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A Signal Model for Integration of Radar and Communication
Based on Random Stepped-frequency OFDM Radar Pulses
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(1. School of Information and Navigation, Air Force Engineering University, Xi’an 710077 ,China;
2. Unit 94789 of PLA , Nanjing 210000, China)

Abstract : To solve the problem of signal separation in the system of integration of radar and communication,
a signal model based on random stepped—frequency Orthogonal Frequency Division Multiplexing( OFDM) ra-
dar pulses is proposed. By the frequency agility, the communication data is modulated on the radar pulses
and then transmitted through random stepped —frequency pulses. Thus, the target range image can be ac-
quired from the correlation of the echo signal and the reference signal, while the communication data is de-
modulated by means of frequency detection through bandpass filter group without signal separation. Finally,
simulation results show that the designed signal realizes decimeter range resolution imaging and high-rate da-
ta transmitting in Mbit per second, which can satisfy the requirements of transmitting the mass data.

Key words: integration of radar and communication; random stepped—frequency signal; OFDM ;data com-
munication
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Fig. 1 The pulses of linear stepped—frequency radar
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Fig. 2 The pulses of random stepped—frequency radar

TEE 2 W f, e M AT ko R B 454,

Sn=f.+d, B, m=0,1,2,--- ,M-1 (3)

Hor f oM Z SR, 4, MEEHLECH 4, € {0,1,2,
- M-1} RSHI KRS A



5 54 %

BNIE  RRE, 25 45 LT OFDM BEAHLAL JEAR Y 7 1858 15 — AL 5 SRRy

58

s(0= Sp,(-mDexp(Rnf,0)  (4)
S, (1) R85 m AT kb 9 OFDM £55'5-612% ./,
ot m AT B AR B, T % Db o 52 0,
U (AR A BBV o, , BT 7 A s
Rl

i (=T /2-mT
s(t)= Zoz_llw"rect(p#) .

P

exp(j2mnAft) exp| 2w (f,+d,By)t] (5)

3 FBRREGFEMHUAREERESHT

FET OFDM 1y B MLAI 3 28 145 5 — J7 T 1
A HE 5B B KA B8 S B0 I8 A R o SR 1S
— 7 TR FHBEHL Y 20 35 24 S A5 e, DT S B
Rk, X HE AR — AR R
TR TR, TR AR 7
W HE A5y 2O ) T KL AL =2 8] ) s 6
{5 o BBV N A S5 ok TV LA B L e it 1 B ks
TR 1 735 B A B, kil s —
WAL (5 B HAR S B 2
R TR S vy, B ) A% B 2 H O AR R fE
FERBERLEY M (M =2") RIS, 8 7= 4 9 OFDM
TIRIK MR M S R ) R BE AL A AR (1 K
RS gt BARNIS &gt 7R R R E ,
S 255 5 Wl (5 5 PEA 7T AH G Ab 3, 15 3] — 4 iR
B A B, AR S 8 D AR A S A T
G 0 e 1 JHAE A DT AR BB A5 L, S
B X — R E 5 Rk T IR
S HEGEE SR, KRREIL T &R 25 I
BARTAENAT 5 E S r v W 5 = 3, i
P g HOR AR RN 3 BR

ZHBIBE m
B3

OFDM

rov [u B2 45 HE]
M’( F o HE. &EﬁﬁﬁiﬁH R# |{m&%

3 IR fF — AR S b BRI AR 1

Fig. 3 The signal processing of integration of
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Table 1 The distribution of bandwidth of random
stepped—frequency radar signal

P &

(i

ot

e R
B, 4.76x107
2B, 4.17x10™*
3B, 0. 02
4B, 0.17
5B, 0. 42
6B, 0.31
7B, 0. 07
8B, 0. 002
(ERe AR ]

E(B):iP(iBO)iBO:S.25B0=O.625B (11)
H LA B A Al — R AR S i SEAN R 1H
(1), ASBEIS B T BT Aty B, (H P 34971 S8 B e ik
FHEAT S —2F DL I, FLRE 2 T ko 4% i FLRR 50
SRR A AN AT YE, SEPR R SER T
Rk S B0 BRI REAR, R — R A (5 5 2 i T
—JE ) B IR T HEROR LU E S T fe . tES R
A [R5 SR A3 B BN 8 R R Y
Ko FEX S PR EORAR A IE 0T, AT LAE 3 35
ik B = ik 0 A BR8N 5 YE , DA TT IR # B
B,
3.3 HIEEPURBEES N
TR W oy , R FH — 24 38 U8 D 2% SR R DA
- 1110 -

T, MO U DA 0 U — A S I
o A i R IR e A e
AR BRI A AR i i o A — e
PR TGS AR I R AR iR, R M g%
A1 3 208 A A MR P R A L ST B A el e T I
HALZR MR T A o34, A5 AR P
h,— BEUE A ) R Hh AL h ROBER O P
(h) , HiFm Al oA 2 XA

P = Ze = (12)

h g,

o Dl R DR AR AR
P.(h)=1-[1-P(h)]""

FATTBRAE A A, 07 A R SCEi A 534 p (h)

BRI

P, = [p(h)P (h)dh =

M-1 1
m-1 m
”12:,1 (_ 1) CM—I m
X (13) 2 —ER I 20, b E Ay
i, AR AR R, E 0] LUUE B B a8 — o2& -
LN
P e o h(-m2) ] (14)
ok R T T & LR, r, R LR (R R L
HH R LR GRS 30 R T i — 2D AR BR R R
k-1 k-1

2 r7
Pb:ﬂpe<2lf7_16Xp[_k(Tl_ln2)] (15)

—ma2 2
e ma?/2(m+1)o3 ( 13)

i (15) BT LA Y, B b £ e H:;—b—

In2>0, Bl r,>1.42 dB,Ffi% k BUAWIG K, 1R L ARSR
NN T & 3SR S A5 S o Al e Ok, e 5
2 LA R o A SR e R A 3R Y AT

4 REMEXR

4.1 —HEEEHE

ST RUE SCH BT O S A AR, SR FH SR
BORIHEA T L, B A S H AR, BB 50 51 R,
=2 000 m,R,=2 001 m, i ZH o, =0, =1,FHik
RS GHz, F ik OFDM 15 % 71 9% B,
=30 MHz S5 N=20 5% FEA Af=1.5 MHz, {5
WL SNR=10 dB, B4k i e 5 1 Bk b~ % M
G301 816 32 B, F FHAH DG il —4EFE 545, HoAjs
HEERE 4 FiR



554 % BNIE  RRE, 25 45 LT OFDM BEAHLAL JEAR Y 7 1858 15 — AL 5 SRRy

%5 8 1

1.0 ]

X:2001
Y1

1980 2000 2020

PEE/m
(a)M=8,—H4EfE {4
1.0 [ |
W | x:2001
X:2000 r
- ¥:0.8789
]g
?’. 0.5
bing
0,0 :
1980 2000 2020
BB /m
(byM=16,—4EHE 1%
1.0 Im
X:2001 X:2000
r1 Y:0.9835
i
lg
%2 0.5
o
90980 ‘ 2000 2020
BEE/m
(c)M=32, —HEIEB%
1.0 | |
In
X:2000
¥:0.9311
Fiid
]g
-\IE 0.5
m
%%z0 2000 2020

BB /m
(d)M=32,Imid—4E B 1%
4 ORI SET i — e B 1%
Fig. 4 The range profile in different bandwidths
WK 4(a) s, 16 M=8 BISM T, B Bl ve
B=240 MHz, V347 %% E(B) = 157.5 MHz, -3 4%
PR K Ar=0.952 4 m, B S BHARRIEE N1 m,

S BT Ly A 5 B AR H AR A B AL
P SR | SR ELAE R IEANRE A B A M
=16 MIEHL T, P05 Ar=0.625 m, Q1[5 4
(b) Bz, AT ASEAT A 8053, (H o e i, 5% A
B AR R BARRCR I ASBRAR  E— A5 8 5 E 4
BB, M =32 I, Ar=0.468 8 m, {}j EL45 Rt & 4
(¢) Fi7R , SRR A/ N (B AEAE . SRtk — 2Bl
S R IA R B w, W8 N A% )5 7 pR B,
B w, =cos’(mnAf/B,) , HAGT AR NE 4 (d) B,
SERAT BT AN, BRSO AR

LN, 76 Af=1 MHz SO T , A BE B R, =

ZLAf: 150 m , g F R LA FR AR 0 5 o 2 06 H s X ek

PEA RN, B 52 E AR A AR R | AR 5 15 8 B s YL
% (BN T 150 m) $EA7 = 20 BERLG, 1 1 3 Bk 2
R AT
4.2 BEIEEBEBESHT

U5 BES B B4 0 B SO R, T bk i) ve
JEN T, =1/Af=0.67 ps, BAFBkoh ol LG4 £ L
FEEUE k= 1bM B BEBK ol 4 A5 25 ok 0. 2, B diE 1
TREHR R0, 3k Mb/s, 5 M =32, {% 4y 3% ] 35 2]
1.5 Mb/s, RGE(E MR EER S5 S 5T v
A5, RIS R kb &5 10 FLRR AR & A7 G, 2 & BUR
[FERT , RER LARR S ER L OCR WA 5 FiR

0 1

2 3 4 5
LA {5 R/ dB

KI5 ORI 58T 3R FAR A5 LU S IR LU 5 3R
Fig. 5 The curve of BER and SNR in different bandwidths
M S A, 78 HORR AR R L r B/ (<
1.42 dB) B, AT & fED0F B PR AR BRI AR A,
PO 18 L AN T8 O, & (ELBOAS, % HE AR A /) 5 2
FORFE IR LR T4 dBI, 3R FURPR IR0 LI,
REAL 1 0 1 A 20K

5 H#RiE

ASCH XTSI — LRGP AR50 5 5
S S HMESY B O U, B8y T —FH3E T OFDM 9
1111 -



www. teleonline. cn

HLIREAR

2014 4F

oK e BEATLAE E A ) T 1l A — A SR iy, 7T
IR , T8 A A DI AT — R v 0 AR A
R A P , S A G A5 5 A A I 5l , ket 1
XEIRE S GRS E, KRR T REH
SR 2t T ) s S5 3 7 5 R0 368 5 bl 40 e
FURFBR Z AL AT 1 P AL A 930 a3 A A i 5Bl | i £
UEFR IS PERERYTT§2 T 528 Tl 5 I AE, X2 AR R —
R TR G E R R T M2 —, WS8R
g2, RSO IR FAR BRI BEAT 145 1 SRk 1A
BUF) TE R TE B AT, X T v s 3l F AR 00, K
e N — LRI Ir 1

SE

(1] M, XIR. F k- -l — Ak )], i
MK ,2004 (6): 55-58.

LIN Zhi-yuan, LIU Gang. The Integration of Radar—E-
lectronic Warfare—Communication[ J]. Aerospace Shang-
hai,2004 (6) : 55-58. (in Chinese)

[2] kW%, k- -l A — e[ ], Jeat.
el By Tall i, 2010.

ZHANG Ming—you survey on. Survey on Radar—Electronic
Warfare— Communication[ M ]. Beijing: National Defense
Industry Press, 2010. (in Chinese)

[3] Mannori S. A dual-use system for radar and communica-
tion with complete complementary code[ C]//Proceedings
of The 11th Radar Symposium (IRS). [S. 1. ]:IEEE,
2010 1-4.

(4] BB, G, B JET Chinp (3BTRS
BFFEL)]. RIEFEASER, 2012, 10(2) : 180-186.

LI Xiao—bai,YANG Rui—juan,CHENG Wei. Integrated Radar
and Communication Based on Chirp [ J]. Radar Science and
Technology ,2012,10(2) ;180-186. (in Chinese)

(5] 4Fr#. ks — Rt mfE S 5 8 r ks
[D]. Jo#h.TLR R, 2011.
70U Guang—chao. Research on Radar communication In-
tegrated design of signal and Processing Methods [ D ].
Wuxi; Jiangnan University,2011. (in Chinese)

(6] Z=Wetn, #EilE, BBk, 5. BT 70 oyl gl

B RN AR R E S SN ()], F A B,
2012, 28(4) . 487-494.
LI Xiao—bai, YANG Rui-juan, CHEN Xin-yong, et al.
The Sharing Signal for Integrated Radar and Communica-
tion Based on FRFT[J]. Signal Processing, 2012, 28
(4) . 487-494. (in Chinese)

[7] Jankiraman M, Wessels B J, Van Genderen P. System de-
sign and verification of the PANDORA multifrequency ra-
dar[ C]// Proceedings of 1999 International Conference on
Radar Systems. Brest,France:IEEE,1999.1-9.

[8] Sen S, Nehorai A. A daptive design of OFDM radar signal
with improved wideband ambiguity function[ J]. IEEE Trans-
actions on Signal Processing, 2010, 58(2) ; 928-933.

[9] Schuerger J, GarmatyukD. Performance of random OFDM
radar signals in deception jamming scenarios [ C]//Pro-
ceedings of 2009 IEEE National Radar Conference. Pasa-

1112

dena, CA.IEEE, 2009.1-5.

[10] Lellouch G, Pribic R, van Genderen P. Frequency agile
stepped OFDM waveform for HRR [ C]//Proceedings of
2009 International Waveform Diversity and Design Con-
ference. Kissmmee , FL . IEEE ,2009 ;90-93.

[11] APl Z1AKR, B4, 5. —FBi OFDM AR {255
WAL IR ISE S OHARE D], B S51E Bk,
2011, 33(3): 677-683.
HUO Kai, JIANG Wei-dong, LI Xiang ,et al. A New
OFDM Phase—coded Stepped—frequency Radar Signal and
Its Characteristic. Journal of Electronics & Information
Technology, 2011, 33(3): 677-683. (in Chinese)

(12] JOEH, Be5k, & @fEREMIM]. st i
R AE AL, 2012, 288-289.
YOU Guang-1li, HOU Bao —sheng, WANG Zhan - bei.
Communication Theory[ M ]. Beijing; Tsinghua University
Press,2012:288-289. (in Chinese)

EEE

BSIE(1988—) , I3 WL & A, 2012
SET R TR IR 22550, SR
TP AR, E RS TS 0o TR SR S E AR
P
ZHAO Xing—yun was born in Xingtai, He-
bei Province, in 1988. He received the B. S.

degree from Air Force Engineering University in

2012. He is now a graduate student. His re-
search concerns radar imaging and target recognition.

Email ; zhaoxingyun123@ 126. com

B OBE(1964—), J5 BV A, 2001 AR F PG HL T
BHEOR 2RI L2, IO 2 TR R (R B 5 i~ B 2L
B A, R BT 0 O AR S AR B TR

ZHANG Qun was born in Heyang, Shaanxi Province, in
1964. He received the Ph. D. degree from Xidian University in
2001. He is now a professor and also the Ph. D. supervisor. His

research interests include radar signal processing and electronic
countermeasures.

% R(1984—), 5, R FH A, 2008 4R [ B RL
SEARKERAE R 58 MG TR L2400, PR, 16
WA, BRSO R IS AE (A

LOU Hao was born in Yuanyang, Henan Province, in
1984. He received the M. S. degree from National University of
Defense Technology in 2008. He is now a lecturer and currently
working toward the Ph. D. degree. His research concerns radar
and communication signal processing.

TEEHE(1979—) , 2, IR IR UT A, TR, £ 2505
1] 2 B IS AR5 F AR

LI Xiao — hui was bormn in Linyi, Shandong Province, in
1979. She is now an engineer. Her research interests include ra-
dar imaging and target recognition.

Z B (1984—), J5, WIEE 4 FH A, 2013 4F T8 B TR
R 5 E BAE TR L M 1 2w, SO YR, 32205
7 1] 0 A AE S AL S FAR IR

LUO Ying was born in Yiyang, Hunan Province, in 1984.
He received the Ph. D. degree from Air Force Engineering Uni-
versity in 2013. He is now a lecturer. His research interests in-

clude radar signal processing and target recognition.





