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Radar Intra—pulse Modulation Type Recognition by Using
Integral Quadratic Phase Function

LV Ya-kun,YANG Cheng—zhi, WU Hong—chao,ZHANG Bo-lin
(The Aviation University of Air Force,Changchun 130022, China)

Abstract: A recognition method based on integral quadratic phase function(IQPF) is presented in order to
improve the correct recognition rate under low signal—to—noise ratio( SNR). The preliminary classification is
completed according to the different signal frequency modulation slope . To implement the automatic identifi-
cation ,the 1QPF peak—power ratio and power spectrum estimation are used. Recognition flow chart and the
simulation experiment are given . The results indicate that the correct recognition rate can reach 90% or more
when SNR is greater than -3 dB,so the method is feasible and effective. Research in this paper provides a
feasible method for radar intra—pulse modulation types recognition ,which has a certain application value.
Key words: electronic countermeasure jradar intra—pulse modulation ;identification and classification ; peak
—power ratio
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Table 1 Peak—power ratio of the first type of signal

5% ppr 5% ppr

LFM 1 P3 0.31
P4 0.63 Frank 0.28
P1 0.56

H1 T 1QPF REt SRARTEREALLF, DU PERE B,
HIE{ERE R L RA B RRRE R, NI AR 1
S —2RA5 S TQPF W {55 {5 5 RE TR 2 [A] A 2 1k
RF I I E A R SE R — A5 5 1 26
WP i o LG A FETTBR AN BT 2 i 7S ( Sy 4 7as B T 9 i
A — AL TR A BT WS ) o

1.0
0.9 LFM
0.8

0.7
=y N
1 0-6 P4 ITRR2

IIR1

#20.5 P1 I3

o
& 04
0.3

02 Frank

0.1

0.0
-0.25 0.00 0.25 0.50

H— LR
B2 Sl S I AE A LR
Fig. 2 Peak—power ratio graphics of the first type of signal

VEIIBREIME M A, k=173 Bf A 43 5IH 0.7,
0.57.0.4 F10.3, B0 A>0. 7 Bf 4 LFM {55,0. 57<
A<O.7HFH K P4 15,0. 4<A <0. 57 W4y P1 15,
0.30<A <0. 4K P3 fih, 24 A <0. 300 # 4 Frank
i, SEBR{GE & B, T 52 B FS DL & ppr (B 4%
TSI, PRI TEBA R S REAIR , PR A5 AR 5 e L
PREERE I REL kT TR A = A/k, HE M
ANEF IR /N e, ANt (s AT AR B4 R ppre (B 2T
PR [ (T e 75 BRI AN AR JF By K TR R 5 2=
{8, 020 ERA Hid M A& SCbrAg i .
4.3 FE_RESHIRH

IR R4. 1T RTRNSE 23805 5 1) IQPF [&rh BPSK

_P3 17 /R4




5 54 %

BWE W7k R85 SR AR AR L pR B T8 2 Ik P 8 1 28 20 1R

9 1

RIPASUEAE , 2FSK S — AN R TR B R
S A =X A, B2 BRI 55 IR 21~ 4
ANFEHAT43HE . BPSK f5 5 2 T— kA 140
RLARAK 1T 2FSK {55 MR AEAS R B 1 4 74 2 A
b, PRI AT LUR DR A S e (500 ok A T
FIWE, SCERL6] 45 H TR AR D5k 1 ik i
AR T BRI AN A5 5 A TR 4T
(1) 3 o7 PR A T A TR 2, AR SR A 30 B AR T
R, K3 4 Tl Burg BRI BIRME
S AR BRI TR ETE . AR Ha] DU {5 5
BB b D 3 PRI RS S . SE8l A ke 28
T PRI A 7 1A A M L P I 725 %o {5 5 W {1 4™

s, T DA S BRI TRR p=2/3xP (P Fmn i
SRR . WA TR IEE A C RA
—A~, KA BPSK 1555 An SR fiad 1] BRI (E N5 C
AWIAS, AR 2FSK 5%,

20

10

-10 / \
20, 50 100

150 200 250

HAE/dB

(a) BPSK
20
10
g
@ 0
=
-10
20, 50 100 150 200 250
KHA
(b)2FSK

F3 52551 AR TIRE R

Fig. 3 AR power spectrum of the second type of signal

4.4 LPI FXESAHIEEIDFRER
FRAE LA X5 ok P9 R il 2 AL U 4 2R B i 5T, B
oh AR BRI ARAE i 4 Fros

e

{5 M b £ T

K4 LPT k8 H 2RO i
Fig. 4 Flow chart of LPI radar modulation type recognition

4.5 FEXWMUKRMEES T

R T 2R A ST 7 325 A R A E
PR, B BRI B2 B 5 545 5 40
}§ LFM Frank .P1 ~ P4 fih BPSK 2FSK %% 8 #i {55,
FofE 5300001 kHz , REEAENT kHz, ZAHIB(E 5
HIT O 64,55 KESG —BUE N1 024 55, T A
WS SR b i R X RE S B 500 Tk
SRR P S U ER R R E 5 R, AiE
WA SO 5 (R DR P R A P, o AR SC 3 e F st
B 5 SCHk[ 8 ] Jrikitt AT Xt b, D B4 SR El 6 Fis

100

—o—LFM

95 ./ —+—BPSK|
=® & ——2FSK
~. ——P1
¥ P4
= 90 —p—Frank
X ——P3
E 85

80

75—5 4 -3 2 -1 0 1 2 3 4 5

{5t/ dB
ElS  ORE G T AU A %R

Fig. 5 The recognition accuracy under different SNR

PNGIRE - Ea I N = T R o NG
TRBIE RS R0 T SCHR [ 7] 8958k, M E MR
F-3 dBHFHIIE 6 R A E] T 90% |, M5 M K
F0 dBAF B IE A R 3K 8] T 100% , HH LR,

- 1257 -



www. teleonline. cn

HLIREAR

2014 4F

Xt P2 5455 A1 LEM {55 515 51 1 0 A 2 45 5, P4
5 P1 A% I (E RE e HL T, oy i R 8 210
AL PL RS, T P3 A AR B R B A1, P ok HL (B g
L ST, A 5 UM AR Frank 15, & 6 5 H
SEIRFI  FERTRME W b A AR ST ) 7 kit
(AR TS0k [ 8 ] ik, HLBEE 17 W8 LL (Y 1K
SCHR[ 8 1 /4 7 % i [R5 #E A5 36 B 0 (0 386 i, 1ii AR S
BT 7 BN B — 2 RS P, Nt iE i T
AR AN W AR 5 ) R G

200 7
180 [N o o |

160 i :
N

@ 140
= 120
1 100
¥ 80
E 60

40 T

0

5 4 3 2 1 0 1 2 3 4 5
5 ¥t/ dB

El 6 JHFERTEIXT L

Fig. 6 Elapsed time contrast

5 4 it

AR SCRYE TR IR T R RPR P RHE 3 T —
FPEET TQPF A9 5 35 ik P9 18 i 2 B3R 3 43 25 1
2o ZOT ARG S RN A IE 1 R
85y, 2 Ja a5 5 1% 1QPF W {A fE & H LA L
DIRGFEAGTE 58 MO 5 RS i 202 . B R T %
AT A IS R T TRR e R g e v e 4y, 2
AEAF TREY AT, G RER, RUIA RN
(A7 EL AT A v (R U R FE AR I LR T -3 dB Y
PN ER R YA T 90% , 4150 H K F0 dBIHA
FIEHFIEE] T 100% , (HREA ST T PL/P4
51 P3/Frank A5 & 57 [T BR AN A 38 55 46, %
T3 HRE 58 B © R S 5 00K o 432 i v F
A A R I 2 TR ) A5 LR SE B IR 40 AN i S
Kt or28, F — 2B E S e p A [l

S Xk

[1] Gross F B, Connor J. Comparison of detectability of radar
compression waveforms in classic passive receivers [ ] ].
IEEE Transactions on Aerospace and Electronic Systems,
2007,43(2) :789-795.

[2] Jennison B K. Detection of polyphase pulse compression

waveforms using the radon — ambiguity transforms [ J].

. 1258 -

(3]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

IEEE Transactions on Aerospace and Electronic Systems,
2003,39(1) :335-343.
BRI JH — T, 22 ORI, B T AR X RO AR 7 5 R 11
A Sk AR R 2 BT ()] AR 2241, 2003,24 (4)
153-160.
HUANG Zhi-tao,ZHOU Yi-yu, JIANG Wen-li. The auto-
matic analysis of intra — pulse modulation characteristics
based on the relatively nonambiguity phase restoral [ J ]. Jour-
nal on Communications,2003,24(4) :153—160. (in Chinese)
T, R LT RO R B AR 48 A4 Jok P £ 5 9
JrRBI LT IR AR, 2011,51(12) :42-47.
NING Hui, CHEN Chao. Recognition of Intra—pulse sig-
nals modulation based on fractional fourier transform[ J].
Telecommunication Engineering,2011,51 (12) .42 -47.
(in Chinese)
Swami A, Sadler B M. Hicrarchical digital modulation
classification using cumulates[ J ]. IEEE Transactions on
Communications ,2000,48 (3) :416-429.
IR, RS VLR AR, S SRR N R TR A (S S
B[], THEEHL T AL S5 R, 2011,47 (15)
156-160.
LI Ming—yan,ZHANG Lu-jun, JIANG Ming—yan,et al. I-
dentification method for complex modulated radar signals
[J]. Computer Engineering and Applications, 2011, 47
(15) :156-159. (in Chinese)
et BRIERL, EART. BRI HIE AR E R Ik SRR
SOTRLT]. T HEYLT AR SR ,2013,49(13) :198-203.
LI Jian,ZHANG Guo-yi, WANG Chang—yu. Identification
method for complex modulated compression radar signal
[J]. Computer Engineering and Applications, 2013, 49
(13) :198-203. (in Chinese)
Phillip E P. Detecting and Classifying Low Probability of
Intercept Radar [ M] . New York; Artech House,2009.
T 5,2 . —Fr iy LEM (5 5 2 8Ub a1 T ].
S AbEE 2008 ,24 (1) :132-134.
WANG Yong,JIANG Yi-cheng. A new algorithm for pa-
rameter estimation of LFM signals [ J]. Signal Processing,
2008,24(1) :132-134. (in Chinese)
BhL AR R ESE, . — M 2R G KR AE S
K SAG I )] R TS TH0K,2011,33
(2):310-314.
LI Hong,CHEN Shao-rong, QIN Yu-liang, et al. Detec-
tion and parameter estimation method for polyphase-co-
ded pulse compression[ J]. Systems Engineering and E-
lectronics,2011,33(2) :310-314.
JEMG & PRERSR , 2k, F. JE TR A AL s BCRT
YU Fourier 8 # 1) £ 73 4k LFM 15 5 2 Al if
[J]A554b3E,2012,28(7) :926-931.
TANG Peng—fei, LIN Qian—giang, YUAN Bin, et al. Pa-
rameter Estimation of Multi—component LFM Signals U-

sing Integrated Quadratic Phase Function and Fractional



/;ﬁ 54 % IIIJEE TZJ&ID\

SR A R BT AR RS 1) R 3k ik oA 30 i 2 2 1)

59 1

Fourier Transform[ J . Signal Processing,2012,28 (7) :
926-931. (in Chinese)

[12] Wang Pu,Li Hong—bin, Djurovic I,et al. Integrated cubic
phase function for linear FM signal analysis [ J]. TEEE
Transactions on Aerospace and Electronic Systems,2010,46

(3):963-977.

EE ' .

BIEE (1989—) , F , bk & A, 2012
.r UE T A A K A 2 o, B B
GO, WSS 0 R T IR AT S Tk N 9 i 2
R 5

LV Ya-kun was born in Zanhuang, Hebei
[Province ,in 1989. He received the B. S. degree
from The Aviation University of Air Force in
2012. He is now a graduate student. His research concerns radar

intra—pulse modulation type recognition.

Email ; lykc123@ sina. com

A& (1974—) , 55, HIR ROKON, Stz i A = 0l
FEBFETT 0 R A5 B S X 5

YANG Cheng-zhi was born in Tianshui, Gansu Province ,in
1974. He is now a professor and also the instructor of graduate
students. His research concerns information perception and coun-
termeasure.

REB(1982—) , J  BITLMRIEN W, FEEHF5E
IF5ETT 160 A SR S 3T 5

WU Hong - chao was born in Harbin, Heilongjiang Prov-
ince,in 1982. He is now a lecturer. His research concerns infor-
mation perception and countermeasure.

SKRAAAR(1990—) , 55 WAL AT AR N B BSR4, 2 EEAF
FEIT 0 TR

ZHANG Bo-lin was born in Hengshui, Hebei Province, in
1990. He is now a graduate student . His research concerns elec-

tronic countermeasure.

. 1259 -





