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ABSTRACT

This paper presents an implementation scheme of real-time lane and vehicle detection system with FPGA and
DSP. In this type of implementation, defining the functionality of each device in efficient manner is of crucial
importance. The FPGA is in charge of extracting features from input image sequences in reduced form, and the
features are provided to the DSP so that tracking lanes and vehicles are performed based on them. In addition,
a way of seamless interconnection between those devices is presented. The experimental results show that the

system is able to process at least 15 frames per second for video image sequences with size of 640 x 480.
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End of frame processing 5 0 0 0
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38 6. A7t = AH 25 72

W FIFOC| =3F3 22 #A43kc}. FIFO] 94
2 N ARERE o, JHYES DYAAL
DSPollA 77|22 dole} & b4 AL 84
F=E Fdch 7 All=7) 2564 of <lElgE:
Y 7 B 637} WAs dHolg] A4 9 tl=
ol Al A7 FPGA”} DSPoll A7) Qle)2)
E 3l vlegitl. DSPA FPGAS] VLYNQ 4
- 24 FIFOollA 256719 sizl& ¢lojeed] &g
He A7 oF 0.5ms7t A~ 8=k

3.3 2AIEZ(scheduling)

A 2jERIA] Al 2ElS] FPGA 9} DSPAYA] 9]
A T ALl sl Aejsbd o3 73 7.
a3 74 ZAE WEE 2R B4 48 on)
3 Z47he sy ot )

@ DSP+= FPGA®} 14% GPIOTN S £31¢ FPGA
o} Axe] 2E& F8A|7ch

( FPGA+= DSP2} 912% GPIOW-S £3le] w3de
dABLZ AR E Hsh, AR HolH=
VLYNQ Y% 23] FIFO¢l] A&z}, FIFO¢) )
A3 dlolele] g7t UA SR Alo)=r} & wfju}
t} DSPe}F 2302 143 GPIOHS £3) DSP
A 4R Az Ale)=r) =He-E gt

Q DSPel| FPGAS} glH o2 7% GploTozy
B edge detection logice 3] JEIHES Ay

ARk

@ AEHEZ} PSP, AJHE AMu]x Tl
VLYNQE £3] FPGA7} 2|3} dHlolelE ¢
21}

® FPGA2] A7} Bk v, v]= 2%iE 54 3
=z Jgd) 74 EALAE Aty A=
£ A3k

® $A2l 2ge] 43 ZA7-E VPBEE 53l £33t

V. &8 2

£ QAellA Ak 24 Y 2kl Al xRle] 7
FAF tiF AA5-E AS37] A8 AVNETIA A
Agk AES-SP3ADSP-DVCI-G B.EME Ahg-3}eic),
AES-SP3ADSP-DVCI-G B.E= FPGA ZSpartan-3A
DSP7} HAl=le] g1, DSPE TMS320DM6437°]
A= glc). AR slegie] BB F2F Y A%
£ AF3] $lsled FPGA 73 ZEL Xilinx A
ISES AH8-3le] 343 31%13, DSPE 73 ZES
CCSE ol&sled Fct. AL F 5531 A9
tlo]e] A E(data set)ell sl z1P3}sict wloje] A
Eo) 3] 2A1UA)-e91.4%2] QA T8 2 A
Z 44%, vl A% 52%2 AeE 2ok 2=l
AL 90.4%2] 1A T8, 27F 4.6%, ¥1F
£ 5% A5S Btk IF 8olA B 4 5ol o
9 ZHYlel oiste] Az EYS] AolA T &
F2]Fe] A} stede] Aol 7% Al F
4hs gl & ik

A g 2=1A] A2l Pl AMSE FPGA A}
A &AMk o) F2 25 A AT AR u)
& ¥ 49 Aok 62.5MHz9) F3ke2 Fat
3= FPGAE o]-431d el ~E3 A} 640480 A}
o thal 24 Z=jo] 27MHz2 CMOSAIA ]l
sl FPGA T8 ¥-1°] 30 (frame/sec) 2] full-frame
rate 2 F25HE Elslic)

T8 7. A 2 AR Alad] B2 2
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% |FPGAS} DSPE o] &3k A7k 2}

r_):_(
Ng,
N
off
o o
>
2,
>
)
-
o

{a)

(b

frame frame s+ A frame te 2

J8 8. 7 Ast Wl (1) e 7 A, (b) steddel 7 Az

E 4. A o ARRIN AxH FPGA AR A

Module Slice Registers(Z 33,280) Slice LUTs(Z 33,280) BlockRAM FIFO(F 84)
Road marking extraction 3,403(20.47%) 3,831(22.64%) 7(17.07%)
Outlier removal 8048(48.41%) 4,790(28.31%) 3(7.32%)
Sobel edge detection 426(2.56%) 323(1.91%) 2(4.88%)
Shadow detector 434(2.61%) 670(3.96%) 3(7.32%)
Border detector 4,118(24.77%) 6,936(40.99%) 21(51.22%)
Packet and interrupt generator 195(1.17%) 372(2.20%) 5(12.20%)
T A 16,624 16,922 41
FPGAS <& 1Y 932 2 A= AHs} c}. B, B ATl ARk BHak FEHS
T, DSPolA] LTRIEE Aske FEE A2WS 2] A9 £9 559msE 61.76% ] AR a
TP, E 54 HAF = 915l 537 146.2ms g 9 5 itk FPGACA AMshs EAFE-H
} a8 5] AAZE Ao 53 AJ5E HolA & 2 on-the-fly 2 Xef=]7] wjEell AA Al2ele] Az
A7k FPGAZL 2| @t dlefelE Ao} tjm=dst
E 5. ¥ DSP FhES FPGA-DSP Fzelxje} A2k o QA U AE Fig selshs AT T
- Al =k AA A|2Ele] M)A 2 15 (frame/sec)
Module DSP only | FPGA+DSP 9] HElEe Zaksle] AA7E A7) rPegks B
(ms) (ms) 4 Qlch
Road marking extraction 30.6
FPGA
A4 O.utlier removal 32 v.4d B
3141 Line merging 6.5
Lane model fitting 143 232 E =P A4 F x2kelal A AdES FPGA
Tracking 5.8 ¢} DSPE o438 Fsisick A4 A=EE FPGA
Border detection 32 FPGA 9} DSPE o]&3) AX7} A=lsr|¢s) EASA &
Ay Shadow detector 30.6 %%_c‘q 23 e ﬂ]"x}%}c}iu}- )2k o :\ oA
Q1] U-shape detection 10.9 B 4k E7) AL APkl 1S FPGAE T
Bounding-box generation 85 29.8 H3lw, eA] 252 DSPE TAsle] A7) 2]
Tracking 38 7} AEiAe 2 &4 glgdth =3 DSPY) FPHAXE
7t [elloe] A 2 Y3y |8 9| 29
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Ao 243l0] FPGAS DSPAlol9] QlEjso]
28 A3 F slsdls BgHoes A
T ek o= tire] DSPE HHH o g wix|sle
TG o 2o} o HE 20E ARgshEA AN
7t A2 & 4 9182 EodErl M. Boumediene et
al™ & Aol AnhS: Inteliite] E7300 2.6GHzS]
ZAM R 640480 Al sl F 90%<) 1A AT
3 11 (framefsec) 2] X2] A5-¢ HAH, B A7
dre AEFAARRE ez & A9 o 30
(framefsec) 2 32} 7Fa3lH A4l 2 25k1A] Al~
Hlell 3] oF 15 (framefsec)®] Xz} A%5-& Ho] A
A7 Al2”lo2a] 83 AelAds-g RoiFc) Aok
& FPGAS} DSP2] & 25t uhyl-g o)83)e] tiek
g GAAE] daelEe AR Y sbssiche
RE FAF 4 919X DSPE 73 ¥ 4
§ o]ele] A3} uhye Hgaled AA) A xEle] A
o8 WA 4 ok - A AR A2 A
5 daelEe] %S ol ik Ui 3ot A
7} dQs.
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