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Thesis Title Development of a Vehicle Counting System by Image Processing from

Video Camera on an FPGA
Author Miss. Chonthisa Wateosot
Major Program Electrical Engineering

Academic Year 2009
ABSTRACT

This thesis presents a design methodology of a simple vehicle counting circuit
using a system-level language named ImpulseC. Using this , it can reduce the hardware/software
c0-design development time and allows completely simulating on FPGA (Field Programmable
Gate Array). The proposed algorithm uses the frame different based hackground subtraction to
separate the vehicles from the road, applies perspective view correction for vehicles far from the
camera. The vehicle count is calculated from the area of normalized pixels. The algorithm was
implemented to achieve higher speed by pipelining to execute multiple iteration loop in parallel
on an FPGA. The system was tested by using the video streaming in PGM format and the
resolution of 320x240 pixels. The system result shows the vehicle count. The system processing
time was 0.37 second per frame. The utilize resources were 22% of Vertex Il Pro XC2VP30
including 3077 slices and 2 blocks of 18 kB RAM. From the results of 400 video frames, the error
of vehicle counting was no more than two cars.
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1.2.1 Background subtraction techniques : a review [5]
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1.2.2 Intelligent Vehicle Counting Method Based on Blob Analysis in Traffic
Surveillance[6]
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1.2.3 Automatic Vehicle Counting from Video for Traffic Flow Analysis [7]
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1.2.4 Implementation of Traffic Flow Measuring Algorithm Using Real-Time
Dynamic Image Processing [8]
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1.2.5 A Codesign Approach for a High Performance Vehicle Detector [9]
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1.2.7 FPGA Architecture for Object Segmentation in Real Time [11]
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2.3.1 Mmsmnamaveurlsu (Frame Difference)
1 ~ 1 ~ A ~ dy [ z:ddy 9
MIUNANUUANANVDIAT s¥rINTDNAdoUNIAzA NN UNAI Bz 1d
dy v A 1 Y & 1 9 A [ [ o @ u’d’
munundantsznaa laumsunsuniuiisdiedonsdszulrana uSudUadUNT
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Uszunanaduiuazdositldmmmidluanig meaantisanuinld dald 8 bit wuziy
A o Ay 3 Y o ' o ¥ Y
HoNNAAFUNA0IN15ANNE lumsdszurana ldnswernsvileanuides uazndod
mms e 44 4
0 Toagludurtanaanauaunsn (2-18)

| frame, — framel._1| >T (2-18)
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frame,_, fp wlsunounih uag

T o A1 threshold

=

9 an 1 A di’ v A v 9
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2.3.4 3% Mixture of Gaussians

a dyd 9 dy v A o J Y I o Y
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Muilsznou 2-13 Mauenilszinngad ¥9975 Mixture of Gaussians [15]
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2.4.1 M3VENENN (Dilation)
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Device Utilization Summary (estimated values) H
Logic Utilization Used Awailable Liilization
Number of Slices 214 13696 1%
MNumber of Slice Fip Fops 214 27352 0%
MNumber of 4input LUTs 340 27352 1%
MNumber of bonded 10Bs 40 416 5%
Number of GCLKs 1 16 6%
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for(i=0;i<10;i++)

a[3][i] = a[0][i] + a[1][i] + a[2][i];
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int a0[10] ,a1[10] ,a2[10] ,a3[10];
for(i=0;i<10;i++)
a3[i] = a0[i] + al[i] + a2[i];
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for(i=0 ; i<10 ; i++){

#pragma CO UNROLL
sum + = Ali];
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sum + = A[7];
sum + = A[8];

sum + = A[9];
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Device Utilization Summary (estimated values) H
Logic Utilization Used Available Lkilization
Number of Slices 58 13656 o
Number of Slice Fip Flops 84 27352 0%
Number of 4 input LUTs 125 27352 0%
Number of bonded I0Bs 40 416 g
Number of GCLKs 1 16 6%

Minimum period: 2.829ns (Maximom Frequency: 353.444MHz)
Minimum input arrival time before clock: 3.062ns
Maximum output reguired time after clock: 4.424ns
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M3197 5-2 HaMIFUATIZHINVTUUY Floating point UUIBHAI® Virtex IT Pro XC2VP30

Solution | Latency Throughput Slices/Flip Flops BRAMs | MULT18%18s
(s) (Frames/sec) (18 KB) (18x18 bit)
1 0.81 1.23 4940(36%) / 2332(8%) 41(30%) 8(5%)
2 0.792 1.26 4943(36%) / 2321(8%) 2(1%) 8(5%)
3 0.349 2.538 4476(32%) / 2146(7%) 41(30%) 8(5%)
4 0.392 2.551 4480(32%) / 2113(7%) 2(1%) 8(5%)
5 0.18 5.56 18221(133%) / 26380(96%) | 2(1%) 8(5%)
6 0.22 4.55 12486(91%) / 15299(55%) 2(1%) 16(11%)
7 0.251 3.984 12142(88%) / 13117(47%) 3(2%) 24(27%)

M135199 5-3 HAMITAATILHIDTUUY Fixed point UUOWA® Virtex 11 Pro XC2VP30

Solution | Latency | Throughput Slices/Flip Flops BRAMs | MULT18%18s
(s) (Frames/sec) (18 KB) (18x18 bit)
1 0.70 1.43 3574(26%) / 899(3%) 42(30%) -
2 0.8 1.25 3596(26%) / 892(3%) 3(2%) -
3 0.38 2.63 3119(22%) / 702(2%) 42(30%) -
4 0.37 2.70 3077(22%) / 644(2%) 3(2%) -
5 0.16 6.25 16837(122%) / 24928(91%) | 3(2%) -
6 0.18 5.55 9531(69%) / 12469(45%) 3(2%) -
7 0.19 5.26 9063(66%) / 10888(39%) 3(2%) -
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S1 i : "closing filver process, sasples read: &d, samples written: %din",
52 . i samplesread, sampleswritten);)
33
54 i IFX_sSiM(break;) // Omly zun cnce for dasktop sisulatisn
| & . P owhile{id;
testl hw.c
at yﬂ o o 1 9/ q' 9 nl 3/ o a «I a! 9 o o
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A = o A { 7 ‘o =g Yo [ =g
co_stream_open tiosiwaaasuiiognioluman nisldienduiilddmsy open nnansuis
a o & a9y ' A o = o . o ' Y o’ o
pUNALAIINNA AR uImIwMIoThaasy lU@ouy (written) d20813013 197 9RF

Open
err = co_stream_open(input_stream, O_RDONLY, INT TYPE(32));

e Fu Open himsSudaunls 3 A1 e ansy input_stream fignuszmemiy
%19 co_stream 51A11 O RDONLY %39 O WRONLY Tﬂuﬂﬁﬁ'mmiEimﬁ?m%uu‘i’fam uag
Sushriiavosdauisdeya 15 INT_TYPE(n), UINT TYPE(n), CHAR TYPE,FLOAT TYPE,
130 DOUBLE_TYPE $1a@3ugn Open 1 Tusunsuazfiuauilu co err already open tiag

' ¥ '
e ludesmsemamsuniundanedeal#iladsu Close TaoldM1da co_stream_close §a§20614

err = co_stream_close(input_stream);
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vog 4 a o v 1 L= o dy
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err = co_stream_open(input_stream, O_RDONLY, INT TYPE(32));
while(co_stream_read(input_stream, &data, sizeof(co_int32)) == co_err_none) {
/l Process the data here

}

co_stream_close(input_stream);

d =4
LIMYATATY

msuanamwnsoeinaansuld a1 et suwrite Afidds

co_stream_write HAZAIDI M SUTAITBYANIMNT DARTUAIAIDE1

co_stream_open(output_stream, O_WRONLY, INT TYPE(32));
for (i=0; i < ARRAYSIZE; i++) {
co_stream_write(output_stream, &datali], sizeof{co_int32));
}

co_stream_close(output_stream);

v
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Abstract

This paper presents a design methodology of a simple vehicle
counting circuit on a Field Programmable Gate Array (FPGA) using
system-level language named ImpulseC. By using this, it could
accelerate image processing system performance and also reduce the
design development time. We use the frame different based background
subtraction to separate the vehicles from the road, apply perspective view
corrected for vehicles far from the camera. The vehicle count is
calculated from the area of normalized pixels. This design flow allows
completely simulating on FPGA technology before applying on the
Virtex I Pro board.
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