| NTEGRATED MULTI PLE LANE FREE FLOW VEHI CLE -ENFORCEMENT SYSTEM BACKGROUND
OF THE INVENTION 1. Field of the invention 5 The present invention rel ates
to amltiple lanes free flow vehicle enforcenent system which can be
enpl oyed by a super highway, a road, a bridge, a toll station and a
specific place, so as to be an i mage enforcenent nechani smof vehicle
electric toll or just a enforcenent nechanism The present invention also
can be conbined with a database of VCU Ilicense-plate blacklist for
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caneras have to be enployed at diffg h?ngl es for gathering a conplete
full view However, the mltiple |rrages gathered by this nmethod have a | ow
correlation thereanong which is wuneasy to be conpensated. Therefore, in
the traditional inmage enforcenment system if 15 the optical character
recognition (OCR) is f BAGKGROUNDE ORKHININVENTION s failed for the
electric toll system the operator has to find the correl ati ons anong | ots
anount "of failed imges. Furthernore, because the cameras gather the
imges at different angles, the operator will has |ess feeling of

cont i nuout EBishdef theliiviéa®onOF THE | NVENTI ON 20 For sol ving the probl em
descri bed above, the present invention provides an image registration unit
for integrating individual imges fromnultiple cameras at the sanme tine
into @ singl e [BaMeGAEINVERGRN s¢leley de memultipe EMS frageflopearchicty exfarceireet t he

contlnuous spa
B‘l wﬁnch can be employed by a super highway, a road, a bridge, a toll station and a

specific place, so as to be an image enforcement mechanism of vehicle electric toil or just
a enforcement mechanism. The present invention also can be combined with a database

of VCU/license-plate blacklist for arresting stolen vehicles and false VCU etc.

10 2. DESCRIPTION OF THE PRIOR ART

In accordance with the traditional image enforcement system, multiple cameras
have to be employed at diﬁgrent angles for gathering a complete full view. However, the
multiple images gathered by this method have a low correlation thereamong which is
uncasy to be compensated. Therefore, in the traditional image enforcement system, if

15 the optical character recognition (OCR) is failed or if the back end matching is failed for
the electric toll system, the operator has to find the correlations among lots amount of
failed images. Furthermore, because the cameras gather the images at different angles,

the operator will has less feeling of continuous space.
SUMMARY OF THE INVENTION

20 For solving the problem described above, the present invention provides an image
registration unit for integrating individual images from multiple cameras at the same time

into a single surround image altogether, so that the operator can feel the continuous space

1



1 nore, and the tinme spent for analyzing and contrasting can al so be
sinplified when proceeding a manual contrast. The i nage enforcenent system
conprises an inage gathering unit, a license plate identifying unit, an

i mge registration unit and a vehicle-nodel identifying unit. The 5 inmage
gathering unit conprises a front (back) end sensing unit, a front (back)
CCD (Charge-Coupl ed Device) canera, a frame grabber and a DI O card. The
front (back) end sensing unit is responsible for detecting a vehicle which

enters ampROtagr®aeinlg sgere Fot faﬁ‘ﬁ%ﬂﬁg aind doagastingadmNhlss Yeh8mpans@dvigngnal
to the franme gabber through the DIO card so as to trigger the front (back)

CCD canermotezdiiipaf maniwmbbortitsst.i pl e 10 sets of single pictures of front
(back) vehicle inages, so that the license plate identifying unit can

gat her a pl at @heunbgr erdbreeimentveaykicol eoneprdhes be imagggathagigstnig i loensenplatecan
integrate the front (back) vehicle images at the sanme time into a single
front (badritifgingrenihdn weege regitraipst it andr Yehidl¢-model Wgntidyingalnisontheast i ng
by the operator. The inage registration unit _is operated based on the
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through the DIO card so as to trigger the front (back) CCD camera to photograph multiple
10 sets of single pictures of front (back) vehicle images, so that the license plate identifying
unit can gather a plate number of the vehicle and the image registration unit can integrate
the front (back) vehicle images at the same time into a single front (back) surround image
altogether for facilitating manual contrasting by the operator.
The image registration unit is operated based on the method combining features
15 and areas, including Visual Feature, Algebra Feature, Statistical Feature and Transform

Coefficient Feature.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings disclose an illustrative embodiment of the present invention which
serves to exemplify the various advantages and objects hereof, and are as follows:
20 Fig. 1 is a practical flowchart showing the system framework of the present
invention; and
Fig. 2 is a schematic view showing the positions of the CCD cameras in a preferred

embodiment according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



Fig. 2 is a schematic view show ng the positions of the CCD caneras in a
preferred enbodi nent according to the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 2 Pl ease refer to Fig. 1 which
illustrates the practical flowhart showi ng the system framework of the
present invention: a. The front (back) end sensing unit is responsible for
detecting the vehicle entering the front (back) photographing area; 5 b.
The sensed signal of the vehicle is transnmitted to the frame grabber

through the Dls&ars t5TFi@sl Whidhlillg&Rhest the phdcaibil fdadint FERifaB 9stbR
phot ograph nmultiple sets of single pictures of front (back) vehicle

i mages; afismeworkhd thd mresegeinpb@ion; i dentifying unit gathers the plate number.

In the nmethod descri bed above, because the imge gathering unit is
triggered by ahEhe fiéntf(bak) efdsenking @nd isessinsiplaifor idetettivey thowgkicpammbeingng
failure due to different speed of the vehicles or a mxture of different
si zes of vhairehiebadaphalograpbing\aiaded. Moreover, for avoi di ng doubl e i nage
gat hering one_single vehicle so as_ to cause |arge anounts of data and the
persecut i on ob- berenssthisigenof ska vakigle inisansmitiedhio tha fiame abbsa dpesstatheock
(back) erBlQEne Fofuin el GerGa GHA TeD dpeeenic: Paoioars aHifilg Siece and
| ocked untrge P roThosky i eBer i uni | cences that the vehicle.is
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In the method described above, because the image gathering unit is triggered by the
10  front (back) end sensing unit, the image gathering failure due to different speed of the
vehicles or a mixture of different sizes of vehicles can all be avoided. Moreover, for
avoiding double image gathering one single vehicle so as to cause large amounts of data
and the persecution of back end contrasting, the present invention adopts a lock method
for solving this problem. So-called lock is that after the front (back) end sensing unit
15  senses the vehicle enters the sensing area and then automatically gathers the images, the
image gathering unit will be locked until the front (back) end sensing unit senses that the
vehicle is out of the sensing area,
Fig. 2 is a schematic view showing the positions of the CCD cameras for four lanes
in a preferred embodiment according to the present invention. As shown in Fig. 2, the up-
20 line front CCD cameras are named as UF 1~5, the up-line back CCD cameras are named
as UB 1~5, the down-line front CCD cameras are named as DF 1~5 and the down-line
back CCD cameras are named as DB 1~5. Under normal condition, if the up-line vehicle
sensing area 1 (3) is triggered, UF2 (UF4) will process the image gathering and if the
down-line vehicle sensing area 4 (6) is triggered, DF2 (DF4) will process the image
25  gathering. When the vehicle changes the lane, UF1, UF3 and UF5 will process the image
gathering if the up-line vehicle sensing area 2 is triggered, and DF1, DF3 and DF5 will

process the image gathering if the down-line vehicle sensing area 5 is triggered. For

avoiding the persecution for back end manual contrasting mechanism, if the license plate



in a preferred enbodi nent according to the present invention. As shown in
Fig. 2, the up- 20 line front CCD caneras are naned as UF 1-5, the up-line
back CCD caneras are naned as UB 1-5, the down-line front CCD caneras are
named as DF 1 -5 and the down-line back CCD caneras are named as DB 1-5.
Under normal condition, if the up-line vehicle sensing area 1 (3) is
triggered, UF2 (UF4) will process the imge gathering and if the down-Iline
vehicl e sensing area 4 (6) is triggered, DF2 (DF4) will process the inage
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process the image gathering if the up-line Vehicle sensing area 270s
trigger echndalES BF DF10nd BRS vt motibk luseddr Oppssitelinef thati@engapibRridagifyingt he
down-1line vehicle sensing area 5 is triggered. For avoiding the

per secut i mogitor cdnactksuecadsfith ideatifyctha tmagds i gathersiciiam i W38 o DFBHEF] badkhFS pl at e
3 identifying program can successful identify the inmges gathered from UF3
or DF3, UWEIDFhaud UFS will ®FEomatichllpRSogdss thenidentifzcatisn dnd Gpb thiet rebult td fhet he

i cense plate identifying programcannot successful identify the inages

gat hefed Hackpndmenesl cppigasting meghanises  or I and DF5 will automatically
process the identification and send the re o the 5 back .end, manual
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up-1ine sensi area 1 1S triggered, process the
' magelOgatﬁ%eﬁdt&ﬂatléafllytxlﬂﬁla%ﬁa. | iD&nother word, as in a traffic jam, if the up-line vehicle
sensing area 1 is triggered, UF2 and UB2 will process the image gathering, if the up-line
vehicle sensing area 3 is triggered, UF4 and UB4 will process the image gathering, if the
down-line vehicle sensing area 4 is triggered, DF2 and DB2 will process the image
gathering, and if the down-line vehicle sensing area 6 is triggered, DF4 and DB4 will
15  process the image gathering. As the vehicle changes the lanes, UF1, UF3, UF5, UBI,
UB3, UBS5 will process the image gathering if the up-lane vehicle sensing area 2 is
triggered and DF1, DF3, DF5, DB1, DB3, DBS5 will process the image gathering if the
down-lane vehicle sensing area 5 is triggered. For avoiding the persecution for back end
manual contrasting mechanism, if the license plate identifying program can successful
20  identify the images gathered from UF 3 or DF 3, UF 1, UF 5, UB 1 and UB 5 or DF 1, DF
5, UB 1 and UB 5 will not be used. Oppositely, if the license plate identifying program
cannot successful identify the images gathered from UF 3 or DF 3, UF 1, UF 5, UB 1 and
UB 5 or DF 1, DF 5, UB 1 and UB 5 will automatically process the identification and
send the result to the back end manual contrasting mechanism.
25 According to this method, it is similar that the first professional firstly checks if the
front images from UF2, UF3, and UF4 or from DF2, DF3, and DF4 are successful ones.

If the answer is negative, a second professional will then check whether the front-side

images from UF1, UF5 or from DF1, DFS are successful ones. If the answer is still



vehicl e sensing area 3 is triggered, Ul74 and UB4 will process the inmge
gathering, if the down-line vehicle sensing area 4 is triggered, DF2 and
DB2 will process the inage gathering, and if the down-line vehicle sensing
area 6 is triggered, DF4 and DB4 will 15 process the inmage gathering. As

t he vehicle changes the | anes, UFl, UF3, UF5, UB1, UB3, UB5 will process
the image gathering if the up-lane vehicle sensing area 2 is triggered and
DF1, DF3, DF5, DBI, DB3, DB5 will process the imge gathering if the
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successful identify the inmages gathered fromUF 3 or DF 3, UF 1, UF 5, UB I
and UB 5DBil, DB51areDRucBessiuB dneart mdB. 5The Ifinahwutpost isc el ynapual cangrasting
identification and_ send the result to the back end manual contrasting
mechami snpepsoaghcolidh pepfessiongl. s Thistethod whighsutdizes marltiplp gheakiing $tepssean
professional firstly checks if the front |imges from UF2, UF3, and UF4 or
f r om DF2, etfsetively sefuprtheprabability of dmage gatkesing frfureise ap i slenificantydgererspe, a

P RIS NG RTINS,
et e T Hh AL 980 LSSl B e 0501 LRSS,
1 S0 AR gk LM B R Rl S0 AR R
not. jphe i BAdLIGHLRA She MiftohPEild¥BRY BhvetQNhY ARthREs in 2 traffic jam so as to avoid
the image gathering failure due to the too small distance between vehicles which might be
a way for the driver to avoid the fine. Because the traditional enforcement system for
gathering complete full view has to employ multiple cameras for separately gathering
images, if the back end matching is failed, the operator has to find the correlation among

15 lots of images without less feeling of continuous space. The present invention for solving
the problem proposes the image registration unit for integrating individual images from
multiple cameras at the same time into a single surround image altogether so that the
operator can feel the continuous space more and the time spent for amalyzing and
contrasting can also be simplified when proceeding a manual contrast.

20 In addition, the present invention utilizes a laser sensor to be a vehicle-model
identifying unit. Through the profile information continuously gathered by the laser
sensor, the vehicle model can be recognized. If this system is applied in the electric toll
system, it can compare the vehicle model judged by the image enforcement system with
the vehicle model set by the VCU so that the image enforcement system can directly write

25  aticket if the comparing result is different.

The present invention, when being compared with the other prior arts, further
includes the advantages as follows:

(1) This present invention which utilizes multiple checking steps can’effectively



5 operator, the fifth professional. This nmethod which utilizes multiple
checking steps can effectively reduce the probability of inage gathering
failure so as to significantly increase the reliability of electric tol
system Al though the anmount of gathered imge data will be increased, this
mul ti-checki ng steps nmethod can accel erate the cal cul ati on speed of the
system And, the cooperation of the front and the back phot ographs can
effectively solve 10 the problemthat the autonobiles are covered by the
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gathering conplete fall view has to enploy nultiple caneras for separately
gat her i ngincieagde this infulti-ohediinkstepdmetiod iangictderfat the dalcuhionppeat of theas to
find the correlation anong 15 lots of inmages without |ess feeling of

conti nuowys®pace. The present invention for solving the problem proposes
the inmage registration unit for integrating individual inages from

mul ti Pl e canefdsThe presents myentonrempltys the sipelgireechariprouwhichnesgeci¢ctiselet her
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for anal yXPYRRL &iomn dewhie ehases aryl denplejmaping s asisl teneedthe feadings of desibard a
manual contrast. 20 I.n addition,. the present invention utilizes a |aser
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present invention, when being conpared wth the other prior arts, further
way for the driver to avoid the fine.

(4) Even the vehicle passes through the toll lane communication area in a high
speed (up to 250 Kmv/hr), the present invention still can correctly complete the
transactions between the automatic chargeback and the image enforcement system so as

15 to achieve the function of automatically charging.

(5) The present invention employs the image registration unit for integrating
individual images from multiple cameras at the same time into a single surround image
altogether so that the operator can feel the continuous space more and the time spent for
analyzing and contrasting can also be simplified when proceeding a manual contrast.

20 (6) The present invention utilizes a laser sensor to be a vehicle-model identifying
unit. Through the profile information continuously gathered by the laser sensor, the
vehicle model can be recognized. If this system is applied in the electric toll system, it
can compare the vehicle model judged by the image enforcement system with the vehicle
mode] set by the VCU so that the image enforcement system can directly write a ticket if

25  the comparing result is different.

Many changes and modifications in the above described embodiment of the
invention can, of course, be carried out without departing from the scope thereof.

Accordingly, to promote the progress in science and the useful arts, the invention is



i ncl udes the advantages as follows: (1) This present invention which
utilizes multiple checking steps can effectively 5 reduce the probability
of image gathering failure so as to significantly increase the reliability
of electric toll system Although the amount of gathered inage data will be
increased, this nulti-checking steps nmethod can accel erate the cal cul ation
speed of the system 5 (2) The present invention enploys the |ock
mechani sm whi ch can effectively prevent from doubl e charge and doubl e

i magi ng s@is@sscd@nt eFiMERdéd® HedaslitdimPby teschRCH the RpbeatéPERIhC and manual
contrasting nechanism (3) The cooperation of the front and the back

phot ographs can effectively solve the problemthat the autonobiles are
covered by the trucks in a traffic jamso as to avoid the 10 inmage
gathering failure due to the too snall distance between vehicles which

m ght be a way for the driver to avoid the fine. (4) Even the vehicle
passes through the toll |ane conmunication area in a high speed (up to 250
Kmi hr), the present invention still can correctly conplete the

transacti ons between the automatic chargeback and the image enforcenent
systemso as 15 to achieve the function of automatically charging. (5) The
present invention enploys the inmage registration unit for integrating

i ndi vidual imges fromnmultiple caneras at the sane tinme into a single
surround i nmage altogether so that the operator can feel the continuous
space nore and the tine spent for analyzing and contrasting can al so be
sinplified when proceedi ng a manual contrast.



20 (6) The present invention utilizes a | aser sensor to be a vehicl e-nodel
identifying wunit. Through the profile information continuously gathered by
the | aser sensor, the vehicle nodel can be recognized. If this systemis
applied in the electric toll system it can conpare the vehicle nodel

j udged by the image enforcenent systemw th the vehicle nodel set by the
VCU so that the inage enforcenent systemcan directly wite a ticket if 25
the conparing result is different. Many changes and nodifications in the
above desWhHeid dabaddnent of the invention can, of course, be carried out
wi t hout departing fromthe scope thereof. Accordingly, to pronote the
progress in science and the useful arts, the invention is 6 disclosed and
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is claimed is: 1. An integrated nultiple lane free e énf or cenent
system conpriStng; A . gathering unit; a license plate identifying
unit; 5 an i ﬁigrgggr égga?%{lb tlg’h unit; and a vehicle-nodel identifying unit.
2. The int egrai.ed nu%tt%\ﬁl etg%yane free flow vehicle enforcement system
according to *&fHShHP SPLYHEY i nage gathering unit conprises a front
(back)_ end sensing wunit,. a front (back) CCD canera, a frane grabber and a
DO card. 10 &% imdge reistaafion,wdf; 8l tiple | ane free fl ow vehicl e enforcenent

system according to . )
a vehicle-model identifying unit.

2. The integrated mulitiple lane free flow vehicle enforcement system according to
claim 1 wherein said image gathering unit comprises a front (back) end sensing
unit, a front (back) CCD camera, a frame grabber and a DIO card.

10 3. The integrated multiple lane free flow vehicle enforcement system according to
claim 2 wherein said front (back) end sensing unit is responsible for detecting a
vehicle which enters a photographing area thereof and then transmits the sensed
signal to said frame gabber through said DIO card so as to trigger said front (back)
CCD camera to photograph multiple sets of single pictures of front (back) vehicle

15 images so that said license plate identifying unit gathers a plate number of said
vehicle and said image registration unit integrates said front (back) vehicle images
at the same time into a single front (back) surround image altogether, and when
proceeding a manual contrast, the operator can feel the continuous space so as to
simplify the time spent for analyzing and contrasting.

20 4.  The integrated multiple lane free flow vehicle enforcement system according to
claim 1 wherein said image registration judges the positions for connecting said
images based on a similarity among calculated gray-levels.

5. The integrated multiple lane free flow vehicle enforcement system according to

claim 1 wherein said image registration judges the positions for connecting said



claim2 wherein said front (back) end sensing unit is responsible for
detecting a vehicle which enters a photographing area thereof and then
transmts the sensed signal to said frame gabber through said DO card so
as to trigger said front (back) CCD canera to photograph nmultiple sets of
single pictures of front (back) vehicle 15 i mages so that said |icense
plate identifying unit gathers a plate nunber of said vehicle and said
image registration unit integrates said front (back) vehicle inages at the
same time int hnal.e fr C K) sufr i e al together, and when
proceedi ng a %% egk%%g% Fa§g?m$ﬁ%%g%§nggﬁﬂggﬁm£%%1 t he conti nuous space so
as to sippli the tj spent . for. angl yzi and. contrasting. 20 4. The

i ntegrate rmltr%gi3 pr gr@%ﬁeempﬁlgge l‘a1n8v€7e\?eﬁ? Ivé’lp‘g:ﬂﬁ sploR Rt §¥/5§ffrg AcsdBiEdiong to
claim1l1 wherein, said innge_rfgistration iud es the positiogns for connecting
said inmages BRERP Whersinsiaid feafures smsniglestadlormdearoyp £onyiging of amedgrne
integrated nultiple lane free flow vehicle enforcenent systemaccording to
cl ai m 1 wher epeins aitdodkrasgie-lavelyingan and; abloglugngedeveh stapdasd dedatéorf. or  connecti ng
said 8 imges based on a simlarity anong cal cul ated features. 6. The
integrated nultiple lane free flow vehicle enforcenent systemaccording to
claim5 wherein said features is one selected froma group consisting of an
edge point, a block gray-level nean and a bl ock gray-I|evel standard
deviation. 9



