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Fast high-resolution 3D point cloud imaging method of millimeter wave radar
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Abstract : Aiming at the problem that the existing three-dimensional point cloud imaging methods for millimeter-wave radar are difficult to
give consideration to both high resolution performance and computing speed, a fast high resolution three-dimensional point cloud imaging
method combining adaptive grid evolution and SAMV is presented. Based on the range image obtained by FFT, the range bin of the
target detected by CFAR is used to estimate the distance of the target. Then, the adaptive mesh evolution method of dividing coarse
mesh-power spectrum estimation-detection-mesh refinement is used for the azimuth-elevation angle of each range bin with the target to
obtain the refined mesh of interest. After estimating the power spectrum for these thinned grids, the detection is performed again to
quickly obtain the three-dimensional point cloud image of the target. The power spectrum of the grid is estimated by using 2D SAMV
before and after grid splitting, which improves the information accuracy and resolution. The results show that the proposed method can
increase the speed of generating three-dimensional point clouds to about 10 times that of the 2D SAMV method while maintaining the
angular resolution of 4 degrees.
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Table 2 Target parameters

Hbx  BE/m  Jrfifas(e)  MEMAMA/C0) M/ (mes™h)
1 5.05 2.865 -3.111 1.0
2 5.05 5.322 -3. 111 1.1




5512 1

TR A — P KR A PRI R 70— 45 2l R 7 ik 163

TEREES BT 60 4L, 2D Capon 2D MUSIC 2D IAA Fl
AT I RE XA 1) 3 T DA S b3k 4 T v 53 )
283 2D CFAR Kl 5 iy 455 (1B PR R A% ek H
FREATe) Wl 6 it , MR 6 Hhnl LI H 4 Ry e Rl
SRS (50T S RETE IS B AR BT ZERL A% 457 B A7 B
W5, R CRAR AN, H bR Ir 76 A9 X% 19 BT

PRI R
I200
15000
22 150
10000
§4 100
so0 B 50
6 0

5 10 15 20 ° 5 10 15 20

2

4

e fo T

6

P AN FL TG
(a) 2D Capon (b) 2D MUSIC
(a) 2D Capon 105 (b) 2D MUSIC 10°
2.0
. 15 s
g 1.0 g
= 05 &
0
5 10 15 20 5 10 15 20
PR AV FL TG
(c) 2D IAA (d) A&3CH B
(c) 2D IAA (d) Proposed method

P 6 KL IOOAR Dy % el ARG I 2 2R

Fig. 6 Power spectrum of coarse grid and detection result

HA1 2D Capon F12D MUSIC 532 K R AFFAM &4k (4 04
A R TE b A TR S5, S5 R,
BN AL RS BT 2, A STy 5 A U T AR
TS5 AR/ VO] S 240 A L X s AL AR R 5 7D, X I %
AP REL PR s B TC R AT I RUBE 1) I s 2 Ak o3 240, 1A%
DASAG DU 45 R i 7 fros, AWEL 7 Hal LU i, 2D
Capon F1 2D MUSIC J5 2 /) 40 N A 1% 1 v HAT — A~ B 2
HISEBE, JC o PR AR (LM e Hbs 1 2, JF B
H T I 28 55 AR v , - 0] L% 200 T A B TT 15 )
EIFRETT ;2D TAA DU PR 458 iy 1) 55 0, S5 20t 30 R Al 1)
FIbR . AR SO 2 oAl 00 40 A% D) 2 3% P 1A 70 AR
0 ff BEARIR] 7 067 f BE R TR P A 42 6, BB CFAR 1HEH
Mo ARSI HR O, ELASIN ) BT 5 H AR LSS EARW) &

4 FPOTYEAEZS ) B AL bR 28 P A2 R 3D g
& 8 firn, M 8 I LLFE Hi,2D Capon A1 2D MUSIC J
A B TCVE S HE AN H AR 52D TAA 776 A
S ALTC S B s, i B A D i g B E A
55 EBR A B £ BE BT AR 22 50K A SCO7 35 A2 LAY
A EARE S B8 BB 8900 B IR ZE BN, B ROR K
U, HIEATA, M#E T 2D Capon %507 %6, AR SCHR H 195
TRAEABE LARAT T B0 1Y 4y PR B o5 MR T AR, RS

Cife

1 000
800
B
5 600
= 10
é‘ 400
15 200
10 20 30 10 20 30 0
YRR ST YRR ST
(a) 2D Capon (b) 2D MUSIC
(a) 2D Capon <107 (b) 2D MUSIC <10
5
4
3
2
|
0
10 20 30 10 20 30
PiEOA ST YRR 5T
(c) 2D IAA (d) &3
(c) 2D IAA (d) Proposed method

7 A% Dl i P B A 24

Fig. 7 Power spectrum of fine grid and detection result

H#x1. 2

N H#z1. 2 )
3 1 ,
g 6 KA
N
-1 -1
-2 )
X/m X/m
(a) 2D Capon (b) 2D MUSIC
(a) 2D Capon (b) 2D MUSIC
5 H#zl. 2 5
H#51
1 LT 1 = i
g
= 0 0
N
-1 -1
- -2
X/m X/m
(c) 2D IAA (d) A3 H B
(c) 2D 1AA (d) Proposed method

K8 =4emintfy
Fig. 8 3D point cloud image

ARCH CPU iy AMD (R) Ryzen (TM) R7-4800U .
RAM 4 16 GB A figi I F§ MATLAB R2021a k{45 4%
PHATALIR 2 3 HTEAATE H AR 1B B8 500 AR A 6
FT7 BN B A R D) Rk B 45 Tk TR K, A
& 7 F13% 3 BY45 AT, 2D Capon BAR M HEAE 1R MK 12
BT ;2D MUSIC TR AT B in ;2D 1AA B3
TR ) ek, Joi i ST R AR ST AU B
TR B PR T s T RS

B9 firon  H3 kG 4 A& 1) 2D SAMV k5 H
T N U AR 2D SAMV J7 iR [RIHZETT 50 IR
X s A, L9 AT LA AR SO [ 38 07 A% 2 1k
2D SAMV J5 ik () 1550 B () 38 22 4K T 3 R0 43R5 40 D) A 1
2D SAMV J¥k,



164 % & L F ¥

43

®3 BFHEATAREE
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Table 4 Calculating time for each method of scene 1 data

S

(A7 2D Capon 2D MUSIC 2D IAA  ZS3C 753

AR AR 0.0030  0.0050 0.0500  0.028
ARIRE T RAGTHE 0.0007  0.0005 0.9672  0.008

x5 HE2PEFETEMRK
Table 5 Calculating time for each method of scene 2 data

S

Bk 2D Capon 2D MUSIC 2D IAA A3

MRS TIZRAGEE 0.0030  0.0060  0.342  0.023 3
ANRAR I RAGTR R 0.0005  0.0006  1.875  0.006 0
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