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A Radar Target Maneuver Detection Algorithm Based on the
One-dimensional High Resolution Doppler Profile
ZHU Yi-Long? FAN Hong-Qi* LU Zai-Qit FU Qiang?
Abstract Target maneuvering is always accompanied with rapid attitude variations, which are helpful to achieve high

cross-range resolution for coherent pulse radar. Thus it provides the feasibility to detect target maneuver based on one-
dimensional high resolution Doppler profile (1D-HRDP). In this paper, the formulation of the HRDP is first introduced,
and the profiling requirements are derived subsequently, including rotation angle, coherent processing time (CPI), and
digital sampling rate. The profiling procedure is thus shown. The principle of maneuver detection based on the HRDP
is then fully exploited. The difference of target attitude rates between nonmaneuvering and maneuvering motion modes
is analyzed, which is the basis for maneuver detection. Due to the nonstationarity of the HRDP, the maneuver detection
problem is reformulated as a pattern classification problem, where nonmaneuvering and maneuvering motion modes are
distinguished. A novel detector is then developed based on the back propagation (BP) neural network. Two novel
indices for performance evaluation are proposed. They reflect the dynamic performance of the maneuver detector more
reasonably than the classical index, which is the average detection delay. Finally, the simulation results show that the
proposed detector performs better than the other three up-to-date feature-based detectors as a whole.

Key words Maneuver detection, one-dimensional high resolution Doppler profile (1D-HRDP), back propagation (BP)
neural network, detection delay, receiver operating characteristic (ROC) curve
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Fig.1 The relative motion between radar and target
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Table 1 Signal processing parameters

- 5 B (ms)
Cmin J57% ﬁgﬁ% ia
Glint 777k Z;Ei,m—\? Eg 230
RCS Jrik 2@@2 ;

1500
000

1
500

—-100 =
0 FIRR{ T x /m

HEsfify/im 159

K5 Hirzshiik
Fig.5 Target trajectory

AT AR v/ km

|
(=]
T

=20 f
=30 F

=40 F

=50 F

-50 —40 -30 -20 -10 O 10 20 30 40 350
WA E AR x/km
K 6 Monte Carlo £ 5 1AL & A7 K
Fig.6 Radar location distribution during

Monte Carlo runs

X2 PiESKBH

Table 2  Simulation parameters
ZH B
] LA 10 GH:
ik i z
V3IS 3cm
i QUICNEETES 100 kHz
s 2155 0
ik g I
KPR S 20 ~ 50km
TP s 0° ~ 360°
B B 11.43
Hbs R o m
[=1)53 4.66 m
K 17.07m
LI ‘ AE’?E 6000 feet
JHEER N 0.8 mach
s 8 0°
HUSATS y 0°

32 {AETA&E

ARSIV Ko 4% H bR I B0 A R A7 3T, 345
P S HER W 7 Fror. F18 KIS H B ENLE) &
ATHE R EE T30 ) 244 AR JSBSim! =4, H
FRAE ST A IO 0 B vy 0 R o 55 SR
RadBase? 15 21, R R 4 R Ak 7 XAtk
e A3 2 H AR RCS, T2 H brHl (5 5. i)
Pl 2 AR T AS 2 H AR 235 8018, HTHLshi.
Ak, FlightGear3 ] SEHL AT 47 B 1 — 4 5t 1%
e VPN 20 FH K25 S LA AS U #% R P e 12 (R0 1
V5 I 240715 0] 225 30k (1.
3.3 HELR

331 BENZLHGESRUFRITE

8 (a) &3t T RSB b Rl 22 3 B 157 51
o AL R A0 i 2 S, AR AR PR 2
R IAIRGE 5 ms, HIARSRMUE S KL 95 ms, &)
A, HEsHL3) (t = 1s) 52 5G] BRESE (KHh
TIHER). B 8(b) 45t T ¢t = 2s N2 HE, K
HHRT YR 0 R 1 2 TON R, TRIINE 45 Y T A
JE S KRR O S H Al T 4

HoAt =R A A R AR S g vt S 9
~11 Fizs. Cmin TRk IR I GEvE ik ) nig
rfhiih, B9 g5 T Cmin J7 25602 170 ina B A (i
Mgt 45, T Cmin 75 %653 ) i B2 (19 4 o1
FAEZAATE, PrEA Cmin [0 AMUAE 6g BT H I
WEAF, E O Abt H BLVEAE, 7ESCHR [5] Hh ek 24
A&, X WA R R A T AT R fE.

thttp://www.jsbsim.org
2http://www.surfaceoptics.com
3http://www.flightgear.org
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Fig.8 Simulation results of HRDP

0.15

0.10

HEitaaE

0.05

0 5 10 15 20 25
P EEAL {H Cmin (x g) /(m-s7)
(a) HARIENLSDIRS S o2 A

(a) Statistics distribution for nonmaneuvering target

0.15

0 5 10 15 20 25 3a
RSB Cmin (Xg) /(m-s?)
(b) FFHLBN RISV R 2 A
(b) Statistics distribution for maneuvering target
B9 Cmin J7id Pl B0 55 R

Fig.9 Simulation results of Cmin approach
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Table 3  Simulation results of maneuver detection

24 HRDP J5ik Cmin J57% Glint J5vk RCS Jrik
Monte Carlo SZH A%k 1000 1000 1000 1000
REEWEA P (%) 5 1 5 1 5 1 5 1
PR IAEIR £q (ms) 131 202 1140 2323 267 374 234 421
I RKIIER £, max (s) 2.095 2.115 2.460 3.000 2.295 2.730 0.755 2.385
SEIRFHL to (ms) 167 224 2049 — 330 358 307 358
W SIS ¢ (ms) 1274 1359 2688 — 1341 1374 450 496
K% Pog (%) 49.43 57.60 22.08 7.33 38.20 52.23 32.04 55.33
KR P (%) 62.51 61.33 56.56 — 54.12 50.27 59.03 44.00
KA P (%) 93.95 92.17 85.01 — 81.34 75.55 88.72 66.12
TR (%) 98.89 97.02 89.48 — 85.62 79.53 93.39 69.60
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