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2.1 IMAGE PROCESSING TECHNIQUES FOR TRAFFIC ANALYSIS
Fig.1 shows the overview of the operation of a video-based traffic monitoring
system. A camera mounted on a structure, such as a streetlight pole, looking over the
traffic scene serves as the sensor device for the capturing of traffic images. The
15 captured analogue video images are then transmitted to a processor which converts
the analogue video into digital form. The digitized images will then be processed and
analyzed for the extraction of traffic information using image processing techniques.
The extracted information can then be transmitted to an external user, such as a traffic
control center, for traffic monitoring/control,
20 Generally, application of image processing techniques for video-based traffic
monitoring system can be divided into four stages:
1. Image acquisition
2 Digitization
3. Vehicle detection
4 Traffic parameter extraction
Stages 1 and 2 are basically the same for most of the existing video based traffic

25

monitoring systems. The fundamental differences between individual systems are in
stages 3 and 4.

During the vehicle detection process, the input video image is processed

30 whereby the p'resence of vehicle in the Region of Interest (ROI) is determined. The ROI

can be a single pixel, a line of pixels or a cluster of pixels. During the traffic parameter



T

23tk 1 -

PIASTINE—-—

nonitoring systemcan be divided into four stages: 1. | mage

vaH sition 2. Digitization 3. Vehi cl e detection 25 4.
Traffic paraneter extraction Stages 1 and 2 ar ' t he
sane for nmosWOMAPAL existing video based traffic m?@%?’?%@llis%stens.
The fundanental differences between individual systens are in stages 3
and 4. During the vehicle dete€tion process, the input video

i mage is processed 30 whereby the presence of vehicle.in the Region of

I nterest (RGJraptiorgelege.nirafe .Paﬂq%e‘ﬂ%l are obtaind Ry SOBRF1%1S; ‘f(%n'c,agaaoqt?%é’nof
pixels or aéiétpéhﬁhe%oﬂt)&%#e?ﬂdaﬁdnﬁ& (iR iftePldl). C paranet er _

2 extraction stage, traffic paraneters are obtained by conparing the
vehi cl e det e22iV&EWICLE DESFE&RTUGNof the RO at difference franes (tine

interval). 2 VEH CLE DETECT . TheSer ‘hﬂ&ﬁ@ﬁ :
requi renent of a%{??é‘é%-%eggﬂ r??"é'f%e‘?}l r%ﬁ'i Y'%??'Rasesdy{s??fg%q I'S Qb %gStem Is the
capabi | i ty tepdefi§Cio dbRcpries presencé ofevaitidle innteh ROROMoshbadeorsbake baffied

traffic nmoni tori ng systens enpl oyed the b -di '
appr oach f ormeuileripg eSYys emg employednptheybackgroeund?giﬁgrre%g@wg gb{);o%rcﬁn%rngehicle

detection. This is a process that detects vehicles by subtracting an input image from a
background image created in advance. The background image is that one, where only

the road section depicted but no vehicle appears, and is served as a reference.
10 2.2.1 Problem

2.2.1.4 Dynamic update of background scene
The basic requirement for using this method is the need of a background
reference image to be generated. The background image must also be constantly
updated so as to reflect the dynamic changes in ambient lighting condition of the road
15 section, such as during the transition from day to night and vice-versa. Such variation
of light intensity could cause the system to “false trigger” the presence of vehicle.
However, the main problem when using the background-differencing approach is the
difficulty in obtaining an updated background image if the road section is packed with
heavy traffic or the lighting condition changes rapidly. The changes in lighting condition
20 could be due to passing cloud or shadow of the nearby building structure cause by the

changes in altitude of the sun.

2.2.1.2 Moving shadow
Another problem of using the background differencing approach is that during a
bright sunny day, vehicle can cast a “moving” shadow onto the next lane, as shown in

25 Fig.2. This shadow may cause false detection on the affected lane.

2.2.1.3 Night detection (headlight reflection)
One other factor contributing to false detection, when using the background
differencing approach, is the headlight of the vehicles at night, as shown in Fig.3.
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: however,” becomes problematic when using the conventional background differencing

10 approach.

The difficulty in detection of a vehicle on the chevron area, as compared to a
normal roadway region, is that the background is not homogeneous. When using the
conventional background differencing technique, the input image is compared with a
background image pixel-by-pixel within the ROI. The comparison output will be high if a

15 vehicle is present. However, when the ROI is within the chevron area, which consists of
black and white stripes, a slight movement of the camera will result in a high output
even when no vehicle is actually present. When using the edge density information for
the detection of vehicle within the chevron region, the detection becomes insensitive,
This is because the background edge density of the ROI is relatively high due to the

20 blackiwhite stripes, hence, it becomes difficult to distinguish the vehicle from the

background based on the edge density.

2.2.2 Known Solution to Problem

2.2.2.1 Dynamic update of background scene

One solution to update the background image is by looking at different frames in

25 the image sequence. In any one frame, parts of the road are covered by cars. As time
goes on, the cars will move and reveal the covered road. If the sequence is long
enough, a clear picture of the car-free road can be found. The background image is
generated pixel by pixel. The intensity of each point is observed in several initialization
frames. The intensity value that occurred most often can be chosen to be the

30 background value at that point. Another approach is by using the interpolation (over
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effective if the change of light intensity is too abrupt such as the shadow cast by a

moving cloud.

10 2.2.2.2 Night detection

When using the background differencing approach for the detection of vehicle in
the night, false detection could arise due to problems such as headlight reflection. To
overcome such problem, a technique that has been adopted is using the headiight as
the indication of the presence of vehicle. The direct approach of using this method is

15 that the vehicle’s headlight is detected if a group of pixels’ intensity values are greater
than its surrounding pixels by a threshold value. The problem of using such technique
is that it is difficult to establish the threshold value separating the headlight intensity
from the surrounding pixels. Since the absolute intensity values of the headlight and
the surrounding pixels can vary dynamically depending on the overall intensity of the

20 road section. It is also computationally intensive to perform such two dimensional

search in real time.

2.2.2.3 Day-Night-Transition
Since the night detection employs a different process for the detection of vehicle
from that of the day detection. Inevitably, there is the requirement of automated
25  switching from one detection process to another during the transition between day and
night. The solution lies in the automatic detection of the day/night status of the traffic
scene. However, this can be difficult since the transition between day and night, or vice
versa, is gradual. Analyzing the overall average intensity value of the image, to
distinguish between day and night, does not provide a reliable solution. This is
30 because in a heavy traffic condition, the headlight of vehicles could significantly

increase the overall intensity of the image. One way of avoiding the vehicle headlight is
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10 occupancy and others. Using the basic traffic data, other data such as gap-way and
density can be easily derived. Traffic incident consists of congestion, stopped vehicle

(on traffic lane or shoulder), wrong-direction traffic and others.

2.3.1 Known Solution and Problem

Existing method for the extraction of traffic parameters, generally, includes the
15 window technique (or trip-line) and the tracking technique as shown in Fig.5 and 6,

respectively.

2.3.1.1 Window technique and problem

Using the window technique, the ROl is usually defined as isolated sets of
window (rectangular box) as illustrated in Fig.5. The basic function of each window is
20 for the detection of vehicle and hence counting the number of vehicles. In order to
measure the vehicle speed two windows are required. By obtaining the time taken for
the vehicle to travel from one window to the other, knowing the physical distance
between the two, enable the system to determine the vehicle speed. Then, by obtaining
the length of time the detected vehicle present on one window and the vehicle speed
25 will yield the vehicle length. The advantage of the window technique is that it is
computationally simple.
Error due to frame rate resolution
The disadvantages of the window technique is that its accuracy, for length and
speed measurement, is affected by the resolution of the processing frame rate and the
30 actual speed of the vehicle. In Fig.7, vehicle A first activated window x at frame f. At
frame f+n, of Fig.8, vehicle A activates window y. To calculate the vehicle speed, it is
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] illustrated as shown in Fig.9 and 10, which show two successive frames of video
images. These two figures also show the typical angle of camera view for traffic data
extraction. Due to the error of perspective, vehicle B appeared to be “joined” to vehicle
A at frame f of Fig.9, hence, window x will not be able to detect the time when vehicle B

15 presents (at window x). At frame f+n (Fig.10), however, window y can successfully

detect vehicle B since the error of perspective is minimal at the lower extreme of the

image. When window y is used as the counting “sensor”, its coi.mting error due to
occlusion will be minimized. However, the accuracy of the vehicle speed measurement
(and hence vehicle length) will be affected by the occlusion problem at window x. The

20 occlusion will be even more apparent in the event of congestion.

2.3.1.2 Tracking technique and problem
When using the tracking technique, a search is first performed along a “tracking
zone" of RO} as shown in Fig.6. When a vehicle is detected, its location is determined.
This vehicle will then be tracked, along the tracking zone, in subsequent frames. By
25  tracking the vehicle in each frame, with its location, the vehicle speed is measured. The
vehicle length can be measured directly by detecting the front and end of the vehicle.
The advantage of using the tracking method is that it is theoretically more
accurate than the window technique in terms of speed measurement. Since the exact
location of the tracked vehicle is determined at each frame, accuracy of its speed
30 measurement is, therefore, not affected by the frame rate resoiution. The disadvantage
of the tracking method, as compare to the window technique, is that it is more intensive

e et
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may e vehicle from succeeding vehicle such asthat shown in
Fig.11 {vehicles A and B). In Fig.12, thought vehicle A can be isolated from B, its front
however is out of the camera field of view, hence, unable to determine its length.

10 3. SUMMARY OF THE INVENTION

In one aspect, the present invention provides a method of processing images

received from a video based traffic monitoring system, the method comprising the steps
of:
receiving input from at least one video source,
15 storing at least a portion of the input,
forming digital data by applying a digitization process to the input,
analysing the data, including analysing the data for detection of a vehicle,
associated predetermined parameters and / or analysing the data for detection of a
predetermined incident,
20 providing, as an output, information corresponding to the analysis step.
Preferable, the method further includes the step of retrieving the stored input in
the event of the analysis detecting the incident.
In another aspect, the present invention provides, in a traffic monitoring system,
a Region Of Interest (ROI) for detection of a moving vehicle, the ROI having:
25 two sections, a profile-speed-zone (PSZ) and a vehicle-detection-window
(VDW),
the two sections being substanfia{ly aligned with a respective lane of traffic to be
monitored,
the PSZ being used for the extraction of vehicle speed if a vehicle is detected at
30 the VDW, and
the VDW being used for the detection of the presence of the vehicle on the

window, the VDW partially overlapping the PSZ.
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algorithms for traffic monitoring system using video images. The basic function of the

system is for traffic data acquisition and incident detection. The present inventive
aspects, generally, focuses on the vehicle detection and traffic parameters extraction
1s  processes of the traffic monitoring system.
! In essence, during the vehicle detection process, two different image processing
j“ techniques are employed for the detection of vehicle in the day and night. For the day-
detection, edge-density information is proposed to detect the present of vehicle within
the ROl The advantage of the proposed technique is that it allows the elimination of
20 noise such as headlight reflection. Vehicle’s shadow of the neighbouring lane can also
be eliminated by taking into consideration the directional edge characteristic of the
vehicle’s shadow. Using edge-density information, the process becomes more robust
under the dynamic ambient lighting condition. For the night-detection, the headlight
detection approach is employed for the detection of vehicles. The intensity-profile
25 approach is proposed for the detection of vehicle headlight. Using this approach the
system becomes more stable where fault detection due to headlight reflection is
minimized. The other advantage of this approach is that it is less intensive in
computation. To provide an automatic switching of thé detection algorithms between
the day and night, we combined the use of the average intensity value as well as the
30 contrast level of the pixels’ intensities within the ROI for the detection of day and night.
For the traffic parameter extraction stage, the inventive aspects focus on the
acquisition of vehicle count, speed, length as well as time-occupancy for the traffic data
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10 Fig 1 shows the over view of video-based traffic monitoring system

Fig 2 illustrates the moving shadow due to the neighbouring vehicles
Fig 3 illustrates the headlight reflection of vehicles
Fig 4 illustrates the chevron area
Fig 6 illustrates the basic ideal of window technique
15 Fig 6 illustrates the basic ideal of tracking technique
Fig7 illustrates the measurement error, of window technique, due to frame-rate
resolution - frame f
Fig 8 illustrates the measurement error, of window technique, due to frame-rate
resolution - frame f+n
20 Fig 9 illustrates the speed/length measurement error, of window technique, due
to occlusion - frame f
Fig 10 illustrates the speed/length measurement error, of window technique, due
to occlusion - frame f+n
Fig 11 illustrates the length measurement error, of tracking technique, due to
25 occlusion - frame f
Fig 12 illustrates the length measurement error, of tracking technique, due to
occlusion - frame f+n
Fig 13is the schematic block diagram of the image processing process for the
traffic monitoring system.
30 Fig.14 shows the flow of the image processing process for the traffic monitoring
system.
Fig.15 shows the flow of the vehicle detection process



15 presents (at wi ndow x). At franme f+n (Fig.10), however, w ndow y can

successful ly detect vehicle B since the error of perspective is

hm’ nimal at the | ower extrene of the i mge. When window y is used as

t he counting W&MABE its counting error due to occl u§¥yﬁGW°P1lsbe

rrri nimzed. However, the accuracy of the vehicle speed neasurenent (and
ence vehicle length) will be affected by the occl usion probl em at w ndow
Xx. The 20 occlusion will be even nore apparent in the event of congestion.

. A bt p !
2.3.1.2 Tracki ng Figd@iluslratesthe gebntianpf the ROI adoptedijndhe psgsegt venidcki ng
t echni que, a sear | | . | ; " §Od:
as shown in Fig. 6’9' BM}HB%\%E%?L%@%&@ égb%d?\tﬁsi@lc@é%iagﬁ \i’asféggfgeorf Dr(légg
Thi s vehi cl eintérsitigshara ob&inedfok d, detéctivg dfdayinight Istatgs efthe traffic sebsequent

frames. By 25 tracking the vehicle i,n,each frane, w [ lLlocatlon,.th
vehi cl e speed is n'@gl ays ﬂ?ﬁéntensn?y QEerDH%S”If@ﬂﬁtﬂ?sc%ftn{ﬂﬁekﬁéégu %Iec?iiffeéﬁ'ﬁl y
by det ect kngi ke cbh@fibngind end of the vehicle. The advant age of
using the tracking method is that it is theoretically nore accurate

t han t he wi ndow tRigHSiigthe flow diggram & thp vekicleedayd RPN PreFedse t he exact
#l ocation of the tﬁig%esqo\xgmecéﬁ%&gf géoefirgmrré%c neach frame, accuracy of
i I's,

Its speed 30 neastrenen erefore,” not aftfected by the frane rate
resol ution. The dfig@dviinsieates the refmolvhieof vabicleneadlight deflectionougiag ¢he cedgee
gwi ndow t echni,que .ifs that it is nore intensive
density information
10 Fig.22 shows the effect of moving shadow due to the neighbouring vehicle

Fig.23 shows how moving shadow is reduced when only the edge density is
. used
h . Fig.24 shows how the edges due to the shadow’s boundaries can be further
reduce by using the weighted directional edge information.
. 15 Fig.25 illustrates the distinct features of the headlight through the projection of
the intensity profile of the ROI.

Fig.26 is the flow diagram for the vehicle-night-detection process

Fig.27 is the flow diagram for the vehicle-chevron-detection process

Fig.28is the flow diagram of the traffic parameters extraction process
20 Fig.29is the flow diagram of the process to obtain vehicle speed using the
technique of profile speed extraction.
Fig.30 shows the generation of edge profile of the profile-speed-zone at frame f
Fig.31 shows'the generation of edge profile of the profile-speed-zone at frame
F+1
25 Fig.32 iltustration the extraction of the vehicle speed through the convolution
process of the two edge-profiles obtained at consecutive frames.
5. DETAILED DESCRIPTION OF THE INVENTION
The following detailed description describes the invention, which is particularly
well suited for traffic data extraction using video images under dynamic ambient
30 lighting conditions. The description will be divided into three sections. First, the overall
systemn architecture, as well as the flow of the image processing process, of the

invention will be described. In the second section, the vehicle detection process of the




7 .in conputation. However, with the advance of conputer processing

power, this shortcomng is becom ng | ess significant. Error due
§to occlusi on For direct |ength neasurenent usi St[% cki ng
r@q 0
t echni que, ?01/335 3y detecting 5 the vehicle' s front an : ﬁotl{f’a
L vehicl e rrust be isolated fromboth precedi ng and succeedi ng vehicl es

é_for at |east one frame. However, due to th¥ angl e of perspective, it
4may be difficult to isolate the vehicle fromsucceedi ng vehicle such as

 that shown iinvention wiltibg describesin fusthepdaimile®) The faffic patameten sartiondiveass A

. can be i sol f however is out of the canera field
{of view, heﬁ‘&’@%euieggﬁ“geﬂtgeftﬁ'mr:wé%céwl"ts length. 10 3. SUMMARY OF THE
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Toni Cor g Syt o ACTRBENE SIREILG, Plgck ircbpbg e hady Brocetéing srocess
recei vings i Mapo for @8 BfficeAsHiItoPiRg éy's@ﬁ’ BRUSEEem is eapable of %Pé&és@iﬁgagiptda Lt

a portion of the input, formng digital data by applying a
digitizati owl@?%d@@g&t henore prowiding simultaneous moaiteyiings ioh Jouh dragfie; sites. Video

7L, e RO YD e EL D

pr edet er mi ne ana ySi ng
! predet er m nettlei digitidetitn pz6cess 1303, Mhi@widsngignas will beit digitized nfborsmiseqment

| correspondi n to t he .anal erable, .th

Con L peponet iHigtsesinic A8 pidlia Tad4 iRe sigitzactimage ol RtaRsd for the Baietopa
of the apal wahiciélat ROIs NOpbMend @@te@ﬁ@rﬁ -of a vehicle at module 3:69? hes&ffi @Sdfé‘i‘éWH bbe
present invention provides, in a traffic nonitoring system Regi on

O Interest gdteciedrhasedeondbe idstecten status atdjfferent image faf@esq@cqw\sanﬁg of traffic
incident can then be deduced based on the extracted traffic data at module 1308. The

extracted traffic parameters (traffic data and incident) can then be output to an output
modulfe 1309.

15 At module 1304, sequence of digitized images will be compressed into smaller
images and stored in a set of backup-image-memory. The backup-image-memory has a
fixed memory size which.can store a fixed number of, say n, images for each of the
video input. The image memory is constantly being updated with the latest input imags.
Such that at any one time the last n images, of the video input, are always stored in the

20  backup-image-memory. The function of this backup-image module is such that when a
traffic incident is detected, the backup process will be interrupted, Such that the backup
images can then be retrieved for analysis and visual inspection of the traffic images
prior to the occurrence of incident.

At module 1306, various traffic information such as traffic images, processed

25 images, traffic parameters and etc. can be stored onto the display memory for video
output. One technical advantage of this feature is that it allows all the four digitized
images, from four different video sources, to be incorporated into one display video
output. Hence, enable four video input images to be transmitted via only one
transmission line.

30 Fig.14 illustrates the flow of the image processing process of the monitoring
system, as designated by reference numeral 1400’s but with explanation of each step
corresponding to the 1300’s module described above.
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30

i hight-detegtionangithe vehlc e-chevron-detection. One for the detection of vehicle on a
normal roadway in the day, one for normal roadway in the night and the other for the
detection of stopped vehicle at the chevron area in both day and night.

Fig.15 illustrates the flow of the vehicle detection process 1500. For normal
roadway, the vehicle detection process can be divided into two stages, day/night
detection and vehicle detection. During the vehicle detection process for roadway,
input image will first be processed to determine the day/night status of the traffic scene
1502 at regular interval. Next the image will be processed for the vehicle presence
status at the ROI using either the vehicle-day-detection 1505 or the vehicle-night-
detection 1506 technique, depending on the status (day or night) of the traffic scene.
For detection of vehicle at the chevron area, the vehicle-chevron-detection technique

will be used 1503 for both day and night conditions.

5.2.1 Region of Interest - RO/

During the vehicle detection process, ROI will be defined for each location
where the traffic information is to be obtained. For the extraction of traffic parameters of
a roadway, each ROl is generally coincided with each traffic lane as shown in Fig.16.
Each ROl consists of two regions, the profile-speed-zone PSZ and the vehicle-
detection-window VDW as illustrated in Fig.16. The VDW is to be overlapped onto the
PSZ at the lower extreme. The function of the VDW is for the detection of the presence
of vehicle on the window. The function of the PSZ is used for the extraction of the
vehicle speed if a vehicle is detected at the VDW. For detection of stopped vehicle at

shoulder or chevron, the ROl consists of only the VDW.

5.2.2 Day/night detection 1502

The detection of the day/night status of the traffic scene is based on two image
parameters, namely the average gray level intensity /... and the statistical variance of

the pixels’ intensity V. These parameters are to be extracted from the pixels’
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where /roifx,y) is the intensity value of pixel Pro/X,y) within the ROl, Nro is the
total number of pixel within the RO). In module 1502 of Fig 15, the procedure for
20  determining whether the input traffic scene is day or night is as follows:
1. Compute the two day/night detection parameters /s and Vi within the ROI
using Eqn.1 and Eqn.2, respectively.
2. IF Vs >V OR (love < Iy AND Vg5 < Viy),
THEN Label status of traffic scene as “NIGHT”
25 ELSE Label status of traffic scene as "DAY”
In step 2, if either one of the two conditions is fulfilled, then the status of the
traffic scene is determined as night. The first condition “Vus > V' is met if the traffic
scene has a high variance of pixel intensity within the ROL This is likely to occur if
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10 5.2.3 Vehicle-Day-Detection 1505

In module 1505 of Fig.15, for the vehicle-day-detection, the edge density
information of the input image will be processed to distinguish between the complex
texture of a vehicle from the homogeneous texture of the road surface for the detection
of the presence of vehicles. One significant advantage of using the edge density

15 information for the detection of vehicles is that there is no requirement of a reference
image (background scene) since the detection process is performed using only edge
information of the input image. Therefore, the problem of dynamic update of the
reference image is eliminated. Consequently, no large memory space is needed for the
storage of a reference image. Another advantage is that the edge density information

20 of a traffic scene is less sensitive to the abrupt change of lighting condition such as
shadow of passing cloud. This is because edge density is derived from the change of
intensity values of neighbouring pixels within the same image, and there is no
comparison to a reference image. The system using this approach is also very robust
under different lighting conditions and change of lighting condition such as transition

25  from day to night.

Fig.19 shows the flow of the vehicle-day-detection process. From the input
digitized image, the overall edge density Evpw Of the VDW is computed at module
1901. First, the pixel values of the horizontal and vertical directional edges (EH(x,y),
EV(x,y) ) of the VDW is extracted from the original pixels values /(x,y) using the Sobel

30 technique[1]. EH(x,y) and EV(X,y) is obtained as follows:




Fig 10 illustrates the speed/length neasurenent error, of w ndow technique,
due to occlusion - franme f+n Fig 11 illustrates the length
measurenent error. of tracking technique, due to 25 occl ygi : me f
Fig 12 illus¥PA¥% he | ength neasurenent error, of tracking tggc/%Jrlu{sgue, due
to occlusion - franme f+n Fig 13 is the schematic bl ock

di agram of the i nage processing process fior the traffic nonitoring
system 30 Fig.14 shows the flow of the image processing process
for the traffic nonitoring | msysi=m Fig|{ 15 shows the flow
of the vehicle detecEgnyprocess > SH(m+1,n+1) *l(x+m,y+n) (3)

10 Fig.16 ilyl usty pj=e¢ 4-he definition of the RO adopted in the
present invention Fig.”17 shows the RO where average intensity
val ue and variance of pixels intensities are obtained for the
detection of day/night status of the traffic scene. Fig. 18
shows the intensity distributfgp=funrgtions of the RO for three different

5 traffic conditiongyxy = Y. FSUimidBn+ s tipeniy di agram for t(ag

vehi cl e- day- det ecti on process m=-1, n=-1

where SH and SV are the 3x3 matrices for the extraction of the horizontal and vertical

4 2 -1 4 0 1
0O 0 O SV =42 0 2
1 2 1 4 0 1

Then the two directional edges are combined to generate the overall edge

5 edge, respectively.

SH

intensity E(x,y) at pixel (x,y) :
E(x,y) = (1-K) *EH(x,y) + K*EV(x,y)
10 (5)

K is a constant value between 0 and 1. It is introduced here to give different
weight to the horizontal and vertical components of the edges. By assigning K>0.5
enables the system to further minimize the horizontal edges of the shadow.

The overall edge intensity Eypw of the VDW is then obtained as follow:

15 for all pixel (x,y) within VDW
IF ( E(x,y) > Er ) THEN Evow = Evpow +E(X,y) (6)
where Er is the threshold for the elimination of edges attributed to noise such as
headlight reflection.
In module 1903, Ewpw is compared with a reference value E_Refyow, where
20 E_Refiowis the average edge intensity of the VDW when no vehicle is present. Vehicle
is then detected based on the following condition:
IF (Evow > E_Refyow + Kr) THEN vehicle present
ELSE vehicle not-present (7)
where Kr is the constant threshold. In an uncontrolled dynamic outdoor
25  environment, the edge density of the background scene £_Refypw varies significantly.
The variation depends on several factors such as, types of road surface texture, pixel

resolution and zooming factor of the camera. Therefore, it is not practical to define a



Fi g. 20 shows the effect of headlight reflection Fig. 21
illustrates the renoval of vehicle headlight reflection using the edge

density informat]j 10 Fig.22 shows the effect of ' dow due
to the nei gh%?lH'%go‘"’vehi cle Fi g. 23 shows how nnggli(}ﬁg%gaggow IS

reduced when only the edge density is used Fig. 24
shows how t he edges due to the shadow s bundari es can be furt her
reduce by using the weighted directional edge informtion.
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conditions. The description will be divided into three sections. First, the
overal | sys}tem architecture, as well as the flow of the inmage
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- large value for E_Ref\pw, the above technigue can dynamicaily adjust E_Refvow to the
actual edge density of the road surface. Subsequently, this process will continuously
15 adjust the E_Refypw to the actual road surface edge density.

The procedure for the use of edge information to detect the presence of vehicle
as well as the process for the dynamic update of the background edge density is as
follows:

1. For all pixels (x,y) within the VDW, compute the pixel edge E(x,y) from the
20  original pixel intensity /(x,y) using Egn. 3, 4 and 5.

2. Obtain the average edge density value of the VDW Eypw using Eqn. 6

3. Vehicle detection: compare Eypw with the reference £_Ref,nw for the detection

of vehicle using the Egn. 7

4, Dynamic update of £_Refyow using Eqn. 8.

25 5.2.3.1 Vehicle headlight removal

When using the edge density approach we are able to successfully minimize
false detection of vehicle due to the reflection of vehicle headlight. This can be
illustrated as shown in Fig.20 and Fig.21. Fig.20 shows the image of a night traffic
scene with prominent headlight reflection. However, when using the edge density
information, as illustrated in Fig.19, the reflected headlight is successfully eliminated.

)
<

This is because the magnitude of edge is proportional of the gradient of intensity



{11 i nvention will be described in further detailed. The traffic
paraneter extraction process W Il be described in the third section.
5.1 OVERALL SYSTEM ARCHI TECTURE Fi g.13 shows the schematic

A bl ock di agr aW¥VBHE i nage processing process 5 1300 foPCTREVPLSt ¢
{nonitoring system The systemis capable of processing upto four
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based on the extracted traffic data at nodul e 1308. The extracted
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- out put s %@r'm?ﬂ?% llg%Q. 15%14;l # At nodul e 1304, sequence of digitized
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vehicle. In Fig.23, most part of the moving shadow has been eliminated. This is

10 because magnitude of edge is proportional to the change of intensity value between

neighbouring pixels. Since, the intensity values of those pixels within the shadow are

constant, their edge density values, hence, minimized. Except that at the boundaries of

the shadow where edges are present. To further reduce the remaining edges, more

emphasis can be given to the Vertical directional edge of the image using Eqn.5. As

15 shown in Fig.24, the moving shadow is now successfully eliminated. This technique is

also effective in minimizing the effect of stationary shadow of the surrounding structure.

5.2.4 Vehicle-Night-Detection

In the invention, the presence of vehicle in the night traffic scene is detected by

detecting the vehicle headlight within the ROl. The presence of vehicle headlight, in

20 turn, is derived from the intensity profile of the ROI. The generation of the intensity
profile, along the length of the traffic lane, can be illustrated as shown in Fig.25. The
intensity-profile function lscc(y) for each value of y (image row) is obtained by
accumulating the total intensity value of the pixels at row y within the ROl. From the
intensity profile function /acc(y), the sharp “peaks” attributed to the headlight can be

25  clearly identified. The peak attributed by the headlight reflection, on the other hand, is
much smoother. Using this characteristic as the headlight signatures, the vehicle can

be easily detected. The advantage of this technique is that the search for headlight

only performs in one dimension, as compared to the direct approach which scan the

ROl in both horizontal and vertical direction. Another advantage is that since the

30 accumulated intensity value of each row, of the ROI, is used, the intensity profile

generated is more stable and less susceptible to random noise. Two distinct
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traffic infpaiapiche8 c‘éHOJE Aeaburah’ brcth'e”?é?i onpasfqrg;ﬁ mgo nééak meﬁg,csfe@ftﬁéc

paranmeters and etc. can be store onto the disp

' out put. Onepresends ofavehigle.arhenty® piramietess facathe mtensity rgaadlemt @), endshealwidthhe

s s

‘four digiti four different video sources, to be
i ncor por at eé'e‘ﬂﬁt"Sa'éK"é*ngg@%PS{ﬁ out put. Hence, enable four video

i nput inmages to be transmtted vi a onay 68y, transm ssion line. 30
Fig.14 illustrates the flow ofGHAR ¥ r‘r'a‘g'eCT);Tr‘Ocessi ng process of the (9)
1 nmonitoring system as designated by ‘reference nuneral 1400's but with
: expl anat#$ on of darlimage processing, dB4 espomdpprgxiratédies 0@ s nodul e descri bed
above. 12
5.2. VEH CLE DETECTION P s. JACCy+S) - IACC) Due to the di{fsrent
background characteristics t he roadwa§ and chevron

. region as well e?é%-%WQtHH S04 s%%QPéutohoﬂﬁ, is width o dhd f;',eck‘J Wi RELERE Re

vehi cl e detection
width of the headlight. The presence of a vehicle can then be detected based on the

followings:
10 IF(Gu(y) >Gr AND Wy (y) <Wr)
THEN vehicle presence (11)
where Gy and Wy are constant threshold.
The procedure for the detection of vehicle at night is as follows:
1. Compute the accumulated intensity profile /acc(y) within the RO!
15 2 Calculate the gradient Gy, using Eqn.10, from the accumulated intensity profile
face(y)
3. If a steep gradient is obtained at y=y, where Gy(y;)> Gy, then search for the
local peak of /acc(y) at Ymax, and obtain acemex and Wiy
To obtain /aemax :
20 assign y=y;
WHILE (face(y) < lacc(y+1)) increase y by 1
lacmex = lace(y) and Ymax =y
Obtain the width of the peak W, for (lacely) > (lacemax - K) ) , where K is a constant
which defines the minimum intensity different between the vehicle headlight and the
25  background.
4. The presence of vehicle is detected using the Eqn.11.
Fig.26 shows the flow of the vehicle-night-detection process. In madule 2601,
the window-intensity-profile is generated. The presence of vehicle headlight is then
detected by scanning through the profile 2603.



di fferent conditions using one detection technique. Three different vehicle
- det ection 5 techniques are adopted in the invention, nanely,

it he vehicl e-day-detection, vehicle- ni ght - detectlon and the
vehi cl e- chevmaneiasoact i on. One for the detection of vehicl ECEFCP/0115
gnormal roadway in the day, one for nornmal roadway in the night and the

ot her for the det ecti on of9 st opped vehicle at the chevron
farea in both day and ni ght. Fig.15 illustrates the
flow of the vehicle detection process 1500. For nor nal 10
jroadway, th&2&6hetren ¥ehiota Detecioocess can be divided into two stages,

éfday/ ni ght detection and vehicle detecti OH }'_‘ t he
tvehicl e detecti dn ¥Heopeesent davandgpwégxture measurement Is USefpip C H@S@r%ﬁ the

ffirst be pr%%ﬁj&%qt!’ié’cﬁi?\;rSﬁ%é\Sntﬁé’)d&%y/ewrgﬂft i) Ghridiith é Akl GereARe

1502 at regu interv e processed for the vehicle
presence as a function of scalet latths fiald crflpattém reqsgmtgorelvah@us tepture features can be

vehi cl e- day- det ect [ on 1 or th | cl ht t n
1506 t echni GRMEPURELE sﬁﬁg% fpﬁe 3§S'€ oor ofmlraﬁgeis ot STt ? Fé& )
scene. For Q%rﬁ@tbhélfb ] ndéebigﬂbﬁlm?éget &f&h@f&me)lanarcb&er tiaes usually consnsts of a
vehi cl e- chevron-detecti on techni que wll be used 1303 for

|bot h day anspatiagjBtrangsraent @fgray levels which are more rgn@ggn%{ﬁ wﬁhlgfthrprh

{ RO t e i |
be defined lfagd &X¢Eh Cffo%'g r|ec';]n é%gg V\:hlgl’ﬂ e 'tﬁ E%Cc%frugﬁé ?ﬁién glru Frga?ﬁ%ﬁﬁ?nsﬁtogomehl ¢

obt ai ned. Fdetettion efkvehicleiinto chattacm‘i'r[zedhepﬂQirrmtblnsthefchevron area, using textyre

Coaduey. ool Bl ARG, T Yoot 160 401 e pRbbAC el J0hci a1

profile- speggt Qwe%%rﬁmb UhRuEeditGlecof the ROI when no vehicldés pmsennereiereiw
VDWas illustrated in Fig.16. The VDWis to be overl apped o tt@%qts%
[PSZ at the festuee). & Fambé $9RN G fo e ENewien VERIPNSCHTSISS 19 end grhitsy

the presencgy é?s tﬂére?'&g it %‘cﬁé}gct‘éhﬂéjd)% lt% tlﬁ:quH '?&)Etbr%” lrpﬂ(hetﬂ?ﬁséﬁ%\}eﬁhbﬁ ed

for the extra Icl'e speed if a vehicle is
det ect ed at thelgray/wel Em}pcdmml roatrmﬂGtcNM@dhe@mreq:t@na@f the texture features of

' shoul deris Orthen'-geﬂls eTnptI de% consists of only the VDW
The computation of textural measurement, of the ROI, using the GLCM

approach invoilves two steps. First, the variations of intensities of the neighbouring
pixels, within the RO, are extracted using a co-occurrence matrix. This matrix contains

frequencies of any combination of gray levels occurring between pixel pairs separated
20 by a specific distance and angular relationship within the window. The second step is
to compute statistics from the GLCM to describe the spatial textural information
according to the relative position of the matrix elements. Various texture measurements
can be computed from the co-occurrence matrix. In our invention, for the detection of
vehicle within the chevron area, two texture measurements, namely the angular second
25 moment (ASM) and contrast (CON) are used. Let /rofX,y) be the intensity function
within the ROI defined at location (x,y), and let Q be the number of quantized intensity
levels. P;; represents the matrix entry denotes the number of occurrences of two
neighbouring pixels within the region, one with intensity level /i and the other with
intensity level j. The two neighbouring pixels have to be separated by a disptacement

30 vector D.

PifD) = # {[(x,, YD oy | Ky Mgy (kg ¥ ) 02 ¥p) ) = }




—

5. 2.2 Day/night detection 1502

day/ ni ght status of the traffic scene is based on two inage 30

par anet er s,
stati stical

nanelé% the average gray |evel |nten5|ty /lerr] and

t
t he pi xels' intensi t T@F&p&’]‘ls These

paraneters are to be extracted fromthe pixels'

13 intensities within the RO. Fig297 shows a typical traffic scene
during the night. As can be seen, during the night when there are
vehicles on the road, the RO w Il have a high vari ance of pi xel($2)

intensities due t he, vehicl e, headl i ght, and the.d
Fi g. 18 shows thr S’ % Eﬁ &
traffic sce

di stribution of the | xel Intensity for night scene. The two maxi ma
foundmf[err](@) & attributed mainly to the plxels intensities of
vehi cl e headl i ghk. E“% 0 e no vehicle

Wi t hin tE RO, he hi}tairitg fjt't?o% Vgﬁé’?ﬁfgghﬁéﬁr{%&@ Iedx) f2(g), where nost

E&MotES X ESD Py ST tut

of the pixels' The texturt emedsuyenaarss baobtainetras(foljadepi ct s t he pixel s’

intensity distribution function of RO for _a 10 gener al day scene, where

centered maxima is found. To disti ngw $h tge di fferent pixels'

intensity distribution two |maé§/‘/ba=ra

intensity /[err] and the statistic¢ali=pari ance of the pixels'
intensity V[err], are neasured. For pixel W|th|n

10

15

20

25

Q
CON = g 2. ()2 *Pjj (14)
=1 j=1
Then the texture measurements are match with that of the background texture
measurement (ROI with no vehicle present). If the measured parameters are "similar”
to the background texture measurements, then the state of the ROI is identified as
vehicle not present. If the extracted feature is “different” to the background features,
then the state of the ROI Is identified as vehicle present. The procedure used in the
proposed system is as follows:;
1. From all pixels (x,y), within the ROI, generate the gray level co-occurrence
matrix (GLCM) using Eqn.12.
2 Obtained input texture features: ASM and CON for the RO) using Egn.13 and
Eqn.14, respectively.
3. Compare input texture features with background features (no vehicle): ASM,,
CON; |
if ( |JASMz - ASM| <ASMy, AND |CON;s - CON] < CONy, )
THEN vehicle nof present
Else vehicle present
4 If vehicle not present , update background features:
ASMs = ASMs + (ASM - ASMg )/Rasm
CONs = CONp + (CON - CONg )/Reon

The detection of the

DS rFer ity (R SapPiialo
BFehuNE iR FUPPYIAHAD,
@@ram&erscm%dpoae sefidbted &on f3(g) of Fig. 18 shows a typically

Pygel y the average (@13)ay | evel



the RO, Plerr](x,y), the two paraneters are obtained as follows:
average intensity value /[err]

err] 15 '00Fi3863 stical variance: V|err] PCT/ (;99/001 5
.%err] woo where [err](x,y) is the intensity val ue ofs ]I
Plerr](x,y) within the RO, Nerr], is the total nunber of plxel

zvm'thin the RO. In nodule 1502 of Fig 15, the procedure for 20 determ ning
whet her the AWt ahd 2hEMG, %?@Q?‘on%f%nfj%re%ole' 991‘119%5 RSy led ()f\\’ﬁ’so  Bfe coil\ﬁtant

Conpute the two day/ night detection paraneters
the RO pag@melgrsewhich @@fmeeaa rzte okupdate ifoethe backgroahd feFathelﬂSM,? and

V[err] OR (réeé;?r,&]essp kbglgsﬂ-‘ng%y éhé flow\é%%w%{@q_ggg?s%qgip{%eﬁq fqrrvgﬁfql%

status of t

scene as " DAYétection at the chevigh stkgp 2, if either one of the two conditions is
traffic scene is determ ned as night.

fl'ﬁlaf :‘ : lrgg c%ﬁ’%‘@?ﬁ%{fﬁéﬁM&WWAQH%t if the traffic scene has a
high variance of TRsXghrdcObgNSH el phiiametdts B - beﬂyeﬁa}aﬁe it ot Barts C e i

extraction of traffic data and the detection of traffic incident. Fig.28 shows the flow of

the traffic parameters extraction process. In module 2801, we identify the state of VDW

into one of the four different states at each processing frame. These four states are,

! 10 Activate, De-activate, Active and Idle. When a vehicle reaches the VDW, the window

{ will be in Activate state. After the Activate mode, while the vehicle still presents in the

- succeeding frames, then the VDW will be in Active state. If the vehicle leaves the

VDW, that is if the preceding frame is Active and the vehicle is not present in current

frame, then the VDW is in De-activate state. If vehicle is not present in the preceding

15 and current frame, the window is in Idle state.

When the VDW is in the Activate state, that is when a vehicle first activates the

VDW, then the vehicle counter will increase 2806. The vehicle speed is then obtained

using the profile-speed extraction technique 2807. While the VDW is in Active mode,

the number of frames which the vehicle presents in the window,

20  presenf_frame_counter, will be increased. Hence, to determined the length of time

when the vehicle presents in the VDW. At 2808, when the vehicle leaves the VDW, the

vehicle length will be calculated from three parameters, present_frame_counter,

vehicle_speed and frame_rate. Frame_rate is the number of processed frame per

second for each video input. Together with the frame-rate, the present_frame_counter

25 also used to calculate the average_time_occupancy of the traffic lane for every interval

of time.

! 5.3.1 Profile-Speed-Extraction
Fig.29 shows the flow of the profile-speed-extraction process. First the edge-
profile within the speed-profile-zone SPZ, is generated 290i. Fig.30 and Fig.31 show
30 the generation of the edge-profile functions within the SPZ for two consecutive frames f

and f+7. Similar to the intensity-profile as described in the section of night-detection,



£14 vehicles are present within the RO in a night scene. V[err] is a
.constant threshold val ue dictates the m ni num vari ance of the pixels’
intensity of "t,(g /ﬁ% wi th vehicle headlight, during }@ﬁs@ggﬁlﬁs The
second condit err] < I[err] AND V[err] < V[err]" is net if

traffic scene has a | ow average and | ow vari ance of pixel |nten5| ty
within the RO. This 5 condition is Iik y to be net if no vehicle is
present within the RO in a nlght sce const ant threshol d

val ue di ct athesedgrepraiile AloR9 Meleagd qfﬁ*ﬁ%ﬁg r7—t'§ OBF'Q%’JFW%G Fyerage edge-dgpsity
vehi cl e hea@ LD of égf:'ﬁ rjaﬁll 5fhrﬁx 4 Iftle e&g{e-ﬂ%’fufehgrusgﬁ HeBSude/® i€ RTdFe StzBltSthahn

step 2, are S |n|cates hat the traffic scene has a
rel atively Iungin'éens”tfygxrofjle aimge litdamot Bt[lmepllble\m\/ehatmn of ambientHighting epydition.

[ odul o 190550VDH i fefadhEREstaten torudiuon FraifngR iR LS i e

i nf or mat ison ppdfilé m@ndtuaﬁsltobtarmﬁfr&mIdonb@mwgqmobttmo@@ PBOYUFigBZhstiomsethet he
Lconpl ex texture of a vehicle fromthe honpgeneous texture of .the road

{surface for resut efdbeepmniution. At gn offsrt Cb?‘é@‘iﬁw%fr%m the Afiginethe canxolution nes @ant
jadvantage Oh#(ﬁ'bﬂﬂ% r g WHISECAIERS Erta%sl%tr%d to eirs{’%%é%lérptﬁet\)%ﬁldi’@ﬁ§§§ré%lleﬁf

fvehicles is 'S no requirenent of a reference

{(backgr oundfmaeflramesﬁtndﬁarmd“léﬁdé(hewtngdherframmwe iaedplr ftbe vetbaity iof ghe Mehicledge
i nformati on of .the.i.n i mage. Therefore, the problem of dynam c update of
't he reF@?«?ﬁég’t 'Hg%e Is elimnated. Consequently, no |arge nenory space

i s needad f qhetgt6cedure for the speed extraction is as follows:
| 1. For all pixels (x,y), within the PSZ, obtained the edge values E(x,y) using Eqn. 3,
4 and 5.
2. Generate edge-profile:
for all y. for each row of pixels within the PSZ
15 - obtained the average edge value of rowy: Eave(y | frame=Ff)

Ny)
> Ey)
EAVE( | frame=f) = *=1r— (15)

3. If state of VDW is Activate — compute speed:

3a: perform convolution for functions Eave(yiframe=f) and
Eavelyiframe=£-1).
20 Czy = > EAVE(y|frame¥f) *EAVE (y-z | frame=f-1) (15)
forally
3b: for all z, find maximum of C(2), Cpax(2):
— vehicle speed « Zmsx | C(Zmax)=Comax(2)
4. Update Exve(y | frame=f-1):
forally: Eave(y| frame=f-1)= Eave(y | frame=f)

25 8.3.2 Incident Detection
The traffic incident is derived from the fraffic data obtained. The types of
incidents include congestion, stopped vehicle (on traffic lane or shoulder) and wrong

way traffic. For the detection of congestion:

PRSP e



gstorage of a reference i mage. Another advantage is that the edge density
information 20 of a traffic scene is |less sensitive to the abrupt change
gof lighting condii.i such as shadow of passing cloud._This. i ecause
jedge density W@%]gfﬁ%ed fromthe change of intensity vgq{)é@w‘gq%lsb

i nei ghbouring pixels wthin the same image,,;and there is no conpari son
to a reference image. The systemusing thi's approach is also very robust

under 911 er et Soh0B TSP HhahE I°AREE0%5 ol IR ERESAL BT

t he vehi cl e- day- det ecTHEN fpaffic #ridenFE@Bngddiohnput digitized i mage, the
overal |l edge deP‘si t‘y géner{; of the VDWis conputed at nodul e 1901.
First, the pfdnedaiegien okstopredehiclent al and vertical directional edges

VD1, ) s AP b g fracgpalrs
obt ai ned &s foll ows: THEN traffic incident = stopped vehicle
_ 15 For the detection of wrong way[t?effﬁg:
IF (velocity < 0)
THEN traffic incident = wrong_way _traffic
The detection of the wrong way traffic is derived from the velocity (speed)
10 obtained from the profile-speed extraction process. If a vehicle is travelling in the
opposite direction, opposing the traffic flow direction, the convolution output of the
profile-speed extraction process will have a negative offset of dx. Therefore the sign of
the offset can be used as an indication of the vehicle’s direction.



[err] where SH and SV are the 3x3 matrices for the extraction of
he hori zontal and vertical 5 edge, respectively.

[err] en the two directional edges are conbi erate
he overal | eﬁ’é’mmsw intensity E(xy) at pixel (xy): %&9/‘)&?&1

E(xy) = (1-K) * EH(x,y) + K*EV(x,y) 10 (5)

K is a constant value between 0 and 1. It #& introduced here to gi ve

‘i fferent wei ght to the horizontal and vertical conponents of the

edges. By asSiePALK>0. 5 enabl es the systemto further mininize the
‘hori zontal edges of the shadow. The overall edge intensity

fE[err] of the VDWis then obtained as follow 15 for all

ipi xel (xy) wi[tlhi nRefagl C Gonzalez and Richard E WoodsF Djgia( #ngge Prazjessing) ATHEDN-

where E[err] is the threshold

'IE = E + .
!f E)rer[]he el i[ren'rLLti Xﬁésiqy%%l?g' (@TB%RYéd"Q?o noi se such as headl i ght

reflection. I n m)dule 1903 E[err] is conpared with a reference

ITHEN vehicl e prese
W(7) Cfassmcatlon Using SPOT Imagery”, IEEE Transactions on Geosc:ence and Remote

13- AV bt LT S APART AT, e e ow s n

ivalue E Ref[err], where 20 E R is the average edge_intensity of the

{VDW when no &hi cDénﬁeﬁep}é\é@rﬁ@au,v i) & Howarth, Sleendnse M pupis ot Dsis Ho

foll ow ng CO@hﬁbr?“Evaluatlon of the Grey-Le\)lz:a[gé%tgc}ifl ge TRl Wﬁdd FotL&{d-Cdver

e not - present

Sensign, Vol .28, No.4, Jul, 1990.
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fwhere Klerr] is the constant n uncontrol |l ed dynam c out door
25 environnent, the edge delm m jﬂ Eﬂ kground scene E Ref[err] varies
'significantl Y., The vari at several factor t ypes
of road surf¥RW¥RBure, pi xel resol uti on and zooning 13’52#%?9/@ Bt he
canera. Therefore, it is not practical to define a

116 constant value for E Ref[err]. 1% our invention, we adopt an
fadaptive approach to dynam cal ly update the value of E Ref[err] base
on the real - WHAT IS&44IMERLS! information. In the detection process, it
y1s assunmed that t ' | e

't exture of vE‘ni Clg?n#tﬁgggﬁgﬁ%gggb?}ng%&%sﬁ‘éégéﬁ%ﬁ fff_nﬁgf\f'gr r | Q%%lﬁirgféfﬂa@oﬁlﬂﬁ'mg
dynami cal |y wpdghetherastadd eomplising thd stepsigf: | F (vehicle NOT
present) ( L | F EE Refr%er.rg > E%qerr])

THEN E_Ref[err] =eceiiyginpyfrom adepsiqneyviqeas r])/ Rlerr]

ELSE | F (E_Ref [ ergly @55% EoftelinputE_Ref[err] + Klerr]) 10

' THEN E_Ref[err] jtér_n?é err aé&l?%[err'] -FiJE_rRef‘[err]) IR err]

'where Rlerr] is daoovingtdigital detadnrapndying Bgligitizadion pragegatethedprutii tial i zing a

jrefatively analysing the data, including analysing the data for detection of a vehicle, associated

predetermined parameters and / or analysing the data for detection of a predetermined
incident,
providing, as an output, information corresponding to the analysis step.

2. A method as claimed in claim 1, further including the step of retrieving the stored

input in the event of the analysis detecting the incident.

3. A method as claimed in claim 1 or 2, wherein the stored input is stored in a
compressed format.
4, A method as claimed in any one of claims 1 to 3, in which the input is received

from 4 sources and is processed to be viewed as one video display.

5. A method as claimed in any one of claims 1 to 4, in which the incident is one of

congestion, stopped vehicle or wrong way traffic.

6. A traffic monitoring system adapted to implement the method as claimed in any

one of claims 1to 5.

7. In a traffic monitoring system, a Region Of Interest (ROI) for detection of a
moving vehicle, the ROI having:

two sections, a profile-speed-zone (PSZ) and a vehicle-detection-window
(VDW),

the two sections being substantially aligned with a respective iane of traffic to be

monitored,




| arge value for E Ref[erUl H iﬂ hni gue can dynam cal |y adj ust

E Ref[err] to the y of the road surface.

Subsequent |y rocess will continuousl y 15 adjust t }%559 r] to

t he act ual ‘38(?1)3%?’$ace edge density. The pr orc}zc ure {’%ir%rthe use

of edge information to detect the presen of vehicle as well as the
process for the dynam c update of the background edge density is as

285'6"2’& X ot REZge i i Sxnuth bl Spdl LS BeteaB R

) theQIth and he average edge density val ue of the VDW E[err] using
det ect i on; caonpare with the reference

Eqn 6 . rr
E Ref[err] for tﬂﬂ%%&e@?”ﬂ%h‘sed for fye 9%*&%%0{@1 &grasgReCeEQh they vehicle an the

Dynam ¢ upd@hgo@fthgml[;grfg“ytweﬂgp ggtheBPSZ% 5.2.3.1 Vehicle headlight
renoval When using the ‘edge density approach we are able to

successfully mnimze fal se detection of vehicle due to the reflection

f hi cl dl [ ' ' d
of YS! °Le Sl Bl o, gykbyFhIc 8RBT Beeta e
headl [ ght rs&cb[i);md vehricleFﬁiV\ﬁ\tEﬂderV\ditemmbmglhthOeégﬁsidm iof Ya 36hiclefeadiiBhl ON,

as illustrat eg %5@8 the reflected headlight is successfully
el i mi nat ed.Window i s because the nagnitude of edge is proportional of

the gradient of th)i/BNFiBeing used for the detection of the presence of the vehicle on the

window.

9, A method of detecting day or night status in a traffic monitoring system, the
method including the steps of:
a. calculating parameters f,,, and Vs within the ROl using Eqgn.1 and

Eqn.2, respectively, as described in the specification,

b. determining whether any one of conditions Vs > Viy OR  (lae < Ity
AND Vi < Vyy ) are met,
c. if any one of the conditions of step b are met, then the status is

determined to be ‘night’, and if neither of the conditions of step b are met, then the

status is determined to be ‘day’.

10. A method of detecting the presence of a vehicle in a ROVl in a traffic monitoring
system, the method including the step of using weighted horizontal and vertical edge
intensity information determined in accordance with Eqn.7, as described in the

specification.

11. A method as claimed in claim 11, further including the steps of:

for all pixels (x,y) within the VDW, computing the pixel edge E(x,y) from the
original pixel intensity /(x,y) using Eqns. 3, 4 and 5, as described in the specification,
and

obtaining the average edge density value of the VDW E,pw using Eqn. 6, as
described in the specification. R
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117 . change between nei ghbourin i_x S. Cenerally, the change in
|@ﬂﬁﬁz | ight on the road surface is

{light intensity of the e““‘lmnlﬁ
gradual hence the nmagnitud small. In_t icle
ldetection pro¥@8¥35¥he edges* at‘tribul ed by the headlight r@FF’%&g‘“ﬁ@ﬁg

can be mnimsed using Eqn. 6. 5 5.2.3.2 Myving shadow renoval

{In the present invention, the detection t&&hnique enployed is able to
fmonim ze t he novi ng shadow due to vehicle on the nei ghbouring | ane.
iThe el imnation process can be illustrated in Fig.22 to 24. Fig.22

Ish traff] i th movi had ) icle. ln Fig. t
part of the Wovi Bgemal sl AEETUSLE BAME HeHalge of e eftSnde bl Bt il Yo uiR?
imagni tude ofihedgRal Sddy ﬁgrgé”xtfyidmﬁé rdz SUMRCB AN Balit mhdHiteriAk tsysten, tiee hethwen

{nei ghbouring pixel's. the intensity values of those pixels within the
ishadow ar e including $esstapof updating bydipnaRABBL y val ues, hence, minim zed.

iExcept that at the boundaries of t he shadow where edges are present.
To further reduce the remaining edges, nore enphasi s can be given to
the vertical1adi r achetal ot dgduarig tfilee i datetionsofng Vehicl® . duks td Seflectioowol the

Fig.24, the noving shadow js now successfully elimnated, . This technigue is
{al so effect iV\?B‘Cfergl'?\eﬁ i Wgattf?%%moé‘ﬁf”?"?ﬂ S¥¥tlﬁ?"'r %WI‘E%W%?Qt Wgum%mg
surroundi ng gxfgey CattHbted to headligRt 9efédlibR! By MpBind E(P®, | 88 described in the I N
the invention, the presence of vehicle in the night traffic scene is

det ect ed by specification.

14. A method of reducing the visual impact of a shadow in the processing of images
in a video based traffic monitoring system, the method including the steps of.

determining at least one area of the image having a relatively constant intensity
value,

designating the area as a portion of a shadow area,

removing visual impact of the area from the image.

15. A method as claimed in claim 14, in which, in the step of determining, the at

least one area has a substantially homogenous texture.

16. A method as claimed in claim 14, in which the visual impact is removed by
substantially equalising the contrast of the area with that of another area proximate the
area. '

17. A method as c¢laimed in claim 14, further including the step of:

applying equation 5 (as described in the specification) in order to further reduce the

visual impact of the areas from the image.

18. A method of detecting a vehicle headlight in the processing of images from a
video based traffic monitoring system, the method comprising the steps of.

a. computing the accumulated intensity profile /acc(y) within the RO,

b. calculating the gradient G, using Egn.10, as described in the

specification, from the accumulated intensity profile facc(y),




detecting the vehicle hea he RO . The presence of vehicle
headl i ght, in 20 turn, wmm‘m‘ the intensity profile of the RO.
The generatlon of the | profile, along the length of the
traffic | aneWQH{F332 |IIustrat ed as shown in Fig.25. The FPCT/5G9/00115
intensity-profile function I[err](y) for each value of y (inage row) is
obt ai ned by accurul ating the total?8ntensity value of the pixels at
rowy within the RO. Fromthe intensity profile function I[err](y),
the sharp "peaks" adetermining if a geempradientiisi gffizined at byymar@Geé&kyGr.

nand, s e Syt erertle o e ealRnd B Lo @l s 800 Bk ign

si gnat ur eandt#e vehicle can be easily detected. The advantage of this
technique is_that the search for headlight only perforns in one

di nensi on, at® EBl@fkkes=t o the direct approach which scan the RO in
bot h hori zont akg rtical direction. Another advantage is that since the
30 accurmul ated T ntensity value of each row, of the RO, is used, the

i nt ensi t y VOHBEi (lec(y) <IA@>édet|B¢feaS£ ybyé stable and | ess suscepti ble to

random n0| se. S
18 E(’f"arref‘%?gg taga ¥sex T8asured for the detection of the sharp peak

whi ch i ndi cat €Fo bbfain the wuqm of thecseakf Wy efor cu,@;c(yfbe(lxcmxp ANBHIRES rAIsea t he
intensityg% r}' Glj he "w dth" t he pea err]l Jerr] is
defi ned a&onstant which e est e minimum intensity dnfferent between[tgprv]ehnce headlight
and the background, and
d. determining the presence of a vehicle by using Egn.11, as described in
the specification.

19. A method of detecting a vehicle within a chevron area in a traffic monitoring
system, the method including the steps of:

applying a gray level co-occurrence matrix (GLCM) for the extraction of texture
features of the RO,

calculating, using the GLCM, two texture measurements, namely angular second
moment (ASM) and contrast(CON).

20. A method as claimed in claim 19, further including the step of:
from all pixels (x,y), within the ROI, generating the gray level co-occurrence matrix
(GLCM) using Eqn.12, as described in the specification.

21. A method as claimed in claim 19 or 20, further including the step of:
obtaining input texture features: ASM and CON for the ROI using Eqn.13 and
Egn.14, respectively, as described in the specification.

22. A method as claimed in claim 19, 20 or 21, further including the step of:
comparing input texture features with background features (no vehicle): ASM;,
CONs
determining If ( |ASMs - ASM| <ASMy, AND |CONjs - CON| < CONy, )



5 For i mage pr an be approxi mated as foll ow
[err] mhe?ﬂﬂ,]lmf" m “Ig separation. Werr] is wdth of

t he "peak" v@, ?13{ E:gl cates « th of the headlig ma/sgaﬁoﬂi sence
e

- of a vehicle n be detected based on t he f ol | owi'ngs
IF (Jerr](y) > Gerr] AND Werr] (y) V\[err]) THEN
vehi cl e presence (11)
where Jerr] and Werr] are constant threshol d. The procedure
for the deHEN val¥ci@nolemesente at night is as foll ows: 1.  Conpute the
accurrulatgfg ‘%hf&rg peofile I[err](y) within the RO 15 2. Cal cul ate
t he gradi ent usi ng Eqn 10, fromthe accunulated intensity profile

I ACC(Y) ) If a steep gradl ent is obtained at y =y[err] where

t h k of | t
e 1)z Sag b Al SeRal Sk kBl S, £ 1100 2

assi gn y=yLer vk veticle not present, updatm durbiesatfes) < I[err](y+1) ) increase

y by 1 [ I [ (y) and Y[err] =Y otain the
wi dth of ﬂWapedl@Wér(ﬂ}SMoﬂs{VJB[)@Asr}(y) > (I[err]. K , where Kis a

const ant S nimumintensity different between the
vehi cl e hea \M}%éaﬁd { e ng'gaﬁ(g"f"ound 4, The presence of vehicle
is detected using the Eqn. 11. Fig.26 shows the flow of the
vehicle- nbg'ht ) ?‘rgeeflﬁ Ofn cé?cu?ctlensgsvehlcle speecl ina traf% ¢ monitoring system, the method

including the step of:
using convolution between two edge-profiles for the extraction of the vehicle

speed.

25. A method as claimed in claim 24, in which the two edge-profiles are obtained

from consecutive frames from the system.

26. A method as claimed in claim 24 or 25, further including the step of:
obtaining edge values E(x,y) for all pixels {x,y), within the PSZ using Eqgn. 3, 4
and 5, as described in the specification.

27. A method as claimed in claim 24, 25 or 26, further including the step of:
generating edge-profile in accordance with Egn.15, as described in the

specification.

28. A method as claimed in any one of claims 24 to 27, further including the step of:

determining speed if state of VDW is Activate.
29. A method as claimed in any one of claims 24 to 28, wherein the convolution
used is by performing convolution for functions Eave(yiframe=f) and

Eave(ylframe=f-1) and Eqn.16, as described in the specification.

30. A method as ctaimed in claim 29, further wherein



i

the wi ndowintensity- prmmﬁului éﬂm lled The presence of vehicle
headl i ght is then ng through the profile 2603.

: 19 _ 5 @ngbevron Vehi cl'e tectl on In £’9'F/SQQJ9}3FS£“
¢ invention, texture nmeasurenent is used to characterize the ature of
{the chevron region. Texture refers to #d‘ne spatial variation of tonal
| elenents as a function of scale. In the field of pattern recognition,

‘various textu ted statistically for the
classificati oﬁ?apgwliim%%hﬁg%é{zﬁc myext ur al characteristic. Since

di gi tal i-xagehiok sbbed&;aﬂ;gxl]a]m,,,ge@ V\g}:l ass usually consists of a
spatial arrangenent of gray |evels ich are nore honpgeneous within than

bet ween | and cover of different classes. The i dea of using the texture

i nformatizan f armdiR&d as clainféd ﬁ%él%djffur}f'%g'lr@l thte%téﬁ‘gﬁac'[ erize the RO,

wi thin the chevron area, using textur ures ch that the texture
of the RO, V\UptiatmeE@E(estefmme#f-ﬂ)em cl e, can be di stingui shed fromthe
uni que t ext ur th vehi,c resent (reference

texture). g’éﬁ”lge E"éﬁg'l fﬁ Eti L o regi on consists of black and
white strlpes therefore it can be characterized by its unique

| texture. 3I2n the present i nvent| on,

A method as claimed in any one of claims 24 to 31, an intensity profile of the
ROl is used in place of the edge-profile.

33. A method of determining vehicle direction in a traffic monitoring system, the
method including the step of:
using the polarity sign of an offset obtained from the convolution method as

claimed in any one of claims 24 to 32
34. A method as claimed in claim in 33, wherein a positive polarity indicates the
vehicle is travelling in a direction of traffic flow, and wherein a negative polarity

indicates the vehicle is travelling in a direction opposite to the direction of traffic flow.

35. A traffic monitoring system incorporating a method as claimed in any one of

claims 1 to 5 or 11 to 34.

36. A traffic monitoring system incorporating a RO! as claimed in claim 7 or 8.

37.  Atraffic monitoring system as herein disclosed.



the gray |level co-occurrence matrix (GLCM for the extraction of the

ltexture features of 15 the RO is enployed [2]. The conput ati on
éof textural neasurenment, of the RO, using the GLCM oa%@ |@¥olves
two steps. FiW&x015333¢ variations of in&en5|t|es of the ne| SHPTRY

pixels, within the RO, are extracted |Hb a co-occurrence matrix. This
mat ri x cont ai ns frequenci es of any conbination of gray |evels
occurring between pixel pairs separated 20 by a specific distance and
angul ar relationship within the window. The second step is to conpute

statistics fromthe G.
according to the rel at
measur enent s can
invention, for the det§¥

describe the spatial textaral information

smition of the matrix elengents. Various texture
sd from the ¢o-occurr gf I n our

f vehicle within e ¢ on area, two

texture neasurenents, oaRgul ar second 25/npraet: and
contrast (CON) are uged. Let I[err](Xx,y) be the iyt function

within the RO defified at |ocation (xy), and | ets , of

guanti zed intensit | evels. Plerr] repre #,] Xj entry denotes
it he nunber of ocdarrences of two nei ghbo = SSethin the
%reglon one wit#mtensity level i and the other with intensity |evel

7.

ri ng pi xel s have to be separated by a displacenent 30
Jimage processing unit

j. The two ne
vector D

Traffic Information:

» Traffic images

* Traffic information

« - individual vehicle data

»  -count, speed, classification,
4 head-way, etc.

¢ - statistical data

, incident status

External Users

Figure 2 Figure 3
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(12) Where # denotes the nunber of elenents in the set, The tmo
conput ati on araneters, Q and D, are sel ected as: Q= 128
5 D WaYP%de of D=2, with wvertical orlentatlonP?T@E%OQ@D[err])
The texture measurenents are obtalned as 'fol | ows:

[err] [err] 10 Then

t he texture neasurenents ar e natch mnth that of the background texture
measurenent (RO with iy o e asured paraneters are
"simlar" to the Is, then the state of
the RO is identified f the extracted feature
is "different" to the I Hehestrat € of t he RO
is identified as vehicl§ in the 15 proposed
systemis as follows: } , wthin the RO
generate the gray |evel




i
#

%natrix (GLCM wusing Eqn. 12. 2. ot ai ned i nput texture features: ASM

;:and CON for the RO using Egn. 13 and Eqn. 14, respectively. 20 3.
{Conpar e i nputy4 e e features with background features (n ' '
IASM err], wh s err] 1f 3(, JASM err] - ASM <A%rﬁ§e§r&?fb‘ﬁho
§|CCN[err] - CON < CONerr]) THEN vehi cl e not present El se
tvehicl e present 25 4. I f vehicle not present, update background

if eat ures: ASMerr] = ASMerr] + (ASM - ASMerr])/ R err]
"CON[err] = CON[err] + (CON - CONJerr] )/Rerr]

21 ASM err] and ASMerr] are constant threshold values. R err] and
‘Rl err] are_constant paraneters whi ch define the rate of update for
t he backgri : : g : ST Epncckg) 07
shows the tion

at the chd
The extradg

Figure 11 Figure 12




extraction of traffic data and the detection of traffic incident. Fig.28
shows the flow of the traffic paranmeters extraction process. In

modul e 2801 identify the state of VDW into one Qi ddgedipur

di fferent s?’ﬁmﬁggg’? each processing framge. These four states are,

Activate, De-activate, Active and Idle. When a vehicle reaches the VDW the

wi ndow will be in Activate state. After the Activate node, while the
vehicle still presents in the succeedi ng franes, then the VDWw || be
in Active state. |If the vehicle | eaves the VDW that is if the

preceding frame is Active and the vehicle is not present in current
frame, then the VDWis in De-acliviebepstgte. |f vehicligo s not present in
the preceding 15 and current frane4 the Wadow is in Idle state.

When the VDWis in the Activatejstate, that is when a vehicle first
activates the VDW then tnheyvehijcte counter will increase 2806. The
vehicl e speed is then obtained lifllSI ng the profil e-speed extraction
techni que 2807. Wiile the VDWid TpggActive node, the nunber of
frames which the vehicle presgpksy, {n 13de w ndow, 20

present _frame_counter, will be ijncreased. Hence, to determ ned the |length

oacont

of tinme when t he vehicle presefits—n the VDW At 2808, when the
vehicle | eaves the VDW the ve&i cle | engt h will be calculated from

three paraneters, present franmefgymfen, |_?% vehiclespeed and frane_rate.
Frame_rate is thg nunber of pro%essed frame per second for each video
i nput. Together with the frane-ratjej the presentframecounter 25 also used
to cal cul ate the javerage_ti me_pccupgncy of the traffic |ape f366 every

i nterval of w i/, 50 3. Iy Reef i1l e38peed- Ex 9

Fi g. 29 shows oW of the prdf pkeuspeed-extracti pnViErduess. |First the

edge- priofy
Fig.30 and Filg.

ﬁ"%\waithi n the sgeed-profiil e-zone SP&A—+s—genretated 2901.
shew 30 thel genesation of the edge-profile functions

within the SR consecuffv@ rames f and f+1.f{Simlar to the
intensity-profil § as described [ fhe seati#h of night-defection,
Extraction
Jr 1308 v
Incident Delection | e OULPEL
Module

Figure 13
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aver age edge-density

is used becayv%e%}'ﬁsesa%

is not susceptl

t edge-
Fi g. 32 shows the
fromthe origin,

. VDWis in the Activate state,

s nore stable than

o variation of anbiep
convolution is performed between the two

5 profile functions obtained fromconsecutive franmes at nodul e 2904.
result of the convol ution.
t he convol ution has a

the edge-profile along the length of the SPZ is obtained fromthe

E[err](y) of each row of pixels. The edge-profile

the intensity profid.g.since it

l'i ghting condition.

If the

At an offset distance dx

maxi mum peak whi ch can be

translated to the di stance which the vehicle has travell ed

can be obtalined. 10 The pr

fromfrane

the speed extraction is as follows:
> PSZ, obtained the edge val ues E(X,Yy)

- obtainea t he

Pl For all pixels (x,y),
~using Egqn. 3, 4 and 5. . Gener ate edge-profile:
for all y fior each row of pixelgwithin the PSZ 15
?ver?ge edqe val ue of rom1y:‘£g§gé&££err] T Bgﬁne:f)
CJerr H .
i b
s .
. : Digitization 1402
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3. If state of VDWis Activate -> conpute speed: 3a: perform
convolution for functions E[ferr](y|frame=f) and

E[err] (y|fragesf,zdden 20 C(z) = [err] Eerr](y | ’ shadi5 E[err]
(y-z | frarregﬁslm%gﬁzw) 6 /15 for all vy Mﬁg&gm}ﬁ): for
all z, find maxi rumof C(z), Cerr](z): ->
vehicl e speed [err] 4, Update E[err](y | frame=f-1):

ifor all y: Eferr](y | frame=f-1)= Elerr](y | franme=f) 25 5.3.2 Incident
Det ecti on The traffic incident is derived fromthe traffic
data obtai ned. The types of i nci dents include congestion, stopped
vehicle (on traffic | ane or shoul der) and w ong way traffic. For the

y det ection of congestion:

------------------------------------------------------------

1500

1503

Day/Nigh Detection 1502 Vehicle-Chevron-Detection

Day/Might?

]
t
t
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]
i
]
t
1
4
]
]
]
H
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t
i
t
i
I
1
]
i
H
night :
]
t
H
§
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H
H
1
i
H
H
]
§
i
t
£
)
)
1
H
£
t

; 1506
i
Vehicle-Day- Vehicle-Night-
Detection Detection
t }
R — l __________________________ Y .
!
: Traffic Data Extraction !
!
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23 | F (speed < | ower_speed |limt AND occupancy >

upper _occupancy_limt) THEN traffic incident = congestion
lFor the detecg}] st opped vehi cl e: | F (speed=r

vehi cl e_stopé%%%ﬁ:igr% > stopped_tinme limit}y 5 pﬁ/%—?é%a[l?affic
I nci dent = stopped vehicle For the detection of wong way traffic:

IF (velocity <0 THEN traffic incident = wong way
traffic : ng way traffic is derived from
the velocit profil e-speed extraction
process. |If posite direction,
opposi ng t hg onv n out put of the

profil e-speq ve of fPe@ite-Spded-done
iTherefore t i ndi cation of the
vehicle's d 24
Ref er ences

Vehicle-Detection-Window

/

Figure 16

Figure 17

2[ (2) - night, no headlight 4 (g) - day

A
J® 4 (@ - vight, with headlight




[11 Raf ael C Gonzal ez and Richard E Wods, Digital |nage Processing,

Addi son- Wesl ey Publ i shing Conpany, 1992. 5 [2] Danielle J
Marceau, Philip J Howarth, Jean-Marie M Dubois and Denis Gratton,
"Eval uat i on W@ SVHE3G ey- Level Co- Qcc Ir_:/rgnce Matrix Met hodpﬁf?@i?’gw&s Cover

Cl assification Using SPOT | magery', EE Transacti ons on Geosci ence and
Renot e Sensi gn, Vol .28, No.4, Jul, 1990. 10

25 WHAT IS CLAIMED I'S: 1. A nmet hod of processing i mages received froma
vi deo based traffic nonitoring system the nethod conprising the steps of:

receiving input fromat |east one video source, storing at |east a
portion of the input, formng digital data by applying a
digitization process to the input, analysing s datyg i ncl udi ng anal ysi ng

5 e er m ned paraneters

the data for detection of a vehicle, as '?ﬂ?ﬁiﬂ
3 5 redeterm ned

and / or analysing the data for detectionR.Q

_____ Day o,
v ‘Ggﬁﬁ;Day-Detemcn
1900
Compute Edge density
of VDW 1901
Input VDW Edge 1962

Comparator 1903

o |
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Reference VD'W Edge

1905
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I nci dent, provi ding, as an output, information corresponding to the
anal ysi s step. 2. A nethod as clainmed in claiml, further including the

step of retrjevyi the stored input in the event of the a ' tectin
theloincident""."'c’X”g"gﬁ3 A et hod aspcla@npqsin claim1l or Z,Qﬁkéggfﬁﬁﬁhe ’
stored input is stored in a conpressed fornmat. 4. A nethod as cl ai ned
in any one of clains 1 to 3, in which the input is received from4 sources
and is processed to be viewed as one video displ ay. 5. A nmet hod as
clainmed in any_one clal - ' Lnc |

congest i GgEEEs : e

nmonitori

clainms 1

(RA) for

sections, §
&

Figure 23
ﬂ;ﬂ ns:j‘%‘.t%
.1 #g’“‘l d":.c lir.

ﬁ b "."

Figure 24



(vbw , the two sections being substantially aligned with a respective
| ane of traffic to be nonitored,

26 t ei ng used for the extraction of vehicl L f a
vehicle is dgﬁeog%(gpat the VDW and i ;15 the VDW being u%cejzﬁsg@m%e
detection of the presence of the vehicle on the window, the VDWpartially
over | appi ng the PSZ. 8. Inatraffic nonitoring system a Region O
Interest (RO) for detection of a stopped vehicle at shoul der or chevron,

the RO consisting of a vehicle-detection- w ndow (VDW, t he VDW
bei ng used for the detection of the presence of the vehicle on the w ndow.
9. A nethod of detecting day or night status in a traffic nonitoring
system the =

headlight-peaks headlight reflection-peaks




met hod i ncluding the steps of: a. cal cul ating parameters I[err]
and V[err] within the RO using Eqn. and Eqn. 2, respectively, as described
in the specifjc ) determ ni ng whet her any itions
Vierr] > V[er %ﬁg&g|[err] |[err] ANQ,Vl ger] < V[err]) are(yz'erfsg,%fg9’6:09p’p

if any one of the conditions of step b are net, then the status ;

determ ned to be 'night', and if nether of the conditions of step b are
nmet, then the status is determined to be ‘day'. 10. A nethod of
detecting the presence of a vehicle in a RO in a traffic nonitoring
system the nethod including the step of using weighted horizontal and
vertical edge intensity information determ ned in accordance wth Egn.7, as

described in the _specification. 1. A nethod as claimed in claim?7,
further including the steps of: for_all pixels (x,y) within ithe VDW
conputing the pixel edge E(x,y) fro spal pixel intensity I{(Xx,y)
using Eqn. 3, 4, {and 5, as descri bed i nDayigigspec i cati on, and
obtai ning the ayerage edge density va e VDWE[err] using [€rr] 6,
as described injthe specification. Nigh
Rt o TER e
! Vehicle-Night-Detection '
4 :
E 2600 !
: intensity-Profile | g0, !
! Generation '
! l :
4 t
} §
4 ]
: !
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: E
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i ]
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: E
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§ ?
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: vehicle present? ;
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§ ]
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e i
: Traffic Parameters Extraction :
1 H
1] 1

Figure 26



27 12. A nethod of continuous dynam c updating of the reference edge of
the VDWto the actual edge density of the road surface, in a traffic
nonitoring s he met hod i ncluding the step of updati i.ng

-Eqn. 8. 13.$ﬁkﬁ§§? od of reducing falsegletection of a ve |é$%w@§%9to
.reflection of the vehicle's headlight, in a traffic nonitoring system the
tmet hod i ncluding: mnimsing edges attributed to headlight reflection by
appl ying Eqn. 6, as described in the specification. 14. A nethod of
reduci ng the visual inpact of a shadow in the processing of inmages in a
video based traffic nonitoring system the nethod including the steps of:
determ ning at | east one area of the inmage having a relatively constant
intensity val ue, designating the area_as.a portion of a shadow area,
removi ng visual inpact of the area from (he” civage. B3%5 A method as
clained in claim14, in which, in the step obaidere i ng, the at
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¥
ileast one area has a substantially honbgenous texture. 16. A nethod as
;clained inclaiml14, in which the visual inpact is renoved by substantially
cequalising t ) ast of the area with that of another a j.gate the
larea. 17. Agﬁ§?§%%5as claimed in claigm i, further includfﬁgsgﬁgﬁg ep of:
| appl yi ng equation 5 (as described in the specification) in order to further
ireduce the visual inpact of the areas fromthe inage. 18. A nethod of
detecting a vehicle headlight in the processing of inmages froma video
based traffic nonitoring system the nethod conprising the steps of:
a. conputing the accunmul ated intensity profile I[err](y) within the RO,
b. cal cul gti.ng-the gradient G err],_using-Egn.1Q,_as. .descrihed..ip the
, specificatiagn, fromthe accunulated_intensity profile I[err](y), N

i Vehicle Detection !
1 28 : ;
; e e e e e e e e e o e ————————————— !
§
| Traffic Parameters Extraction & TTTTTTTTTmmTTommTees !
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Status 2801

2802
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C. determining if a steep gradient is obtained at y=y[err] where

Jerr](y[err])> {derr], and, if so, then searching for the | ocal
peak of I[er y[err] and obt ai n I[err] and Werr] tain
I[err]: {\]O(e\f)gf‘%%%gn y=y[err] VH LE (jferr](y) < I[err]Pf:T/Sf)Jé})lncrease
y by 1 IJerr] =1I[err](y) and y[err] =y To obtain the width of the

peak Werr] for (lI[err](y) > (I[err]. K)) where Kis a constant which
defines the mnimnumintensity different between the vehicle headlight and
t he background, and d. determ ning the presence of a vehicle by
usi ng Egn. 11, as described in the specification. 19. A nethod of
detecting a vehlcle within a chevron area in a traffic nonitoring system
the met hod i ncTudi'ng the "steps of 7"~ """ "77 7% applying a gray level " "~ "~ \
co-occurience matrix (GCM for the Dagidzatagti on of texture features of jthe

RO, : cal cul ating, using the GLCM two texture neasurenents, narely

in clai md9;--Further-inel-uding-t-he-st -of ;- f-rom-al- Iupmelms ~EX5Y)s--Wit hin
the RO, ; gefilespaddsi ng the gray | evel co-gccurrence matrix (GLCM using

Eqn. 12, asyggscribed in the speci fr LI,

Generation
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1. A nmethod as clainmed in claim19 or 20, further including the step of:
btaining input texture features: ASM and CON for the RO using Egn. 13 and
gn. 14, respegigoidbasz as described in the specification. 2&1/s8esrmifyod as
laimed in claim219, 20 or 21, furtherl1]dclsuding the step of:

onparing input texture features with background features (no vehicle):

SMerr], CONerr] determining If ( |[ASMerr] - ASM <ASMerr] AND
CON[err] - CON| < CON[err])
9 THEN vehigl-6.not. atesent ElL.s

7 not

claimed in ¢
present, upd
ASM err])/ R
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24. A nethod of calculating veW cle speed in a traffic nonitoPOTPSGHFOEITS

the net hod i usi ng convol ut i oRetxtvadelTAligHSt 2001
edge- profil egﬁ'm”m("mmvﬂ ﬁ’ on of the vehicle speed. 25. A nethod as
clainmed’in claf me24L the two edge-profiles are obtained from
consecutive frames fromthe system 26. A nethod as clainmed in claim?24
or 25, further including the step of 2g obt ai ni ng edge val ues E(x,Yy)
for all pixels (x,y), within the PSZ using Eqn. 3, 4 and 5, as described in
the specifica c}hQ'F‘SZhbé’r?q used f?%@%%@&toﬁ'tﬁbéﬁae sgeéd ﬁh%ﬁl@)fe i€ JefictelOt
further including t eneratin edge profile In accordance
wi th Eqn. tte VRW, dedcri bed in the speC| f I cation. A net hod as cl ai ned

ot or i ni mg. sgBqop by Bef forghilo@Ser & e @feggncs&‘“ﬁ%@%é@ma M8 ol ai med

i n any onwirdbwethe VIBW2skriiglly 2¥erlappiigethe PSZe convol uti on

8. In a traffic monitoring system, a Region Of Interest (RO!) for detectio 1 of a
stopped vehicle at shoulder or chevron, the ROI consisting of a vehicle-del¢ ction-
window (VDW),

the VDW being used for the detection of the presence of the vehicle i the
window.

9. A method of detecting day or night status in a traffic monitoring syst: n, the
method including the steps of: ]

a. calculating parameters /o and Vs within the ROl using Egn. and Eqn.2,
respectively, as described in the specification.

b. determining whether any one of conditions Vs > Vri OR (lave * Iy AND

' Vs < Vy) are met,

c. if any one of the conditions of step b are met, then the status:i;
determined to be 'night’, and if nether of the conditions of step b are met, th i the
status is determined to be ‘day’.

10. A method of detecting the presence of a vehicle in a ROl in a traffic 1 1onitoring
system, the method including the step of using weighted horizontal and verl cal edge
intensity information determined in accordance with Eqn.7, as described in 1 1e
specification.
‘1. A method as claimed in claim 7, further inciuding the steps of:

for all pixels (x,y) within the VDW, computing the pixel edgs E{x,y) frt m the
original pixel intensity /(x,y} using Eqn.3, 4, and 5, as described in the speci Ication, and

obtaining the average edge density value of the VDW Eypw using Eqj 1. 6, as
described in the specification,
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used is- by perform ng convol ution for functl&@@[‘.@ k}?/ﬁ%ar;g f) and
E[err](‘y|frame fl 1) and Egn. 16, as described in trﬁ,§@eC|f|cat|on
met hod as cI al med

30

[err]
further
for all y:
clained in

used in place of the edge-profile.

P01 O A
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Z[er’r] |
I ncl udi ng the step of:

in claim?29,

rr

ﬁbﬁﬂdr]d([l)f*!le&ﬁﬁ%pef‘ty d)}gtmEEla{ r ,‘f “a
any one hdmaGdnaliBogau24 to 31, §
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33. A met hod of determ ning vehicle direction in a traffic nonitoring
system the nethod including the step of: using the polarity sign of
an of f set obtai ned fromthe convol uti on net hod as claimed in any one of

oci (1ve pol ariiy indicatest nVQLRIEESHE AL, o) FOIMMIMARE \PRBUAMHIRIE N

traffic flow, and wherein a negative polarity |nd| cates the vehicle is

travel ling i n aveio; ®eMROMN MW ORI NN, BL, PIRo, dipisgés: on of traffic flow. 35.
A traffic noni tR@r @snwu e DY ARITALUANYG. a —heWitddrampnatieadireed. i N any one of
claims 1 to 5 (HS FA.ZW. 36. A traffic nonitoring systemincorporating

a RO as cl ajsmlgmedcg},@ PidnafT ARBPO patenB(GH, GM\ T &rPfetier cof i ?‘grqb_ﬁ agyp«grfgmf’ges"@@
herein di scl 0S&®.LS, MW, SD, SL. SZ. TZ, UG, ZW), Eurasian patent a{-:ceNoleson Codes fmdA ‘revmn ns” appearing at the begin-
: (AM, AZ, BY, KG, KZ, MD, RU, T3, TM), Buropean patent ning of each regular issue of the PCT Gazetre.
{ (AT, BE, CH,CY,DE, DK, ES, FL, FR, GB, GR, IE, IT, LU,
; MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, Ci, CM,
GA, GN, GW, ML, MR, NE, SN, TD, TG).
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