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A clustering algorithm for millimeter wave radar point cloud
in road scenarios

CHEN Yilong, WANG Qingchun

(School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: Millimeter—wave radar has the advantages of small size, high resolution, and can work in bad conditions such as wind,
rain, fog, etc. However, due to the complexity of the scene in practice, there will be problems such as over—segmentation of the
point cloud and false alarms. Therefore, this paper proposes an adaptive DBSCAN clustering algorithm based on the combination of
Mahalanobis distance and Euclidean distance, selecting the similarity measure based on the distance of the point cloud, choosing the
Mahalanobis distance at the higher density, choosing the Euclidean distance at the lower density, and selecting the clustering
algorithm based on the rule of " belonging to the same target cloud, with the location, speed, and intensity close to each other" . The
clusters are filtered according to the rule of " belonging to the same target cloud, location, speed, and intensity are close" . After the
clustering is completed, a nonparametric kernel density estimation algorithm is used to obtain the density of point clouds within the
cluster, estimate the target position according to the distribution characteristics of the point clouds, and complete the Doppler
velocity decomposition according to the least—squares method to estimate the target transverse and longitudinal velocities. Finally,
the reliability and stability of this paper’s algorithm is verified by the test data of actual road scenes (tunnel and highway).

Key words: millimeter wave radar; clustering algorithm; kernel density estimation

0 B = HUAT, 77 - 81 GHz J BE A4 22 K i 5 3k nf 5 B
= 4 om Y BE 2 3 B LT AT A I A H AR 23
AT S g A TR R O TR IS0 ORI 3 AT SN e SO D e O
BRI A R Bk WO TR Rk AR AR B bR (AR BT A AT NS Ak
TR SOB A . KPR SR PR PR ROR RS ) BRI
B ABOLT IR G A L, AR B AP 2RI IA T DR 5y i 7 30 3 5 RS 5 AN ]
ﬁtﬁﬁﬁn}} TEARFSEEMRRMET, EMEET H%B’JE!YEZ DL AR AT 4 B X 22 H AR U3 ]

% W T EL A KA T WREAR 4 o TAEP IR T B IR RE o T B AR SR e 2R, H A PR
ﬁl\ %*&ELLL vaEE_IU/ﬁ:E)%%EYEﬁE’J MM
BRI R, FERL A5 3 2 F1 3 #) 91K, DBSCAN  ( Density

EFEEIN: 2 (1999-) , 5B B HWFse A, FEEAF 57 1) B AES 3,
BREE: THEHF(1969-), 5 4, B, B M 8 RE R A L B IR A 9K Sl B L S A5 i 88 5 R BT . Email : wanggingchun@ bjfu.edu.
cn

i BHA: 2023-07-06 Y P ENREEL ¢+ 44t 55 A




51

WR2e T, %5 JEESY SN 2 KIER R = R Bk 157

Based Spatial Clustering of Applications with Noise) '’
YR Sun TERAR A BT AR T — Rl T
DBSCAN fY M 507, Lim™ $2 15 T —F I A
DBSCAN X {0 4= Fak R 48 ik I 2 i H AR A7 2R 26
Bk, Wagner:m e H T X% DBSCAN B mB e,
VIE T R R A R SR IAT A, B4% DBSCAN
ERA RIS ARG R B o B3Rk HiZE
X T ASBUBUR, A R IOR Y K R 2R T i
TR, tHT7E DBSCAN ByL P e B & MinPus s 42
JRIME— ), 243 [E] SR 2R 0 B AN ) I SRR o R
7, IRy, DBSCAN 5503 SR FH R A B 2 4 5040 1)
FAALRE , Z0m T &8 b i P 5 AN ] 9 Tl L

XF TR AR PR IR, n] TS B A 3 R A
FE (ACC) M H 3 5 2 3 (AEB) S5 I fig, S8
X SETIHE Y F 42 2 AR B H PR A fR s L (FOV)
AOHERA O B S, RS, T R AR B[R] 4
R S, Qe 2o — % i s AR B 1% 4 i S
By g R R R iR Y SRS )

BT BRI AR SR T AP AT S GRS
RCRIE B4 G 1Y 1 3E N DBSCAN B3 | XAz it 1)
M E bR mHEATRIE IR RE S AN S =
AT R AL, AT B AR S AL EE R
B R BAAR R 8 A5 S B AR B LA R
HI T2 R PR IR B AR R, 4 21 A4 83 O 22 3% )
U (AR AR ) ok H AR BUR RS HiRnY
BEYN ) RE | AR N s 2 3 AT AR, TC T e o R
I HFR PR & AR SCH 0 3R 28 Jim Ab B 7 9%
AR T REA RS B AR R A0S S A

JON o

1 DBSCAN & &M

TEAR LR 2K i ik (5 5 A Jrh CFAR 559%
2 (P o 1) B (R IR R 2 0 it = % 1k
B SO BR 22 0, B AR 20D A S =8,
T 2RO RV IR AR, 2K I T IR IR
Mo S AR EZME R A SO DBSCAN RER
HVERRLL L0 5 | AR . DBSCAN & —Fp3tF
P RE BRI AT LG BRI A B 25 54l 4 i
PR, HRETE RIS RS 1 AR R E H T2 oK
W TR IS S B A

X TALGE ) DBSCAN 5532 |, R HRR [G E 25 KR
U5 SRR AR RURE R /IMY S A5 B AE DG, H
R TP 8, 5 HADE R 2 RGP e oG,
IANBESE A J2 SE PR 25K B e BB 2 N 2 A T 4

BRI A SO R SRR IR R =
K B IR A A R AR R BRI BE B 5 5 G R B 4
BAE R SCR IS AR B iy ik, HERR T R
B 1 2 (B AS ) R AiE A 0 20 S5 A e T T
o

T2 KA S o T E A, Tk
(1R B 50 £ 1 B, A2 00 AR T S H AR S R IR B B
BRI, ARXT TR A i B A IR S H AR Y
MBS R TITE S Bir, 5 RS —
R BT TR, 2 F BURGE 19 B AR A = 924 g
SUERR . P LA SO T A IS 0 A R A Y
DBSCAN RISHE Pk DL b8, BT B S
LR 2K TR IR R H AR A B R
IRAE BRI B AR B A i A S, PR
PRI REPE 30 H bR i 43 B sk I 3 H bR R R —
TR R
1.1 fHELEEEXE

WE 1 PR, ARG B A B 5i%0%
B T AL AR W A B T AT S R
AR —2, (ARSI EE AR A, OB 1) K
250510 \0A RARTT 2277 1), B s 5% A A
IR &, MRS [CHE BB LA T 22 R B A
BRI B, S A B AR T

E1 SREERAL

Fig. 1 Application example of markov distance
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Fig. 2 Change in the number of point clouds for the same target
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Table 1 Comparison of clustering effects
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Table 2 Mean value of position calculation error
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