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D-S Fusion Method of Millimeter Wave Radar and CCD Camera

Luo Yunzhi, Lei Yuneng , Wang Qian

(Department of Armament Product,No. 58 Research Institute of China Ordnance Industries, Mianyang, 621000, China)

Abstract: The sensor information D-S fusion method of millimeter wave radar and CCD camera
is researched. This paper discusses information collection and segmentation of millimeter wave
radar, computing the distance and orientation of the obstacle, judging whether the obstacle is
in region of interested(ROI) of unmanned ground platform or not, information collection and
segmentation of CCD camera, and calculation of width, height and azimuths of obstacle. Space
matching is realized through establishing coordinate system and homogeneous transformation
among coordinate systems. According to D-S fusion method, obstacle recognition frame is es-
tablished at first, and its basic probability distribution value of obstacle index is ascertained by
test. Then fusion results under evidence associative action are calculated according to combina-
tion rule of D-S evidence method, and distance, orientation and size of the obstacle in un-
manned ground platform ROI are acquired. At last, the method is verified in unmanned ground
platform ROI, and result shows that the method is validate and more robust.
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Fig.1 Fix millimeter radar and CCD camera
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Fig. 2 Information process flow chart of millimeter ra-

dar and CCD camera
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Fig. 3 Coordinate of platform, milimeter radar and

CCD camera
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Fig. 4 Information fusion based on D-S evidence method
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Table 1 Obstacle target index of discriminate frame

B 15 15 8L —10 1 2 3 4 5 6 7 8
S G ) o
B?_gj E; %X) a b ¢ d e [f g h i ]
Ul ~ L
1 (Da, .  HFEEY PR EE . 58

BRI, HEEEEMELEME: (2)—1 AW
FEX 0 AATEATIX s 1—4 Jy i fs X, Bl K,

BT RN 5 58 Sy IF F % DX, B0 K IF A
MR HbR % MEZR . U=—1,0,1.2,3,4,5,6,
7.8,
— i T o S 5 AR A S ) AE 4 e R K0 X

VL ) A
3.2 EAXEERSE BPA &

T S B AR A 5 4 A o B A E B i 806 B
[y CCD 5 AR LA 22 K itk T 3 1 56 A A0 5 4 i fE
(BPA) . INZE 2 iR .

2 WRBBEMNEREESERE
Table 2 Base probability distribute according to obstacle in-

dex

F 4 22 591
HEZE

mi(X;)) r1 2 3 r4d 5 r6 7 8
mce(X;) sl s2 s3 s4 5 6 s7 s8 s9 s10

3.3 EABERSEENERE

00 3o S 6 iy R 2 K D E S R N G 3 A AR R gy
BC(E BPA (56, W 3 iR .
%3 EXRTENEESREMNERE

Table 3  Conversion of probability distribute by millimeter

—1 0 1 2 3 4 5 6 7 8

radar

mi(X;)) r1 #2 3 r4d 5 6 7 8 r9 r10
mlCk;) k1 k2 k3 k4 kS5 k6 k7 k8 k9 k10O

i 5 LA 2 CCD $RAR MR i 3
FC{ BPA BHAR A . I3 4 iR .
x4 CCD FEHMHIB RS EEREIRE
Table 4 Conversion of probability distribute by CCD camera

SRR )

mc(s;)) sl s2 s3 s4 5 s6 7 s8 s9 s10

me(t;) t1 2 t3 t4 t5 6 7 t8 19 t10

3.4 DS{EEmE

5 T OIS B 22 K U 7k ) 35 A M 2% 4 C A
CCD $5AR LAY FE A HE 2 47 BLE XA D-S k4 . H
K@) ARGl G 1A

Z m1(A)Dm2(B;)
() =208 (8)
TS 1l Aom2aB)

\ﬂB =0

A m 1 (A b 2 KT 15 X R B H Ar % 51 HE 42
& 4 B M SR AE B 5 3B m L (k) »m2(B;) 2y CCD
RGBT I 1 B b %58 0 4 28 45 43 o MR % A 1)
Al meCh:) sm (C) S B G Ja XTI 118 4 3] AE 22 v i




652 ool X

%

B H AR B, IXRR L AT 4% 3 1l s A G B RS 4 K
B 2 B (B D5 o R A5

4 SEIRIGIF

R T A TEF & DL 20~40 km/h 3 &
79030 58 38 % L % G A 1 F & ROT Py 1 22K
P T IR CCD $AZHL D-S {5 B il A 2E 17 1IE

BETT 2K T ik i CCD B2 WL AL A 1 ABL A
AN 5. ZEFE Y a5 H AR i A HL S T AT
b 58 R G 45 R . ¥ H bR E 7E 7 & ROL Y
(1 10 AR B LS PR  E an 2 5 . A
HILS T BT 8 7 1 5 25 L LR n 3R 6 TR .
ML S AT ANSE B T 22K T A A CCD £ 2 0L
k2 [ T o o T EL B RS A A T 2 H A A BE B L
7o BE R 58 B . BE B ORE BE <C0. 25 m, i RE R 22
<1 em, FEEEIR2E<C1 em, Jr i M1 25<00. 25°,

M5 k6 WUAEHMAE. £ 75 ROI

B 5 ZRiETE KA CCD G HLEA AP A
Fig.5 Interface of data fusion by millimeter radar and

CCD camera

x5 ZRNWEHE

Table S Real data by measuring
S fir & K 5 JiE
WHL X/m Y/m 0/m L/m H/m
1 —1.19 6.17 —10.9 0.95 0.75
2 —1.30 6.15 —13.4 1.03 0. 80
3 —1.46 6.01 —20.9 0.85 0.41
4 —2.30  6.05 —26.4 0.84 0. 80
5 —3.83 4.00 —44.0 1.04 0.66
6 0. 00 6.00 0.0 0.67 0.39
7 1. 00 6.10 9.3 0. 69 0.48
8 1. 46 6.00 13.7 0.71 0.62
9 2.30 6. 00 21.0 0. 82 0. 82
10 3.00 6. 00 26.6 1.04 0. 83

5 4 #H %29 4%
R6 MEERHE
Table 6 Data of fusing result

Bl (DACY KB i JiE

W X'/m Y’ /m 0 /m L'/m H'/m
1 —0.92  6.23 —8.3 0.97 0.71
2 —1.54 6.42 —13.5 0.74 0.74
3 —2.33  6.17 —20.7 0.84 0.73
4 —2.80  6.31 —23.9 0.92 0.59
5 —3.35 3.70 —42.0 0.85 0.69
6 —0.02 6.10 0.2 0. 88 0.64
7 0.23 6. 20 42.9 0.91 0.57
8 0. 80 6.15 37.5 0. 81 0.72
9 1.59 6.51 31.2 0. 85 0. 68
10 2. 30 6. 50 25.5 0.73 0.73

5 HRIE

AR SCAE 2 K TR A I CCD 43R L2 [ i v 114
Senb b XFEMMESHEFT T D-SRE, a3
SR BE IE A8 TR 3] e T 0y B I ) 114 B RS L A7 5 R
LR B . LB R IELF . i T CCD SZ AL
HR SRR R, X T — R T AR
A

2% 30k

(1] JrdEdE. & %a. 3 F PCA-LDA-SVM 9 £ 3% #1715 4
RPN Sk L ] Bt R 4R 5 AR FE, 2012, 27 (1) - 111-
116

Fang Feifei, Yu Wen. Vehicle recognition algorithm
with Doppler radar based on PCA-LDA-SVM[]].
Journal of Data Acquisition and Processing, 2012,27
(1):111-116.

I R R, BT 2K R SRGME
TR LT ] AR h B R R 8RB R R 2011,
30(2) . 75-77.

Hu Bin, Zhao Chunxia, Liu Jiagen. Vehicle detection

(2]

based on millimeter wave radar and image fusion[ ] ].
Jounal of Huazhong University of Science and Tech-
nology: Natural Science Edition, 2011,30(2) :75-77.
A T2 KRR A R IR A B A R R S AT
[DJ. M AR b R, 2008,

Han Dawei.

(3]

The research of automobile anticollision
controlling system based on millimeter wave radar
[D]. Shenyang: Northeastern University,2008.

PR BRI, 3 TR XM EMR AL 3D i S
WAL, #7244, 2005,33(6) : 1105-1108.

Chen Ying. Han Zongzhao. 3D vehicle location and

(4]

recognition based on radar and image fusion[]J]. Chi-

nese Journal of Electronics,2005,33(6):1105-1108.



%4l BmaE AT =M E SRR CCD AR MLE B D-S Bl 07 i 653
[5] ®EX. FWMBRFIMEZL2RGE[D]. HEK  HEKK House of Electronics Industry,2000.

(6]

7]

(8]

(9]

(10]

(11]

#,2004.

Zeng Xianwen. Vehicle intelligent initiative safe sys-
tem[D]. Chongging: Chongqing University, 2004,
il B T 22 R R 3K 0 % KR 5 WA BRI R
[D]. B 2D T KA, 2009.

Lu Dan. The obtaining technology of front vehicle in-
formation in foggy weather based on millimeter-wave
radar[ D]. Wuhan: Wuhan University of Technolo-
gy.2009.

Bl R, ST 2K B IR E £ P IUE RE
ST SALFI[D] KK A ORA L2011,

Yang Kaihe. Signal process and analysis of active col-
lision warning system based on millimeter-wave radar
system[ D]. Changchun: Jilin University,2011.
RIREN ARG G2 REEXRLI]L BEREH
A ,2003,170(10) ;80-83.

Zhu Ke. Automobile anticollision system and milli-
meter-wave radar [ J]. Light Vehicles Technology,
2003,170(10) :80-83.

RIS, BT CCD Ml 49 % A% 15 B Rl & 1 8 3 il
A NRERELD . B 50« B 50 BT R 24,2007,

Guo Mingqgiang. Mobile robot obstacle avoidance
based on CCD and ultrasonic sensor information fu-
sion[D]. Nanjing: Nanjing University of Science &.
Technology.2007.

Shigeki Sugimoto, Hayato Tateda, Hidekazu Taka-
hashi, et al. Obstacle detecction using millimeter-
wave radar and its visualizition on seguence[ C]//Pro-
ceeding of the 17th Internatioanal Conference on Pat-
tern Recognition. [S. 1. ]:IEEE,2004:342-343.

fil k2, EEE K. 25 815 B G R i IM D
Jeat, f 7 ol A 2000.

He You. Wang Guohong, Lu Da. Information fusion

and application of multisenor[ M ]. Beijing: Publish

(12]

[13]

(14]

[16]

[17]

dafhi. FE T D-S TR HLIE 19 BRI AL AR A 1915 S m
A LT i IR 5 b R 2 2= 4. 2003, 35 (9) : 1040-
1042.

Meng Wei. Lunar robot information fusion based on
D-S evidence theory[ J]. Journal of Harbin Institute
of Technology.2003.,35(9) :1040-1042.

JEUBT. B RE AL AHE B A5 B AL B A 5 O Y
[D]. MR « W3 /R i LR K%, 2004,

Yuan Xin.

and data fusion of intelligent robot[ D]. Harbin: Har-

Study on vision information processing

bin Engineering University,2004.

P BT 2 AL RS G 1R S LR A D5 4 A ) A
FE[D] KV IR, 2007,

Peng Meng. Research on obstacle detection of mobile
robots based on multi-sensor information fusion[ D].
Changsha: Central South University,2007.

AR S S5 0 A, A BRI, D-SIEdE MS E R s Pl 28 A
ALY ] O RS B 52009,25(2) . 212-214.
Liu Zhenyu, Su Liying, Yu Yuejin. The application
of evidential theory on mobile robots[ J]. Microcom-
puter Information,2009,25(2) :212-214.

Xu Lijia, Chen Yangzhou, Cui Pingguan. Improve-
ment of D-S evidential theory in multisensory data fu-
sion system[ C]//Proceeding of 5th World Congeress
on Intelligent Control and Automation. Hangzhou:
[s.n].2004:3124-3128.

Denoeux T A. K-nearest neighbor classification rule
based on D-S theory[J]. IEEE Trans on SMC,1995,
25(5) :804-813.

EEB N S & A7), B WFFE b WFFE Iy 1ol - TR SE fir
HE S, E-mail ; swailyz@ 163. com; & [ fiE (1982-), 5,
LW A DE G T I TR A S A (1984-),
LA TS 1) TR E AL S .



