in such a way

that they allow the standard minimum distance
between aircraft to be controlled. That is to say,
if two aircraft on the taxiway are not closer to
each other than a minimum specified distance,
they are certain of not colliding.
3) A simple system of iraffic lights (Figure 10)
installed at the taxiway crossings. In this way the
tower records for example aircraft movements
on each of the internal taxiway routes in the
airport, whether for aircraft going from the park-
ing area to the operative flight lane, or for com-
ing from the runway to the parking area, routes
that are held in the memory of the computer
which controls and guides each aircraft step by
step.

In their turn, these traffic lights, which are seen
by the pilots when taxiing, are connected to each
other, with the detectors described above, and with
the tower.

A general description of this aspect of the
system is given below:

1) Flight lane telemetric sensors.

The flight lane is another element which is
very distinct from an aircraft parking area, since
it is a place of movement, so that within the
flight lane all aircraft have their engines running,
and thus are sources of heat.

In the case of accident, fire sources are also
heat sources. Ruptures are already without rem-
edy and what has to be extinguished are fires.
Hence, the common denominator of all incidents
within a flight lane is heat.

Therefore the special ingredient of the
RUSTEM system's telemetric method for flight
lanes is the infra-red telemetric sensors (Figures
1,8,7). These sensors are installed in rectangles,
one sensor at each corner. So that each sensor
in a line has its counterpart in the line opposite.

The flat area which is the flight lane, with no
obstacle between the aircraft and the sensors,
as well as having no obstacles between the
aircraft and the hydrants, allows "sui generis"”
activation, difficult to repeat in other contexts,
but which is totally serviceable in the case of
flight lanes, the vast majority of airport accidents
occur, either by sudden accident, or else
through the arrival at the airport of an aircraft
announcing its emergency condition.

The sensors run along the source-detector
line, producing a signal which when duly con-
verted from analogue fo digital is abie to be
processed by computer.

As it occurs in two sensors at the same
time, there are two lines of bearing whose inter-
section is calculated by the aforesaid computer,
supplying in real time the x, y position of the
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source with great simplicity and accuracy.

In turn, the rectangies or squares formed by
four sensors, are such that they are succes-
sively adjusted 1o the whole length of the flight
lane and its corresponding topography, so that
each set of four sensors form (with small error)
a plane. Thus the three-dimensional problem
substantially disappears and the telemsetry is
exclusively surface telemetry in x, y. This is
taking into account the fact that we are not now
considering aircraft in flight, but on the ground,
i.e. in their landing or take-off runs and in their
taxiing movements within the confines of the
flight lane. The latter not only contains the run-
way, but also covers the part corresponding to
fast exits etc, i.e. the paved junctions connecting
with the runway.

The telemetfric sensors of the present sys-
tem can operate in two different modes:

a) Tracking.
b) Sweep.

In the first case this is the normal functional
mode, tracking the paths of normal aircraft in
their operations within the flight lane. It is natu-
rally assumed that there has to be only one
single aircraft within the perimeter of the flight
lane, since although this is often forgotten after
airport construction, the flight lane is a standard
obstacle-free zone. It does not make the least
sense to put great effort at the time info plan-
ning and constructing an airport, strictly observ-
ing the standard of obstacle-free zones, then
afterwards, once the airport has entered into
operation, aircraft are placed within the flight
lane, as happens many times with threshold
waiting zones.

A waiting aircraft has to be outside the flight
lane, not inside it, since an aircraft inside the
flight lane whilst there is another one operating
on it, represents a dangerous obstacle for the
aircraft which is not waiting, as it is loaded with
passengers and above all fuel, so that inside the
perimeter of the flight lane there must be only
one aircraft if the intention is to meet the OACI
standard for obstacle-free zones, which is ab-
solutely necessary for air safety.

A chimney or an aircraft may be such an
obstacle, if they are situated where they ought
not to be.

So flight lane sensors will now detect it
there are one or more aircraft in it, since the
telemetry will of course be tracking, and this wili
be displayed on the main RUSTEM panel lo-
cated in the tower.

When there is an emergency, the sensors
leave tracking mode and change to sweep mode
by the pressing of an emergency bution on the
control console also located in the tower.
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The sweep (Figure 9) takes place from the
four corners formed by four sensors, sc that the
surface form of the heat sources is obtained.
(Surface radar only transmits from a single
point, the aerial).

At the computer level this gives rise to a
circle being displayed, inside which the source
is recorded. If there is more than one source,
they would have corresponding emergency cir-
cles.

This data, together with the wind force and
direction data, is passed on fo the computer
which controls the hydrants, which computes the
selection of hydrants and the parameters of
each of those selected, thus initiating the fire-
fighting operation.

That is to say, the sensors receive the
emergency data and the hydrants are friggered
by the computer system, all this work being
done very rapidly, considering the elements in-
volved, with the functions of telemetric surveil-
lance and automated fire-fighting being integrat-
ed.

By pressing a single button on the console
located in the tower, the process described is
set off, which is measured in seconds, the re-
sponse time being very fast, as demanded by
the extinction operations in question.

2} The deteciors located in the taxiways are in
their turn connected fo the computer controlling
all the airport taxiing.

This is a different environment from that of
the flight lanes. Here the aircraft travel more
slowly, following in procession. What is of inter-
est now is maintaining the minimum distance
between aircraft. That is, the position of the
aircraft has to be monitored within a taxiway,
and above all the maintenance of the said dis-
tance has 1o be controlled for safety purposes.

In order to do this the detectors are sited in
the taxiways and the guidance beacons also
guarantee this minimum distance. Where there
are crossings traffic lights are located at their
"entrances".

In other words, this involves only having one
aircraft between each two taxiing detectors, be-
ing activated by the aircraft's own progress, and
not detecting other objecis.

This is a similar situation to the technique
used in the airways while aircraft are in flight,
maintaining the distances between them. In the
present case this situation is conirolied on the
ground by means of one of the said detectors,
the aircraft being able to be quite close to each
other, but not too close, since although they are
travelling slowly they still have some velocity.

With this type of detector the passage of the
aircraft in front of the detector as well as its
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direction of travel are detected.

For each new detector which picks up the
aircraft's progress, the computer lights another
axial beacon for this aircraft, every aircraft on

aircraft in front on this section of taxiway, and
therefore the second aircraft has to wait until the
amber light disappears, since only then will he
be able to enter this section of road. In addition,

the taxiway having a fixed number of axial bea- 5 the fixed number of axial beacons flash on and
cons lit in front of the nose of the aircraft ac- off.
cording to the specific route of each aircraft. That is to say, not only is the taxiing control

The sequence of successive activation of function on the part of the tower involved, as
the detectors is produced by means of the inter- happens with surface radar, but also the pilots
connecting mechanism between adjacent detec- 10 have clear instructions "in situ” corresponding
tors. An activated detector on picking up the to this control. The pilots can see the traffic
aircraft not only sends its signal to the com- lights activated "in situ”, but cannot view the
puter, but also activates the next detector and surface radar screen, since obviously this will
deactivates the previous one. only be seen by the tower personnel. For these

Furthermore, if there is an aircraft in a sec- 15 reasons also surface radar is not suitable and is
tion of taxiway, which is accounted for, and not used in the RUSTEM system.
another aircraft enters this same section, the It is a question of synchronizing the tower
record shows two aircraft in this section and and the taxiing aircraft, with the dual function of
another signal appears on the main panel in this instructing the pilots "in situ™ and at the same
section; the second signal being arranged to 20 time controlling taxiing from the tower, both in
flash and a small alarm sounds on the console marking out the internal taxiing routes and in
at the same time. That is to say, an infraction detecting infractions, thus achieving control over
has been detected and the tower personnel slow the minimum distance between aircraft, which is
down the offending aircraft, thus avoiding dam- what is important for safety purposes, having an
age. That is, the offending aircraft would be ata 25 objective measurement available on all occa-
lesser distance than the standard minimum dis- sions.
tance between aircraft, causing risk and possible It is as important that the fower has a dis-
collision. In such cases, the appropriate com- play available of what is happening on the run-
puter causes the axial beacons of the offending ways as it is that the pilots have the data avail-
aircraft to flash. 30 able "in situ™.

3) The airport traffic lights of the present system The signals corresponding to aircraft may
are different from those in towns, although the be seen on a surface radar screen, but the pilots
three lights. green, amber, red, are also used. cannot see this "in situ”™, nor does it help them

The fraffic light has two faces with the three at all in maintaining the standard distance be-
lights on both its faces, like the faces of a coin. 35 tween aircraft.

Aithough all of this is adapted to the airport On the main RUSTEM system panel, one
context. can see both the aircraft in the flight lanes (due

In actual fact, what at one moment is given to the signals sent back by the telemetric sen-
as the valid direction on a taxiway, may become sors), as well as all the aircraft on the taxiways
the prohibited direction in ancther moment. For 40 (due to the continuous detectors). Thus, radio
example, the airport of Las Palmas de Gran should only be used where essential.

Canaria is situated in a region of the world To summarize, where there is an ILS in
subject to trade winds which change direction operation, the operating minimums are lowered
iwice a year. Thus the operative head of the and telemetric surveillance is therefore essential.
runway changes according to the season of the 45 Moreover, there must be monitoring and cer-
year in question. Hence, on altering the runway tainty that there is only one aircraft inside the
head the internal routes for taxiing are changed flight lane, since the obstacle-free zone standard
accordingly. must be met which basically affects the whole of

On the control console (Figure 12) there is a the flight lane. Similarly, the minimum distance
diagram of the runways and a button panel with 50 between aircraft in the taxiing sequence must be
which the internal taxiing routes are recorded at monitored, while at the same time all the aircraft
each moment: start and end point. are being guided along their taxiway.

If a second aircraft tries 10 enter a taxiway Furthermore, telemetric surveillance must be
crossing occupied at that time by a preceding functionally integrated with automated fire-fight-
aircraft, the pilot of the second aircraft meets 55 ing in the flight lanes.
with an amber light which tells him that the routs It emerges from all this that, for the reasons
he is taking on the taxiway is correct, but the explained, surface radar is not the appropriate in-
amber light indicates to him that there is an strument, but rather the installation of telemetric

14
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sensors, detectors, axial beacons and traffic lights,
as in the case of the described RUSTEM system,
which to distinguish it from other airport systems
has been called this for short, standing for "runway
security and taxiway escort system™, in which three
functions are considered: surveillance, guidance
and fire-fighting. With this the tower actually recov-
ers its functions. One could then have smaller,
faster and cheaper fire tankers for faking care of
possible fires in other airport zones, but used as an
auxiliary measure with respect to the automated
hydrant installation, as a much more powerful and
faster system, as demanded by the aeronautical
accident, this being able to take care of any type of
emergency in the flight lanes which is where airport
accidents tend to occur.

This also reduces the general installation costs
and those of maintenance, simulfaneously achiev-
ing a high degree of reliability, speed, and simple
and secure operation on the part of the tower
personnel, who would thus have a working tool
which they can use whatever the meteorological
conditions, night-time situation or traffic density, the
RUSTEM system being adaptable to any airport.

Lastly, as shown in Figures 13 and 14, espe-
cially in Figure 13, along the sides of the flight lane
will be arranged a series of standard infra-red sen-
sors, Si, as well as some special infra-red sensors,
SiA, with an additional element for transmitting and
receiving electromagnetic or ultrasonic pulses. The
infra-red rays, if, which leave the aircraft are picked
up by both types of infra-red sensors as the aircraft
passes in front of them, and the data thus obtained
is sent to the central computer of the installation
fitted in the control tower, T (Figure 14). The two
types of infra-red detectors can pick up not only
the infra-red rays originating from the aircraft, but
also the infra-red rays, if, originating from any
vehicle, vh, which is travelling along the flight lane.

Also, as can be seen in Figure 14, the control
tower, T, is linked in with the airport's surface
radar, RS, Figure 14 also illustrating the normal
infra-red sensors, Si, and the taxiing and guidance
detectors and beacons, D-B.

As a result of the present invention, the auto-
matic surveillance, guidance and fire-fighting in-
stallation for airport aircraft covers the whole spec-
trum of safety in an airport and is thus in the
optimum position to meet the different safety emer-
gencies which may arise in airport traffic.

Claims

1.  An automatic surveillance and fire fighting sys-
tem in an airport having a flight lane, compris-
ing an array of heat sensors each directed
towards the flight lane and disposed at laterally
of the flight lane in spaced relation substan-
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tially along its entire length, including positions
between intersections of the flight lane with
any other lane, and a computer operable in a
first mode to receive signals from the sensors
fo provide an indication of movement of an
aircraft as it moves along the flight lane past
successive sensors, characterised in that the
system further comprises an array of selec-
fively operable hydrants arranged such that
any position along the flight path may be
reached by fluid from at least one of the hy-
drants, the computer and the sensors are
adapted to operate in a second mode in re-
sponse o a control signal applied to the com-
puter in which sensors are caused to sweep
their respective local areas, and the computer
acts to combine the oufputs of adjacent sen-
sors to detect the position of any heat source
within any such area, and to selectively ac-
tivate hydrants capable of providing fire extin-
guishing fluid fo the position of the heat
source.

A system according to claim 1, in which the
computer is also operable in a third mode to
cause the hydrants to direct fire extinguishing
fluid over the whole or selected areas of the
flight lane.

A system according to claim 1 or 2 in which in
the second mode the computer also derives
information as to the area of each heat source
from the sensor outputs.

A system according to any preceding claim,
further comprising at least one wind speed
detector arranged to provide a wind speed
signal indicative of the wind velocity in the
flight lane to an input of the computer, and the
computer is arranged to process this wind
speed information with the sensor output sig-
nals to control the direction of the fluid from
the hydrants.

A system according to any preceding claim, in
which the airport has taxiways and parking
areas, further comprising position detectors for
detecting the position of aircraft in the taxiways
and parking areas as a function of travel and
direction of fravel to provide position output
signals to said computer, and guidance bea-
cons along the taxiways controlled by the com-
puter in response fo the position signals to
indicate the path to be followed by an aircraft.

A system according to claim 5 and comprising
traffic lights connected to the guidance bea-
cons and situated at appropriate positions such
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as taxiway crossings.

A system in accordance with any one of claims
1 to 6, in which the infra-red sensors are
arranged in two parallel rows situated outside
the or each runway, on both sides of the latter
and at the perimeter of the flight lanes, along
the latter and preferably for a suitable distance
beyond the runway threshold.

A system in accordance with claim 7, in which
the flight lane sensors are interconnected and
determine the position of the aircraft situated
within such a lane in an instantaneous and
continuous manner, in such a way that in nor-
mal operation they supply the corresponding
computer with the data from the heat sources
present on the flight lane and enable the afore-
mentioned computer to define the position of
each heat source, whether at rest or in motion,
in real time on the tower control panel.

A system in accordance with claim 7 or 8, in
which the separation between each two con-
secutive flight lane sensors of each row is
defined in such a way that it is sufficiently
small for the distance between them 1o be
approximately equal to its horizontal projection,
and between each two pairs of opposing de-
fectors a rectangle of detection is created,
within which, in an emergency situation, the
heat sources are accurately detected by the
four corner sensors which operate in the said
emergency situation in the form of a coniinu-
ous sweep, in such a way that the electrical
signal from the infra-red sensors contains the
information relating to position and size of the
different heat sources, and is passed via an
analogue fo digital converter for processing by
the aforesaid computer, the sensors being
adapted to the flight lane’s own particular to-
pography, allowing surface telemetry.

A system in accordance with any one of claims
5 to 9 characterised by the fact that the taxiing
and parking detectors are ali neutral through-
out the airport, not picking up any object other
than aircraft exclusively, so that other objects
do not interfere with the computer which pro-
cesses the monitoring and guidance of the
aircraft in their respective continuous se-
quences of travel, between an initial point and
final point, various types of detector being able
to be used, such as weight sensing; pickup by
ultrasonic transmission and reception; trans-
mission and reception of light; infra-red; laser;
or else of the elecitrical or magnetic field type,
so that only the detector corresponding to the
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aircraft's position sends back the correspond-
ing signal to the computer, and in such a way
that as each aircraft goes on taxiing, the ac-
tivated detector deactivates the previous de-
tector and activates the following detector, the
latter remaining ready to pick up the aircraft
when it passes in front of it, causing the detec-
for signals arriving at the computer to tfrigger
the latter into lighting and extinguishing the
guidance beacons.

A system in accordance with claim 10, in
which the said taxiing and parking detectors do
not constitute an obstacle for aircraft or service
vehicles, but only pick-up aircraft, and the
computer on being fed with the signals origi-
nating from the detectors keeps account of
each detector which sends its signal, the com-
puter holding the route of each aircraft in
memory, between its starting point and end
point, which causes the computer to go on
lighting the guidance beacons in front of each
aircraft, according to a fixed number of bea-
cons, and in such a way that each aircraft has
in front of it a fixed number of lighted beacons,
whether day or night, which beacons will go on
changing according to the progress of the air-
craft, the pilot being guided along the whole
taxiing route, and in such a way that a mini-
mum distance between aircraft is maintained,
so that should two aircraft enter a crossing the
computer causes the guidance beacons of one
of the aircraft to flash on and off intermittently
at the same time as the crossing fraffic light
remains lit at red, so that this aircraft has to
brake its progress, and once the other aircraft
has passed the crossing, the computer wiil
cancel the aforesaid intermittent flashing, the
red traffic light will be cancelled to allow the
aircraft to continue on its way.

A system in accordance with any one of claims
5 to 11, in which the arrangement of the flight
lane telemetric sensors and the taxiing detec-
tors is such that once an aircraft has ceased
being monitored by the former, it will start to
be monitored by the latter and vice versa.

A system in accordance with any one of claims
8 to 12, in which the ftraffic lights are situated
only at the crossings of taxiways, in a position
related to that of the detectors and are con-
nected to the said detectors, fo the guidance
beacons and to the control console, the traffic
lights being activated in the event of opposing
routes in aircraft taxiing and in such a way that
in the event that a taxiing aircraft has o return
to the parking area, in order to report any fault
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for example, a controller can cancel the route
which had been allocated to the said aircraft
and input on a keyboard a new initial and final
point for the said aircraft, which is guided back
on its return.

A system in accordance with any one of claims
4 to 13, in which the information relating to
wind force and direction generated by the an-
emometers, is sent continously to the control
console and to the hydrant computer, so that
the latter may effect calculations for aiming the
different hydrants in emergency situations.

A system in accordance with any one of the
preceding claims, in which the hydrants are
arranged in two or more paraliel rows on the
runways, one or more on each side of the
latter, and within the flight lanes, in such a way
that each of the hydrants is independent of the
rest, is solely controlled by the hydrant com-
puter and launches its jets of exiinguishing
liquid with a horizontal to-and-fro motion whose
amplifude depends upon the heat source to be
extinguished, and with a different elevation for
each discharge outlet, the hydrants being de-
activated, despite being automatic in operation,
unless the fire rescue control button is pressed
from the airport tower, being capable of acting
to prepare the runway on the announcement of
the arrival of an aircraft in emergency status,
or going into operation once the aircraft in the
emergency is motionless; the system remain-
ing locked whilst the aircraft is in motion.

A system in accordance with claim 15, in
which the hydrants are anchored and buried
underground, being covered by a metal, such
as steel, cover, flush with the surrounding fer-
rain, not constituting any obstacle in the event
that an aircraft on leaving the runway passes
over the top of the said cover, and in the event
of the hydrants being activated due to an air-
craft emergency, the hydrant cannon are
raised up, raising the steel cover; the hydrants
having three degrees of freedom being ca-
pable of horizontally rotating through 360°, to
take care of any emergency.

A system in accordance with any one of the
preceding claims, in which the hydrants are
mobile, of the previous type, as well of the
fixed type with multiple pipes, according to the
requirements of the airport, at certain points of
the flight lane and its ends.

A system in accordance with claim 15, in
which the hydrants are arranged in locations
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suited to the form of the crossings of the
different flight lanes.

A system in accordance with any one of claims
4 to 18, in which the hydrant computer only
intervenes in the event that an emergency
situation arises, being inactive under normal
conditions, and carries out continuous calcula-
tions of the hydrant triggering parameters, by
taking account of continuous information origi-
nating from the flight lane detectors and an-
emometers in cases of emergency and activa-
tion of the system from the tower.

A system in accordance with claim 19, in
which at least one hydrant computer is pro-
vided for each flight lane, and the said comput-
ers are interconnected.

A system in accordance with claim 19 or 20, in
which the hydrants can spray the complete
runway on the prior announcement of an air-
craft in an emergency situation or operate ac-
curately on the halted aircraft or ifs sections.

A system in accordance with any one of claims
4 to 21, in which the flight lane computer
receives data from all the sensors and an-
emometers, using this to carry out calculations
of aircraft positions, and the position and size
of the different fire zones which already exist
or which develop subsequently, transmitting
this last data to the hydrant computers, and
stores information in memory relating fo day-
to-day hazards, as well as normal movements.

A system in accordance with any one of claims
5 to 22, in which contained in the tower is a
main panel with the representation and iden-
tification of the aircraft in the flight lanes and in
the taxiways, the said representation being in a
special form for aircraft in a situation of infrac-
tion, with heat sources also appearing in an
emergency situation, the computer equipment
producing the corresponding alarm, either for
infractions or for emergencies.

A system in accordance with ciaim 23, in
which the control console is fitted with infrac-
tion and emergency alarm signals, a constant
display of the data from the anemometers,
selection controls for taxiway courses by
means of a data input keyboard, conirols for
selecting flight lanes and take-off direction on
the latter, and fire-fighting activation controls,
in expectation of an emergency in all the flight
lanes; similarly, it has conirols for carrying out
tests with the hydrants, using only water to
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check the system's response at any given
moment, including also the necessary measur-
ing instruments, switches and protection de-
vices.

A system in accordance with any one of the
preceding claims, characterised by its opera-
fion at any fime, whether in a day- or night-
time situation, or with poor visibility, due to its
characteristics being adaptable to any aircraft
configuration, as well as to any expansion
there might be at any given time, the pre-
viously fitted system being capable of being
expanded according to any extension of the
runways and taxiways which may be carried
out.

A system in accordance with any one of claims
5 to 25, in which each beacon is fitted with a
compressed air outlset for the removal of dust,
snow or other grime which has been depos-
ited, whose discharge is activated when the
beacon is lit.

A system in accordance with any one of claims
5 to 26, characterised by the fact that: (j) for
airports operating in very poor visibilities, in
addition to infra-red sensing, some flight lane
sensors incorporate a transmitter and detector
of electromagnetic pulses, or else an ulirasonic
active element, capable of detecting objects
located inside the flight lane relating to aircraft
or vehicles; (k) for airports with normal or aver-
age visibility, the normal sensors not only pic-
kup the aircraft located in the flight lane, but
also the vehicles entering it; (1) there is the
option of installing an interface capable of pro-
cessing the signals originating from the surface
radar which an airport may have installed, and
introducing such signals into the computer
which confrols the surveillance, and with this
data making an addition to the functions of the
system; (m) there is the oplion that the sys-
tems taxiing detectors may be simultaneously
activated throughout, and the pick up of aircraft
and other objects carried out simultaneously,
although in this case incorporating means for
discriminating aircraft from other objects,
achieving the maintenance of the logical se-
quence in the guidance of each aircraft in the
zone of movement and parking of aircraft; and
{n) there is the option of the water and extin-
guishing agent pipes and pressurized storage
tanks being divided up into independent mod-
ules, and their discharge being achieved by
means of the pressure of a compressed gas
connected by regulating valves to the water
and extinguishing agent storage tanks.
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Patentanspriiche

1.

Automatisches Uberwachungs- und Brandbe-
kdmpfungssystem auf einem Flugplatz mit ei-
ner Start- und Landebahn, mit einer Anordnung
von Wirmefiihlern, die je zur Start- und Lande-
bahn hin gerichtet und seitlich der Start- und
Landebahn im wesentlichen entlang ihrer ge-
samten Ldnge mit Abstand voneinander ange-
ordnet sind, einschlieBlich Orten zwischen
Kreuzungen der Start- und Landebahn mit je-
der anderen Bahn, und einem in siner ersien
Betriebsart betreibbaren Rechner zum Empfan-
gen von Signalen von den FUhlern, um eine
Bewegungsanzeige eines Flugzeugs bereitzu-
stellen, wahrend ss sich entlang der Start- und
Landebahn an aufeinanderfolgenden Flihlern
vorbeibewegt,

dadurch gekennzeichnet,

daB das System weiterhin eine Anordnung
wahlweise betreibbarer Hydranten aufweist, die
so angeordnet sind, daB jede Stelle entlang
der Start- und Landebahn von Flissigkeit aus
zumindest einem der Hydranten erreicht wer-
den kann, der Rechner und die Fihler als
Antwort auf ein dem Rechnsr zugeflhrtes
Steuersignal in einer zweiten Betriebsart be-
treibbar sind, in der Flhler zum Uberstreichen
ihrer jewsiligen lokalen Bereiche veraniaBt wer-
den, und der Rechner tdtig ist, um die Aus-
gangssignale benachbarter Fihler zum Ermit-
feln der Lage einer Wirmequelle in irgendei-
nem solchen Bereich zu kombinieren, und um
Hydranten wahijweise zu akiivieren, die Feuer-
I8schfltissigkeit am Ort der Warmequelle be-
reitstellen kGnnen.

System nach Anspruch 1, bei dem der Rech-
ner auch in einer dritten Betriebsart betreibbar
ist, um die Hydranten zu veranlassen, Feuer-
i6schfllissigkeit auf die gesamte oder ausge-
wihlte Bersiche der Start- und Landebahn zu
richten.

System nach Anspruch 1 oder 2, bei dem der
Rechner in der zweiten Betriebsart aus den
Ausgangssignalen der Flhler auch Information
Uber die Flache jeder Warmequelle gewinnt.

System nach einem der vorhergehenden An-
spriiche, das ferner zumindest einen Windge-
schwindigkeitsmesser aufweist, der zum Lie-
fern eines die Windgeschwindigkeit in der
Start- und Landebahn anzeigenden Windge-
schwindigkeitssignals an einen Eingang des
Rechners angeordnet ist, wobei der Rechner
daflir eingerichtet ist, diese Windgeschwindig-
keitsinformation mit den Fihlerausgangssigna-
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len zu verarbeiten, um die Richtung der FlUs-
sigkeit aus den Hydranten zu steuern.

System nach einem der vorhergehenden An-
sprliche, wobei der Flugplatz Rollbahnen und
Parkflichen hat, das ferner Ortsanzeiger zum
Feststellen der Position von Flugzeugen auf
den Rollbahnen und Parkflachen als Funktion
von Bewegung und Bewegungsrichtung auf-
weist, um dem genannten Rechner Positions-
ausgangssignale zu liefern, und Leitfeuer ent-
lang der Rollbahnen aufweist, die in AbhZngig-
keit der Positionssignale vom Rechner ange-
steuert werden, um den von einem Flugzeug
zu folgenden Weg anzuzeigen.

System nach Anspruch 5 mit Verkehrsampeln,
die mit den Leitfeuern verbunden und an ge-
eigneten Stellen wie z. B. Rollbahnkreuzungen
angeordnet sind.

System nach einem der Ansprliche 1 bis 8, bei
dem die Infrarotsensoren in zwei parallelen,
beidseits und auBerhalb der oder jeder Stari-
und Landebahn gelegenen Reihen, und am
Rand der Anflugbahnen ldngs dieser und vor-
zugsweise eine angemessene Woegstrecke
Uber die Start- und Landebahngrenze hinaus
angeordnet sind.

System nach Anspruch 7, bei dem die
Flugbahn-Sensoren miteinander verbunden
sind und die Position des sich in solch einer
Bahn befindenden Flugzeugs augenblicklich
und fortwdhrend derart ermitieln, daB sie im
Normalbetrieb den entsprechenden Rechner
mit den Daten von den in der Flugbahn vor-
handenen Wirmequellen versorgen und den
vorgenannten Rechner in die Lage versetzen,
die Position jeder Wiarmequelle, ob im Still-
stand oder in Bewegung, in Echizeit auf der
Anzeigetafel im Kontrollturm anzugeben.

System nach Anspruch 7 oder 8, bei dem der
Abstand zwischen je zwei aufeinanderfolgen-
den Flugbahnsensoren jeder Reihe derart fest-
gesetzt ist, daB er klein genug ist, um die
Wegstrecke zwischen ihnen etwa gieich ihrer
Horizontalprojektion sein zu lassen, und bei
dem zwischen je zwei Paaren gegenlberlie-
gender FuUhleinrichtungen ein Erfassungsrecht-
eck erzeugt ist, innerhalb dessen in einer Not-
falisituation die Wéirmequellen von den vier
Ecksensoren genau erfaBt werden, die in der
genannten Notfallsituation in Form einer fort-
laufenden Abtastung arbeiten, derart, daB das
elektrische Signal der Infrarotsensoren die In-
formation bezlglich Position und GrdBe der
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verschiedenen Warmequellen enthdit und
durch einen Analog/Digital-Wandler zum Verar-
beiten durch den vorgenannten Rechner ge-
fihrt wird, wobei die Sensoren an die der
Flugbahn eigene, besondere Topographie an-
gepaBt sind und Oberfldchentelemetrie ermég-
lichen.

System nach einem der Anspriiche 5 bis 9,
dadurch gekennzeichnet,

daB die Rollbahn- und Parkfiichen-Fuhleinrich-
fungen auf dem gesamten Flugplatz alle indif-
ferent sind und kein anderes Objekt als aus-
schlieBlich Flugzeuge erfassen, so daB andere
Objekie den Rechner nichi stdren, der die
Uberwachung und Leitung der Flugzeuge in
ihren entsprechenden fortlaufenden Bewe-
gungsabschnitten zwischen einem Anfangs-
und Endpunkt bearbeitet, wobei unterschiedli-
che Arten von Flhleinrichtungen eingesetzt
werden kdnnen, wie z. B. Gewichtserfassung;
Erfassung durch Aussendung und Empfang
von Ultraschall; Aussendung und Empfang von
Licht; Infrarot; Laser; oder eine andere elekiri-
sche oder magnetische Feldart, so da8 nur die
der Position des Flugzeugs entsprechende
Flhleinrichtung das entsprechende Signal zu
dem Rechner zurlicksendet, derart, daB beim
Weiterrollen jedes Flugzeugs die aktivierte
Flihleinrichtung die vorhergehende Fihleinrich-
fung deaktiviert und die nichstfolgende Fiihl-
einrichtung aktiviert, wobei leiztere bereit
bleibt, das Flugzeug zu erfassen, wenn es vor
ihr vorbeirollt, und bewirkt, da die am Rech-
ner ankommenden Signale der Fuhleinrichtung
letztere erleuchten und die Leitfeuer eridschen
lassen.

System nach Anspruch 10, bei dem die ge-
nannten Rollbahn- und Parkflichen Flhlein-
richtungen kein Hindernis flr Flugzeuge oder
Servicefahrzeuge darstellen, sondern nur Flug-
zeuge erfassen, und bei dem der Rechner,
wihrend ihm die von den FUhleinrichtungen
stammenden Signale zugeflhrt werden, Buch
Uiber jede Fuhleinrichtung flihrt, die ihr Signal
sendet, wobei der Rechner den Weg jedes
Flugzeugs zwischen seinem Anfangs- und
Endpunkt speichert, was den Rechner veran-
laBt, eine feste Anzahl von Leitfeuern vor je-
dem Flugzeug aufleuchten zu lassen, derart,
daB jedes Flugzeug vor sich bei Tag oder
Nacht eine feste Anzahl erleuchteter Feuer hat,
die entsprechend dem Vorrlicken des Flug-
zeugs umschalten, so daB der Pilot entlang
des gesamten Rollwegs gelsitet wird, derart,
daB ein Minimalabstand zwischen Flugzeugen
gingehalten wird, so daB im Falle zweier in
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eine Kreuzung einlaufender Fiugzeuge der
Rechner die Leitfeuer fiir eines der Flugzeuge
wihrend der Zsitdauer blinken 13Bt, in der die
Kreuzungsampel rot jeuchtet, so daB dieses
Flugzeug sein Vorriicken bremsen muf, und
der Rechner das genannie Blinken beendet
und die rote Ampel ausgeschaltet wird, so bald
das andere Flugzeug die Kreuzung passiert
hat, um dem Flugzeug zu gestatten, seinen
Weg fortzusetzen.

System nach einem der Anspriiche 5 bis 11,
bei dem die Anordnung der Flugbahn-Teleme-
triesensoren und der Rollibahn-Fihieinrichtun-
gen so ist, daB ein Flugzeug, sobald es nicht
mehr von den ersteren iberwacht wird, es von
den letzteren liberwacht wird und umgekehrt.

System nach einem der Anspriiche 6 bis 12,
bei dem die Ampeln nur an den Kreuzungen
von Rollbahnen in einer mit der Position der
Flhleinrichtungen in Bezug stehenden Position
angeordnet und mit den genannten Fihlein-
richtungen, den Leitfeuern und dem Kontroll-
pult verbunden sind, wobei die Ampein bei
entgegengerichteten Rollwegen von Flugzeu-
gen aktiviert werden, so daf bei einem rolien-
den Flugzeug, das zu der Parkflache zurlick-
kehren muB, beispielsweise um irgendeinen
Fehler zu melden, ein Controller die dem ge-
nannten Flugzeug zugeteilte Wegstrecke 18-
schen und auf einer Tastatur einen neuen
Anfangs- und Endpunkt flir das genannte Flug-
zeug eingeben kann, das bei seiner Ruckkehr
zurlckgeleitet wird.

System nach einem der Anspriiche 4 bis 13,
bei dem die sich auf Windstérke und -richtung
beziehende, von den Windgeschwindigkeits-
messern erzeugte Information fortwdhrend zum
Kontrollpult und zu dem Rechner flir die Hy-
dranten gesendet wird, so daB letzterer Be-
rechnungen zum Ausrichten der verschiedenen
Hydranten in Notfallsituationen ausflinren kann.

System nach einem der vorhergehenden An-
sprliche, bsi dem die Hydranten in zwei oder
mehr parallelen Reihen auf den Start- und Lan-
debahnen in einer oder mehreren Reihen auf
jeder Seite derselben, und innerhalb der Flug-
bahnen derart angeordnet sind, daB jeder der
Hydranten von den Ubrigen unabhingig ist, nur
durch den Rechner flr die Hydranten gesteu-
ert wird und seine L&schilissigkeitsstrahlen in
einer horizontalen Hin- und Herbewegung, de-
ren Amplitude von der zu IGschenden Wirme-
quelle abhingt, und mit einer flir jede AuslaB-
&ffnung verschiedenen Neigung ausstSBt, wo-
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bei die Hydranten, trotz automatischen Be-
triebs, deaktiviert sind, bis der Feuerrettungs-
knopf vom Kontrollturm aus gedriickt wird, und
in der Lage sind, die Start- und Landebahn bei
Ankiindigung der Ankunft eines sich in einer
Notfallsituation befindenden Flugzeugs vorzu-
bereiten oder in Betrieb zu treten, sobald das
sich in Not befindende Flugzeug nicht mehr in
Bewegung ist, wobel das System gesperrt
bleibt, so lange das Flugzeug in Bewegung ist.

System nach Anspruch 15, bei dem die Hy-
dranten unterirdisch verankert und versenkt
sind und von einer Metallabdeckung, beispiels-
weise aus Stahl, in einer Ebene mit dem um-
gebenden Geldnde abgedeckt sind und kein
Hindernis darstellen, falls ein Flugzeug beim
Verlassen der Start- und Landebahn Uber die
Oberseite der genannten Abdeckung fahrt, und
bei aufgrund einer Flugzeugnotsituation akti-
vierter Hydranten die Hydrantenkanonen, die
Stahlabdeckung anhebend, hochgefahren wer-
den, wobei die Hydranten mit drei Freiheitsgra-
den in der Lage sind, horizontal um 360° zu
drehen, um sich jedes Notfalls anzunehmen.

System nach einem der vorhergehenden An-
spriiche, bei dem die Hydranten an bestimm-
ten Punkten der Flugbahn und ihrer Enden
entsprechend den Anforderungen des Flugplat-
zes sowohl gemiB der vorhergehenden Art
bewegbar als auch vom feststehenden Typ mit
Mehrfachrohren sind.

System nach Anspruch 15, bei dem die Hy-
dranten an Stellen angeordnet sind, die der
Kreuzungsform der verschiedenen Flugbahnen
angepaBt sind.

System nach einem der Anspriiche 4 bis 18,
bei dem der Rechner fir die Hydranien nur
eingreift, wenn eine Notfallsituation auftritt und
unter normalen Bedingungen nicht aktiv ist,
und bei Notféallen und einer Aktivierung des
Systems vom Kontrollturm aus fortwdhrende
Berechnungen der Hydranten-Ausldseparame-
ter durch Verfolgen der von den Fuhleinrich-
tungen der Fiugbahn und den Windgeschwin-
digkeitsmessern stammenden kontinuierlichen
Information durchflihrt.

System nach Anspruch 19, bei dem flir jede
Flugbahn zumindest ein Rechner fUr Hydran-
ten vorgesehen ist und die genannten Rechner
miteinander verbunden sind.

System nach Anspruch 18 oder 20, bei dem
die Hydranten nach vorheriger Anklndigung
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eines sich in einer Notfallsituation befindenden
Flugzeugs die gesamte Start- und Landebahn
bespriihen oder gezielt das gestoppte Flug-
zeug oder seine Abschnitte bearbeiten k&nnen.

System nach einem der Anspriiche 4 bis 21,
bei dem der Rechner flir die Flugbahn Daten
von allen Fihleinrichtungen und Windge-
schwindigkeitsmessern empfdngt und diese
benutzt, um Berechnungen von Flugzeugposi-
tionen und der Lage und GrdBe der verschie-
denen, bereits vorhandenen oder sich nach
und nach entwickelnden Brandzonen durchzu-
fUhren, wobei diese letzten Daten an die Rech-
ner flir die Hydranten Ubertragen werden, und
Informationen sowohl bezliglich tagtiglicher
Gefahren als auch bezlglich normaler Bewe-
gungen abspeichert.

System nach einem der Anspriiche 5 bis 22,
bei dem im Koniroliturm eine Haupttafel mit
der Darstellung und Kennung der Flugzeuge in
den Flugbahnen und in den Rollbahnen vor-
handen ist, wobei die genannte Darstellung
eine besondere Form flr beschidigte Flugzeu-
ge aufweist, und wobei Wiarmequelien in einer
Notfallsituation ebenfalls erscheinen und die
Rechneranlage den entsprechenden Alarm er-
zeugt, entweder flir Beschadigungen oder fUr
NotfZlle.

System nach Anspruch 23, bei dem das Kon-
frollpult mit Beschédigungs- und Notfallalarm-
signalen, einer dauernden Anzeige der Daten
von den Windgeschwindigkeitsmessern, Wahl-
organen flir Rollbahnwege mittels einer Daten-
eingabetastatur, Organen zur Wah! von Flug-
bahnen und Startrichtung auf letzterer, und mit
Brandbekdmpfungsaktivierungsorganen verse-
hen ist, in Erwartung eines Noffalls in allen
Flugbahnen; gleichermaBen weist es Bedie-
nungsorgane zum Durchflhren von Hydranten-
tests und auch die notwendigen MeBinstru-
mente, Schalter und Schutzvorrichtungen auf,
wobei zum Prifen der Reaktion des Systems
zu jedem beliebigen Zeitpunkt nur Wasser ein-
gesetzt wird.

System nach einem der vorhergehenden An-
spriiche,

gekennzeichnet durch

seinen Betrieb zu jeder Zeit, ob bei Tag oder
bei Nacht oder bei schlechter Sicht, welches
aufgrund seiner Eigenschaften sowoh! an jede
Fiugzeugkonfiguration als auch an jede zu je-
dem gegebenen Zeitpunkt mdgliche Erweite-
rung anpafbar ist, wobei das vorher installierte
System enisprechend jeder Verldngerung der
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27.

40

Start- und Landebahnen und Rollbahnen, die
mdglicherweise ausgeflhrt wird, erweiterbar
ist.

System nach einem der Anspriiche 5 bis 25,
bei dem jedes Feuer mit einem DruckluftauslaB
zur Entfernung von Staub, Schnee oder ande-
rem Schmutz, der abgelagert worden ist, ver-
sehen ist, dessen Ausstrémen aktiviert wird,
wenn das Feuer aufleuchtst.

System nach einem der Anspriiche 5 bis 26,
dadurch gekennzeichnet,

daB: (j) flr Flugpldtze, die bei sehr schlechter
Sicht betrieben werden, einige Flugbahnfiihl-
sinrichtungen zus3tzlich zu Infrarotsensoren si-
nen Sender und Empfianger elekiromagneti-
scher Impulse oder ein aktives Uliraschallele-
ment zum Erfassen von innerhalb der Flug-
bahn befindlichen Gegensténden in Bezug auf
Flugzeuge oder Fahrzeuge aufwsisen; (k) bsi
Flugpldtzen mit normaler oder durchschnittli-
cher Sicht die normalen FUhleinrichtungen
nicht nur das sich in der Flugbahn befindende
Flugzeug, sondern auch in diese einfahrende
Fahrzeuge erfassen; (1) die Wah! besteht, ein
Interface zu installieren, welches in der Lage
ist, die von einem Oberflichenradar stammen-
den Signale zu verarbeiten, welches ein Flug-
platz installiert haben kann, und diese Signale
dem Rechner zuzufUhren, der die Uberwa-
chung steuert, und mit diesen Daten eine
Funktionserweiterung des Systems vorzunsh-
men; (m) die Wah! besteht, daB die Rollbahn-
fuhleinrichtungen des Systems gleichzeitig ins-
gesamt aktiviert werden k&nnen und das Erfas-
sen von Flugzeugen und anderen Gegenstén-
den gleichzeitig durchgefiihrt wird, in diesem
Fall allerdings Mittel zur Unterscheidung von
Flugzeugen gegenliber anderen Gegenstinden
einschlieBend, wodurch der Erhalt der logi-
schen Reihenfolge beim Leiten jedes Flug-
zeugs im Park- und Bewegungsbereich von
Flugzeugen erreicht wird; und (n) die Wahl
besteht, die Wasser- und Léschmittelrohre und
Druckspeichertanks in unabhZingige Module
aufzuteilen, wobei ihr Ausstrdmen mittels des
Drucks eines komprimierten Gases erreicht
wird, das Uber Regelventile mit den Wasser-
und L&schmittelspeichertanks verbunden ist.

Revendications

Dispositif automatique de surveillance et de
lutte contre l'incendie dans un aéroport com-
portant une bande aménagée, constitué par un
réseau de détecteurs de chaleur, dont chacun
est orienté vers la bande aménagée, et placés
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de fagon espacée sur les cOtés de la bande
aménagée sensiblement sur toute sa longueur,
y compris en des emplacements enire les
intersections de la bande aménagée avec une
autre piste, et un ordinateur qui peut fonction-
ner dans un premier mode pour recevoir des
signaux émis par les capteurs afin de fournir
une indication du mouvement d'un avion qui
se déplace le long de la bande aménagée en
passant devant les capteurs successifs, carac-
térisé en ce que le dispositif comporte en
outre un réseau de bouches d'incendie, qui
peuvent fonctionner de fagon sélective, dispo-
sées de telle sorte que I'on puisse atteindre
n'importe quelle position le long de la bande
aménagée avec du fluide en provenance de
I'une des bouches au moins ; l'ordinateur et
les capteurs sont aptes a fonctionner dans un
deuxiéme mode en réponse a un signal de
commande appliqué 2 'ordinateur, mode dans
lequel on fait balayer par les capteurs la région
locale qui leur correspond, et 'ordinateur agit
pour combiner les sorties des capteurs adja-
cents, afin de détecter la position de toute
source de chaleur dans n'importe laquelle de
ces régions, et activer de fagon sélective les
bouches capables d'envoyer un fluide extinc-
teur d'incendie & I'emplacement de la source
de chalsur.

Dispositif suivant la revendication 1, dans le-
quel l'ordinateur peut aussi fonctionner dans
un troisieme mode pour amener les bouches
d'incendie 2 diriger le fluide extincteur d'inden-
cie sur toute la bande aménagée ou sur des
zones choisies de celle-ci.

Dispositif suivant la revendication 1 ou 2, dans
lequel, dans le deuxitme mode, I'ordinateur
déduit aussi des sorties des capteurs une in-
formation sur I'étendue de chague source de
chaleur.

Dispositif suivant 'une quelconque des précé-
dentes revendications, comportant en outre au
moins un détecteur de la vitesse du vent placé
pour fournir un signal de vitesse de vent indi-
cateur de la véloci#é du vent dans la bande
aménagée & une borne d'entrée de l'ordina-
teur, et 'ordinateur est prévu pour traiter cetie
information de vitesse du vent avec les si-
gnaux de sortie des capteurs de fagon 3 com-
mander la direction du fluide émis par les
bouches d'incendie.

Dispositif suivant 'une quelconque des précé-
dentes revendications, dans lequel 1'aéroport
comporte des voies de circulation et des aires
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de stationnement, qui a en outre des détec-
teurs de position pour détecter la position d'un
avion sur les voies de circulation et sur les
aires de stationnement en fonction du trajet et
de la direction de trajet, pour fournir en sortie
des signaux de position audit ordinateur, et
des balises de guidage le long des voies de
circulation commandées par I'ordinateur en ré-
ponse aux signaux de position afin d'indiquer &
I'avion le trajet & suivre.

Dispositif suivant la revendication 5, compor-
tant des signaux lumineux de circulation reliés
aux balises de guidage et placés en des en-
droits appropriés tels que les intersections de
voies de circulation.

Dispositif suivant I'une quelconque des reven-
dications 1 & 6, dans lequel des capteurs infra-
rouges sont agencés en deux rangées parallé-
les situdes a l'extérieur de la piste, ou de
chacune d'elle, sur les deux c8tés de celle-ci,
et au périmétre de la bande aménagée, le long
de celle-ci et de prétérence jusqu'a une dis-
tance appropriée au-dela du seuil de la piste.

Dispositif suivant la revendication 7, dans le-
quel les capteurs de la bande aménagée sont
inter-reliés et déterminent la position de I'avion
placé sur une telle piste de fagon instantanée
et continue, de telle mani&re qu'en fonctionne-
ment normal ils fournissent 3 I'ordinateur cor-
respondant les données en provenance des
sources de chaleur présentes sur la bande
aménagée et permettent & I'ordinateur ci-des-
sus mentionné de définir la position de chaque
source de chaleur, qu'elle soit au repos ou en
mouvement, en temps réel au tableau de la
tour de contrble.

Dispositif suivant la revendication 7 ou 8, dans
lequel on définit I'espacement entre deux cap-
teurs de la bande aménagée consécutifs sur
chaque rangée suffisammment petit pour que la
distance entre eux soit sensiblement €gale 2
leur projection horizontale, et on définit un rec-
tangle de détection entre chacune des deux
paires de détecteurs se faisant face & Iinté-
rieur duquel, dans une situation d'urgence, les
sources de chaleur sont détectées avec préci-
sion par les quatre détecteurs d‘angle qui fonc-
fionnent dans ladite situation d'urgence sous
forme d'un balayage continu, de telle sorte que
le signal élecirique émis par les détecieurs
infrarouges contient I'information concernant ia
position et la taille des différentes sources de
chaleur, et est envoyé via un convertisseur
analogique/numérique & [l'ordinateur précité
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pour qu'il le traite, les capteurs étant adapiés a
la topographie particuliére propre & la bande
aménagée concernée, permettant une télémé-
trie de surface.

Dispositif suivant I'une quelconque des reven-
dications 5 & 9, caractérisé par le fait que les
détecteurs pour les voies de circulation et les
aires de stationnement sont tous neutres par-
tout dans I'aéroport, ne sont sensibles 2 aucun
autre objet gu'exclusivement un avion, de telie
sorte que d'autres objets ne peuvent pas inter-
férer avec I'ordinateur qui surveille et guide les
avions en continu dans leurs séquences res-
pectives de trajet enire un point initial et un
point final, et I'on peut utiliser différents types
de détecteurs, sensibles au poids, fonctionnant
par transmission et réception d'ultrasons, tran-
smission et réception de lumiére, d'infrarou-
ges, au laser, ou tout autre type & champ
magnétique ou électrique, de telle sorte que
seul le détecteur qui correspond 2 la position
de l'avion renvoie un signal correspondant &
P'ordinateur, et cela de telle fagon que, lorsque
I'avion se déplace sur la voie de circulation, le
détecteur activé désactive le détecteur qui le
précéde et active celui qui le suit, ce dernier
étant prét a détecter l'avion lorsqu'il passera
en face de lui, amenant les signaux de détec-
teurs qui arrivent & l'ordinateur 4 déclencher
celui-ci pour éclairer et éteindre les balises de
guidage.

Dispositif suivant la revendication 10, dans le-
quel lesdits détecteurs des voies de circulation
et des aires de stationnement ne constituent
pas un obstacle pour un avion ni pour les
véhicules de service, mais servent seulement
A suivre 'avion, et I'ordinateur, alimenté par les
signaux émis par ces détecteurs, garde en
compte chaque détecteur qui envoie un signal,
mémorise la route de chaque avion entre son
point de départ et son point d'arrivée, ce qui
I'améne a allumer les balises de guidage en
face de chagque avion suivant un nombre fixe
de balises, de telle sorte que chaque avion a
en face de lui un nombre fixe de balises allu-
mées, qu'il fasse jour ou nuit, balises qui vont
changer au fur et & mesure de la progression
de l'avion, le pilote étant guidé sur fout le
chemin de la voie de circulation, et de telle
sorte que soit maintenue une distance minima-
le entre avions, si bien que si deux avions
arrivent & une intersection, 'ordinateur fait cli-
gnoter de fagon intermittente les balises de
guidage de I'un des avions alors qu’en méme
temps le feu au niveau du croisement reste au
rouge ce qui oblige cet avion & s'arréter, et
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aprés que 'autre avion a traversé l'intersection
I'ordinateur annule le clignotement interméttent
précité, annule le feu rouge au niveau de I'in-

tersection, pour autoriser l'avion & poursuivre
sa route.

Dispositif suivant I'une guelconque des reven-
dications 5 & 11, dans lequel la disposition des
capteurs télémétriques de la bande aménagée
et des détecteurs de la voie de circulation est
telle qu'aprés que l'avion a cessé d'étre sur-
veillé par les premiers, il va &tre surveillé par
les seconds et vice versa.

Dispositif suivant I'une quelconque des reven-
dications 6 a 12, dans lequel les feux de
circulation sont situés uniquement aux inter-
sections des voies de circulation, dans une
position reliée 2 celle des détecteurs et sont
reliés auxdits détecteurs, aux balises de guida-
ge et 4 la console de commande, les feux de
circulation étant actionnés dans le cas ol il y a
des routes opposées pour la circulation de
I"avion, et de telle sorte que, si un avion dans
les voies de circulation doit retourner sur ['aire
de stationnement, par exempie pour reporter
une quelconque défaillance, un contrleur peut
annuler la route qui avait été allouée audit
avion et entrer dans un clavier de nouveaux
points initial et final pour ledit avion qui sera
guidé sur son trajet de retour.

Dispositif suivant I'une quelconque des reven-
dications 4 a 13, dans lequel Iinformation émi-
se par les anémoméires concernant la direc-
tion et la force du vent est envoyée en continu
a la console de commande et & l'ordinateur
des bouches d'incendie, de telle sorte que ce
dernier peut effectuer les calculs pour diriger
I'orientation des bouches différentes dans des
situations d'urgence.

Dispositif suivant I'une quelconque des précé-
dentes revendications, dans lequel les bouches
d'incendie sont disposées en deux rangées
paralléles aux pistes, ou davantage, une ou
plus de chaque cbté de celles-ci, et a I'inté-
rieur des bandes aménagées, de telle sorte
gue chague bouche soit indépendante des au-
tres, uniquement commandée par {'ordinateur
des bouches et envoie ses jets de liquide
extincteur avec un mouvement horizontal de
va-et-vient dont I'amplitude dépend de la sour-
ce de chaleur & éteindre, et ce, avec une
hauteur différente pour chaque émission, les
bouches étant désactivées, bien qu'automati-
ques dans leur fonctionnement, 4 moins que le
bouton de commande d'intervention contre le
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feu ne soit pressé par la tour de contrble de
'aéroport, étant capable d'agir pour préparer la
piste & l'annonce de l'arrivée d'un avion en
état de déiresse ou entrant en fonctionnement
une fois que l'avion en déiresse est immobile,
le dispositif étant verrouillé tant que I'avion se
déplace.

Dispositif suivant la revendication 15, dans le-
quel les bouches d'incendie sont fixées au so!
et enterrées, recouvertes d'un couvercle en
métal tel que de I'acier, se fondent avec le
terrain environnant sans constituer quelque
obstacle que ce soit dans le cas ol un avion
passe sur le sommet dudit couvercle au mo-
ment de quitter la piste, et dans le cas ol les
bouches sont activées & cause d'un avion en
détresse, le canon de la bouche est soulevé en
soulevant le couvercle en acier ; les bouches
ont trois degrés de liberté et peuvent tourner
horizontalement suivant 360 ° pour parer & tou-
te situation d'urgence.

Dispositif suivant I'une quelconque des précé-
dentes revendications, dans lequel les bouches
d'incendie sont mobiles, du type précédent,
ainsi que du type fixe avec tuyaux multiples,
suivant les exigences de I'aéroport, en certains
points de la bande aménagée et en ses exiré-
mités.

Dispositif suivant la revendication 15, dans le-
quel les bouches d'incendie sont situées en

des endroits appropriés a la forme des inter-
sections des différentes bandes aménagées.

Dispositif suivant 'une quelconque des reven-
dications 4 4 18, dans lequel l'ordinateur des
bouches intervient uniquement dans le cas oll
se déclare une situation d'urgence, étant inactif
en conditions normales, et effectue des calculs
en continu des paramétres de déclenchement
des bouches, en prenant en compte I'informa-
tion continue émise par les détecteurs des
bandes aménagées et les anémomeéires en
prévision d'une urgence et d'une activation du
dispositif par la tour de contrBle.

Dispositif suivant la revendication 19, dans le-
quel au moins un ordinateur de bouche est
prévu pour chague bande aménagée, et lesdits
ordinateurs sont interconnectés.

Dispositif suivant les revendications 19 ou 20,
dans lequel les bouches d'incendie peuvent
arroser l'intégralité de la piste & I'annonce d'un
avion en situation de détresse, ou opérer de
fagon précise sur l'avion arrét€ ou sur des
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parties de celui-ci.

Dispositif suivant l'une quelconque des reven-
dications 4 2 21, dans lequel I'ordinateur de
bandes aménagées regoit des données de
tous les détecteurs et anémoméires, en les
utilisant pour mener 2 bien les calculs des
positions d'avion, et la position et la taille des
zones différentes de feu qui existent déja ou
qui peuvent se développer ensuite, transmet-
tant ces derniéres donndes aux ordinateurs de
bouches, et mémorise une information se rap-
portant aux incidents jour aprés jour ainsi
qu'aux mouvements normaux.

Dispositif suivant I'une quelconque des reven-
dications 5 & 22, dans lequel la tour de contrs-
le dispose d'un panneau principal avec la re-
présentation et l'identification des avions dans
les bandes aménagées et dans les voies de
circulation, ladite représentation prenant une
forme spéciale pour un avion en situation d'in-
fraction, les sources de chaleur apparaissant
aussi dans une situation d'urgence, 'ordinateur
produisant une alarme correspondante que ce
soit pour les infractions ou pour les urgences.

Dispositif suivant la revendication 23, dans le-
quel la console de conirble est munie de si-
gnaux d'alarme pour infraction et pour urgen-
ce, d'une visualisation constante des données
en provenance des anémomeires, de comman-
des de sélection pour les voies de circulation
au moyen d'un clavier d'entrées de données,
de commandes pour le choix des pistes d'en-
vol et de la direction de décoliage sur celles-ci,
et des commandes d'activation de la lutte
contre I'incendie, en prévision d'une urgence
dans foutes les bandes aménagées ; de
méme, elle a des commandes pour conduire
des essais avec les bouches, utilisant seule-
ment de I'eau pour vérifier la réponse du dis-
positif 4 tout moment, comportant aussi les
instruments nécessaires aux mesures, des in-
terrupteurs et des dispositifs de protection.

Dispositif suivant 'une quelconque des précé-
dentes revendications, caractérisé par le fait
qu'il fonctionne & tout moment, jour et nuit, en
faible visibilité, qu'il est adaptable, d0 & ses
caractéristiques, & n'importe quelle configura-
tion d'avion, et aussi & quelque extension qui
puisse se produire 2 n'importe quel moment,
le dispositif précédemment installé étant capa-
ble d'étre agrandi en fonction de toute exten-
sion des pistes et des voies de circulation qui

puisse étre réalisées.
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26. Dispositif suivant I'une quelconque des reven-

27

dications 5 & 25, dans lequel chaque balise est
munie d'une sortie d'air comprimé pour retirer
la poussiére, la neige ou toute autre salissure
qui a été déposée, dont I'émission est activée
lorsgue la balise est allumée.

Dispositif suivant I'une quelconque des reven-

dications 5 4 26, caractérisé par le fait que :
i) dans le cas d'aéroports qui fonctionnent
avec une visibilité trés faible, certains détec-
teurs de la bande aménagée, outre la dé-
tection par infrarouge, comporteni un
émetteur-détecteur d'impulsions électroma-
gnétiques, ou bien un élément sensible aux
ulirasons, capable de détecter des objets
placés sur la bande aménagée se rappor-
tant & un avion ou & des véhicules,
k) pour des aéroports avec une visibilité
moyenne ou normale, les détecteurs nor-
maux repérent non seulement lavion situg
dans la bande aménagée mais aussi les
véhicules qui y pénétrent,
1) il y a la possibilité d'installer une interface
capable de traiter les signaux en provenan-
ce du radar de surface que l'aéroport peut
avoir installé, et d'introduire de tels signaux
dans l'ordinateur qui commande la surveil-
lance, et d'ajouter, avec ces données, aux
fonctions du dispositif,
m} en option, il est possible que les détec-
feurs des voies de circulation du dispositif
soient tous actionnés en méme temps et
que I'on effectue en méme temps la détec-
tion d'un avion et d'autres objets, avec dans
ce cas des moyens pour faire la distinction
entre un avion et les autres objets, tout en
maintenant la séquence logique dans le gui-
dage de chaque avion dans sa zone de
déplacement et de stationnement,
(n) en option, les tuyaux d'agent d'extinction
et d'sau et les réservoirs de stockage pres-
surisés peuvent étre séparés en modules
indépendants, et on peut obtenir leur émis-
sion au moyen de la pression d'un gaz
comprimé relié par des valves de régulation
aux réservoirs de stockage d'eau et de li-
quide extincteur.
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) Procédé pour le contrile au sol des mobiles sur un asroport et instaliation pour la mise en ceuvre

de ce procédé.

@& Procédé pour le contrdle au sol, soit de nuit ou
par mauvaise visibilité, soit par bonne visibilité lors-
qu'il n'est pas possible d'avoir de la tour de contr8le
une bonne vue d'ensembie de I'aéroport, de tous les
engins, avions et véhicules, teis que véhicules de
service et de sécurité, stationnant ou circulant sur le
site de I'aéroport, en particulier les pistes d'envol ou
d'atterrissage ainsi que toutes les voies d'accés 2
caes pistes, et instaliation pour [a mise en ceuvrs de
ce procédeé.
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"Procédé pour le contrdle au sol des mobiles sur un aéroport et instailation pour la mise en oeuvre de
ce procedé”.

La présente invention a pour objet un procédé
pour le contrble au sol, soit de nuit ou par mau-
vaise visibilité, soit par bonne visibilité lorsqu'il
n'est pas possible d'avoir de la tour de contrdle
une bonne vue d'ensemble de I'aéroport, de tous
les engins, avions et véhicules, tels que véhicules
de service et de sécurité, stationnant ou circulant
sur le site de I'aéroport, en particulier les pistes
d'envol ou d'atterrissage ainsi que toutes les voies
d'accés A ces pistes. En général, lorsque la visibi-
lité est bonne, le personnel de la tour de contrble
assure, 2 vue, le guidage au sol des avions et
véhicules divers se déplagant sur I'ensembie des

pistes et voies d'accés de |'aérodrome, car il peut

suivre et contrdler [a circulation globale et donner,
par liaison radio, les indications aux opératsurs des
avions et véhicules pour le bon déroulement des
opérations.

Il n'en est plus de méme lorsque la visibilité a
partir de la tour de contrdle est réduite et que le
personnel de la tour n’a plus 2 sa disposition que
les liaisons radio avec les avions et véhicules au
sol alors que les informations fournies quant 2 fa
localisation précise de chacun des mobiles au sal
peuvent 8tre sujettes a caution. En effet, en ce qui
concerne la position au sol des avions, qui est
donnée par les pilotes, ceslle-ci ne peut &tre
contrdiée de maniére absolue par le personnel de
la tour et un doute peut subsister quant a la
position réelle des avions surtout lorsque les infor-
mations sont fournies par des pilotes peu familia-
risés avec ['aéroport ol ils font escale. Cette situa-
tion s'est encore aggravée depuis que les avions
commerciaux décollent et atterrissent avec une vi-
sibilité de 100 & 150 métres.

Par mauvaise visibilité, on dispose, sur un
nombre réduit d'aéroports pour lesquels linvestis-
sement trés important a pu étre consenti, de radars
de sol et radars de veille qui, s'ils permettent
d'améiiorer la situation, présentent encore des in-
convénients sérieux. En effet, les informations four-
nies par ces radars ne sont pas parfaitement
fiables. Par exemple, lorsque le personnel de la
tour autorise un avion i décoller et qu'il est dans
'impossibilité de suivre 2 vue cet avion, il ne
pourra suivre sur les radars les diverses phases du
décollage. Si 'avion autorisé 3 décoller ne prand
pas son envol, le personnel de a tour restera dans
l'incertitude tant qu'une liaison radio n'aura pas été
établie avec le pilote de I'avion. Ces radars restent
donc dans certains cas fributaires des liaisons ra-
dio, avec tous les aléas précités attachés a ces
derniéres. De plus, ces radars ne permettent pas
d'identifier les mobiles en mouvement ou 2 I'arrét
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sur I'aéroport, ils ne peuvent que constater leur
présence. En outre, ces radars font essentiellement
appel a "appréciation des informations fournies par
le personnel de la tour, d'oll possibilité de
défaillance humaine et ce, d'autant pius qu'un indi-
vidu ne peut contrdler qu'environ 50 points lumi-
neux différents et que la permanencs rétinienne
peut encore entrer en jeu lors du passage d'un
écran a un autre.

Linvention a pour but de remédier i ces in-
convénients et de procurer un procédé et une
installation pouvant renseigner le personnsl de la
tour de contrdle sur la situation des mobiles au sol,
de maniére fiable et précise, avec identification
desdits mobiles, et ce, sans avoir recours aux
liaisons radios.

A cet effet, suivant l'invention, le procédé con-
siste & disposer, au moins le long des pistes et a
leurs extrémités ainsi qu'aux intersections
éventuelles de toutes les voies d'accés aux pistes,
des systémes de contrGle différents fournissant
chacun des informations distinctes relatives au
moins aux mobiles, i I'arrét ou en mouvement, se
trouvant sur le site, 2 analyser toutes les infor-
mations susdites par ordinateur dont les mémaires
contiennent les caractéristiques des mobiles cir-
culant sur le site, 2 activer, 2 partir de I'ordinateur,
d'une part, des écrans cathodiques et/ou synopti-
ques permettant aux contrdleurs de visualiser les
pistes et accds ainsi que tous les éléments, en
particulier les mobiles, a I'arrét ou en mouvement,
présents sur ces pistes ot acces avec des ca-
ractéristiques d'identification, et, d'autre part, des
moyens de signaiisation prévus sur le site et des-
tinés a donner des indications quant aux libertés et
interdictions de circuler et des moyens d'alarme
associés aux écrans activés quand une interdiction
n'est pas respectée.

Suivant une forme avantagsuse de l'invention,
sur base des informations traitées par I'ordinateur
ot dés que le contrdlleur autorise la circulation d'un
avion sur une voie ou piste donnée, I'ordinateur
crée le long de celle-ci une zone de protection.

L'installation suivant l'invention comprend au
moins des moyens de contr8le associ€s aux pistes
d'envol et d'atterrissage et agencés pour détecter
tout élément situé sur ces pistes, en particulier les
mobiles a l'arrét ou en mouvement, des moyens
de contrSle associés aux voies d'accés éveniuelles
et 2 toutes les intersections de ces derniéres avec
les pistes et agencés pour détecter tout mabile 2
I'arrét ou en mouvement sur lesdites voies d'accés
a proximité de ces intersections, des moyens pour
transmettre les informations en provenance des
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moyens de contrdle 4 un ordinateur agencé pour
comparer les informations regues des moyens de
contriie précités a2 des informations mises en
mémoire et concernant les divers mobiles autorisés
4 se déplacer sur les pistes et voiss d'accas, des

rans cathodiques et/ou synoptiques disposés au
moins dans la tour de contrdle et activés par
I"ordinateur pour visualiser, d'une part, les pistes et
voies d'acceés 2 celles-ci et, d'autre part, les
éléments et en particulier les maobiles, 2 I'arrét ou
en mouvemsent sur ces voies et pistes munies de
moyens de contrdle, avec leurs caractéristiques
d'identification, des moyens de signalisation opti-
Ques eYou sonores associés aux pistes et voies
d'accés pour renseigner les opérateurs des mobi-
les au sujet des libertés et interdictions de circuler
dans les zones protégées par les moyens de
contrdle et des moyens d'alarme associés aux
écrans précités et agencés pour étre activés par
I'ordinateur quand une interdiction de circuler n'ast
pas respectée.

Drautres détails et particularités de ['invention
ressortiront de la description des dessins annexés
au présent mémoire et qui représentent, 2 titre
d'sxemple non limitatif, une forme de réalisation
particuliére de l'installation et illustrent le procédé
suivant l'invention,

La figurs 1 est une vue schématique, en
plan, d'un aéroport équipé de Iinstallation précitée.

La figure 2 est une vue analogue 2 ia figure
1 montrant un détail de ladite installation.

Dans les différantes figures, les mémes signes
de référence désignent des éléments identiques.

It est évident que le procédé et linstallation
suivant Tinvention devront &tre adoptés en fonction
des caractéristiques propres de chacun des
aéroports concernés et que la muitiplicité des
moyens de contrdle nécessaires pour assurer une
sécurité automatique maximum, au sol, de la circu-
lation des mobiles dépendra essentisllement du
nombre de pistes 2 protéger et de lin-
terpénétration de ces pistes entre slles et avec un
nombre plus ou moins élevé de voies d'accds aux
pistes. Pour des aéroports qui ne posséderaient
qu'une ou plusisurs pistes ne se croisant pas et
n'étant pas recoupées par des voies d'acces, il
suffirait, pour obtenir une excellente sécurité, de
munir {a ou chacune des pistes de moyens de
contrGle constatant la présence ou ['absence
d'éléments, en particulier mobiles, sur les pistes.
Dans ce cas, la sécurité pourrait 8tre accrue en
contrdlant également I'accés en bout de chacune
des pistes.

Pour les aéroports dont les pistes et les voies
d'acceés se croisent, il conviendra, pour atteindre le
niveau de sécurité équivalent a celui obtenu ci-
dessus, de créer 3 chaque point d'intersection, en
plus des moyens de contrle des pistes, une zone
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protégee surveillée par un ou plusieurs moyens de
contrdle propres a ces intersections.

Dans ['un et ['autre cas, la sécurité pourra étre
sncorg accrue en munissant au moins les
véhicules de service de moyens optiques ou scno-
res renseignant automatiquement les opérateurs
des dangers que peut présenter l'endroit ol lesdits
véhicules se trouvent ou vont aborder.

Il est également intéressant de pouvoir verifier
si les véhicules d'intervention, pompiers et ambu-
lances, occupent leurs smplacements, qui sont
bien déterminés sur I'aéroport. Dans ce but, des
moyens sont prévus auxdits smpiacements et dans
les véhicuies pour foumir les informations requises.

Dans tous les cas, les informations recueillies
sont transmises 2 un ordinateur qui active des
moyens audio-visusls situés au moins dans la tour
de contrdle. De tels moyens peuvent en effet
également étre prévus 2 ['emplacement réservé
aux véhicules d'intervention.

Dans tous les cas, |'ordinateur est agencé pour
traiter les informations regues des divers moyens
et déclencher automatiquement tous les signaux
optiques ou sonores assurant la sécurité de circu-
lation. L'ordinateur est également agencé pour re-
fuser une commande en conflit avec les infor-
mations provenant des différents moyens de
contrdle.

Dans le cas od on ne surveilie que la ou les
pistes de V'aéroport, le scénario général consiste 2
acquérir des informations fournies par les moyens
de contrble, 2 traiter ces informations par ordi-
nateur, A visualiser ces informations, 2 suivre 'at-
terrissage ou le décollage, a ramener en position
d'attente aprés décollage ou atterrissags.

Pour obtenir un résultat valable, il est impératif
d'incorporer dans le systéme, des moyens de
contrdle alimentés par des réseaux indépendants
pour des raisons tant électriques que technigues -
(parasites,effets de réverbérations, radars).

Deux moyens de contrdle différents minimum
sont nécessaires pour obtenir une sécurité totale.

Ces moyens de contrdle seront constitués par
deux types de radars 1 et 2, des radars 1 2
faisceau étroit le long des pistes 3 et des radars 2
a faisceau large répartis également 4 des dis-
tances variables le long desdites pistes 3. Les
radars 1 seront installés tous les 150 m sur le bord
de la piste a la hauter prescrite et ce en un
alignement paraliéle aux lampes de balisage des
pistas et 2 * 1 m de cslles-ci. Chacun des radars 2
faisceau étroit 1 fonction ne sur une fréquence de
99 gigaHz et est utilisé pour analyser le
déplacement des avions sur la piste. L'sffet dop-
pier permet ce contrbie quel que soit le sens de
déplacement de ['avion. Placés transversalement et
de préférence perpendiculairement i l'axe de la
piste 3 de fagon 2 bénéficier au maximum de
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I'effet doppler, le champ de vision avoisine les §
degrés.

Les radars 2 2 faisceau large seront répartis le
long de la piste 3, un radar sera installé en début
de piste afin de couvrir un large espace compre-
nant entre autres la zone d'attenie des avions avant
le décollage. Aux endroits de décollage ou d'atter-
rissage possibles et en fin de piste, les radars 2
seront dotés d'une inclinaison adéquate permettant
de suivre I'avion en vol. Des caméras de télévision
4 seront également prévues pour compléter les
informations fournies par les radars 1 et 2, elles
fonctionneront avec des luminosités excessivemnant
faibles (tubes infrarouges) et seront placées aux
endroits stratégiques de fagon que le contrbleur
puisse visualiser différents paramétres (type
d'avion ou d'autre mobile, arrét ou mouvement de
celui-ci). Les différents radars 1, a faisceau étroit,
échelonnés a 150 le long de la piste 3, détectent la
passage de ['avion et mesurent le temps que met-
tra celui-ci pour sortir du faisceau. Le radar 2, 2
faisceau large, en début de piste, vu la conception
de sa cavité et de ses circuits, déterminera le
début du processus de traitement. Au fur et 2
mesure de sa progression, ['avion coupera le fais-
ceau des différents radars 1 et ce de plus en plus
vite vu gu'il sera en accélération constante. Le
radar 2 de fin de piste ou situé 2 [endroit de
décollage le détectera en altitude et ce pendant un
laps de temps plus important. La non détection par
les radars 2 permettra d'Stre certain que I'avion a
bien décollé. L'ordinateur recevant les données ou
informations des radars permettra par comparaison
de suivre I"accélération, mais, comme les angles
des faisceaux ne sont jamais rigoursusement iden-
tiques, il calculera la vitesse instantannée pour le
passage & chaque radar et vérifiera ainsi les
données de comparaison. Le programme est
également prévu pour éliminer les détections para-
sites dues aux oiseaux et aux liévres se déplagant
sur le site. Ce qui est énoncé pour le décoilage est
vrai pour l'atterrissage. Les caméras 4 permettront
de visualiser I'avion en attente de décollage ainsi
que lors de son trajet sur la piste 3. L'ordinateur
numérise et mémorise les images regues; il les
compare aux modules de sa bibliothéque et iden-
tifie donc le mobile. Le module objet est intégré st
positionné sur un écran cathodique et/ou synop-
tique pour que son déplacement soit pour le
contrGleur une visualisation réelle de ce qui se
passe sur la piste 3. Lorsque le contrGleur a auto-
risé le piloie 2 se mettre en bout de piste 3, il met
en fonction par un commutateur le programme de
gestion de la piste, ce qui active les caméras 4 st
les systémes radars 1 et 2. Sur les écrans grand
format, le contrdleur voit apparafre la piste et le
module objet de 'avion. Une fenétre clignotante lui
signale que le radar 2 en début de piste a
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également pris en charge ['appareil. Le contrBisur
peut ains donner 'ordre de décoilage qui sera
suivi par les caméras 4 jusqu'a la limite de leur
champ d'action. Lors du passage de I'avion dans le
champ d'un radar 1, la fenétre correspondant a
celui~ci s'illumine et la représentation de l'avion se
déplace sur I'écran synoptique permettant de sur-
vre sa progression sur la piste. La caméra de bout
de piste ou d'endroit de décoilage transmet les
données A [l'ordinateur qui analyse les images
regues et qui active I'affichage sur I'écran du mo-
dule objet de I'avion décollé. Le radar 2 le pius
proche de I'endroit de décollage détecte I'avion en
vol et permet A l'ordinateur d'analyser {'état des
radars 1 qui sont inactifs vu que l'avion est en vol.
Soit aprés un temps préprogrammé, soit par une
action du contrdieur, la mise au repos du systéme
permet a lordinateur de passer en phase sta-
fistique, ce qui engendrera éventuellament une im-
pulsion des informations compilées du décollage.

Lorsque les pistes sont recoupées par d'autres
pistes ou par des voies d'accés, le contrSle des
intersections se décompose en deux fonctions bien
distinctes, 2 savoir :

-la signalisation donnée au pilote d'avion ou au
conducteur d'un véhicule arrivant a4 une intersec-
tion,

-I'acquisition de la donnée, son traitement st le
transfert vers le contrdleur des résultantes données
par {'ordinateur.

La signalisation sera réalisée au moyen de
deux bandeaux 5 2 base de fibres optiques (figure
2) figurant le "STOP". Ces bandeaux forment une
signalisation vraiment efficace vu la disposition par-
ficuliere des fibres optiques et la puissance lumi-
neuse rayonnée par celles-ci. Lorsque le sysiéme
ast en position d'attente, le contrSleur peut rem-
placer I'émission de lumiére rouge correspondant
toujours a cette position d'attente par un rayon-
nement vert lorsqu'il décide d'autoriser 'accés de
la piste. Un troisitme bandeau optique 6 situé
environ 2 5 m en aval de la zone de contrdle,
constituée notamment par les bandeaux 5, se met-
tra & clignoter au rouge si un mobile franchit intem-
pestivement lesdits bandeaux de sécurité 5.

L'acquisition des donnéss se fera de deux
fagons:

-par boucles magnétiques 7 et

- par radar 8.

Deux boucles magnétiques 7 seront instaliées
dans le sol et permetiront de détecter le passage
de tous les mobiles qui les franchissent ainsi que
leur sens de circulation. Au-deld des bandeaux 5,
une troisitme boucle magnétique 7' permetira de
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contrdler le respect des consignes fournies par ces
bandeaux 5 et de donner une alerte 2 la tour de
contréle. Ces données seront affichées sur un
synoptique par ['ordinateur qui tiendra compte des
diftérents mouvements 2 I'approche des zones
dangereuses.

Le radar 8 a pour but de contrdier par un autre
canal les mesures sffectuées par les boucles 7 st
7. Il donnera les informations d'arrét et de
démarrage des mobiles. Ce radar 8 peut
également étre un élément générateur d'hy-
perfréquence qui influencerait des détecteurs
prévus sur les mobiles et provoquerait I'émission
de signaux optiques etou sonores pour avertir leur
opérateur du dahger.

Lorsqu'un avion a été autorisé A quitter son
aire d'attente pour prendre place en bout de piste
3 en vue du décoliage, le contrdleur fait passer la
zone correspondant 4 cette piste au rouge ce qui a
pour conséquence d'activer automatiquement tous
les moyens de contrble et de prévention. il est
évident que les actions prévues en cas ds
décoilage s'appliquent également pour les atterris-
sages qui sont parfois imbriqués sur la méme
piste. Il est alors intéressant de créer une zone de
sécunté automatique autour des points de conflit
que sont les intersections de pistes avec les voies
d'accés et les chemins utilisés par le personnel
chargé d'éloigner les oiseaux des aires de
décollage, etc.

Pour ce faire, on équipe d'un récepteur hy-
perfréquence un maximum de mobilss. Ce
récepteur regoit les informations émises par I8
dispositif zone rouge et donne une information au-
ditive et visuelle 2 I'opérateur lorsqu'il pénétre dans
la zone dangereuse.

I faut considérer que les avions sur un
aéroport sont prioritaires et que tout doit &tre fait
pour ne pas déranger leurs évolutions.

Le but du systéme suivant ['invention est donc
de prévenir toute circulation intempestive qui met-
trait en danger les mobiles en présencs.

Tous les véhicules de service sont équipés
d'un récepteur hyperfréquence qui signalera
immédiatement au conductsur qu'il s'engage dans
une zone en activité ou qu'il va franchir une limite
ol

-une attention soutenue est de rigueur

-une autorisation de [a tour st nécessaire.

Les véhicules étrangers 3 I'aéroport qui, pour
des prestations, doivent circuler sur le site, rece-
vront avantageusement un module portatif leur per-
mettant ainsi d'avoir leur attention attirée 2 I'ap-
proche des 2ones dangersuses.

Sur les aéroports, les véhicules d'interventions
occupent généralement un emplacement fixe et
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dédicacé. Un émetlteur muniature hyperfréquence
monté sur les véhicules permet de contrdier instan-
tanément la présence desdits véhicules sur leur
aire de stationnement vu qu'un récepteur y est
incorporé.

Dans la tour de contrle st €ventusllement 2
I'emplacement des véhicules d'intervention, le per-
sonnel aura & sa disposition une unité du type
audiovisuel. Elle sera composée d'un pupitre de
commande, d'un écran synoptique st de deux ou
trois écrans cathodiques. Pour que la visualisation
soit efficace st puisse se percevoir sans réflexion,
los états représentés aux écrans apparatront
comme une rupture dans 'affichage général.

La représentation réelle des pistes et de leurs
accés sera donc visualisée sur I'écran synoptique
suivant le systdme de pavé, systéme similaire i
celui utilisé & la SNCV dans les gares de triage, et
ce 4 une échelle efficace.

Les données acquisss par les différents
moyens de contrdle et les résultats de leur traite-
ment par l'ordinateur seront visualisées sur les
écrans synoptique et cathodique. L'écran synop-
tique permettra de positionner et de suivre avec
grande précision le déplacement des mobiles,
I'écran cathodique, de préférence couleur, repren-
dra chacune des pistes et informera le contrdleur
des opérations en cours.

Afin de bien préciser l'ensemble des
opérations, les différentes phases d'un décoilage,
la piste étant au repos, von étre décntes:

L'ensemble des signalisations est au rouge -
(état de repos normal). Des véhicules circulent sur
le site. Les véhicules de service sont sur leur aire
de stationnement. L'écran synoptique est actif, car
I'ordinateur tient en permanence compte des maobi-
les entrant ot sortant des pistes, les écrans catho-
diques passant automatiquement en position repos
sont inactifs.

Lors d'une demande d'accds a la piste, un
avion ayant quitté son terminal se dirige vers l'aire
d'attente de la piste 3. Le contrdleur enclenche le
processus de gestion du site. A ce moment, I'décran
synoptique répercutera en clignotant la présence
éventuelie d'un véhicule et émettra une signali-
sation optique et/ou sonore. La piste 3 passera en
zone rouge et tous les véhicules se trouvant dans
cette zone recevront sur leur récepteur hy-
perfréquence le signal optique st/ou sonors de
zone dangereuse.

Lorsque le contrSleur le jugera utile, il donnera
l'autorisation d'accés a la piste. Il sera informé i
chaque instant de la situation vu que les données
sont transmises en temps réel. De pius, afin de
parer a une défaillance humaine et de maniére i
lui permetire de superviser le reste de {'aéroport,
l'ordinateur I'avertira, en activant une alarme, si un
conflit se présentait.
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Le contrdleur, au moyen du module objet
défini par la caméra, s'assure du iype d'appareil
qui est en instance de décollage et donne le feu
vert. Au cas ol il donne l'autorisation de décoilage
en présence d'un conflit, le systéme émet un si-
gnal d'avertissement et bloque les signalisations au
rouge. Une commande de sécurité permet, aprés
un laps de temps déterminé, de demander au
systéme un nouvei assai.

L'avion se mettant en branle sur la piste 3 sera
accompagné par une des caméras 4 et les radars
de piste 1 et 2 qui permettront 3 l'ordinateur de
suivre le décollage et de renseigner de fagen con-
tinue le contrdleur sur 'accélération continue du
mobile, grice & ['écran synoptique. L'avion ayant
décollé sera pris par le radar & large faisceau 2
susdit et l'ordinateur ne recevant aucune infor-
mation des radars 1 affichera sur I'écran synop-
tique I'état décollé. La caméra de bout de piste
confirmera la disparition de I'avion.

Le contrbleur au moyen de cette caméra pour-
ra en cas de non décollage de l'avion suivre les
évolutions de ['appareil en difficulté et déterminer
de visu les interventions gue la situation requiert
car il sera averti par I'ordinateur dés que ['avion
subira une décélération significative.

Le contrBleur, ayant constaté la bonne
exécution de la manoceuvre, mettra le systéme en
veilleuse ce qui déterminera pour le calculateur
I'action statistique et I'impression des paramétres
du décollage.

I doit &tre entendu que l'invention n'est nulle-
ment’ limitée 4 la forme de réalisation décrite et
que bien des modifications peuvent &ire apportées
& cette derniére sans sortir du cadre du présent
brevet.

C'est ainsi que !'on pourrait prévoir un rayon
laser émis d'une extrémité de chaque piste 3 sui-
vant 'axe de celleci et capté 2 I'autre extrémité
pour que ce faisceau soit interrompu par un avion
situé sur la piste. Ce dispaositif pourrait compléter
les radars 2 ou se substituer 2 ces derniers.

Pour parfaire [identification d'un véhicule avec
certitu de, le véhicule qui se présente 2 une bar-
riere de sécurité, on prévoit sur lui un émetteur,
statique ou non, générateur d'une hyperfréquence
codée qui permetira une identification infaillible
pour le systéme du véhicule considéré. Une plaque
magnétique codée propre 24 chaque véhicule
remplacera, dans certains cas, le générateur avec
un méme résultat.

On pourrait encore prévair, le long des pistes 3
et soit en combinaison avec les radars 1 2 faisceau
étroit, soit en remplacement de ces radars 1, une
rangée d'émetteurs de rayon laser équidistants dis-
posé€e, le long d'un des bords longitudinaux de la
piste 3 et parallélement 3 cette derniére, pour que
les rayons soient sensiblement paralléles entre
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aux, paralidles au sol et transversaux 2 l'axe de la
piste et & une hauteur telle qu'ils soient interceptés
par un véhicule ou avion a f'arrét ou en mouvement
sur la piste. Le long de ['autre bord longitudinal de
la piste, on prévoit une rangée de récepteurs de
rayon équidistants disposée paraliélement 2 la pi-
ste. Les récepteurs, dont le nombre est égal a
celui des émetteurs et qui sont destinés chacun a
recevoir le rayon émis par I'émetteur correspon-
dant, sont alors connectés chacun 2 [ordinateur
pour fournir & celui-ci une information lorsqu'il n’est
plus activé par le rayon laser. Les rayons laser
émis par les émetteurs susdits sont avantageuse-
ment perpendiculaires 4 I'axe de fa piste, la dis-
tance qui sépare deux de ces rayons voisins étant
comprise entre 50 et 150 m, la distance des rayons
du sol étant comprise entre 0,25 et 1 m et les
rangées d'émettours st de récepteurs étant dis-
posées 2 au moins 1 m en retrait des lampes de
balisage de la piste.

Revendications

1. Procédé pour le contrble au sol, soit de nuit
ou par mauvaise visibilité, soit par bonne visibilité
lorsqu'il n'est pas possible d'avoir de la tour de
conirle une bonne vue d'ensemble de l'aéroport,
de tous les engins, avions et véhicules, tels que
véhicules de service et de sécurité, stationnant ou
circulant sur le site de I"aéroport, en particulier les
pistes d'envol ou d'atterrissage ainsi que toutes les
voies d'accés a ces pistes, ledit procédé étant
caractéris€ en ce qulil consiste 2 disposer, au
moins le long des pistes et 2 leurs extrémités ainsi
qu'aux intersections éventusliiss de toutes les voies
d'accés aux pistes, des systémes de contrdle
différents fournissant chacun des informations dis-
tinctes relatives au moins aux mobiles, 2 I'arrét ou
en mouvement, se frouvant sur le site, 2 analyser
toutes les informations susdites par ordinateur dont
les mémoaires contiennent les caractéristiques des
mobiles circulant sur le site, & activer, 2 partir de
l'ordinateur, d'une part, des écrans cathodiques
etiou synoptiques permettant aux contrleurs de
visualiser les pistes et accés ainsi que tous les
éléments, en particulier les mobiles, 2 'arrét ou en
mouvement, présents sur ces pistes et accés avec
des caractéristiques d'identification, et, d'autre part,
des moyens de signalisation prévus sur le site et
destinés a2 donner des indications quant aux -
bertés et interdictions de circuler et des moysns
d'alarme associés aux écrans activés quand une
interdiction n'est pas respectée.

2. Procédé suivant la revendication 1, ca-
ractérisé en ce qu'on équipe au moins une pariie
des mobiles, appelés & circuler sur le site de
'aéroport, de moyens d'avertissement pour les
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opérateurs desdits mobiles les informant d'une in-
terdiction ou d'un danger associé 2 la zone qu'ils
occupent.

3. Procédé suivant 'une ou I'autre des revendi-
cations 1 et 2, caracténsé en ce que, sur base des
informations traitées par I'ordinateur et dés quse le
contrbleur autorise la circulation d'un avion sur une
voie ou piste donnée, l'ordinateur crée le long de
celle-ci une zone de protection.

4. Procédé suivant la revendication 3, ca-
ractérisé en ce que ['ordinateur détermine toutes
les intersections de la voie ou piste empruntée par
I'avion avec les autres voies ou pistes de I'aéroport
ot crée 2 chacune de ces intersections une zone
de protection.

5. Procédé suivant I'une quelconque des re-
vendications 1 2 4, caractérisé en ce que I'ordina-
teur analyse les informations provenant de moyens
de contrdle disposés 2 intervalles réguliers le long
des pistes d'snvol ou d'atterrissage pour indiquer
sur les écrans susdits la progression et la vitesse
de circuiation d'un avion se déplagant sur ces
pistes.

6. Procédé suivant 'une queiconque des re-
vendications 1 2 5, caracténisé en ce que l'ordina-
teur analyse les informations provenant de moyens
de contrdle associés aux pistes pour indiquer sur
les écrans précités le moment ol un avion cir-
cuiant sur ces pistes quitte le sol.

7. Procédé suivant {'une quelconque des re-
vendications 1 2 6, caractérisé en ce que l'ordina-
teur analyse conjointement les informations prove-
nant des moyens de contrdle au sol et celles
provenant du contrdle du trafic aérien pour indiquer
toute éventuelle situation de conflit.

8. Installation pour la mise en oeuvre du
procédé suivant 'une queiconque des revendica-
tions 1 a 7, caractérisée en ce qu'elle comprend au
moins des moyens de contrdie associés aux pistes
d'envol et d'atterrissage et agencés pour détecter
tout élément situé sur ces pistes, en particulier les
mobiles 2 I'arrét ou en mouvement, des moyens
de contrdle associés aux voies d'accés éventuelles
ot a toutes les intersections de ces demiéras avec
les pistes agencés pour détecter tout mobile 2
I'arrét ou en mouvement sur lesdites voies d'accés
3 proximité de ces intersections, des moyens pour
transmettre les informations en provenance des
moyens de contrSle a un ordinateur agencé pour
comparer les informations regues des moyens de
contrble précitds a des informations mises en
mémoire et concernant les divers mobiles autorisés
2 se déplacer sur les pistes st voies d'acces, des
écrans cathodiques et/ou synoptiques disposés au
moins dans la tour de contrdle et activés par
I'ordinateur pour visualiser, d'une part, les pistes et
voies d'accés 2 cellesci et, d'autre part, les
éléments et en particulier les mobiles, 2 I'arét ou
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en mouvement sur ces vares et pistes munies de
moyens de contrdle, avec leurs caractéristiques
d'indentification, des moyens de signalisation opti-
ques et/ou sonoras associés aux pistes et voias
d'accds pour renseigner les opérateurs des mobi-
les au sujet des libertés et interdictions de circuler
dans les zones protégées par les moyens de
contrdle et des moyens d'aiarme associ€s aux
écrans précités et agencés pour 8tre activés par
I'ordinateur quand une interdiction de circuler n'est
pas respectée.

8. Instailation suivant la revendication 8, ca-
ractérisée en ce que les moyens de contrble asso-
ciés A chacune des pistes surveillées sont consti-
tués par une rangée de radars (1) équidistants 2
faisceau étroit disposée paraliélement 2 la piste -
(3) pour que les faisceaux soient sensiblement
paralldles et transversaux 2 I'axe de la piste, par un
radar (2) a faisceau large installé en début de piste
et couvrant la zone de stationnement des avions en
instance de décollage,et par des radars a faisceau
large échelonnés le long de la piste aux endroits
de décoilage ou d'atterrissage des différents types
d'avions st dont les faisceaux sont orientés pour
suivre un avion an mouvement.

10. Installation suivant la revendication 9, ca-
ractérisée en ce que les faisceaux de radars (1) a
faisceau étroit sont perpendicularres 2 I'axe de la
piste (3), la distance qui sépare deux de ces radars
(1) voisins est de I'ordre de 150 m, le champ de
vision desdits radars, qui fonctionnent sur une
fréquence de 9,9 gigaHz, est de I'ordre de 9°, la
distance des radars du sol est fonction de leurs
caractéristiques et la rangée desdits radars est
disposée 4 environ 1 m en retrait des lampes de
balisage de la piste.

11. installation suivant ['une quelconque des
revendications 8 4 10, caractérisée en ce que les
moyens de contrble associés & chacune des pistes
surveillées comprennent, le long d'un des bords
longitudinaux de la piste, une rangée d’émetteurs
de rayon laser équidistants disposées pa-
rallélement 3 la piste pour que les rayons soient
sensiblement paralléles entre eux, paralléles au sol
et transversaux 2 I'axe de la piste et A une hauteur
qu'ils soient interceptés par un véhicule ou avion &
I'arrét ou en mouvement sur la piste et, le long de
l'autre bord longitudinal de la piste, une rangée de
récepteurs de rayon équidistants disposés pa-
raliéloment 2 la piste, les récepteurs, dont le nom-
bre est égal 4 celui des émetteurs st qui sont
destinés chacun 2 recevoir le rayon émis par
I'émetteur correspondant, étant connectds chacun
3 I'ordinateur pour fournir 2 celui-ci une information
lorsqu’il n'est plus activé par le rayon laser.

12. Installation suivant la revendication 11, ca-
ractérisée en ce que les rayons laser émis par les
émetteurs susdits sont perpendiculaires 2 'axe de
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la piste, la distance qui sépare deux de ces rayons
voisins &tant comprise enire 50 et 150 m, la dis-
tance des rayons du sol étant comprise entre 0,25
et 1 m et les rangées d'émetteurs et de récepteurs
étant disposées 4 au moins 1 m en retrait des
lampes de balisage de la piste.

13. Installation suivant |'une quelcongue des
revendications 8 4 12, caractérisée en ce gqu'slle
comprend au moins deux caméras de télévision -
(4) orientables, prévues pour fonctionner avec des
luminosités extrémement faibles, disposées en
début et en fin de chacune des pistes (3), ces
caméras (4) étant relides a I'ordinateur qui
numerise et mémorise les images regues pour les
comparer ensuite aux modules mis en mémoire et
identifier e mobile filmé par les caméras, le mo-
dule objet étant intégré et positionné sur les écrans
cathodiques et/ou synoptiques précités.

14. installation suivant I'une qusiconque des
revendications 8 a 13, caractérisé en ce qu'sile
comprend, a4 une des extrémités de la piste (3), un
émetteur de rayon laser agencé pour que ce rayon
soit dans l'axe de la piste et & une hauteur tslle
qu'il soit intercepté par un avion a I'arrét ou en
mouvement sur la piste, un récepteur de ce rayon
étant disposé 3 l'autre extrémité de la piste et
connecté a l'ordinateur pour fournir & celui-ci une
information lorsqu'il n'sst plu§ activé par le rayon
laser.

15. Installation suivant I'une queiconque des
revendications 8 a 14, caractérisée en ce que les
moyens de contrdle associés a chagque voie
d'accés et a chacune des intersections de ces
derniéres avec les pistes (3) comprennent au
moins deux boucles magnétiques (7) installées
dans le revétement des voies d'accés, en amont
des pistes (3), et agencées pour détecter le pas-
sage d'un mobile et définir son sens de circulation,
ces boucles magnétiques (7) étant associées 2
I'ordinateur pour gue, suite aux informations four-
nies par ces boucles et par les moyens de contrdle
de piste, ledit ordinateur active au moins un signai
(S, 6) optique et/cu sonore autorisant ou interdisant
l'acces 2 la piste.

16. Installation suivant la revendication 15, ca-
ractérisée en ce que les moyens de contrdle sus-
dits associés 2 chaque voie d'accés aux pistes (3)
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comprend, en aval du signal (5) optique et/ou so-
nore précité, une troisiéme boucie magnétique (77)
noyée dans le revétement, les informations trans-
mises a l'ordinateur par cette troisiéme boucle (77)
étant analysées conjointement avec I'état du signal
(5) optique et/ou sonare, l'ordinateur étant agencé
pour activer une alarme, au moins dans [a tour de
contrle, si cette troisime boucle (7') est franchie
alors que le signal (5) indique une interdiction de
passage.

17. Installation suivant I'une ou {'autre des re-
vendications 15 et 18, caractérisée en ce que les
moyens de contrdle, associés 2 chacune des voies
d'acceés aux pistes, comprend un radar (8) dont le
faisceau est orienté vers les boucles magnétiques -
(7) et qui est connecté 2 I'ordinateur pour fournir 2
ce dernier des informations qu'il analyse conjoin-
tement aux informations fournies par les bouclss
magnétiques (7), ledit ordinateur activant, en cas
de conflit, les moyens d'alarme précités.

18. Installation suivant 'une queicongue des
revendications 8 2 17, caractéris€ en ce qu'slle
comprend, aux abords des intersections de pistes
et de voies d'accés, des générateurs hy-
perfréquence, les mobiles circulant sur ces pistes
et voies étant équipés de récepteurs hy-
perfréquence agencés pour activer un signal auditif
et/ou lumineux renseignant 'opérateur a |'approche
de la zone dans laquelle émettent ces générateurs.

18. Installation suivant 'une gquelcongque des
revendications 8 & 18, caractérisée en ce que, 4
chacun des emplacements déterminés occupés par
les véhicules d'intervention, tels que pompes et
ambulances, elle comprend un récepteur hy-
perfréquence, chacun des véhicules d'intervention
étant pourvu d'un émetteur hyperfréquence, les
récepteurs susdits étant connectés i ['ordinateur
qui, aprés analyse des informations, active les
écrans cathodiques st/ou synoptiques pour que les
véhicules d'intervention puissent &tre visualisés
lorsqu'ils occupent leurs emplacements
déterminés.

20. Installation suivant I'une quelconque des
revendications 8 2 19, caractérisée en ce qus la
signalisation optique met en oeuvre des fibres opti-
ques.
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@ Airport incursion avoidance system.

An airport incursion avoidance sy stem for
detection of aircraft and other vehicles utilizes
edge lights [20] along taxiways and runways by
having a sensor [50] co-located with each edge
light, the sensor output being coupled to a
central computer system [12] via the airport's
edge light power lines [21]. The detection sys-
tem comprises infrared sensors. The output of
each sensor [50] is fed into a microprocessor
[44] within an edge light assembly [20] and then
to a power line modem [54] for transmission to
the central computer system [12] which in-
cludes a display [30] at the airport tower for
showing the airport and all traffic thereon. Data
from each sensor [50] along taxiways and run-
ways is received at the central computer system TRARaEUNG
[12] and processed to provide vehicle tracking
and control of all ground traffic on the airpot @ “~——--—— |- .
taxiways and runways to avoid an airport incur- EOGELIGHT WIRING

sion. fin Fig. 2
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Background of the Invention

This invention relates to an airport ground collision avoidance system and in particular to an apparatus
and method for monitoring, controlling and predicting aircraft or other vehicle movement primarily on airport
taxiways and runways to avoid runway incursions.

Currently, ground control of aircraft at an airport is done visually by the air traffic controlier 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 contralling 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 Bidirectional 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 vehicies 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 flightlanes. 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 airport
incursion avoidance system will be evident as the description proceeds.

Summary of the Invention

Accordingly, it is therefore an object of this invention to provide a system that detects a possible aircraft
or vehicle incursion at an airport.

It is also an object of this invention to provide a low cost airport incursion avoidance system using edge
light assemblies and associated wiring along runways and taxiways.

It is another object of this invention to provide an airport incursion avoidance system that generates a
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graphic display of the airport showing the location of ail ground traffic including direction and velocity data.

It is a further object of this invention to provide an airport incursion avoidance system that generates a
verbal alert to an air traffic controller or an aircraft pilot.

The objects are further accomplished by providing an airport incursion avoidance system comprising a
plurality of light circuits on an 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 for processing
data received from each of the light assembly means, means for providing data communication between each
of the light assembly means and the processing means, the processing means comprises means for providing
a graphic display of the airport including symbols representing the ground traffic, each of the symbols having
direction and velocity data displayed, the processing means further comprises means for predicting an occur-
rence of an airport incursion in accordance with the data received from the sensing means, and means for alert-
ing an airport controller or aircraft pilot of the predicted airport incursion. Each of the light circuits are located
along the edges of a taxiway or a runway on the airport. The sensing means comprises infrared detectors. The
light assembly means comprises light means coupled to the lines of the power providing means for lighting the
airport, the infrared detectors sensing means, microprocessor means coupled to the light means, the sensing
means, and the data communication means for providing processing, communication and control for the light
assembly means, the microprocessor controlling a plurality of lighting patterns of the light means on the airport,
and the data communication 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 microproces-
sor means for detecting 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 operation. The symbols representing the ground traffic comprise icons having a shape indicating
type of aircraft or vehicle. The processing means determines the locations of the symbols on the graphic display
of the airport in accordance with the data receive from the light assembly means. The processing means further
determines a future path of the ground traffic based on a ground clearance command, the future path being
shown on the graphic display. The processing means for predicting an occurrence of an airport incursion com-
prises means for comparing position, direction and velacity of the ground traffic to predetermined separation
minimums for the airport. The power providing means comprises constant current power means for providing
a separate line to each of the plurality of light circuits, and network bridge means coupled to the constant current
power means for providing a communication channel to the processing means for each line of the constant
current power means. The alerting means comprises a speech synthesis unit connected to a speaker, and the
alerting means also comprises a speech synthesis unit connected to a radio transmitter.

The objects are further accomplished by a method of providing an airport incursion avoidance system com-
prising the steps of providing a plurality of light circuits on the airport, each of the light circuits comprises a
plurality of light assembly means, providing power to each of the plurality of light circuits, sensing ground traffic
on the airport with means in each of the light assembly means, processing data received from each of the light
assembly means in computer means, providing a graphic display of the airport comprising symbols represent-
ing the ground traffic, each of the symbols having direction and velocity data displayed, providing data com-
munication between the computer means and each of the light assembly means, predicting an occurrence of
an airport incursion in accordance with the data received from the sensing means, and alerting an airport con-
troller or aircraft pilot of the predicted airport incursion. The step of sensing the ground traffic on the airport
comprises the steps of lighting the airport with a light means coupled to the microprocessor means and the
power lines, providing infrared detectors for sensing the ground traffic, performing processing, communication
and control within the light assembly means with a microprocessor means coupled to the light means, the sens-
ing means and data communication means, and coupling the data communication means between the micro-
processor means and the power lines. The step of processing data comprises the step of operating redundant
computers for fault tolerance. The step of providing power comprises the steps of providing a separate line to
each of the plurality of light circuits with a constant current power means, and providing a communication chan-
nel to the computer means for each line of the constant current power means using a network bridge means.
The step of providing a graphic display comprising symbols representing the ground traffic comprise the step
of indicating a type of aircraft or vehicle with icons of various shapes. The step of processing the data from
each of the light assembly means comprises the step of determining a location of the symbols on the graphic
display of the airport in accordance with the data. The step of predicting an occurrence of an airport incursion
comprises the step of determining a future path of the ground traffic in accordance with a ground clearance
command and showing the future path on the graphic display.
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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 the invention 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 block 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; and

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

Description of the Preferred Embodiment

Referring to FIG. 1 a block diagram of the invention 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 214.,, 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 nowto FIG. 1 and FIG. 2, communication between the edge light assembilies 20,_, and the centrai
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 edge light assembly 20,. , is cou-
pled to the edge light wiring 21,_, via a power line modem 54. The LON bridges 22,_, transfers message in-
formation from the edge light circuits 18,_, via the wiring 214., 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 assembly 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 (FDD1)
components. The constant current supply 24 may be embadied by devices manufactured by Crouse-Hinds of
Winslow, 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 the 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
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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 controls 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
20,4 , 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
data to the,central computer system 12. The sensor 50 must perform the following functions: detect a station-
ary object, detect a moving object, have a range at least half 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 acceptable. Each sensor relays a different view of what is happening on the airfield and the central
computer 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 piezoelectric 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
provides an analog signal, an analog-to-digital converter readily known in the art may be used to interface with
the microprocessor 44.

Ancther 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 faser 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 84 or taxiway. The edge light assemblies 20,., 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 light assemblies (without a sensor electronics unit 43) and taxiway power wiring currently exist along taxi-
ways, runways and open areas of airports, therefore, the sensor electronics unit 43 is readily added to existing
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 terminal 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, ail 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
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devices manufactured by 3Com Corporation of Santa Clara, California. The speech synthesis units 29, 31 and
the speech recognition unit 33 may be embodied 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 a 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 modems 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.

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 ali 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| protocol. 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. A LON can
be thought of as a high level iocal 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 light 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 tevel. This is accomplished through network variables which aflow 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 variables or a network input va-
riables. Both kinds of variables can be initialized, evaluated and modified 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 variables: prelim_de-
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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 variables 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 variables, 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% all
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 signal 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 Neurone® chips in the microprocessor
44 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 dis-
tributed 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 proc-
essing. 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
indications.

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 vehicles are entered into the system either upon leaving 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 assembties 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 sensaors, 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 controllers 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-
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gramming makes it difficuit to create unintelligibie "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, abject oriented programming allows 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 airplane 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 it is implemented as distributed system using both the central
computer system 12 and the sensor microprocessors 44,

TABLE 1
OBJECY ATTRIBUTE DESCRIPTION
Sensor Location X & Y coordinates of sensor
Circuit AC wiring circuit nams & number
Onique_address Hat addresx for this sensor and its mate
Lamp intensity 0% to 100% in 0.5% steps
Strobe_status Blink .nu/at:
Strobe-dalay From start signal
Sensor_status Detact/no detsct
Sensor_type IR, laser, proximity, astcs.
Ruaway Nama 22R, 27, 33L, etc.
Location X & Y coordinates of start of center line
Length In feet
Width In feet
Birection In degrees from north
Status Hot_ active, active takeoff, active landing, alarm
Sengors (MV) List of lights/sensors along this ruaway
Intarsections (MV) List of intersections
Vehicles List of vehicles on the runway
Taxiway Name Hama af taxiway
Location X & Y coordinates of start of center line
Length In feat
width In feet
Direction In degrees from north
Status Not active, active, alarm

Sensors (MV)

Bold_Locations
Vehiclas (MV)

List of lotersections

Li4t of holding locaticns

List of vehicles on tha runway
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Intersection

Alrcraft

MV = Multj-variable or array

Name
Location
Status

Sengors (Mv)

Airline

Modal
Tail-number
zxpty weight
Freight_weight
Puasl_weight
Teop_speed
V1_spesd
V2_speed
Acceleration

Deceleration

while (forever)

|
I
[
I
I
|
|
|
|
|
!

|
|
|
|
|
|
|
|
|
I
I
I
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Intsrsection Name
Intersection of two center lines
Vacant/Occupied

List of senmors creating intersection border

United

727-200
32742

9.5 tons
2.3 tons
3.2 tons
598 mph
100 =ph
140 mph
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)

| /* CONFIRMED DETECTION */

| if‘(previaus block showed a detectian)

| | /* ACCEPT HANDOFF =/

| | uUpdate aircraft position and speed

else

/* MAY BE AN ANIMAL OR SERVICE TRUCK */

/* MAY BE AN AIRCRAFT ENTERING THE SYSTEM */

|

(.

| | Alert cperator to possible incursion
(I

[

Start a new track

else

| Request status from adjacent light

| 1if (Adjacent light is OK)
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| | | /* NON CONFIRMED DETECTION */
| | else
| | | Flag adjacent light for repair
| | endif
| endif

if (Edge light loses a detection AND status is OK)
if (Next block showed a detection)
| /* PROPER HANDOFF */
else
if (vehicle speed > = takeoff)

| Bandoff to departure control

| /* MISSING HANDOFF */

|
|
|
|
e
|
!
I

I

|

| else
I

| | Alert operator to possible incursion
|

| endif
| endif
endif

/* CHECK FOR POSSIBLE COLLISIONS */

for (all tracked aircraft)
| Plot future position
| | 4if (position conflict)
[ Alert operator to possible incursion
| | endif
| enais
| Update display

endwhile

Referring again to FIG. 1 and FIG. 2, the control of taxiway lighting intensity is usually done by placing all
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 respand. 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 assembilies 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 an the runway 64 to continue the approach light “rabbit" strobe
pattern ali the way down the runway. This lighting pattern could be turned-on as a plane is cleared for landing
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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 lll weather conditions both runway and taxiway visibility are very low. 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 il
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 iamps 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, all 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 20;. , 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 ievel 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 vehicle detection by adjacent sen-
sors. This information is combined with information from a system data base on the location of each sensor
to calculate the velocity of the target. Due to hot exhaust or jet blast, 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 manually 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 occur 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 (i.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.

The clearance path routine takes the remainder of the controiler’s phrase (i.e. "outer taxiway to echo, hold
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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 moduie 104 running on computers 26, 28. The safety logic routines
receive data fromthe sensorfusion software module 101 via the tracker software module 102 location program
and interpret this information through the use of rule based artificial inteiligence to predict possible collisions
or runway incursions. This information is then used by the central computer system 12 to alert tower controliers,
aircraft pilots and truck operators to the possibility of a runway incursion. The tower controllers are alerted
by the display 30 along 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 alertlights 34, lamps 40 and 48, and com-
puter generated voice commands broadcast via radio 36.

Knowledge based probiems are also called fuzzy problems and their solutions depend upon 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 possible 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 levei. 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 aimost impossibie 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 = CCCUPIED).

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 would 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 biock 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-
sage are then sent to the sensor fusion software module 101. The sensor fusion software module 101 is used
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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
controller'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 alertlights 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 103, 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

This concludes the description of the preferred embodiment. However, many modifications and alterations
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. Anaimort incursion avoidance system comprising:

a plurality of light circuits on an airport, each of said light circuits comprises a piurality of light as-
sembly 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 for processing data received from each of said light assembly means;

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

said processing means comprises means for providing a graphic display of said airport comprising
symbols representing said ground traffic, each of said symbols having direction and velocity data dis-
played;

said processing means comprises means for predicting an occurrence of an airport incursion in ac-
cordance with the data received from said sensing means; and

means for alerting an airport controiler or aircraft pilot of said predicted airport incursion.

2. The airport incursion avoidance system as recited in Claim 1 wherein:
each of said light circuits being located along the edges of a taxiway or a runway on said airport.

3. The airport incursion avoidance system as recited in Claim 1 wherein:
said sensing means comprises infrared detectors.

4. The airport incursion avoidance system as recited in Claim 1 wherein said light assembly means com-

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

microprocessor means coupled to said light means, said sensing means, and said data communi-
cation means for providing processing, communication and control for said light assembly means, said
microprocessor controlling a plurality of lighting patterns of said light means on said airport; and

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

The airport incursion aveidance system as recited in Claim 4 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 airport incursion avoidance system as recited in Claim 4 wherein:
said light assembly means further comprises a strobe light coupled to said microprocessor means.

The airport incursion avoidance system as recited in Claim 1 wherein:
said processing means comprises redundant computers for fault tolerance operation.

The airport incursion avoidance system as recited in Claim 1 wherein:
said symbols representing said ground traffic comprise icons having a shape indicating type of air-
craft or vehicle.

The airport incursion avoidance 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 said data receive from said light assembly means.

The airport incursion avoidance system as recited in Claim 1 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 airport incursion avoidance system as recited in Claim 1 wherein:

said processing means for predicting an occurrence of an airport incursion comprises means for
comparing position, direction and velocity of said ground traffic to predetermined separation minimums
for said airport.

The airport incursion avoidance system as recited in Claim 1 wherein said power providing means com-
prises:

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.

The airport incursion avoidance system as recited in Claim 1 wherein:
said alerting means comprises a speech synthesis umit connected to a speaker.

The airport incursion avoidance system as recited in Claim 1 wherein:
said alerting means comprises a speech synthesis unit connected to a radio transmitter.

An airport incursion avoidance system comprising:

a plurality of light circuits on an airport, each of said light circuits comprises a plurality of light as-
sembly means;

constant current power means for providing a separate line to each of said plurality of light circuits;

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

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

means for processing ground traffic data received from each of said light assembly means;

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

said processing means comprises means for providing a graphic display of said airport comprising
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symbols representing said ground traffic located in accordance with said ground traffic data received from
said light assembly means, each of said symbols having direction and velocity data displayed;

said processing means comprises means for predicting an occurrence of an airport incursion in ac-
cordance with said ground traffic data received from said sensing means including comparing position,
direction aand velocity of said ground traffic data to predetermined separation minimums for said airport;
and

means for alerting an airport controller or aircraft pilot of said predicted airport incursion.

The airport incursion avoidance system as recited in Claim 15 wherein:
each of said light circuits being located along the edges of a taxiway or a runway on said airport.

The airport incursion avoidance system as recited in Claim 15 wherein said light assembly means com-
prises:

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

said infrared detector sensing means;

microprocessor means coupled to said light means, said sensing means, and said data communi-
cation means for providing processing, communication and control for said light assembly means, said
microprocessor controlling a plurality of lighting patterns of said light means on said airport; and

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

The airport incursion avoidance system as recited in Claim 17 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 airport incursion avoidance system as recited in Claim 17 wherein:
said light assembly means further comprises a strabe light coupled to said microprocessor means.

The airport incursion avoidance system as recited in Claim 15 wherein:
said processing means comprises redundant computers for fauit tolerance operation.

The airport incursion avoidance system as recited in Claim 15 wherein:
said symbols representing said ground traffic comprise icons having a shape indicating type of air-
craft or vehicle.

The airport incursion avoidance system as recited in Claim 15 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 airport incursion avoidance system as recited in Claim 15 wherein:
said alerting means comprises a speech synthesis umit connected to a speaker.

The airport incursion avoidance system as recited in Claim 15 wherein:
said alerting means comprises a speech synthesis unit connected to a radio transmitter.

A method of providing an airport incursion avoidance system comprising the steps of:

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

providing power to each of said plurality of light circuits;

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

processing data received from each of said light assembly means in computer means;

providing a graphic display of said airport comprising symbols representing said ground traffic,
each of said symbols having direction and velocity data displayed;

providing data communication between said computer means and each of said light assembiy
means;

predicting an occurrence of an airport incursion in accordance with the data received from said
sensing means; and

alerting an airport controller or aircraft pilot of said predicted airport incursion.
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The method as recited in Claim 25 wherein said step of sensing said ground traffic on said airport com-
prises the steps of:
lighting said airport with a light means coupled to said microprocessor means and said power lines;
providing a sensing means;
performing processing, communication and control within said light assembly means with a micro-
processor means coupled to said light means, said sensing means and data communication means; and
coupling said data communication means between said microprocessor means and said power
lines.

The method recited in Claim 25 wherein said step of processing data comprises the step of operating re-
dundant computers for fault tolerance.

The method as recited in Claim 25 wherein said step of providing power comprises the steps of:
providing a separate line to each of said plurality of light circuits with a constant current power
means; and
providing a communication channel to said computer means for each line of said constant current
power means using a network bridge means.

The method as recited in Claim 25 wherein said step of providing a graphic display comprising symbols
representing said ground traffic comprises the step of indicating a type of aircraft or vehicle with icons
of various shapes.

The method as recited in Claim 25 wherein said step of processing said data from each of said light as-
sembly means comprises the step of determining a location of said symbols on said graphic display of
said airport in accordance with said data.

The method as recited in Claim 25 wherein said step of predicting an occurrence of an airport incursion
comprises the step of determining a future path of said ground traffic in accordance with a ground clear-
ance command and showing said future path on said graphic display.
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(4 Airport surveillance system.

@ An airport surveillance system for detection
of aircraft or other vehicles having a sensor
co-located with edge lights (20,,) along taxi-
ways, runways and other surface areas, the
sensor output being coupled to a central com-
puter system (26,28) via the airport's edge light
power lines (21,.). The detection system com-
prises infrared sensors (50, Fig. 2). The output
of each sensor (50) is fed into a microprocessor
(44) within an edge light assembly (20) and then
to a power line modem (54) for fransmission to
the central computer (26,28) which includes a
display system (30) at the airport tower for
displaying the airport and all traffic thereon.
Data from each sensor (50) along taxiways and
runways is received at the central computer
system (26,8) and processed to provide com-
prehensive vehicle tracking and control of all
ground traffic on the airport.
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Background of the Invention

This invention relates to an airport ground surveillance system and in particular to an apparatus and meth-
od for monitoring and controiling aircraft or other vehicle movement primarily on airport taxiways, runways and
other surface 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. Aiso there is a need for a relatively high antenna tower and a relatively farge 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) comprises a series of small, lower powered, nar-
row 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 Arnold 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 expensive, re-
quire 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 unigue 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 flightlanes. 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 wiringand 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 airport
surveillance system, will be evident as the description proceeds.

Summary of the Invention

Accordingly, itis therefore an object of this invention to provide an airport surveillance system for detecting
and monitoring all ground traffic on runways and taxiways and other surface areas.

It is also an object of this invention to provide a low cost airport surveillance system using edge light as-
semblies and associated wiring along runways and taxiways.

It is another object of this invention to provide a low cost airport surveillance system comprising infrared
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detectors.

It is a further object of this invention to provide an airport surveillance system that generates a graphic
display of the airport showing the location of all ground traffic including direction and velocity data.

The objects are further accomplished by providing an airport surveillance system comprising a plurality
of light circuits on an 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 for processing data received
from each of the 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, the graphic display having symbols representing the ground traffic, each of the
symbols having direction and velocity data displayed. Each of the light circuits are located along the edges of
a taxiway or a runway on the airport. The light assembly means comprises light means coupled to the lines of
the power providing means for lighting the airport, sensing means which comprises infrared detectors, micro-
processor means coupled to the light means, the sensing means, and the data communication means for pro-
viding processing, communication and control for the light assembly means, the microprocessor controlling a
plurality of lighting patterns of the light means on the airport, and the data communication means are 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 detecting 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 operation. The symbols representing the
ground traffic comprise icons having a shape indicating the type of airplane 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 a future path of the ground traffic based
on a ground clearance command, the future path being shown on the graphic display. The power providing
means comprises constant current power means for providing a separate line to each of the plurality of light
circuits, and network bridge means coupled to the constant current power means for providing a communica-
tion channel to the processing means for each line of the constant current power means.

The objects are further accomplished by a methed of providing an airport surveillance system comprising
the steps of providing a plurality of light circuits on the airport, each of the light circuits comprises a plurality
of light assembly means, providing power to each of the plurality of light circuits, sensing ground traffic on the
airport with means in each of the light assembly means, processing data received from each of the light as-
sembly means in computer means, providing a graphic display of the airport comprising symbols representing
the ground traffic, each of the symbols having direction and velocity data displayed, and providing data com-
munication between the computer means and each of the light assembly means. The step of sensing the
ground traffic on the airport comprises the steps of lighting the airport with a light means coupled to the power
lines, providing infrared detectors for sensing ground traffic, performing processing, communication and con-
trol within the light assembly means with a microprocessor means coupled to the light means, the sensing
means and data communication means, and coupling the data communication means between the micropro-
cessor means and the power lines. The step of processing data comprises the steps of operating redundant
computers for fault tolerance. The step of providing power comprises the steps of providing a separate line to
each of the plurality of light circuits with a constant current power means, and providing a communication chan-
nel to the computer means for each line of the constant current power means using a network bridge means.
The step of providing a graphic display comprising symbols representing the ground traffic comprises the step
of indicating a type of aircraft or vehicle with icons of various shapes. The step of processing the data from
each of the light assembly means comprises the step of determining a location of the symbols on the graphic
dispiay of the airport in accordance with the data.

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 the invention of an airport vehicle detection 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;
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FIG. 5 is a block 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 variabies for a piurality 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; and

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

Description of the Preferred Embodiment

Referring to FIG. 1 a block diagram of the invention of an airport vehicle detection 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) de-
tector vehicle sensor 50 (FIG. 2).

The edge light assembiies 20,. , are generally located alongside 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 214. . Each of the edge light circuits 18,. , is powered via the wiring 21,. , by a constant current
supply 24,_, located in the lighting vauit 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 214., 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 assembly 20,. ,. Other apparatus and methods, known to one of ordinary skill in the art, for
data communication between the edge light assemblies 204. , 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
Winslow, 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 beze! including an incandescent lamp 40 and an optional strobe light
assembly 48 (FIG. 2) which are mounted above an electronics enclosure 43 comprising the 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 controls 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
204., allows complete addressable control over every light on the field. The microprocessor 44 may be em-
badied by a VLSI device manufactured by Echelon Corporation of Palo Alto, California 94304, called the Neu-
ron® chip.

Stilf 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-
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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
datato the 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 half 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 acceptable. 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 piezoelectric 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-
vides an analog signal, an analog-to-digital converter readily 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 20;. , 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 light assemblies (without a sensor electronics unit 43) and taxiway power wiring currently exist along taxi-
ways, runways and open areas of airports; therefore, the sensor electronics unit 43 is readily added to existing
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 terminal 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, ail 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
204. , 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 embodied 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”
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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 a 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 modems 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.

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 ali 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 OSI protocol. 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 light 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
at the 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 variables or a network input va-
riables. Both kinds of variables can be initialized, evaluated and modified 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 variables: 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. Oniy 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 impiement 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 variables are upstream_detect 74 and downstream_detect
76 which are used when chaining adjacent sensors together. Also needed is a detectQr_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 variables, 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% all
the way to FULL ON or 100%. This range from 0% to 100% would be made in 0.5% steps. Since the edge light
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assembly 20,. , also contains the photocell 46, an output variable light_failure 84 is created to signal 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
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 441 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 vehicles are entered into the system either upon leaving 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 vehicies 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 controllers 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 airpert. 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 allows 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.

Tabie 1 shows a list of objects with corresponding attributes. Each physicai object that is important to the
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runway incursion problem is modeled. The basic airplane 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 it isimplemented as distributed system using both the central
computer system 12 and the sensor microprocessors 44.

OBJRCY

Sensor

Runway

Taxiway

ATTRIBUTR
Location
Circuit
Unique_ address
Lamp_intensity
Strobea_statue
Strobe-delay
Sensor_status
Sensor_type
Name

Iocation
Length

width
Direction
Status
Sensgors (MV)
Intersections
Vehicles

Name

Location
Length

Width
Direction
Status
Sengors (MV)
Hold_Locations

Vehicles (MV)

TABLE 1

DESCRIPYION

X & Y coordinatea of sensor

AC wiring circuit name & number

Het address for this sensor and ita mate
0% to 100% in 0.5% steps

Blink rata/off

From start signal

Detect/no detect

IR, laser, proximity, etc.

22R, 27, 33L, etc.

X & Y coordinates of start of center line
In feet

In feet

Iz degrees from north

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

List of vehicles on the runway

Name of taxiway

X & Y coordinates of start of center line
In feet

In feet

In degrees from north

Not active, active, alarm

List of intersections

Liat of holding locations

List of vehicles on the runway
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Intersection

Alrcraft

MV = Multi-variable or acray

Name
Location
Status

Sengors (MV)

Airline

Model
Tail-number
Empty weight
Praight_weight
Fuel_weight
Top_speed
V1_speed
V2_speed
Acceleration

Deceleration

while (forever)

|
I
!

EP 0613 111 A1

Intersection Name
Intersection of two center lines
Vacant/Occupied

List of mensors creating intersection border

United

727~200
N32742

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

Table 2

if (edge light shows a detection)

|
I
I
l

if (adjacent light also shows a detection sensor fusion)

/* CONFIRMED DETECTION */

|
| if (previous block showed a detection)
1

| /* ACCEPT HANDOFF */

else

| Update aircraft position and speed

| /* MAY BE AN ANIMAL OR SERVICE TRUCK */

| | Alert operator to poasible incursion

| | /* MAY BE AN AIRCRAFT ENTERING THE SYSTEM */

| | Start a new track

else

| Request status from adjacent light

Sony, Ex. 1002, p.1396
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| | 4if (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)
[ 1if (Next block showed a detection)
| /* PROPER HANDOFF */
| else
| | if (vehicle speed > = takeoff)
| | | Bandoff to departure control
| | else
I | | /* MISSING HANDOFF */
[ | | alert operator to possible incursion
| | endif
| endif
endif
/* CHECK FOR POSSIBLE COLLISIONS */
for (all tracked aircraft)
Plot future position

I

| if (position conflict)

P 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 all
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 |ocated 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

10
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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 Ill weather conditions both runway and taxiway visibility are very low. 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 il
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, all 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 20;. , 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 compiete 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 vehicle detection by adjacent sen-
sors. This information is combined with information from a system data base on the location of each sensor
to calculate the velocity of the target. Due to hot exhaust or jet blast, 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 manually 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 occur 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 middie 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 (i.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.

11
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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 system 10 operates in a vehicle detection mode 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 via the tracker software module 102 location program
and interpret this information through the use of rule based artificial intelligence to predict possible collisions
orrunway incursions. This information is then used by the central computer system 12 to alert tower controllers,
aircraft pilots and truck operators to the possibility of a runway incursion. The tower controllers are alerted
by the display 30 along 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 alertlights 34, lamps 40 and 48, and com-
puter generated voice commands broadcast via radio 36.

Knowledge based problems are aiso called fuzzy problems and their solutions depend upon 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 possible 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_Paosition),
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 would 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
224.,. 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 @ 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
controller’'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, ,.

This concludes the description of the preferred embadiment. However, many modifications and alterations
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. An airport surveillance system comprising:

a plurality of light circuits on an airport, each of said light circuits comprises a plurality of light as-
sembly 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 for processing data received from each of said 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 ground traffic, each of said symbols having direction and velocity data dis-
played.

2. The airport surveillance system as recited in Claim 1 wherein:
each of said light circuits being located along the edges of a taxiway or a runway on said airport.

3. The airport surveillance 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;

said sensing means;

microprocessor means coupled to said light means, said sensing means, and said data communi-
cation means for providing processing, communication and control for said light assembly means, said
microprocessor controlling a plurality of lighting patterns of said light means on said airport; and

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

13
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The airport surveillance system as recited in Claim 3 wherein:
said sensing means comprises an infrared detector.

The airport surveillance system as recited in Claim 3 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 airport surveillance system as recited in Claim 3 wherein:
said light assembiy means further comprises a strobe light coupled to said microprocessor means.

The airport surveillance system as recited in Claim 1 wherein:
said processing means comprises redundant computers for fault tolerance operation.

The airport surveillance system as recited in Claim 1 wherein:
said symbols representing said ground traffic comprise icons having a shape indicating type of air-
piane or vehicle.

The airport surveillance 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 said data receive from said light assembly means.

The airport surveillance system as recited in Claim 1 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 airport surveillance system as recited in Claim 1 wherein said power providing means comprises:
constant current power means for providing a separate line to each of said piurality 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.

An airport surveillance system comprising:

a plurality of light circuits on an airport, each of said light circuits comprises a plurality of light as-
sembly 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 in each of said light assembly means coupled to said sensing means for providing commu-
nication and control for said light assembly means;

means for processing data received from each of said light assembly means;

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

said processing means comprises means for providing a graphic dispiay of said airport comprising
symbols representing said ground traffic in accordance with said data received from each of said light
assembly means, each of said symbols having direction and velocity data displayed.

The airport surveillance system as recited in Claim 12 wherein:
said sensing means comprises an infrared detector.

The airport surveillance system as recited in Claim 12 wherein:
each of said light circuits being located along the edges of a taxiway or a runway on said airport.

The airport surveillance system as recited in Claim 12 wherein:
said light assembly means further comprises a photocell means coupled to said communication
and control providing means for detecting a light intensity of said light assembly means.

The airport surveillance system as recited in Claim 12 wherein:
said light assembly means further comprises a strobe light coupled to said communication and con-
trol providing means.

14
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The airport surveillance system as recited in Claim 12 wherein:
said processing means comprises redundant computers for fault tolerance operation.

The airport surveillance system as recited in Claim 12 wherein:
said symbols representing said ground traffic comprise icons having a shape indicating type of air-
plane or vehicle.

The airport surveillance system as recited in Claim 12 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 airport surveillance system as recited in Claim 12 wherein said power providing means comprises:
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.

A method of providing an airport surveillance system comprising the steps of:

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

providing power to each of said plurality of light circuits;

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

processing data received from each of said light assembly means in computer means;

providing a graphic display of said airport comprising symbals representing said ground traffic,
each of said symbols having direction and velocity data displayed; and

providing data communication between said computer means and each of said light assembly
means.

The method as recited in Claim 21 wherein said step of sensing said ground traffic on said airport com-
prises the steps of:

lighting said airport with a light means coupled to said power lines;

providing infrared detectors for sensing ground traffic;

performing processing, communication and control within said light assembiy means with a micro-
processor means coupled to said light means, said infrared detectors and data communication means;
and

coupling said data communication means between said microprocessor means and said power
lines.

The method recited in Claim 21 wherein said step of processing data comprises the step of operating re-
dundant computers for fault tolerance.

The method as recited in Claim 21 wherein said step of providing power comprises the steps of:
providing a separate line to each of said plurality of light circuits with a constant current power
means; and
providing a communication channel to said computer means for each line of said constant current
power means using a network bridge means.

The method as recited in Claim 21 wherein said step of providing a graphic display comprising symbols
representing said ground traffic comprises the step of indicating a type of aircraft or vehicle with icons
of various shapes.

The method as recited in Claim 21 wherein said step of processing said data from each of said light as-
sembly means comprises the step of determining a location of said symbols on said graphic dispiay of
said airport in accordance with said data.
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(54)  Airport surface monitoring and runway incursion warning system

(57)  An airport runway incursion warning system
(10} for monitoring air and ground traffic at an airport.
The system (10) is optimally used with an aircraft (12)
that has an electronic tag (21) or interrogation system
(21) that stores identification information regarding the
aircraft (12), and an RF transponder (22) for receiving
interrogation signals and for transmitting the identifica-
tion information in response thereto. A radar system
(41, 20) comprises a plurality of radar sensor units (13)
disposed at predetermined installation sites adjacent to
a runway (11). Each radar sensor unit (13) typically has
an interface processor (42, 14) and telemetry electron-
ics (43, 14a) for communication, although hard-wired
communication paths may be used. An RFftelemetry
interface (43, 18) is provided for communicating with the
radar sensor units (13) when the interface processor
(42, 14) and telemetry electronics (43, 14a) are used.
The RF/ftelemetry interface (43, 18) is also used to
transmit the interrogation signals to the aircraft (12) and
receive the identification information therefrom. A cen-
tral processing unit (44, 16) is coupled to the radar sen-
sor units (13) for receiving and integrating radar data
produced by each the radar sensor units (13) to pro-
duce a map of the runway (11) that identifies authonza-
tion objects (26) and arrcraft (12) that do not constitute
intrusion threats, and intruding objects that do consti-
tute intrusion threats to the runway (11). The central
processing unit (44, 16) is optionally coupled to the
RF/telemetry interface (43, 18) for transmitting signals
to and from the aircraft (12), and in this case, the central
processing unit (44, 16) processes identification infor-
mation received from the aircraft (12) to integrate the
identification information into to generate a displayed
image. An operator display (45, 17) is coupled to the
central processing unit (44, 16) for displaying the map

and identification information generated thereby for use
by an operator.
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Description
BACKGROUND

The present invention relates to radar systems, and
more particularly, to a radar system that is used to pro-
vide surface monitoring and runway incursion for air-
ports.

The prevention of runaway incursions has been an
issue of increasing concern and has resulted in the
development of the Arport Surface Detection Equip-
ment (ASDE-3), the Airport Movement Area System
(AMASS), and the Airport Surface Traffic Automation
Program (ASTA).

The most relevant prior art relating to the present
invention, and airport surface monitoring and runway
incursion systems in particular is the ASDE-3 radar sys-
tem which is a single high power Ku-Band real aperture
radar that is located on a tower adjacent to an airport.
The ASDE-3 system experiences shadowing and multi-
ple reflections that seriously affect the its performance,
which is a consequence of the fact that it is a single
radar system. The ASDE-3 radar system does not have
the ability to interrogate vehicles or aircraft monitored by
the system. The ASDE-3 radar system is also relatively
expensive.

Therefore, it is an objective of the present invention
to provide for an improved radar system that may be
used to momitor surface and runway incursion at air-
ports, and the like, and which improves upon the cur-
rently-used ASDE-3 radar system.

SUMMARY OF THE INVENTION

In order to meet the above and other cbjectives, the
present invention is a runway incursion warning system
for monitoring a runway of an airport and for displaying
data indicative of unauthorized intrusion onto the run-
way to an operator. A radar system is provided that
comprises a plurality of radar sensor units that are dis-
posed at predetermined installation sites adjacent to
selected runways of the airport. Each radar sensor unit
associated with a particular runway generates a radar
beam that typically overlaps the adjacent radar beam to
provide complete coverage of a runway. Each radar
sensor unit is coupled to a collocated interface proces-
sor and telemetry electronics that interface between the
radar sensor unit and a central processing unit. Com-
munication between each radar sensor unit and the
central processing unit may be by physical electrical
interconnection and/or RF communication using the
telemetry electronics. The physical electrical intercon-
nection may be provided by way of existing cabling nor-
mally for runway lights to provide power and the
communication link for each of the radar sensor units.

The central processing unit is coupled to an opera-
tor display that processed data derived from each of the
radar sensor units and displays the data on the operator
display. The central processing unit is coupled to an
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RFftelemetry interface that is used to communicate with
the radar sensor units and to aircraft having an elec-
fronic tag or transponder system. The central process-
ing unit also integrates and causes the display of data
derived from other systems coupled to it, such as the
ARTS, ASDE-3, MODE-S or ACARS systems, for
example. The central processing unit also generates a
display showing the airport runways along with moving
and non-moving physical objects that are in the vicinity
of the runway. Such objects include departing and arriv-
ing aircraft, buildings, and vehicles that are in the vicinity
of the runway. Thus, the present system provides a
complete display of the runway environment to an oper-
ator.

The system may be used with non-cooperative
objects or vehicles, or with aircraft or vehicles that have
the electronic tag or RF transponder (transmitter and
receiver) system. The electronic tag or RF transponder
system contains identification information regarding the
aircraft, vehicle, or object. The tag or RF transponder
receives interrogation signals and transmits the identifi-
cation information, and other additional information, if
desired, in response to the interrogation signals.

The interface processor and telemetry electronics
at each radar sensor unit and the RF/telemetry interface
provide a communication link between the radar sensor
units and the central processing unit. The RF/telemetry
interface fransmits the interrogation signals and
receives the identification information from the aircraft
and other cooperative objects or vehicles. Alternatively,
the identification information may be received by a cen-
tral receiver at the airport while the RF/telemetry inter-
face only transmits interrogation signals in conformance
with existing aircraft equipment, such as MODE-S or
ACARS systems, for example. Multiple interrogation
signals sent by different sensor units are separated and
identified on the basis of timing, for example, for recep-
tion of identifications signals or GPS position informa-
tion contained in the identification signals themselves.

The telemetry electronics receives data produced
by the radar sensor units and the central processing unit
integrates the data derived from the radar sensor units
and the electronic tag or transponder system in the air-
craft. The central processing unit processes data
derived from the radar system and identification infor-
mation received from the electronic tag to produce a
map of the airport that identifies authorization objects
and aircraft that are not intrusion threats, and intruding
objects that are intrusion threats. The operator display
displays the map generated by the central processing
unit.

The central processing unit generates warning sig-
nals in response to intrusion threats that are detected by
the system and wherein the warning signals are trans-
mitted to the aircraft by means of the RF/telemetry inter-
face and the RF transponder system. The central
processing unit generates an image of the runways that
identifies objects, aircraft that are landing and taking off
from the runways, and identifying information associ-
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ated with interrogated aircraft derived from the elec-
tronic tag or transponder system. The central
processing unit may also produce data that is displayed
on the map that includes priority alert information indi-
cating aircraft that may impose a possible runway incur-
sion, a list of arriving and departing aircraft, and
displays that show landing and take-off patterns of arriv-
ing and departing aircraft.

The system thus provides for a distributed system
of relatively low-cost radars disposed adjacent the run-
ways. Each radar has limited angular coverage and the
complete system provides coverage of the entire airport
runway area. The present system provides a surface
map of aircraft and surface vehicles and point interroga-
tion of aircraft for identification purposes using the elec-
tronic tags or transponder system.

The present runway incursion warning system is
considerably less expensive than the ASDE-3 radar
system, and does not suffer from the shadowing and
multiple reflection problems experienced by the ASDE-
3 system. The system is scalable to provide monitoring
of different size airports. The system provides high
range resolution and velocity information, and may be
used to interrogate electronic tags or transponder sys-
tems disposed on vehicles and aircraft to provide identi-
fication information to aircraft traffic controllers that
operate the system. The system provides a real-time
display of airport surface traffic and warnings of runway
incursion.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the present
invention may be more readily understood with refer-
ence to the following detailed description taken in con-
junction with the accompanying drawing, wherein like
reference numerals designate like structural elements,
and in which:

Fig. 1 illustrates a system block diagram of a run-
way incursion warning system in accordance with
the principles of the present invention; and

Fig. 2 illustrates a typical video display produced by
the runway incursion warning system of Fig. 1.

DETAILED DESCRIPTION

Referring to the drawing figure, Fig. 1 illustrates a
system block diagram of a runway incursion warning
system 10 in accordance with the principles of the
present invention. The system 10 includes a radar sys-
tem 20 that 1s comprised of a plurality of radar sensor
units 13, such as millimeter wave radar sensor units 13,
for example, disposed at predetermined installation
sites on the ground adjacent to a runway 11, or runways
11, of an airport. Each radar sensor unit 13 associated
with a particular runway 11 generates a radar beam 13a
that typically overlaps the adjacent radar beam 13a to
provide complete coverage of a runway 11, although
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this is not absolutely required. Each radar sensor unit
13 i1s coupled to an interface processor (INT) 14 and
telemetry electronics (TELEM) 14a that permit commu-
nication with a processing center 30 located in an air-
port control tower, for example. Intelligent processing
may be performed at each installation site in the inter-
face processor 14 to reduce the data rate of teleme-
tered data and perform confidence tests. Existing
cabling 15 for airport lights provide power and a com-
munication link for each of the plurality of radar sensor
units 13, interface processor 14, and telemetry electron-
ics 14a. Alternatively, a dedicated RF communications
link 15a may be employed.

A central processing unit (CPU) 16 integrates the
data received from the piurality of radar sensor units 13,
and maintains a map of authorized targets 26, such as
fixed objects 26 or buildings 26 that do not constitute
intrusion threats. The central processing unit 16 may
also collect input data from an ARTS or ASDE-3 system
27 and available identification reports derived there-
from. The ARTS and ASDE-3 systems provide informa-
tion regarding aircraft approaching the airport. Data that
is derived from an ASDE-3 radar 28, if available, may
also be integrated by the central processing unit 16, and
a dynamic real-time situation display 17 is provided to
an aircraft controller, in graphic format, that is clear and
easy to interpret. A sample image on the video display
17 that is presented to an operator of the system 10 is
shown in Fig. 2.

The aircraft 12 includes an electronic tag or interro-
gation system 21 such as a MODE-S or ACARS trans-
ponder system 21, for example, that provides
identification information regarding the aircraft, and an
RF transponder system 22. Warning signals may be
transmitted to the aircraft 12 by means of the RF/telem-
etry interface 18 and the RF transponder system 22
over an RF communications link 23. Warning signals
may also be displayed to arriving and departing aircraft
12 using ground signals 19 such as lights or beacons
disposed adjacent the runway 11. In addition, the elec-
tfronic tag or interrogation system 21 may be interro-
gated by the system 10 using the RF/telemetry interface
18 and the RF transponder system 22. Interrogation sig-
nals are transmitted to the aircraft 12 by way of the com-
munication link 23, and the electronic tag or
interrogation system 21 on the aircraft 12 responds by
outputting information stored therein that is returned to
the central processing unit 16 by way of the RF commu-
nications link 23.

As shown in Fig. 1, the system 10 1s comprised of
five major subsystems 41-45. The first subsystem 41
comprises the radar system 20 including the plurality of
radar sensor units 13 and electronic components
installed at each installation site. The second subsys-
tem 42 comprises the interface processor 14 that is cou-
pled to the radar sensor units 13 and that is located at
each remote installation site. The third subsystem 43
comprises a telemetry subsystem and includes the
telemetry electronics 14a installed at the installation
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sites and an RF/telemetry interface 18 that is coupled to
the central processing unit 16 at the central processor
site The fourth subsystem 44 comprises the central
processing unit 16. The fifth subsystem 45 comprises
the operator display 17 that includes a conventional dis-
play and control terminal. Each of the subsystems 41-
45 employed in the present invention are well-known
and their interconnection and operation is routine to
those skilled in the art.

The operator display 17 used in the runway incur-
sion warning system 10 displays information for use by
an airport traffic planner or aircraft traffic controller. The
data presented on the operator display 17 optimizes the
available data while minimizing the need for physical
interaction with the system 10. Fig. 2 illustrates a typical
video image displayed on the operator display 17 by the
runway incursion warning system 10. Referring to Fig.
2, the display 17 shows an image of the runways 11 of
the airport and identifies the locations of buildings 26
and other stationary objects 26, aircraft 12 that are land-
ing and taking off from the runways 11, inciuding data
47 from the transponders 21 from interrogated aircraft
12. Typically the data 47 from each transponder system
21 indicates the aircraft number or flight number, as I1s
indicated by the alphanumeric identifiers in the boxes
shown on the display 17. Additional data may be dis-
played including information provided in a system area
51 that provides data regarding the instrument landing
system (ILS) system, the time and other refevant sys-
tem parameters, priority alert information 52 indicating
objects 26 or aircraft 12 that are determined to be run-
way incursions, a list 53 of arriving and departing air-
craft 12, and displays 34 that provide real-time images
showing the landing and take-off of arriving and depart-
ing aircraft 12.

A preliminary proof-of-concept demonstration
model of the present system 10 was constructed and
data collection was performed at Los Angeles Interna-
tional Airport (LAX) using a test version of a millimeter-
wave radar (radar sensor units 13) developed by the
assignee of the present invention. Test results show that
the system 10 works as expected and provides superior
performance over the ASDE-3 radar system.

In summary, there is disclosed an airport runway
incursion warning system 10 for monitoring air and
ground traffic at an airport. The system 10 is optimally
used with an aircraft 12 that has an electronic tag 21 or
interrogation system 21 that stores identification infor-
mation regarding the aircraft 12, and an RF transponder
22 for receiving interrogation signals and for transmit-
ting the identification information in response thereto. A
radar system 41, 20 comprises a plurality of radar sen-
sor units 13 disposed at predetermined installation sites
adjacent to a runway 11. Each radar sensor unit 13 typ-
ically has an interface processor 42, 14 and telemetry
electronics 43, 14a for communication, although hard-
wired communication paths may be used. An RFftelem-
etry interface 43, 18 is provided for communicating with
the radar sensor units 13 when the interface processor
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42, 14 and telemetry electronics 43, 14a are used. The
RFftelemetry interface 43, 18 is also used to transmit
the interrogation signals to the aircraft 12 and recewve
the identification information therefrom. A central
processing unit 44, 16 is coupled to the radar sensor
units 13 for receiving and integrating radar data pro-
duced by each the radar sensor units 13 to produce a
map of the runway 11 that identfies authorization
objects 26 and aircraft 12 that do not constitute intrusion
threats, and intruding objects that do constitute intru-
sion threats to the runway 11 The central processing
unit 44, 16 is optionally coupied to the RF/telemetry
interface 43, 18 for transmitting signals to and from the
aircraft 12, and in this case, the central processing unit
44, 16 processes identification information received
from the aircraft 12 to integrate the identification infor-
mation into to generate a displayed image. An operator
display 45, 17 is coupled to the central processing unit
44, 16 for displaying the map and identification informa-
tion generated thereby for use by an operator.

Thus there has been described a new and
improved radar system for providing surface monitoring
and runway incursion for airports. It is to be understood
that the above-described embodiments are merely illus-
trative of some of the many specific embodiments that
represent applications of the principles of the present
invention.

Clearly, numerous and other arrangements can be
readily devised by those skilled in the art without depart-
ing from the scope of the invention.

Claims

1. Anairport runway incursion warning system (10) for
monitoring air and ground traffic in the vicinity of a
runway (11) of an airport, said system (10) charac-
terized by:

a radar system (41, 20) comprising of a plu-
rality of radar sensor units (13) disposed at prede-
termined installation sites adjacent to the runway
(11) and wherein the plurality of radar sensor units
(13) generate adjacent or substantially overlapping
radar beams (13a) that illuminate the runway (11);

a central processing unit (44, 16) coupled to
the plurality of radar sensor units (13), for receiving
radar data produced by the plurality of radar sensor
units (13), and for processing the radar data to pro-
duce a map of the runway (11) that identify objects
(26) and aircratft (12) in the vicinity thereof;

an operator display (45, 17) coupled to the
central processing unit (44, 16) for displaying the
map of the runway (11), objects (26) and aircraft
(12) generated by the central processing unit (44,
16)

2. The system (10) of Claim 1, characterized in that
each radar sensor unit (13) is coupled to an inter-
face processor (42, 14) for processing radar data
generated by the radar sensor unit (13), wherein
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each interface processor (42, 14) is coupled to RF
telemetry electronics (43, 14a) for transmitting the
radar data to the central processing unit (44, 16),
and wherein the central processing unit (44, 16) is
coupled to an RFftelemetry interface (43, 18) for
receiving the radar data transmitted from the radar
sensor unit (13) by the RF telemetry electronics
(43, 14a).

The system (10) of Claim 2, characterized in that
the aircraft (12) comprises an electronic tag (21)
that stores identification information regarding the
aircraft (12), and comprises an RF transponder (22)
coupled to the electronic tag (21) for receiving inter-
rogation signals generated by the central process-
ing unit (44, 16) and for transmittng the
identification information in response to the interro-
gation signals;

and wherein the interrogation signals gener-
ated by the central processing unit (44, 16) are
transmitted to the aircraft (12) by way of the
RF/telemetry interface (43, 18), and the identifica-
tion information is received from the RF trans-
ponder (22) by way of the RFftelemetry interface
(43, 18) and wherein the central processing unit
(44, 16) generates signals for display on the opera-
tor display (45, 17) that identifies the aircraft (12).

The system (10) of Claim 2 or 3, characterized in
that the central processing unit (44, 16) is coupled
to the plurality of radar sensor units (13) by way of a
RF communications link (43, 15a) for communicat-
ing radar to the central processing unit (44, 16) by
way of the RF/telemetry interface (43, 18).

The system (10) of any of Claims 1-4, characterized
further by an ARTS system (27) coupled to the cen-
tral processing unit (44, 16), and wherein the cen-
tral processing unit (44, 16) processes data and
identification reports derived from the ARTS system
(27) and integrates them into the map that is dis-
played on the operator display (45, 17).

The system (10) of any of Claims 1-5, further char-
acterized by an ASDE-3 radar (28) coupled to the
central processing unit (44, 16) and wherein the
central processing unit (44, 16) integrates data
derived from the ASDE-3 radar (28) into the map
that is displayed on the operator display (45, 17).

The system (10) of any of Claims 3-6, characterized
in that the central processing unit (44, 16) gener-
ates an image of the runway (11) that identifies
objects (26), aircraft (12) that are landing and taking
off from the runway (11), and identifying information
(47) associated with interrogated aircraft (12)
derived from the transponder (21).

20

25

30

35

40

50

55

8. The system (10) of any of Claims 3-7, characterized

in that the central processing unit (44, 16) produces
data for display that includes priority alert informa-
tion (51) indicating aircraft (12) that are runway
incursions, a list {53) of arriving and departing air-
craft (12), and displays (54) that show landing and
take-off patterns of arriving and departing aircraft
(12).

The system (10) of any of Claims 3-8, characterized
in that the central processing unit (44, 16) gener-
ates warning signals (19) in response to intrusion
threats that are detected and wherein the warning
signals (19) are transmitted to the aircraft (12) by
means of the RF/telemetry interface (43, 18) and
the RF transponder (22).
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In a method and plant for supervising and con-
trolling field lighting (20) at an airport, a regulator pro-
vided with a monitoring unit for power supply and mon-
itoring the lighting fitting is arranged individually for
each lighting (18, 20), such as to regulate the light inten-
sity of the lighting and for receiving information as to its
operational status. Each lighting in the plant is provided
with a lighting electronic unit including a regulator,
monitoring unit and modem for power supply to the
light source and monitoring the operation of the light-
ing, each lighting being individually addressable from a
control central for the airport. In the method and plant
in accordance with the above, a ground traffic control
system can be integrated in the field lighting system by
connecting suitable presence detectors to the system.
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Supervision and Control of Airport Lighting and Ground Movements.

5 The present invention relates to a method and a plant for supervising
and controlling field lighting at an airport, and which optiocnally
include presence detectors.

The traditional implementation of a system for field lights is as
follows.

10 High-intensive and low-intensive lightings along approach paths,
runways and taxiways are supplied from ocne or more supply points, so-
called cabinets or stations situated in the airport field, usually two
for a field with one runway. These supply points are fed with high
voltage unregulated electricity which is transformed down to 380/320 Vv

15 and the supply peoints contain regulator equipment, thyristor or
transducer regulators or regulating transformers for converting the
unregulated electricity into controlled, requlated electric power for
supplying the light units, which takes place via several power supply
loops. Supply takes place in two principally different ways, i.e. by

20 series of parallel feed to the lightings. Each lifhting is provided with
a transformer for retransforming the electricity to a suitable low
voltage for supplying the lighting with power, in addition, the supply
points also contain a supervisory system which monitors the status of the
field lighting plant, e.g. such as to ensure that a sufficiently large

.25 number of light units function, that the intensity of the light units is
correct etc. The supply points, i.e. the cabinets, communicate via a com-
munication link, inter alia with the traffic control tower supervising
and operating panel, from which the regulating and supervisory systenms
are controlled, and at which information from the systems is received.

30 This communication takes place via separate wire pairs for each function,
or with time multiplex.trnnamission on wires or optical fibres.

The object of the present invention is to present a new method for
supervising and controlling field lighting, and to provide a new field
lighting plant, where each individual lighting is addressable and

35 includes a communicating local regulator and a monitoring unit for
supplying power to, and monitoring the lighting. Thus each lighting or
subsystem of lightings can be controlled individually, irrespective of
the sections into which the power cabling is divided..

This object is achieved with a method according to claim 1 and a
40 plant according to claim 9.
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Furthermore, the invention enables a presence indication system for £
detecting vehicle and aircraft movements on the ground to be integrated
in the field lighting system implemented in accordance with the present
invention.

5 Communication between the traffic control tower supervision and
operating panel takes place via a central computer to a so-called
concentrator and loop computer. The communication signals can be in the
form of time multiplexed electrical or optical signals on signal cables
or optical fibre cables.

10 ' A plurality of advantages are achieved by the present invention
compared with the already known state of the airport lighting art.

In the implementation of a traditional field lighting system, the
different power supply loops are fed via a regulator centrally connected
to each loop for regulating the intensity of the lightings connected to

15 the loop. For reasons of safety, the differrent lighting configu:#tiona
such as approach lighting, runway edge lighting, glidepath beacons,
threshold lighting and taxiway lighting must be fed by several loops in
case there should be a regulator or cable fault. A large number of
centrally placed regulators are therefore required for controlling the

20 field lighting system, and these occupy large spaces which must often be
specially built. With the present invention, on the other hand, each
lighting is provided with a local regulator which is placed at the light
fitting or in a so-called fitting well associated therewith. At the
supply point there will only be a so-called concentrator, sling computer,

25 contactor and modem. This results in less voluminous equipment, which
gives savings in space and cost compared with the implementation carried
out in a conventional way. In addition, the necessary redundance is
obtained automatically with the method of implementation in accordance
"with the invention. ° J

30 With a conventional method of implementation there is further
required one or more lamp transformers at each lighting. These are heavy
and take up considerable space. With the present invention, one or more
of these transformers can be replaced by a small and light electronic
unit on the fitting for intensity regulation and monitoring each

35 individual lighting.

Since, in accordance with the present invention, each lighting can
communicate and is addressable with the aid of its electronic unit, and

is thus provided with local intelligence, a lighting with several
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individual illumination points can control these separately in spite of
the supply taking place merely over a single phase or a common cable. The
necessary amount of power cable can thus be substantially reduced.

Field lighting plant for airports in accordance with the invention
can advantageously be made up of certain modules, namely the lighting
electronic unit (hereinafter denoted the AE unit), loop computer,
concentrator and modem, where the concentrator and loop computer are
realized with the same hardware but with different software, the plant
yeing completed by a central computer and a supervising and operating
unit in the traffic control tower (hereinafter denoted TWR). This simple,
modular implementation method reduces the hardware costs for a given
field lighting plant as well as design costs for a given lighting
configuration. Since an ordinary-sized airport has several hundred
lightings, the size of the AE unit manufacturing series will be
considerable, which considerably reduces the manufacturing cost of each
AE unit.

The modular method of implementation means that service and
maintenance are facilitated. If an individual lighting does not light,
this can either be due to the lamp or the corresponding AE unit failing,
or both. In the great majority of cases, it is the lamp that fails, and
therefore it is changed first. If a section coupled to a loop computer
does not light, this can only be due to failing of the loop computer and
modem, and this unit is then changed. Service and maintenance work will
thus be extremely simplified, which is an advantage from the time, cost
and personnel expects.

With conventiocnally implemented field lighting systems, there must be
an ocular inspection of the field lighting at least once a day to
determine which light units are defect. For airports with heavy traffic

" this must take place at night, since the runway system is not available

for inspection during daytime. This results in increased costs. With the
present invention this inspection is eliminated, since each lighting is
individually monitored and a presentation of the status of each one can
be obtained via the sling computer, concentrator and central computer,
either on a display or printed out on a printer. In addition, monitoring
can take place without the field lighting being lit up, since the AE unit
only needs to drive a minimum amount of current through the lamp in order
to decide whether it is failing or not. This method saves energy. Each AE

unit can furthermore be implemented to enable measuring of the operating
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time of the light source to which it is connected. Since the average life ¥
(illumination time) of the lamps in gquestion is well known, this
individual information as to lamp status, namely illumination time and
functioning/failing enables planned maintenance of the field lighting

5 plant, which gives better status of the plant and more effective
utilization of maintenance personnel. The total illumination time of each
light source is suitably continuosly registered at e.g. the central
computer.
_ According to an advantageous embodiment of the plant in accordance

10 with the invention, each lighting includes two separate light sources,
the lighting configuratigns of which are identical. Only one light source
is in service at a time, but should it fail the other light source is
automatically connected, and information is sent that there is no reserve
lamp for the lighting.

15 Since each lighting is addressable in accordance with the present
invention, there is the possibility of guiding aircrafts, using parts of
the field lighting system, for taxiing to and from runways, i.e., to
arrange a so-called taxiway guidance system. This can be arranged by the
lighting system along the central line of a taxiway being sectioned so

20 that a given section is given a group address. This section can then
either have its own operating button in a control tower panel where the
section is lit when the appropriate button is pressed, or the central
computer in the system can select a path with given input values for the
taxiing path of the aircraft, taking into consideration any maintenance

25 work on the taxiway, or to other aircraft movements etc. The decided path
can either be lit up simultaneously in its entirety or successively in
front of the aircraft. In existing plants this sectioning has been
achieved by each section being provided with a separate power supply.
‘'With the present invention, the sectioning is performed, with the aid of

30 +the AE units’ addresses, in the software, which drastically reduces the
installation costs for a guidance system, and simplifies any future
changes in the section configuration.

The invention can also be used for detecting vehicle and aircraft
movements on the ground, i.e. it can form a so-called ground traffic

35 detection system. In airports with heavy traffic, the collision risk
between aircraft/aircraft and aircraft/vehicle is namely a great problem
in poor visibility conditions. Since the inventive lighting system

includes "“intelligent" and addressable AE units at each point where there
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is a lighting, every taxiway and runway can be divided into frequent
identification blocks. This inventive implementation of the plant,
supplemented with a presence detector allocated to each fitting the
complete field lighting system or parts thereof enables detection and
supervision of aircraft and vehicle movements along the rolling way
system or parts thereof. The signals from the ground traffic detectors
are taken up by the AE units and transmitted together with other lighting
information via loop computer and concentrator to the central computer,
which depicts the ground traffic on a display. The central computer, or a
Qpecial supervisory computer, can give an alarm for situations where '
unpermitted ground traffic situations occur. This ground traffic
detection system integrated with the field lighting system is very cost-
effective compared with existing ground radar systems. The present
invention moreover permits that only those parts of the rolling way
system selectively chosen from the safety aspect are provided with ground
traffic detection capacity, whereby further cost savings can be ﬁade.

In accordance with a further advantageous development of the
invention, the guidance system is integrated with the ground traffic
detection system such that the centre line lights included in the
guidance system are lit up or extinguished or change lighting colour in
front of and after the taxiing aircraft, respectively, lighting up and
extinguishing the centre line lightas taking place individually or in
sections with the aid of control signals from the presence detection of
the aircraft.

According to another embodiment of the plant, each lighting position
where an AE unit is to be connected is provided with an unique address,
which is autcmatically transferred to the AE unit when the unit is
connected, such that this address is tied to its location and is not lost
if an AE unit were to be changed.

An advantageous method of realizing an address which is not tied to
the AE unit but to its position is to arrange a plurality of permanent
magnets in the AE unit mounting such that these magnets have a unique
combination of north and south pole orientation, giving the position in
question an unique address which is automatically transferred to the AR
unit by magnetic field-sensitive elements when the unit is connected. An
eight §it address can be realized using eight magnets, for example.

According to a still further advantageous embodiment of the plant,
and via the AE unit, the lightings are made for three-phase supply

Sony, Ex. 1002, p.1427



WO 90/04242 PCT/SE89/00546

enabling the supply to be dimensioned to cope with a phase failure up to :
a predetermined current or voltage level. Up to this level all lightings
light with no change if there is a phase failure. The central computer
can be programmed such as to increase the number of lightings which are

5 extinguished with an increasing modulation in order that the maximum
transmitted power for two phases is not exceeded.

Examples of the invention will now be described in more detail, with
reference to the accompanying drawings, where Fig. 1 illustrates the two
gystems in use today for controlling field lighting at an airport, Fig. 2

10 illustrates the'principle implementation of an embodiment of the plant in
accordance with the invention, Fig. 3 illustrates the principle system
implementation of an embodiment of the plant in accordance with the
invention, Fig. 4 illustrates an embodiment of the lighting electronics =
in the inventive plant, Fig. 5 illustrates an example of the realization

15 of a unique address for each fitting, Fig. 6 illustrates the principle of
ground traffic detection in the inventive plant, Fig. 7 illustrates an
embodiment of the plant in accordance with the invention for microwave-
based ground traffic detection, Fig. 8 illustrates a system with stop
lights having automatic re-illumination for controlling ground traffic,

20 Fig. 9 is an idealized depiction of vehicle and aircraft ground movements
and Fig. 10 illustrates a guidance system in a conventional construction
and a system which may be realized with the plant in accordance with the
invention.

Fig. 1 illustrates the two different systems used today for

25 controlling the field lighting at an airport. The internationally most
usual form is the so-called series system. The power supply line is here
fed with a constant current which can be set at different levels. The
lightings 20 on the field are connected via a so-called series
transformer 50 in series with each other. Two or more such loops are

30 required for supplying each lighting system such as runway edge lighting,
approach lighting, glidepath beacons, centre line lighting, taxiing
lighting etc. Since the lightings 20 are in series there is most often
required high secondary voltage at the main transformer 51. The regulator
24 is connected on the primary side. In fig. 1 it is illustrated as a

35 thyristor regulator 46, 48 but it can also be a transductor regulator or
a regulating transformer.

The power supply system most usual in Sweden is the so-called

parallel system. In this case the lightings 20 are connected in parallel
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to each other via their individual transformers 21 along the power supply
loop. Transducer regulators or regulator transformers are used here as
well, apart from thyristor regulators 24, 46, 48. The control and
monitoring equipment, (the equipment to the left of the dashed line in

5 PFig. 1), is often placed in so-called cabinets or stations in the field
for these systems. For a medium-sized airport there are usually about 10—
15 such regulator units for supplying the different power supply loops
included in the field lighting system.

Fig. 2 illustrates in principle the implementation of an embeodiment

10 éf a plant in accordance with the invention. The power supply loop is
here formed of the ordinary power supply, and connected to each lighting
20 there is a so-called lighting electronic unit 18, denoted AE.

Fig. 3 illustrates the principle system implementation of a plant
according to an embodiment of the invention.

15 Field lighting installations (existing and future) are controlled and
monitored from an operating panel in the airport control tower (TWR). In
the invention, a so-called central computer 4 senses the status of the
different functions of the operating panel and sends control signals via
its control program to one or more so-called concentrators 14. These are

20 most often placed in a so-called power control cabinet 22 at the power
supply points for the field lighting. This communication between the
central computer 4, most coften placed in the apparatus room of the
control tower, and the concentrator 14 may be by a time multiplexed
signal on cable or optical fibre. Radio signalling can alsoc be used. The

25 concentrator 14 sends its control signals further to one or more loop
computers 16. Via a modem communication each loop computer 16 looks after
the AE units 18 which are connected to the associated power supply loop.
One loop computer can at present communicate with a maximum of 127 AE
units, with retention of the necessary rapidity in the system.

30 Communication between ihe loop computer 16 and the respective AE units 18
along the loop can either take place with digital signals superposed on
the power supply loop or via separate signal cable. The most advantageous
embodiment appears to be communication via the power cables, no special
signal cable thus being required.

35 Each AE unit 18 monitors the status of the lighting fitting 20 and

sends this information to the loop computer 16 in question, for further

transmission via the concentrator 14 to the central computer 4, which co-

ordinates the information and gives an alarm when so required. As will be
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seen from Fig. 3, the status of the plant can alsoc be depicted on a *
screen 6 with associated keyboard 8 or a printer 10 in the so-called
operational supervision centre. As is further apparent from Fig. 3, this
embodiment of the plant in accordance with the invention, with supply to

5 the lightings 20 via AE units 18, permits this new control and monitoring
method to be mixed with the conventional technique using series of
parallel supply by the power supply loops. The loop computer 16 thus
provides a centrally placed regulator 24 with the necessary control
signals (criterion values) and it also monitors the regulator 24 so that

10 éhe right intensity is set and the right load connected to the loop. This
possibility of combining conventional power supply methods with the new
technique in accordancelwith the invention makes the system very
flexible.

For meeting functional reliability requirements, the central computer

15 4 and the power control cabinets 22 can be doubled, as indicated'in Fig.
3 by dashed lines. When the central computer 4, 4’ and the power control
cabinets 22, 22’ are doubled, all the cables between the operating panel
and the power control cabinets 22,22’ are similarly doubled.

A monitoring unit 12, e.g. of the so-called watchdog type, is

20 connected to both the central computers 4, 4‘ for monitoring the function
of the plant.

Fig. 4 illustrates an embodiment of the AE unit in the plant in
accordance with the invention. This comprises a modem 36 for receiving
contrel signals which are either carried on separate signal cables or are

25 digital signals superposed on the power cabling. The AE unit further
includes a lamp control unit 35 with a microprocessor and associated
interfaces 37 and power semiconductors 39 for regulating the power supply
to the light sources 20. The microprocessor of the lamp control unit 35

" also locks after monitoring of the operation so that if incorrect light

30 intensity is set, or if a lamp 20 fails, the AE unit sends information on
this to the loop computer 16, c.f. Fig. 3.

Power control in the AR unit can take place according te several
different principle methods. Fig. 4 illustrates so-called primary
switching, with which, while using high switching fregquency, there is

35 obtained extremely small lamp transformers and thereby a very compact
construction. Ideally, the transformer decreases in size inversely
proportional to the frequency. The frequency is determined here by the

construction of the lamp control unit 35 and control can take place, e.g.
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by pulse length modulation, i.e. the pulse length in the "on position® is
greater for higher output effect, and for lower output effect this pulse
length becomes shorter, the switching frequency being constant the whole
time.

5 A voltage regulator 41 i1s illustrated in Fig. 4 for supplying the
electronics. the fitting electronics also includes a rectifier bridge 43
and a filter 45 for preventing noise from the fittings and electronics to
propagate to the network.

By each lighting having its individual regulator, at least certain

10 iightings can advantageously be fitted with battery backup, so that for
voltage failure the lamp in the lighting continues to light with
predetermined intensity.

Each AE unit has its unique address, as mentioned above. There is
thus obtained a possibility of individual control and monitoring of each

15 1lighting 20 or section of lightings. Fig. 5 illustrates an advantageous
method of achieving this. Permanently situated on the lighting there is a
magnetic strip 1 containing the necessary number of permanent magnets 3.
The magnets 3 are made as reversible magnet plugs to enable pole
reversing. The AE unit contains magnetosensitive elements 2, for sensing

20 the orientation of the north and south poles of the magnets, this
orientation enabling a binary address code to be obtained, at 4 in Fig.
5. When the AE unit is positioned it automatically obtains its address,
which is permanently associated with the location. This means that each
AE unit can be used anywhere in the field lighting system, as far as add-

25 ressing is concerned, which is advantageous from the point of view of

service and maintenance. The embodiment illustrated in Fig. 5 shows how
the magnetic field 5 connects the address code from the permanently
installed address code transmitter B to an address code decoder A in the
lighting electronic unit without galvanic contacts, a signal converter

30 and address transmission unit 6 being connected to the decoder.

It is obviously possible to implement this memory so that the input
address is also retained when there is no current, the input taking place
with the aid of a special command to start with.

With the technique in accordance with the invention for controlling

35 and monitoring the field lighting using addressable local regulators
there is obtained the field system divided into unique addressing blocks
a;, as is illustrated in Fig. 6. By providing the field system with the

required number of presence detectors 72, c.f. Fig. 4, a system for
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detecting vehicle and aircraft ground traffic can be achieved, integrated :
with the field lighting system. In such a case the presence detector can
be placed on a lighting fitting, as illustrated in Fig. 7. Since each
fitting has a unique address to which the presence detector signal is

5 correlated, vehicle and aircraft movements on the field can be supervised
with the aid of this procedure.

In the illustrated embodiment, the presence detector 72 comprises a
microwave based detector. The microwave signals are transmitted and
received via an antenna unit 71 and are evaluated at 74. However, the

10 aetector can be based on other physical measuring principles using such
as supersonics, infrared rays, eddy current etc.

In order to control the ground traffic, above all in airports with
heavy traffic, stop lights are required at the entrances to runways, and
also at crossings between taxiways. Such an arrangement is illustrated in

15 Fig. 8, the stoplights 11 are usually sunk lightings arranged across the
taxiway 80, where it is suitable to stop the traffic. The stoplights 11
comprise a line of at least 5 light units sunk into the taxiway and
providing directed, steady red lights solely for the traffic which is to
be stopped. Light ramps included in the stop light system must be enabled

20 for separate operation in the control tower, and the installation of the
stop lights should be carried out so that not all light units in such a
ramp are extinguished at the same time for failure in the supply system.

The stop lights 11 are controlled such that when an aircraft 82
approaches an illuminated ramp of stop lights, the pilot stops the

25 aircraft and calls the control tower to obtain permission to pass the

) stoplights. The flying controller gives a clearance sign for passage by
extinguishing the stop lights. When the aircraft 82 has passed the
lights, they shall be illuminated once again with red light as soon as

" possible to prevent further aircrafts from unintentionally crossing them.

30 This re-illumination takes place either manually or automatically. For
configurating a stop light ramp with automatic re-illumination, and using
the technique known up to now, there are required at least two centrally
placed current regulators in order to obtain the separate operation
required according to the above, and also to obtain the necessary

35 redundance.

In apparatus of this kind known up to now, the automatic re-
illumination is controlled by a separate traffic signal system which,

with separate current supply and with separate control signal cables, is
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connected to the regulator units for the lighting in guestion. This is an
expensive way of controlling and automatically re-illuminating only five
light units, for example.

A configuration in accordance with the present invention is

5 illustrated in Fig. 8. Each lighting in the stop lights 11 is provided
with an electronic unit AE, which is controlled via the power cables from
the loop computer/concentrator 13, 14. Supply can take place as
illustrated in the figure, e.g. it can be three-phase supply to obtain
great redundance in the supply. The same power supply which is used, e.g.

10 for surrounding illuminated signs, can be used for supplying the stop
lights and thus considerably reducing cable coats. A presence detection
system is integrated into the configuration for obtaining the automatic
re-illumination. In fig. 8 there is illustrated a microwave-based
presence detector 12 with a transmitter ND/S and a receiver ND/M. A

15 fitting electronics unit 17 is connected to the receiver for locking
after the signal from the receiver. The szignal from the receiver‘is sent
on the cable 18 to the associated loop computer 13, which in turn sends
the re-illumination signal to the fitting electronic units of the stop
lights. Also schematically illustrated in the figure are the necessary

20 modem 15, way edge lighting 16, a power point 19 and signal cable 21 to
an operating and display panel 10 in the control tower.

The described configuration for controlling and automatically re-
illuminating the stop lights 11 for aircraft at an airport is
substantially cheaper than the configuration accerding to previously

25 known technigue, witp regard to hardware cost and cable cost. In addition
there is automatically obtained great redundance, which is important from
the safety aspect, a possibility of being able to regulate the intensity
of the stop lights being obtained as well.
The system permits vehicle and aircraft movements to be depicted on a
30 monitor in the control tower or at another desired place, see Fig. 9. The
degcribed method of detecting ground traffic is very cost effective
compared with today’s ground radar systems. Such systems also have the
disadvantage that in heavy rain and snowfall they cause high background
noise, thus causing difficulties in effective supervision. Another
35 advantage with the solution in accordance with this invention is that if
the field movement supervision is only desired or required for a small

part of the runway system, this can be advantageously achieved.
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At airports with the most heavy traffic in the world today, so-called ®
guidance systems have been built up to guide aircraft when taxiing to and
from runways, see Fig. 10. The lower part of the figure illustrates how
such a system is built up today. This is done by the power supply to the

5 1lightings in guestion being sectioned so that each section can be lit up
and extinguished individually. A large amount of cable is required for
this, as well as many centrally placed regulators. With the present ‘
invention having addressable regulators the sectioning is done in the
software. Different sections of lightings can thus be connected to the

10 same power supply cable, and merely by defining what lighting addresses
are associated with a certain section the section in question can be lit
up and extinguished indi;idually. This configuration results in large

cost savings, see the upper part of Fig. 10.
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Claimg

1. Method of supervising and controlling field lighting at an
airport, characterized in that each lighting has a
5 regulator with associated monitoring unit for power supply to and
monitoring of said lighting, which is addressed individually for
controlling the light intensity of the lighting and for receiving
information as to the operational status of the lighting.
2. Method as claimed in claim 1, communication between a traffic

10 éontrol tower and the lightings taking place via a so-called loop
computer and modem, c haracterized in that communication
between the loop computer and lightings is expedited over existing power
cables, and superposed on the existing power supply.

3. Methed as claimed in claim 1, communication between a traffic

15 contrel tower and the lightings taking place via a so-called loop
computer and modem, characterized in that communication
between loop computer and lightings is expedited via a special signal
cable.

4. Method as claimed in either of claims 2 or 3,

20 characterized in that the lightings along one or more power
supply loops are addressed from a loop computer individually or in
groups.

5. Method as claimed in any one of claims 1-4,
characterized in that the central line lighting on a taxiway

25 is lit up successively, individually or sectionally, in front of a
taxiing aircraft for indicating the route of the aircraft when it is
taxiing home or out, the necessary electric sectioning being determined
in the software of a central computer via the addresses of the lighting
electronic unit, and lighting being controlled by the taxiing route

30 determined in the cent;al computer.

6. Method as claimed in claim 5, characterized in that
the extent of lighting up, extinguishing or changing colour of the light
is controlled via a presence detecting system.

7. Method as claimed in any one of claims 1-6,

35 characterized in that said output effect of each lighting

for a given intensity level is changed by reprogramming via a centrally

placed computer using the lighting electronics unit in situ.
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8. Method as claimed in any one of claims 1-7, =
characterized in that the total illumination time of each
light source is automatically and individually registered.

9. Plant for supervising and controlling field lighting at an

5 airport, characterdized in that each lighting is provided
with an electronic unit controlling a regulator, monitoring unit and
modem for power supply to the light source of the lighting, and for
monitoring the operation of the lighting, each lighting being
individually addressable from a control central for the airport.

10 . 10. Plant as claimed in claim 9, characterdized in that
a selected plurality of the electronic units of the lightings are each
allotted a presence detector for forming a ground traffic detection
system for detecting the ground movements of aircraft and vehicles, said
detector including transducers based on supersonics, optics, magnetism,

15 eddy currents, or microwaves. ’

11. Plant as claimed in claim 9 or 10,
characterized in that each lighting electronic unit includes
a unique addiess block, permanently mounted on the lighting, or its
asgociated lighting well, such that when said unit is put in place the

20 lighting is automatically given its unigue address.

12. Plant as claimed in claim 11,
characterized in that the address block includes permanent
magnets, the north and south pole orientation of which gives a unique
digital address, the lighting electronic unit containing magnetism-

25 gensitive elements for sensing the north and south pole orientation of
the magnets.

13. Plant as claimed in claim 10, characterized in that
at least certain lightings are arranged to form so-called stop lights,
each lighting of these stoplights including an individual electronic

30 unit, and in that a presence detection system connected to said stop
lights is arranged for automatically giving a re-illumination signal to
the lightings of the stop lights as a reply to the passage of an aircraft
or other vehicle past the stop lights.

14. Plant as claimed in any one of claims $-13,

35 characterized in that a given number of lightings are
provided with battery backup, so that should there be a voltage failure

the light intensity of the lamp is regulated to a previously determined
value.
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15. Plant as claimed in any one of claims $-14,
characterized in that the power supply to the lighting
electronic unit is three-phase connected, and disposed such that should a
phase fail, all the light units continue to light up with unaltered in-

§ tensity unless the light intensity exceeds a predetermined value, at
which a predetermined number of lightings are adapted such as to be
extinguished.

16. Plant as claimed in any one of claims $-15,
characterized in that each lighting includes two separate

10 iight sources, the light configurations of these sources being identical,
it only being intended that one light source is connected at a time, and
in that the lighting electronic unit is adapted such that for a failure
of one light source it automatically connects the other and gives an

alarm for the failed light source.
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Method and control system for operative traffic

A method for operative traffic, said operative
traffic, especially operative ground traffic
associated with air traffic, being controlled by wmeans
of a real-time and automated data processing unit, at
least some of the operative units, such as aircraft,
field, maintenance, and upkeep equipment, vehicles or
the like, present in an operative traffic area, being
at least in an information transmitting communication
therewith at least for the identification and
positioning of the latter.

It is possible to apply a method of the invention in
a wide variety of applications, e.g. for safely
controlling operative traffic occurring on the ground,
in water and/or in the air. One of the key
applications for a method of the invention is the
control of operative ground traffic associated

especially with air traffic.

It is prior known that the ground traffic, especially
one associlated with air traffic, is run by using quite
traditional methods and arrangements, each ailrport
being always provided with an air traffic control
tower, which is the base for controlling all airport
operations involving both ground and air traffic
activities by using conventional radar and monitor
systems. However, the traditional control methods are
largely based on visual monitoring performed by air
traffic controllers, whereby, especially in adverse
weather conditions, such as in fog, snowfall, or the
like, the conditions may cause major setbacks and
interruptions for air traffic. A principal reason for
this is that it is not possible in all circumstances
to visually make sure in a sufficiently reliable
fashion e.g. the condition of a required runway door
the equipment possibly present in such runway.
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Therefore, e.g. after a snowplowing operation, it is
generally necessary to wait at least an hour before it
is possible to rercommission a runway to its primary
applications. Snowy conditions are particularly
inconvenient for traditional air traffic control
methods since, as a result of sufficiently long runway
standstill required as a safety precaution, there is
time for fresh snow to gather thereon prior to the
next commissioning of the runway, and this
necessitates another pawing operation very shortly,
leading to a continuing delay in air traffic as
snowfall continues.

In addition, the traditional control system is not
capable of controlling and guiding e.g. a landed
aircraft to a terminal best suited for a given
situation but, in principle, it is necessary to always
stick with operating plans decided a long time before.
Thus, e.g. occasional malfunctions, equipment
breakdowns etc. often cause lengthy downtimes,
resulting in a confusion in terms of preplanned
timetables and arrangements. Furthermore, so-called
"last-minute tune-ups" in traditional inflexible
control systems frequently cause danger situations
since, with manual arrangements, it is not possible to
account for a sufficient number of factors even in

minor changes of operating plan.

The prior art is described in US Patent 4,827,418,
relating to an expert system which relies on so-called
artificially intelligence based data processing for
controlling the altitude and heading of especially
airborne aircraft in order to avoid collisions. Such
solutions make use particularly of LISPrprogramming or
the like which, however, from the viewpoint of a
person skilled in the art, does not have any
significant equivalence to the processing solutions of

the present invention. Thus, the system disclosed in
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the cited patent is indeed primarily intended for air
traffic control, which can also be used as an air
control simulator. Moreover, in the cited solution,
e.g. the positioning is carried out conventionally by
means of a radar. It should further be noted that the
mere LISP-programming represents guite traditional
processing in terms of technology and, hence, the (at
present virtually "out-of-uge") LISP-programming is
not even close to being sufficiently powerful in terms
of solving problems equivalent to those addressed by

the present invention.

On the other hand, unlike both the above-cited and the
present invention, the reference publication EP
613,109 encompasses infraredrradiation based
transmitters and receivers for the identification and
positioning of aircraft in a ground traffic area. In
the cited solution, the positioning is largely based
on monitoring the field temperature levels, whereby
sensors mounted on the field detect a new aircraft on
the basis of an increase in temperature. Thereafter,
the heading of this particular aircraft is determined
as soon as some other heat identification unit has
detected the elevated temperature caused by this
aeroplane. Then, it is possible to determine
mathematically the heading/acceleration/speed etc. of
the aircraft, e.g. by the application of wvector

mathematics or the like.

From the viewpoint of a person skilled in the art, the
cited solution is also essentially different from the
present invention since, first of all, it is based on
IR radiation. On the other hand, the positioning of
alrcraft as well represents quite traditional
technology, especially 1in light of the present
invention, nor does it function with reliability that
would be even nearly equal to that of the present
invention. Neither is the cited type of arrangement by
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any means such that it could be utilised, at least not
with a sufficient reliability, for wmonitoring the
movements of persons/groups of persons working within

a ground traffic area.

Thus, the cited solution is only capable of performing
a fraction of what can be done with the present
invention. Moreover, especially the wuse of IR
radiation in this connection is unfavourable
particularly for the following reasons:

- restricted in terms of its range/power

- necessitates a physical contact

- a limited number of channels

- out-of-date technology

- few practical applications, and even those in not

absolutely crucial circumstances.

Hence, what the cited solution has in common with the
present invention is primarily that it is intended for
monitoring the position of aircraft or the like
currently within a ground traffic area for avoiding
collisions or the like by means of computerrassisted

processing.

An object of a method of the invention is to provide
a decisive improvement in terms of the above problems
and hence to raise substantially the available prior
art. In order to achieve this object, a method of the
invention is principally characterized in that an
expert system 1s informed about each unit on
commission within an operative traffic area,
preferably including also persons or groups of persons
within the operative traffic area, by wmeans of a
radio-frequency operated transmitter system as well as
by means of an antenna system enabling a substantially
continuous-action positioning, the operative traffic
being monitored and controlled by means of a

comprehensive expert system, preferably making use of
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so-called soft computing technology, such as a sum
logic, a neural network, a neuro-sum logic, chaos
theory, genetic algorithme and/or the 1like for

enabling its adaptive or self-learning operation.

The most important benefits gained by a method of the
invention include simplicity, reliability in
operation, and a remarkable improvement in the safety
of operative traffic, the method making it possible to
safely control for example all operative traffic
associated with aviation while eliminating safety
hazards and risk factors in the ground traffic within
an airfield perimeter all the way from the landing of
an aircraft to its take-off. A method of the invention
also improves the speed and reliability of
decisionrmaking especially in abnormal situations, the
method making it possible to eliminate unnecessary
operation stoppages as well as congestions. Thus, a
method of the invention provides a substantial
improvement in the flexibility of especially ground
and air traffic control, thereby producing a
significant increase in the capacity of airfield
traffic and in the economy of the entire airport
operation. One further advantage gained especially by
so-called soft computing technology over the prior
art-technology is that, first of all, e.g. the neuro-
sum logic provides a system which is distinctly more
inexpensive, speedier, and simpler than those
described above and which requires significantly fewer
rules. In addition, the deduction-making is
significantly speedier, with possibly more than 1000-

fold differences in favour of the presentinvention.

The non-independent claims directed to a method
disclose preferred applications for a method of the

invention.
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The invention relates also to a control systen
operating in accordance with the method. The control
system is defined in more detail in the preamble of an
independent claim directed thereto. The principal
characterizing features of the control system are set

forth in the characterizing clause of the same claim.

When correctly implemented, the control system of the
invention is trouble-free, operates in real time, and
self-learning, in addition to which it can be coupled,
e.g. in the afore-mentioned aviation, e.g.
interactively with ground radar, surveillance, or e.g.
meteorological systems or the like. Since it is also
possible to connect the operative staff to an
integral, intelligent coding and information system,
controlled by an expert system and further secured
preferably with arrangements based e.g. on biothermal
identification for preventing e.g. the passage of
unauthorized persons within operative areas, the
control system of the invention is capable of
providing a significant improvement especially in
terms of the safety and efficiency of aviation by
eliminating major safety hazards and risk factors
associated with traditional aviation. Thus, the
control system of the invention can be used for
controlling all activities within the operative ground
traffic area of an airport from the moment an aircraft
has touched down on runway all the way to the moment
said aircraft has safely taxied to its designated

terminal lot or vice versa.

The non-independent c¢laims directed to a control
system disclose preferred embodiments for a control
system of the invention. The invention will now be
described in detail with reference made to the

accompanying drawings, in which
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fig. 1 shows basically a general operating
principle for a control system applying a

method of the invention,

fig. 2 shows further a method of the invention,
applying a so-called diffuse spectrum-radio
positioning system based on GSM-technology.

A method for operative traffic, said operative
traffic, especially operative ground traffic
associated with air traffic, being controlled by means
of a real-time, automated data processing system, at
least some of the operative units present in an
operative traffic area, such as aircraft, field,
maintenance, and upkeep eguipment, vehicles or the
like, being at least in an information transmitting
communication therewith at least for the
identification and positioning of the latter. An
expert system 1 1is informed about each unit on
commission within an  operative traffic area,
preferably including also persons or groups of persons
within the operative traffic area, by mweans of a
radlio-frequency operated transmitter system 2 as well
as by means of an antenna system 3 enabling a
substantially continuous-action positioning, the
operative traffic being monitored and controlled by
means of a comprehensive expert system 1, preferably
making use of so-called soft computing technology,
such as a sum logic, a neural network, a neuro-sum
logic, chaos theory, genetic algorithms and/or the
like for enabling its adaptive or self-learning

operation.

In one preferred application of a method of the
invention, the expert system 1 is supplied not only
with collected real-time information il, such as that
regarding said operative units, but also with

information 12 regarding the conditions of an

Sony, Ex. 1002, p.1457



WO 98/52174 PCT/F197/00281

10

20

25

30

35

8

operative traffic area, such as wind, ice, snow,
water, temperature and/or the 1like factors, for
anticipating hazardous situations, such as collision
situations or the like, by means of operating models

db pre-programmed therein.

In reference to traditional solutions, it is naturally
preferable to control operative traffic also by means
of guide boards, one preferred application of a method
of the invention comprising the use of luminous, such
as optical fiber, LCD-, LED-matrix displays 4 and/or
the like, which are controlled integrally by means of
the expert system 1 especially for providing an active
guidance optimally compatible with the situation of

each controlled unit.

In a further preferred application of the method, each
unit present in an operative traffic area is
identified and/or positioned by means of a unit-
specific and/or personal detector system 5, such as
through the intermediary of remote identification
and/or preferably the antenna system 3 or,
respectively, by means of a transponder system (TIRIS)
enabling the positioning, a fingertip, eyeground
identification system and/or the like, based on
biometric identification, especially for making use of
unit-specific clearances, restrictions, priorities

and/or the like programmed in the expert system 1.

In a particularly preferred application of the method,
each unit present in an operative traffic area is
identified and positioned most preferably by means of
a cellular network principle, such as a wmobile
communicator system included in a mobile communication
network consisting of cells containing a base station,
the positioning being effected by using a diffuse
spectrum-radio positioning system 2, 3, 5 based on so-

called GSM-technology. Fig. 2 illustrates one
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particular lay-out example for setting wup the
aforermentioned diffuse gpectrum-radio positioning
system. 3’, 5’ represents in fig. 2 a taxiway shoulder
light and a positioning beacon connected therewith.
Respectively, 3", 5" represents a runway shoulder
light and a positioning beacon connected therewith. kx
represents a runway mid-line light. In a type of
solution depicted in the figure, each
moving/stationary object, or in this example an
aircraft fp, fitted with a diffuse-spectrum
transmitter 2‘ emitting an identification code. At
this juncture, the runway shoulder lights present in
the runway area and the taxiway shoulder 1lights
receive and identify various diffuse-spectral
transmissions, operating in accordance with the
aboverdescribed logic as so-called positioning
beacons. In this context, the radio path is provided
by a system 2400 - 2450 GHz operating on ISM
(Industrial & Scientifical & Medical) frequencies,
having a frequency band of 50 MHz and a transmission
capacity of < 10 mW. In this type of solution, at the
object speed of 0 - 100 m/s, the coordinates are
obtained at the accuracy of 0,1 - 10 meters. The scope
of surveillance provides a possibility of monitoring
all aircraft, vehicles moving in the area, maintenance
people walking within the field area etc. In addition,
the number of objects within the operating range of a
single positioning analyzer may always be as high as
15 objects, whose activated identifications are
included in the system data base.

For example, the above-mentioned TIRIS-system is based
on an identifier (transponder), which is identifiable
and preferably also attachable to an object to be
positioned, and on a reader, which in this case is
arranged in communication with the position-defining
antenna system 2. In terms of ¢technology, the

TIRIS~system is constructed in such a way that the
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identifier is provided with an antenna element, a
microrcircuit containing an identification code, and
a capacitor. When subjected to a magnetic field from
the reader, the passive identifier is charged and
transmits the message contained in the identifier. The
identifications are either previously encoded or to be
updated 1in the field of a reader. The identifier
receives its necessary operating energy preferably
from an electromagnetic field (radio waves) and, thus,

it needs no battery or other source of energy.

Referring particularly to the preferred operating
principle depicted in the drawing, the control system
of the invention comprises a transmitter system 2,
operating on radio frequencies and informing an expert
system 1 about each unit operating within an operative
traffic area, including preferably also persons and
groups of persons present in the operative traffic
area, as well as an antenna system 3 enabling a
substantially continuous~action positioning, the
surveillance and control of operative traffic in the
control system being effected by means of the expert
system 1, making use of sorcalled soft computing
technology, such as a sum logic, a neural network, a
neuro-sum logic, a chaos theory, genetic algorithms
and/or the like, enabling its adaptive or self-

learning operation.

The control system is further preferably based on a
self-learning expert system 1, whose information and
control channels are preferably constituted by
apparatus-specifically encoded high-frequency
transmitters 2, and further on an antenna system 3,
required for positioning and detecting a set of
coordinates to be positioned, and on an active and
luminous display board arrangement 4, ccntrolling an
operative field area preferably through the

intermediary of a so-called intelligent optical
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network and based e.g. on an optical fiber/LCD-, LED-

matrix.

In a further preferred application, the operative
units/persons are linked to the system also by means
of a unit-specific/personal detector system 5, guch as
a transponder system (TIRIS) enabling remote
identification and the positioning preferably through
the intermediary of the antenna system 3, a fingertip,
eyeground identification system based on biometric
identification, and/or the like. This enables making
use of unit-specific clearances, restrictions,
priorities and/or the like programmed especially in

the expert system 1.

In a preferred application, the control system
includes a diffuse spectrum-radio positioning system
2,3,5, which is preferably based on GSM-technology and
whereby each unit present in an operative traffic area
is identified and positioned preferably on a cellular
network principle, such as a mobile communicator
system included in a mobile communicator network

consisting of cells that contain a base station.

In an intended application as described above, the
control system monitors and controls automatically as
well as transmits information independently about all
operative traffic action within a field area and, by
virtue of this, provides air traffic control and
aviators with significantly improved possibilities of
taking correct decisions and measures required by a
given situation. In addition, the above type of
control system increases substantially the capacity of
operative field action (landing, take-off, surface
traffic, £flight maintenance) especially in foul
weather conditions, as it is capable of composing an
overall picture of all surveillance and sensor points

simultaneocusly. The accuracy is further enhanced, as
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the control system 1is capable of determining and
deciding continuocusly and in real-time all situations
and by constantly simulating both mathematically and
empirically such situations before they are likely to
occur. Thus, an expert system included in the control
system is capable of identifying also completely
unpredictable events e.g. by alarming the operative
staff automatically and by describing the problem as
well as by also presenting preferably e.g. graphic and
safe, i.e. previously simulated and tested model

solutions.

One further advantage offered by the control system of
the invention in this context is that it relieves the
air traffic control of all control measures regarding
aircraft present on the ground and in a normal
condition as well as other surface traffic. Hence, the
control system concentrates the decision-making
especially in a crisis situation on the air traffic
control, the expert system, as well as on other
monitoring systems associated preferably interactively
with the control system, e.g. as depicted in the chart
of the drawing. Hence, an expert system of the
invention operates as part of the control system by
delivering continuous, real-time, graphic information,
solution models and suggestions, while Ileaving,
whenever necessary, the actual decision-making to the
air traffic control. According to the chart depicted
in the drawing, the control system thus collects the
real-time information, compares it to a safe decision
compatible with the condition of the expert system 1,
and produces an alarm about immediate or anticipated
discrepancies. The analyzed surveillance information

is stored automatically in the data base db.

In certain type of cases, the expert system 1 included
in the control system operates automatically by
deciding and performing all conventicnal and non-
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WO 98/52174 PCT/F197/00281

10

15

20

25

30

13

hazardous control duties. In addition, it is possible
to monitor thereby that the air traffic control
performs correctly the ground traffic control

operations assigned thereto.

The method and control system of the invention can be
further explcoited in such a manner that all relevant
travelling paths within an operative area are also
provided with guiding tapes or the like, controlled in
real time by the expert system, whereby e.g. an
advancing light or sound effect is used to guide each

controlled unit to its proper destination.

It is naturally obvious that a method of the invention
can be applied not only in the above-mentioned and

-described applications but in the most diverse of
contexts, i.e. in addition to ground traffic
application, e.g. in a harbour area for controlling
and monitoring the passage of boats/ships. Naturally,
the operating chart depicted by way of example only
represents generally the operating principle for a
method of the invention, as it is of course possible
to link directly therewith, in addition to the above-
mentioned supplementary functions, e.g. an air traffic
control radar and monitor info, air traffic control
preference decisions, weather observations, etc. Also
naturally, e.g. the above-described TIRIS-system can
be active as well, whereby, when fitted with a current
supply, it will be capable of independently
communicating with the expert system, e.g. for the

continuous positioning of a moving vehicle.
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Claims:
1. A method for operative traffic, said operative
traffic, especially operative ground traffic

associated with air traffic, being controlled by means
of a real-time and automated data processing unit, at
least some of the operative units, such as aircraft,
field, maintenance, and upkeep equipment, vehicles or
the like, present in an operative traffic area, being
at least in an information transmitting communication
therewith at least for the identification and
positioning of the latter, characterized in that an
expert system (1) 1is informed about each unit on
commission within an operative traffic area,
preferably including also persons or groups of persons
within the operative traffic area, by means of a
radio-frequency operated transmitter system (2) as
well as by means of an antenna system (3) enabling a
substantially continuous-action positioning, the
operative traffic being monitored and contrclled by
means of the comprehensive expert system (1),
preferably making use of sorcalled soft computing
technology, such as a sum logic, a neural network, a
neuro-sum logic, chaos theory, genetic algorithms
and/or the like for enabling its adaptive or self-

learning operation.

2. A method as set forth in claim 1, characterized
in, that the expert system (1) is supplied not only
with collected real-time information (i1), such as
that regarding said operative units, but also with
information (i2) regardin the conditions of an
operative traffic area, such as wind, ice, snow,
water, temperature and/or the 1like factors, for
anticipating hazardous situations, such as collision
situations or the like, by means of operating models

(db) pre-programmed therein.
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3. A method as set forth in claim 1 or 2, wherein
the operative traffic is controlled by means of guide
boards present at least in an operative traffic area,
characterized in that said guidance is effected by
using luminous, such as optical fiber, LCD-, LED-
matrix displays (4) and/or the like, which are
controlled integrally by means of the expert system
(1) especially for providing an active guidance
optimally compatible with the situation of each
controlled unit.

4. A method as set forth in any of the preceding
claims 1-3, characterized in that each unit present in
an operative traffic area is identified and/or
positioned by means of a unit-specific and/or personal
detector system (5), such as through the intermediary
of remote identification and/or preferably the antenna
system (3) or, respectively, by means of a transponder
system (TIRIS) enabling the positioning, a fingertip,
eyeground identification system and/or the like, based
on biometric identification, especially for making use
of unitrspecific clearances, restrictions, priorities
and/or the like programmed in the expert system (1).

5. A method as set forth in any of the preceding
claims 1-4, characterized in that each unit present in
an operative traffic area is identified and positioned
most preferably by means of a cellular network
principle, such as a mobile communicator system
included in a mobile communication network consisting
of cells containing a base station, the positioning
being effected by using a diffuse spectrum-radio
positioning system (2,3,5), most preferably based on
GSM-technology.

6. A control system for operative traffic, said
control system intended for controlling operative

traffic, especially operative ground traffic
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associated with air traffic, being implemented by
means of a real-time and automated data processing
unit, at least some of the operative units, such as
aircraft, field, maintenance, and upkeep equipment,
vehicles or the like, present in an operative traffic
area being at least in an information transmitting
communication therewith at least for the
identification and positioning of the latter,
characterized in that the control system comprises a
transmitter system (2), operating on radio freguencies
and informing an expert system (1) about each unit
operating within an operative traffic area, including
preferably also persons and groups of persons present
in the operative traffic area, as well as an antenna
system (3) enabling a substantially continuous-action
positioning, the surveillance and control of operative
traffic in the control system being effected by means
of the expert system (1), making use of so-called soft
computing technology, such as a sum logic, a neural
network, a neuro-sum logic, a chaos theory, genetic
algorithms and/or the like, enabling its adaptive or

self-learning operation.

7. A control system as set forth in claim 6,
characterized in that the expert system (1) is adapted
to process not only real-time information (il)
collected therein and regarding said operative units,
but also information (i2) regarding the conditions of
an operative traffic area, such as wind, ice, snow,
water, temperature and/or the 1like factors, for
anticipating hazardous situations, such as collision
situations or the like, by means of operating models

(db) pre-programmed therein.

8. A control system as set forth in claim 6 or 7,
including guide boards present at least in an
operative traffic area for guiding said operative

traffic, characterized in that said guidance 1is
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provided by means of luminous, such as optical fiber,
LCD-, LED-matrix displays (4) and/or the like, which
are adapted to be integrally controlled by means of
the expert system (1) especially for providing an
active guidance optimally compatible with the

situation of each controlled unit.

9. A control system as set forth in any of the
preceding claims 6-8, characterized in that, for
identifying and/or positioning each unit present in an
operative traffic area, said control system includes
a unit-gpecific and/or personal detector system (5),
such as a transponder system (TIRIS) enabling the
positioning through the intermediary of remote
identification and/or preferably the antenna system
(3) or, respectively, a fingertip, eyeground
identification system and/or the 1like, based on
biometric identification, especially for making use of
unit-specific clearances, restrictions, priorities

and/or the like programmed in the expert system (1).

10. A control system as set forth in any of the
preceding claims 6-9, characterized in that it
includes a diffuse spectrum-radio positioning system
(2,3,5), most preferably based on GSM-technology, for
identifying and positioning each unit present in an
operative traffic area most preferably on a cellular
network principle, such as by means of a mobile
communicator system included in a mobile communication

network consisting of cells containing a base station.
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The present invention relates to equipment for
controlling and guiding the movement of aircraft
travelling on the ground on taxi strips for access to
and exit from the runway and parking and standing
areas of airports.

It is known that one of the principal problems
relating to the operational management of airports
is constituted by the necessity of moving aircraft as
rapidly as possible, but in conditions of complete
safety, in their transit from the parking area to the
take-off runway and from the landing runway to the
parking area.

Among the known methods of providing the
aircraft pilot with signals permitting proceeding and
guiding on predetermined routes of exit from
and/or entry to the runways, particular mention may
be made of those based on direct visual observa-
tion by the pilot of signs located on the ground,
manually operated on sight by the control tower
operator, and those based on surface radar devices
installed at predetermined points at the airport;
such devices, however, have numerous disadvan-
tages, including the total lack of control of ground
traffic in case of failure or disabling of the device
for maintenance operations, or incorrect signalling
and/or interpretation of the signalling due to high
reflection levels caused by irregularities of the
ground, the presence of obstacles, driving rain and
the like, image splitting and the like.

Such problems are also significantly increased
in critical operating conditions such as those aris-
ing with high traffic flows, adverse meteoroiogical
conditions and poor visibility.

Consequently there is a technical problem of
providing automatic equipment which is capabie of
signalling to and guiding aircraft during their transit
on the ground on sections of taxi and connecting
strips, and which is able to ensure a specified safe
distance between the aircraft, permitting or refusing
their access to sections of taxi strip, and operating
reliably in any weather and traffic density con-
ditions, and with a signalling speed proportional to
the actual requirements related to the real traffic
density in such a way as to cause no significant
decrease of the operating capacity of the airport.

The equipment must also be such that correct
operation is ensured even in case of failure and/or
during ordinary maintenance operations, and such
that it may be applied both at new airports and at
airports already in operation, by making use, in the
latter case, of auxiliary services and transmission
lines which may already be in existence.

These results are achieved by the present in-
vention, which provides automatic equipment for
controlling and guiding the movement of aircraft
travelling on the ground on taxi strips to and from
the runways and to and from the standing and
parking areas, this equipment comprising in com-
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bination illumination devices disposed at predeter-
mined intervals along the longitudinal axis of the
taxi strips; light signalling devices spaced equally
apart in such a way that each successive pair of
signalling devices defines, in the longitudinal direc-
tion, consecutive segments of the taxi strip; de-
vices for detecting the transit of aircraft and ca-
pable of sending a signal to corresponding means
of controlling and displaying the actuation of the
sequence of lighting and extinguishing of the illu-
mination and guiding devices and of the light sig-
nalling devices of the various segments of the taxi
strip, for corresponding permission for or prohibi-
tion of the advance of the aircraft along successive
segments.

More particularly, it is specified that the said
light signalling devices consist of pairs of lights
disposed at the lateral edges of the taxi strip on the
transverse axes of the segments and that the said
detection devices preferably consist of sensors of
the microwave and infrared type and consequently
that the said sensors illuminate the respective sig-
nalling devices when any detection of the passage
of the aircraft has ceased.

A further characteristic of the invention consists
in the fact that the said control units comprise local
control units disposed next to the segments, sub-
station control units disposed inside electrical
equipment substations, and central control units
disposed in the control tower; in particular, the said
substation control units are capable of receiving
signals from a central unit and of operating local
control units to light and extinguish the axial illu-
mination devices and to extinguish the signalling
devices, while the local control units are capable of
receiving signals confirming the passage of an air-
craft from the sensors and of autonomously caus-
ing the lighting of the signalling devices.

In particular, each unilluminated segment is
delimited by illuminated red light signals to prevent
the access of an aircraft to the said segment.

According to the invention, the automatic
equipment may aiso be used with illumination de-
vices each of which comprises a signalling light
and a sensor, each illumination device being ca-
pable of operating in this mode, and also as a
segment end light, in which case each segment
has a minimum length which may be varied as
required, and is determined by the lighting of the
illumination device with a red light.

For the befter use of the equipment it is also
specified that the central control unit only controls
the intersections delimiting sections of taxi strip
and that the local and substation control units di-
rectly control the segments into which each of the
said taxi strip sections, delimited by consecutive
nodes, is divided.

Sony, Ex. 1002, p.1473
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Further details may be obtained from the fol-
lowing description, with reference to the attached
drawings, which show:

in Fig. 1:

a partial schematic plan of an airport;

in Fig. 2:

a plan view of a section of taxi strip equipped
with signalling devices according to the inven-
tion;

in Fig. 3:

a schematic diagram of the local electrical pow-
er supply and control circuit of the signalling
equipment;

in Fig. 4:

a schematic diagram of the circuit connecting
the taxi strip equipment to the substation control
unit;

in Fig. 5:

a block diagram of the system of connection of
the substation control unit to the central control
unif;

in Figs. 6a, 6b, 6c:

the operating sequence of the control and sig-
nalling equipment according to the invention;

in Fig. 7:

a view of the device displaying the current state
of the ground traffic situation;

in Fig. 8:

an alternative division of the taxi strips into sec-
tions delimited by intersections.

As shown in Fig. 1, the map of an airport 1 is
normally divided into landing and take-off runways
1a, taxi strips 1b comprising links and intersections
1c, and standing and parking areas 1d.

In order for the aircraft to be guided automati-
cally from the moment at which they leave the
landing runway 1a until they stop in the parking
area 1d, and vice versa, the taxi strips 1b are,
according to the invention, ideally divided into seg-
ments 2 adjacent to each other and physically
delimited by lighting elements whose lighting and
extinguishing are monitored and controlled by pro-
grammed control units which receive signals from
sensors associated with the lighting elements and
send lighting or extinguishing commands tc local
control units which are in communication with a
central unit installed in the control tower.

In greater detail, each segment 2 (Fig. 2) is
provided with illuminating elements 3 disposed at
predetermined intervals, as will be more clearly
specified subsequently, along the longitudinal axis
of the segment 2 which is delimited by two op-
posite theoretical transverse lines 2a constituting
the axis of alignment of stop lights 4 asscciated
with sensors 5 capable of detecting the passage of
an aircraft 6 and of lighting the stop lights 4
through the local control unit 11, which in turn
sends a confirmation signal to a substation control

15

20

25

30

35

40

50

55

unit 13 located near the taxi strip in corresponding
substations 12 (Fig. 4).

The minimum length of a segment 2 is deter-
mined on the basis of certain parameters which
affect the whole design of the equipment and in-
clude the photometric properties of the illuminating
elements 3, the characteristic category of authori-
zation for landing, the geometry of the electrical
circuits of the light fitings and the dimensions of
the aircraft; the power of the lamps and their spac-
ing along the segment, together with the length of
the segment itself, will be calculated from these
parameters.

As is more clearly shown in Fig. 3, the axial
illuminating elements 3 are connected to the series
power supply circuits 8 disposed along the taxi
strip 1b at its edges, each pair of illuminating
elements 3 formed in this way being connected to
isolation transformers 9 in parailel to which are
connected local control units 10 in order to imple-
ment the lighting and extinguishing commands re-
ceived from the substation control unit 13.

As has been stated, two pairs of stop lights 4
are also installed at each transverse axis of the
start and end of a segment 2 near the edge of the
taxi strip, these lights also being supplied from the
mains 8 through transformers 9, in parallel with
which are connected sensors 5 to detect the pas-
sage of the aircraft, these sensors also being sup-
plied from the mains 8 through isolation transform-
ers 9.

According to the invention (Fig. 4), the termi-
nals of the electrical circuits are connected to con-
stant current regulators 13a housed in the electrical
substations 12, which in turn are connected to
substation control units 13 for connection (Fig. 5) to
the central control unit 14 which is located in the
control tower and substantially consists of a pair of
electronic computers 14a arranged in parallel, a
monitoring unit 14b capable of determining the
priority of operation between the two computers, a
data compression unit 14c and an intermediate
register 14d for the temporary storage of signals
from and to the substation control units 13, in-
stalled in the individual substations 12, which op-
erate at a different rate from the central unit 14.

The operating sequence of the equipment is as
follows (Fig. 6a): when an aircraft 6a passes
through a given segment 2a, all the axial lights 3a
of the segment 2a are illuminated to guide the
aeroplane and at the same time the red stop lights
4'a, defining the start of segment 2a, are illumi-
nated to prevent any access to the same segment
by another aeroplane. During such a phase the
axial lights 3b of segment 2b, behind and adjacent
to the occupied segment 2a, are extinguished,
since the presence of an aeroplane 6, which would
be too close to the one in front, is not permitted in
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this segment.

if the two segments 2c, 2d following segment
2a are free, the stop lights 4"a disposed next to the
transverse end axis of segment 2a permit free
passage, being extinguished, and allow the
aeroplane 6a to proceed on its way, guided by the
corresponding axial lights 3¢ which will be lighted.

At the same time, a second aeroplane 6b trav-
elling along the same taxi strip behind the
aeroplane 6a would find the axial lights 3e of its
segment 2e illuminated and the rear stop lights 4'e
and forward stop lights 4"e illuminated with red
lights to prevent the advance of the aeroplane 6b
to the following segment 2b, which would be imme-
diately adjacent to the segment 2a already oc-
cupied by the aeroplane 6a and which, in turn, has
axial lights 3b extinguished as stated previously.

When the first aeroplane 8a passes the sensor
5a (Fig 6b), the latter, detecting the interruption of
the beam, changes state and sends a signal to the
substation control unit 13 whuch, by a dialogue with
the central control unit 14, enables the latter to
send signals to the local control unit 10 to modify
the situation as follows: illumination of the axial
lights 3d of segment 2d to allow aeroplane 6a to
proceed on its way, on completion of the passage
of which in front of the sensors 5'a the situation is
further changed as follows (Fig. 6¢): axial lights 3c,
3d of the adjacent segments 2c, 2d illuminated and
stop lights 4"c extinguished to allow aeroplane 6a
to proceed on its way; axial lights 3a of segment 2a
to the rear and adjacent extinguished and stop
lights 4'a, 4""a illuminated with a red light to prevent
access of a second aeroplane to segment 2a, stop
lights 4"e extinguished and axal lights 3b of seg-
ment 2b illuminated to permit the advance of
aeroplane 6b to segment 2b following that being
passed through.

Consequently the control of the illumination of
consecutive adjacent segments as described above
enables the advance of a number of aeropianes to
be guided, while simultaneously ensuring the main-
tenance of the desired safety distance between one
aeroplane and the other, this distance always being
measured in multiples of segments 2 of a minimum
predetermined length as described above.

The equipment according to the invention is
completed by a device for the display of the com-
plete ground traffic situation of the airport, which
enables the operators to identify on a video screen
15 (Fig. 7) fixed areas 15a for identification of
particular aeroplanes, distinguished for example by
their own flight numbers, such fixed areas being
associated with a broken line 15b or the like to
graphically link the identification area 15a with the
segment 2 of taxi strip occupied by the aeroplane
and represented on the screen within the map of
the airport; as the aeroplane moves along the taxi
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strip to take off or, in the opposite direction, to the
parking area 1d, the identfication number will oc-
cupy successive fixed areas and change its posi-
tion on the screen.

Many constructional and dimensional modifica-
tions may be introduced into the embodiment of
the various components of the equipment without
thereby departing from the scope of the invention
In its general characteristics; in particular, it is
possible to specify the connection of stop light 4
and of the sensor 5 inside each axial illuminating
element 3, which in this case will be designed to
emit either a green light or a red light, providing,
by means of appropriate processing of the data
carried out by the corresponding units, continuous
control of the whole airport area with the further
important possibility of freely modifying the mini-
mum length of segment 2 according to necessity
and/or convenience, for example as a result of a
decrease in visibility which necessitates a greater
safety distance.

It is also possible (Fig. 8) to theoretically divide
the map of the airport into sections 102 located
between two consecutive intersections, known as
nodes, 101c, additionally dividing the tasks of the
various control units in such a way that the substa-
tion control units 13 have the task of guiding the
aeroplane in the individual segments 102 until the
final sensor 105 indicates that the aeroplane is
entering a node 101c, at which point control passes
to the central control unit 14, which is informed of
the presence or absence of the other segments
leading to this particular intersection, and which
may establish the order of precedence of access to
the intersection or may divert a machine to other
segments; with such a configuration it would be
possible to make considerable savings of transmis-
sion time, since the data traffic relating to the
control of the advance of the aircraft 6 in segments
102 would be limited to the substation control units
situated near the taxi strips, while only the data
concerning the actual position of each aeroplane
would be sent o the central control unit (14).

Claims

1. Automatic equipment for controlling and guid-
ing the movement of aircraft (6) travelling on
the ground on taxi strips (1b) from and to the
runways (1a) and to and from the standing and
parking areas (1d), characterized in that it
comprises in combination illumination devices
(3) disposed at predetermined intervals along
the longitudinal axis of the taxi strips (1b); light
signalling devices (4) spaced equally apart, in
such a way that each pair of successive signal-
ling devices (4) defines, in the longitudinal
direction, consecutive segments (2) of taxi strip
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(1b); devices (5) for detecting the transit of
aircraft (6), capable of sending a signal to
corresponding means of control (10, 13, 14)
and display (15) of the actuation of the illu-
mination and extinguishing sequence of the
illumination and guiding devices (3) and of the
light signalling devices (4) of the various seg-
ments (2, 102) of the taxi strip (1b), for the
corresponding permission for or prohibition of
the advance of the aircraft through successive
segments (2).

Automatic equipment for controlling and guid-
ing the movement of aircraft (6) traveliing on
the ground on taxi strips (1b) according to
claim 1, characterized in that the said light
signalling devices (4) consist of pairs of lights
disposed at the lateral edges of the taxi strip
(1b) next to the transverse axes (2a) of the
segments (2) del imitating the iength of the
segments.

Automatic equipment for controlling and guid-
ing the movement of aircraft (6) travelling on
the ground on taxi strips (1b) according to
claim 1, characterized in that the said detection
devices preferably consist of sensors (5) of the
microwave and infrared type, and in that the
said sensors illuminate the corresponding sig-
nalling devices (4) when any detection of the
passage of the aircraft (6) has ceased.

Automatic equipment for controlling and guid-
ing the movement of aircraft (6) travelling on
the ground according to claim 1, characterized
in that the said control units comprise local
control units (10, 11) disposed next to the
segments (2), substation control units (13) dis-
posed inside electrical equipment substations
{12), and central control units (14) disposed in
the control tower.

Automatic equipment for controlling and guid-
ing the movement of aircraft (6) travelling on
the ground according to claim 1, characterized
in that the said substation control units (13) are
capable of receiving signals from a central unit
(14) and of actuating local control units (10, 11)
to illuminate and extinguish the axial illumina-
tion devices (3) and to extinguish the signalling
devices (4), and in that the said local control
units (11) are capable of receiving signals con-
firming the passage of an aircraft (6) from
sensors (5) and of autonomously causing the
illumination of the signalling devices (4).

Automatic equipment for controlling and guid-
ing the movement of aircraft (6) travelling on
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10.

the ground according to claim 1, characterized
in that the said central conirol unit (14) controls
the illumination and extinguishing of the first
pair of signalling lights (4) disposed near the
accesses to the taxi strip (1b), thus specifying
the taxi strip along which the aeroplane has to
travel.

Automatic equipment for controliing and guid-
ing the movement of aircraft (6) travelling on
the ground according to claim 1, characterized
in that each of the said illumination devices (3)
comprises a signalling light (4) and a sensor
(5), each illumination device (5) being capable
of operating in this mode, and also as a seg-
ment end light (2).

Automatic equipment for controlling and guid-
ing the movement of aircraft (6) travelling on
the ground according to claims 1 and 7, char-
acterized in that each segment (2) has a mini-
mum length which may be varied as necessary
and is determined by the illumination with red
light of the illumination device (3).

Automatic equipment for controlling and guid-
ing the movement of aircraft (6) travelling on
the ground according to claim 1, characterized
in that each unilluminated segment is delimited
by illuminated red signal lights (4) to prevent
the access of an aircraft to this segment.

Automatic equipment for controlling and guid-
ing the movement of aircraft (6) travelling on
the ground according to claim 1, characterized
in that the central control unit (14) controis only
the intersections (101c) delimiting sections of
the taxi strip (1b), and in that the local control
units (10) and substation control units (11) di-
rectly control the segments (102) into which
each of the said sections of taxi strip delimited
by consecutive nodes (101c) is divided.
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Description

The present invention relates to an airport surface
traffic monitoring system.

In particular, the invention relates to airport surface
movement guidance and control systems, for the safety
and efficiency of airport ground traffic. More particularly,
the invention is in the field of the monitoring function.

Arrports worldwide are currently affected by an
amount of air traffic which is often close to the maximum
limit of their capacity and is further increased by the cor-
responding traffic flow of all the support vehicles which
are indispensable in order to ensure the operation of the
airport. Accordingly, ground fraffic management is
becoming increasingly difficult and subject to a consid-
erable risk of accidents.

In most airports, monitoring is currently performed
substantially by means of direct visual observation car-
ried out by the controllers from the control tower, com-
plemented by the position reports sent by the pilots and
by the drivers of the various vehicles which are present
on the airport surface.

In poor visibility conditions, typically at nighttime or
in bad weather, in some airports the controller is
assisted by a radar sensor for surface movement con-
trol, known as SMR (Surface Movement Radar) or
ASDE (Airport Surface Detection Equipment) which
operates at frequencies below 40 GHz.

The information provided by this kind of radar,
which has a relatively long range capable of covering
the entire surface involved but is not able to identify the
detected objects, must be interpreted by the controlier.

Especially in poor visibility conditions, the controller
must mentally visualize a "picture” of the situation of the
traffic on the arport surface in addition of course to
planning the flow of the fraffic. Obviously, such a task is
extremely demanding due to the large number of trucks,
vehicles, and the like which are present on the airport
surface in addition to the aircraft.

Current radar monitoring systems are heavily hin-
dered by the poor resoiution and poor precision of the
radar sensor, by masking effects caused by the inevita-
ble presence of obstacles in the area of interest, and by
difficulties in promptly identifying the targets for safety
purposes, particularly as regards the danger of colli-
sions between vehicles or between vehicles and obsta-
cles.

Furthermore, the position and movement informa-
tion dictated by controllers to the individual aircraft and
trucks that move on the airport surface are currently
sent by radio, using channels which are already over-
loaded.

The document "Sistema di guida e controllo del
movimento a terra”, F.G. Monzel, A. Bories, Prospettive
di telecomunicazioni - 1st quarter 1993 describes a con-
trol system which should partly solve these probiems;
however, even this system has insufficient resolution in
addition to being complicated and expensive.

The aim of the present invention is to provide an air-
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port surface traffic monitoring system which is capable
of ensuring safe, orderly and efficient traffic flow even in
poor visibility conditions and in bad weather.

Within the scope of this aim, an object of the inven-
tion is to provide an airport surface traffic monitoring
system which allows to locate the aircraft and the other
vehicles and occasional obstacles, eliminating the
effects of interference.

A further object of the present invention is to pro-
vide an airport surface traffic monitoring system which
allows to cover the airport surface with a better resoiu-
tion than conventional systems.

A further object of the invention is to provide an air-
port surface traffic monitoring system which is capable
of using radar images to clearly locate and identify the
various aircraft and vehicles.

A further object of the present invention is to pro-
vide an airport surface traffic monitoring system which
is simple to manufacture and highly reliable and has a
competitive cost.

This aim, these objects, and others which will
become apparent hereinafter are achieved by an airport
surface traffic monitoring system, characterized in that it
comprises a plurality of sensors which are suitable to
detect signals from the airport surface, the signals being
sent to devices for processing signals and images of the
sensors, which are suitable to provide in output the
exact location of aircraft, moving or stationary vehicles
and of obstacles in order to control the traffic on the air-
port surface.

Further characteristcs and advantages will
become apparent from the description of a preferred but
not exclusive embodiment of the invention, illustrated
only by way of non-limitative example in the accompa-
nying drawings, wherein:

Figure 1 is a block diagram of the system according
to the present invention; and

Figure 2 is a block diagram of one of the miniradars
used in the block diagram of Figure 1.

With reference to the above figures, the system
according to the invention includes a plurality of sensors
which are connected to a subsystem for processing the
signals and data of the sensors over high-capacity com-
munications channels, advantageously provided by
means of optical fibers.

The sensors that are used are small radars 1
(miniradars), which are characterized by smali dimen-
sions with respect to the state of the art and by low
weight and cost, which can be achieved by using millim-
eter waves with higher frequencies than those used by
existing systems (<40 GHz). These miniradars 1 are
placed in elevated locations (buildings, pylons) in the
airport area or in the immediate vicinity. The number of
these miniradars typically varies from 1 to 5, depending
on the structure of the particular airport in which they
are used.
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By way of example and for the sake of greater clar-
ity, Figure 1 flustrates the block diagram of the system
according to the invention in the case in which there are
three miniradars 1.

The miniradars 1 have a range which is shorter
than the dimensions of the airport surface and are
organized like a network so as to ensure optimum cov-
erage of the airport surface.

The miniradars 1 use millimeter frequencies both
during reception and during transmission in order to
have small antennas.

The use of these millimeter frequencies prevents
electromagnetic compatibility problems in the operating
environment and minimizes the effects caused by
ground reflections.

Frequencies around 95 GHz are used in a preferred
embodiment.

The miniradars 1 are connected to the processing
subsystem by means of a transmission means 2, which
is advantageously constituted by optical fibers.

The transmission means 2 connects each minira-
dar 1 to a means 100 for processing the signals and the
data of the miniradars.

In particular, the transmission means 2 connects
each miniradar 1 to a corresponding demodulation and
decoding means conveniently constituted by a demodu-
lator decoder 3 which is suitable to convert the signal
into a numeric representation.

The signal in output from each demodulator
decoder 3 enters a signal processing and detection
means 4 suitable to eliminate the effects of the interfer-
ence caused by unwanted echoes and by noise.

A local radar data extraction means S is cascade-
connected to the signal processing and detection
means and is suitable to provide, in output, data in
polar-coordinate form, which are sent to a converter
means 6 suitable to convert the polar representation
into an X-Y representation.

The outputs of the various conversion means 6, one
for each miniradar 1, are sent to a radar data merging
means 7.

A global radar data extraction means 8 is cascade-
connected to the merging means 7 and is suitable to
generate numeric messages which indicate the pres-
ence and the position of the objects of interest.

The output of the global extraction means 8 is sent
to a correlation means 9, suitable to correlate the
numeric messages that indicate the presence and posi-
tion of objects of interest with summary indications of
moving vehicles with their corresponding path and, if
available, their identification (hereinafter termed
"traces”).

The output of the correlation means 9 is sent to a
trace initialization means 10, which initializes a new
trace if the comparison performed by the correlation
means 9 does not yield a match between the numeric
message (hereinafter referenced as "plot”) and an exist-
ing trace.

The output of the initialization means 10 issenttoa
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trace updating means 11, which sends its oufput to a
transmission means 12 suitable to display the result to
the controller assigned to airport surface traffic monitor-
ing.

The output signal from the merging means 7 is sent
not only to the global extraction means but also to an
image processing means. The image processing
means includes an area selection means 13, a centroid
estimation means 14, an orientation estimation means
15, and a synthesized image generation means 16.

The area selection means 13 I1s suitable to select a
specific area which includes a single target of interest
for transfer to a subsequent means 14 for estimating the
centroid of the target and its extension.

The output of the centroid estimation means 14 is
sent to the correlation means 9, to the trace initialization
means 10, and to the trace updating means 11

The same output of the merging means 7 and the
output of the centroid estimation means 14 are sent to a
target orientation estimation means 15, whose output is
sent on the one hand to a synthesized image generation
means 16 and on the other hand to the correlation
means 9, to the trace initialization means 10, and to the
trace updating means 11.

The synthesized image generation means then
sends its output to the means 12 for transmission fo the
user.

In detail, as shown in Figure 2, each miniradar 1
includes a transmission and reception means consti-
tuted by a solid-state transceiver, an antenna, and a cir-
cuit for encoding and modulating the raw signals
produced by the miniradar to transmit them to the
processing subsystem.

The entire miniradar revolves about a vertical axis
at a typical rate of one revolution per second.

More particularly, each miniradar 1 includes a
reflector-type antenna 22 which provides the optimum
radiation pattern for the applications being considered,
particularly a lobe that is very narrow in the azimuth
plane so as to achieve the necessary high angular dis-
crimination, and is shaped in the vertical plane so as to
receive, for a set target, an echo power that is independ-
ent of the distance of the object of interest in the range
of the radar.

The antenna 22, in addition to having a linear polar-
ization, has a circular polarization in order to increase
the signal ratio between the useful signal and rain echo.

A duplexer 21 provides the connection between the
antenna 22 on one side and the receiver and transmitter
on the other side, according to techniques which are
well-known to the persons skilled in the art and are
described for example in the book by M.|. Skonlik "Intro-
duction to the radar system"”, McGraw-Hill, 2nd edition,
chapter 9, pages 359-366.

The transmitter is of the solid-state type, which can
be used in this case by virtue of the low power that is
required, but it might also be of the ampiifier-tube or
oscillator type without altering the subject of the present
invention.
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In a preferred embodiment, described hereinafter, it
is essentially composed of a stable millimeter-band
oscillator 17 whose radio-frequency signal, before being
transmitted to the antenna 22 through the duplexer 21,
passes through a first up-converter 18 so as to vary the
transmitted frequency from pulse to pulse or from one
group of pulses to the next, and then through a second
up-converter 19, to allow medium-frequency conver-
sion, and through a millimeter-band power amplifier with
solid-state technology 20, where the transmitted pulse
is generated; the pulse has a very short duration so as
to allow high distance discrimination.

In order to achieve the two up-conversions of the
transmitted frequency, by means of the two converters
18 and 19, and still ensure the stability of the millimeter-
band oscillator 17, an intermediate reference frequency
generator 29 is used for the unequivocal synchroniza-
tion of all the frequencies of the miniradar 1.

The receiver of the miniradar 1 is of the superheter-
odyne type (a type which is well-known to the persons
skilled in the art) and is composed of a first down-con-
verter 23, which is required In order to take into account
the variation of the transmitted frequency from one
puise or group of pulses to the next, of an intermediate-
frequency signal amplifier 24, of a second down-con-
verter 25 to obtain the video signal, and finally of a
detector stage 26 to obtain the amplitude information of
the received echo signal.

The final part of the receiver is constituted by a
stage 27 for converting the received echo amplitude sig-
nal from the analog format to the digital one, and finally
by an encoding and modulation stage 28 to adapt the
signal to the transmission thereof over the communica-
tions channel 2 towards the central processing system,
which is provided by virtue of optical fibers in the pre-
ferred embodiment.

With reference to the above figures, the operation
of the system according to the invention is as follows.

The raw signals that arrive from the miniradars 1
represent the amplitude of the radar echo by means of
an appropriate representation scale; they are sent to the
processing subsystem over the transmission means 2,
which in the preferred embodiment is constituted by
optical fibers and can also be constituted by radio links
of adequate capagity.

At the processing subsystem, the signal that arrives
from each miniradar 1 is input to the demodulator
decoder 3, where it is converted to the numeric repre-
sentation that is most suited to the subsequent process-
ing operations, according to methods that are well-
known tfo the persons skilled in the art.

The signal then enters the signal processing and
detection means 4, which has the purpose of eliminat-
ing the effects of the interference produced by
unwanted echoes and noise and of providing in output
the indications of the presence of echoes originating
from targets of interest (aircraft, vehicles, obstacles).

In particular, the signal processing and detection
means 4 internally include a detection threshold of the
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“time integration” type, which provides an estimate of
the average interference level for each resolving cell of
the radar.

This estimate, muitiplied by a suitable parameter,
provides the detection threshold used for the particular
resolving cell.

In the present invention, the multiplying parameter
takes on two separate values: the first one, which is
higher, 1s used before echo detection occurs, whereas
the second one, which is lower, is used after detection
of an echo, so as to avoid compromising the detection of
slow and/or large targets.

For the same reason, the time constant of time inte-
gration is provided so that it can vary between two sep-
arate values, the first one to be applied before detection
of the target and the second one to be applied after
detection of the target.

Detection indications are transferred to the local
radar data extraction means 5, which correlates these
indications with the current distance and azimuth indica-
tions, providing in output data in polar-coordinate form,
which are sent to the subsequent coordinate conversion
means 6 which, by using algorithms that are well-known
to the persons skilled in the art, performs real-time con-
version from polar coordinates to X-Y coordinates,
according to an X-Y reference system which is rigidly
linked to the morutoring area and is therefore common
to all the miniradars 1.

The outputs of the various coordinate conversion
means 6, one for each miniradar, are sent to the radar
data merging means 7, which in the above mentioned
common reference system merges the infermation from
the various miniradars, generating unique detections by
virtue of elementary logic operations that are welli-
known to the persons skilled in the art.

The resulting detections are transferred to the gio-
bal radar data extraction means 8 which, by virtue of
techniques that are well-known to the persons skilled in
the art, generates numeric messages, known as "plots”,
which indicate the presence and position of the objects
of interest (aircraft, vehicles, occasional obstacies).

The plots are sent to the subsequent radar tracking
subsystem, which is constituted by the following func-
tions:

-- correlation between the plot and the trace (pro-
vided by the correlation means 9), in which a check
whether each plot can be ascribed or not to an
existing trace is performed by comparing the posi-
tion of the plots and the summary indications of
moving vehicles with their corresponding path and,
if available, their identification, that is to say, the so-
called "traces”;

-- initialization of a trace (provided by the initializa-
tion means 10), by virtue of which the plots that do
not correlate with existing traces produce new
traces by means of appropriate logic systems;
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-- updating of the trace {11), by virtue of which, as a
function of the localization of the plot that correlates
with the trace and of the extrapolated trace with the
current trace, the optimum estimate of the position,
orientation, and speed of the object of interest is
produced.

These functions, in a preferred embodiment of the
present invention, are made more accurate and effec-
tive by virtue of information which originates from the
image processing subsystem, whose functions are
described hereafter

The outputs of the radar data merging means 7 are
transferred to the area selection means 13, which on
command from an operator or from the general airport
traffic management system extract the outputs of the
merging means that belong to a rectangular window
within the above mentioned reference system rigidly
linked to the surface of interest.

The dimensions and position of the window are
such as to Include a single target of interest for transfer
to the subsequent centroid estimation means 14,
wherein, by means of weighted-average aigorithms, the
centroid of the radar image of the target and its size are
estimated.

The same output of the merging means 7 and the
output of the centroid estimation means 14 are sent to
the orientation estimation means 15, in which the orien-
tation angle of the target, that is to say, the direction of
its front end with respect to the north, is estimated.

The outputs of the centroid estimation means 14
and of the orientation estimation means 15 are sent to
the correlation means 9, to the trace initialization means
10, and o the trace updating means 11 in order to pro-
duce significant improvements in the correlation
between the plot and the trace, in trace initialization,
and in trace updating, by virtue of the considerable
increase in the amount of information on the target pro-
vided by the image processing performed in the cen-
troid estimation means 14 and in the onentation
estimation means 15.

The information obtained by the radar image
processing performed by the means 14 and 15 is used
in the tracking process, performed by the trace correla-
tion means 9, the trace initialization means 10, and the
trace updating means 11 by means of an optimum non-
linear filtering or by means of a lnearized filtering
(Kalman filter techniques).

Finally, the outputs of the centroid estimation
means 14 and of the orientation estimation means 15
are sent to the synthesized image generation means 16
which, by means of techniques well-known to the per-
sons skilled in the art, prepares the radar information for
display by virtue of a commercial-type display system.

The means 12 for transmission to the user receives
the outputs of the trace updating means 11 and of the
synthesized image generation means 16 and transmits
them to the user for the traffic monitoring purposes of
the present invention.
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In practice it has been observed that the system
according to the invention achieves the intended aim
and objects, since it allows to monitor the entire arport
surface by virtue of a network of small, low-cost radars
1 and of a subsystem for processing the data produced
by the radars 1 which has a high resolution and is capa-
ble of identifying the various targets which are present
in the area of interest

In this manner, the controller assigned to monitor-
Ing the traffic on the airport surface has a system which
is capable of locating the aircraft and the other vehicles,
as well as occasional obstacles, eliminating the effects
of various kinds of interference.

Furthermore, the system according to the invention
also uses the radar images of the aircraft provided by
virtue of the high spatial resolution of each one of the
miniradars 1.

The airport surface traffic monitoring system can be
used by modern control, monitoring, and guidance sys-
tems known to airport traffic control experts as SMGCS
(Surface Movement Guidance and Control System) with
new functions for processing and displaying the radar
images with high resolution in order to provide more
effective automatic or controller-dependent solving of
possible conflicts between vehicles and occasional
obstacles.

The system according to the invention can also be
applied to the radar monitoring of sea and river ports or
of traffic in other confined spaces.

The system according to the invention is suscepti-
ble of numerous modifications and variations, all of
which are within the scope of the claims; all the details
may be replaced with other technically equivalent ele-
ments.

The materials employed, as well as the dimensions,
may of course be any according to the requirements
and the state of the art.

Claims

1. Arport surface traffic monitoring system, character-
1zed in that it comprises a plurality of sensors (1)
adapted to detect signals from the airport surface,
said signals being send to a means (100) for
processing the signals of said sensors which pro-
vides in output the exact location of aircraft, station-
ary or moving vehicles, and obstacles in order to
control traffic on the airport surface.

2. System according to claim 1, characterized in that
said sensors comprise mini radars (1).

3. System according to claim 2, characterized in that
each of said mini radars has a range that is shorter
than the airport surface to be covered.

4. System according to claim 2, characterized in that
said mini radars are arranged so as to cover the
entire airport surface together.
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System according to claim 2, characterized in that
said mini radars use millimeter frequencies for both
transmission and reception.

System according to claim 2, characterized in that
each of said radars (1) comprises a transmission
and reception means, an antenna (22), and a
means for encoding and modulating the raw signals
produced by said radars for transmission to the sig-
nal processing means.

System according to claim 2, characterized in that
said radars are connected to said signal processing
means by optical fibers.

System according to claim 2, characterized in that
said radars are connected to said signal processing
means by high-capacity radio channels.

System according to claim 6, characterized in that
said antenna is a millimeter-band reflector antenna

System according to claim 8, characterized in that
said transmission and reception means of said
radars comprises a solid-state transmitter and a
superheterodyne receiver.

System according to claim 6, characterized in that
said fransmitter of said radars 1s an amplifier-tube
transmitter.

System according to claim 6, characterized in that
said transmitter of said radars is an oscillator-type
transmitter.

System according to claim 10, characterized in that
said transmission and reception means of said
radars is connected to said antenna by a duplexer.

System according to claim 10, characterized in that
said transmission means of said radars comprises
a stable oscillator in the millimeter band, said oscil-
lator being adapted to generate a radio-frequency
signal, a first up-converter adapted to vary the
transmitted frequency from pulse to puise or from
one group of puises to the next, a second up-con-
verter adapted to perform medium-frequency con-
version, and a power ampilifier.

. System according to claim 14, characterized in that

it comprises an intermediate-frequency generator
having an output connected to said first and second
up-converters, said intermediate-frequency gener-
ator being adapted to maintain the stability of said
oscillator.

System according to claim 10, characterized in that
said reception means of said radars comprises a
first down-converter, an intermediate-frequency
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18.

19.

20.

21.

22.

23.
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signal amplifier, a second down-converter, and a
detection stage adapted to detect the amplitude of
the echo signal received by said reception means.

System according to claim 16, characterized in that
it comprises a conversion means connected to the
output of said detection stage, said conversion
means being adapted to convert said received echo
amplitude signal into a digital signal.

System according to claim 17, characterized in that
said encoding and modulation means is connected
to the output of said conversion means and is
adapted to prepare said received echo amplitude
signal for transmission to said signal processing
means.

System according to claim 2, characterized in that
said signal and radar data processing means com-
prises, for each one of said radars, a demodulation
and decoding means adapted to demodulate and
decode the input signal into a numeric representa-
tion; a processing and detection means adapted to
provide in output a detection threshold; a local
extraction means adapted to provide position data
in polar-coordinate form; and a conversion means
adapted to convert sad position data from polar
coordinates to X-Y coordinates according to a sin-
gle reference which is common to all of said radars.

System according to claim 19, characterized in that
said signal and radar data processing means fur-
thermore comprises a merging means adapted to
merge the signals that originate from said radars, in
order to obtain a single position data item for each
target detected by said radars together.

System according to claim 19, characterized in that
said processing and detection means is of the time
integration type and is adapted to provide an esti-
mate of the average level of the interference for
each resolving cell of said radars, said estimate,
multiplied by a parameter, providing the detection
threshold used for the particular resolving cell.

System according to claim 21, characterized in that
said multiplying parameter assumes a first value
and a second value in two separate moments, said
first value being used before the detection of an
echo, said second value being used after the detec-
tion of said echo, said first value being higher than
said second value.

System according to claim 21, characterized in that
the time constant of the time integration of said
processing and detection means can vary between
a first value and a second value, sad first value
being applied before the detection of an echo, said
second value being applied after the detection of
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said echo.

System according to claim 2, characterized in that
sad signal and radar data processing means fur-
thermore comprises a global extraction means
adapted to generate numeric messages which indi-
cate the position of targets of interest, a correlation
means adapted to perform a position comparison
between said numeric messages and existing
paths of moving targets, a path initialization means
adapted to initialize a new path following a failed
comparison in said correlation means, a path
updating means, and a means for transmission to
the user.

System according to one or more of the preceding
claims, characterized in that the output of said
merging means is sent to said image processing
means.

System according to claim 25, characterized in that
said image processing means comprises an area
selection means adapted to select an area of the
airport surface which contains a single target of
interest, a means for estimating the centroid of the
radar image adapted to estimate the centrod of
said target of interest, and an orientation estimation
means adapted to estimate the orientation angle of
the target with respect to the magnetic north.

System according to claim 26, characterized in that
it furthermore comprises a means for generating
synthesized images which are cascade-connected
to said orientation estimation means and 1s adapted
to prepare the resulting radar images for display.

System according to claim 26, characterized in that
the output of said centroid estimation means and
the output of said orientation estimation means are
sent to the correlation means, to the path initializa-
tion means, and to the path updating means.
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AN AIRCRAFT DETECTION SYSTEM

The present invention relates to an object detection system and, in particular

to an aircraft detection system.

The Intemational Civil Aviation Organisation (ICAQ) has established regulations
which require all civil aircraft to have registration markings beneath the port wing to
identify an aircraft. The markings denote the nationality of an aircraft and its
registration code granted by the ICAO. In some countries, airline operators do not
follow the regulations and the markings appear on an aircraft's fuselage. Owners of
aircraft are charged for airport use, but a satisfactory system has not been developed
to automatically detect aircraft and then, if necessary, administer a charge to the
owner. Microwave signals for detecting an aircraft can interfere with microwave
frequencies used for airport communications and, similarly, radar signals can interfere
with those used for aircraft guidance systems. A system which can be used to detect

an aircraft using unobtrusive passive technology is desired.

In accordance with the present invention there is provided an object detection
system including:

passive sensing means for receiving electromagnetic radiation from a moving
object and generating intensity signais representative of the received radiation; and

processing means for subtracting said intensity signals to obtain a differential

signature representative of the pasition of said moving object.

The present invention also provides an image 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
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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.

The present invention also provides an object detection method 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.

The present invention also provides an image 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.

Preferred embodiments of the present invention are hereinafter described, by
way of example only, with reference to the accompanying drawings, wherein:

Figure 1 is a block diagram of a preferred embodiment of an aircraft detection
system,

Figure 2 is a schematic diagram of a preferred embodiment of the aircraft
detection system;

Figure 3 is a block diagram of a connection arrangement for components of the
aircraft detection system;

Figure 4 is a more detailed block diagram oi a proximity detector and a tracking
system for the aircraft detection system;

Figure 5 is a coordinate system used for the proximity detector;

Figures 6(a) and 6(b) are underneath views of discs of sensors of the tracking
system;

Figure 7 is a schematic diagram of an image obtained by the tracking system;

Figures 8 and 9 are images obtained from a first embodiment of the tracking
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system;

Figure 10 is a graph of a pixel row sum profile for an image obtained by the
tracking system;

Figure 11 is a graph of a difference profile obtained by subtracting successive
row sum profiles,

Figure 12 is a diagram of a coordinate system for images obtained by the
tracking system;

Figure 13 is a diagram of a coordinate system for the aircraft used for geometric
correction of the images obtained by the tracking system;

Figure 14 is a diagram of a coordinate system used for predicting a time to
generate an acquisition signal;

Figure 15 is a graph of aircraft position in images obtained by the tracking
system over successive frames;

Figure 16 is a graph of predicted trigger frame number over successive image
frames obtained by the tracking system;

Figure 17 is a schematic diagram of a pyroelectric sensor used in a second
embodiment of the tracking system,

Figure 18 is graphs of differential signatures obtained using the second
embodiment of the tracking system,

Figures 19 and 20 are images obtained of an aircraft by high resclution
cameras of an acquisition system of the aircraft detection system;

Figure 21 is a schematic diagram of an optical sensor system used for exposure
control of the acquisition cameras;

Figure 22 is a flow diagram of a preferred character location process executed
on image data obtained by the high resolution cameras;,

Figure 23 is a diagram of images produced during the character |ocation
process; and

Figure 24 is a flow diagram of a character recognition process executed on a
binary image of the characters extracted from an image obtained by one of the high

resolution cameras.
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An aircraft detection system 2, as shown in Figure 1, includes a proximity
detector 4, a tracking sensor system 6, an image processing system 8, an image
acquisition system 10 and an analysis system 12. A control system 14 can be included
to control the image acquisition system 10 on the basis of signals provided by the

image processing system 8, and aiso control an illumination unit 16.

The proximity detector 4 and the tracking sensor system 6 includes sensors 3
which may be placed on or near an aircraft runway 5 to detect the presence of an
aircraft 28 using visual or thermal imaging or aural sensing techniques. Also located
on or near the runway 5 is at least one high resolution camera 7 of the image
acquisition system 10. The sensors 3 and the acquisition camera 7 are connected by
data and power lines 9 to an instrument rack 11, as shown in Figure 2, which may be
located adjacent or near the runway 5. The instrument rack 11 may alternatively be
powered by its own independent supply which may be charged by solar power, The
instrument rack 11 includes control circuitry and image processing circuitry which is
able to control activation of the sensors 3 and the camera 7 and perform image
processing, as required. The instrument rack 11, the data and power lines 9, the
sensors 3 and the acquisition camera 7 can be considered to form a runway module
which may be located at the end of each runway of an airport. A runway module can
be connected back to a central control system 13 using an optical fibre or other data
link 15. Images provided by the sensors 3 may be processed and passed to the central
system 13 for further processing, and the central system 13 wouid control triggering
of the acquisition cameras 7. Altematively image processing for determining triggering
of the acquisition camera 7 may be performed by each instrument rack 11. The central
control system 13 includes the analysis system 12. One method of configuring
connection of the instrument racks 11 to the central control system 13 is illustrated in
Figure 3. The optical fibre link 15 may include dedicated optical fibres 17 for
transmitting video signals to the central control system 13 and other optical fibres 19
dedicated to transmitting data to and receiving data from the central control system 13
using the Ethemet protoco! or direct serial data communication. A number of different

alternatives can be used for connecting the runway modules to the central control
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system 13. For example, the runway modules and the control system 13 may be
connected as a Wide Area Network (WAN) using Asynchronous Transfer Mode (ATM)
or Synchronous Digital Hierarchy (SDH) links. The runway modules and the central
control system 13 may also be connected as a Local Area Network (LAN) using a LAN
protocol, such as Ethernet. Physical connections may be made between the runway
modules and the central control system 13 or alternatively wireless transmission
techniques may be used, such as using infrared or microwave signals for

communication.

The proximity detector 4 determines when an aircraft is within a predetermined
region, and then on detecting the presence of an aircraft activates the tracking sensor
system 6. The proximity detector 4, as shown in Figure 4, may include one or more
pyroelectric devices 21, judiciously located at an airport, and a signal processing unit
23 and trigger unit 25 connected thereto in order to generate an activation signal to
the tracking sensor system 6 when the thermal emission of an approaching aircraft
exceeds a predetermined threshold. The proximity detector 4 may use one or more
pyroelectric point sensors that detect the infrared radiation emitted from the aircraft 28.
A mirror system can be employed with a point sensor 70 to enhance its sensitivity to
the motion of the aircraft 28. The point sensor 70 may consist of two or more
pyroelectric sensors configured in a geometry and with appropriate electrical
connections so as to be insensitive to the background infrared radiation and slowly
moving objects. With these sensors the rate of motion of the image of the aircraft 28
across the sensor 70 is important. The focal length of the mirror 72 is chosen to
optimise the motion of the image across the sensor 70 at the time of detection. As an
example, if the aircraft at altitude H with glide slope angle 8., moves with velocity V
and passes overhead at time t,, as shown in Figure 5, then the position h of the

image of the aircraft 28 on the sensor 70 is

H
h=Ff — +
{ Vit - B ta“ecs) (1)

where f is the focal length of a cylindrical mirror.
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If the rate of motion of the image dh/dt is required to have a known value, then
the focal length of the mirror 72 should be chosen to satisfy

o - 0% an
H  dt

f = (2)

where {;, - t is the time difference between the time f, at which the aircraft is
overhead and the time { at which it is to be detected. Alternatively, the proximity
detector 4 may include different angled point sensors to determine when an aircraft
enters the monitored region and is about to land or take-off. In response to the
activation signal, the tracking sensor system 6 exposes the sensor 3 to track the
aircraft. Use of the proximity detector 4 allows the sensor 3 to be sealed in a housing
when not in use and protected from damaging environmental conditions, such as
haitstorms and blizzards or fuel. The sensor 3 is only exposed to the environment for
a short duration whilst an aircraft is in the vicinity of the sensor 3. If the tracking
system 6 is used in conditions where the sensor 3 can be permanently exposed to the
environment or the sensor 3 can resist the operating conditions, then the proximity
detector 4 may not be required. The activation signal generated by the proximity
detector 4 can also be used to cause the instrument rack 11 and the central control
system 13 to adjust the bandwidth allocated on the link 15 so as to provide an
adequate data transfer rate for transmission of video signals from the runway module
to the central system 13. If the bandwidth is fixed at an acceptable rate or the system
2 only uses local area network communications and only requires a reduced
bandwidth, then again the proximity detector 4 may not be required.

The tracking sensor system 6 inciudes one or more tracking or detection
cameras 3 which obtain images of an aircraft as it approaches or leaves a runway.
From a simple image of the aircraft, aspect ratios, such as the ratio of the wingspan
to the fuselage length can be obtained. The tracking camera 3 used is a thermai
camera which monitors thermal radiation received in the 10 to 14 um wavelength
range and is not dependent on lighting conditions for satisfactory operation. Use of the

thermal cameras is also advantageous as distribution of temperatures over the
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observed surfaces of an aircraft can be obtained, together with signatures of engine
exhaust emissions and features in the fuselage or engines. The tracking camera 3 can
obtain an instantaneous two-dimensional image /, using all of the sensors in a CCD
array of the camera, or alternatively one row of the array perpendicular to the direction
of motion of the aircraft can be used to obtain a linear image at each scan and the
tinear image is then used to build up a two-dimensional image /, for subsequent

processing.

To allow operation of the tracking and acquisition cameras 3 and 7 in rain, a
rotating disc system is employed. The use of a rotating disc for removing water drops
from windows is used on marine vessels. A reflective or transparent disc is rotated at
high speed in front of the window that is to be kept clear. Water droplets falling on the
disk experience a large shear force retated to the rotation velocity. The shear force is
sufficient to atomise the water drop, thereby removing it from the surface of the disc.
A transparent disc of approximate diameter 200 mm is mounted to an electric motor
and rotated to a frequency of 60 Hz. A camera with a 4.8 mm focal length lens was
placed below a glass window which in turn was beneath the rotating disc. The results
of inserting the rotating disc are illustrated in Figure 6(a), which shows the surface of
a camera housing without the rotating disc, and in Figure 6(b), which shows the

surface of a camera housing with the rotating disc activated and in rain conditions.

The image processing system 8 processes the digital images provided by the
tracking sensor system 6 so as to extract in real-time information concerning the
features and movement of the aircraft. The images provided to the image processing
system, depending on the tracking cameras employed, provide an underneath view
of the aircraft, as shown in Figure 7. The tips of the wings or wingspan points 18 of the
aircraft are tracked by the image processor system 8 to determine when the image
acquisition system 10 should be activated so as to obtain the best image of the
registration markings on the port wing 20 of the aircraft. The image processing system
8 generates an acquisition signal using a trigger logic circuit 39 to trigger the camera

of the image acquisition system 10. The image processing system 8 also determines
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