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Abstract: Compared with traditional Electromagnetic (EM) wave radars, vortex EM wave radars can
simultaneously observe the micro-motion components projected onto the radar’s radial and perpendicular
planes, providing more information for target recognition. The current research on the micro-Doppler effect of
vortex EM wave radar is still in its infancy, and the extraction of three-dimensional micro-motion parameters of
rotating targets has been preliminarily achieved. However, the impact of target translation was not considered.
Therefore, the micro-Doppler effect of translational rotating targets in vortex EM wave radar is studied in this
paper. The angular Doppler properties of translational rotating targets are derived, and a three-dimensional
micro-motion parameter extraction method based on the 1/4 micro-motion period Doppler frequency shift curve
is proposed. Estimation of parameters such as target rotation frequency, rotation radius, rotation vector and
translational velocity vector is achieved. The correctness of angular Doppler properties and the effectiveness of

parameter extraction method are verified by simulations.
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Fig. 1 Observation model of translational rotating targets
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Tab. 1 Parameters of radar and target

2 Hf
A (GHz) 10
K31 4% (m) 1
R 4
e 1% (m) 0.4
JEFE A% (Hz) 10
W Fiz £ (rad) (1.0472,0.7854,0)
3PN (0.707,-0.612,0.353)
Jie %% H0 (m) (0.8,1,100)
AR (m/s) (-10, -5, 10)
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Fig. 12 Linear Doppler curve under different order derivatives
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Tab. 2 The time and angular Doppler value of
the selected point

HAEMEO.4 mARLE, L AR A A THE 5 PR AR A
A= KT EAAAG RN R ARG T 45
H, BE B A AT BN S Bl 45 R R 5 A
N, FRBURZEY/NT 1%, FIRTEFRH 52 8 Am# i
LRIIE LT SR T B e B bR Eh 5k
FEHL,

BTN 18 T BEAE R FH 50 8 o B ARS fth 2 i 1y 1
BE, B TORITRAIRS 2R K X R R 5,
Heh MAE T 5 IAF B AR S8k N AR EH bR
WIS ET T AR M2 K . HhRT 2R 235 8
WiiR% th Ze F1 f 22 A th & an 13 fs,  El13(a)

*® 3 KR EMERIRE

Tab. 3 Iterative error in the solving process

5 I % (s) %% #)(Hz)
1 0 4.8271
2 0.0133 6.1418
3 0.0267 8.5308
4 0.0400 12.2020
5 0.0534 9.2937
6 0.0667 -9.3425
7 0.0800 -5.6511
8 0.0934 4.6931

LA R E RS
1 2571.63 0.01
2 555.784 0.001
3 214.932 1
4 110.276 10
5 79.972 1
6 59.7386 0.1
7 15.365 0.01
8 9.63835 1
9 5.24274 0.1
10 0.994269 0.01
11 0.005036 0.001
12 5.25x10°" 0.0001
13 5.26x10°" 10°

*® 4 ZRLARLMHFIREARMBLER

Tab. 4 Solution results of multivariate nonlinear equations

2 e AR {E
KRz A (rad) (1.047,0.785)  (1.0472,0.7854)
HEFE AR ARXT K /N (m) 0.631 0.4
e HR AR KN (m) (1.26,1.57) (0.8,1)
BEEREMIT KN (m/s)  (-15.79, -7.89) (-10, -5)

*® 5 TR HL THRESHHITER
Tab. 5 Estimation results of micro-motion parameters under

complete periodic frequency shift curve

2 T E A (Y W2
ekt (0.707,-0.612,0.353)  (0.707,-0.612,0.353)  0.04%
AR 9.944 Hz 10 Hz 0.56%
iR S 0.398 m 0.4 m 0.50%
e L (0.796,0.995) m (0.8,1) m 2.75%

WL (-9.953, -4.976) m/s (-10, -5) m/s 0.46%




814 H

123

0 0.005

0.010 0.015
I 1E] (s)
(a) 1/4J5 IR 223 B ARS it 2

(a) Linear Doppler frequency shift curve at quarter cycle

0.020  0.025

Hk ()

0 0.005 0.010 0.015 0.020 0.025
i) (s)

(b) 1/4 I #0225 0 2%
(b) Angular Doppler frequency shift curve at quarter cycle

&l 13 1/4)8 W11 2 85 ith £
Fig. 13 Doppler frequency shift curve at quarter cycle

RN ATE A B4 2 B i Rs th 4, E13(b) N
1/AJE B f 2235 8 ks th 25 .

M1/ AT0EN JE #A 2R 2 3 A it 28 3R B H A
B ZH I R 5 5 B R AL ith 28 b i SR 0 2
— 8. FET /ARSI 2 S B R i £, FTAh
it B AR e M A N62.485 rad, B ERN
0.3736 mo TEAh VTR A A ZEANAR W] A2 O 2 AL,
S ) B e B / 4%k 2 i B A 22 3 s ith 26 B s
R, I T R I 2 AN A 2 B WK 6 TR

B R6 TR IR RN (25) BRI £ o IR
M RRA T, FIHL-MEZRMEZ uIEgH i
Ho BT HIRECT 1 /45030 B 1984 s R g 77
RN, G EIRIEA T 1090925 4 3Rk
FREARIMRE, BE— PR ZEN2.0543x10 2, 2%
SIEON10 M, R SR A AR i 26 AH b,
1/AJE BRASRS th 25 v 75 SR B 8] 9 B35 (184045, it
SRR BRI BT 2 R R KR R g R
WME TR, Al BB A N (1.047, 0.785) rad,
SAME A — 8. ARYERR b M AT S B AR RS R
B A1 (0.707, —0.612,0.353)" . 7E3K4F H bR B
fRE A AR L, AR (12), TERTE H AR
e A2 AT 0.3982 m. HHAE(E0.4 mAHLEL,
TR ARG THE S E AR E R A — B Kheik e
flTHEARN R TS T45 R, FE R ARSI
HSHAFE R KSR, RIGRZE/DNT1%,
H 5750 56 5 FE B A0S ith 26 i $R BOR 22 AR — B
15 BAE B TSIk AR 1/ 450 3h 8 0 22 3% S 4 R il
LRI O v S F B e B AR i sh 2 R i
FEEL.

SR N HH 3 MBS A P B EY E bR A 2 )
AL IR, RS T BRI f 2 RS i 2
FEHORZE o R P TP S HGR 2 HI 52,

# 6 LB /4B HAASN SR RIFIfa A
Tab. 6 Select the time and angular Doppler Values of
8 points within a quarter cycle

FFs I %(s) 2 ) (Hz)
1 0.0010 4.9123
2 0.0043 5.2019
3 0.0076 5.5134
4 0.0110 5.8640
5 0.0143 6.2706
6 0.0176 6.7500
7 0.0210 7.3187
8 0.0243 7.9918

= 7 1/4ABAAS IR HIRA KA R
Tab. 7 Solution results of multivariate nonlinear equations

under 1/4 period

24 e AR
WK ffi (rad) (1.047,0.785) (1.0472,0.7854)
JEEELARARR K/ (m) 0.068 0.4
T % R CAE R RN (m) (0.136,0.171) (0.8,1)
WEREMA KN (m/s)  (-1.709, -0.854) (-10, -5)

= 8 1/4FHAMPZ M TSR AT ER
Tab. 8 Estimation results of micro-motion parameters at quarter
periodic frequency shift curve

ZH fhiTHE HARE RZE
e (0.707,-0.612,0.353) m  (0.707,-0.612,0.353) m 0.04%

e AR 9.944 Hz 10 Hz 0.56%
gk 4% 0.398 m 0.4 m 0.50%
ez O (0.796,0.995) m (0.8,1) m 2.75%
HEAE (-9.953, -4.976) m/s (-10, -5) m/s 0.46%

N 2 IR BUR Z R OL T, H AR s
SR FERES R o XS 2 B i 22 AN v
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Fig. 14 Angular Doppler curve after adding error
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Tab. 9 Time and angle Doppler values of 6 points

after adding error

5 I Zl(s) 2 ) (Hz) (%)
1 0.0003 3.8878 19.93
2 0.0170 5.4510 18.01
3 0.0337 9.2341 11.79
4 0.0504 11.4651 1.48
5 0.0670 -8.7959 8.84
6 0.0837 2.1743 11.49

10 RIMNREGHHEEHMEITER
Tab. 10 Estimation results of micro-motion parameters

after adding errors

28 T E FAE (Y R
ikt & (0.760, ~0.583, 0.271) m (0.707, -0.612, 0.353) m 12.36%
e g% 9.944 Hz 10 Hz 0.56%
Jigte 4% 0.389 m 0.4 m 2.62%
i@ Hty (0.71,1.02) m (0.8,1) m 6.36%
WERE (-9.00, -6.02) m/s (-10, -5) m/s 15.18%
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