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Fig.3 Experimental setup of the microwave photonic FMCW radar phase noise suppression system based on deskew filtering
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Devices and their parameters used in the experiment

Device Manufacturer, version Specifications
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90° Hybrid SHW, SHWHB-002001800 Frequency: 2~18 GHz
DPMZM AFR, 40G-1Q-XT 40 GHz/C+1L band/1.85 mm
MZM1 Fujitsu, FTM7937 =25 GHz/C band/2.92 mm
MZM2 Newkey Photonics, NK7937 =25 GHz/C band/2.92 mm
ODL1 Newkey Photonics, DF1600 Delay: 8 000 ns
ODL2(reference path) Newkey Photonics, DF160 Delay: 800 ns
PD1 HLT, PD-M-40-0-1-FA Bandwidth: 0~40 GHz
PD2 Conquer, PD-20G21442 Bandwidth: 0~20 GHz
PD3 Conquer, PD-20G21442 Bandwidth: 0~20 GHz
Mixer Marki, IQLMP Frequency: 1.5~6 GHz
OBPF Luster, WaveShaper 4000A Wavele'ngth; ! 5?8N1 5677nm
Resolution bandwidth: 10 GHz
Oscilloscope RIGOL, DS2302A Sampling rate: 2 GSa/s

TRo Fear LEMAE S5 F F IR 8 XG4T 55 -3 £ R 98 il #5 (DPMZM) |, Hof B eig an & 4(b) s . WTLLEH,
DPMZM i Hi 56 3% w4 25 B8 I8 i i 47 A 2% il ¥ g am il AR B T £ 2 IR E A . 2O E S gt e
e JE A5 B 5 LEM (S S5 0 D505 5, g i id 4 (o) BT o BRRS o] DA Y, DUA5 045 5 B9 40 R 3

@ 512 15
5.10 20

25

-30

' -35

' 40

~ 45

500 20 40 60 80 100 120 0

Frequency/GHz

i N W

B B
Power/dBm

o
S
[\

Time/us
(b) (©)
740 -
H
=
H
2 5}
} i
0 . HHI H\ Ll
1549.8 1550.0 1550.2 . :
Wavelength/nm Frequency/GHz

B4 fdonF WMo Bk (a) F W% LEM & 5 i3 E ; (b)) DPMZM 4 th ot 3 5 (o) W& A fE 5 M
Fig.4 Verification of microwave photonic quadruple—frequency function; (a) Time-frequency diagram of the baseband LFM
signal; (b) Output optical spectrum of DPMZM; (¢) Spectrum of the quadruple—frequency signal
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before and after compensation

o 5 VA (91387 25 AR 5 AL I P 19 A 2 ROR , AR ST A S B 48 52 8 O 0 B« — 2 36 B A B i [
W FRHE 5 121 F8 ) 98 BE RS M, 02 o A R L R AR R O DA S R AL ) R R R 1k Ak BRUS BAE S AR
Z: WAL FEA TR 1) XoF LU, AR OGS R ANTET 6 7 o 181 6 (a) 52 3L 1 3 2 240 YK J 30 98 B2 m Al ot 45 2R . i AT A
SR FH 2% A AR B 98 5 1 5 JRUR o7 W P 2 0 [ 9 25 M 5 1~ J 00 9 B2 AR Mk W R R T . BB B
FMEHT 21 8 09 98 B2 B B 9 25 Oy 0.54 nis 3 28 A5 AR 57 ] B SR R 32 I, 32 b 9 22 [ 22 241 0.24 s 5 1T 36 i 25 i
RSB IR AN bR v 28 7E — AP0 2 0.15 ns, MBS T AMESHT BE VRS TH T 3.6 4% o 181 6(b) A2 AT i
[] 3 25 ARHE S A AR CLR A H 2k o 20l UL, e AU /N T 10 kH z B9 450 BE P, 2% fi A8 D 282 75 32 0F AR 02 & 75 114 410
] 28R Y 8 G T A5 AR A ] B SR k|, Ak LIS 15 5 4 A 07 W P 7P AR

BT, R — AL AT Al AR L M P D2 X (] 30 25 R 5 B S I, 0 A TS A5 5 0T R I ARy B, 230 4 2]
ntEl 7(a) CrMEERT) 55 B 7(b) CRME2 IR ) B s RO BE B AR A5 28 o AT R Rl EDULUL A 2, 28 A 0 W 7 b A28 ), o 0K
RGN o B ) W AR T Ty i, AN R R R H AR e A v LR B IO bR Y

(a) . (b) 45 .
13.0 Before compensation I — Before compensation
Deskew filtering algorithm — Deskew filtering algorithm _
12.5 - —— Equal phase interval sampling algorithm -60 | —— Equal phase interval sampling algorithm
12.0 — g
72} g Q
£ g st
2 3
E 11.5 g
= g 790 &
T11.0 £
Ay
-105F
10.5
10. L 1 1 L 1 " 1 _120-I Ll L sl s PR
000 50 100 150 200 1k 10k 100 k IM
Number Frequency/Hz

F6  FMERTE B = A 5 e A AR E Mo (a) 2 B 15 5 (b) Al frvg &
Fig.6 Phase stability of the echo dechirped signals before and after compensation. (a) Half-period width; (b) Phase noise
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Phase Noise Suppression System for Microwave Photonic FMCW
Radar Based on Deskew Filtering

ZHU Jintao, SHI Jingzhan, ZHU Dan, LIU Qiang, LIN Dongdong,
ZHANG Na, GAO Bindong, WANG Yiping
(Nanjing Normal University, School of Computer and Electronic Information, Minisiry of Education Key
Laboratory of NSLSCS, Nanjing 210023, China)

Abstract: Frequency—Modulated Continuous-Wave (FMCW) radar is widely used in military,
autonomous driving, and other fields for its high resolution, low power consumption, and strong anti—
interference. However, traditional microwave electronic radars fail to meet broadband signal generation/
processing needs, leading to the development of microwave photonic radar. By combining photonics and

’

electronics, it overcomes the “electronic bottleneck, ” with optical frequency multiplication and dechirping
reception architectures gaining attention for large bandwidth and simple structure. Nevertheless, in this
architecture, frequency multiplication degrades phase noise (by 20 logio(7) dB for multiplication factor n) ,

while electro—optic/optoelectronic conversion worsens it. Phase noise impairs radar accuracy, resolution,
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and anti—interference, limiting broadband advantages. Existing suppression technologies for microwave
photonic radar often suffer from complexity, high cost, or new noise introduction, demanding more
effective compensation.

This paper proposes a phase noise compensation scheme for microwave photonic FMCW radar using
deskew filtering. The system adopts an optical quadrupling structure (boosting distance resolution) plus
reference delay and mixing branches. The baseband linear frequency-modulated (LFM) signal splits into
two paths: one drives the microwave photonic quadrupling module to generate a transmitted signal (4 X<
baseband frequency/bandwidth, 4X phase noise) , whose echo is processed via a microwave photonic
mixer to get an echo dechirped signal with phase jitter; the other undergoes reference delay/mixing to
produce a reference dechirped signal. Deskew filtering compensates the echo dechirped signal as follows:
apply Hilbert transforms to both signals for complex signals, estimate phase noise via the reference,
remove phase noise's delay dependence in the echo using the deskew filter, and eliminate phase noise to
mitigate radar performance impacts.

An experimental setup was built to verify the feasibility of the proposed scheme. The initial frequency
of the baseband linear frequency—modulated signal was 5 GHz, with a bandwidth of 100 MHz. After
passing through the microwave photonic quadrupling module, a quadrupled frequency signal in the range of
20~20.4 GHz was generated, effectively expanding the bandwidth. The reference and echo dechirped
signals were collected and processed using the deskew filtering algorithm. To evaluate the effectiveness of
phase noise compensation in the dechirped echo signal, we analyze two key aspects: first, comparing the
stability of the half-period of the dechirped echo signal before and after compensation, and second,
examining its phase noise characteristics. A reference group processed using the equal phase interval
sampling method was introduced for comparative analysis. The results show that before compensation, the
standard deviation of the half-period was 0.54 ns. After compensation with the equal phase interval
sampling method, this value decreased to approximately 0.24 ns. Further compensation using the deskew
filtering method reduced the standard deviation to 0.15 ns, representing a 3.6 times improvement in
stability compared to the pre-compensation state. This indicates that the phase noise compensation
achieved through the deskew filtering method significantly enhances the stability of the half-period of the
dechirped echo signal. Regarding phase noise characteristics, the experimental results demonstrate that
within the frequency offset range of less than 10 kHz, the deskew filtering method outperforms the equal
phase interval sampling method in suppressing phase noise, resulting in a lower phase noise level in the
processed signal. Additionally, a time—frequency analysis was conducted on the signals before and after
compensation to compare the range profiles. The results reveal that the target energy in the compensated
range profile becomes more concentrated, and the deviation range of the distance measurement results is
effectively suppressed. Specifically, the distance corresponding to 10 dB bandwidth decreased from 49.57 m
(pre-compensation) to 41.28 m (post-compensation) , while the standard deviation of distance measurement
results reduced from 0.97 m (pre-compensation) to 0.78 m (post—compensation). Collectively, these
findings demonstrate that the deskew filtering method effectively improves the range resolution and distance
measurement stability of the radar system.
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