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5 AN Al RCRAFT DETECTI ON SYSTEM The
present invention relates to an object detection systemand, in particular
to an aircraft 40N system 10 The | nternati onapethbooos
Avi ation Organisation (I CAO has established regul ations |Cch require

all civil aircraft to have regi stration marki ngs beneath the port wing to
identify an aircraft. The markings denote the nationality of an aircraft
and its regi stration code granted by th4-I CAO. In sone countries,
airline operators do not

5 AN AIRCRAFT DETECTION SYSTEM

The present invention relates to an object detection system and, in particular
to an aircraft detection system.

10 The International Civil Aviation Organisation (ICAO) 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 ICAQ. in some countries, airline operators do not
follow the regulations and the markingé appear on an aircraft's fuselage. Owners of

15 aircraft are chargedfor 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

20 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
25 object and generating intensity signals representative of the received radiation; and
processing means for subtracting said intensity signals to obtain a differential

signature representative of the position of said moving object.

The present invention also provides an image acquisition system inciuding:
30 at least one camera for acquiring an image of at least part of a moving object,
in response to a trigger signal, and



foll ow the regul ati ons and the markings appear on an aircraft's fusel age.
Omers of 15 aircraft are charged for airport use, but a satisfactory
system has not been devel oped to automatically detect aircraft and then,
i f necessary, administer a charge to the owner. M crowave signals for
detecting an ﬂwg_,rq%t can interfere with m crowave frequenci es used for
airport comuliCatiOds and, sinmilarly, radar signals can i ntRSHANSIO0198 ;i (
those used for aircraft guidance systens. A system which can be used to
detect 20 an aircraft using unobtrusive passive technology is desired.

In accordance with the present invention sthere is provided an object

det ecti on. system i ncl udi ng: passi ve sensing neans for

recei ving el ectromagnetic radiation froma noving 25 object and generating

or ocessi ng. means WSS BEARE (or fro8antns shEf iats el Bful 4 RbiofH spidimace

di f f er enti alincludingi raakingsddentifying salddbject antl processing said regibn teéxtraoe saidg
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acqui si ti on CYENGHIPLAF 993'.""3?5“935' at |east one canmera for acquiring
an image of at |least part of a noving object, In response to a trigger
signal, a

PCT/ AU97/ 0198 The present ir\{\\gn%%?’a?s%?’grovides 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. '
10 .
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
15 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:
20 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
25 aircraft detection system;
Figure 4 is a more detailed block diagram ot 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
30 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



-2 - . : anal ysis nmeans for processing said inage to |ocate a
region in said imge I ncl udi ng marki ngs identifying said object and
processing said region to extract said mar ki ngs for a recognition
process. 5 The present invention also provides an object detection
nmet hod i ncl udi ¥ 97137336 passi vel y sensing el ectromagnet i cpaiob®p
received froma noving 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 noving object. 10 -3- The present invention al so
provi des an inmage acqui sition nmethod including: ~acquiring an

i mage of at |east part of a noving object, in response to a trigger

signal , usingsyterheast one canera, and processing said inmage to
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process. trackin dﬁé,@ferred enbodi ments of the present invention are
her ei naft er descrl e way of exanmple only, with reference to the
acconpanyi ng dr awi Figere Mhsagraph Qf@ dlffe"eﬂcelﬂ’@fd?@bﬁ?'"%d Ry sykigact 'BQ&&F%SW a
preferred epgbodi nent n aircraft detection system Figure 2
is a schenagbc?“ﬂﬁé'arpéﬁﬁ.ﬁg a preferred enbodi ment of the aircraft

det ection system 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;
| 10 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
15 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;
20 Figures 19 and 20 are images obtained of an aircraft by high resolution
cameras of an acquisiﬁon 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
25 on image data obtained by the high resolution cameras;
Figure 23 is a diagram of images produced during the character location
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
30 resolution cameras.



Figure 3 is a block diagram of a connection arrangenent for conponents of
the 25 aircraft detection system Figure 4 is a nore detailed
bl ock diagram of a proximty detector and a tracking system for the
aircraft detection system ' Figure 5 is a coordi nate system used

for the proximt let ect or; Figures 6(a) and 6(b)_are underneath
vi ews of di 5&05%7 nsors of the tracking 30 sytham ( )PCT’“W e 7is
a schematic diagram of an inage obtained by the tracking system

Figures 8 and 9 are images obtained froma first enbodi nent of the tracking
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Figure 10 is a graph of a pixel row sumprofile for an i mage obtai ned by

the  tracking sy airem@ft detection systérmiras dHovrs i FipuPe !, dicladel &fprogintis
profil e obtained by subtracting successive_ 5 row sum profil es; )
Fi gure 12 idetectar 4y eatraciking;sensor §Yam6s9R image ProcessinesSystam énap impoehe

tracking sypb6ilition 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
5 image processing system 8, and also 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

10 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 édjacent 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

15 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 maodule
which may be located at the end of each runway of an airport. A runway module can

20 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 would control triggering
of the acquisition cameras 7. Altematively image processing for determining triggering
of the acquisition camera 7 may be performedb’y each instrument rack 11. The central

25 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 con§f9| system 13 and other optical fibres 19
dedicated to transmitting data to and receivingdam from the central control system 13

30 using the Ethemet protocot or direct serial data communication. A number of different
alternatives can be used for connecting the runway modules to the central control



Figure 13 is a diagramof a coordinate systemfor the aircraft used for

geonetric correction of the inages obtained by the tracking system 10
Figure 14 is a diagramof a coordi nate systemused for predicting atinme to
generate an acquisition signal; Figure 15 is a graph of aircraft
position in i TRESS @i ned by the tracking system over SUSSPaABdNM198
franes; Igure 16 is a graph of predicted trigger frame nunber

over successive i mage 15 frames obtained by the tracking system
Figure 17 is a schematic diagram of a pyroelectric sensor used in a second

enbodi nent of the tracking system -5- Figure 18 is graphs of
differential signatures obtained using the second enbodi nent of the
tracki ng system 20 Figures 19 and 20 are imges obtai ned of an
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techniques may be used, such as using infrared or microwave signals for

communication.

10 - 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 pro*i'm,ity 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 -

15 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

20 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 sensbr 70 at the time of detection. As an

25 example, if the aircraft at altitude H with glide siope angle 8., moves with velocity V
and passes overhead at time f,, as shown in Figure 5, then the position h of the
image of the aircraft 28 on the sensor 70 is

' H
h = f(m + taneGs] (1)

where f is the focal length of a cylindrical mirror.
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An aircraft detection system 2, as shown in Figure 1, includes a proximty
detector 4, a tracking sensor system6, an i mage processing system38, an

I mage acq system 10 and an anal ysis system 12. A_control stem
14 can be i nt:qvaa%ﬂgk to control the inmage acquisition systgﬁ?’f&%‘f? ’P’Ke

- basis of signals provided by the 5 inage processing system 8, and al so

control an illum nation unit 16. The proximty detector 4 and
t he tracki ng sensor system 6 includes se@sors 3 whi ch may be pl aced on
or near an aircraft runway 5 to detect the presence of an aircraft 28

usi ng visual or thermal imaging or aural sensing techniques. Al so |ocated
10 on or near t Hithe sateaf midtiors ofthe image dbMéidriegbwedatmhaue' aknownwale/theh t he

I mage ui.sition,s em 10. ensor.s nd the acquisition canera 7
are connect g foRAl ‘e"%ggﬁ‘éﬁﬁ'"ﬁﬁéﬁﬁp 'Hg%e@qsmg rument rack 11, as .
shown in Figure 2, which nay be | ocat ed adj acent or near the runway 5.
The instrument rack 11 ajlter it iwel y be powered by its own

i ndependent supply which ‘na bepChaigged by sol ar power. The 15 i nst f&lnent
rack 11 includes control circuitry and i mage processing circuitry which is
able to control activation of the sensors 3 and the canmera 7 and perform

i mage prwiwss 'tong t stheetipe rdifferemte betvegeru then timea fk afl Whidhh thed alrerattnid

power i nes 9, sensor nd the,acqui |t| n an be

consi der ed V&R ‘ﬁﬁﬁd &5\9 ﬁéid?’&g‘ rigde g’% 5°18 4“8"69?{%@'& B HREOXIYEY o f
each runvgygeéctans mynaemae/a.fféaemeahglsuiyb.ﬁt sa&o?@td&tsﬁnnew éiﬁa.kcrhﬂ a
central control system 13 using an optical fibre or other l1nk 15.

| mages proates e mesitered Jegionzanthis pbow: tgcland af taheroﬁaysé%smse He thent r al
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
10 hailstorms 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
15 detector 4 can aiso 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
20 bandwidth, then again the proximity detector 4 may not be required.

The tracking sensor system 6 includes 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

25 to the fuselage length can be obtained. The tracking camera 3 used is a thermal
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



system 13 for further processing, and the central system 13 would control
triggering of the acquisition caneras 7. Alternatively inmge processing
for determning triggering of the acquisition canera 7 may be perforned
by each instrument rack 11. The central 25 control system 13 includes the

anal ysi s syst egdemrsdse nethod of configuring connect i on ¥y L &i3/00108
i nstrunent racks 11 to the central control system 13 is illustrated In

Figure 3. The optical fibre Iink 15 may include dedicated optical fibres 17
for transmtting video signals to the central control system 13 and

ot her optical fibres 19 dedi cated to 4«fansnitting data to and receiving
data fromthe central control system 13 30 using the Ethernet protocol or
direct serial data communication. A nunber of different alternatives
can be used fobsetetruffatesofl dreairerafvesn bedbltsined, dogdthecwith sighatures bbéngine
\F’,\QT?Z{JS;?SS 1 @xhaust emissions and features in the fuselage or engines. The trackmq;camera 3 §9Rt em

13. For exanmgpfain bhwtam&ﬁdoum%mmeaﬁdnémﬁagent ueingsarl%f@ﬁaééw :HPSC
connected as a Wde Area Network (WAN) usin nchronous Transfer

(ATM)  or SyEyief mmmqn.g:rtaaemmn@lmmqw%m arayperpermieulario e dmmms
and the ce oﬂnono mté%%m B dsdtPip a};a:a& nnﬁga%gﬁggh %g%r?%ﬁh the €2

Net wor k (L protoco erne
connecti ons rhlagab@mageia tresrvezsed tlnmJlldumvaytwo-dtmensnonal image /, for subsequent

processing.

To allow operation of the tracking and acquisition cameras 3 and 7 in rain, a

10 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 related to the rotation velocity. The shear force is
sufficient to atomise the water drop, thereby removing it from the surface of the disc.
15 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

20 surface of a camera housing with the rotating disc activated and in rain conditions.

The image processing system B 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

25 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

. 30 B 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



nodul es and the central control system 13 or alternatively wreless

transm ssi on techni ques nay be used, such as using infrared or m crowave
signals for comuni cat i on. 10 The proximty detector 4 determ nes
when an aircraft is within a predeterm ned regi on, and then on detecting

t he presence rcraft activates the tracking sensor m6 The
prox!om'ty det g%:qg%@s as shown in Figure 4, may |ch ude one 5&?’&9@“”
pyroel ectric devices 21, judiciously |located at an airport, and a signal
processi ng unit 23 and trigger unit 25 connected thereto in order to
generate an activation signal to 15 the tgacki ng sensor system 6 when the
thermal em ssion of an approaching aircraft exceeds a predeterm ned
threshol d. The proximty detector 4 may use one or nore pyroel ectric

pOI Nt SeN10f nd ibrelot! cdrBrii 1o Winkalr? 22001 048 cherurd o) S Ackgie

28 A mrror system can oyed wth a point sensor 70 to enhance its
sensi tivity cancerningthersizeoshape amﬁl%@maﬁgory;m ta s of shatairceaft dhevinagey
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backgr ounﬂ Islftfs@t;efdnﬂﬁ@lhaﬁ Ide¥ermirﬂnh Qllwﬁeglstratlﬁmmarﬂmgb#omhé powing t'zmsvaﬁ
sensors t rate o tion of the t he rcra across the
Sensor 70 S SSARRHTRIORT conipist bt HEed TR JAAIONE e ATt diing lengine Andior
opti r.rise thetang_tdﬁpn of the image across the sensor 70 at the tine of
detection. As an 25 exanple, if the aircraft at altitude Hwth glide slope
angle [err] noves with velocity V and passes overhead at tine [err], as

shown in Figure € e fi 28
on the sensor 70%@%@9& I%%y&%?é&ﬁ@&n@o%? Eéh be ﬁécﬁ%ﬂ‘: ad gn..I-zl gessﬁx 0 o f
I s t he focaldétectighlunit29do prdvidela tragkingisystem 1 which also generates the acquisition

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

Detecting moving aircraft in the field of view of the sensor 3 or 27 is based on
forming a profile or signaturs of the aircraft, P(y.f), that depends on a spatial
coordinatey and time ¢ . To eliminate features in the field of view that are secondary

15 or slowly moving, a difference profile AP(y,t) is formed. The profile or signature can be
differenced in time or in space because these differences are equivalent for moving
objects. If the intensity of the light or thermal radiation from the object is not changing
then the time derivative of the profile obtained from this radiation is zero. A time
derivative of a moving field can be written as a convective derivative involving partial

20 derivatives, which gives the equation

dPy.) _ aPWLD) |, |, PR _ o (3)
dt ot ay

wherev is the speed of the object as observed in the profile. After rearranging
equation (3), gives

t

Py.t) - _, 9P @)
ot oy
which shows that the difference in the profile in time is equivalent to the difference in

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

25 follows from the simple fact that if the profile has a given valueP(y,.1,) at the
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If the rate of notion of the inmage dhldt is required to have a known val ue,
t hen the focal length of the mrror 72 should be chosen to satisfy

[err] (

[err] \/\/ner"evot9[-”<::-,rr,3r31s -t isthe time difference between thé’)ctrlmrye?’t lgsrr]
at which the aircraft is overhead and the tine t at which it is to be
detected. Alternatively, the proximty 5 detector 4 may include different
angl ed point sensors to deternine when arr&ircraft enters the nonitored
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. Ussoordinate (y6Hkithen it wikhave tis aame valye alerg theding 3 to be seal ed

I n a housing when not in use and protected from damagi ng envi ronnent al
conditions, such as 10 hai¥ st ¥ msv{lindlgbl i zzards or fuel. The sensor 3(5)s
onl y- exposed to the environnent for a short duration whilst an aircraft

I's in the vicini t)i‘oot;ettecr:]tear?ae lg%gtre a?’inc)lnfngtfQaetutrer %Caﬂorl]'ﬁis an extremum in the profile,
such as an aircraft wing, the profile can be differenced in space AP(y.f). Then an
extremum in the profile P(y,f) will correspond to a point where the difference profile AyP(y. f)

5 crosses zero.

in one method for detecting a feature on the aircraft, a profile P(y,f) is formed

and a difference profile AP(y.t) is obtained by-differencing in time, as described

below. According to equation (4) this is equivalent to a profile of a moving object that

10 is differenced in space. Therefore the position ¥, of the zero crossing point of AF(y.t)

at time t is also the position of the zero crossing point of A P(y,f) which locates an
extremum in P(y,f).

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

a profile or signature differenced in space to be constructed

AP = A5 (6)

20 and, as described above, allows an extremum corresponding to an aircraft wing to be
located in the profile from the zero crossing point in the differential signature.

The image acquisition system 10 includes at least one high resolution camera

7 to obtain images of the aircraft when triggered. The images are of sufficient

25 resolution to enable automatic character recognition of the registration code on the
port wing 20 or elsewhere. The illumination unit 16 is also triggered simultaneously to
provide illumination of the aircraft during adverse lighting conditions, such as at night



system 6 is used in conditions where the sensor 3 can be permanently
exposed to the envi ronnment or the sensor 3 can resist the operating
conditions, then the proximty detector 4 may not be required. The
activation signal generated by the proximty 15 detector 4 can al so be used
to cause the [pst nt rack 11 and the central control system 13 to

adj ust the ba 7}(#%2& | ocated on the link 15 so as to provi%&’@?""‘"”
adequate data transfer rate for transm ssion of video signals fromthe
runway nodul e to the central system13. If the bandwidth is fixed at an
acceptable rate or the system 2 only-#€es | ocal area network

comuni cations and only requires a reduced 20 bandw dth, then again the

proximty detector 4 may not be required. The tracking sensor
syst em 6 i naruieingimeementweather.acki ng or. det ecti on caneras 3 which
obtain imges of an aircraft as it approaches or |eaves a runway. From a

sinple image of the aircraft, aspect ratios, such as the ratio of the
W ngspan 25 to t Ipef amlir%ﬂqrﬂ\ﬁegfai’e passdiftooipleddrizfbis Sfei! BCWhith gettimg 3
used is a thernal camer a ich nonitors thermal radiation received in
the 10 to 10ptinal Chatreien Repagnition (QGR)omnthe images to abtgimilerregisiration redeg
ST ar e, bishugt o Btk ls I ucfar Npe, skl Fidors W' dreh
WO 97/ 37336 classification determined by the image processing system 8 can be used to assist to
PCT/ AU97] 003{!938 recognition process, particularly when characters of the code are obscured in an
acquired image. The registration code extracted and any other information concerning
the aircraft can be then passed to other systems via a network connection 24.
10 .

Once signals received from the pyroelectric sensors 21 indicate the aircraft 28
is within the field of view of the sensors 3 of the tracking sensor system 6, the tracking
system 1 is activated by the proximity detector.4. The proximity detector 4 is usually
the first stage detection system to determine when the aircraft is in the proximity of the

15 more precise tracking system 1. The tracking system 1 includes the tracking sensor
system 6 and the image processing system 8 and according to one embodiment the
images from the detection cameras 3 of the sensor system 6 are used by the image
processing system 8 to provide a trigger for the image acquisition system When some
point in the image of the aircraft reaches a predetermined pixel position. One or more

20 detection cameras 3 are placed in appropriate locations near the airport runway such
that the aircraft passes within the field of view of the cameras 3. A tracking camera 3
provides a sequence of images, {/,}. The image processing system B subtracts a
background image from each image /,of the sequence. The background image
represehts an average of a number of preceding images. This yields an image A/, that

25 contains only those objects that have moved during the time interval between images.
The image A/, is thresholded at appropriate values to yield a binary image, i.e. one
that contains only two levels of brightness, such that the pixels comprising the edges
of the aircraft are clearly distinguishable. The pixels at the extremes of the aircraft in
the direction perpendicular to the motion of the aircraft will correspond to the edges

30 18 of the wings of the aircraft. After further processing, described below, when it is
determined the pixels comprising the port edge pass a certain position in the image



-7 - observed surfaces of an aircraft can be obtained, together with

si gnatures of engine exhaust em ssions and features in the fusel age or
engi nes. The tracking camera 3 can obtai n an i nstant aneous
two-di nensional inage I[err] using all of the sensors in a CCD array of

the canera, oryahépiigtively one row of the array perpendi cul gy idsriodRds
direction 5 of notion of the aircraft can be used to obtain a |linear | mge
at each scan and the linear image is then used to build up a

t wo-di nensional image I[err] for subsequent pr ocessi ng. ' To
al | ow operation of the tracking and acqui'S“tTon caneras 3 and 7 in rain, a
10 rotating disc systemis enployed. The use of a rotating disc for

renovi ng water drops fromw ndows is used on marine vessels. A _
reflective orcarespopdingta theiasauisifon poiat.dae aequisition syster;Ldis trigoarednthesgbyt he

xpert ence. o PRpRIRERE HRbg brRe ragiBorf O baliine G20 drifs aireafl 3,

force is sufficient to atom se the water drop, thereby renoving it from

e, s e o1, Lyla ke o SRORS Vil AR e RS0

A camera W 5haifcrafthy s fHeembl ¢Ritlion reRdérsVIAé aircraft AERMIAGLP 6 Iatl iR e8n be
wi ndow which in turn was beneath the rotating disc. The results of

i nserting t heimageas both dyrieg the day and night psimarily witheltesupplgmentarny diuninatien: he
¢ ; ; ; " . . e ;

5(b) - whi oh o\PErEq TROCIGHE S cladgib ot lifisondlan Hetotod Kol cliel |

acti vat ed andsemsarsiiherain)dirtthemmsal detectors (termedluacdoted sepsarseherein). Piotonm 8 -

processes the diq tal i es provi ded by th tracking sensor_systems§5 so
Be T o oxt  act AP RElot oA B b o laleH] Arpateibe SR RRPoRsl et
novenment ofiot & tied resuURof absbreingRDRRIiiony THEsk Hetstites argery¥ensitive] bat dre
system dependi ng on the tracking, caneras, enpl oyed, provide an underneath
Vi ew subject to noise due to ambient operating temperatures. It is usually necessary to
cryogenically cool (80°K) these detectors to maintain high sensitivity. Thermal
detectors experience a temperature change when they absorb IR radiation, and an
electrical response results from temperature dependence of the material property.
15 Thermal detectors are not generally as sensitive as photon detectors, but perform well

at room temperature.

Typically, the cooled sensing devices are formed from Mercury Cadmium

Telluride offer far greater sensitivity than uncooled devices, which may be formed from

20 Barium Strontium Titanate. Their Net Equivalent Temperature Difference (NETD) is

also superior. However, with the uncooled sensor a chopper can be used to provide

temporal modulation of the scene. This permits AC coupling of the output of each pixel

to remove the average background. This minimises the dynamic range requirements

| for the processing eiectronics and amplifies only the temperature differences. This is

25 an advantage for resolving differences between cloud, the sun, the aircraft and the

background. The advantage of differentiation between objects is that it reduced the

load oh subsequent image processing tasks for segmenting the aircraft from the
background and other moving objects such as the clouds.

30 Both a cooled and uncooled thermal infrared imaging system 6 has been used
during day, night and foggy conditions. The system 6 produced consistent images of



of the aircraft, as shown in Figure 7. The tips of the wi ngs or w ngspan

points 18 of the aircraft are tracked by the inmage processor system8 to
determ ne when the image acqui sition system 10 shoul d be activated so as
to obtain the best inmage of the regi stration markings on the port w ng

20 of the air The i mage processing system 30 8 generates an
acquisition s‘lsé%na%i ng a trigger logic circuit 39 to tri gGﬁT’Ap%‘m&%ra
of the image acquisition system 10. The inmage processing system8 al so

det er mi nes WD 97/ 37336
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stores data concerning the wi ngspan 22 of the aircraft and other details
concerning the size, shape and |1 CAO category (Ato G of the aircraft. The

i mage PHKSKIRFAM0 th SMRe S LEdilicHss ab ishéwh WF?UP&I’ 8hhd @ iri partibamlr,Ihelsuhhe
e

si ze which can be used subsequent |y when term ni nght e registration

mar ki ngs onin e figkt ef Wigwiproducedmp satyralignarighadts Aetaringiinihe éense Al sight itbe
eval uati on %F\tiltéqﬁr&hﬁWﬁfJbngab@ggrb@gi @gr!%@g.or t ake- of f.

- Alternativel’'y'a pyroelectric Sens used with a signal processing
©wing _
5 | The image processing system 8 uses a background subtraction method in an
attempt to eliminate slowly moving or stationary objects from the image, leaving only
the fast moving objects. This is achieved by maintaining a background image that is
updated after a certain time interval elapses. The update is an incremental one based
on the differénce between the current image and the background. The incremental
10 change is such that ihe background image can adapt to small intensity variations in
the scene but takes some time to respond to large variations. The background image
is subtracted from the current image, a modulus is taken and a threshold applied. The
result is a binary image containing only those differences from the background that
exceed the threshold.
15 '

One problem with this method is that some slow moving features, such as
clouds, still appear in the binary image. The reason for this is that the method does not
select on velocity but on a combination of velocity and intensity gradients. If the
intensity in the image is represented by /(x,y,t), where x and y represent the position

20 inrows and columns, respectively, and { represents the image frame number (time)
and if the variation in the intensity due to ambient conditions is very small then it can
be shown that the time variation of the intensity in the image due to a feature moving
with velocity v is given by

3_’_(.’(‘_3}&.‘1 = —V.VAXY.0 (7

In practice, the time derivative in equation (7} is performed by taking the

25 difference between the intensity at (x,y) at different times. Equation (7) shows that the
value of this difference depends on the velocity v of the feature at (x,y) and the
intensity gradient. Thus a fast moving feature with low contrast relative to the
background is identical to a slow moving feature with a large contrast. This is the



detection unit 29 to provide a tracking system 1l which also generates the
acquisition 10 signal using the trigger logic circuit 39, as shown in
Figure 4 and described |l ater. Detecting noving aircraft in the
field of view of the sensor 3 or 27 is based on formng a profile or
signature of tReogssdeaft, P(yt), that depends on a spatial pegREFRoRgt €Y
and tinet . To elimnate features in the field of view that are secondary
15 or slowy noving, a difference profile [err]P(y,t) is formed. The

profile or signature can be differenced in tinme or in space because
these differences are equivalent for novin$§3- objects. If the intensity of
the light or thernmal radiation fromthe object is not changing then the

time derivative of the profile obtained fromthis radiation is zero. Atine
derivati ve of situation withfsiowlyl movingociouds meﬂﬂmhave:mery@cight/edghsanmﬁievefore
I nvol vi ng par

[err] ‘ar&e m%enscv{? rgra\ﬁaetn't%/ ﬁ'uére anaC arF%}o\( &iim na?%ﬂﬁlg? @\,s ﬁngttpﬁie S'gl;ggaa@rest he

obj ect as obsét eebinalty indgephave ltite séffnbelhte“neﬂy rg%meme bett@qwbblﬁﬂsé@hlorgiéles
[err] whi ch shows that the

di f f erence i noPkNg4 Bsingdhe same r%ethgd BHWP}HPQH? the,binaey imagee Inthisssense, the

t he pI’OfI|eI gly"g ,

Equat i on (4) a? @ gg dfo I Cl‘ﬂmf rom-t ﬁaﬂgﬂ act ﬁh Sto?llglﬂéﬂa c%?% H’?‘Pgés a

gi ven val ue Ptopradute & binary)image Blsedescnbed above and again to the subsequent bmary
image, as described below.

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

10 where B(x,y,f) = 1 if afeature is located at {x,y) attime t, and B(x,y,f) = Orepresents
the background. Within this image the fast moving features belong to the aircraft. To
deduce the aircraft wing position the two-dimensional binary image can be
compressed into one dimension by summing along each pixe! row of the binary image,

Ply.t) = f B(x,y,t) dx (8)

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

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

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

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

aP(Vf) faA(X Y.f}dx . fac(;;”t)dx - fsaE [A(x,y,t)C(x.y.t)]dx

i féé(_;?.m [1 - Clx.y.0ldx + &(C) (9)
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coordinate (y[err],t[err]), then it will have this sane val ue al ong the
l'ine y =y[err] + v(t - tf[err])

(5) tect and |locate a noving feature that forns _an
extremumin tf‘]‘(’aopro 'l e, such as an aircraft wing, the p'F%rI"ngmﬂlz?ﬁ be
differenced in space [err]P(y,t). Then an extremumin the profile
P(y,t) will correspond to a point where the diference profile [err]P(y,t)
5 crosses zero. In one methoffor detecting a feature on the
aircraft, a profile P(yt) is forned and a difference profile
[err]P(y,t) is obtained by differencing in time, as described bel ow.

Accor di ng t oveere(Chrr 043 asmiell erer tefnidvatetie smalhveleeity ¢idhe tlandsolzquation
ohLSL, 12" 8Pkl 6766l aRA e BRIl BFa BREI4 8B HHGEPL
of the zero e twschagngesi (stcloas neotiohPof fdatureht ainly wheh eite @Ranges AXAT®HEE | N
Ply. ). overlap features C. In order to obtain the best measure of the location of a feature, the
5 overlap between features must be minimised. This means that C(x, y.f) must cover as
small an area as possible. If the clouds are present but do not overlap the aircraft,
then apart from a small error term, the time difference between profiles gives the
motion of the aircraft. The difference profile corresponding to Figure 10 is shown in
Figure 11 where the slow moving clouds have been eliminated. The wing bosition_s
10 occur at the zero-crossing points 33 and 34. Note that the clouds have been removed,

apart from small error terms.

The method is implemented using a programmable logic circuit of the image
processing system 8 which is programmed to perform the row sums on the binary

15 image and to output these as a set of integers after each video field. When taking the
difference between successive profiles the best results were obtained using
differences between like fields of the video image, i.e. even-even and odd-odd fields.

The difference profile is analysed to locate valid zero crossing points
20 corresponding to the aircraft wing positions. A valid zero crossing is one in which the
difference profile initially rises above a threshold /, for a minimum distance y. and
falls through zero to below -/, for a minimum distance y,. The magnitude of the
threshold /.. is chosen to be greater than the error term €(C) which is done to discount
the affect produced by siow moving features, such as clouds.
25 .
in addition, the peak value of the-profile, corresponding to the aircraft wing, can
be obtained by summing the differeh_ce values when they are valid up to the zero
crossing point. This method removes the contributions to the peak from the non-
overiapping clouds. It can be used as a guide to the wing span of the aircraft.
30
The changes in position of the aircraft in the row-sum profile are used to



In anot her nethod for detecting a feature on the aircraft, the difference
between 15 the radiation received by a sensor 27 fromtwo points in space

is obtained as a function of time, [err]S(t), as described below |If
there are no noving features in the field of view, then the difference
I's constant. |f wowremsect in the field of viewis noving, then t he
position of a point on the object is related to tinme using equgﬁl‘@ﬁm 9
This al |l ows a profile or signature differenced in space to be
constructed [err]P([err](t),t) =[err]S(t)

(6) 20 and, as described above, allows amgxtrenum corresponding to an
aircraft wng to be | ocated in the profile fromthe zero crossing point
in the differential signature. The i mage acqui sition system 10

i ncl udes at '8%}%%9\'&% yeﬂfzﬁtg?ﬁpkﬁg Ef?&aﬂf’lg?f &an be usddfd?UetemmihigoPe Madde

aircraft when triggere ‘L.nmages are sufficient 25 resolution to
enabl e aut omaacquisiticry ectrigger troe,@veniiithe @rcratids nedinsview: Thia situatioromay lescur

BTl ¢ anous! § hecairc g mrves i eaiph bR T S et 8 sl pitaly e FeSfipner,
l'i ghting condpéihPiRhot HUEE 8 oflieWiod tHe camera 3. However, t8\6btdi 3 féiidble estimate
PeTI AT Ooégof the .veiocity, geometric corrections o the aircraft position are required to account
| for the distortions in the image introduced by the camera lens. These are described
below using the coordinate systems (x,y,z) for the image and (X,Y,2) for the' aircraft

~as shown in Figures 12 and 13, respectively.

10 For an aircraft at distance Z and at a constant altitude Yo, the angle from the
horizontal to the aircraft in the vertical plane is

yD
: .tanay = ..E (10)

Since Y,, is approximately constant, a normalised variable Z,, = Z/Y,, can be used. if y,
is the coordinate of the centre of the images, f is the focal length of the lens and 8,
is the angle of the camera from the horizontal in the vertical plane, then

tanf, - tan6,
1 + tanb, tanB,

ny'y (11)

= tanf, - 6 =

15 where the tangent has been expanded using a standard trigonometric identity. Using
(10) and (11) an expression for the normalised distance Z,, is obtained

_ '_ 1+ By - yopan®,
ZN(y) - tanec _ 3(,V - yn)

(12)

where B = 1/f. This equation allows a point in the image at y to be mapped onto a
true distance scale, 'ZN. Since the aircratft altitude is unknown, the actual distance
cannot be determined. Instead, all points in the image profile are scaled to be
20 equivalent to a specific point, y,, in the profile. This point is chosen to be the trigger
line or image acquisition line. The change in the normalised distance Z(y,) at y, due
to an increment in pixel value Ay, is AZ(y,) = Z{y, + By,) ~ Z,(y,). The number



- assist to

-10- or during inclenment weather. The acquired images are

passed to the anal ysis system 12 which perforns Optical Character

Recognition (OCR) on the inages to obtain the registration code. 5 The

. registration code corresponds to aircraft type and therefore the aircraft

. classificati r.m ned by the i mage processing system 8 . used to
Q;P? e ré;cogniti on process, particularly when chgeg‘epg' %1 the

" code are obscured in an acquired i mage. The registration code extracted

and any ot her information concerning the aircraft can be then passed to

ot her systems via a network connection-26.- 10 Once signals

. received fromthe pyroelectric sensors 21 indicate the aircraft 28 IS

- within the field of view of the sensors 3 of the tracking sensor system 6,

. the tracki wfsuch inepatesta aver 8 distaricead,dn,) by Zytie) [sr M (i ly,)detZdy )VAZ, (yThe

©oproximty tector 4 is. | .t f.r stage detection systemto

determ ne ﬁ‘é’%%%?%’f’?@é?‘?g‘{’@g‘ftﬁdngpﬁ‘?%ﬁ?'ﬂ%’t% Bf the 15 nore preci se

tracki ng system 1. The tracking tem 1, jncl udes the tracking sensor

system 6 and t LRpge cessin € 1 according to one e i ment

t he i mages p?%mrgf}he ng%?‘ec?ﬁon cadet, Q) 3 o?glf he sensor system GHE\%S used

by the image processing system8 to provide a trigger for the imge

acqui sition system when sone point in the imge of the aircraft reaches
a predet er frionéd girctaft apdistancenZ abdeat@ltitude &2 @ lergth X ioprit inather X difeclion

pl aced in i.at 0 ] irport runway such that the
aircraft p%@@%@‘%ﬁﬁ}ﬁﬁ?*ﬁ ﬁg%ﬁgﬁﬁﬁ?}%ﬁﬁogf the caneras 3. A tracking :
canmera 3 provi des a sequence of i es, ([err]). The inmage processing
system 8 subtracts @ng backd ound i fromeach image I[err] of, the

sequence. The backgroufid y@g‘g—; rgpresents an average of a nunbet!4di
precedi ng i mrages. This yi &8s an irrgge ?é’rr] that 25 contains only those
obj ects that have noved during the tinme interval between inages.

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

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

X - X,

= tanB, (15)

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

X, = & — %) Z2) (16)

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

JE—
o, z,s(yz)

1+ 2300
= b, - Xy VB, - vof  sin®, - Bly, - yoros8,
? o Vsing, - Bfy, - yoFose, 1+ By, - wf

The parameter § = 1/f is chosen so that x and y are measured in terms of pixel

xcz‘xo=(x2"xt

(17)

numbers. If y, is the centre of the camera centre and it is equal to half the total
number of pixels, and if 8., is the vertical field of view of the camera, then



The image [err] is threshol ded at appropriate values to yield a binary

I mge, 1.e. one that contains only two | evels of brightness, such that
t he pi xels conprising the edges of the aircraft are clearly

di stingui shable. The pixels at the extrenmes of the aircraft in t he

direction perp&pﬁ%ﬁr to the notion of the aircraft will coprEaBeAd1ds

the edges 30 1 e wings of the aircraft. After further processing,
descri bed bel ow, when it is determ ned the pixels conprising the port
edge pass a certain position in the inmage WO 97/ 37336
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corresponding to the acquisition point, the acquisition system10 is
triggered, thereby obtaining an i nage of the registration code beneath

the wing 20 of the aircraft. | magi-ng the aircraft using thermnal
I nfrared wavel engt hs and detpcztjt_anM 5 aircraft by its thernmal radgfgy on

renders the aircraft self-lumnousyso that it can be I mged bot h during
the day and night primarily w thout supplenmentary illum nation.
Infrared (IR) detectors are classified as either photon detectors é]terrrecgi

cool ed serkus gelatiorealipws B to be salculatedbwithews iaowing the lensfosal lepotbandth

herein). Phot ensioﬁ?[’:?fﬁtecgeﬁs&pﬂ%lgcOndUCtOrs or phot odi odes) produce an
_eI ectrical response directly )

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

1Y 1 1
V) = —’g V, = —21 Un = Yt} = 0w = Yo) (19)

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

(V) = — (20)

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

the current position is given by
Y=y - vt | (21)

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

| N |
2 = ln); [, = Vo * VE} (22)

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



10 as the result of absorbing IR radiation. These detectors are very

sensitive, but are subj ect to noise due to anbi ent operating
tenperatures. It is usually necessary to cryogeni cal ly cool (80[err]K)
these detectors to maintain high sensitivity. Thernal detectors

experience a ter’rgz3 gtture change when they absorb IR radiation, and an
electrical re¥OWET¥Besults fromtenmperature dependence of tREXAUNEpIoR
property. 15 Thermal detectors are not generally as sensitive as photon
detectors, but performwell at room tenperature. Typi cal |y,
the cool ed sensing devices are formed frofgMrcury Cadm um Tel luri de
offer far greater sensitivity than uncool ed devi ces, which may be forned
from20 Barium Strontium Titanate. Their Net Equival ent Tenperature

D fference (NETD) is al so super| or. However, with the uncool ed sensor a
chopper can be used to pri ral nodul ation of the scene. This
permts AC coupling of th (¥ut n pi xel to renpve the average
background. This mnimws ge requirenents for thq23)
processi ng el ectronics and z fi the tenperature differences. This
is 25 an advantage for resol tf’g:eﬁces bet ween cl oud, the sun, the
aircraft and the background The advant age of differentiation between
objects is that it reduced the | oad on subsequent | mage processi ng t asks

for Segma”t"?ﬁis"sgﬁu&'xfsgia@r%troﬁusgmthg%enseﬁé?ﬁ% uncool edgta'ﬂ‘?l‘ée%‘l’:bﬂg pPile® eCts

such as the cl a coo
i magi ng syst featuse,itathebthan toe positionsdat thenbeginpingrangrat thmend ofithe absamatnoms :

The system GphQ ﬂ}ﬁ%%g -s%%ﬂéﬁttatl e thap?ge &fwhere' t, = 1 is the time interval between
image frames, then the error in the velocity due to an error & y, in the value y, is

_ Oy, [N + 1 - 2n)}
W= N+ 1NV - 1) (24)

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

If the aircraft is not in view, then the measurement of the velocity v can be used
10 to estimate the trigger time. If y, is the position of a feature on the aircraft that was last
seen at a time ¢, then the position at any time ¢ is estimated from

=y - vt - 1) (25)

Based on this estimate of position, the aircraft will cross the trigger point located
at y, at a time (., estimated by

Yr- ¥

tr=1¢ - v

(26)

An alternative method of processing the images obtained by the camera 3 to

15 determine the aircraft position, which also automatically accounts for geometric

corrections, is described below. The method is able to predict the time for triggering
the acquisition system 10 based on observations of the position of the aircraft 28.
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aircraft in all these conditions, as shown in Figures 8 and 9. In

particul ar, the sun in the field of view produced no saturation
artefacts or flywplofigssg) the lens. At night, the entire ai perAubroNeds
observabl e, not just the |ights. 5 The i nage processing system 8
uses a background subtraction nmethod in an ~ attenpt to elimnate slowy

novi ng or stationary objects fromthe imge, |eaving only t he fast

novi ng objects. This is achieved by maint af‘ﬁi'ng a background inmage that is
updated after a certain tinme interval elapses. The update is an increnental
one based on the difference between the current inmage and the

background. The i ndpsleseribe the dogstian @& an airstai2t and its pesibienl&)ses Al goprdindtes an

adapt to small__jin It aplatd ong | Jhe Kk g o]
respond to | ala{:';% '%Fgﬁggt %/%c\rﬁ‘sma?htégbacég? uoﬁ’étgi ‘r’f%g‘gé'@ B%a@%bﬁ%?g%ﬁ g%t%e
current i nmage hosizomtally alongshe alirewaytowasds thecagprdathing birerdft, ik ¥ is harizohtal i s
a binary inmage containjn n t hose_di tferences fromighe background tha
exceed the th@@éwsmn ﬁ%' ot runway efﬂ‘?ﬂﬁ%ﬁﬂf‘? ﬁ'r?ﬁf'?%ﬂﬁ%ﬁ&g‘&‘?‘ﬁﬂ&{seé
some sl ow mayiffgd BRpiteRBiuesUR Ny dswhere £ |i9 Hefinedlb belthebartidal gixel vVERieARA
i mge. The reésg% fs%l? this | ?f{é{ t he fet hod does not sﬂel ect on Y
vel ocity but & horizentd velue.okhedens en theicainess invers thesimagegsodhata dight nay fiame
intensity in ' S ol R1, t b (XYl ) Sdovis’ t
the position %?W@%ﬁ%ﬁdﬁggﬁﬂ%}ﬁ%ro gig'BQc f‘ﬁe*@@'%@tﬁréepr eggﬁtlg&gttﬁg%@
i mge franme nthwebesordinatesrigin. Figure 14 shows a ray 68 from an object, such as a point on the
aircraft, passing through a lens of a focal length f, and striking the imaging sensor at
10 apoint (-x, -y,), wherex, andy, are the pixel valves. The equation locating a point

on the ray is given by

r= xf2f - V&, + 2 - 0, + 22, (27)

where z is the horizontal distance along the ray, and the subscript ¢ refers to the
camera coordinates. The camera axis 2_is coilinear with the lens optical axis. it will
be assumed that zlf».1 , which is usually the case.
15
Assuming the camera is aligned so that y, = y is aligned with the runway
coordinate, but the camera is tilted from the horizontal by angle 8. Then

R, = X cos® - 2 sin®
2, = X sin® + 2 cosd (28)
and a point on the ray from the aircraft to its image is given by

r-= z[(xp cos® / f + sinB) X+ (yp 1§+ (6059 - X, sinB / f) i] (29)

Letting the aircraft trajectory be given by

rf) = (Z(t) tanB,g + Xo) X+ y.y + 22 (30)

20 where z(f} is the horizontal position of the aircraft at time ¢, 8¢ is the glide-slope

angle, and the aircraft is at altitude x, and has a lateral displacement y, at 2(t;) = 0.
Here, t = {; is the time at which the image acquisition system 10 is triggered, i.e. when



and if the variation in the intensity due to anbient conditions is very

small then it can be shown that the tinme variation of the intensity in
the image due to a feature noving with velocity v is given by

[err] (7) In practice, the
tinme derivati | uation (7) is perfornmed by taking the 25 difference
bet ween t he |‘¥1§3?{§z|3$‘€ at (x,y) at different tinmes. Equati onPEFPAULIRMS { hat
t he value of this difference depends on the velocity v of the feature
at (x,y) and the intensity gradient. Thus a fast noving feature with

| ow contrast relative to the backgropgd is identical to a slow noving
feature with a large contrast. This is the WO 97/ 37336

PCT/ AU97/ 00198 -13 -

situation V‘(Héh?iﬁrﬂﬂ"iéfoig?ﬁéﬂwﬁl'\ cl ahetbhfdpadve very bright edges and

therefore arge intensity gradients there, and are not elimnated by
this nethod. Since features in a binary i mge have the sane intensity

- gradients, bettep yel ot SqumBhe (29)%hd (30) atlows z to be written in terms of () and

gives the pixel positions as

_ [ #t)]cosB tanBgg - sind] + x, cosb
%0 = f( Z(f)sind tanBss + cosB] + X, sin® (31)
5 and
y(f) = %o (32)

Z(f)[sin® tanBg + cosB] + x, sind

Since zj(f) is the vertical coordinate and its value controls the acquisition
trigger, the following discussion will be centred on equation (31). The aircraft position
is given by

2(f) = v(t, - B {33)

where v is the speed of the aircraft along the 2 axis.
10 '
The aim is to determine {,, from a series of values of zp(t) at t determined from
the image of the aircraft. For this purpose, it is useful to rearrange (31) into the

following form
c-t+ax,-btx,=0 (34)
where -

_viftanBgs + cot) + X,
) M1 - tanBgs cotb)

(35)

tanB,s + cotd
b = s (36)
f1 - tanBg cotb)

16 and



obt ai ned using the sane nethod but applied to the binary image. In this
sense, the 5 background-subtraction nmethod is applied twice, once to the

original grey-scale inmge to produce a binary inage as described above,
and again to the subsequent binary i mage, as described bel ow.

The output frogg 4; 2dspi tial image processing hardware is a biggiauohifios
B(xy,t) 10 where a<YU =1 if afeature is located at (x,y) at tinme t,
and B(x,yt) = Orepresents t he background. Wthin this imge the fast
noving features belong to the aircraft. To deduce the aircraft w ng
position the two-dinensional binary inmge2dan be conpressed into one

di mensi on by sunn1ng al ong each pi xel row of the binary imge,

[err] (8) where the aircraft inmage noves

in the direction of the inmge col um This rowsum 15 profile is easily
analysed in real tine g¢a get ermne e-location of the aircraft. An

exanpl e of a profile is showfvin- Hagﬁé@cgt@)Mere the two peaks 30 and 31 of
t he aircraft profile correspond to the main wings (large peak 30) and
the tail w nogesinalVdie correéﬂéﬁbnn%% the tr?dber l;))omt vertigamenplvardslie ke F eofd, her
features present, such as clouds, that nust identified or filtered
from the proffhectrigger tmey & 6an be erpessed in 9ENsebihepasametess @ dnhand c
successive franes are taken, which is equivalent to a tine derivative of
the profile. Letting A(Qytc)ﬂ%rthe aircraft where A(x,y,t) = J
(x,y) lies within the aircra# otherwise and letting C(x, yd’
represent clouds or other sl ovay noving objects, then 25 it can be shown
that the time derivative of the profile is given by _ [err]

The parameters a, b and c are unknown since the aircraft glide slope, speed,

altitude and the time at which the trigger is to occur are unknown. However, it is
5 possible to estimate these using equation (34) by minimising the chi-square statistic.
Essentially, equation (34) is a prediction of the relationship between the measured
values x, and f, based on a simple model of the optical system of the detection
camera 3 and the trajectory of the aircraft 28. The parameters a, b and ¢ are tobe
chosen so as to minimise the error of the model fit to the data, i.e. make equation (34)

10 be as close to zero as possible.

Let x, be the location of the aircraft in the image, i.e. pixel value, obtained at

time t,. Then the chi-square statistic is

= }A.L, € - t, + ax, - btx,f (39)

n:=1

for N pairs of data points. The optimum values of the parameters are those that
15 minimise the chi-square statistic, i.e. those that satisfy equation (34).

For convenience, the following symbols are defined

N N N N
X=Yx, T=Xt, P=Xxt Y=Y x,

n=1 n=1 n=1 n=1

(40)
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where [err](C) [err] Ois a small error termdue to the small velocity of

t he cl ouds. Equation (9) denonstrates an obvious fact that the tinme
derivative of oTdo) | e gives information on the changesg&)wuch as
mot i on) of fea are A only when the changes in A do not UAHOMt ur es

C. In order to obtain the best neasure of the |ocation of a feature, the 5
overlap between features nust be mnimsed. This neans that C(x,y,t) nust

cover as smal | an area as possible..44_the clouds are present but do
not overlap the aircraft, then apart froma small error term the tine
di fference between profiles gives the notion of the aircraft. The

difference fﬁé}{ Mea,a%&sr@fs; db;%a%i ﬁhﬁﬁﬁse aghétﬁms(b,g}qaré | Gven by Figure 11

where the oW noving c have een ted g p S|tions 10
occur at the zer ro g p §ZtsE @ that the clouds have been
renoved, aparm N M (%( l\mﬁ The nethod i g44)

i npl emented using a WYogrétRant S)oylRXci M?t of the i mage processi ng
system 8 which is programmed to performthe row sums on the binary 15 image
and to output these as set of tegers_after each video field. Wen
taking the pdi §%¥ ’ Of/ | es the best resul(a wer e

obt ai ned usi ng (NY 3 XZXP2 NS) + (PX - NQ)2
and
_ T +bP-aX |
ca (43)

On obtammg a, bandc from equations (41) to (43), then ¢, can be obtained from
equat:on (38).

" Using data obtained from video images of an aircraft landing at Mslbourne
airport, a graph of aircraft image position as a function of image frame number is
shown in Figure 15. The data was processed using equations (41) to (43) and (38) to
yield the predicted value for the frigger frame number £, = 66 corresponding to trigger

10 point 70. The predicted point 70 is shown in Figure 16 as a function of frame number.
The predicted vaiue is t, = 66 + 0.5 after 34 frames. In this example, the aircraft can
be out of the view of the camera 3 for up to 1.4 seconds and the system 2 can still
trigger the acquisition camera 7 to within 40 milliseconds of the correct time. For an
aircraft travelling at 62.5 m/s, the system 2 captures the aircraft to within 2.5 metres

15 of the required position.

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

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

sensors 27 with a signal processing wing detection unit 29. Each sensor 27 has two



di fferences between |like fields of the video inmage, i.e. even-even and
odd-odd fi el ds. The difference profile is analysed to | ocate
valid zero crossing points 20 corresponding to the aircraft w ng positions.
A_valldbzero crossing is one in which the difference profile initially
ri ses above a .d I[err] for a m ninum di stance err] wAfhuer,

t hrough zero tgnge oW -I[err] for a m ninum di stance y{érr]1 Thelﬁﬂﬁﬁﬁude
of the threshold I[err] is chosen to be greater than the error term
[err] (C) which is done to di scount the affect produced by slow noving
features, such as clouds. 25 | npg@ddi tion, the peak value of the
profile, corresponding to the aircraft w ng, can be obtai ned by summ ng
the difference val ues when they are valid up to the zero Crossing

poi nt. This fg@%ﬁ‘ ﬂVf&@ié‘&ﬁcEQﬁsnﬁQB‘eﬁﬁéﬂé HQ'&%dWQ b@%h@ﬁﬂh’\ ngQFé ’d‘h&vﬁiﬁﬁare

overlapping ¢ can be used as a guide to the wi ng, span
aircraft. 30electrically connmd(ﬁnmg@ﬁmﬁl identicabyignals QﬁéeféF%lPiéF?Ch ﬂ'ef'}?@‘ A

IrD(():\'/I\'I; iﬂ&%gz%ﬁeaif with & sﬁt 46 is placed above the ws%é dlehghts 40 and 4% Ss_o asto

provide the elements 40 and 42 with different fields of view 48 and 50. The fields of

5 view 48 and 50 are significantly narrower than the field of view of a detection camera
discussed previously. If aircraft move above the runway in the direction indicated by

the arrow 48, the first element 40 has a front field of view 48 and the second element

42 has a rear field of view 50. As an aircraft 28 passes over the sensor 27 the first
element 40 detects the thermal radiation of the aircraft before the second element 42,

10 the aircraft 28 will -théjn be momentarily in-both fields of view 48 and 50, and then only
detectable by the second element 42. An example of the difference gignals generated
by two sensors 27 is illustrated in Figure 18 where the graph 52 is for a sensor 27
which has a field of view that is directed at 90° to the horizontal and a senser 27 which

is directed at 75° to the horizontal. Graph.54-is an expanded view of the centre of

15 graph 52. The zero crossing points of peaks 56 in the graphs 52 and 54 correspond
to the point at which the aircraft 28 paéses the sensor 27. Using the known position

of the sensor 27 the time at which the aircraft passes, and the speed of the aircraft 28;

a time can be determined for generating an acquisition signal to trigger the high
resolution acquisition cameras 7. The speed can be determined from movement of the

20 zero crossing points-over time, in a similar manner to that described previously.

The image acquisition system 10, as mentioned previously, acquires an image
of the aircraft with sufficient resolution for the aircraft registration characters to be
obtained using optical character recognition. According to one embodiment of the

25 acquisition system 10, the system 10 includes two high resolution cameras 7 each
comprising a lens and a CCD detector arr"éy. Respective images obtained by the two
cameras 7 are shown in Figures 19 and 20.

The minimum pixel dimension and the focal length of the lens determine the
30 spatial resolution in the image. If the dimension of a pixel is L, the focal length f and
the altitude of the aircraft is h, then the dimension of a feature W, .= on the aircraft that



determne a velocity for the aircraft that can be used for determning the
| mage acquisition or trigger time, even if the aircraft is not in view
This situation may occur if the aircraft inmage noves into a region on
the sensor that is saturated, or if the trigger point is not in the
field of vi e, éé_jlﬁ%carrera 3. However, to obtain a reliable estimate 5 of
the velocity, (3 ic corrections to the aircraft positi oRCHAEST® S r ed
to account for the distortions in the inage introduced by the canera

| ens. These are descri bed bel ow using the coordinate systens (xyz) for
the image and (X Y,Z) for the aircraft .24.as shown in Figures 12 and 13,
respectively. 10 For an aircraft at distance Z and at a constant
altitude Y[err], the angle fromthe horizontal to the aircraft in the
vertical p'@'i‘ﬁécﬁ d onto a pixel is tanferr] = [err] _

(10) Sin [err] 'is approximtely constant, a normalised variable
Zlerr] = ZIY[err] can beL ed. If y[err} p S the coordi nate of the
centre of the imagel,f=i-et he drocalf +ength of the lens and [err] ( )is
the angle of the canera frfomthe horiz al in the vertical plane, 4?1
[err] : (11) 15 where the

t angent has heen. expand usi ng.a standard onet identity. Usin
(10) and (1) o S REpgtion BroHses Hepd BHALIES M2k chafasian siokeda Al ped

[err] mapped onto at least four pixels with cbAtrast levels having at least 10% difference

- from the background. The width of a character stroke in the aircraft registration is
5 regulated by the ICAO. According to the ICAO Report, Annex 7, sections 4.2.1 and .
5.3, the character height beneath the port wing must be at least 50 centimetres and
* the character stroke must be 1/6" the character height. Therefore, to satisfy the '
" character recognition criterion, the dimension of the feature on the aircraft that is
 mapped onto a pixel should be W,,,, = 2 centimetres, or less. Once the CCD detector
10 is chosen, L, is fixed and the focal length of the system 10 is determined by the .
- maximum altitude of the aircraft at which the spatial resolution W, = 2 centimetres
is required.

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

of the CCD,

NoWonh

Weoy = —F—=0 (45)

max

For h = h_, and N, = 1552 the field of view is W5, = 31.04 metres.

To avoid blurring due to motion of the aircraft, the image moves a distance less
20 than the size of a pixel during the exposure. If the aircraft velocity is v, then the time
to move a distance equal to the required spatial resolution W, is

W,
f = __min 16
v ( ,

The maximum aircraft velocity that is likely to be encountered on landing or



where [err] = 1/f. This equation allows a point in the image at y to be
mapped onto a true distance scale, Z[err]. Since the aircraft altitude
i s unknown, the actual distance cannot be determ ned. Instead, all
points in the image profile are scaled to be 20 equivalent to a specific

point, yl[err], wotdiseProfile. This point is chosen to be thepdfrGsRbios
line or inmage acquisition line. The change in the nornalised distance

Z[err](y[err]) at y[err] due to an increment in pixel value [err]y[err]
is [err]Zerr](y[err]) = Z[err](y[err] + [err]y[err]) - Z[err](y[err]). The
nunber WO 97/ 37336 -25-
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f h i di Z - Z is M=
e T o SRt e L) o b

ST S\ PRty A0 8L e S St
The focal length of the lens in the system 10 can be chosen to obtain the
5 required spatial resolution at the maximum altitude. This fixes the field of view.
Alternatively, the :-fi_e_l,d of view may be varied by altering the focal length according to
the éltitude of the alrcraﬂ The range of focal lengths required can be calculated from
equation (44).

10 The aircra‘ft:'l"-'__e:_gistrétion, during-daylight conditions, is illuminated by sunlight
or scattered light éref[ected from the ground. The aircraft scatters the light that is
incident, some of Which is .captured by the lens of the imaging system. The
corisideréble amo‘dht-ﬁ;o:f light reflected from alumihium fuselages of an aircraft can
affect the image obtained, and is taken into account. The light power falling onto a

15 pixel of the CCD is given by

RgnaRafp

P, = L,AA

(47)

where L, is the solar spectral radiance, A\ is the wavelength bandpass of the entire
configuration, Q. is the solid angle subtended by the sun, R, is the reflectivity of
the ground, R, isxt'l'._ije'f reflectivity of the aircraft, A, is the area of a pixel in the CCD
detector and f# is the lens f-number.
20
The solar spectral radiance L, varies markedly with wavelength A. The power
falling on a pixel will therefore vary over a large range. This can be limited by
restricting the wavelength range A\ passing to the sensor and optimally choosing the
centre wavelength. of this range. The optimum range and centre wavelength are
25 chosen to match the characteristics of the imaging sensor.

In one embodiment, the optimum wavelength range and centre wavelength are
chosen in the near{i_ri'f'r_ared waveband, 0.69 to 2.0 microns. This limits the variation in



For an aircraft at distance Z and at altitude Y[err], a length X on it in

the X direction subtends an angle in the horizontal plane of

tan[err]= [err] (14)

5 where normalised val ues have been used. If x[err] is the |location of the
centre of the .mage and f is the focal length of the lens, then

[err] = ngr?["@'fsra? RCTEAU97/00198 Jsi ng
(12), (14) and (15), the normalised distance X[ err] can be obtained in
terms of X and y [err] = [err]

(16) As with the y coordinate, the-26€oordinate is corrected to a
value at y[err]. Since X err] 10 should be i ndependent of position, then a
|l ength x[err] - x[err] at y[err] has a geonetrically corrected | ength of
[err] light power on a pixe! in the sensor to within the(dséable limits of the sensor. A

KODAK™ KAF-1600L imaging sensor (a monolithic silicon sensor with lateral overflow
anti-blooming) was chosen that incorporated a mechanism to accommodate a
thousandfold saturation of each pixel, giving a total acceptable range of light powers

5 in each pixel of 10°. This enables the sensor to produce a useful image of an aircraft
when very bright light sources, for example the sun, are in its field of view.

The correct choice of sensor and the correct choice of wavelength range and

centre wavelength enables an image to be obtained within a time interval that arrests

10 the motion of the aircraft and that provides an image with sufficient contrast on the
aircraft registration to enable digital image processing and recognition of the

registration characters.

in choosing the wavelength range and centre wavelength, it was important to
15 avoid dazzling light from the supplementary iflumination of the illumination unit 16. The
optimum wavelength range was therefore set to between 0.69 um and 2.0 um.

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

Apn
Pp—sun = LAA)"ZEZ' (48)

The relative light powers from the sun and from the aircraft registration falling
20 onto a single pixel is

Pp-sun = 2n

P, p qunRgndRA

{49)

with Q,, = 6.8 x 107 steradians, R, = 0.2 and R, = 1, the ratio is
Pp_sm'le = 4.6 x 105. This provides an estimate of the relative contrast between the
image of the sun and the image of the underneath of the aircraft on a CCD pixel. The
CCD sensor and system electronics are chosen to accommodate this range of light

25 powers.



The paraneter [err] = |/f is chosen so that x and y are neasured in terns

of pi xel nunbers. If y[err] is the centre of the canera centre and it is
equal to half the total nunber of pixels, and if [err] is the vertical
field of view of the canera, then WD 97/ 37336

[err] = [err] (18) Thi s
relation allows [err] to be cal cul ated without know ng the | ens focal

| ength and the di mensi ons of the sensor pixels. The velocity

of a feature is expressed in terns of the&unber of pixels noved 5 between
i mage fields (or frames). Then if the position of the feature in frame nis
ylerr]. the velocity is given by v[err] = y[err] - y[err] Over N franes,
“the average vel oci lny pioort ighting conditions, the aircraft' registration requires additional

illumination from the illumination unit 16. The light source of the unit 16 needs to be
sufficient to illuminate the aircraft at its maximum altitude. If the source is designed to
emit light into a solid angle that just covers the field of view of the imaging system then
5 the light power incident onto a pixel of the imaging system 10 due to light emitted from
the source and reflected from the aircraft is given by :
R, A

P =P — 50
P SaAA Nmﬁz ( )

where A, is the area on the aircraft imaged onto a pixel of area A,, P is the light
power of the source, R, is the aircraft reflectivity, Nmt is the total number of pixels in
the CCD sensor and # is the f-number of the lens. The power of the source required
10 to match the daytime reflected illumination is estimated by setting
P,=73x 10" W, R, =1, A =81 um?2, Ngg = 1552 x 1032, f# = 1.8 and
notingthat A, = W2, where W, = 0.02 m. Then P, = 1.50 x 10* W.Fora Xenon
flash lamp, the flash time is typically ¢ = 300 us which compares favourably with the
exposure time to minimise motion blurring. Then the source must deliver an energy of
16 E, = Pt = 4.5 J. Thisis the light energy in a wavelength band AA = 0.1 um. Xenon
flash lamps typically have 10% of their light energy within this bandpass centred
around A = 0.8 um. Furthermore, the flash famp may only be 50% efficient. Thus the
electrical energy required is approximately 90 J. Flash lamps that deliver energies of
1500 J in 300 us are readily available. lllumination with such a flash lamp during the
20 day reduces the contrast between the direct sun and the aircraft registration, thereby
relaxing the requirement for over-exposure tolerance of the CCD sensor. This result
depends on the flash lamp directing all of its energy into the field of view only and that
the lens focal length is optimally chosen to image the region of dimension
W, = 0.02 monto a single pixel.
25
in one embodiment, the aperture of the lens on the acquisition camera 7 is
automatically adjusted to control the amount of light on the imaging sensor in order to
optimise the image quality for digital processing. In the image obtained, the intensity



[err] (19) whi ch depends
only on the start and finish points of the data. This is sensitive to
errors in the first and | ast val ues and takes no account of the
positions in between. The error in the velocity due to an error

[err]y[err] lue y[err] is
(20) 10 A 68?%g§n%§thod of velocity estinmation uses all tﬁ%%%@%???%% dat a
obt ai ned bet ween these values. Atinme t is maintained which represents
the current frame nunber. Then the current position is given by

= y[err] - vt (21) where y[err] i28¢he unknown starting point and v
I s the unknown vel ocity. The nunber n of valid positions y[err] neasured
fromthe feature are each neasured at tinme t[err]. 15 Mnim sing the nmean
squar e er r oevel of the registration characters[relative to lheruridersnde of the aircraft needs to be

éu azu ities TF@#IFS C})r\'ptv?devgoiq?qd r{gr %ctg(; \ﬁgoi%g%ﬁ Se fpg\{ve_nI ,h:e o¥ E‘#eno‘““
flash 16 is automatically adjusted in accordance with the aperture setting ## of the
acquisition camera 7 to optimise the image quality and maintain the relative contrast
5 betwsen the registration characters and the underside of the aircraft, in accordance
with the relationship expressed in equation (50). For example, during the day the
aperture of the lens may be very small and the power of the flash may be increased
to provide additional illumination of the underside, whereas during night conditions,
the aperture may be fully opened and the power of the flash reduced considerably as
10 additional iflumination is not required. As an aiternative, or in addition, the electrical
~ gain of the electronic circuits connected to an acquisition camera 7 is adjusted

automatically to optimise the image guality.

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

the ground.

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

aircraft.

30 The analysis system 12 processes the aircraft images obtained by a high
resolution camera 7 according to an image processing procedure 100, as shown in
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[err]

nor e robust

f eature,

observati ons.
lis the tlme i nterval between i mage franes, then the error
the velocity due to an error [err]y[err] |r129the val ue y[err] S

tlerr]

[err]

10

15

20

25
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(23) This solution is

in the sense that it takes account of all the notions of the

rat hermg pe positions at the beginning and at thq,‘ﬂqﬁig
nferr]|t

e time is sequential, so that t[err] ere

(24)

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

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



5 which, for the sanme error [err]y[err] in (19), gives a smaller error than
(21) for N> 5. In general, the error in (24) varies as 1/Nerr] which

is less sensitive to uncertainties in position than (19). | f
the aircraft is not in view, then the nmeasurenent of the velocity v can be

used 10 to e he trigger tinme. If y[err] is the position of a
etk i

feature on th ft that was | ast seen at atine t,, Pass
position at any tinet is estimated from y = yl[err]
- v(t- tferr]) (25) Based on
this estimate of position, the aircraft-80kl cross the trigger point

| ocat ed at y[err] at atine t[err] estimated by

[err] (26) An

al t er nat i veimstéi o6 frbmithe lneatiormand éentsapthe grbups mnbtb?ngtéﬂ@r st ™. Stép 15

determne the.aircraft position, al s utoma ally accounts for
geonetric 16 E'Eﬂdf‘éﬁ S ‘?féntaeebs@hwﬁ‘tfgd"% R&Baracters apdareas

predict theof k& rbgions rdr8QSENdBd aboveNsnd Bt és fot s Fegidr A 18281RAvP
observations of the position of the aircraft 28.
Figure 23.
5 B
The regions of interest obtained by the first part 102 of the procedure 100 are '
further processed individually using the full resolution of the original image and the
second part 104 of the procedure. The second part 104 takes a region of interest 115
from the original image at step 120 and for that region filters out features larger than -
10 the expected character sizes at step 122, using the same morphological operation of ..
linear closings applied to a set of lines angled between 0 and 180°, followed by image
-subtraction, as described above, to obtain image 117. The filtered image 117 is then
binarised at step 124 by selecting a filter threshold that is representative of the pixel .
values at the edges of features. To distinguish the registration characters from the
15 aircraft wing or body the filter threshold needs to be set correctly. A mask image of
significant edges in image 117 is created by calculating edge-strengths at each point
in image 117 and setting to 1 all points that have edge-strengths greater than a mask
threshold and setting to O all other points. An edge-strength is determined by taking
at each point pixel gradients in two directions, Ax and Ay, and calculating
20 m to give the edge-sfrength at that point. The mask threshold at a given
point is determined from a specified multiple of standard deviations from the mean
calculated from the edge-strengths within a window centred on the given point. The
filter threshold for each point inimage 117 is then determined from a specified muitiple
of standard deviations from the mean calculated from the pixel values at all points
25 within a window centred on the given point that correspond to non-zero values in the
mask image. The binarised image 118 is then filtered at step 126 to remove features
that are smaller than the expected character sizes. Features are clustered together at
step 128 that have similar sizes, that are near to one another and that are associated
with similar image values in image 117. At step 130 the correctly clustered features
30 that have sizes, orientations and relative positions that deviate too much from the
averages for the clusters are filtered out to leave features that form linear chains. Then
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To describe the location of an aircraft 28 and its position, a set of
coor di nat es are defined such that the x axis points vertically upwards,
the z axis poi Ry e7a73agiOri zontally along the runway towards tBeraRpigassi NY
aircraft, and y Is hori zontal and perpendicular to the runway. The

i mge 66 of the aircraft is located in the digitised 5 inmage by pixel
values (x[err],y[err]), where x[err] is defined to be the vertical pixel

val ue and y[err] the horizontal val ue3tthe I ens on the canera inverts
the inmage so that a light ray from the aircraft strikes the sensor at
position (-x[err] , -y[err],0), where the sensor is |ocated at t he

coordi nat e oratgiilep 132, gdhenqmbgmf\igatures &gmeming irthe imagg paduced by step 3Qisi nt

otriking tho SRR inerEEYiTE shalifde iScreBi B et ade ¥R 3 Aipo e pesr |
and y[err] ar@haﬁﬂﬂef ﬂ;awrbsvmhuae nma'gemvwand by maskingi ouy feat@isriot belonging e
ray i s given

(27) ethe lipearchajm Tm?rﬂnfb mgge igiPassrlo arkargclen eeqogpitionpiogens 200 to
subscript cs rﬁétéﬁﬁmbowhaﬁwer the CR/ARIras Céaer %qm}arm EhsraeRn® réhoaxw Ssc?[ @hich ' S

collinear wth the |l ens optical axis. be assuned

z/f[err]1, whehanaetersusual |y the case. 15 Assumi ng the canmera is
aligned so that y[err] =y is aligned with the runway coordi nate, but

the canera is tilted fromthe horizontal by angle [err].. Then

X[ e{ r] ]: X cose - Thesfindldmape undergoes a standard opticalz¢haradterrecognitibr précessz

coslerr

200, as shown in Figure 24, to generate character string data which represents the

10 ICAO characters on the port wing. The process 200 includes receiving the final image -
at step 202, which is produced by step 132 of the image processing procedure 100,
and separating the characters of the image at step 204. The size of the characters are
normalised at step 206 and at step 208 correction for the alignment of the characters -
is made and further normalisation occurs. Character features are extracted at step 210

15 and an attempt made to classify the features of the characters extracted at step 212.
Character rules are applied to the classified features at step 214 so as to produce a
binary string representative of the registration characters at step 216.

Although the system 2 has been described above as being one which is -
20 particularly suitable for detecting an aircraft, it should be noted that many features of -
the system can be used for detecting and identifying other moving objects. For
example, the embodiments of the tracking system 1 may be used for tracking land -
vehicles. The system 2 may be employed to acquire images of and identify
automobiles at tollway points on a roadway. '
25
Many modifications will be apparent to those skilled in the art without departing -
from the scope of the present invention as hereinbefore described with reference to
the accompanying drawings.

30



and a point on the ray fromthe gtrgor | | mage is gi ven by
i

Letting the aircraft traj ectoriy

(30) 20 where z(t) is the horizontal position of the aircraft at time t,
[err] is the RSk Ope angle, and the aircraft is at alfitude x[err]
and has a Iatgpgﬁﬁgﬁépl acenent y[err] at z(t[err]) = 0. %ﬁ%f‘é%é"ﬁ“g’{
t[err] is the time at which the imge acquisition system 10 is triggered,
i . e. when WD 97/ 37336

PCT/ AU97/ 00198 -32- -20 -
CLAIMS:
1. An object detection system inciuding:

passive sensing means for receiving etectromagnetic radiation from a moving

S object and generating intensity sighals representative of the received radiation; and

processing means for subtracting said intensity signals to obtain a differential
signature representative of the position of said moving object.

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

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

4. An object detection system as claimed in claim 3, wherein said analysis system
processes said acquired image to extract markings to identify said moving object.
20 '
5. An object detection system as claimed in claim 1, 2, 3 or 4, wherein said moving
~ object is an aircraft.

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

radiation is thermal radiation.

30



the aircraft is overhead with respect to the caneras 7.
Conparing equations (29) and (30) allows z to be witten in terns of z(t)

and gi ves the pixel positions as x[err](t) = f[err]
(31) 5 and ylerr](t)= [err] Since z[err](t) is the
vertical coordifgl®sAsg its value controls the acquisition  peyauohshsy
the followi ng discussion wll be centred on equation (31). The aircraft
position i's given by z(t) = v(t[err] - t)
(33) where v is the speed of the aircraft along the z axis. 10
The aimis to determine t[err] froma seri3%- of values of z[err](t) at t
determ ned from the inmage of the aircraft. For this purpose, it is
useful to rearrange (31) into the followi ng form

c - t + ax[erg] - A usbjectrdetectiodsystem as claimed in claim 5, includirig3grpximity detecting
means for detecting the presence of said aircraft within a predstermined region and,
in response thereto, generating an activation signal for said passive sensing means.

5 9. An object detection system as claimed in claim 1, wherein said passive sensing
. means includes imaging means for obtaining images of said radiation at successive
periods of time, and - '
said processing means generates respective profiles of pixel values for said -
- images and a diffél_'ence profile, generated from the difference between successive
10 profiles, which indluqes said differential signature.

10.  An object detection system as claimed in claim 3, wherein said position -
corresponds to.a zero.crossing point in said difference profile where said difference
profile has risen:aabbvf_e_.a first.predetermined threshold for at least a first predetermined
15 distance and theﬁ‘féll_s to below a second predetermined threshold for a second

predetermined distance.

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

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

12.  An object detection system as claimed in claim 11, wherein said processing

means generates.a background image from successive images obtained by said

imaging means and subtracts said background image from images of said radiation
25 before generating said profiles.

13.  An object detection system as claimed in claim 1, wherein said passive sensing

means includes pyroelectric sensors =with different fields of view and said intensity

signals include at least first and second sibnals representative of the thermal radiation
30 present in said views, fespectively, and
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wher e a = [er

B e i

C=tlerr] - [err] _ _ _ _ (37)
gl ;(el:o;/?lalrﬂra] .CWorﬁE%QE'd' ng to the trigger point vertically u%vcvar;AdUsé_”l'ﬁg;([ err]
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said processing means subtracts said first and second signals to obtain a
differential signal including said differential si_gn'ature.

14. An object detection system as claimed in claim 13, wherein said processing

5 means determines a time for generation of an image acquisition signal on the basis
of the position of said passive sensing means, the time of generation of said
differential signature and the speed of said moving object.

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

16. Animage acquisition system including:
at least one camera for acquiring an image of at least part of a moving object,
15 in response to a trigger signal, and
analysis means for processiﬁg said imagé to locate a region in said image
including markings identifying said object and processing said region to extract said
markings for a recognition prdoess.

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

18.  Animage acquisition system as claimed in claim 17, wherein said camera has
an exposure time of < 240 us.

25
18.  Animage acquisition system as claimed in claim 17, including an infrared flash
having its power adjusted on the basis of the aperture setting of said camera.

20. Animage acquisition system as claimed in claim 17, including optical sensor

30 means positioned to obtain measurements of ambient direct light and reflected light
for the field of view of said camera and adjust settings of said camera on thé basis of
said measurements.



The trigger time, t[err], can be expressed in terns of the paraneters a, b

and c t[err] = [err]

(38) The paraneters a, b and ¢ are unknown since the aircraft

gl i de sl ope, speed, altitude and the tine at which the trigger is to
occur are unknGygge ver, it is 5 possible to estinate theperusoinmios
equation (34) by mnimsing the chi-square statistic. __._Essentially, . -

equation (34) is a prediction of the relationship between the neasured
val ues x[err] and t, based on a sinple m)deg of the optiH“lmsmﬂL“ .
detection caneraSandthetrajectory'o? The aircraft L0 | rs
a, b and c are to be chosen so as to mininmise the errof of the nodel fit

to the data, i.e. make equation (34) 10 be as close to zero as pgssible,
Let x[err] be2t.he Andimageacauisiting systed asclaimedHa dlaimgl, whereinptaid @nalysife,
obt ai ned at ' ol T s i Sti Gl S

Lo o] mebh{'ButbLiifibs sdilifadd extidlss RbEERoBuRl Fbiefielchmined length and.
poi nts. The oatprevetencinectanglés, binaripes thednags, removesiesturesamalier orilaiger thant he

ch St ! b e B oSSl Ao ekl and tocates e

. 5 region using the remaining features. :

22. An image ;agéquisition system as claimed in claim 21, wherein said analysis -
means extracts saxd region from said image and processes said region by removing
features larger than expected marking sizes, binarising said region, removing features
10 smaller than expeétgdsmarking sizes, removing features not clustered as identifying
markings, and_pa_sf_;sfﬁing the remaining image for optical recognition if including more

than a 'predetermihﬁ_éd number of markings.

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

15 is an aircraft,

24. Animage aacqui-sjition system as claimed in claim 23, wherein said aircraft is in
flight.

20 25. An object'fdg_téc_:tion system as claimed in claim 2, including an image acquisition
system as claimed-?'_i_n:any one of claims 16 to 24, wherein said trigger signal is said

image acquisition signal.

26. An object detection method including:
25 passively s‘gi;sﬁing electromagnetic radiation received from a moving object;
generatirig-.iﬁtiensit-y signals representative of the received radiation; and
subtracting satd intensity signals to obtain a differential signature representative

of the position of Sgid moving object.

30 27. An object :'c__l_étéction method as claimed in claim 26, including generating an
image acquisition signal on the basis of said differential signature.
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vaI ues of &, b dhd>c that nininise equation (39) are given by a=[err]
= [err]
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28.  An object detection method as claimed in claim 27, including acquiring an
image of at least part of said moving object in response to said acquisition signal; and
processing said image to identify said moving object.

5 29.  An object detection method as claimed in claim 28, including processing said
acquired image to extract markings identifying said moving object.

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

10 .
31.  An object detection method as claimed in claim 30, wherein said aircratt is in
flight.

32. An object detection method as claimed in claim 30, wherein said
15 electromagnetic radiation is thermal radiation.

33. An object detection method as claimed in claim 30, including detecting the
presence of said aircraft within a predetermined region and, in response thereto,
generating an activation signal to execute séid passive sensing step.
20
34. An object detection method as claimed in claim 26, wherein said passive
sensing includes imaging said radiation at successive periods of time, and
said subtracting includes generating respective profiles of pixel values for
images of said radiation and generating a difference profile, from the difference
25 between successive profiles, which includes said differential signature.

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

predetermined distance.



and c=[err] On obtaining a, b and ¢ fromequations (41) to (43), then
t[err] can be obtained from equation (38). 5 Usi ng data

obt ai ned from video i mages of an aircraft |anding at Ml bourne ai rport,
a graph of aircraft inage position as a function of image frame nunber is

shown i n Fi gur ewgas7Bhe data was processed using equations (4grria@efebds and
(38) to yield the predicted value for the trigger frane-nurber—tftertri—=—

66 corresponding to trigger 10 point 70. The predicted poj ' ' | n
Figure 16 as a function of frame nunber. The predict ed“ |“ﬂ||ﬂ g “l:
66 [err] 0.5 after 34 frames. In this exan@/e; the aircra L D gt

of the view of the canera 3 for up to 1.4 seconds and the system 2 can
still trigger the acquisition canera 7 to within 40 mlliseconds of the
correct tinme. 3®r aAn objecl datection methed as elgimad igxclam3s, includingymeritaring the

he aj f i 1 hin. . : i LON.
The tracking dyevefiee bE s Pofitln il SuESksk8 Bred 1, &6 ifEfBETORY, ang
di gi tal procesddtegnitiingithe imedbsgerseration of aminsagesadquisitionsighalcat i on No. WO

93/ 19441, to extract additional information, such as the aspect ratio of
the wing span to the 20 fusel age length of the aircraft and the | ocation of

the centre of gzhe giy sga&tdetecﬁon method aEr@aiHe%qhidwm%@waréaR%m &bﬁ%&@iﬁg

i npl emented using one or nore pyroelectric sensors 27 with a signal

processi ng w rigciddes genenatingia backgraandimagedtm suceessiveimages of said radiation
imaging means and subtracting said background image from images of said radiation

before generating said profiles.

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

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

15 differential signal including said differential signature.

39. An object detection method as claimed in claim 38, including determining a time

for generation of an image acquisition signal on the basis of the position of passive

sensors, the time of generation of said differential signature and the speed of said
20 moving object.

40. An object detection method as claimed in claim 39, wherein said time of
generation and speed are determined from a zero crossing point of said differential
signature.
25
41. 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 Iocaie a region in said image including markings
30 identifying said 'ébject and processing said region to extract said markings for a
recognition procesé.
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adj acent pyrdel &ctfic*sensing el ements 40 and 42, as shown in Figure 17,

whi ch are electrlcally connected so as to cancel i dentical signals
gener at ed by ggsgrrent A plate 44 with a slit 46 is pI aced above the
sensi ng el errents and 42 so as to provi de the el enent s FOAING008 i ¢ h

different fields of view 48 and 50. The fields of 5 view 48 and 50 are

significantly narrower than the field of view of a detection canera

di scussed previously. If aircraft nove .gdgpve the runway in the direction
I ndi cat ed by the arrow 48, the first elenment 40 has a front field of

view 48 and the second el enent 42 has a rear field of view 50. As an

aircraft 284passgs lrﬁé(ﬁ g&?ﬁﬂsnﬁSﬁ‘ thed ash@aifriedSih clainfh$MeRErety ngﬁf gﬁr%\ﬁr(aat he

thermal radiation of rcra before the second el ement 4

aircraft 28mgges remwdﬁatﬁﬂtmmwwwﬂﬁﬁtb@tﬂwm el ds of view 48 and 50, and
then only detectabl e by the second el enent 42. An exanple of the

di fference signals generated by two sensors 27 is illustrated in Figure
18 wher e t 8.gr ghinfageiaeqlisition methtelas dldimed inftlgith 422 wherdin &aill cdmeriadvast hat
Is directed at 90 er ‘]& 02 t%horizontal and a sensor 27 which 1S

di rect ed 2ty ¥ M8 4#%ontal . Graph 54 is an expanded view of the
centre of 15 graph 52. The zero crossing points of peaks 56 in the graphs
52 and 54 correspond to the point at which the aircraft 28 passes the
sensor 27. 4ki ng°~pr1 imageaoavigition medhped as gleined inselaipn A2 inctuding adjusting thiei ch

the aircrafdo AAPaN kRl Adih rSPERT cBineld'5n fd 546 br the: aperture setting of said
camera.
10
45. An image acquisition method as claimed in claim 42, including obtaining .
automatic measurements of ambient direct light and reflected light for the field of view
of said camera and adjusting settings of said camera on the basis of said _
" measurements. '
15
46. An image acquisition method as claimed in claim 41, wherein said image
processing includes sub-sampling said image, extracting lines exceeding a
predetermined length and at predetermined angles, binarising the image, removing
- features smaller or larger than said markings, removing features not clustered as said

20 markings, and locating said region using the remaining features.

47. An image acquisition method as claimed in claim 46, wherein said region
processing includes extracting said region from said image, removing features larger
than expected marking sizes, binarising said region, removing features with areas

25 smaller or larger than expected marking areas, removing features not clusterec as
identifying markings, and passing the remaining image for optical recognition if
including more than a predetermined number of markings.

48. An image acquisition method as claimed in claim 42, wherein said moving
30 object is an aircraft.



atinme can be determ ned for generating an acquisition signal to trigger

t he high resol ution acquisition caneras 7. The speed can be determ ned
from novenent of the 20 zero crossing points over tine, in a simlar manner
to that described previously. The i mage acqui sition system 10,
as nmentioned preybMasdgy. acquires an i mage of the aircrafperhbdooios
sufficient resolution for the aircraft registration characters-to be
obt ai ned usi ng optical character recognition. According to one enbodi nent
of the 25 acquisition system 10, the system 10 incl udes j\rmu’”m(l jm”ﬂufn
caneras 7 each conprising a | ens and-@89€CD det ect or: dr§ A [

i mages obtained by the two caneras 7 are shown in Figures 19 and 20.*
The m ni num pi xel dinmension and the focal |ength of the | ens determ ne the

30 spatial ré8l uAndmageacqasiiorgethod as claimad ieplainp ABovherel said ajreraftisin | |

t he focal qu@r{gf and the altitude of the aircraft is h, then the
di nensi on of eature Werr] on the aircraft that WO
97/ 37336 PCT/ AU97/ 00198

-24 - .-
50. An object detection method as claimed in claim 27, including an image

5 acquisition methqd: as claimed in any one of claims 41 to 49, wherein said trigger
signal is said image acquisition signal.

This.Sheet Has Been Reﬂlaced

A

THIS SHEET HAS BEEN
REPLACED




is mapped onto a pixel is Werr] =Jerr] The
character recognition process used requires each character stroke to be
mapped onto at |east four pixels with contrast |evels having at |east 10%
di fference fromthe background. The width of a character stroke in the
aircraft registyabisssi S 5 regulated by the | CAO. Accordi ng perhtédoissO
Report, Annex 7, sections 4.2.1 and 5.3, the character hei ght beneath
the port wi ng nust be at |east 50 centinetres and t he character stroke
must be 1/6[err] the character height. Therefore, to satisfy the
character recognition criterion, th&/38Pnension of the feature on the
aircraft that is mapped onto a pixel should be Werr] = 2 centinetres,
or less. Once the CCD detector 10 is chosen, L[err] is fixed and the focal
| ength of the system 10 is determ ned by the maxi mum al titude of the
aircraft at which the spatial resolution Werr] = 2 centinetres IS
required. The field of view of the system 10 at altitude h is
determ ned by the spatial 15 resolution Werr] chosen at altitude h[err]
and the nunber of pixels N err] along the Iength of the CCD,

Werr] = [err] For h = h[err] and N err] = 1552 the field of
viewis Werr] = 31.04 netres. To avoid blurring due to tion
of the aircraft, t he i mage noves a di st ance |ess

Aircraft |~4

proximity

detector

{
| Digital image Alrcraft trac]ung 6
processing
14
Control System
10 16

f -

Image acquisition

system Illumination unit

12
24
{Analysis system !
Network
connection

FIGURE 1
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20 than the size of a pixel during the exposure. If the aircraft velocity
Is v, then the tine to nove a distance equal to the required spati al
resolution Werr] is t = [err]

(46) The maxi mum aircraft velocity that is likely to be

encount ered on ' or WO 97/ 37336 PCT/AU97/00198
PCT/ AU97/ 00198 Jvé@%ﬁgs 5 -

take-off is v = 160 knots = 82 ns[err]. Wth Werr] = 0.02 m the exposure
time to avoi d excessive blurring is t < 240 [err]s. The
focal length of the lens in the systemi@sgan be chosen to obtain the 5
required spatial resolution at the maxinumaltitude. This fixes the field
of view Alternatively, the field of view may be varied by altering the
focal length according to . ' Al . The range of
focal lengths required can

O~
S A
4 =
T b .
o
o o
38 o8 B
H3 8o
c B -
338 -
\_ A,
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equation (44). 10 The aircraft registration, during daylight
conditions, is illumnated by sunlight or scattered light reflected
fromthe ground. The aircraft scatters the light that is i nci dent, sone
of which is captured by the lens of the inmging system The

consi der abl e arpyz9ds |1 ght reflected from al um ni um f usel aggRST R 7DI9s
aircraft can affect the inmage obtained, and is taken into account. The
| ight power falling onto a 15 pixel of the CCD is given by

Plerr] = [err] 3/30 _ (47)

where L[err] is the solar spectral radiance, [err] is the wavel ength
bandpass of the entire configuration, [err] is the solid angle subtended
by the sun, Rerr] is the reflectivity of the ground, R err] is the
reflectivity of the aircraft, Alerr] is the area of a pixel in the CCD
detector and [err] is the lens f-nunber. 20 The sol ar spectra
radi ance L[err] variesfre J failing on

a pixel will thereforejvary over a large fange. This can be fimted by
restricting the wavel epgth range [err] papsing to the sensorf and optimally
choosing the centr¢ wavel ength of thip range. The opti mjm range and
centre wavel ength are 25 chosen to match fhe characteristicg of the imging
sensor. | § one enbodi nent, the optimum wavel endt h range and
centre wavel ength are chosen in the ngar infrared wavebgnd, 0.69 to 2.0
mcrons. This linmts the vari g8l on in -

FIGURE
FIGURE 3

.FIGURE 3C
FIGURE 3

FIGURE 3a
FIGURE 3B
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power on a pixel in the sensor to within the useable |imts of the sensor.
A KODAK KAF-1 600L imagi ng sensor (a nonolithic silicon sensor with

| at er al overflgwg,wa ti-bloom ng) was chosen that incorporatgedydsfleiagni sm

to accommodat e a ousandfol d saturation of each pixel, giving a total
accept abl e range of light powers 5 in each pixel of 10[err]. This enables
the sensor to produce a useful inmage4430an aircraft when very bright

| i ght sources, for exanple the sun, are in its field of view

The correct choice of sen jr'and the correct choice 01 pavel engt h range and
centre wavel ength enabl es| dn i nage to be obtained withih a t-RE i nt erval
that arrests 10 the nmotioplof tThe aircraft and that pfoyides|an i mage with
sufficient contrast on thg] | aircraft registration P | b pigital I mage
processi ng and recognitionjoL t he regi stration chafjattefdsj| .
I n choosing the wavel engt h{rfange and centre wavel ength, it jwhs} i nportant to
15 avoid dazzling light frgmthe supplenentary illumpati th
illunination unit 16. The | m|ga) M8 §
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opti mum wavel ength range was therefore set to between 0.69 [err]mand 2.0

[err]m - The power of sunlight falllng onto a pixel directly
fromthe sun is Plerr] [err]

(48) The relatlve |i ght powers fron1the sun and fromthe
aircraft regi stygbypaad al 1ing 20 onto a single pixel is PCT/AU97/00198
(49) Wth [err] = 6.8 x 10[err] steradians, Rerr] [err] 0.2
and Rlerr] =1the ratiois . P[err%é;;err] 4.6 Xx 10[err]. Thi s

provi des an estimate of the relative rast between the i mge of the

sun and the inmage of the underneath of the aircraft on a CCD pixel. The
CCD sensor and systen1e|ectron|cs are chosen to accommobdate this range of

l'ight 25 powers.
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In poor lighting conditions, the aircraft registration requires additional
illumnation fromthe illumnation unit 16. The |light source of the unit 16
needs to be higgkent to illumnate the aircraft at its rEpHdteo198
altitude. If the source is designed to emt light into a solid angle
that just covers the field of view of the inmaging systemthen 5 the |ight
power incident onto a pixel of the i j930 system 10 due to light emtted
from the source and reflected fromthe aircraft is given by
Plerr] = [err] pIGURE 3C 240vVac | (50) where Alerr]
is the area on the aircraft inmag ontp QOGLXH qf area %err], Plerr] is
the |ight power of the source, R[errf I'S th.;irﬂ%ﬁ f v
N err] is the total nuFBBERNRT pi xels ihy the
f-nunber of the |l ens. The power of the|source ke
daytine reflected illumation is estijmted by sdgtting err] = 7.3 X
10[err] W Rerr] =1, Aferr] =81 [ertlunferrl Nerr] = 1532 x 1032, [err]
- =1.8 and noting thatf Alerr] = W eECHERNEF FONFEBREORTIC(02 m Then
‘Plerr] = 1.50 x 10[err] W For a Xenon flash lanp, the flash tine is
typically t = 300 [err]s |which conpares favourably with the exposure
time to mnimse notion Ylurring. Then the source nust deliver an energy of
15 E[err] = Plerr]t = 4.9 J. This is the light energy in a wavel ength band
[err]: = 0.1 [err]m Xenorn flash | anps typically have 10% of their |ight
energy within this bandpdss centred around [err] = 0.8 [err]m
Furthernore, the flash I dnp may only be 50% efficient. Thus the

el ectrical energy requirgd is approximately 90 J. Flash | anps that deliver

energi es of 1500 J in {300 [’é%ﬁ'-tir‘e readily available. hllumnation

wi th 'such a flash lanmp dyring the :
P Agring 12vdc 4 .+| FIBRE 3 /

DC
sl FIBRE 4}(
DL s2 - 0i

is the

[err]

Oin
AC 83
T
UpPsS S5
DIO S6
SPARE
55 87
s8
SERIAL TO FIBREOPTIC 15
12vdc
12vdc ;_ 17
VIDEO 1 . FIBRE 5
; Vvin Vout
VIDEO TO FIBREOPTIC
12vac
. _ 17
L— 12vadc |
VIDEO 2 ] 1 . FIBRE 6 /
Vin Oout
VIDEO TO FIBREOPTIC
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20 day reduces the contrast between the direct sun and the aircraft

regi stration, thereby rel axi ng the requirenent for over-exposure

tol erance of the CCD sensor. This result depends on the flash | anp
directing all of is energy into the field of view only and that the | ens
focal length i gpPlsssg! |y chosen to image the region of di nengmusncoidéerr]
= 0.02 nonto a single pixel. 25 I n one enbodi nent, the aperture
of the lens on the acquisition canmera 7 is automatically adjusted to
control the anmount of light on the i neEQf3y sensor in gfgder to opti m se

the image quality for digital processing. In the i magge optained, the
intensity WO 97/ 37336

PCT/ AU97/ 00198 -28 -

| evel of the registration characters relative to the rside of the
aircraft needs to be mai nt ai ned to provi de good cg¢ ast between the
two for OCR The power P[err] of the flash 16 is &gtbmatically adjusted

in accordance with the aperture setting [err] of the acqui sition canera
7 to optimse the image quality and nmaintain the relatilve contrast 5
between the registration characters and the underside qf the aircraft in
accor dance with the relationship expressed in equatijon (50). Fo%
exanpl e, during the day the
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aperture of the lens may be very small and the power of the flash may be

i ncreased to provide additional illum nation of the underside, whereas
during night conditions, the aperture may be fully opened and the power
of the flash reduced considerably as 10 additional illumnation is not

required. As aghgfsgative, or in addition, the electrical perfiitiofosibst he
el ectronic circuits connected to an acquisition canera 7 is adjusted
automatically to optim se the image quality. To appropriately
set the canera aperture and/or gain gzgoor nore point optical 15 sensors
60, 62, as shown in Figure 21, are us to neasure the anbient fighting
conditions. The electrical output signals of the sensors 60, 62 are
processed by the acqui sition system 10 to produce the information
required to control the camera aperture and/or gain. Two point sensors
60, 62 sensitive to the same optical spectrum as the acquisition caneras
7 can be used. One sensor 60 receives light fromthe sky 20 that passes
through a diffusing plate 64 onto the sensor 60. The diffusing plate 64
collects light frommany different directions and allows it to reach the

sensor 60. The second sensor 62 is directed towards the ground to
nmeasure the reflected light from t he ground. 25 The hi gh
resol ution i mages obtained of the aircraft by the acquisition system 10
are submtted, as described previously, to the analysis system 12 which
perforns optical character recognition.on the inages to extract the
regi stration codes of the aircraft. 30 The anal ysis system 12
processes the aircraft images obtained by a high resol ution canera 7
according to an i mage processing procedure 100, as shown in
3 B
.
=) ]
M =
™~
0
i
b
| B
O'E
o
2
v [N
>|>
g g :
> = > bt
~ > o~ -]
[ ~t
F] & g
&
v W v v W 3
- 13 8 |& 5 8 |&
N > By N D> B
~ o} ~ Q
5] 3
[+ 4 e [+ 4
o = 5
b o B

]

SUBSTITUTE SHEET (RULE 26)

17
_j_— oin



WD 97/ 37336

PCT/ AU97/ 00198 - -29 -

Figure 22, which is divided into two parts 102 and 104. The first part 102
oper ates on a sub-sanpl ed i mage 105, as shown in Figure 23, to |locate
regi ons that oelsly qu features that may be registration chigmact®ldres
whereas the second part 104 executes a simlar procedure but is done
using the full resolution of the original imge and is 5 executed only on
the regions identified by the first p@kg 102. The sub-sanpl ed i nage 105
is the original inmge with one pixel i Pour removed in both row and col um
directions, resulting in a one in sixteen s
sub-sanpl ed i mage i mproves processing t| me sixteen
first part 102 receives the sub-sanpled i nape a step
imge to renove features which are | arger than-. Qﬁ exp
regi stration characters (b) at step 108 Sheg 108
nor phol ogi cal operation of |inear ucI05|hgs 2mlied
angl ed between 0 and 180[err]. The op&k atsmoh pagsEes
across the imge 105 to extract |inesSnich
| ength and are at a predeterm ned angle. The w ndow i s &lpassed
over the inmage a nunber of tinmes and each tinme t predeterm ned angle is

varied. The lines extracted fromall of the passdgs are then subtracted from
t he i mage

0. Use of the
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105 to provide a filtered difference imge 109. The filtered difference

i mage 109 is then threshol ded or binarised at step 110 to convert it
froma grey scale inage to a 20 binary scale imge 111. This is done by
setting to 1 all inmage values that are greater than a threshold and

setting to 0 a [ i mage values. The threshold at a give A og i N
the inmage is ngtoeﬁﬁbﬁgd froma specified nultiple of standar g’ogge)v‘?z’ﬂlons

fromthe mean cal cul ated fromthe pixel values within a wi ndow centred
on the given point. The bi nari sed 1&@@; 111 is then filtered at step 112
to renove all features that have pixe densities in a bounding box that
are smaller or larger than the expected pixel density for a bounded
registration character. The inmage 111 is then processed at step 114 tQ
renove all features which are not clustered together |ike registration
characters. Ste 114 achi eves this by grouping together features tggat
have siml|ar sikes and that are cl ose to one another. G oups of f ures
that are snal I ane® specified size are 30 renoved fromthe i nage g
obtain a cl eane gé‘ﬁlB. The cleaned image 1 13 is t hen used at step
116 to locate re ns of interest. Regions of interest aﬂe obt ai ned

WD 97/ 37336 :
PCT/ AU97/ 00198
step 116 fromth
114. Step ‘

-30 - A in
and extents of the groups rengining aftef step
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116 produces regions of interest which include the registration characters

and areas of the regions are bounded above and below, as for the region
115 shown in Figure 23. 5 The regions of interest obtained
by the first part 102 of the procedure 100 are further processed

i ndividual |y woswprsdee full resolution of the original i nmagecavkiwhess
second part 104 of the procedure. The second part 104 takes a region of

i nterest 115 fromthe original |naqﬁé%% step 120 and for that region
filters out features larger than 10 the "éxXxpected character sizes at step
122, using the same norphol ogi cal operation of | i near cl osings applied

to a set of lines angled between O and 180[err], followed by inage
subtraction, as described above, to obtain image 117. The filtered i mage
117 is then binarised at step 124 by selecting a filter threshold that
I's representative of the pixel val ues at the edges of features. To

di stinguish the registration characters fromthe 15 aircraft w ng or body
the filter threshold needs to be set correctly. A nask inage of
significant edges in image 117 is created by cal cul ati ng edge-strengths at

each poi nt in imge 117 and setting to 1 all points that have
edge-strengths greater than a mask . threshold and setting to O all other
poi nts. An edge-strength is determ ned by taking at each point pixel

gradients in two directions, [err]x and [err]y, and calculating 20 [err] to
give the edge-strength at that point. The mask threshold at a given

point is determned froma specified multiple of standard deviations from

t he nean cal cul ated frgm e _edge- nqt hs..) e NdOW centred on

t he given point. The fE& B sond R | mage 117 is

t hen determined froma sp fdevi ations from
the mean cal culated from b within a wi ndow
centred on the given poi .ues in the

mask i nmage. The binarised tep 126 to renove
features that are sma Si zes. Features
are clustered together at izes, that are
near to one another and t ki ar i mage val ues
in imge 117. At step 130§t 5 30 that have
Sizes, orientations and r go nmuch fromthe
averages for the clusters
| i near chains. Then

Figure 6a
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step 132, if the nunber of features renmaining in the inmage produced by step
130 is greater than 3, then a final imge is created by rotating i mage
118 to align weperhsriagar chain of features with the i nagecmwoses by
maski ng out features not belonging to the linear chain. The final inage
is passed to a character recognition pﬁ@@@@b 200 to 5 determ ne whet her
the features are registration characters and, if so, which characters.

The final imge undergoes a standard optical character recognition process
200, as shown in Figure 24, to generate character string data which
represents the 10 |1CAO characters on the port wi ng. The process 200

i ncl udes receiving the final inmage at step 202, which is produced by
step 132 of the imge processing procedure 100, and separating the
characters of the image at step 204. The size of the characters are
normal i sed at step 206 and at step 208 correction for the alignnment of the
characters is made and further normalisation occurs. Character features
are extracted at step 210 15 and an attenpt nmade to classify the features
of the characters extracted at step 212.

Figure 6b
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Character rules are applied to the classified features at step 214 so as to
produce a bi nary string representative of the registration characters
at step 216. Al t hough the system 2 has been descri bed above as
bei ng one which is 20 particularly suitable for detecting an aircraft, it
shoul d be not eqv&;%tl?srgany features of the system can be usge iy oo19s
detecting and identiTying other noving objects. For exanpl e, the

enbodi ments of the tracking system1 may be used for tracking | and

vehi cl es. The system 2 may be enpl oyedi3iBlacquire i mages of and identify

autonobil es at tollway points on a roadway. 25 Many nodi fications
w Il be apparent to those skilled in the art w thout departing fromthe
scope of the present invention as herei nbefore described with reference to
t he acconpanyi ng draw ngs. 30 WD 97/ 37336

PCT/ AU97/ 00198 -32 -

-

FIGURE 7
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CLAI MVB: 1. An obj ect detection system i ncl uding: passi ve
sensing neans for receiving electromagnetic radiation froma noving 5

obj ect and generating intensity signals representative of the received
radi ati on; and processi ng nmeans for subtracting said intensity
signals to obwo93as3di fferenti al si gnature represent at i RCTHUNHES
position of said noving object. 2.146%9 obj ect detection system as
claimed in claim1, wherein said processin 0 nmeans generates an i mage
acqui sition signal on the basis of said differenti al si gnat ur e. 3.
An obj ect detection systemas clained in claim2, including acquisition
nmeans, responsive to said acquisition signal, for acquiring an i nage of
at | east part of said 15 noving object; and anal ysi s nmeans for
processing said image to identify said noving object. 4. An obj ect
detection systemas clainmed in claim3, wherein said anal ysis system
processes said acquired inmage to extract markings to identify said noving
obj ect. 20 5. An obj ect detection systemas clained in claiml, 2, 3
or 4, wherein said noving object is an aircraft.

Figure 8
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6. An obj ect detection systemas clained in claim5, wherein said

aircraft is in 25 flight. 7. An obj ect detection system as cl ai ned
in claimb, wherein said el ectromagnetic radi ation is thermnal

radi ati on. 30 WO 97/ 37336

PCT/ AU97/ 001980 97/37336 -IJ/AU97/00198 8.

An obj ect detection systemas clained i 5) | M5, including proximty
detecting means for detecting the préesence of said aircraft within a

pr edet ermi ned regi on and, in response thereto, generating an activation
signal for said passive sensing neans. 5 9. An obj ect detection system
as clainmed in claiml, wherein said passive sensing means i ncl udes

i magi ng nmeans for obtaining i mges of said radiation at successive
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periods of time, and sai d processi ng neans generates respective

profiles of pixel values for said i mges and a difference profile,
generated fromthe difference between successive 10 profiles, which
includes said differential signature. 10. An object detection system
as claimed in @b Wherein said position corresponds eErQuaRbos
crossing point in said difference profile where said difference profile

has risen above a first predeterm ned threshold for at |least a first
predeterm ned 15 distance and then f6ﬂ¢(%?<3 bel ow a second predeterm ned
threshold for a second pr edet er m ne i st ance. 11. An object
detection systemas clained in claim10, wherein said processing nmeans
nonitors the novenent of said position in successive ones of saidm
difference 20 profile and determnes the tine for generation of am|i mage

acqui sition signal. 12. An object detection systemas clairgd in
claim1l, wherein said processing means generates a backgroun@|i mage
from successi ve i nages obtai ned by said i magi ng neans and subtflact s
sai d background i mage fromimges of said radiation 25 before generating
said profiles. 13. An object detection systemas clainmed in claim1
wherein said passive sensin nmeans includes pyroelect@ic sensors with
different fields of view anfl sard intensity signal 4 imcl ude at | east
first and second signals representative of the thernal |radiation 30 present
in said views, respectively} and
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sai d processing neans subtracts said first and second signals to obtain a
differential signal including said differential signature. 14. An

obj ect detecti Qpgps¥shgm as clainmed in claim 13, wherein said pERLeFHod S
nmeans determnes a tine for generation of an imge acquisition signal on

t he basis of the position of said passive sensing neans, the tine of
generation of said differenti al sﬁgngure and the speed of said noving
obj ect. 15. An object detection Systemas clainmed in claim 14,
wherein said tine of 10 generation and said speed are determ ned from a
zero crossing point of said differential signature. 16. An inmge
acqui sition system i ncl uding: at | east one canera for acquiring
an image of at |least part of a noving object,
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15 in response to a trigger signal, and anal ysi s neans for
processing said image to |ocate a region in said i mge i ncl udi ng
mar ki ngs identifying said object and processing said region to extract said
mar ki ngs for a recognition process. 20 17. An immge acquisition system
as clainmed in ¢laj 6, wherein said canera I mages receiv doBiogON
bet ween 0. 69 tgv'g?"@%}grr] m 18. An inmge acquisition sf/‘ééilt‘lém asIgh
claimed in claim17, wherein said canera has an exposure tine of < 240
[err]s. 25 19. An inmage acyg/30tion systemas clained in claim17,
including an infrared flash having its power adjusted on the basis of
the aperture setting of said canera. 20. An image acquisition system
as claimed in claim 17, including optical sensor 30 neans positioned to

obt ai n measurenments of anbient direct light and reflected |ight for the
field of view of said canera and adjust settings of said canera on the
basi s of sai d neasurenents.

FIGURE 12
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An i mage acquisition systemas clainmed in claim16, wherein said analysis
means sub-sanpl es said i nage, extracts |lines exceeding a predeterm ned

| engt h and o preskt erm ned angl es, binarises the inmage, IgRHXEF 00198
features smaller or larger than sai d marki ngs, renoves features not
clustered as said markings, and |ocates said 5 region using the renaining
features. 22. An inmage acqui sitigyBsystemas clainmed in claim?2l1
wherein said anal ysis means extracts said region fromsaid i mage and
processes said region by renoving features | arger than expected marking
sizes, binarising said region, renoving features 10 small er than expected
mar ki ng si zes, renovi ng features not clustered as identifying mar ki ngs,
and passing the remaining i mage for optical recognition if including nore
than a predeterm ned nunber of markings. 23. An image acquisition
systemas clained in claim17, wherein said noving object 15 is,3 2
aircraft. 24. An inmage acquisition systemas clained in
wherein said aircraft is in flight. 20 25.
as clainmed in claim 2, including an i nage acqui s

(X,Y,Z)

. G WD AR W w Mn Am ER LD W e SR WS YU WS T e T R GNP S P WP

FIGURE 13

SUBSTITUTE SHEET (RULE 26)



systemas clained in any one of clains 16 to 24, wherein said trigger
signal is said i mage acqui sition signal. 26. An object detection
met hod i ncl udi ng: 25

passi vel y sensing el ectromagnetic radiation
received froma novi ng object;

generating intensity signals
representati Vewﬂisﬁs‘?ﬁsr ecei ved radi ation; and
S

subt rgshA etk d
intensity signa O obtain a differential signature representative of
the position of said noving object. 30 27. An object detection nethod as
claimed in claim26, including generapisg an

i mage acqui sition signa
the basis of said differenti al

on
si gnature. WD 97/ 37336
PCT/ AU97/ 00198 -36 - 28.
An obj ect detection nmethod as clainmed in claim 27, including acquiring an
i mge of at |east part of said noving object

in response to said
acqui sition signal; and
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processing said inmage to identify said noving object. 5 29. An object
detection nethod as clained in claim28, including processing said
acquired inmage to extract markings identifying said noving object.

30. An object detection nethod as clainmed in claim26, 27, 28 or 29,
wherein said £ alVAN object is an aircraft. 10 31. An i

detection nethaﬁoas clainmed in claim30, wherein said aircraf?EPgﬁ%ﬁmum
flight. 32. An object detection nethod as clainmed in claim 30,
wherein said 15 el ectromagnetic radiation is thernmal radiation. 33.
An obj ect detection nethod as cl ai ned 2xy3d ai m 30, including detecting the
presence of said aircraft within a predeterm ned region and, in response

t her et o, generating an activation signal to execute said passive sensing
step. 20 34. An object detection nethod as clainmed in claim26, wherein
sai d passive sensing includes inmaging said radiation at successive,
periods of tine, and said subtracting includes generating =
respective profiles of pixel values for i mges of said radiation d
generating a difference profile, fromthe difference 25 between succesfi ve
profiles, which includes said differential signature. 35. An OE ect

detection nethod as clainmed in claim34, wherein said position
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corresponds to a zero crossing point in said difference profile where said

di fference profile has risen above a first predeterm ned threshold for

at least a first predetermi ned 30 distance and then falls to bel ow a second
predeterm ned threshold for a second pr edet er mi ned di stance.

WO 97/ 37336 PCTIAUS7100198
PCT/ AU97/ 00198 WO 9737336 -3

An obj ect detection nmethod as clainmed in claim 35, including nonitoring the
novenent of said position in successi22/¥hes of said difference profile and
determning the tine for generation of an image acquisition signal. 5
37. An object detection nmethod as clained in claim36, wherein said
subtracting i ncl udes generating a background i mage from successive

i mges of said radiation i mgi ng neans and subtracting said background
i mge fromimges of said radiation before generating said profilws.

10 38. An object detection nmethod as clained in claim26, wherein saljd
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sensing includes pyroelectric sensing with different fields of view and

said intensity signals include at least first and second signals
representative of the thernmal radiation present in said views,
respectively, and said subtracting includes subtracting said
first and secoRgygifas s to obtain a 15 differential signal ipehuddgioral d
differential signature. 39. An object detection nmethod as clained in
claim 38, including determining a tine for generation of an inmge

acqui sition signal on the basis of the,fagtion of passive sensors, the
time of generation of said differential signature and the speed of said 20
novi ng obj ect. 40. An object detection nethod as clainmed in i m 39,
wherein said tine of generation and speed are determ ned from ro
crossing point of said differenti al signature. 25

acqui sition nmethod including: acquiringAﬂa i mage of
of a noving object, in response to a trigger si gnal
canmera, and processing said image to hw£§JL£L
i mage including narkings 30 identifying said object and processing sai d
region to extract said markings for a recognition process.

A ™,

. N { )

FIGURE 17
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An i mage acquisition nethod as clainmed in claimd4l, wherein said canera

| mages received radiation between 0.69 to 2.0 [err]m 43. An i mage
acqui sition methoghAssec! aimed in claim42, wherein said canergcigger/ooo8n
exposure time of < 240 [err]s. 44, An imge acquisition nethod as
claimed in claim42, including adjusting the power of an infrared flash
for said camera on the basis of the apertg438etting of said  canera. 10
45. An image acquisition nethod as clainmed in claim42, including

obt ai ni ng automati c neasurenents of anbientdirect |ight and refl ected
light for the field of view of said canera and adj usting settings of
said-camera on the basis of said measurenents. 15 46. An i mage
acquisition nethod as clainmed in claim41, mhereinjiaid I mage processi ng
I ncl udes sub-sanpling said i mage, extracting |ines gxceeding a
predeterm ned | ength and at predeterm ned angles, bknarising the inage,

removi ng features smaller or larger t Ter KT Ngs,  renoving <
features not clustered as said | "
o &=
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20 markings, and locating said region using the remaining features.
47. An image acquisition nethod as clainmed in claim46, wherein said

regi on processing includes extracting said region fromsaid i mge,
renovi ng features | arger t han expected marki ng sizes, binarising said
regi on, renovwuopmeBsures Wwth areas 25 smaller or | arger trOTAlepended
mar ki ng areas, renoving features not clustered as I denti fyi ng mar ki ngs,
and passing the remaining i mage for 53Cal recognition if i ncl udi ng
nore than a predeterm ned nunber of markings. 48. An i mage
acquisition nethod as clainmed in claimd42, wherein said noving 30 object is
an aircraft. 49. An image acquisition nethod as clained in
claim48, wherein said aircraft is in flight. 50. An object

detection nethod as clainmed in claim?27, including an inmage

Figure 19
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5 acquisition nethod as clainmed in any one of clainms 41 to 49, wherein said
trigger signal is said inmage acquisition signal. 51. An object
detection system incl uding: passi ve sensi-ng neans for receiving
el ectromagnetic radiation froma noving 10 object in a field of view and
generating i nwmei/a7936si gnal s representative of the recei ved PCT/A6a%06098 On
and for generating inmages of said radiation at successive periods of tine
from said intensity signals; and 26/30 processi ng neans for
processing said i mages to obtain a background i mge, subtracting said
background i mage fromsaid i nrages to obtain respective difference 15

| mges, summ ng pi xel val ues across a dinension of said difference inmages
to obtain respective image profiles, and generating difference profiles
of said inmage profiles by obt ai ning the difference between successive
ones of said image profiles, said difference profiles representing tine
derivatives of the inmage profiles and providing a differential signature
representative of the position of said noving object. 20 52. An object
detection systemas in claimb51, wherein said processing neans gener at es
an i mage acquisition signal on the basis of said differential signature.

53. An object detection systemas in claimb52, including acquisition
means, 25 responsive to said LSit.l signal _for L Lopge. of
at | east parit: B and. - I
processing s Vi eCt
det ection sy es
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-40 - 55. An object detection systemas in claim51, wherein said
novi ng object is an aircraft. 56. An object detection systemas in
claim55, wherein said aircraft is in flight. 5 57. An object detection
systemas in claimb55, wherein said el ectromgnetic radiation is therma
Rgdiation. W Bﬁﬁén obj ect detection systemas in clain1$%m4ﬂyﬁwﬁgng:
proximty detecting neans for detecting the presence of sald
aircraft within a predet erm ned regi and, in response thereto,
generating an activation signal for sal passi ve sensing neans. 59.
An object detection systemas in claim51, wherein: 15 said position
corresponds to a zero crossing point in said difference profiles where a
difference profile has risen above a first predeterm ned threshold for at
| east a first predeterm ned distance and then falls to bel ow a second
pr edet er m ned

62

FIGURE 21
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threshold for a second predeterm ned di stance. 20 60. An object
detection systemas in claimb59, wherein: sai d processi ng neans
nonitors the novenent of said position in successive ones of said
difference profiles and determnes the tine for generation of an inage
acqui si tion sigpal,....25 61. An object detection system incl ggyag9ro1es
passi ve sensing means for receiving el ectromagnetic radiation froma novi ng
obj ect and generating intensity signals representative of the received

radi ation, said passi ve sensing ggiﬂi havi ng pyroelectric sensors with
different fields of view and sai ensity signals including at |east
first and second signals representative of the 30 thermal radiation present
in said views, respectively, and processi ng neans for
subtracting said int iminkion S| O 0Dt S y f f '
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differential signature. 5 62. An object detection systemas in claim
61, wherein: sai d processing neans determnes a tinme for
generation of an inage acquisition signal on the basis of the position
of said passive sensing neans, the tinme of generation of said
differential swosmi7esse and t he speed of said noving object. PCTIAUBELI8 An
obj ect detection systemas in claim62, wherein: said tinme of
generation of an |nage ach|S|t|0n_SL nal gygbsaJd speed are det erm ned
froma zero g o o : ent jas ) ‘ ‘

i mage acqui S

acquiring ang
a trigger sif
to locate a
obj ect and f
recognition:
i mage, extra
angl es,
said narklng
| ocat es sai d
acqui sition SVIET.¢
radi ati on between 0 69 to1@50 [err]n1 )

VH TIR

Figure 23
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66. An inmage acquisition systemas in claim®65, wherein said camera has an

exposure time of < 240 [err]s. 30 67. An image acquisition systemas in
claim 65, including an infrared flash having its power adjusted on the
basis of the aperture setting of said canera. - 42 -

68. An inmage aggyisistd on systemas in claim65, including oppg ﬁﬁ%ﬁp
nmeans positioned to obtain neasurenents of anbient direct |ight an
reflected light for the field of,view of said canera and adjust settings
of said canera on the basis of saldzdyjmeasurenents 5 69. An inmge
acquisition systemas in claim®64, wherein said anal ysis neans extracts
said region fromsaid i nage and processes said region by:

renovi ng features |arger than expected marking sizes, bi nari si ng
said.region, 10 removi ng features smaller than expected nmarking sizes,

removing features not clustered as identifying markings, and
passing the remining igage for optical recognition if including nore than
a pr edet er mi ned nuan f mar ki ngs.
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. | 980519,
15:707 . An irrage acquisition systemas in claim®65, wherein said ¥hRG

object is an aircraft. 71. An image acquisition systemas In cI‘z’i’f’rﬂJé
70, wherein said aircraft is in flight. 20 72. An object detection
systemas in claimb52, including an i mage acquisition syst empgiRRa udi ng:

at | east one canera for acquiring an inmage of at |east part of oS ng

Y
obj ect in respPEd to a triNHYeY NILGERAL PRAFERTY ORGANIZATION g g| ysNG@seans for

o om0 iyl FRAL o G5 B R bRl B onp KR Bl e,

mar Ki ngs| 6% mteoptdag Reteat Sasdlpatios fon, whel ei 1] (ARin@mitiohst/Pblicatioh Biiber: | S S WO DWBI336

acqui si ty oncos(;s'ywpempmg,(;q&ﬁmoﬁn objaaqt detecti on net hod incl uding: 30
passi vel [y sGOSKHSIMEt r onmagnetic rad Pat i (Sﬁ)P%“%WW@W‘HDVPRW%?%@P‘WW

in - afield of view
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74, incl ud[srqg: g&ﬁtolﬁi&t d%tgatd?l?ﬁaﬂlgg ?ﬁaég@hoérae Lf%?éelglg’g?ggr o'ﬁ §sgﬁdmrﬁ/e{nng
obj ect i % megpisitim hethad ds claiawglinsany onegifpiaims 4hdo 28, wherein saiddeggemg
said i mage to ident.i EX‘ sai d npvi ng .ob%'ect. g - 76. An object detection
met hod as SIENA! ] $RiG4MagR AcquIsPn$i88s si ng sai d acquired i mge to

extract markings identifying said noving object.

51.  An object detection system including:
passive sensing means for receiving electromagnetic radiation from a moving
10 object in a field of view and generating infensity signals representative of the received
radiation and for generating images of said radiation at successive periods of time from
said intensity signalé; and
processing means for processing said images to obtain a background image,
subtracting said background image from said images to obtain respective difference
15 images, summing pixel values across a dimension of said difference images to obtain
respective image profiles, and generating difference profiles of said image profiles by
obtaining the difference between successive ones of said image profiles, said
difference profiles representing time derivatives of the image profiles and providing a
differential signature representative of the position of said moving object.
20 _
52.  An object detection system as in claim 51, wherein said processing means
generates an image acquisition signal on the basis of said differential signature.

53. An object detection system as in claim 52, including acquisition means,
25 responsive to said acquisition signal, for acquiring an image of at least part of said
moving object; and

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

54. An object detection system asiin claim 53, wherein said analysis system
30 processes said acquired image fo extract markingé to identify said moving object.
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56. Anobject detection system as in claim 55, wherein said aircraft is in flight.

57. An object detection system as in claim 55, wherein said electromagnetic
radiation is thermal radiation.

58. An object detection system as in claim 55, including:

proximity detecting means for detecting the presence of said aircraft within a
predetermined region and, in response thereto, generating an activation signal for said
passive sensing means.

59.  An object detection system as in claim 51, wherein:

said position corresponds to a zero crossing point in said difference profiles
where a difference profile has risen above a first predetermined threshold for at least
a first predetermined distance and then falls to below a second predetermined
threshold for a second predetermined distance.

60. An object detection system as in claim 59, wherein:

said processing means monitors.the movement of said position in successive
ones of said difference profiles and determines the time for generation of an image
acquisition signal.

61.  An object detection system including:

passive sensing means for reéeivingf electromagnetic radiation from a moving
object and generating intensity signals representative of the received radiation, said
passive sensing means having pyfoelectri¢ sensors with different fields of view and

said intensity signals including at least first hnd second signals representative of the
thermal radiation present in said views, respectively, and
processing means for subtracting said intensity signals to obtain a differential
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10 63. An object detection system as in claim 62, wherein:
said time of generation of an image acquisition signal and said speed are
determined from a zero crossing point of said differential signature.

64.  Animage acquisition system including:
15 at least one camera for acquiring an image of at least part of a moving object,
in response to a trigger signal, and
analysis means for processing said image to locate a region in said image
including markings identffyiﬁg said object and for processing said region to extract said
markings for a recognition process, such that said analysis means sub-samples said
20 image, extracts lines exceeding a predetermined length and at predetermined angles,
binarises the image, removes features smaller or larger than said markings, removes
features not clustered as said markings, and locates said region using the remaining
features.

25 65. An image acquisition system as in claim 64, wherein said camera images
~ received radiation between 0.69 t0 2.0 um.

66. An image acquisition system as in claim 65, wherein said camera has an

exposure time of < 240 us. '
30

67.  Animage acquisition system as in claim 65, including an infrared flash having

its power adjusted on the basis of the aperture setting of said camera,
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remai ni ng fmggsm@mentsw An i nmage acquisition nethod as in claim
86, wherein said canera |mages received radi ati on between 0.69 to 2.0
[err]m 5 88. An image acquisition nethod as in claim87, wherein

sai d camer d1as AR imag? SSRASHOR systdin Us in ddin 62", Witerein said analysis means

' extracts said region fro‘rri sald image and processes said region by:
removing features larger than expected marking sizes,
binarising said region, '

10 removing features smaller than expected marking sizes,
removing features not clustered as identifying markings, and
passing the remaining image for optical recognition if including more than a
predetermined number of markings.

15 70. Animage acquisition system as in claim 65, wherein said moving object is an
aircraft.

71.  Animage acquisition system as in claim 70, wherein said aircraft is in flight.

20 72.  An object detection system as in claim 52, including 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
analysis means for processing said image to locate a region in said image
25 including markings identifying said object and processing said region to extract said
markings for optical recognition, wherein said trigger signal is said image acquisition
signal.

73.  An object detection method including:

30 passively sensing electromagnetic radiation received from a moving object in
a field of view;
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subtractmg said background image from said images to obtain respective
difference images;

summing pixel values across a dimension of said difference images to obtain
respective image profiles; and
generating dlfference profiles of said image profiles by obtaining the difference
10 between successive one_._s of said image profiles, said difference profiles representing
time derivatives of the image profiles and providing a differential signature
representative of the position of said moving object.

74.  An object detection method as in claim 73, including generating an image
15 acquisition signal on the basis of said differential signature. . -

75.  An object detection method as in claim 74, including:
acquiring an image of at least part of said moving object in response to said
acquisition signal; and
20 processing said image to identify said moving object.

76.  An object detection method as in claim 75, including processing said acquired
image to exfract markings identifying said moving object.

25 77.  An object detection method as in claim 73, wherein said moving object is an
aircraft.

78.  An object detection method as in claim 77, wherein said aircraft is in flight.

30 79. . An object detection. method as in claim 77, wherein said electromagnetic
radiation is thermal radiation.



92. An i mage acqw Si t I on rret hod -as i n claim87, wherepf~setct-TOV. 1 Jlect
i.s an aircraft. 93. An inmmge acquisition.net h)CREPé-AﬁEMEMa' ,
wherein said-aircraft.-is in flight. 15 94. An objeg¢t [Uetection netho
as in claim74, including an image acquisition met hed HLSZEMQW
acq um’rm"am’!wmﬂl f-at |east part of a noving object, in response tola
tri sing at |east one camga, and 20 ptoceSSI ng sdid
magetolocateareglonm sai d image including markings i dent i fying
sai d object and processing said region to extract said markings for optlcal

recogni tiorgg, ""f“%&ﬁije%@H@tédhbﬁgﬁéthéd%ﬁh dimS77,dn¢igding: acqui si tion signal.
detecting the prese__nc_e of said aircraft within a predetermined region, and

in response thereto, -g_enerating an activation signal to execute said passive
sensing step. |

81. An object detection method as in claim 73, wherein:
said position coﬁeéponds to a zero crossing point in said difference profiles
wherein a difference préﬁl'e has risen above a first predetermined threshold for at least
a first predetermined distance and then falls to below a second predetermined
10 threshold for a second._predétenﬁined distance.

82.  An object detection method as in claim 81, including:
monitoring the movement of said position in successive ones of said difference
profiles and determining the time for generation of an image acquisition signal.
15 ,
83.  An object detection method including:
passively sensihg -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
20 of the position of said- moving object,
said passive senéing including pyroelectric sensing with different fields of view,
sald intensity signals mcludmg at least first and second signals representatlve of the
thermal radiation present in said views, respectively, and '
said subtracting’ lnc{uqqng subtracting said first and second signals to obtain a
25 differential signal inclddihg: _séid differential signature.

84. An object detection method as in claim 83, including:
determining a time for generation of an image acquisition signal on the basis of
the position of passive sensors, the time of generatlon of sald differential signature and .
30 the speed of said moving object
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85. An object det‘e&ibn m'eihod as in claim 84, wherein said time of generation of
said image acquzsn’aon sugnal and speed are determined from a zero crossing point of
said differential sugnature :

86. Animage acquiejiﬁoﬁ method including:

acquiring an imé"g’_‘e ;of-a_t_-; [&ast part of a moving object, in response to a trigger
signal, using at least one caméra, and

processing said 1mage to Iocate a region in said image including markings
identifying said object and processmg said region to extract said markings for
recognition process, sald prooessmg to locate said region including sub-sampling said
image, exfracting Imes ._exceeds_ng a predetermined length and at predetermined
angles, binarising the‘;iﬁ\age,;freiﬁé\}ing features smaller or larger than said markings,
removing features not ,éll;js_tefed 'és_.said markings, and locating said region using the
remaining features. o

87.  An image acquisition ri)et_hod as in claim 86, wherein said camera images
received radiation between _'0'.69-_{_0_._2.0 pm.

88. An imege acqt;ii_si_tion]m'e_thod' as in claim 87, wherein said camera has an
exposure time of < 240 us.

83. Animage acqmsmon method as in claim 87, including:

adjusting the power o _an___' ____frared flash for said camera on the basis of the
aperture setting of said camera '

90. Animage acqwsmon method as in claim 87, including:

obtaining automatic mea" ' _rements of ambient direct light and reflected light for
the field of view-of said camera ir

adjust:ng settings of saud:camera on the basis of said measurements.
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~ 91. Animage acqt.!isition method as in claim 86, wherein said region processing

10

15

20

includes:
extracting said region from said image,
removing featu;é_s larger than expected marking sizes,
binarising said region, '
removing features with areas smaller o larger than expected marking areas,
removing features not clustered as identifying markings, and _
passing the remaining image for opfical recognition if including more than a
predetermined number of rharkings.

92. Animage acquisition method as in claim 87, wherein said moving object is an
aircraft.

93. An image acquisition method as in claim 92, wherein said aircraft is in flight.

94. An object detection method as in claim 74, including 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 cémera. 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 optical
recognition, wherein said trigger signal is said image acquisition signal.



