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H E:TEAREST AL T HRGRABEHR RBFAALTOFEARA BRI RN TEEST S
MRAEROAXTFR., LETEMI B AR R T AEEHM LG AR T L, AR AR ET#H AL %
(Particle swarm optimization, PSO) B ik 3% & 45 5 698 J K £ A 0@, F 3 B —F K T B3R £ 5 a4t
MBHEA ORI G kR Zfe ZAR KA ZMA 5 M 3R, A RIER R Z 5k
HEMLAORAREF REALIEMCHME ISR BROFRELABEITREREIN. RELA
LFM,BFSK,CON,QPSK,M-SEQ % BPSK 3t 6 f 2 R 2 5 # A7 I, FBHRLR AW, £ B 2%t
T, % SNRARKTFO0dB 8 ,CON,LFM Z BFSK#E 58 P39 % £ 5 FiA 5 98.7%,6 £125 8- F34 4
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Local Difference Feature Extraction Method for Slice of Ambiguity Function Main
Ridge

Pu Yunwei'?, Ma Lanyu®, Hou Wentai?, Zhang Tianfei®

(1. Computer Center, Kunming University of Science and Technology, Kunming, 650500, China; 2. Faculty of Information

Engineering and Automation, Kunming University of Science and Technology, Kunming, 650500, China)

Abstract: Radar signal sorting is the key technology of electronic countermeasures. Extracting and
supplementing other new feature parameters is the effective measures of solving the sorting problem of
complex modulation radar signals. In view of the ambiguity function’s unique effect on characterizing signal
inherent structure, this paper adopts the improved particle swarm optimization (PSO) algorithm to search
the slice of ambiguity function main ridge of the considered signals, and then proposes a feature extraction
method which bases on the local difference to extract three local area characteristics, that is the sum of
characteristic value, the maximum characteristic value, and the characteristic value distribution entropy.
These features can well reflect the local difference of the signal waveform structure. To verify the feasibility
and effectiveness of the proposed method, three simulation experiments are designed and the fuzzy C -
means algorithm is used to test the clustering performance of the extracted three feature parameters. The
experimental results show that, when SNR is not lower than 0 dB, the average clustering accuracy rate of
six kinds of the considered signals,i.e., LEM,BFSK,CON,QPSK,M-SEQ and BPSK, is 93.2% and the
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average accuracy of CON, LFM and BFSK signals achieves to 98.7%. When SNR changes from 0 dB to
20 dB, the average clustering accuracy rate keeps above 80.5%. Meanwhile, the time-effectiveness of the
proposed model is better than those compared method. These results illustrate the good performance of the
extracted local characteristics.

Key words: radar emitter signal; ambiguity function main ridge slice; improved PSO); local difference
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Ik GEAR B i S AR A SR A B R S A o (RIS B BT R AT 2 U T IR % T
I o5 3 A7, TR TAEMURORN WA s DA R O s Sy R FERK R e BB R EMNE S
B AR 4 200 (Radio frequency, RF) ik #h 1 & (Pulse amplitude, PA) ik #f 58 £ (Pulse width,
PW) ik #p 2 35 B [E] ( Time of arrival, TOA ) Fl ik i 3] 35 J5 If] ( Direction of arrival, DOA)5 4~ #L 2 %4
o3 AR A5 5 AR A R ROEEN, PR AR 708 19 A B IR IE S B A TR R BE

UEAE R, BEE TR HLE R 0 & R, A 5 3K A5 5 KN R AE 2 8O 5 3 A7 20 2 U T RE . BIFSE N
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G330 AR S H 7R o3 R b, AR O 5 ORG BE 09 450 pR 2L (Ambiguity function main ridge,
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2o Co N TERE F1 Ry o (0 43 B0 we B 53 B A A T F 5 0 R w SRR 10 BE B s M AE 5 AR pR B, Hh
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1.2 AFMR VI E R E #2 B 2 i# PSO 77 7%

PSOFRIE TEAGE N RS, 2 —MEHM 2 REREE. h TRAZXAZRZH , PSOR %
BAT WSO B2 e 5 SR> Y TSR ARy — R TR AR Y A B s R TS 2
N5 0] 1 B EICUI A A T 300 b 2 100 2 )11 2 K TR I T 45RO Ry B B AF MR RRAE B2 O 380k, A S0
A PSO 7 K 2T IS ms LU AMFR YT 948 2%

AR SR A BE LG M A T S A SR B AR S A W PSO Bk 4T AFMR VI A998 2, R0 01 38 B
DAL ST/

vy = w*vy 1 cr*rand, ( )*(py— x0)+ e*rand, () *( pg — Ti) (3)

Ty = xq T vy (4)

P HIPEACE , LR /NI E TR X 17 3B Ak K I 270 50y, 00 25 2 IR, B R AR 250

AR 28 36 X5 91 F- 38 A7 BT B9 SE W) 5 g pea 3 90 R A 1A S5 0 1 42 J) e ARG s rand.y, rand, A 7E[O, 1178 [l N 42
I3 A I BERLEL .

38 5 B HIL A A7 A RORL TR T RE 23 (KL 5 7 ¥ AR v TE — Y L PN T 0 e 2 45 2R B A S T
oo B kX B B0 S A AR 07 B ) T R R B B S I A1 50 A o 50 A ) T R I
T LA LE A 8 A - 249 43415 AR T A i S R, DT S A 8 R A 0 3 i o TR AL S E P 0
IR N SEAEL R g, B HE 22 009 0.5 Y 50 43 A1 BME 1 IRAN[0.2, 0.9]RY 351 43415 o 2720 73 A5 1 o TE 535 5 19
AL G kR T B SR A R A R AT 48 R B R B9 AFMR U) HIHE , LA AR IE IE 8 % R 3] AFMR 4]
Mo (A RS VE Rk A b X TG kL 9 35 0 B R AT HE R, 0 1 B AT 50 Y6 L B RS 50 %6 L
¥ RL T A SR I AR R T PR i S

HR 4 SRk (1277 f) % Bl 2 56 2% SR mT n, ele itk PSO 7 i 38 R 45 2 A9 AFMR U)o RS 6 B 4 i, O B3
SCHR[6 107 % , ik PSO B35 A AR T R & IA (55 AFMR I T A9 I 18], - 248 2w A 42.4 s AR
£ 9.8 s, [A I 7E S A F MR L N PA BT g . BGH PSO S HE 58 1T AFMR B I RRAE 9 52 F 2 L
A% FR R A5 5 43 48 1 S R0 A RUR 72

2 AFMRVUIESERBHBIEZE S FiE

SCHR[6 15 I Y 7 2 48 S RS 5 AF MR YD IR AIE 2 B0 BEHY BE B A )RR BE O T 15 5 46
i 22 S, HOR AR D7 VR RAE 115 5 AFMR U TS0 AE 1 20 A5 A0 46 P (5 B . 5 B3 & 15 5 B0f
PR 5 U T ) 3 TR R B R B 2 S TGS SR e S A U TRT £ JR A AR R 2 S AR P AT IR A
B, DR ¥ T T i 38 A A i o0 A 114 22 S PR AR R 92 9 RE 8 R AR AR S UM RE 1 20 A R Bl 22 S M Y
FrIES %

TEARAR R LU PR BT T, 1 AR I P X AF MR DD ThT 4R i $i2 RS 52 W), 6 0 AiE 2 B2 B, 60 SR kA T
T 2l 2 4k 2

n+ step

flm)= 2*step+1 ,2 f (5)

P s step MBI  fln) N A n AN SRBE A5 S S B0 BE B0 5 A0 M 45 1 A SRRk A AR A RE A
B 145 W T Bk 5 5 (Conventionality pulse, CON) | £k ¥ J# 45 {5 5 (Linear frequency modulation,
LFM) | 41 %% 43 1% {5 5 (Binary frequency-shift keying, BESK) . . #H 4i #% {5 5 ( Binary phase shift key-
ing, BPSK) .M J¥%1{5 %5 (M-Sequence, MSEQ) . VU AH 4 % {5 5 (Quadrature phase shift keying, QPSK)6
B {5 5 AFMR Y) i 76 SNR=0 dB, step=>5 I % 5 - 24 Fif J5 19 %5 BL A5 0 .

XF 1 2l - X 4 BRS 9 AFMR YT 2R 7T JR B0 2% 43 J5 vk 32 O AF MR YT 09 JR 3 22 2 e ik . b, J=)
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max _diff = max (diff) (8)

2 (7—9) AT A1 s sum _diff 411 T AFMR 4] i
ZEH SR, B R T RO BB i JR AR AR Ak 25 S 0 SR R
M s max_diff 5 AFMR Y i J) 3 25 5 1) B KAH, # ik
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TR R B T2 U SR 2 S 0 A A R E2 oA
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3 XWHERKSMH

SRy B AR 7 2 (A 50 R T B BCRAAE A R RE . A LFM, BFSK, CON, QPSK,MSEQ }% BPSK 1t
6 Ffr oL R % 5 AT SE I, Lt LEM (94 95 Jy 10 MHz, BPSK #1 BESK ¥y 13 {37 Barker i, MSEQ Jy
(1011100) , QPSK W% F 16 {7 Frank % . BT 43 {55 PW ¥4 10 ps, 34 60 MHz. 5341, Bk BFSK i1y
PS5 0 S B 10 MHz A2 MHzAE , He 4355 RE #°8 10 MHz.,

FE 4 B AFMR VI (9 50E PSO 53k b, b B RLAS Sy 20, B KRB AR R Bk 100, w BRI ME R 1, 0=
0.5 89357434 , Hovh pr UIRA[0.2,0.9] B #9351 204, 2 S B F c;=c,—1.8.,

FE JRy 58 25 43 e AR 4 ISR v Ay (R B R A R I DR A 5 Y R 2 S vk S RT b gkt G I S X BT
PEMEE R Z W, 25 K m WBUEARE R /N RERE K. H IR EE 5 B R ARG Bl s A4k 512,28
Kom — AT MR 80 ~ 90, Zeat Z UMK, 76 m Sy 85 I BT 52 B A SR E 43 B85 1k e 4, e DA R s g v, 25
A m g 85, 22 (5 V-2 53 B 60 25 173 o

KW 7£0,6,12,20 dB 4 SNR T, & 205 577 4 1004 kol , w0 G A A BEAL . 48 FH i ik 1) PSO
SEVEXHE 5 19 AFMR V)T SE A7 PR a4 22 0 Sk 78 300 4] 8 75 1Y ) A e R B B2 AR B8 D B 1 5 1 L X 4% 1t
FE R 42 U B9 AFMR U 1 9547 9 87 24 kb B step 20 I B N 2,3,4,5. MEMESERUR R ZE LK
m=85 H£ L AFMR 2& {H I ¥ 22 {8 53 1 60 55 43 , M 4l =0 (7—9) 58t Ry 38k 22 43 19 3 AN AiE 2 40 sum _diff,
max _difl, entr_diffl, 5351 4 B [ 58 SNR T AR 258 4 5 600 AL AE 5 46 1~4.

i FH FCM B35 X R AiE S 500 A7 R 28 0 L SCHRL6 TR SCHR[8 1A R A E AT BB 73 B . &I 3—6 45
H T ZEA TR SNR RS 54 1~4 3F47 FCM R85 M RHAE 4 70 15 B0, 5415 5 48 76 AH I {5 M LU R 1

RRLEIRNFT 1—4 R, 5 3CHR(6, 8 AR 43 T X HL 45 R 4N 5w .

T

1.0
0.8

3 SNR=20 dB i} Jay ik 22 /345 4F K4 SNR=12 dB B 3 25 40454 K15 SNR=6 dB I} Jaj 3k 22 73 H5 1F

RRLIR AR RRGIR
Fig.3 Local differential feature clus-  Fig.4 Local differential feature clus- Fig.5 Local differential feature clus-

tering results at SNR=20 dB tering results at SNR=12 dB tering results at SNR=6 dB

%1 SNR=20dB KM FBESHERRKLER
Tab.1 Local differential feature clustering results at SNR=20 dB

{E5 2% CON LFM BFSK BPSK MSEQ QPSK #E#i#/%

CON 100 0 0 0 0 0 100
LFM 0 100 0 0 0 0 100
BFSK 0 0 100 0 0 0 100
K 6 SNR=0 dB i} J& 3 22 43 5 fiF BPSK 0 0 0 93 7 0 93
K 4k

RRER MSEQ 0 0 0 1 96 3 96

Fig.6 Local differential feature clus-
QPSK 0 0 0 0 10 90 90

tering results at SNR=0 dB
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®2 SNR=12dBH FifEMFMERLLER
Tab.2 Local differential feature clustering results at SNR=12 dB

552 CON LFM BFSK BPSK MSEQ QPSK HERH R/ %
CON 98 1 0 0 0 1 98
LFM 0 100 0 0 0 0 100
BFSK 0 0 98 2 0 0 98
BPSK 0 0 0 96 4 0 96
MSEQ 0 0 0 1 94 5 94
QPSK 0 0 0 0 5 95 95

#3 SNR=6dBEFiHENHUAREER
Tab.3 Local differential feature clustering results at SNR=6 dB

(CREEYY CON LFM BFSK BPSK MSEQ QPSK HER R/ %
CON 98 1 0 0 1 0 98
LFM 0 98 1 0 1 0 98
BFSK 0 0 99 1 0 0 99
BPSK 0 0 0 97 3 0 97
MSEQ 0 0 0 88 12 88
QPSK 0 0 0 1 12 87 87

*4 SNR=0IBHEIHENFHARELER
Tab.4 Local differential feature clustering results at SNR=0 dB

(e CON LFM BFSK BPSK MSEQ QPSK R/ %
CON 100 0 0 0 0 0 100
LFM 1 96 3 0 0 0 96
BFSK 0 2 97 1 0 0 97
BPSK 0 0 6 82 12 0 82
MSEQ 0 0 0 9 59 32 59
QPSK 0 0 1 6 18 75 75
& 3—6 AT %0, A5 R R[5 e 1 T L 3 5 e ek x5 TRABMETEHSERIERIT L
24T TR U 3 AR E B B i i i 2k |] 4y Tab.S  Comparison of average scores of different
BRI AK B SE. (EfEM IR T 6 dB I, iE features
ik FCM R 2 & 0] LA AN [ 34 i 28 #LE 5 (6] 6] =/ %
= SN %5 fE¥ b /dB SCHR[6 SCHRLS
B A L P AAATEAL R S /[ ] #/[ ]
FHAIE FEAE

Wit RI1—ATUAED , EEMRES T 6 dB

i RS R BN, R0 100% , Rl % 95010000 100.00

F87% . 1E6.12.20 dB ik 3/ (S M [ F L ¥ 5 12 96.80 100.00 100.00
o . I, 6 94.50 98.10 99.00
EWETFE N 95.3%,96.8% K 96.5% , on T &b
. R 0 84.83 81.17 94.30
MR HER M . BIEEAE S 1L 0 dB B, BR T M-
1y 93.16 94.81 98.32

SEQ, HA AR 5 5 BAT BOA il B A0 R I i %, oF
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PIRBMEF B R 90.0% o 3R 5% A SCT7 6 T 42 BURFAE 55 SCHR[6 , 8175 2% JIr $1& JBURRAIF 114 58 24 v ff ek iR A 7
TXEE o H ST AR SO I T A R R A SR 2 v A e s A T SRR (60N SCIER[8 ], H 22 BEAR /N, AR SR
57 93% LA MEn v . 35 U8 B AR SCRRAE B2 0 15 02 T A7 R AR T B LAY R AE S 80 T R
THERGES R ES  AEA B0 28 09 R 52 3R 1, B A5 W8 b & A ol i AR R g A
R i e e T

KU 2 I UE R B 25 SRR AR AE A MR L AR fL BT A PERE I B SNR M 0,2, 4, -+, 20 dB, B R B L
TABEAL™ A 10N FEAS o il Btk ) PSO B3390 6 5 5 BOR eR 80 2 U0 I 2E 4748 R L SR B sum _diff,
max _diff, entr_diff =/MFAESH0, 20 1 SNRAZ ML IR A S 55 0 660 IR S22 5. B 74 TR 54
5 FCM BRAAEBL, RIZ5 RN 6 iR .

F6 (FRRLL0~20dB TRBESFERELER
Tab. 6 Local differential feature clustering results at SNR=0—20 dB

{58528 CON LFM BFSK BPSK MSEQ QPSK E#i#®/%

CON 87 1 21 0 0 1 79
LFM 0 75 6 26 3 0 68
BFSK 0 0 108 0 2 0 98
K7 SNR K 0~20 dB i Ja d8 2 43 ¥ BPSK 0 0 1 79 30 0 72
4 SN ok
fiE K4 MSEQ 0 0 0 1 100 9 91
Fig.7 Local differential feature cluster-
QPSK 0 0 1 4 23 82 75

ing results at SNR=0—20 dB
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Tl B JRRMERG 3 RRBIE X T BESK M MSEQE 5, RS UERH 2 70 5 R 980 F1 9100, ik SLde 45 1
b — 2R S T R 3k 22 43 R AE X T SNR A8 4k A e f 1

B2 6 1] LLE I AR 2R BU(E 5 R RORAAAE 22 5, L F2 28 S DR e 75 X AN R {5 5 AFMR VI i 5%
WA o R 7 Ui X — ), B 8 45 T LEM {5 5 il BFSK {5 5 43 I 16 {5 W H A 0 dB 1 20 dB R B
PRVE 3B VI X EE R . BT AE P ARSI L R L LEM (E 5 AFMR Z8 {64 0 B3 8 1 BFSK {55 AFMR 728
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Fig.8 AFMR comparison of BFSK and LFM signals at 20 dB and 0 dB
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TEAE 22 BE /N, RS AR A4

I3 N HEAR SO A B BURRAE (5 B 50 UE T ik A B R #E SNR=20 dB 5L T, 6 15 5 4%
FEA 10 A BEAILFEAS | 23 B0 FH JR B0 25 43 O 2 i O ¥R O 5 BRUJE 56 36 ) vR IS8 BURE By R AE , I3 SRR AF 2
HCREI . 528 B 32 HLBC K : CPU s Intel i5-3230M, INf7: 8 GB, R 4% : 128 GB, SZUe 45 Rk 7
Jis

®7T ESHERRENILE

Tab.7 Timeconsuming comparison of signal feature extraction S
e RS2 HCFE I R
CON LFM BFSK BPSK MSEQ QPSK
AT 1.64 1.78 1.56 1.89 1.63 1.89 1.73
SCHR[6]J5 ¥ 8.81 8.20 8.18 8.25 8.16 8.20 8.30
SCHR[8 1T 1.30 4.23 1.16 2.61 2.11 2.63 2.34

PR 70 L, 0F LU R 7 1 R ETE 8 B 07 U AR SCHRRAIE £ U5 125 S B FE I 23 31 06k 2> 6.57 s H10.6 s, 48
JT 790 M 2600, Wan T B IR o Ok — 20 U B AR SO YA AR I ROPE T TR PERE R TS TG
5 2R FER SN AR SO s R T vk M R B8 I8 5 1 2R AT X G A

SRR B R AR AR S T RHLIE R AT 800 I SR [R] A AR A T RPL R IR .
R AR R PR, — Bl GUH R A A R R 5 — R G SOk R T f
R ISR R UK . AR SR SRR (15 7 38 J7 ¥ X 45 5801 B 2R BE b AT 70 #

7 10 55 28 VAR R UL PR A5 5 9 AFMR DI, I 7 H S0 U a9 #5906 7 22 DL b i 22, FLge
RSk AN

7NC,+ 1INC, + 3C, (10)

VIR 6 S 75 12 R P A b A8 J5e ) 7 ¥ 0 AF MR DD THT it 4678 Sy — A4S AL [RTIE |, 8RO i L 5 [EE 2847

S 2SI RS O BT A DI S8 S B R AR, R AR SR A

11 1 5 3
— NC.+ 5 NC,+ 5 NC,, + 5 NC, (11)
ASCRFAE PR U IR IR 2 JE
1 1
%Nca + 5 NG+ NC, + 5 NC, (12)

K (10—12) - COM LB 5 O N WEGE S Co A TRIEIZ T CON BRI 5 . RS SCHR[15], 15 R Z 4L
THOLT e kam 5 5 Ik ik oz 5 B it I A0 A0 o5 R T H S AL 8 RURH 22 JC L, T Bk Az SR RE I R o5 ] 5 O
s ER LRI B 2~104% o R I b 30O B 9 12 530 52 2% 88 T J 4k oAy 9 12 BRI B V6 0, 2 8 s

H1 e 8 ] LR M, A SCT7 i T P e e ity 5 RN A0k S LA TR T i . 288 kA AR ST
P AR HE 24 SRR 7 0 1/3 0 1/6. .
BARRIEE A EREAR R & 7 U AR AE 4R U Tab. 8 Comparisons of complexity of three algorithms
FOHGR T AFMR FRAE B2t it — w7 i Fu i A MO RIB R
AFMR FFE 52 by TR R 977 B T4 3.0N 18.0N 8.5N

Mt R 3R AR T, T R BRI 0-5N 50N 1N
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375 ¥ W RORY R K 5 DD TR AE B IO T V5 R AT AT R O o R R R A 2 (R L 25 R e R (B 25 M
IY AT 3 AR TR T AF AR R AR Ry S g R R S A B R R T S i A A
Peo P, REAE S0 AF AR A R 207 ik W R A B AR 5 20 BERE 1 L, i TRt PSO S
VA AR B2 00 7 1 B SR B AR AR s B /NI D, DRI T 4 T 3 B A T B B R e L AT
DA PR UE AR AIE i BRI 2801

4 HRIE

I 278 52 2% A ) o 328 0 S0 R 5 9T R i 2 B B 42 I, AR SC LA 5 MR o 50 4 U0 T D W ST X 42, 1K
Bl JRy 322 73 TR AR YT — Rl AR R X RE B U0 AR AR B OB O i o B4R O ik Al T ek PSO B
T DR A R A B SR R KRR B 2 DD T, 3 5 R 2% 43 O ik R M 2 R 2 R A 2 (L0 A R 3
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