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Fig. 5 The influence of noise interference on range tracking and angle tracking
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Fig. 6 Antenna pattern at main lobe interference
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Fig. 7 Comparsion of two interference effects

1.0

09 \

‘ .

08 |
0.7 v !
bR 0.6 F .. “
% 05 » |
\.

—
—E

£04t \

03 F

02} \

0.1
0

i I I \l\"\ 2 P SR .
5 10 15 20 25 30 35 40
T{5tk/dB

45 50

K8 PR T TR AR S TF LR AT HEP
Fig. 8 Comparison of detection probability and jamming-signal—

ratio under two kinds of interferences

32 TFTHEARRREHES

bl B 7 5 % S Y MW TI= RO R Skl B R S
I TIER A JERA LT B,

1) S P0R B 0 T il R e R
o MR P (S D LS I A5, B A A R IR L, £
IR E S H bR 5 TP B R A5 H

S H bR B ISR H A i B B (R B i
B ANE BB H ARG B AL AR ik s A
RO B AR s 2 A~ B bR, 5 800 1 50 Wy 152
Hbrhi . B, AT Hedil T8, w35 2o +
TP A T T 38 7 TR CR T & SR A, S A
TR T EHIE

2) S TIMBEARK I K. K& DRFM L&,
i DREM BB i85 5 I A T A0k SR ] A 38 B
FEE TG, PR &, XD B ik 1 R SR
etk T4, DRFM = AMIE S S HIBFESHAHS
PE S B IR T A RIS,

3) HE—THHENEAS TR, HERRE
A AR K LA KO R TR IS AR AT, R
WP FR BN TR C 2RI R . Hit, i
A KLLMD RS R A TR AR B
AT,

4) @B RN TIE AR KR, P2 IR
B Xt bR ARG 0 K R g AN B R AT — 4 4k %
e, T REAE i — 2L 4y BE LS HAn 55 SR HAn T



—t

52 www.kjdb.org NS 2019,37(4)
P50, BB FE T A T A R XA SE i A BIF Y 45 R

XFIE , 4 Y — ek — 2 B AR B AR BB A
T X TR R U, ORI A B A 3
Jio TIBBIHLES 2 BT 5 A5 S SERUE L 155 98
IR, 70 0B 5 (5 SN o B AR AR5
TISHIE S S RBU N, IR Bk R 1258
BB — i BA — K/ B S — 4 A
PR ARG PRI I e e BHE IR e A AR
R IR AR5, 3l T TS S (U — A R B AR,
M FARRH S A bR BA B BB, BT IR 2 5 9
o9 0 IR R BE B BR . Dk, AT LK 224K

BHE ST T SN, N TR B s . T
RISV ER I Ry R X SR L ﬁ*ﬁ?ﬁj%g&f E

IER G Z KA ME B ARG S . X2 A bR E
SAMLEAA HEIBE SR, Wﬁﬁ_iﬁﬁﬁ/\}bﬁ
TR T, Tk WLEUS REIE iS5 FL5E H bR
1P T RAR AR —ZEBE B4R, JF AR AN B BRI
I Je e — RS — > i b, AT 38 6 1 B HE S B
19 55T DREM Y TR S Bl 72 o AR (=
e, AR i 1S 1B bR 2 s S I I (] 452
IR — B ARG S 1055 HAT AN B9 4E ] i
HSF SR, P F AR 2 A 200 T 158 AR RO 2
BARHE TR 2 T4 H Ao AEE 208 sz B bR, /5
BEHRHIE SRS FL92 FRR ] 5 A RRAE 2 80— 3, 108
SRS — MR

BRES JERF1 » A2 ——> R0
' ! |
* > =
B ]

THhfe T

B9 TR

Fig. 9 Process of interference signal generation

4 £

TSP TR TS K R AN TE o 506
SRR, A EXPT A AR 0T, A%
TR B A 5 IR BRI IRAL T 5T -5 % B BE, i
FART A PEBA AL ZEBEE BT B AR R AR 2RO ] = ik

PRAR$2 R ) 5 K O A2 D B, SR B X 1
R FHAHBE B LB AR B W7 B TR

— BT YRR K R, w3 AT LAR AT LAAH &
HAEIRANS A B i TP b A &5 T3, aT LAS
AT BB TIRCR . TIEAR BB TR
TR TP s — D B A OCBEE R R,

%30k (References)

[1] Fu X, Jiang C, Wang Z, et al. Anti—vessel end—guidance radar
ECCM against deception jamming of range gate pull off[C]//
2009 IET International Radar Conference. London: IET, 2009,
doi: 10.1049/¢p.2009.0121.

[2] Wik ARG 51 Sk A SEACRR ORI DG BEROR )] il S 55115,
2005, 26(4): 1-5.

Gao Feng. Basic characteristics and key technologies of phased
array seeker|]]. Guidance and Fuze, 2005, 26(4): 1

[3] B2, FMR. *ﬁ#ﬁ?ﬁ?ﬂ%ﬁﬂ‘?’i%ﬂ/{kﬁﬁé[] i as
iz, 2015, 36(9): 2807-2814.

Fan Huitao, Yan Jun. Development status and prospect of
phased array guidance technology|[J]. Acta Aeronautica Sinica,
2015, 36(9): 2807-2814.

[4] KB, BK, A, . AR A R0 ORI A
[J]. Jiipzs Fegs, 2016(6): 40-43.

Zheng Qiaozhen, Huang Fei, Wang Jia, et al. Technical over-
view of multi—channel phased array radar seeker|J]. Aviation
Weapon, 2016(6): 40-43.

[5] 2 RkA: . AR RS ik 0 Sk RBEHORWIAR]. FE il 5 5,
2007(6): 55-57.

Li Qiusheng. Primary exploration on key technologies of
phased array radar seeker|]J]. Control and Guidance, 2007(6):
55-57.

[6] Trastoy A, Ares F, Moreno E. Phase—only control of antenna
sum and shaped patterns through null perturbation[]J]. IEEE
Antennas and Propagation Magazine, 2001, 43(6): 45-54.

(7] FEPRES, BLRNS, Rp . R 0 T 5 SRR R BUR A7

J1. TS 5514F, 2014, 35(3): 6-31.

Tang Huaimin, Wei Feiming, Song Ke. Analysis on the develop-
ment status of phased array radar seeker technology|J]. Guid-
ance and Fuze, 2014, 35(3): 6-31.
8 AP HE . AH AP I T SR BOR R BUIR(J]. a5
2011(8): 78-82.
Zhao Hongyan. Development status of phased array radar seek-
er technology[J]. Control and Guidance, 2011(8): 78-82.

9] Wz, BN, et MRS A 5 S ERIR ). ATz e



—t

R 548 2019,37(4)

www.kjdb.org 53

#%, 2013(3): 25-30.
Tang Xiaoyun, Fan Xiaojing, Li Chaowei. Overview of phased
array radar seeker[J]. Aviation Weapons, 2013(3): 25-30.

[10] A RAR . B3 7 I8 5 5 Sk BTSN LRI FE D). K
U E PR R, 2011
Lai Qingfu. Research on anti—outboard jamming technology of
anti—ship missile radar seeker[D]. Changsha: University of Na-
tional Defense Science and Technology, 2011.

[11] Fu X, Yan H, Jiang C, et al. Chaff jamming recognition for an-
ti— vessel end- guidance radars|C]//International Congress on
Image & Signal Processing. Piscataway NJ: IEEE, 2009, doi:
10.1109/CISP.2009.5304639.

(12] BFLE . Mo IR T 5 Sk b PR RS ]. T 1t
B, 2016(6): 104-105.

Huang Fengsheng. Research on anti—jamming technology of
anti—ship missile radar seeker[J]. Electronic world, 2016(6):
104-105.

[13] ARAE, B ZE . Ak i 7 RER )] B35 544, 2003(2):
45-48.

Lin Zhiyuan, Dai Guoxian. Future electronic warfare technolo-
gylJ]. Radar and Countermeasures, 2003(2): 45-48.

(14] FREE T A% R s 2R T8 B ()] T EoR,
2012, 32(5): 8-12.

Chen Dianyu. Main lobe suppression and jamming analysis of
phased array radar[J]. Aerospace Measurement Technology,
2012, 32(5): 8-12.

[15) JTAR . BT XA ] 58 kT Pe R THUREFSE (D). neHB: T
BHER ¥, 2007.

Jiang Ge. Study on jamming pattern of terminal guidance ra-
dar jamming[D]. Chengdu: University of Electronic Science
and Technology, 2007.

[16] G, 4 5a I, (R, 55 . W 40 BT S ik ok 6=
TISTARBITE]. SRR S05IE, 2010, 32(4): 97-100.
Rao Zhigao, Jin Jiawang, Hou Xianghui, et al. Research on
noise jamming against monopulse terminal guidance radar
technology[J]. Command and Control & Simulation, 2010, 32
(4): 97-100.

(17) ZE50 . XPARE B 7R A8 A TR P T PFSE D). P94 P92+
BHER ¥, 2017.

Wang Ke. Research on the suppression interference of phased
array radar{D]. Xi‘an: Xidian University, 2017.

(18] TR A, B, i, 55 . F P s TP i 0
AT SR RIS BB ECAR, 2010, 38(3): 35-38.
Zhang Jianwei, Huang Shucai, Han Chaochao, et al. Effect of
suppressive noise interference on terminal guidance accuracy
of anti—missile missiles[J]. Modern Defense Technology, 2010,
38(3): 35-38.

[19] Yuan C , Weihua F , Lin L , et al. A quantitive method to as-

sess monopulse radar seeker angle measurement performance
in the presence of noise jamming|C]//IEEE CIE International
Conference on Radar. Piscataway NJ: IEEE, 2012, doi:
10.1109/CIE-Radar.2011.6159934.

[20] 2 E I X R4 o A 1 55 RSO TR, R AR, 1998
(3): 3-7.
Liang Baichuan. Side lobe spoofing against phased array radar
[J]. China Aerospace, 1998(3): 3-7.

[21] SCAURL . AR R R0 TR S (D). P4 VY2 TR
K2, 2012.
Zhi Shuangshuang. Research on phased array radar spoofing
[D]. Xi‘an: Xidian university, 2012.

[22] BEUKL, SKAZ AR . AT A R R TR OT S ] A
FXIPL, 2012, 35(3): 10-13.
Xue Bingxin, Zhang Youyi. Research on interference of adap-
tive zeroing technology[J]. Ship Electronic Countermeasures,
2012, 35(3): 10-13.

(23] 5K)" & AR R IS L RO S 00 i T i B SE (D).
WA IR MG JRIE TR, 2011.
Zhang Guanglei. Study on adaptive beamforming and interfer-
ence suppression of phased array|D]. Harbin: Harbin Institute
of Technology, 2011.

[24] KRR, THE K. RIS BB I BOE 1 T IE0EFE()).
RS TRESA e, 2016, 31(3): 359-364.
Zhang Shusen, Wang Tengfei. Research on terminal guidance
radar resisting outboard active decoy jamming|J]|. Journal of
Naval Aeronautical Engineering College, 2016, 31(3): 359-
364.

[25] A, REBEAL . XSS 5 A IR T IEEOR DTS A
FXHL, 2011, 34(2): 36-40.
Wang Jie, Sheng Jisong. Research on active jamming technol-
ogy of anti—ship missile[J]. Ship Electronic Countermeasures,
2011, 34(2): 36-40.

[26] BXIEIAK, MR . AR IBIR S TR ST ik
H5HR, 2014, 12(4): 363- 367.
Zhao Guolin, Han Jun. research on the mixed jamming strate-
gy of phased array radar|J|. Radar Science and Technology,
2014, 12(4): 363-367.

[27] B . A 8 1k S A PR IS (D] BAR: Rk
K2, 2008.
Yang Chen. Research on terminal guidance radar and its jam-
ming technology|D]. Chengdu: University of Electronic Sci-
ence and Technology, 2008.

(28] BRAZJA, AL K. XEHT A R - BR i SAH Z S A A TR T
P WS XL, 2017, 40(6): 24-27.
Zhang Junzhou, Li Chuanging. Active jamming against the
new anti— ship missile terminal guidance coherent radar|]J].

Ship Electronic Countermeasures, 2017, 40(6): 24-27.



—t

54 www.kjdb.org N 548 2019,37(4)

[29] 25 S, FEAa, Bz . A7 RS AR A PR R A AT
PR HTI]. KI5 8RR, 2016, 41(7): 82-84, 88.
Luo Chaoyi, Cheng Siyi, Chen You. Analysis of combined

ronment simulation[J]. IEEE Transactions on Aerospace and
Electronic Systems, 2015, 51(4): 3161-3166.

[32] BRAEFSC. S AR R A 05 AR T e ) A AT 52 D). hl
B LT RHERAE, 2016.

Chen Shuwen. Research on adaptive jamming suppression al-

jamming effect of active irradiation chaff on phased array ra-
dar[J]. Fire and Command and Control, 2016, 41(7): 82-84,
88. gorithm of wideband phased array radar{D]. Chengdu: Univer-

[30] FH I &, BEBIERS . X ISAR —ZEBE S R M A T T L)), 31
R THER, 2008, 31(11): 15-17.

sity of Electronic Science and Technology, 2016.

[33] BJA. k% Radar MMS A FIJFJE S 51 L BFFTITHRI. R4

Tian Xiangfei, Sheng Jisong. Research on convolution interfer-
ence of ISAR one—dimensional range image[J]. Modern Elec-

tronic Technology, 2008, 31(11): 15-17.

TAESHTHAR, 2006(10): 1522-1522.
Chen Feng. Radar MMS company’s research plan on seeker

[J]. Systems Engineering and Electronics Technology, 2006

[31] Bendayan M, Garcia A. Signal modeling of chaff in naval envi- (10): 1522-1522.

Development of phased array terminal guidance and its
interference technology
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Abstract The phased array system terminal guidance radar seeker technology is an important research topic in the world. This paper,
firstly reviews the several nations” development situations of the phased array seeker, with a comparison of the characteristics of signals
between the phased array radar system and the conventional mechanical radar and an analysis of the interference modes of the phased array
and terminal guidance radar. A pseudo-target jamming method is proposed for the high resolution range profile.
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