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-Speed enforcement systems based on vision and radar fusion: an implementation
and evaluation(CIS Journal, Journal of emerging trends in computing and information
sciences, ISSN 2079-8407)

-Evaluation methods for vehicle speed detection and license plate recognition using
vision-radar sensor systems(CIS Journal, Journal of emerging trends in computing
and information sciences, ISSN 2079-8407)

-Methodologies of Radar and Video Fusion for Speed Enforcement
Systems(IJET, International Journal of Engineering and Technology, ISSN
1793-8236)

- on-intrusive Traffic Speed Enforcement Systems Based on Video and
Radar(ICCAE, Australia)
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( SUMMARY )

Purpose &
Contents

O By using Radar signal processing and ANPR software (Automatic Number
Plate Recognition), to develop a commercial equipment to collect, enforce
vehicle numbers and driving patterns, speed of individual vehicles on the
multilane road.

O By tracking the driving route and the speed of vehicles using the radar,
and recording the driving route, recognizing vehicle numbers, measuring image
driving speed wusing the camera, to commercialize unmanned traffic
enforcement equipment to enforce vehicles violating traffic laws such as
speeding, signal violation, traffic lane violation, interruption, wrong-way driving
and etc.

O by configuring and integrating complexly a photographing apparatus which
is for photographing multi-lanes(4 lanes), a radar which is for measuring the
speed, distance and location of vehicles, and a controller or a smart camera
which is for operating the vehicle number recognition algorithm on multi-lanes
into all-in-one type, without a separate control housing, only with single
equipment, to commercialize ANPR-RADAR complex equipment to output
vehicle number, traffic information, speed and enforcement image of individual
vehicles.

O To implement space matching function for convergence of radar data and
image, and develop GUI (Graphic User Interface) S/W

O To implement the multi-lane vehicle  number recognition algorithm based
on location information (distances, angles) of individual vehicles generated by
the radar.

O To secure radar speed information proven technology (Patent Registration
10-1291201) through measuring pixel shift distance of vehicle number plate on
a multi-frame.

(O To build a test bed for multi-lane radar speed verification.

O To transplant the vehicle number recognition algorithm utilizing DSP in a
smart camera.

O To commercialize application products using the result of smart camera
vehicle number recognition and radar traffic/enforcement information.

Ex) Automatic vehicle recognition (AVI, Automatic Vehicle Identification)
system, speed enforcement system, signal violation enforcement system, bus
lane violation enforcement system, interruption enforcement system,
wrong-way driving enforcement system and etc.

O To develop and commercialize the ANPR-RADAR complex equipment
integrated with Linux-based radar vehicle number recognition convergence




controller and DSP based-ANPR in camera.
O To secure certification method for multi-lane radar performance
verification

Results

O Patent
Patent Application No.10-2016-0173720
Radar and image convergence system for cracking down vehicle in multilane
road
Patent Application No. 10-2015-0190072
Radar and image convergence system for vehicle crackdown
Patent Application No. 10-2015-0190076
Vehicle crackdown system
Patent Application No0.10-2016-0173720 #olt] 2 I &7 AF GEA2=H
(PCT)
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evaluation(CIS Journal, Journal of emerging trends in computing and information sciences,
ISSN 2079-8407)

-Evaluation methods for vehicle speed detection and license plate recognition using
vision-radar sensor systems(CIS Journal, Journal of emerging trends in computing and
information sciences, ISSN 2079-8407)

-Methodologies of Radar and Video Fusion for Speed Enforcement
Systems(IJET, International Journal of Engineering and Technology, ISSN
1793-8236)

- on-intrusive Traffic Speed Enforcement Systems Based on Video and
Radar(ICCAE, Australia)

Expected
Contribution

O It can be utilized for the next-generation traffic monitoring and
management system by securing radar and video converged analysis-based
unmanned traffic monitoring technology and then through securing the
convenience of traffic management and maintenance, the provision of accurate
traffic information provision.

O It enables the provision of sophisticated traffic information (traffic
information per lane) and can be used as new services such as an emergency
vehicle traffic support and recommendation to change the lane against the




front incident to identify the traffic information and passing vehicles per lane.
O It ensures the reliability by verifying radar speed information by the
multi-frame image, and prevents the source of dispute to provide visual
violation information.

O It can be installed and operated on the bridges or overpasses where the
loop sensor is not allowed to be embedded.

By enforcing speeding vehicles on the whole lanes simultaneously, it prevents
vehicles avoiding the unmanned enforcement camera and reduces the
economic loss that occurs due to the traffic jam and traffic accidents that
many occur in the road.

O To develop ANPR-RADAR complex equipment that only two to three
companies have over the world enables overseas market explore

Utilization

-It can be utilized in various ITS business of Ministry of Land, Infrastructure
and Transport and local autonomous entities.

-It can secure Traffic information collection technology for C-ITS  business.
-By utilizing a single platform, it can be used as various enforcement
system solutions such as speed, signal violation, bus lane violation,
interruption and etc.

-Ilt enables us to enter Radar-based, European typed unmanned traffic
enforcement market.

-ANPR-RADAR equipment is supplied to SI project related to foreign
security. By generating accurate traffic information at points and in  sections,
it can be utilized for next-generation ITS services.

Automatic
Enforcement Vehicle
Keywords Radar ANPR License Plate Multilane
System
Number
Recognition
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Table 1-2. Traffic output data (typical), communications bandwidih, and cost of commercially available sensors.
Multiple lane, Sensor
Sensor Output e multiple detection  Communication purchase cost®
technology Count Presence  Speed data Classification zone data bandwidth (eachin 1999 U.S. §)
Inductive loop v v v ¥ Ve Low to moderate Low!
(3500-$800)
Magnetometer v v Ve v Low Moderate!
(two axis fluxgate) ($900-56,300)
Magnetic induction v v v v Low Low to moderate’
coil ($385-52.000)
Microwave radar v Ve v v'e ve i Moderate Low to moderate
($700-52,000)
Active infrared v v vi v v v Low fo moderate Moderate to high
($6,500-33,300)
Passive infrared v v ¥ v Low to moderate Low to moderate
($700-51,200)
Ultrasonic v v v Low Low to moderate
(Pulse model: $600-
$1.900)
Acoustic array v v v v Ve Low to moderate Maderate
($3,100-58,100)
Video image v v # v v v Low to hight Moderate to high
processor ($5.000-526,000)

19 2 Traffic Detector Handbook(Publication No. FHWA-HRT-06-108, U.S. Department of Transportation)
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19 14 Radar Multiple Reflection Casel

D1 : Distance between Radar and Real Vehicle A
D2 : Distance between Real Vehicle A and Road Sign, Signal Lamp, etc.
Virtual Vehicle B : virtual image made by multiple reflection

Real Vehicle A¢] Speedi= Road Signoll ®kALE Hute] ks whol AGHS BHAT = glo
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(D Multiple Reflection Case2

19 15 Radar Multiple Reflection Case2

D1 : Distance between Radar and Real Vehicle A
D2 : Distance between Real Vehicle A and Real Vehicle B
Virtual Vehicle C : virtual image made by multiple reflection
Real Vehicle A2l Speed= Real Vehicle B2l £& 0 2t 2 &0t 382 EEE = SlQH,
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Basic Parameter Pixel-Distance Table
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el Pole &
V- Height
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- X View Angle 3}7]
tan ( X View Angle / 2 ) = (X CCD Size / 2) / Focal Length
X View Angle = 2 atan ( X CCD Size / (2 * Focal Length) )

- X 94 s 2 32 3317] (X Delta Angle)
X Delta Angle = X View Angle / Image Width

- Y Tilt Distance T-&}7]
Y Tilt Distance = root ( Distance * Distance + Pole Height * Pole Height )

- x Distance T3}7] (C, D A2 X A

C_x Distance = Y Tilt Distance * tan ( X Delta Angle * (C A& <] X ¢ - Image Width / 2) )
D_x Distance = Y Tilt Distance * tan ( X Delta Angle * (D A2 X 9% - Image Width / 2) )

2}5Fe] A o]s AEl (Real Distance)
Real Distance = root ( ((A-B) * (A-B)) + ((C-D) * (C-D)) )
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Eﬂ*EOH/H‘“ CUDA 7} 7}% %% Aee HAH shAT 919 AREL b
P8 A2 7IHel stHAM daiss of

Dlx}ﬂo}bﬂrﬂ *év-‘ﬂ i}01% A FHg-shr] wZolth

=2« KAST Al e, 444, ANF, 74,
S

%
gAY 7Y 2 7, #1223 FdAE 5ol dek =4

ATFHA e HITHFANA = PCAAY FHAAEE 7HvgtiE oldste, AP ArlE N
st As ZRE 17| vt B AFHAANAE GPUE AHEsHA] gkal, SSERFE AR-&-3te] g
FAY £5F Fste AoE AAAH

22 d = o] ARM ZZA|A 7|dke] duti=r =of o]2" 9 ARM NEONOo. Z #3177} &
olstttk. ARM NEON& #HEH|H o] g A5 Az & ZEIHY dess FEA717] Hsl
ARMol A 7§33k 64/128W] E E-3 SIMD(Single Instruction Multiple Data) o}7]#] 4] o]t}

(2) SSEE ©] &%k 32bit o]m]x]e] GRAY ¥
gholH g 7huk: SSEZ &
pVideo : 32bit BGRAT-=

m_pbGraylmg : GrayH ¥
#ifdef SSE

_ ml28i *sseSrcl = (__m128i *)&pVideol0];

_ ml28i *sseDstl = (__ml128i *)&m_pbGraylmg[0];
int nSize = nHeight*nWidth/16;

_ml28i iR = _mm_setl_epil6(38);

_ml28i iG = _mm_setl_epil6(75);

_ml28i iB = _mm_setl_epil6(15);

_ ml28i iSetFF = _mm_setl_epi32(255);

for (y = 0; y < nSize; y++) {

_ ml28i iLoadl = _mm_loadu_si128(sseSrcl++);
_ ml128i iLoad?2 = mm_loadu_sil28(sseSrcl++);
__m128i iLoad3 = _mm_loadu_sil28(sseSrcl++);
__ml28i iLoad4 = _mm_loadu_sil28(sseSrc1++);
_ . ml28i iLB1 = _mm_and_sil28(Loadl, iSetFF);

_ml28i iLB2 = _mm_and_sil28(iLoad2, iSetFF);

_ml28i iLB3 = _mm_and_sil28(iLoad3, iSetFF);

_ ml28i iLB4 = _mm_and_sil28(iLoad4, iSetFF);

_ml28i B_lo = _mm_packs_epi32GLB1, iLB2);

_ml128i B_hi = _mm_packs_epi32GLB3, iLB4);

_ ml28i iLG1 = _mm_and_sil28(_mm_srli_epi32(iLoadl, 8), iSetFF);
_ ml28i iLG2 = _mm_and_sil28(_mm_srli_epi32(iLoad2, 8), iSetFF);




_ ml28i iLG3 = _mm_and_si128(_mm_srli_epi32(iLoad3, 8), iSetFF);
_ ml28i iLG4 = _mm_and_sil28(_mm_srli_epi32(iLoad4, 8), iSetFF);
_ml28i G_lo = _mm_packs_epi32GLG1, iLG2);
_ ml28i G_hi = _mm_packs_epi32GLG3, iLG4);
_ml28i iLR1 = _mm_and_sil28(_mm_srli_epi32(iLoadl, 16), iSetFF);
_ml28i iLR2 = _mm_and_si128(_mm_srli_epi32(iLoad2, 16), iSetFF);
_ml28i iLR3 = _mm_and_si128(_mm_srli_epi32(iLoad3, 16), iSetFF);
_ ml28i iLR4 = _mm_and_si128(_mm_srli_epi32(iLoad4, 16), iSetFF);
_ml28i R_lo = _mm_packs_epi32GLR1, iLR2);
_ml28i R_hi = _mm_packs_epi32GLR3, iLR4);

__ml28i gray_lo = _mm_srli_epil6(_mm_adds_epil6(_mm_adds_epil6(
_mm_mullo_epil6(B_lo, iB),
_mm_mullo_epil6(G_lo, iG)),
_mm_mullo_epil6(R_lo, iR)), 7);
_ml28i gray_hi = _mm_srli_epil6(_mm_adds_epil6(_mm_adds_epil6(
_mm_mullo_epil6(B_hi, iB),
_mm_mullo_epil6(G_hi, iG)),
_mm_mullo_epil6(R_hi, iR)), 7);
_mm_storeu_sil28(sseDst1++, _mm_packus_epil6(gray_lo, gray_hi));
}
felse
for (y = 0; y < nHeight; y++) {
BYTE *pSrc = pVideo+y*nWidth*4;
BYTE *pDst = m_pbGraylmg+y*nWidth;
for(x = 0; x < nWidth; x++) {
pDstlx] = (pSrc[x*4]*114 + pSrc[x*4+11¥299 + pSrclx*41*578) / 1000;
}
}
#endif

CxEo Hlaf 6vj7t wEA A7t 7hs g
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o A(32x20 pixeDS
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& Move_x, Move_y& ZE 1317‘011:}
o]& SSEE o] &3l A4t 745 CET 3~5u) w24 A4be o
= O F4d<& 5to9 Uﬂ%loéo—c‘lﬂ 7V2371E 16, v 322 vkE ¢ CHRT 20~408) wE A
Ako] 7hs3tth
YRk Co A4ks offief Ao
BYTE *pTmpBuf = (BYTE *)malloc(iMatchingSize);
for (j=Start_Y; j<End_Y; j++) {
for (i=Start_X; iKEnd_X; i++) {
[Pas W vhE
for (int h1=0; hl<pMatchinglmg_H; hl++) {
memcpy(pTmpBuf + pMatchinglmg W*hl, pSrcImg + i + (+hD*pSrcimg_W,
sizeof (BYTE)*pMatchinglmg_W);
}
tSum = 0;
for (w1=0; wl<iMatchingSize; wl++) {
tSum += abs(pTmpBuf[w1] - pMatchinglmg[w1J);
}
if (tSum < nMin) {
nMin = tSum;
mov_x = i-Start_X;
mov_y = j-Start_Y;
}
}
}
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golB g 7 :_Keona_Matching
DLLImport int WINAPI _Keona_Matching(BYTE *pSrclmg, int pSrclmg_W, int pSrcimg_H,
BYTE *pMatchinglmg, int pMatchinglmg_W, int pMatchinglmg_H,

int Start_X, int Start_Y, int End_X, int End_Y, int *move_X, int *move_Y, int Use_SSE);
pSrcimg : Hl W FAFLE

pSrcimg_ W : Al FgUE 7tz =7

pSrcimg H : Alnd FAUE A= 37]
pMatchinglmg : wj A& g

pMatchinglmg W : o} & & %‘ 2 7F=2371(20)
pMatchinglmg H : wj{ A& g A =Z=27](20)
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golB.# g 7§ : _Keona_Lab_func__scale_SSE

_Keona_Lab_Func__Scale_SSE(Src, Dst_SSE, W, H, tW, tH, xmin, ymin, xmax, ymax, 1,
isColon);
Src : 24N E A2
Dst_SSE : Z#E5 WS 24¥E HH
W : Srceo] = 7}&&7]
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tW . Axe] 72 37]
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3 A hvbrid speed enforcement system that
can provide multi-lane speed detection

using a single detector based on video
and radar fusion

O There iz a need for the following:

2 Non-intrusive sencors with reliable speed
detection

2 NomFintrusive speed detector for metal structures R
such as bridges

2 A cingle detector that can measure multiple
vehicles' speeds in multiple lanes

Main Research

O Data matching methods between video
and radar
2 Data matching algorithm
- matches the detected speed of video with that
of the radar

A Speed detection using video and radar

7 Speed detection algorithm using video
: Recognizes number plates and calculates
vehicle speed using two different image frames

7 Speed detection algorithm using radar
- distinguishes individual vehicle and traces the
location of vehicles

7 Speed detection algorithm using video and radar
fusion
: produces reliable speed data by complementing
each other
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1. 39y & d& FAy| JEFE
7}. 81¢] RFP(request for proposal) 4

(1) Cyprus(2014.08) - & T FH|

\ ' 2%, Department of
Y f," ( ) Electrical and
\‘1 oy .

; Mechanical Services
My b’}
-~

REPUBLIC OF CYPRUS

MINISTRY OF
COMMUNICATIONS AND
WORKS

TENDER DOCUMENTS

PART A
TENDER FOR THE

“DESIGN, BUILD, OFERATION, FINANCING AND MAINTENANCE OF
A TRAFFIC LAW ENFORCEMENT CAMERA SYSTEM IN THE REPUBLIC
OF CYPRUS”

TENDER PROCEDURE Ne: J0000¢

AUGUST 2014

13 173 Tender Documents (Cyprus, 2014.08)

page 98

a) All fixed camera units and detection devices must be installed at a height of at least 3m;

b) All fixed camera units and all required equipment must be installed, where this is possible, at a
distance of at least 1.bm from the adjacent road;

¢ All fixed camera units and detection devices shall be mounted on a vertical pole. No protruding
horizontal elements of the pole or gantries shall be allowed;

d) The installation of the fixed camera units and all required equipment shall not obstruct, where
this is possible, the free circulation of pedestrians and bicycles;

page88

The unit’ s camera must have at least a 10 Megapixels resolution and have a field of view that
shall enable it to capture images of offending vehicles in an at least 3 lane wide road (each lane
is considered to be 3m wide). The unit’ s camera must have the ability of expanding its coverage
to an at least 4 lane road.

The unit must also be able to simultaneously capture video, at a frame rate of 12fps and a
minimum resolution of at least 1280X720 pixels.

page83

4.1.2.3 Detection Device
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The detection device must be of the non-intrusive type, which means that no excavation or digging
or trenching shall be allowed on the road network, in regards of installing the detection device.
Allowed technologies are RADAR, or LASER or OPTICAL.

The detection device must at least:

a) have a detection range suitable for the site of installation and or operation;

b) have a field of view of at least 4 lanes;

c) be able to detect any of the required traffic law violations: speed limit violation and/or Red
Light and Red Line Stop Line violation;

d have an accuracy of not less than =+3km/hr for speeds up to 100km/hr and +3% for speeds
over 100km/hr;

e) be able to detect and monitor vehicles with speeds between 0 and 250km/hr;

f) have a detected speed resolution of lkm/hr or less.

(71) Pole-Arm 2] AH-8-E7}

1% 174 Pole-Arm (=Mast-Arm)
HF 2] () 19 175 Side-Pole (=Road-Side)

Wh 7HlE SE=
bl hvlete Ha 434 o) 29 shsdlol 3 427 W AS 337A 2ol v}
Sl FEA= 10M o)
() SEZA12
non-intrusive type(¥] 3 Z2})
which means that no excavation or digging or trenching
(2 £=4%=
100km/o] &}l A +/13km/ho] 3} , 100km/h ©]dol| A +/-3% ©]3} 2215 &
("h ANPR A%
AXE : 95%

HAeE  HaT 45, 23 2,0008( = 200,000+ =)
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3) 7} <178 B9

(b =4

) Fot= g 71835 Tshwane(Z2+4)(2013.12) - =}

of @ FAHA ATo] g AW Ted BE Yeuc A 97
A FAZE U LA Ad. dEHolH e uAASH dastxe F
AF 5o gk I Als12fps)
Table 1. Key Performance Indicators and Penalties
Penalty
SIN Performance Description
Indicator Description Points
1 Cverall time period for | Maximum time taken from the | Every additional day or
processing a violation detection of an incident to mailing of | part of it exceeding set 3
the violation ticket (AZT 180) shall be | time limit per violation
less than 3 working days (72hours)
2 | Satisfactorily  Working | The total amount of hours of Every hour below of the
Hours per Equipment satisfactory operation of the expected  satisfactorily
Equipment as stated below: operation period per
a) Fixed Camera Units:§322 equipment per year a) 8
hours/yearfunit
b) 100
b) Processing Facility: 8760
hours/year
3 | Number of Fixed A total of 82 Fixed Camera Units | Every unit out of 8
Camera Units in must be in satisfactorily operation at | operation below the
Satisfactorily Operation | all times. specified limit per day
at all imes
Hours of speed | No of hours out of the Police monthly | Every  hour out of the 10
4 monitoring by  mobile | time schedule (less or more) for | police time schedule
cameras mobile cameras
Awvailability of fixed | Maximum time allowed for any fixed | Every fixed cameras out 5
5 | cameras camera to be out of operation is 24 | of operation beyond the
hours 24 hour time limit per
hour
Compliance with Police | No of cases out of the Police | Every case which is out
6 | specified monitoring | specified monthly monitoring | of the monthly specified 100
schedule for mobile | schedule for mobile cameras | schedule (per camera
cameras (different location or  duration in | per day)
general)
No of valid violations not recorded by
7T | Validated violations not | the System. Valid violation will be | Every valid vielation not 2
recorded by system considered the one recorded by the | recorded by the system
Police portable speed measurement
instrument.
8 | Camera without | No. of cameras found on site without | Every camera found on 1000
validated calibration | validated calibration certificate site  without validated
cerificate calibration certificate
9 | Change of system | Any change by the Contractor of
parameters or data | system parameters that affects the | Every change done by
shown on the submitted | violations detection (e.g. change of | the vendor on system 500
reports (without the | speed limit ) without the written | parameter or on reports
permission of  the | permission of the contracting
Authority) authority or any serious alteration of

L
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Equipment Requirement

Number Plate Recognition Camera

Should read a number plate from standstill Okm/h to 160 km/h as
a minimum.

Should be able to read all the South African number plates as well
as all the neighbouring African Countries number plates.

IR lllumination range should be to at least 20 meters.

Should have a Very-focal Lens.

24 hour / 365 day operation

Night time operation with infrared or visible flocdlighting or with
dedicated Multi Level Pulsed Infrared Camera System, in all
weather conditions are requared.

Should have no requirement for external system triggers such as
inductive loops or light beams.

Should have a minimum resclution of 600 TVL.

Should read a numberplate at night with car headlights on full
brightness.

Number Plate Recognition Software

Options for local and centralized processing to be offered.

Should interface to the eNatus system.

Should be able to read all the South African number plates as well
as all the neighbouring African Countnes number plates.

Should read all fonts.

Should have a Capture Rate of 98%

Should have a Correct Read rate of 95%

Overall Capture and read rate of 93%

Recognition Response Time < 4 seconds

Run on a Vblock Vertual Platform

The system must recognise a plate that appears anywhere in the
video image.

System alarm must be generated when a wanted plate is
identified.

Ethemet Compatible allows easy TCP/IP integration with external
application software.

Image output system to provide images of both the number plate
and the vehicle colour for verification purposes.

a9 177 Fol=Z 7} &3k RFPEA]

(7}) Pole-Arm 4} AL&E-7}

3M=o] Poled] A,
(th) FHeet A=
600 TVLe]%+
(th ANPR 4%

AAE : 98%
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: 95%

E
254 = 0 0~160km/h

M2 FEAdnlo g BMT-S 24,
M F 2} (wanted plate)ol] thak Al ~E 4 3

3) A}-$-t]o}z}u] o} Rjyadh(E]o £)(2013.12) - }FHHSEQ

A=Y

>
ol
R
I
b

A
oxl
>

Video Oupt WBS 1.0 Vok pesk to pea
1

07tux (L4, 1530 oe 160, S0 TRE

1o 7 degres isle en

110000, & steps; COIR 1620t

LatEy

171121 System Derice Requirements
171211 Image Captare System

The Coomor gl provds 3 dwl cmenm mvem Wit ome
‘monocirome for 43F, cos color camera fir overview imnging. nd ore
IR lumirator, enclosed in one complets houeme

IMPORTANT:

reE e ——

19 178 AR$-HofgtRl o} RFP&4
(7}) Pole-Arm ¥4 Atg-27}
vertical or cylindrical pole
(h FHel =
NTSC/PAL

(with lens 18X Zoom f=4.1 mm (wide) to 73.8 mm (tele end), F1.4 to F3
(t}) ANPR A%

Recognition Accuracy : 98% (dependant on image quality)
Plate Rotation : +/- 10%=

Plate Skew : Correction of character skewing (italicization) to +1-10 degrees

(zh 54

dim

L
fo

2E AFE o] g3A FIHEE=AKR A F(section speed, Journey Time Analysis),

ZFoAdulo] S8z Mo wel g AxElog $REF(d):JTA(ourney Time

Analysis), JTMSUourney Time Measurement Systems), Speed Violation, Policing

surveillance, counter terrorism, congestion charging)
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4) 1= Delli(d2])(2013.09) - <&, A& jut

Redlight/Stop Line and speed violation system ( RSL — SV System }- Technical Beamangle 10" or Bettor

support for Delhi poli Backbone for Température Range -5'Cto60°C
datatransmission

The system should be designed todetectboth reflectiveand non- Valtage Input 12-40 VD€ or 24 VAC
reflective types of licence plates.

‘The system shall providea disaster recovering mechanism Environmental 1P 66 compliant
including autematic restart function altersystem failure,
Redlight/ Stop Li e Onsite processor
respectivelymonitored red signals nﬂheh’aﬂicmgmal control
system atsite, Construction Enclosure with fanless design
Thy support speed unit - Km//Hr.
1P Rating: 1P66 compliant
All camerascaptured images should be digitally watermarked & LANport 3%10/100 Ethernetormore
encrypted to avoid tampering
Lanec: & Context C: ificati = pacityto
locallystore min than 500,000
Sensor 1/3"CMOS/CCD Day/Night vehicle numberplate data
famera Operating System Linux/ Windows
Lens: Varifocal
Certifications TheSystem shouldbe certified by
Dayand Night: Automatically removable infrared- some governm enthndy(frcm
cut filter country of origin,
" * traffic) and authenticatad hy Indian
Shutter Time: :J:é;ﬂmc,l/ﬁﬂml/lﬂﬂﬂnsecur Sttt th cotes
- - . TheSystem should alreadybeen
Video Compression: Motion JPEG, H.264 oo List S paareandis
permittedtoissue fines,
VideoMulticast Streams | Both streamsshould be
Speed measurement Upto 100km/hr (3 % variation)
configurableto Unicastand Accuracy and 100 to 180 km/hr (3%
Multicast for surveillance varltionaniy)
Speed violationsystem (SV System) - Type 1 & Type 2
Resolutions: Minimum 1 MP for Lane cameras
and Min3 MP for context cameras should support
Field of view for License Aspersite requirement (installing data transmission
Platerecognition: external IR infront of camera) Thesystem should be designed to detect both refiective and non-
CamerasCertification UL/ENand CE. FCC reflective types of licence plates.
Thesystem shall provide a disaster recovering mechanism
IRMMuminator including
should supp unit-Km/Hr,
Spectral emission 850nm
Al less design
watermarked & encrypted toavoid tampering
Speed violation Cameras Specifications IP Rating: 1P66 compliant
Parameter Minimum Specifications or LAN port 3x10/100 Ethernetormore
‘better
Sensor 1/3" CMOS/CCD Day/Night Internal Storage ‘The system should have capacity to
Camera Tocally store min than 500,000
e e vehicle number plate data
Operating System Linux,/ Windows
Dayand Night: Automaticallyremovable infrared- — -
cutfilter Ty by
tbody (fr
Shutter Time: Electronic, 1/50t01/10000secor e
better traffic) and a\lthanncated bylIndian
VideoCompression: Motion JPEG, H.264 consulatein thatce
‘The System should already been
Streams | Both installed forlast5 yearsandis
configurable toUnicastand PSRk
N . Speed measurement Upto 100 km /hr (3 % variation)
Mo R vl Accuracy for Spotand and 100 to 180 km /hr ( 3%
Resolutions: Minimum 1 MP for Lanecameras Averdgespeed “vaciation ofly),
measurement
Fieldofview for License | Asper site requirement (installing
Platerecognition external IR in frontof camera)
Redlight/ Stop Line and speed violation system (RSL - SV System )
Cameras Certification UL/ENand CE, FCC
Red Light / Speed line and speed violation system worlks on state of the art advanced video
IRMuminator based technology to detect & capture images of vehicles along with license plate details that
violate the set traffic rules. It also helps traffic authorities to accurately implement photo
Spectral emission §50nm enforcement on red light violating vehicles itor & guide the
Beamangle 10 or Bettor
P e Red light/ sn:.p LLmledand St o AL
Voltage Input 1240 VDC or 24VAC System shall used appropriate sensor technology
(shall use 2 magnetic probe or virtual loop or Physical
Environmental 1P 66 compliant Loop to trigger the camera when traffic light indicates
Red Signal)
Onsite processor System shall be removable to be deployed at different
sites of camera enclosures. These enclosures (dummy
enclosures) shall have all functionality to support the

1Y 179 ¢1x @] RFPE4]
h F&=
Az A=
(th) 7HHEt =
Minimum 1 MP for Lane cameras and Min 3 MP for context cameras
(%) ANPR 735
AAE 80%
AAE : 70%
() =544
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A% 1-5( magnetic probe or virtual loop or Physical Loo)

Jeu M g flo] £71F o Aulel ofFe] Jsslel 3 > HAHS

(h SR
100km/o]3}loll A +/13km/he]3}t , 100km/h o]l A +/-3% ©]3l 23}35]-&
() 574

g are 3ako] AL o|u| x| et TIAH10 FPS) A E

. doly £=5%7] 345U 2 A2 ¥y =4
(1) Type approval of speedometers in Czech (3| =)
(7} Metrological tests (OIML R91, WELMEC, Czech law, Ordinances):

Radar antenna radiation pattern,
Laboratory tests | microwave frequency stability,
(incl. SW) power limitation

Al
-

All

pusy

A

500 measurements shall be made, of
which none shall give a positive error
Field tests larger than + 3 km/h (or + 3 % at
(MPE) speeds above 100 km/h). All errors of
indication shall be less than =1 km/h, or
+1 % at speeds above 100 km/h

(\}) Environmental tests (OIML D11, ISO)

-Vibration,

-Climatic tests: e.g Dry static heat, Static Cold, Damp heat static, Damp cyclic, Impacting

water, Dust
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Vibration

Temperature, humidity

(th) EMC tests (OIML D11, ISO)

-Electromagnetic and magnetic fields,
-Burst, Surge, Injection, discharge,

Electrostatic Discharge

Automotive Transient

(2}) Periodical verification of speedometers in laboratory

O AEHolg AH|(Radar Simulator Ramet VFM) T4
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‘WITH SPEED 2KHe
DATABASE EXTERNAL
SOUNDCARD

Block Diagram

3 different modulators
(24,125GHz, 34.0GHz and 34.3GHz)

Laser point aiming tool and it’s
mounting onto the modulator

20111201  09:01:03 0000002066 10/0009

RADAR simulator Ramet VFM

@ A1Edole AH|(Radar Simulator Ramet VFM) &-&

RADAR simulator Ramet VFM

Recording of the real Doppler signals from
moving vehicles

Solution For Fixed Radar Speed Cameras

For Vehicle-Built-In Radar Speed Cameras
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(v} Periodical verification of speedometers in Field
RFEEZAH7I= CANMZ2E S AFad AZd=o glew, GPS £=35A7] SAT-1 o 9
I BAdT GPS B85 S Elojole] hel wE B F8x 4.

o

[¢]

Test Vehicle CMI with standard speedometer

standard speedometer CMI (5km/h - 250km/h,
Uncertainty 0.2km/h)

GPS speedometer SAT-1

ot QP AF ML FEASF

AF HAR]

- Side-Pole Design

- One-Camera, Multilane T+

- £ 4 8% : Speed Accuracy : +-3km/h <100km/h, +-3% >100km/h

- 914]& : LPR Rate : 95%, Error rate : <0.5% (12 &<& Z7PEE EAAA 7 &2t &§43517)
¥ & EUHZEZH 7]F)

-EAl o HolZRER

- GPS W%

- EMC <l<% : EMC EN 55022 and EN 61000

- v}
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CIXRIS £S5
CERTIFICATE OF DESIGMN REGISTRATION

B2 H| 30-0903616 =
RegEsrataim Surnber

wHUE Al 30-2016-0055865 &
.'."",,E... 200164 119 219
Ay 2007 DAY 149y
AT i e
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SHELIC

This is to certify that, in accordance with the Design Protection Act, a design
hars been registered at the Korean Inteflectual Property Office.

20074 g 148
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KOREAM INTELLECTUAL PROPERTY OFFICE
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2. ANPR-RADAR Onebody AlAF(FHH/HIRAPA S HE)
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MNoise Filter
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Cam PWR
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ED Trig2

o

= B
Motorized LENS Radar I/F
DIPSWE

Lens Driver

RS422/485 Line
Driver
DS75196

T4353 s
Radar Ethernet

Master Serial
v

R5232 Uin=Drivar
MAX232EESE

Opto Output

FLIR Blackfly

pe/pe
LM2678-12
Ving-40y

lout - 5A

peDe DIFSWS
LM25966-5.0
lout: 3A

PhotaCoupler

pe/oc
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Jout: 154

+24V OUTx 2
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ABSTRACT
In tus paper, we mhoduce svaluaton methods for vehicle speed detecnon and license plate recogniion uung vinon-radar
comversion svstenrs. The vinon-radar semsor systemrs can be apphed to automutic speed enforcement systenss and waffic
mformanon swveillance systenys. Thus, the acouracy of speed detecton and License plate recogmibion 15 muportant for
evahution memcs In this study, two different data are indnidmally collected by vision camerss and radar semsors
respectively, which ae comverted mto speed data by ow convernon We propose new evahuaton methods for
velurle speed detection and hrenss phite recogmhon by companng the mpeed data of vimor-radar sentors with reference
transportztion systems. The proposed methods have different evahuation methodolopes m mstalhng equpment, producing

reference data, analymng data and colleching data We expect that the proposed evalushon methods wall be smtable for

other swomlar systens

aroumxy

1. INTRODUCTION

The one prumary goal of road safety policies m
developed countries 15 to elmnate mortality Thus, many
govemnments hnve  employed utomans speed
enforcement systeme on roads. In the Korea
government will mstall over 10,000 speed enforcement
systems until 2017. Generally, an mductive loop detector
15 used for 3 speed enforcement system, whoch provades
accurate and rehable speed detechon Howeves, traffic
congeshon can oocur dunng the detector installabion in the
moad pavement Moreover, 2 loop detector camnot be
embedded over any bndges owing to the metal structure
and thin covenng pavement. Far imtance, an mductive
loop meeds at least 300mm of space o mny ferrow metal
object and at least | 00mm of covermg pavement

h:’uqntlﬂll anh-corruphion and eril nghis
commsuion (ACRChin Korea encowraged Busan aty to
mstall automanc speed enforcement systens on Gwangan
Bndgem order to reduce madway nowses fom illegal
steet racng However, Buan afy aonownced that
sutomahe speed enforcement systeny cannot be mstalled
on Gwangan Brndge because a valid technology was not
developed

Many sensors were tested m order to replace the
mductive loop detectors to non-mntrusve detectors such as
laser-based detectors and radar-based detectors. The two
detectors provide easy motallshon and accurate speed
detecton. However, they also have some disadvantage:.

The laser-based speed defector has lunmted
detecthon area iof of 15 installed on the sde of 2 road The
velucles moving on the mside lane will not be detected 1f
another velucls 1+ moving on the outude lane at the same

speed detectors camnot be apphed to a3 bndge becawse of

In tus paper. we mhoduce 2 novel non-intrusve
speed detector that wses a vimon camerns and a radar
semsor. Moreover, we propose new evahubon methods
for the proposed system for providing more rebable speed
detection on multiple lanes The v1mion camera and raday
speed data is calculated by combining the rwo speed data.

The speed data of the two devices have thew own
error rate and hrmtaton The speed detection accuracy of
a vimon camera 15 dechined by weather conditons. On the
other hand 2 radar sensor produces constant speed data
regardless of the weather conditions. However, the
acouracy of a radar semsor 13 dropped by ugmal reflection
and dyzpersion on multiple Lanes

This paper mtroduces the comcept of data
comvernon method: collected from 2 vimon camera and a
radar semsor. In addihon, analyss results and dscwssion
are presented i order to explamn the prospects of our
Tvehems.

The remaunder of this paper 1 orgamzed as
follows. In the next section, we review the enstng
evaluahon methods In Section 3, we desembe owr
proposed evaluaton methods. Fumally, ow conclusions
provided m Sechon 4
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2. RELATED WORK The accuracy of License plate recogmtion can be

2.1 Evaluation Methods for License Plate Recognition

In Korea, standard evaluaton metnes for velucle
spead datechon are descnbed m the evahuation crrtenna of
mielligent ransportanon system (ITS) winch 15 published
by Mmusthry of Land Infrastructore and Transport
(MOLIT) The enteria sre to mamtsm the performance
quality of devices, systems and services m [TS5: In
addinon, metheds and procedures for a relable evaluahon
are presented for ITS devices [1].

The device evaluation of ITS can be classified
o 4 &fferet fypes of evahohons essennal
mw,umm In the

performed

completion evaluation 15 performed after the mstallaton
of devices n order to mamntun the device performance
quality. Repaiing and comecting of dexaces ae performed
at the reguly evaluabion to restore device apmg and
performance drops. In the melocaton evaluabhon
cabibranon and conechon of devices are performed bazed
on the relocated road emwronment

The performance evahwbon for TS devices can
be dnaded mio 4 steps as mentioned earhier In this study,
we will analyze the acourscy of speed dastecton and
License plite recogmtion The cntena of cational police
agency descnbe the detmled evaluahion metnes such as
spead detechon accuracy, heense plate recogmihon rate,
and velucle detection rate.

In thes study, we the difference between
the crtena of national pobice agency and ITS, where we
will produce mmproved evalushon methods that cam
supplement each other Table 1 elaborates the
(AVD) systems.

Table 1: Performance cntena for AVI systems

Accuracy (%8)
% fhemns After Decemnber | Before Seprember

2010 010

Highest =95 290
High 95> 285 90> 280

Levels

Middle| §5- 280 80> 270

Low < B0 0

The accuracy of hicense plate recogmbon and the
oumber of passed velucles should be collected at every
analyung mterval when we evahote target devicesIn
order to vabdate the objectnaty of performance
evalustion, vanous data should be collected from different
experument epvironments where contirmous video data 13
necestary for venfiing the expenment

peneryted by companng the detected mesults wath the
mhdwm For calculanng the

instance, sunn
daytume (from 30 menute: afler mmnse to 30 ounutes
before sumset (15 oumses before and after

rotahon every a year If we perform the regular evaluation
at mphttime the 20% of devices are mndomly selacted
The mumber of devices for evahation ar mghttime can be
calculated as follows:

5,=Nyx02 I8}

WheseS,, 1= the mumber of devices for mghithme
evaluation, N; is the pumber of all devices m case of
completion evaluston and relocation evalwhon Ngcan
be the cumber of selected devices for a current year.

Threatenang locanon should be avoided durmg a
performance evahotion The teme of evalwtion melude
and video data.

daytune 2 performed from 30 menutes after sunnse to 30
mumites before sunset and evahwmnon at mghttme 1o
ﬂhﬂihﬂulﬂmlﬂumhmnﬂu
before smrie Both evahotions m doytoe and at
wﬂhwﬁlmmnmm

vehicles. However, we can complete the evalwhon if
more than 500 velucles are passed for 30 munutes If the
mumber of passed vehicles 3= loss than 200, we can extend
the evalushon penod to more than 1 houwr. However, the
extended penod can be over | bowr. All velucles passed
on multple lanes should be mehaded.

121 Evaluation Methods for Speed Enforcement

Syttems
In Korea, speed enforcement systems
mﬂdbn&nlnad'l'rﬁnh!mhlﬂh

hﬂmdmﬂn&nhﬂduhm

spesed
systems are the detechon rate of volshon velucles, the
emor rate of license plaie recogmition, the eror e of
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velucle speed detecnon. and speed enforcement ervor rate
The detection rate of violation velucles can be caleulated
a3 shown 1n Equation (2), and 1t should be over 80%..

the number of Setecind wiolation wiicles
T number of wiolarion wilcier

The eror rate of heemse phite recoguhon can be
calculated 35 shown m Equation (3), and it should be less
than 2%

the mumbaer of wronly recogrized rehicles x lﬂﬂ ﬁ}
otal mumber of Fecagnited rehicley

The envor rate of vehucle speed detection can be
calculated 25 shown mn Equation (4), and it should be less
than =5%

x 100 2

meanurdd Tpeed - i erence speed % 100 @
reference mpeed

The zpesd enforcement evor rate he
calculated 25 shown mn Equation (5), and it should be less
than 2%

the mumber af wronly detected vehicies

» 100 (5
total number of detected wehicles

Tahle 2: Evalustion metnes for speed enforcement systens

measured speed — reference spaed

error rate (%) =

reference speed
B vl o gl epeed error (km/h) = measured speed — reference spead

meiwhhz

measured speed (km/h) = collected speed from speed detectors
reference speed (km/k) = collected speed from reference detectors

x 100

|mearured speed — reference rpeed|
the number of vehicles

the number of wronly recognized vehicles

arror rate (%) =

x 100

plate recogmunion the number of all recognized vehicles
Resolution :|»*nl:i'.-nlm:{nnn[1#]=m'ﬂuI rf nfnﬂr:m _‘ Foehicl * 100
2.3 Existing Studies were proposed by Hao and Rvu [7] In stdv 8] a

The performonce svahohon methods for speed
detechon and heense plate recogmution have been studed
In vanous emvironments The most mmportant evahation
metncs are heense plate recogmtion acowracy and speed
enor rate. Kyu and Bvan [3] proposed the methods of
collectng meference data for developmg evalmbon
methods of pop-intrusive velucle detectors. The authors
ponded fow, speed and occupamey for evaluston
metncs where eror rate was 5%, Lim and Ryu
[4] mroduced the evaluanon methods for the devices on
matiomal lmghway In study [5] and [6], the authoss
comsist of beemse plate recopmmon systems speed
detection Tystem:. and weight meamwrement tystems. New
methods for improving exasting ITS evahuton method:

replacenmnt mteral wasz suggested becauce the hife =pan
1t chonged by emiromment: and operatng
condinore. Vanow: evalonon pwthod: were performed
for spesd detector: However. certun mumber of
houtahon: was found Jang and Choa [9] provided
letaton: and mprovement for the evahmhon of speed
detection. The suthors showed the methods of producing
an uncertanty of reference data and confidence mbervals

of amlyrmg penod.
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3, PROPOSED EVALUATION METHODS

3.1 The Definitions of Evaluation Requirements
defined for imon-radar semsor systens Thus, in this
study, we suggest specific requrements. Fust, we suggest
evahuton metnes such a3 sanplng rate, speed detechon
acouracy, the number of detected velucles, and detected
speed of viuon-radar sensors. The saoplmg ate of 2 adar
sensor and a wimon camera is produced by operatng
software, and the interval should be less than 100meec.

For ITS devices, we wmwe mean absoluie
spead detecton

vehicles m video data and i recogmzed velucle: In case
of vinon-rada systems. the speed detechon accwmacy 1s
calculated by counhng the amount of data per second. and
then 1t 13 with reference data The svalushon
penod and data analys mterval should be determaned.

Tvpcally, the speed enfoscement systems and
minsive speed detectors are used to produce reference
speed data. However, these sensors bave certain emvos rate
as well This, it 15 mportant to reduce the uncertamty of
the reference data.

The acowracy of heense plate mecogmbon 1=
calculated by companng oamal detection results wath
automancally recogmeed results where video data 1 wed
together for venfyving the results. The mumber of wrongly
detected velucles 12 calculated by video analysas. Next, the
salton of heense plate recoghon 13 performed

Exceptional velncles are manmally removed to supplement
sample data

3.2 Evaluation Procedure

The samphng rate 13 mdiadmally produced for a
vision camera and a radar sensor. The average speed of
the same velucles that have the same ID mumber 1 used m
the operating software. On the other hand it 12 produced
by dividing the sum of sumphng mtervals by the mumber
of samples.

“J
. -

Figure 1: Evahwtion regons

In thas study, we need to evaluate the accuwracy of
speed detechon and hcense plate recopmtion for speed
enforcement syvitem: We think that the AV] evaluation

—Mnmhmhmi
by

Table 3: Proposed evaluaton methods

Evaluation criteria
ITS National Police Agency Proposed
lien Akohar Perewnge | Speed Speed soruracy
Error (MAPE) mn:z:p-d reference rpeed _ maarured rpeed — refavence speed
o= Ta] #T e Epeed = ] erimed rpeed
Accuracy | MAPE™S) ——tie * Loz than =% * Uncariamsy miudied
of speed | y = rqforence data * Codlecred spved difference Serwes xmre:
detechon = maearured data deace and refrence deices joniy for the
e n = the manber of sompies | “WECE T ke nn v Jpead )
¥ weticia spwad” merape speed
durmg the anal)zr el
® anaiyziz el | senoy
P Sy TR S i v Rewiraey = T00% — PE
ainine | - yx¥S 'm-:f.‘!i PE=px 100
E ta number of wrongy E the momber of wrongily desecnad vehucies
recogution | F paed whicke: duing e i)
(%) amalyzis muervai (50 momse 'mam
Deam colection for § doyz on | None Fmﬁi#:n#
(onfdence B el i e o o
mervals | i T iy me(pom 30 mowse: g e o 0
fordata | . dyemeifom 30 minute T.m
collection | gte movie © 30 somoe - sty § mates Sqfore and qfer Suncet)
befire e - mighimeiftom 0 mowie: gher nwuet 8
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license plate recognition = 1000 — = uncertunty. When we evaluate detected velucle speed. the
m e m;“ wcutsinty should be incleded The weomtunty of

Where E 1= the mumber of wrongly dstected
vehicles, and T is passed vehicles dunng the amalysis
interval We use 60 punutes for the analy=s mberval

313 The Method: of Producing Reference Data and
Insrallation Requirements
Fust, we peed to deternune the mctallabom
Lghhng devices. In case of the vision camera, matallshon
mmmmmum

The svahotion area & from 25m to 3m as
shown m Figure 1. The camera records 4 [anes at the same
tume The camera angle = from 15 degree fo 20 degree
Inage distorton occws at the mapge border Thoe o
should be revised

We mstall reference devices on different locaton
according to the evahoton metnes such a3 the accuracy
of bicense plate recognition and speed detecton The
target devices and reference devices are mstalled on the
same location for penerating the accuracy of License plate
recopution, and more ton 2 cameras are smployed Im
order to record 4 lanes at the same tume Fust camera 15
positoned at the same locabon with the tarpet devices,
and the other camera is pomfioned near the reference
devices We use an mductive loop sensors and dual laser
sensors for producmg reference data

Refererce dats 13 collected for 3 doys om
weskdays wath 4 difference tumes such a3 sumnce. suncet,
daytime, and mghttune The analysis mtenal 1= 30
minutes I enough sample dats 15 not collected the
analyns mterval 15 extended sccording to the previousiy
defined

34 Amalbysis Methods for Vehicle Speed Detection and
License Plate

We compare measured speed data wath reference

data that collected from mductive loop sencors and laser

semsors. After comecting the meanwred spead data based

on the reference data, we produce acowrate reference data

The reference sensor devices provide accunate speed dana.

Howeves, 1t 1= obvious that the two sensors sall

measurement 13 the vanance of meanwed data. Typscally,
are 13 the difference between measwed data and
reference data.

The speed data from wimon-radar semsor 13
compared with reference speed data whers relability of
data collechon mierval should be conudered Speed
evaluation peed to be performed for entre evaluaton
penod However, 1t 13 difficult m reahty. Thus, we use the
standard mrerval desenbed mn the evaluation pudes of ITS
and matonal pobee apeney. Table 1 elaborates the
proposed evalustion methods.

4. CONCLUSION

In s paper, we proposed pnew evalushon
methods for the acouracy of speed detection and hicense
plaie recogmhon of vision-radar semsor systems We
referenced the evalmbon metnes of ITS and mabomal
police agency. We found some differences between the
twn evahuhon metnes In case of speed detection
accuracy, an average speed dita was used in the ITS
svaluation metnics. On the other hand | an indradual speed
data was wied m the evahmhon meinc: of the nahonal
pobce agency Moreover, there were different dats
collection miervals where data &5 collected for 3 days mth
1 bour analyss interval in the [TS svalmtion metnics bur
memes

In the heense plats recopmbon both metnes
mterval was different for mstance ITS evahonon metnes
for 3 days on weekdavs. However, the natiomal police
agency does not requare them On the baus of our anmalyus,
we sugpesied owr own evahobon methods for the
accwracy of speed detechon and heense plate recogmnon
by aalyang the methods of producmg reference data and
amabvring meaumed data
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Speed Enforcement Systems Based on Vision and Radar Fusion:
An Implementation and Evaluation

! *,*Youngtae Jo, * Yeohwan Yoon, * Sangman Lee, * Gwvanho Chei
SE'I'L:H’HIH Kores Instingte of Civil Engineering and

ABSTRACT

In this paper, we mfroduce a new speed detector that produces accurate speed on the basis of the conversion of vision and
radar data. We compare the speed data of mductive loop sensars wath that of radars and cameras. Moreover, we propose
Mﬁddcdmmwmﬂmbﬁdmhmdnhhhmdmhk
speed enforcement system should be developed accordmg to the government traffic speaficatons. However,
m*mMﬂmmﬂuﬂM:Mmdsmdmdmadm
data are only presented Thus we analyze the standard enitena and evaluation metnes. We propose the evaluston methods
for the speed enforcement systems based on vision and radar fuson. Detailed analysis by companng the data of mductive
loop sensors, radars, and vision cameras 15 provided. The results confirm that the radar sensor shows better performance as
2 speed detector, and the performance can be improved with certan compensation value

Keywords: Fision-radar fusion, speed enforcement system, performance evaluation

1. INTRODUCTION

Most traffic safety policies m the world am to
eliminate death rate on roads where a speed enforcement
system has been employed to increase driver safety. In
KEorea, the government plans to mstall over 10,000 speed
enforcement systems until 2017. Cuvently, an inductive
loop sensor 15 wadely used as 3 speed enforcement system
because it provides hgh accwracy. However, traffic
inferrupts and pavement damages occur with the sensor
wstallanons. h addihon. the loop semsor cannot be
embedded over any bndges due to the metal struchare and
thun covenng pavement In 2014, the Korea govermment
encowaged the transport agency of Busan aity to mstall a
wndmﬁrmm:n(}wnpn&ﬂpnuhu
street racmg However, the nahonal police agency m
Busan city anpounced that 3 speed enforcement system
camnot be equpped on the bndge because the wvahd
developed

In osder to replace the inductive loop sensor to a
noD-Imfusive sensor, Vanous sensors have been stuched
such as lasers, vizon cameras and radars. The three
sensors can measure vehicle speed on the side of roads.

However, they have hnutahions to detect velucle
speed. The laser semsors cannot detect the speed of
vehicles that move on the inuide lane 1f another vehicle
exsts on the outnide lane at the same ome The radw
sensors are too senutnve to weather condihons such as
ran, snow, and fog In addition, the vibrations of 2 bndge
can influence on the performance of adar sensors. The
vision cameras have the same problems with the two
sensors.

The detailed fusion procedure of vision and radar
sensors 13 provided mm fhus paper, and practical
mplementation process 15 descnbed as well The
developed system and demigned methods are evaluated by
certain munber of expenments.

Thmmho(thsmtuwmﬂn

2.1 Standard Criteria for Traffic Enforcement

A speed enforcement system should be installed
on 1ads according to the article 4 of road traffic law m
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described on the gmdelines of national police agency [1].
A taffic enforcement system 15 clasufied into five
dufferent types, a static speed enforcement system a
mobile speed enforcement system, 3 pomnt-to-point speed
enforcement system_ 3 traffic signal enforcement system,
and an intersection enforcement system. In this study, we
consider the static speed enforcement system that consists
of a mamn camera, control systems, and sensor systems.

The evalhwmton cntena of automatic speed
enforcement systems mclude enforcement rate, license
plate recogution ervor rate, speed detection exvor rate, and
speed enforcement ermor rate. The enforcement rate can be
calculated 25 shown m Equation (1), and 1t should be
greater than 80%.

"J_:xlno (1)
Where v, 15 the mumber of violaton velucles v,
15 the number of abnormal vehucles, and v, 15 the number
of detected violation velucles

generated as shown i Equation (2), and 1t should be less
than 2%.

Pe
—=x 100 (#4)

Wherep, 15 the mumber of wiongly detected
vehicles and p, 1s the mumber of all detected vehicles.

The speed detechon enor rate can be calculated
as shown in Equation (3), and 1t should be less than 5%,

3;—"’:(100 3

Wheres, 15 the measwred speed and 5, 15 the
reference speed.

The speed enforcement emor rate can be
calculated as shown m Equation (4). and 1t should be less
than 2%.

£ % 100 “
ol

Where &, 15 the mumber of all detected velucles
and e, 15 the mumber of wrongly detected velucles

Typically, the accuracy of speed enforcement
systems 1s reduced. if two vehicles are too close to each
Tm and 14m for sedans and buses respectively. The
available speed detection range should be from 0 km'h to
250 kan'h, and the detecton mterval should be less than
10 msec. The license plate recoguhon accuracy should be
greater than 80%, and ervor rate should be less than 2%

All characters and numbers m a heense plate
should be recogmized for all types of icense plates such as

speed enforcement. Also, we developed the software that
can detect varions incidents on roads using vision cameras
and radar sensors [2-4].

Bombiu and Cem [5] proposed a vinon-radar
system wath the resemchers of Fabbnea Italiama
Automobih Tonno (FIAT), which can detect front dving
vehicles. Both video and radar data were used to produce
accurate front vehicle posibons. The system uwses 640 x
480 resoluton cameras wath 45 recording angle, and
TIGHz radar frequency was employed to cover 50m
detection range Yang and Song [6] mtroduced a new
algonthm to comect wiong detechon of radar sensors by
employing mono-vinion camera.

Additionz] yaw rate sensors were wed to detect
front moving velucles The thyee different data of mono-
vision, radar, and yvaw rate data are all fused lee and Han
[7] detected lane markings lane borders, and crosswalk
markings using cameras, lasers, and radars. Roy and Gale
8] nl:mdnud 3 speed Mm yitem wmng radar
methods such as block tracking, 3D conversion, FFT, and
Kalman filtenng,

In thus study, we propose the methods to venfy
the accuracy of speed data measured by radar sensors. We
suggest a number of metncs, such as nstallation metnes
(msh.ll:inn height and recording angle), camera

mformahon (detection range detection angle. and moving
distance). Figure | shows the examples of the parameters.

3. PROPOSED METHODS FOR VISION
AND RADAR FUSION

3.1 Installation Requirements

First, we need to deternune the mstallation
requrements for wisiop-radar semsors. Curently, the
vehicle mformaton of wision and radar 13 manually

57
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merged Thus, it should be advamced to automotive
methods.

In Korea, a radar sensor has not been used for
speed enforcement Tims, vabdabon of speed data
collected from the radar sensors should be performed We
tested the radar sensors m short-term penod because long-
term evaluation is dafficult to gather data In order to
produce reference data, we mstalled an mductive loop
sensor, and then we compared the data with mobile speed
detectors.

3 Vehicle Positioni
The vision and radar have different coordinates.

In addition, time synchromization is mecessary
between the radar and vision data The distance data from
radar sensors shows lugh accwracy. Thus, if we transform
the vision coordinates to radar coordinates, we can eauly
produce merged coordmates. For mstance a metwork
camera for CCTV typically has about 1 second delay (Ar)
dunng wideo encoding and streamung Thus, we can
synchromze the CCTV with radar data by delaying the
radar data for At time that can be calculated as follows.

At = fpage ~ tradar O]
Where ¢, 15 the recerved tume of images and

qmnuawmmhmmm

w
-
-

b bk e v fhiak by cletesaiw
H & cavmy on ey ght

FOVI idtctisnn veglum iy
L2=L1+FOrH

thod druvifon

Figure 1: The examples of mstallahon and recording parameters

In vision data the first pomnt value starts at top-left On
the other hand. in radar data, the first pomt value starts at
center pout. Thus, the two different coordinates should be
merged

In order to merge the radar and vimion data, video
pre-processing 15 needed to Increase merging accuracy. In
particular, the accurate coordinate comversion can be
performed by wse of a perspectve projective
transformation (PPT) for multiple chanmels of CCTV. The
transformed image by PPT can be retransformed to source
images as follows.

Rk & o 0

and coordmate transformation actual data mappmg for
vehicle location 15 performed.

3.3 Methods of Collecting Speed Data

The speed detecton using a vimon camera 15
performed from 30m to 40m The radar data (vehucle
location and vehicle speed) and wision data (hicense plate

mumnerous velicles on mmitiple lmes The effechve
distance of radar sensors 1s from 28m to 144m where the
mstallation height and elevation angle are 6m and -5
degyes In the mutial radar installabion, the true wadth of a
lane 13 mamully measwred and then we can collect the
vehicle mformation such as location speed, and distance
Figare 2 shows the data comversion sequences.
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of I(x.y)and J(x, y). The performance of feature tracking
of ophcal flow can be mfluenced by the wandow size (w,,
wy). The entire equation of optical Bow 15 as follows.

e(dyedy) = Dores, T0, (10xy) — J(x +dyy +
&P @

3.4 Procedure of Speed Calculation

recogmition cannot be achieved The object recogmshon
can be performed by vinon data, which means that 1t can
detect a velucle in dark regons In thas study, the dak
repons do not ocowr because we conmder four lanes for
spesd defechon uung a wimon-radar semsor The radar
data and vimion data are merged o produce speed data

Figure 4: The procedwes of inon and radar fuson

Figure 4 illustrates the data comverion
procedures of vinon and radar where the features of an
mdnadual vehiele are vsed such as the wadth hesght
length and coordimates (x, v). The radar sensor produces
decreasing s1gral frequency for certain tume T, , where the
beat frequency f, ocours during the penod At The beat
frequency f;, shows constant pattern. and then 1t changed
to 0 Hz when the tansnussion signal and recerving signal
are overlapped The mgnal modulshon occwrs two times
wihuch 15 used to venfy the acamacy of the signal eyele In
addition, the beat frequency can be datected uung the two
agnals By detecting the changes of the beat fraquency,
we can detect the distance location, and suize of a target
object. Moreover, the speed mformation 13 calculated by
Doppler Effact as well The Doppler Effact 15 calculated
Bm

f:rm"% ()
Where [ 15 mn-phase value and Q 13 quadrature-
phuse value.

The detected vehicls location 13 penerated by
of ransmussion and return signals When the radar detects
a vehicle, it asugns 3 umque ID number with the update
uterval of 100ue data The ID mumber disappears when
the velucle passes the detecton repions.

4. EXPERIMENT

4.1 Syrtem Overview

Ow wvisonsadar system can be clasufisd mto
sensing umt, control unt, and software The sensing unst
vehuicles mowving on our detechon area At the same time,
the sensor woat recogmuzes hicense plates and calculates
vehicle spead The two speed data from radar and vimon
mformaton are apphed to determune speed enforcement.
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Accurate speed detecton can be achieved
because owr system uses the two different detectors of
radar and vimon camera.

Figwe 5 depicts the expenment emvronments
where we installed inductive loop sensors and owr viion-
radar sepsors. The mductive loop sensors are vsed as a
reference detector. The tested road kas two lines wath
3.5m wadth In front of the sensors, there = 2 traffic ngnal
Thus, vanous traffic condibons can ocowr.

Figure 5: Expenment environment

4.2 Evaluation Method:

Vanous evalmbon methods have been studed
for speed enforcement systems However, many
hmutations sull exst Jang and Chos [9] mtroduced both
hrwtations and mprovement methods for the evalushon
of speed detectors. Fust, the authors defined that the erven
rate of reference data and wncertunty should be
consudered because the reference data does pot puarantes
tluachnluht'ﬂ!ﬂ.cmﬁdmemwkwh

instance particle penods such 2= 30 munutes | bour, and
2 hour are used

Dunng the speed evalmtion, the uncertamty of
mmmuwawm

confidence intervals are not provided Thms, 1o thes paper,
we analyze the data of mductrve loop sensors and that of

radar-vinon sensors mdmadually, and then discuss the
measured speed data.

4.3 Speed Analyris of Radar and Camera

In crder to analyse the speed dats measwred from
the radar and viuon camera, we collected around 600
velucles speed data from 11AM to 12PM (] bow). Figure
6 shows the speed scatter praphs of loop-radar and loop-
camesrz. Each data icludes poiwse data 30 we removed the
all ervors for further amalyms.

Measured speed from loop and radar with notse
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Figure 6: Speed scatters of ongnal speed data
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Figure 7: Speed scatters of filtered spead data

Figure 7 shows the speed scatter graphs of
filtered speed datz where we can see the hneanty of sach
speed data We added the certain compensation values to
the two detectors, and Figure § depucts the mean absolute
percentage emmor (MAPE) wath different compensahon
values where OG 15 the ongnal speed data measured from
the radar and camera

MAPE
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Figure §: MAPE of different compensation values
The MAPE 15 calculated as follows.

HI“'E:iR—l "l'r'l-l'l' m
Where » 1= the mmnber of collected data, X iz the
measured speed data, and ¥ is the reference speed data.

In Figure §, the MAPE values show exponennal
vanation wath differend compensaton values. The

vanation can be presented as follows (Equanon 10 1= for
radar and Equation 11 15 for vimon camera).
y = 0.0001x* — 0.0008x + 0.0099 (10)

y =7E —0.5x* —0.0005x +0.016  (11)

In the fisure and equations above, we can
confirm that MAPE value shows the lowest value wath
additonal 1.3 kmh for the radar and 2.5 kom'h for the

vinon camera where we can produce the compensshon
fimchion as follows.
y=x+a (a2

The compensation value a can be presented as
shown m Table 1.

Table 1: Compensation values

Fadar Camena
Value: 1.3 kov'h 15kmh
MAPE
St — -
Ay |
iy | |
2y |
- B 1
[ X . - !
‘ il wrtiad wryinnl el

Comelabon cocfficent

o0 odry |

L L
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L6 T
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Figure 9: MAPE and conrelation coefficient of conected
values

We caloulated MAPE and correlation coefficient
coefficient 15 penerated 2 follows.

R= el 3)
Efy(r-TP JE8 or TP

Whare » 13 the mumber of collected data, X'1s the
measurad speed data, and ¥ 1s the reference speed data.
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Figure 10: The oumber of radar errors

In crder to merpe the two speed data of radars
and cameras, the radar data should be wed first If the

5. CONCLUSION

In this study, we mtroduced a new speed
enforcement system uung a vision camera and a radar
sensor. We provided the fosion methods for the data of

comminy s 0,895 mid 14D, sonpactivaly. The vales of
0.83% 15 quute low value as a speed detector.

camera i muln-lane. 2015(010401).
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ABSTRACT

In thes paper, we introduce a new non-inhusive speed enforcement systems based on a cambinaton of speed data extracted from
2 video camera and a radar sensor. Che system produces mdividual speed data from a radar sensor and a video camera. The
produced two speed datz are used to create final speed data by our comversion methodologies. We analyzed the speed data of
radar and video, and improved the acouwracy of speed data. We compared our speed data with reference speed that meamared by
mductive loop sensors. Cho system produces highly accurate speed data and provides mmltple vehicle detechon. The infroduced
fusion methodolomes are evaluated and we confirmed that it provides acourate detection resultz. We expeact that owr system wall

replace exsting inimsive loop detectors.
Eeywords: radar, vides, tpead erfbroement, fision methodologies

1. INTRODUCTION

Speed detection systemys have listonically been developed
using varous sensor devices such as loop detectors [1], vadeo
cameras [2], radar semsors [3], and laser sensors [4]. Many
exsting speed enforcement syvstems use loop detectors. They
produce accurate speed data even I a nolsy emvironment.
However, mstallabion and moamtbersnce cause pavement
damage, leading to diuptons o taffic fow. Thus, loop
sensors are wltimately a ughly mtresive enforcement device.

In 2014, the Korean povemment encowraged the tramsport
agency of Busan cify to install speed enforcement systems on
Gwangan Bndge to elbmunate moadway nose generated from
tllepzl streat racmz. However, the national police agency n
Busan city amnounced that a speed enforcement svstem could
not be equpped on the bnndze because swmtable technology had
not been developed The povernment required a new speed
enforcement system that provided mmitple-vehicle speed
detection across multiple lanes.

In thiz paper, we miroduce a new speed enforcement system
that provades highly accwrate speed detection along with non-
mirusive installation and cperaton. Char system uses speed
data extracted from radar and +ideo. Each sensor produces
spead data on two lanes conowrently.

The two sensors have distmet limtabons for measunng
wehicle speed For exanple inclement weather sigmoficantly
reduces speed measuwrement accwracy of the video camera
Addiionally, the mdar sensor cammot guarantee the accuracy
of a speed meamuement on multiple lanes due to mgmal
reflection and dispersion. We desizned a system and alzonthm
to address these problems. In this paper, we propose a new
fusion methodolomes that provide proper comvergence
algonthme. The proposed algonthm can ingpeove detechon
accuracy.

We expect that the proposed speed enforcement system using
ow new comvergence methods will replace existng mmduchve
loop sensors and other speed detectors. Chr system can also
serve as a raffic mformation acquesition system as it produces
traffic flow, vehicle speed. and vehacle occupaney datz.

The remamder of this paper 15 orgamezed as follows. In the
next section, we review the hterahme related to speed
enforcement systems. In Sechon 3, we desenbe our proposed
system and n Secton 4, evalnztion and iplementation are
pven Finafly, owr cooclusions and ideas for fitwe work
regardmg this research are provided n Section 5.

2. RELATED WORK

The speed enforcement systems on nmltiple lanes have been
studied mn various research fields. Thverse systems have been
demonstrated to the national police agency in Eorea. However,
all systenns have not met the requirements of the cuiteria of the
Korea nationzl police agency. Few years ago, 2 mobile speed
detector for multiple lanes was developed using 2 laser sensor,
which does not include hicenze plate recopmition Moreover,
we previously developed a speed detector using a radar sensor,
whick provides wehicle teching mdpadual  vehiele
recogmhon. and license plate recogmbion. It did mot include
speed comection, mantenance methods, and speed
enforcement. Also, we developed the soffware that can detect
vanous Incidents on roads uwsng vision cameras and radar
sensors [3-T).

Bombim and Cem [3] propesed a vision-radar system with the
1esearchers of Fabbnea Itzhana Autemobih Torme (FLAT),
which can detect front driving vehicles. Both video and radar
data were used to produce acowate front vehicle positions.
The system mses 640 = 480 resoluhon camerzs with 43
1ecording angle, and T7GHz radar frequency was employed to
cover 50m detection range. Yang and Song [9] wboduced a
new algonthm to comrect wrong detection of radar sensors by
enploying mono-vision camera. Additonal yaw rate sensors
were used to detect front moving vehiclas. The three different
data of mono-vision, radar, and yaw 1zte data are all fused
Lee and Han [10] detected lane mardang:, lane borders, and
crosswalk markings usmg cameras, lasers, and radars. Rov
and Gale [11] miroduced a speed detection system using radar
sensors, which can detect mmitiple velicles and speed
mformation  The authors alse uwsed wimon-radar fusion
methods such as block fracking, 3D conversion, FFT, and
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i. PROPOSED SYSTEM
CONMVERGENCE METHODOLOGIES
In this stody, we previously anahzed the speed data extracied
from a radar sensor and 2 video camera. Based on the amaly=is.
we designed convergence algonthm that mproves detecoon

aocuracy of the two sensors.

AND

3.1 Speed detection with a video camera

Speed data 15 calculated by exammnms paxels from mdividual
frames of a video capfme. As shown im Fiz. 1. o bicense
plate recozmnion algorthm detects the location of hicense
plates m two sequental mage frames from video data. Sumply,
the vehicle spesd can be czlenlated nsing the difference m the
mumber of pixels betwesn the two heanse plate locations, and
the known frames per secomd (FPS) caphure rate of the video
camera. The alponthm perforres prmel comechon  and
normabzation, as the exact distance per pooel 15 dependent on
wvehicle locahon Moreover, the alzonthm considers the herght
of the hcensze plate from road simface because 1t differs among
vehicles.

Frame 21

Mather plade poat of Frame ]
=

Paamnbizrpl e ot af Framne 2

Eiact speed chia frem el mlimestim

Fiz 1 Speed detecton with video dam

In order to moprove the calenlabon scomscy of gemersims
speed data from two mmage frames, we apphed two different
methods. A= shomn m Fip 2. we uze the cepfer pomt of 3
bcense plate for speed extrachon. Tvpucally. the comer of an
object 1= uzed to calenlate difference of movement However,
if the locaton of the cormer 15 used there wall be small
differenice between tue difference and caleulated difference.
As chonn m Fig 2, the lengthe of L1 and I? are different,
which lead wrong caleulztion of speed remults.

1121234

Fig. 2. Center poin of license plate

3.1 Speed detection with a radar sensor

The frequency-modulated contmuous-wave (FLICW) radar
can defect a stopped vehicle. Velucle speed can be mezsured
wmg the Doppler Effect, as 1= tvpacal m radar sensors. Spesd
detection  for mdividual  vehicles 1z peformed by
distinmnshing and trzeking mndsidual vehicles wath speed and
distance datz. Fiz. 4 shows ow compastes programs that
produces speed data from approaching velicles.

Fig. 3. 5pesd detectmon with radar data

3.3 Data analysis

In order to analyze the speed data measured from the radar and
wiston camera, we collected about 604 velucle’s speed data
from 11AM to 1240 for 1 hour

constsing of a video camera, 3 radar sensor, and teo LED
arrays. The speed detection algonithm 1z developed and
motalled on the syvstem We developed ezch alzorithm with
(== bazed on an embedded system

Fiz. 3 chows the experumental envirommernt= wher we
m=ialled mductnve loop semsors and the proposed system.
Induchve loop sensors were used a5 3 meference detector. The
test road has two lznes, each 3.5 m wade There 1= a3 taffic
signal i front of the sensor=, oeabmz 2 vanety of taffic

Yideo mumera
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Fiz. 5. Expenmental environment
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Fiz 7. Speed scatters of fltered speed data

1)

Fizure 7 shows the speed scatter graphs of filtered speed datz
where we can see the hneanty of each speed datz, We

addad

the cerfam compensziion valwes to the two detectors, and
Figmire § depict: the mean absolute percentapge armor (MAPE)
with different compensanon values where O 1= the onginal
spead data mezsured from the radar and camera

.330%

L

MAPE

vl nGell ll:.l'lllT' 14
Belvriredd o

MAFE

\-It-r.u_r'f-p-fl g e T I- 1|

Fig. B MAPE of different :mnp-msauunﬁhm

ool e el

Figwe & shows the speed scatier graphs of loop-radar and  The MAPE is caleulated 2 follows.
loopcamera. Each data meludes motse data so that we
remoied the zll erors for frther anabvms.
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4 [ pmitad
MAPEm ;E?-;T (1)

where n 15 the mmber of collacted data, T 1= the measwed
speed data, and Y5 the reference spead data.

In Figure 8, the MAPE values show exponential vanation wath
diffarent compensation vzines. The vanation can be presented
a3 follows (Equation 2 15 for radar and Equation 3 15 for viszion
CAInera).

= 0000 - 00008000058 (D
¥ =TE =05 - 0I5 4 0016  (3)

In the fipre and equations above, we can confirm that MATE
vale shows the lowest value wath additiomal 1.3 km'h for the
radar and 2.5 km'h for the wvision camerzs where we can
produce the compenzation funciion as follows:

V=X )

The compen=ation value & can be presented as shown m Table
1.

Table 1: Compen=ation values

Fadar Camerz
Valuss 135 Jonh 25kmh
MAPE

5HP
L
L,
1o

o I I

original oozl izl commecled
lop-cadee layig 2 demem)
Correlation cocfiicient

{SURE 8

1 A0

LU N

LRl B 1
gl cnrrected anp el irerecrad

ko rantin
Fig. & MAPFE snd comelation coeficient of corrected values

B

We calenlzted MAPE and comrelation coefficient (R} with the
comgpensation values. The comelation coefficient 15 penevated
23 follows.

w1 )
e PR R =

where n 15 the mumber of collected data. 115 the measmed
speed data, and Fis the reference speed data.

Fizure 9 depacts the cowected values of MAPE and R for the
loop-radar and the £ . The MAPE of loopradar =
reduced from 2.13% to 0.83% and that of loopcamera &=
reduced from 4. 14% to 1.45%. However, the cowected B data
show the same value with the ocngzmal datz because the
relation between the sensors has the same paterns.

The finsl MAPE values of radar are lower than that of camers
whare we can conclude that the radar provides more acmmrate
speed data Thus, we wse the speed data of radars, and
commpensate 1t with the speed datz of camerz. As a result. we
can think that the speed ervors of radars should be removed to
nnprove the perfomance of radars.

The nusber of radar cerors

|
B
e | [
II-II

Slator ke Cnerlagyang

Fig. 10. The mmiber of radar gmors

Alismnp lBieyvsle Frdsinmm

Ve clazaified the radar ewrors mto § diffevent types as showm
m Figuwre 10, Among the ervors, the mussing and overlappmge
are the major detection emor, and the other 3 emors are mnor
erors. The bicyele and pedestnan wall not exceed the speed
binnt, and the motor-bike can be removed uwsing the vision
mformanen of camera, The misang and overdapping ermors
should be removed 1n order to merease the accuracy of rmdar

SETESOTS

In order to merpe the two speed data of radars and cameras,
the radar data should be used fist If the speed data of radar
sensors shows emror patterns, the camera data 15 wsed In our
fosion methods, we employ these methodologes.

3.4 Convergence algorithm

In order to desizn the comverpence methods between video
and radar senser data, we first mdividually measwed and
analyzed speed data from each senser. We foamd that the rmdar
sensor provided more acowmate speed data than the video
camera. Inacowracies m speed detection from the video camera
arose from camera vibration and varyving weather conditions.
e found that thes reduction In acowacy came from erther
detecting 2 =mingie vehicle pmiople times, or from mussms a
vehiels enfraly. As zhown m Figo 11, we desipmed 2
earlier. It comects speed data when duplicate and mussing

TS O:LCIT.

Baszed on the convergence algonthm of Fig. 11, we developed
speed convergence sequence as shown m Fig 12 The
alzorithm basically nses radar speed datz for speed detachion.
However, if the speed data of radar 1= oot comect, the spead
data 15 improved by that of video data.
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4. EVALUATION AND IMPLEMENTATION

MIAPE

i Lt

1P [[ERLEE LR ElE

o l .
fima -

Withanal comverpetee Wikl v epeis Frfiope
akeorim algonithm from loap sema
Fig- 13. MAPE

In order to anahyvze the efficacy of ow algonthm we used
mean absolute percentaze error (MATE) of the system As
shown 1 Fig, 13, the MAPE was 2.3943% wnathout the
comergence alzonthm Usmp the alzonthm it reduced the
MAPE to 0.8392%. In fact emors nearly reached the reference
valne collected from loop sensors.

5. CONCLUSIONMN

In this paper, we miroduced 2 new speed enforceament system
that uses speed data derved fom video and radar We
anzfvzed the speed data extracted from radar and videa. Bazed
on the amalyms, we developed convergence algonthmy that
combines the fwo sowees. leading to increased performance.
When evahated 1n 2 realishc scenano; cwr system showed a
0.8392% MAPE. z wvalue that 1= compentmve with cwrent
spead detecton teclmology.

Fotme work wall test owr system om various weather
condions and road epvoonments, leading to improvement m
o system hardware and soffware alzonthm
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Non-intrusive Traffic Speed Enforcement Systems Based
on Video and Radar

Absitract

Speed detection systems have historically been developed using various sensor devices such as loop
detectors. video cameras, radar sensors, and laser sensors. Many existing speed enforcement systems use
loop detectors. While they provide accurate speed data even in a noisy environment, mstallation and
mamnfenance necessitate pavement damage. leading to disruptions in traffic flow. Thus, loop sensors are
ultimately a highly intrusive enforcement device. In 2014, the Korean government encouraged the
transport agency of Busan city to install speed enforcement systems on Gwangan Bridge to eliminate
roadway noise generated from illegal street racing. However, the national police agency in Busan city
announced that a speed enforcement system could not be equipped on the bridge because suitable
technology had not been developed. The government required a new speed enforcement system that
provided multiple-vehicle speed detection across multiple lanes. In this paper. we infroduce a new speed
enforcement system that provides highly accurate speed detection along with non-intrusive installation
and operation. Our proposed system uses speed data extracted from radar and video. Each sensor
produces speed data on two lanes concurrently. The fwo sensors have distinet limitations for measuring
vehicle speed. For example, inclement weather sigmficantly reduces speed measurement accuracy of the
video camera. Additionally. the radar sensor cannot guarantee the accuracy of a speed measurement on
multiple lanes due to signal reflection and dispersion. We designed a system and algonthm to address
these problems. We expect that the proposed speed enforcement system will replace existing inductive
loop sensors and other speed detectors. Our system can also serve as a fraffic information acquisition
system as if produces traffic flow, velucle speed, and velicle occupancy data.
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O A hvbrid speed enforcement system that LED Camera
can provide multi-lane speed detection
using a single detector based on video
and radar fusion

O There is a need for the following:
3 Non-intrusive sensors with reliable speed

detection

3 Non-i ive speed for metal
such as bridges

O A single that can

vehicles speeds in multiple lanes

Main Research

0O Data matching methods between video
and radar
7 Data matching algorithm
- matches the detected speed of video with that
of the radar

0O Speed detection using video and radar

O Speed detection algorithm using video
: Recognizes number plates and calculates
vehicle speed using two different image frames.

) Speed detection algorithm using radar
+ distinguishes individual vehicle and traces the
location of vehicles

) Speed detection algorithm using video and radar
fusion
- produces reliable speed data by complementing
each other

G; Contact: skryu@ikict re ke

KICT oo 1+t IRF Asia Regional Congress & Exhibition
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