- 1 SYSTEM AND METHOD FOR DETECTI NG ROAD TRAFFI C

VI OLATIONS Field of the Invention This invention
relates to a systemand nethod for 5 detecting road
traffic violations. Background of the Invention One
maj or cause of traffic accidents is due to sudden

| ane change activity. To inprove traffic safety, 10
conditions, traffic planners and enforcers have
identified areas of concern, sugch as approaches to
traffic intersections, bridge crossings or tunne
crossings and nerging traffic comng onto or off
freeways. Lane change activities in these areas is 15
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15 wusually regulated by line markings on the roadway such

as a double white line, to indicate to a driver that it

is illegal to change lanes at these regulated areas.

Unlike enforcement of other traffic violation

20 activities, such as speed and red light wviclations,
which rely mostly on automatic enforcement, the
enforcement of illegal lane change activity has always
relied on visual detection by a patrol duty officer guch
as a policeman.

25
Whilst technology does exist for detecting red light
violations and speed violationg, the technology
generally relies on detecting wvehicles at a point or
within a very small confined region so that images of

30 the vehicle can be obtained, and also an indication of
the violation recorded. However, in view of the area
over Which lane change activity may be illegal, existing
traffic violation systems are not adequate to properly
provide a means of automatic enforcement.

35
Summary of the Invention




35 Summary of the Invention z The object of a first
aspect of the invention is to provide an autonatic
enforcenent systemsuitable for detern ning whether
vehi cl es have changed lanes in a restricted area. 5
The invention provides a systemfor detecting traffic
| ane change violation, conprising: a first detection
system for nmonitoring a first |location of a roadway
having nultiple |anes; 10 a.sgcond detection system
spaced fromthe first systemfor nonitoring a second
| ocation of the roadway, wth the | ength of roadway
between the first and second |ocations being marked
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change is not permitted; and
i5 a processor for recelving images from the
first and second detection systems for identifying a
vehicle and the lane in which the vehicle is travelling
at the first location and for comparing that lane with
the lane in which the identified vehicle is travelling
20 at the second location to determine whether the vehicle

has changed lanes, and therefore committed a lane change

violation.

gince the invention utilises the two detection systems
25 which are spaced apart from one another along the length
of the roadway and identifies the lanes in which
vehicles are travelling so that the vehicles and the
lanes in which they are travelling can be compared at
the first and second locations, an automatic system for

30 determining lane change violations is provided.

Preferably the image of the vehicle at the first
location and the image of the vehicle at the second
location is used to provide evidence of a lane change

35 wvioclation, should a violation occur.




Preferably the image of the vehicle at the first

| ocati on and the i mage of the vehicle at the second

| ocation is used to provide evidence of a | ane change
35 violation, should a violation occur. 3 Preferably
the first detection systemconprises a plurality of
caneras, each for nonitoring a respective one of the
| anes of the roadway. 5 Preferably the second
detection system conprises a. plurality of caneras,
each for nonitoring one of the |[|anes of the roadway.
.Preferably a vehicle is identified by an i mage 10
recogni tion technique for identifying the |licence
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15 reference to that lane and compares the lane reference
the vehicle is travelling in, as captured by the first
and second detection systems to identify whether the

vehicle has changed lanesg.

20 Preferably the vehicle identity and lane change
reference captured by the first detection system is
compared to the data for the identified vehicle and lane
captured by the second detection system to determine

whether the vehicle has changed lanes.

25
Preferably the matching of a vehicle identified by the
first detection system with a vehicle identified by the
second detection system takes place over a predetermined
time period from when the vehicle is identified by the

30 first detection system.

The invention provides a method for detecting traffic
lane change violation, comprising:
monitoring a first location of a roadway
35 having multiple lanes with a first detection system;
monitoring a second location of the roadway




| ane change violation, conprising: nonitoring a first

| ocation of a roadway 35 having nultiple lanes with a
first detection system nonitoring a second | ocation
of the roadway spaced fromthe first |location with a
second detection system wth the |length of roadway
between the first and second | ocations bei ng marked
to show that | ane change is not permtted; and 5
identifying a vehicle and the hane in which the
vehicle is travelling at the first location, froman

i mge captured at the first |location and conparing the
lane in which the identified vehicle is travelling .
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15 location and the image of the vehicle at the second

location is used to provide evidence of a lane change

violation, should a violation occur.

preferably the first detection system comprises a
20 plurality of cameras, each for monitoring a respective

one of the lanes of the roadway.

Preferably the second detection system comprises a

plurality of cameras, each for monitoring a respective

25 one of the lanes of the roadway.

Preferably a vehicle is identified by an image
recognition technigque for identifying the licence plate
of the vehicle.
30
Preferably the method records the lane in which the
identified vehicle is travelling and assoclates a
reference to that lane and compares the lane reference
the vehicle is travelling in, as captured by the first
35 and second detection systems to identify whether the

vehicle hag changed lanes.




reference to that | ane and conpares the | ane reference
the vehicle is travelling in, as captured by the first
35 and second detection systens to identify whether
‘the vehicle has changed | anes. -5- Preferably the
vehicle identity and | ane change reference captured
by the first detection systemis conpared to the data
for the identified vehicle and | ane captured by the 5
second detection systemto determnm ne whether the
vehicle has changed | anes. Preferably the matching of
a vehicle identified by the first detection system
with a vehicle identified by the 10 second detection

systemt ake | ace_over. a.predeternm ned tinme period

£1 om RREFCTRAT B TPaale HRATEY | 20 A5 EnpD, tyterence
det ecerpiRedsPe el 51 B detedden HSt6R Y ReTYhienERe
A pr efiets ebrefhodidaphifiel tdieclavemt Lane Waptubed EROtRS

305 33cdby NEEIoHAE JdRAGE Rt8mARSchi bR, tBY VRN -0

exanpl e th ference to the acconpanying draw ngs,
in mhk%ﬁ:ﬁ%?ﬂﬁaéﬂfer a schematic view of a system

according to the preferred enbodi nent of the

| nvenkrefsrably Filgunetching of ki oekidicagaamigtiettey the
syst e?_&?@ﬁ%’é&@éﬁnogyé_&% pigf ar G%clﬁgb@?ér{?&&e@fbyt hfe

i pyention: re 3is a diagramillustratin nmage
A0t PBT <EhEeR, skl e lRas HEL R A Re
pr ef et¥es rewbed i frent vhsm the yaidelr ilonidemd figd iydbe 4
is a Eimﬂch{atécwcpl aydtchy operation

15 Brief Description of the Drawings

A preferred ambodiment of tha invention will be

20

25

30

35 THE NEXT PAGE IS PAGE 8




of the preferred enbodi nent of the invention [
Description of the Preferred Enbodi nent 150thﬁétalled
reference to Figure 1, a systemfor detecting a Iane
change violation is shown. A roadway 10 is marked
with a double white Iine 12 to identify that vehicles
travelling in the direction of the arrows A are not
able to change |ane. 20 The system conprises a first
canera systemfor nonitoring @ first |location L1 of
the roadway 10 and a second camera system 16 spaced
fromthe first system14 for nonitoring |ocation L2
of the roadway 10. The 25 roadway between the
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nitor lane 2 of the roadway 10. 5 The caneras 14
and 16 are connected to a processor 20
Detailed Description of the Preferred Embodiment
15 With reference to Figure 1, a system for detecting a
lane change violation is shown. A roadway 10 is marked
with a double white line 12 to identify that vehicles
travelling in the direction of the arrows A are not able

to change lane.

20
The system comprisges a first camera gystem for
monitoring a first location 1.1 of the roadway 10 and a
second camera system 16 spaced from the first system 14
for monitoring location L2 of the roadway 10. The

25 roadway between the locations Ll and L2, as explained
above, is marked with double white lines 12 to show that
vehicles are not allowed to change lane over the length
of the roadway between the locations L1l and L2. The
marking of the roadway may be by methods other than by

30 double white lines, such as gsign posting or the like.

Each camera system 14 and 16 compriges a camera for
monitoring one of the multiple lanes 1 and 2 of the
roadway 10. Thus, the environment shown in Figure 1,
35 the camera system 14 comprises a firgt camera 1l4a and
the second camera 1l4b. The second camera system 16




whi ch conprises a first processing unit 22 to which
the caneras 14a and 14b are coupled and a second
processing unit 24 to which the caneras 16a and 16b
are coupled. 10 Inmages of vehicles travelling passed
the location LI, such as vehicle Vin Figure 1 is
captured by the canmera 14a which nonitors |ane 1 of
the roadway 10. The inmage data is supplied to the
processing unit 22 which 15 anad yses the i nage data by
I mage recognition software to identify the |icence
plate of the vehicle V. The tine the vehicle passed
the location L1, the |licence plate nunber of the
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L1sand the | ane in which the vehicle is travelling. 25
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the vehicle passed the location L1, the licence plate
number of the vehicle and the lane in which the wvehicle
was travelling (such as lane 1) iz recorded against the

20 vehicle. Thus, vehicle V ig identified by its licence
plate number and against that licence plate number is
recorded the time the vehicle was detected at location
Ll and the lane in which the vehicle is travelling.

25 Whilst in the preferred embodiment of the invention, the
vehicle is recognised by its licence plate number, the
vehicle could be recognised by other features, such as
vehicle type or other characterising markings or shape
of the vehicle which ig gufficient to accurately

30 identify the vehicle, given the circumstances in which

the system is being used.

In the embodiment shown in Figure 1, the wvehicle V has
changed lanes between locations L1 and L2 so that the
35 wehilcle V at location L2 is now in lane 2. Thus, the

vehicle has committed a lane change violation.




Again, the vehicle is identified by its licence plate
5 nunber and the tinme of arrival at |ocation L2 and
the lane in which the vehicle is travelling is
recorded by the processing unit 22. The data received
fromthe processing unit 22 is 10 transferred to the
processing unit 24 by link 30 so that the data
captured by the canera 16b can be conpared with the
data relating to the sanme vehi ghe-captured by the
system 14. |If the data identifies the vehicle Vin a
different lane to that captured by the system 14, then
a 15 violation has occurred. Figure 3 shows a typica
exanpl e of how the vehicle is identified. The roadway
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and saved to provide evidence. If no

Figure 3 shows a typical example of how the vehicle is
identified. The roadway shown in Figure 3 is the same
as that in Figure 1. As shown in Figure 3, the vehicle
20 at location Ll is identified by its registration numberx,
which is simply given as VX in Figure 3 and the time Tl
at which the vehicle arrived at location Ll is recorded,
ags is the lane number (lane 1). The image of the
vehicle and the time is also recorded to provide

25 evidence of which lane the vehicle is in.

At location L2, the same data is recorded which
identifies the vehicle by its licence plate number, the
time of arrival at location L2 and the lane, which in

30 thig case is lane 2.

The two captured images shown in Figure 3 therefore
provide evidence of the violation which can be used in
any official proceedings as evidence of the violation so

35 that the appropriate penalty is given to the driver.




violation of a vehicle is recorded in a particul ar
time 5 period, the inmages relating to those vehicles
can be deleted or recorded over. Wen a vehicle is
identified at location L2, the system w | search
through the list of identified vehicles 10 captured at
point L1 by canmera system 14. in order to optimse
and limt the search process, the systemw Il [|imt
the search to within a specified i-nterval of tine
using the follow ng cal cul ation: 15 D stance between
canera point A and B L B Mxinmum speed between A and
B = VMax Hence, mininumtravel time fromAto B, Ta
AB 20 ThHE whan\B t/ 1ynescabil Arhedn Biséed vrladdrnAband B
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step Sequernce captureé1 by all the caneras
at
15 Distance between camera point A and B = Lag
Maximum speed between A and B = Viax
Hence, minimum travel time from A to B, Tninas
20 Tninas = Lap /Vaax
Minimum speed between A and B = Viin
Hence, maximum travel time from A to B, Tnaxas
25 Tmaxan = Las /Vain

Therefore, given an identified vehicle Vx, captured at

time T, at camera point B, the system will only search

through the list of identified vehicle of point A within
30 the following interval of time, Ty:

( T2 + Tninas ) < T1 < ( T2 + Tpaxas )
It will also be apparent that since the detection of the

35 vehicles at locationg Ll and L2 records the time of the

vehicles at those locations, the average speed of the




| ocation LI are transferred to processor unit 22 where
10 vehicle detection takes place at step 402. If a
vehicle is detected at step 403, the nunber plate is
recogni sed by inmage recognition software at step 404
and extracted. The vehicle is then |abelled at step
405 to identify the vehicle. The systemthen returns
to step 401. This 15 continues while the systemis
operating. The list of all idenkitied vehicles is
transferred at step 406 to the unit 24. At step 401
the i mage sequence of captured images fromthe canera
16 is 20 transferred to unit 24, and at step 402' a
vehi civehicfet detivenn righa ilaeatignss Ly aed L3 °ag Hehicle
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The list of all identified vehicles is transferred at
gtep 406 to the unit 24. At step 401' the image
sequence of captured images from the camera 16 is

20 transferred to unit 24, and at step 402' a vehicle
detection routine takes place. If a vehicle is
detected, as per step 403', the number plate details are
extracted at step 404'. The vehicle is labelled at step
405,

25
The labelling of steps 405 and 405' comprise identifying
the vehicle, the time at which the vehicle passed the
respective locations Ll and L2 and the lane in which the
vehicle was travelling. At step 407 the data

30 transferred at step 406 ig compared to the data at step
4051, At step 408 a determination as to whether a match
has been found takes place and, if so, the processor 24
determines whether a lane change has occurred at step
409, As explained above, this is domne by matching the

35 lane data of the identified vehicle at locations L1 and
L2 to determine whether the lane data is the same or




is saved at step 411 for use as evidence. 5 The system
can also be used to identify illegal overtaking al ong
a length of roadway independent of whether a vehicle
changes lane or not. This is achieved by taking the
sanme i mges at location L1 as descri bed 10 above, and
the sane images at |ocation L2 as described above.
However, in this enbodinment, the order in which the
vehi cl es pass through the | ocatlidons L1 and L2 is
determ ned. Thus, if the |length of roadway between

| ocations LI and L2 does allow for |ane change but 15
prevents one vehicle fromovertaki ng another_ vehic 4ﬁgat

al ongwhehey &hGER BF ¥ GRAMES: thEeripirfaisoFBPE G
can beegleftiar risned dhetteaparvirgatiendideocohirrbd and, if
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| ocat |L‘§n @l JL'%%Q hléa %égg%és?%? ¥ %?Y%Jﬁ t hg Locaaﬁc} §r21

af t er 1§ePAta% 2y EGe%n’*&]at“Ea‘h%ef o 8?% ‘L2 vehicle X
passes through the |ocation before vehicle Y, the

changeping gt‘iﬁ{ claﬂditfs%t &2 uEé@ttoVQhéﬁiﬁl)(:.Q!SJj&DOk
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hicle Y het
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vi ol avherhenforebielr Ghbeghs sene or noL cé’&?ﬂﬁréﬁ achieved
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| ahe Bbevererd ichiecuehiniendedn ntertaking|amedhen véhiele

enmbodj £1aRd 1LAgtI0T#e ko fdwd e thehi TRl sSvehedking can

whi Chb deterng.ned by comparing the order of the vehicles at
locations L1l and L2. For example, at location L1, if
vehicle X passes through the location after wvehicle ¥

20 and at camera location L2 vehicle X passes through the
location before vehicle Y, the change in order indicates
that vehicle X overtook vehicle Y between the two camera
locations. When using the system for determining
illegal overtaking viclation enforcement, both sets of

25 captured images of vehicle X and Y at the camera
locations L1 and L2 will be needed as the image evidence
to prove the occurrence of the illegal overtaking

activity.

30 This embodiment of the invention has application to
roadways which are single lane roadways or multiple lane
roadways, but obviously is more relevant for single lane
roadways because that is more likely the environment
where overtaking is not allowed. Thus, lane

35 identification need not take place in this embodiment
and the order of the vehicles is that which is being




1l 14 - considered. Since nodifications within the
spirit and scope of the invention may readily be
ef fected by persons skilled 5 within the art, it is to
be understood that this inventionis not [imted to
the particul ar enbodi nent described by way of exanple
her ei nabove. In the clains which follow and in the
precedi ng 10 description of the invention, except
where the context requires otharw se due to express
Ianguage or necessary inplication, the word
“conprise", or variations such as "conprises" or
conpr|5|#é; is used in an inclusive sense, i.e. to
speci f9°34eg9basence of the stated 15 features but not
to preclude the presence or addition of further
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firstimplication, the word “comprise”, or variations such as
“comprises” or “comprising”, is used in an inclusive
sense, i.e. to specify the presence of the stated

15 features but not to preclude the presence or addition of
further features in various embodiments of the

invention.




15 location and for conparing that lane with the | ane
in which the identified vehicle is travelling at the
second |ocation to determ ne whether the vehicle has
changed |[|anes, and therefore conmtted a | ane change
violation. 20 2. The systemof claim1 wherein'the
imge of the vehicle at the first location and the

i mge of the vehicle at the second location is used
to provide evidence of a |ane change violation,
shoul d a violation occur. 25 3 The systemof claiml
wherein the first detection system conprises a
pluraljty of cameras, each for nonitoring a

respe@z one of the |anes of the roadway 4. The
system of claim3 wherein the second 30 detection
syst e conpri sesyatgpl Hoaldettycoinge aneifds, lawc khahgy
noni t Q¥ iNg;90e RLfwpifealanes of the roadmay 5. The

sygt em of claim 4’:%%?&%”“\/%% e%ql'fsmaent | %.h% §d:1?¥t

an”i mage recodhitTon ng ‘t
| i cené%"adilaf‘e"foia F‘P\aéi“'\%rﬁﬂié‘g N tTH%e SVEEBRM of claim1

wher ei n t he preosesser detectfonrsrsdrdssiaged | fure e idreh

the i denddnf 6 nibﬁl‘ili;&ﬂ1&gi § seobid BlobhBibrabE assechatas a
ref ergnge t%ﬁ i %tth ffn‘?mé‘a%?a £orpates,d B8 LaNga second
reference the hicle 1s trave s caturq__d
by %t h&°FFiers d‘f?dngé‘&fﬁ& det seeY cfr'?agyjsat“c?nﬁ

i dent péymiiite@hemdt he vehi cl e has changed Ianes 7. The
system of cl aidnpbosdiabei fort Recaitting| Bnagkseftont Yharflrat

| ane 9@@%&5@%@%@9&%& Mé&@dfay n.th@t f?iﬁ& @sﬁ@&tg QR

syste conpar da

vehi c@é }ﬁ‘&enghé’ﬁga}b Ef?e‘ae EL‘tah:‘iss t’é% ﬁ&mﬂe"‘f GC%I o’Lh"rst
S}5t eRPETIARt BIhERR RRBRFRT et yaRs orichhie leRarntfed

| aneswhiGtlr ape adentHfizd véhicllai M Erahelidng 4theéhansecond

ai I'li J18ckiod3to determine whether the vehicle has changed
lanes, and therefore committed a lane change violation,.

20 2. The system.of claim 1 wherein the image of the
vehicale at the Ffirst location and the image of the vehicle
at the second location is used to provide evidence of a
lane change violation, should a viclation cacur.

25 3. . The sgystem of claim 1 wherein the first detection
system comprises a plurality of cameras, each for
monitoring a respective one of the lanes of the roadway.

4. The system of claim 3 wherein the second
30 detection system comprises a pluralmty of cameras, each
for monitoring cne of the lanes of the roadway.

5. The system of claim 4 wherein a vehicle is
identified by an image recogmition technique forx

35 identifying the licence plate of the vehicle.

6. The system of claim 1 wherein the processor




15 vehicle identified by the first detection system
wth a vehicle identified by the second detection
system takes place over a predeterm ned tine period
fromwhen the vehicle is identified by the first
detection system 20 9. A nethod for detecting traffic
| ane change violation, conprising: nonitoring a first
| ocation of a roadway having nmultiple lanes with a
first detection system nonitoring a second |ocation
of the roadway 25 spaced froq1the first location with
a second detection systen1 Wifht he | ength of roadway

between the fjrst and atl n be| n ed
to sh3FFTIMt *rand enih *9'1% 9- ?f' mglgm{&k

i dent icbyveidiag vasd eIBEO%iWGeF hee rleaweeqcﬁ Ll "E’ﬁ‘tt Eéﬂe 304
VehlCESmﬁékdéfBﬂﬁﬂﬂdnagréﬁaréhébfﬁhéS$eHum¢atiiﬂt:aﬁelﬁmngnln,

i mage__capt.ur Ng a}t thgef £§&S£n4 gg@&ﬁ@@eea&lmwg@gwxg to

t he | t
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travelling at the second |location, froman inmge at
the second | ocid @Rstén @&t e1MinNe whathertiab vehasle

vehi cl g has.changed.| éﬁlﬁ% @éELrL,HSé@J ES:&P'EEI‘ tedidst
fwan g 1 oI atl

| ane.

4 ]aéd: g nﬁt hod of
cl ai nfi§® 8j YT i"ﬁa‘ff&‘l’ﬁfe 8 Bahitra 54 AR first
| 60at identirfdet meetiivhgearst leme opphixddk by athe Fecsrtond

| ocat ueBedtiodSeEbdeh BEQUHtdEnENY GBEER0kha Ysanele taage

vi ol aéthFb cfkigh'ésg a violation occur, '.. 5 11. The

nmet ho aim9 wherein the first detection system

conprises a plurality of caneras, each for nonitoring
a resfective ofler gk=tfe “aned ot Yire-ivatiwaf>eto~r2=f =

Thé nethideofidehigiatedoytbe efivsthdeizatoon sydéemotitna

syst eLEMY i 38se @i BhUEA thb Vs fond ABeasiofagBten takes
place over a predetermined time period from when the
vehicle is identified by the first detection system,

20 9. A method for detecting traffic lane change
violation, comprising:
monitoring a first location of a roadway having
multiple lanes with a first detection system;
monitoring a second location of the roadway
25 spaced from the first location with a second detection
system, with the length of roadway between the first and
second locations being marked to show that lane change is
not permitted; and
identifying & vehicle and the lane in which the
30 vehicle is travelling at the first location, from an image
captured at the first location and comparing the lane in
which the identified vehicle is travelllng with the lane
in which the vehicle is travelling at the second 1ocatlon,
from an image at the second location to determine whether
35 the vehicle has changed lanes, and therefore committed a
lane.change viclation,




for nmonitoring a respective one of the |lanes of the
roadway. 15 13. The nethod of claim 10 wherein a
vehicle is identified by an inage recognition
technique for identifying the licence-plate of the
vehicle. 14. The nethod of claim9 wherein the nethod
"records 20 the lane in which the identified vehicle
is travelling and associates a reference to that |ane
and conpares the lane reference the vehicle is
travelling in, as captured by,the first and second
detection systens to identify whether the vehicle has

chan gﬁld. | anes Thg Qné_!]témd-ri}:e GFELD (bd wggré::'!na itg]e 9:i.‘mV:§x"h gr gil:" rJ:he

the vehicle iQ£nt¢§¥tand ane chan%e reference L
capt ured by The TiTr'srt tRFELPT st MPre Torfbarwbirde
t he ot &Ppofeaond licidaes fisedsgdfiochrovidd buirencaptiired

by t Hersechange30idRitteh] GhosystLRULb D iRhebBIMIE Whet her

the vehicle has changed | anes. 16. The net hod of

claim,9 wherejn th tchipg of a vehicle identified
by t hrge:L ‘first gg? é’tet%}‘"g% &8 %’rﬁ‘ Wi thegeingghg diiFet edetection
i dentSYSitER RPPrhess écpiradétectd opneysst epptlakkes pl ace
over rnptetlgige kNkdgadotivi operéOEnkr ALahen, tileh@cadway .
vehicle is identified by the first detection system
IfO 12, The method of claim 10 wherein the second
datection system comprises a plurality of cameras, each
for monitoring a respective one of the lanes of the

roadway.

15 13, The method of claim 10 wherein a vehicle is
identified by an image recognition technique for
identifying the licence plate of the vehicle.

14. The method of claim 9 wherein the method récqrds
20  the lane in which the identified vehicle is travelling and
associates a reference to that lane and compares the lane
reference the vehicle is travelling in, as captured by the
first and second detection systems to identify whether the
vehicle has changed lanes. | :
25
15, The method of claim 9 wherein the vehicle
identity and lane change reference captured by the first
 detection system is compared to the data for the
identified vehicle and lane captured by the second
30 detection system to determine whether the thicle'haS»
changed lanes,

16, The method of claim 9 wherein the matching of a
vehicle identified by the first detection system with a
35 wvehicle identified by the second detection system takes
place over a predetermined time period from when the
vehicle is identified by the first deteétion system.




