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High-precision vehicle radar target detection method with clutter suppression

Yang Lu,Zhou Wenhao, Yu Xiang,Song Meiyang, Feng Chuntao

( Communication and Information Engineering, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: The process of target detection of FMCW mmWave vehicle mounted radar can be easily affected by clutter. To address this
issue, a detection method that can effectively suppress clutter is proposed. Firstly, the companding algorithm is used to improve the
three-frame difference method. In this way, it can better separate the clutter and target signal in the echo waves. Then, the CFAR
algorithm is introduced to filter the clutter in the echoes, and the density peak clustering algorithm is used to find the target clusters.
Finally, the power value of the target point in the target cluster is converted into the corresponding weight to improve the classical center
of gravity method. The accuracy of target positioning is effectively improved. Experimental results show that the detection accuracy of this
method reaches 96. 5% , 95.9% , 95.6% , and 94. 4% in four scenarios, including parking lot, straight road, urban street and campus
road. Meanwhile, in terms of detection speed, the processing cycle of single frame radar echo signal can reach about 0. 3 s, which can
meet the requirements of practical applications.
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Table 1 Radar simulation configuration
SHCRAL 2 {21
BINF/ GHz 77
i 95/ MHz 200
FIE W/ s 30
TILEERISEL
FFT J580 128
chirp %% 128
SRAEITFE/ MHz 400
) P ES/m 40
HARH S
B/ (mes!) 20

T B UEAR SR = 2 0 1) 2% D AR S8R 7 [l
TR 7 590 A T R B s 38 2 A B A 53 A R 5000 A Y
3 TRl 3 R R A S RO B AR 2 PR,

R2 RESYEE

Table 2 Clutter parameter configuration
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Fig. 1 Gaussian clutter suppression performance
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Table 3 Comparison of SCR for Gaussian clutter
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Fig.2 Rayleigh clutter suppression performance
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Table 4 Comparison of SCR for Rayleigh clutter
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Fig.3 Exponential clutter suppression performance
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Table 5 Comparison of SCR for exponential clutter

ZRPAM A AL FRAR S friZktt/dB
F WA I F 15
P EUNi 27

TR 9] 52 2% B2 5 THT , B0 ) = W28 0 A R o 5k
5 HAL 4 Fh AP AN 5 X LSS RN 6 s,

F6 ZHMGIEERESZRERTE
Table 6 Comparison of time complexity of clutter

suppression algorithms

Z A b PR 2 fH2%t/dB
A AN iy 24
Al e 46

T SRS = 2R AR AR 2 5 B AR A
FR U R I R % 8 B R A TR 38 rh TR S R MR 4K
GY AR G PRI IS T i 5 e b, TR [ A A e
WA S A5 SO5 R E 3(a) ((b) 7R,

ML 3(b) AT, i 58 S AT A D B T
Yo (AL BURR B 1, N 52 MR S5 22 H bR R TAE, Lt
25 A TR A IR B 5 A0 2 U A 5 AR SRk
AREAE A LT 12 dB 247,

GRS 1) & A i
MTI 0(n)
AMTI 0(n*)
MTD 0(n)
AICM 0(n?)
AR 0(n)

M 6 Pl ARSI ) 52 A% 2 5 MTD \MTI
—FEH A O(n) AT AICM 1 AMTI 533
1.2 EFE#EECENBREM

FEASCHE 9 B ARSI J5 12 vh ) A 3 i S 1915 5
2 H AR R I AR He 107 FH SR SIS 0 R S ) O 12 S e
2 BARKIN . Hy T OEBR A IS 1Y HARE 5 BA Wi v
FHE, 25 IECR HT SR S R B DPC B33k 540 B AR A%,
LA B ARG 5 DA ARG B Ok T BARE L

i 2 DPC R J5i E B F— A B R P A 1E n
A B AR IR 2 AT k28 H AR a0 A A5 oK i I H AR
RGO IR B AR SEPRAL S . SE8e & 3, %007 B
SE 1 H AR AL B AR5 22, A SCIKHE B A A5 5 1 i
B ( peak to average ratio, PAR) B K A9 R # | g
HEELOYE LIRS 5 B AR T b s . etk 5oy =L
A (T AC12) FoR,



5510 1]

7 e I PO NS [ B2 SN B R At al I RES 149

G )= (R X (11)

A (x, y) RELHAEGEERE, (v, v,) BH
PR i A HARRAE R TR BIOLEL  w, 250 > HAR ALY
P Z 8 HemfE I s ans (12) Fos,

w =R, (2R (12)
A, R, R T (x,, y) ABTIRME,

PRI ) By Tl e B AR H A H B S B T R A it
N B RCEE SR 5 H AR S AR AR HEA T IR RN, DT K45
T MRS TA A B AR ARFR

2 FR i B AR 77 A B SEI U6 E

2.1 N#EaEBE ST Hire ke

A 3 A PO 55 CRUW Dataset! ™ B 5iE H
FrAs i 7 v 0 M e, 2% B U AR AL FE T A A AL AT TI
AWRI1843 77 HIR AL M % 11| ELAT I B 45 242 3 Uk it 1
HEEZ Y B N RAIEAS SCH BRI vk /912
PERIERENE i %8 T M KL M HFRZER 3 A5
AT A PRI 28, DA B e B T L&l 4 TR 1 4 N

ME 4 )54 RDM i a] L 3], ELa T H
RDM H 055 35 KE 2, UHUEE 5t 2 s 3 F1Yg
4 XGE Y b 2 S BARE S B AL RRE,
X E BRI 25 7 A P

AN EME R R 7 PR,

®71 BREGER

Table 7 Scene specific information
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Fig.4 Detection scenarios in real life (left) and RDM (right)
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Table 8 Detection accuracy comparison %
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Fig. 6  Detection speed comparison
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