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Abstract: Vortex electromagnetic waves have proven highly effective for moving-target detection due to their
distinctive wavefront phase distribution. Accurate estimation of translational and rotational Doppler shifts is
essential for high-precision measurement of motion parameters. Existing methods typically rely on transmitting
multiple modes of vortex electromagnetic waves, and they often require additional prior information to resolve
Doppler ambiguities for high-speed targets, and the separation accuracy of translational and rotational Doppler
components is limited. To address these challenges, this work proposes a single mode vortex electromagnetic
wave-based Doppler separation method combined with Adaptive Piece-Wise Sparse Representation (APWSR)

for high-precision instantaneous frequency estimation. Using the Doppler compression technique, translational
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and rotational Doppler components can be effectively separated using only a single mode, while APWSR

enables high-precision instantaneous frequency estimation. From these results, the translational velocity,

rotation radius, rotational frequency, and Euler angles of the target are extracted. Simulations validate the

effectiveness and robustness of the proposed method, demonstrating that it outperforms existing dual-mode

approaches in Doppler frequency and motion parameter estimation.
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Fig. 1 Geometric of the target with translational-rotational

motion illuminated by the electromagnetic vortex radar
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Fig. 13 Estimation results of radial Doppler and rotational Doppler frequency curves (2 scatterers)
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Tab. 4 The estimation results of the target with two scatters
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FTiE AL THE (7.2537, 7.0008) (0.2179, 0.3313) 0.5540 (0, 0, 1006.9648) 2.9986
HAE (10.0000, 10.0000) (0.2000, 0.3000) 0.7000 (0, 0, 1007) 5.0000
BT At A (9.4331, 12.1597) (0.1719, 0.2647) 0.6446 (0, 0, 1006.9642) 4.9869

HAL T8 B AT SEEIAR ) 22 05 80y S5 e i 22 3 S A ROy
B, JE I 4 e R R R 4 [R5 R F AP W SRIBE
I AR AL T T E AT AR AL T, IR T =
K B AR ) 235 8 5 e % 2 5 il 28 . 5 bR
b, SEBLT BARTEEE . e, AR DL
K BRFr 25 ia ) S HUHER R B . 7 ELSR 50 T
B iE A Rtk S Ra e, S5 R 0, Prig ik
FEARI SRS e 26 R, X H bRz s 450l
TG T B ST k. AR T/ 2
LR FE R R T4 7 VA S 800 B AR DL R T 32 =
THE RS T TH

FITRR T E1EH B AAFLER 28 PR
Conflict of Interests The authors declare that there is no

conflict of interests

& E X #

(1] MR, fTHRH, IR, & R IAREs HARE L B EAR 5

NA[J]. FIEFR(PI), 2024, 13(3): 501-524. doi: 10.
12000/JR23160.
CHEN Xiaolong, HE Xiaoyang, DENG Zhenhua, et al.
Radar intelligent processing technology and application for
weak target[J]. Journal of Radars, 2024, 13(3): 501-524. doi:
10.12000/JR23160.

2]

3]

(4]

[5]

MR, SR8, A e M B BRAR A M 10 I Bz il o 4 182 1
KRHE[J). FikEAR, 2013, 2(1): 123-134. doi: 10.3724/SP.J.
1300.2013.20102.

CHEN Xiaolong, GUAN Jian, and HE You. Applications
and prospect of micro-motion theory in the detection of sea
surface target[J]. Journal of Radars, 2013, 2(1): 123-134.
doi: 10.3724/SP.J.1300.2013.20102.

WBL, oM, TR0, . ARG H 1k H AR R S T FU
JE[J]. kR, 2018, 7(1): 22-45. doi: 10.12000/JR17087.
YANG Qi, DENG Bin, WANG Hongqiang, et al.
Advancements in research on micro-motion feature
extraction in the terahertz region[J]. Journal of Radars,
2018, 7(1): 22-45. doi: 10.12000/JR17087.

BAI Xueru, HUI Ye, WANG Li, et al. Radar-based human
gait recognition using dual-channel deep convolutional
neural network[J]. IEEE Transactions on Geoscience and
Remote Sensing, 2019, 57(12): 9767-9778. doi: 10.1109/
TGRS.2019.2929096.

FKEE, WIME, B0, S5 S H AR IERHMER G RS UM ET
FREE ()], FIESIR, 2018, 7(5): 531-547. doi: 10.12000/
JR18049.

ZHANG Qun, HU Jian, LUO Ying, et al. Research
progresses in radar feature extraction, imaging, and
recognition of target with micro-motions[J]. Journal of

Radars, 2018, 7(5): 531-547. doi: 10.12000/JR18049.


https://doi.org/10.12000/JR23160
https://doi.org/10.12000/JR23160
https://doi.org/10.12000/JR23160
https://doi.org/10.3724/SP.J.1300.2013.20102
https://doi.org/10.3724/SP.J.1300.2013.20102
https://doi.org/10.3724/SP.J.1300.2013.20102
https://doi.org/10.12000/JR17087
https://doi.org/10.12000/JR17087
https://doi.org/10.1109/TGRS.2019.2929096
https://doi.org/10.1109/TGRS.2019.2929096
https://doi.org/10.12000/JR18049
https://doi.org/10.12000/JR18049
https://doi.org/10.12000/JR18049

% x RIS

BT ARSI e AL I (K P Bh e e R s 3h H AR S 5 it 15

(6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

TIAN Xudong, BAI Xueru, and ZHOU Feng. Recognition
of micro-motion space targets based on attention-augmented
cross-modal feature fusion recognition network[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2023, 61:
5104909. doi: 10.1109/TGRS.2023.3275991.

ZHOU Xuening, BAI Xueru, WANG Li, et al. Robust ISAR
target recognition based on ADRISAR-net[J]. IEEE
Transactions on Aerospace and Electronic Systems, 2022,
58(6): 5494-5505. doi: 10.1109/TAES.2022.3174826.

YANG Zheng, CHENG Yongqiang, WU Hao, et al.
Enhanced matrix information geometry detection for weak
targets in heterogeneous clutter environment[J]. Science
China Information Sciences, 2025, 68(11): 219301. doi: 10.
1007 /s11432-024-4556-9.

B, FRIN, BRI, 45 RETIREK T MIMO®R XL H bx
TSRS [T]. FRIEZHR, 2018, 7(5): 575-584. doi: 10.
12000/JR18035.

LUO Ying, GONG Yishuai, CHEN Yijun, et al. Multi-
target micro-motion feature extraction based on tracking
pulses in MIMO radar[J]. Journal of Radars, 2018, 7(5):
575-584. doi: 10.12000/JR18035.

LIU Kang, LIU Hongyan, LI Shuangxun, et al. Three-
dimensional object
tomography[J]. Optics Express, 2025, 33(10): 20798-20806.
doi: 10.1364/OE.563860.

COURTIAL J, DHOLAKIA K, ROBERTSON D A, et al.

imaging with vortex wave

Measurement of the rotational frequency shift imparted to a
rotating light beam possessing orbital angular
momentum|[J]. Physical Review Letters, 1998, 80(15):
3217-3219. doi: 10.1103/PhysRevLett.80.3217.

WEI, EEW, ik, 55 W iE LR 2 8RS 5
HERET]. TEIEZAR, 2021, 10(5): 725-739. doi: 10.12000/
JR21109.

GUO Zhongyi, WANG Yanzhe, WANG Yunlai, et al.
Research advances on the rotational doppler effect of vortex
electromagnetic waves[J]. Journal of Radars, 2021, 10(5):
725-739. doi: 10.12000/JR21109.

ZHAO Mingyang, GAO Xinlu, XIE Mutong, et al.
Measurement of the rotational doppler frequency shift of a
spinning object using a radio frequency orbital angular
momentum beam[J]. Optics Letters, 2016, 41(11):
2549-2552. doi: 10.1364/0L.41.002549.

LIU Kang, CHENG Yonggiang, LI Xiang, et al. Microwave-
sensing technology using orbital angular momentum:
Overview of its advantages[J]. IEEE Vehicular Technology
Magazine, 2019, 14(2): 112-118. doi: 10.1109/MVT.2018.
2890673.

LIU Kang, CHENG Yongqgiang, LI Xiang, et al. Passive
OAM-based radar imaging with single-in-multiple-out

(16]

(17]

(18]

(19]

20]

[21]

22]

23]

[24]

mode[J]. IEEE Microwave and Wireless Components
Letters, 2018, 28(9): 840-842. doi: 10.1109/LMWC.2018.
2852146.

LUO Ying, CHEN Yijun, ZHU Yongzhong, et al. Doppler
effect and micro-Doppler effect of vortex-electromagnetic-
wave-based radar[J]. IET Radar, Sonar & Navigation, 2020,
14(1): 2-9. doi: 10.1049/iet-rsn.2019.0124.

WANG Yu, LIU Kang, LIU Hongyan, et al. Detection of
rotational object in arbitrary position using vortex
electromagnetic waves[J]. IEEE Sensors Journal, 2021,
21(4): 4989-4994. doi: 10.1109/jsen.2020.3032665.

YUAN Hang, LUO Ying, CHEN Yijun, et al. Micro-motion
parameter extraction of rotating target based on vortex
electromagnetic wave radar[J]. IET Radar, Sonar &
Navigation, 2021, 15(12): 1594-1606. doi: 10.1049/rsn2.12149.
ke, KR, E@EK, . e LR R AR H AR e 2 )
BRI, TFiE2IR, 2021, 10(5): 740-748. doi: 10.12000/
JR21074.

WANG Yu, LIU Kang, WANG Jianqiu, et al. Rotational
doppler detection of a cone-shaped target under the
illumination of a vortex electromagnetic wave[J]. Journal of
Radars, 2021, 10(5): 740-748. doi: 10.12000/JR21074.

S, AT, B, S e LR R AT B e H AR = 4R
SIS HARIUTE[T]. TR, 2023, 12(4): 804-816. doi: 10.
12000/JR23065.

YUAN Hang, HE Qifang, LUO Ying, et al. Three-
dimensional micro-motion parameters extraction of
translational rotating targets based on vortex
electromagnetic wave radar[J]. Journal of Radars, 2023,
12(4): 804-816. doi: 10.12000/JR23065.

B, RN, FIEEE. FO IE LR R B AR s 25
PEHOTIR[T). F5 4B, 2023, 39(9): 1587-1595. doi: 10.
16798/j.issn.1003-0530.2023.09.005.

LUO Ying, YUAN Hang, and YUAN Yanxin. A method for
micro-motion parameters extraction of rotating targets
based on single-frequency vortex electromagnetic wave
radar[J]. Journal of Signal Processing, 2023, 39(9):
1587-1595. doi: 10.16798/j.issn.1003-0530.2023.09.005.
YUAN Tiezhu, CHENG Yongqgiang, WANG Hongqiang,
et al. Beam steering for electromagnetic vortex imaging
using uniform circular arrays[J]. JEEE Antennas and
Wireless Propagation Letters, 2017, 16: 704-707. doi: 10.
1109/LAWP.2016.2600404.

ZHONG Jingang and HUANG Yu. Time-frequency
representation based on an adaptive short-time fourier
transform[J]. IEEE Transactions on Signal Processing,
2010, 58(10): 5118-5128. doi: 10.1109/TSP.2010.2053028.
PEI S C and HUANG S G. STFT with adaptive window
width based on the chirp rate[J]. IEEE Transactions on


https://doi.org/10.1109/TGRS.2023.3275991
https://doi.org/10.1109/TAES.2022.3174826
https://doi.org/10.1007/s11432-024-4556-9
https://doi.org/10.1007/s11432-024-4556-9
https://doi.org/10.1007/s11432-024-4556-9
https://doi.org/10.1007/s11432-024-4556-9
https://doi.org/10.1007/s11432-024-4556-9
https://doi.org/10.1007/s11432-024-4556-9
https://doi.org/10.1007/s11432-024-4556-9
https://doi.org/10.1007/s11432-024-4556-9
https://doi.org/10.12000/JR18035
https://doi.org/10.12000/JR18035
https://doi.org/10.12000/JR18035
https://doi.org/10.1364/OE.563860
https://doi.org/10.1103/PhysRevLett.80.3217
https://doi.org/10.12000/JR21109
https://doi.org/10.12000/JR21109
https://doi.org/10.12000/JR21109
https://doi.org/10.1364/OL.41.002549
https://doi.org/10.1109/MVT.2018.2890673
https://doi.org/10.1109/MVT.2018.2890673
https://doi.org/10.1109/LMWC.2018.2852146
https://doi.org/10.1109/LMWC.2018.2852146
https://doi.org/10.1049/iet-rsn.2019.0124
https://doi.org/10.1049/iet-rsn.2019.0124
https://doi.org/10.1049/iet-rsn.2019.0124
https://doi.org/10.1109/jsen.2020.3032665
https://doi.org/10.1049/rsn2.12149
https://doi.org/10.12000/JR21074
https://doi.org/10.12000/JR21074
https://doi.org/10.12000/JR21074
https://doi.org/10.12000/JR23065
https://doi.org/10.12000/JR23065
https://doi.org/10.12000/JR23065
https://doi.org/10.16798/j.issn.1003-0530.2023.09.005
https://doi.org/10.16798/j.issn.1003-0530.2023.09.005
https://doi.org/10.16798/j.issn.1003-0530.2023.09.005
https://doi.org/10.16798/j.issn.1003-0530.2023.09.005
https://doi.org/10.16798/j.issn.1003-0530.2023.09.005
https://doi.org/10.16798/j.issn.1003-0530.2023.09.005
https://doi.org/10.16798/j.issn.1003-0530.2023.09.005
https://doi.org/10.1109/LAWP.2016.2600404
https://doi.org/10.1109/LAWP.2016.2600404
https://doi.org/10.1109/TSP.2010.2053028

K AR (R D)

H15%

16
Signal Processing, 2012, 60(8): 4065-4080. doi: 10.1109/
TSP.2012.2197204.

[25] ABATZOGLOU T J. Fast maximum likelihood joint
estimation of frequency and frequency rate[J]. IEEE
Transactions on Aerospace and Electronic Systems, 1986,
AES-22(6): 708-715. doi: 10.1109/TAES.1986.310805.

[26] O'SHEA P. A fast algorithm for estimating the parameters
of a quadratic FM signal[J]. IEEE Transactions on Signal
Processing, 2004, 52(2): 385-393. doi: 10.1109/TSP.2003.
821097.

[27] LIU Zhen, YOU Peng, WEI Xizhang, et al. High resolution
time-frequency distribution based on short-time sparse
representation[J]. Circuits, Systems, and Signal Processing,
2014, 33(12): 3949-3965. doi: 10.1007/s00034-014-9832-3.

E& & N

W, W, RIS Y R e 8 S RS

SALFE.

XORE, AR, EERTIIT RO E L PR . R

RIEBARS

(7 E P 2 v SO S 35 WA L DA AN ERE (S PN

MR -

(28]

(29]

30]

FRER. W8 B AR R LR IS i BORBE D). [ Eid
3], EPEREAEAR K, 2010,

LI Kangle. Research on feature extraction and parameters
estimation for radar targets with micro-motions[D]. [Ph.D.
dissertation], National University of Defense Technology,
2010.

YANG Yang, CHENG Yongqiang, WU Hao, et al.
Parametric instantaneous frequency estimation via PWSR
with adaptive QFM dictionary[J]. IEEE Signal Processing
Letters, 2023, 30: 738-742. doi: 10.1109/LSP.2023.3287129.
TROPP J A and GILBERT A C. Signal recovery from
random measurements via orthogonal matching pursuit[J].
IEEE Transactions on Information Theory, 2007, 53(12):
4655-4666. doi: 10.1109/TIT.2007.909108.

VR, ff, EERIRIT R ARIEE TR,

KILLE, BIEERTUOY, BT A PG IR GRS

(FeAESE: T95)


https://doi.org/10.1109/TSP.2012.2197204
https://doi.org/10.1109/TSP.2012.2197204
https://doi.org/10.1109/TAES.1986.310805
https://doi.org/10.1109/TSP.2003.821097
https://doi.org/10.1109/TSP.2003.821097
https://doi.org/10.1007/s00034-014-9832-3
https://doi.org/10.1007/s00034-014-9832-3
https://doi.org/10.1007/s00034-014-9832-3
https://doi.org/10.1007/s00034-014-9832-3
https://doi.org/10.1007/s00034-014-9832-3
https://doi.org/10.1007/s00034-014-9832-3
https://doi.org/10.1007/s00034-014-9832-3
https://doi.org/10.1109/LSP.2023.3287129
https://doi.org/10.1109/TIT.2007.909108

	1 引言
	2 电磁涡旋雷达运动目标回波模型与多普勒分离方法
	2.1 平动旋转复合运动目标观测几何模型
	2.2 电磁涡旋雷达回波多普勒压缩方法
	2.3 径向多普勒与旋转多普勒分离方法

	3 电磁涡旋雷达瞬时径向-旋转多普勒频率高精度估计方法
	3.1 二阶调频信号拟合
	3.2 APWSR瞬时频率估计

	4 仿真实验结果与分析
	5 结语
	参考文献

