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A Compressed Sensing Method for Joint Radar and Communication
System Based on OFDM-IM Signal
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Abstract: Considering the problems of low communication rate and poor reliability of Orthogonal Frequency
Division Multiplexing (OFDM) signals in joint Radar and Communication (RadCom) system, a subcarrier
Index Modulation (IM) based OFDM RadCom signal scheme (OFDM-IM) and a corresponding radar signal
processing algorithm based on Compressed Sensing (CS) are proposed in this paper. In the scheme, IM
modulation is adopted at the transmitting end to enhance the communication quality of OFDM signal, CS
technology is adopted at the radar receiving end to obtain the range-velocity 2-D super resolution image of
radar targets, and the method of rapid piecewise reconstruction and second phase-coherent accumulation are
further adopted to reduce the computational complexity of the algorithm. Simulation results show that,
compared with the traditional algorithm, this method can significantly improve the processing performance of
OFDM-IM RadCom signal and realize ultra-low side lobe in distance, which means the proposed scheme is able

to enhance the performance of radar and communication in the same time.

Key words: Radar and Communication (RadCom); Orthogonal Frequency Division Multiplexing (OFDM);

Subcarrier Index Modulation (IM); Compressed Sensing (CS)

51% A () BRI BRI LR SR T
FISBE AL (RadCom) L SppA e T ARARRRATRIOHROEE.

B Tz R, IR
SR WAL AT IL A, ER R

Vol. 42No. 12
Dec. 2020

FETR IR — AR N 37 5, %ﬁ%

AT R AL & ) 9 7 U\& T %4 (Intelligent Transportation System, ITS) )
), T HAE R K E R '3//) P () ) 2R, ISR = AR R S B, X SR — R R &R

WekR E B 2019-00-25: BlEl HH: 2020-10-20; W4 HIR: 2020-10-23
SEGEEE: AXR  zuojiajun59@126.com

FETH: EHEKERFRE4S(61271451)

Foundation Item: The National Natural Science Foundation of
China (61271451)

mkﬁwﬁﬁﬁm@$Mﬁﬁ%ﬁ £/, BEEWIT
AWHRN,  FdE R IR A A5 S EOR R
ﬁﬁ%ﬁﬁ%i%ﬁ“o

T g f it =E5 50, LKL
AR B G R, R sy B
(Orthogonal Frequency Division Multiplexing,


http://radars.ie.ac.cn/CN/10.11999/JEIT190740

12

XK, T R5AHOFDME LB E L 25 5 R 48 BRAN T = 7T 2977

OFDM){&E 5. FE WA M FH X OFDMAL A5 5 1)
AR BT o, TR IS MG T AL B OISR T T R IT TR
ANWEFE, AH B AT R R A S AT EEME A E
Sl M, Oy 7GR RAE TGRS, AR
T B BT 2 51 ] (Index Modulation,
IM) [ JOFDM(OFDM-IM) 3£ ZF 5 . & 5]
il e FEAE Al T B Pk A R S, KR
RYBEEE, Bl it s 18 A E
SRICR N R 55 B — PR 21,

OFDM-IMZiE 15 U2 th i) —FOFDMAE 5
HOREOR, EPRErES T, 549 0FDME 541
tt, OFDM-IMAE 5 e A, HiRh Rk
AR KN T H AR, AR RIR LR T
AEFETTVENHFAE S ASTE B R BRI . Rk,
AR T — B T 61 R 5 180U 46 1 R (Mod ula-
tion Symbol-Domain based Compressed Sensing,
MSD-CS)HME S ATk, AN ELREY [FES
MRREL R B, SRIE R BB IR, B JE R
M2 SR A TTIEEIGT AR R, TRER
*H, OFDM-IMf55 BA I H@EEIERE, Frit
SRVE WA BRI B E 15 A5 B BE ALV 0 B A MR RE Y R
Wi, JFSEMUEACER BRI, 2 — M RERS RN 48 5 T
KHWBEMERNEEE ST R,
2 R
2.1 RSHMESRE

R — A bk el B 5216 B 9 T ) b A< 1) R
RAHE S HNEA-OFDMF 5, FEELE A Torpu,
OFDMAFF 5 AN T # B A L, WP kb5 5
R B AT RN N

P—1N-1 t—pT
()= 30 Y oS et (=) ()

=0 70 OFDM

FH

b, bit

S R il

b, bit
b bit

THa

251

2 PR ]
bz ])it

Hod, AfAMAFHEMCRERE, BAAf=
1/Thy. T JOFDMEHE BB, A T 3+ 8k
[ B IERE 1, K OFDMATS ) f5 —# 7> S 21455
B, TR BN T, RIPE R AT 4% (CP), B Torpm =
Ty + Thyo vect(-)FomiE LAEO, U ERFEEE RS dnp
TR N OFDMAF 5 H SEn AT 8 AL .
2.2 FHEFERSIEH

OFDM-IM B & i il 77 K proste . &
%, BITHE TEREDAGA T, BAOTHRAE
N, = N/GAF3UE, SRERIERIMGEE, Wi
EEA, RAEBOE T3k FdkaT 2 s,
KRB EE. BJGHETIFFT L INAE A4 5%
WMOFDMERE . &t IMIEGIE, A T
i, AR = [log,CR [t Bl 5 8, WK
by = Klog, Mbit I HIE B, M N E 1) S5
RAEHE B RN = G(b + ba),

PR R 7 207 A PANK R IOFDMAE 5,
NT Gi—FomBuE TEBEM RG], BPAOFDMAT
5 PR R ) ES 0 O R R R HERR — A, O T3
B R 58T 7 T HES A

n = [n(1),n(2), - n(KP)" (2)
Hep, K =GK,, £/RX—1OFDMF5 S 73
AIPSE

OFDM-IM U il 4 Ry, @i 487 He bh &
WO FEBE N, vl RBEAL R RCRE AL T
FEMEHIERP . B4 H T —1OFDM-IMfE 5
FImE R, 345 T AEBPSKiAH] N, OFDM-IM
55 5EGOFDMAE 5 (iR bR e a2, Bl
B BT IMOA il 2 505 40 B A0S 3R . i LR
F, EEIMEH#HKOFDME S, ik 544
OFDM{5 548 [F] £ 22 5 iy At 0%, i BAERR =
FERRE ML & T, B A BRMIR LR, 2

A A 4

HHE =2
4
SER G e

A

A A 4

K 1 OFDM-IM{E 5 =4 R EH



2078 T

2 %

42 %

1S

Az (MHz)

2 OFDM-IM{3 S8 i (N=512, N.=8, K,=4)

10°

107?

TR

10

10°°
0 10 20 30 40 50

ELRFEMELE (dB)

—+— 14 OFDM, L=1 bit/(s-Hz)

—a-~ OFDM-IM, N—4, K =2, L=1.00 bit/(s-Hz)
-a- OFDM-IM, N=8, K =4, L=1.25 bit/(s-Hz)
0~ OFDM-IM, N=32, K—16, L—1.40 bit/(s-Hz)

3 OFDM-IM{7 % iR L F 3

B TARGFAE SRR IVER . XTOFDM & kil (5 —
AL AE 5 R HIMIA S, KRt A 8 m 3t =
ERCHOPEREL R
2.3 BPWIESIRE

N T AR RS O T, S RS S
MR

(1) RAHE S AEWE S, Hixr oA s B,

(2) TEHIS A E G (CP) N, Hskh TR —
PHESEICH, B BE B AT B RME .

(3) HirmZ E ¥ T2 EmRed,
2R 5| S IR 5K N AL A A T DL AL 20

(4) BRE S HCPECA B 2B,

e EIRERERSFAE T, AL S E AR B
SR, S HARKIERE AR, R EAV, XN
IR SE T = 2R/c, cydtid, HirZ & N
fa=2fV/e, HRHHESHA()HRPOFDM I
RS, ZEFRBENE A% LR A

y(t) = as(t — 7)™t 4 (1)

P—-1N-1

—a Z Z dyy pel2 A (=7 —pT)) gi2nfat

p=0 n=0

t—1—pl;
- rect (71’> +w(?) (3)
Torpum

K (3) PR BIBAE 5 R, w)Ramintk s
Wi, MR T2 No? . LLRFER f = Bty(t)
BEATKAE, RAFERIFRT = 1/NAS, WAFEp Akt
R SR

N-1
yp(m) . Z dmpeﬂﬁ%eijﬂnAfTejQﬂfder —|—wp(m),
n=0
m=0,1,-N—1;p=0,1,- P—1 (4)

3 ETERFSHNESHERNGE
3.1 ELRESHBmRTRR

HEAE A EE ) 7 AR, E e B U B 1
OFDM-IMA{5 5 TR, X ZEp AN EIEAS Sy ()5S
& B AR e (DFT) i 43
dnp = DFT[y,(m)] = ad, ye 2872 T ) (m)

(5)
A Dnp = dnp/dn s A Dy} 5 RE T KA
Dy o Do 1 Do p-1
Dy D1 Dip_y
D = ) ) ) (6)
Dy_10 Dpn-1.1 Dn_1,p—1

K, FEFED W LLRR N
D=FyXFY 4+ W (7)
(7)) P e X RN BARI R - 24 MR, 4 AF
TE HARBCHE 2P, XX REE RS . B HonroT
FEHAEFME. FNSFpn | RNNYES PYERI{E
AR, ()RR E . WR ORI
7R R, %Eﬁitpfl}%@np = W%,p/dn,po
WRHE(T), AEGRET W R 538 (Modulation
Symbol-Domain, MSD) /5 %10 A] B 843 2] X 14k
WHEX = FyDFp. SR E T RA TIME G, 24
RIFE G dnp HFEWS, IIFEFETCE D pia T T5 55
K, FEOZINVERR. B, FEERX T
R JE AT AT . MRARFE BRI A S
KroneckerfR 26 217, n]k (7)) Ak A &= X
vec(D) = (FE @ Fy)vec(X) +vec(W)  (8)
3 (8) Hvec( ) Lo K H FEAZ I HERR, 750K
e Kronecker . M4l = (2) Fox ) &En, AL
i € vee(D) A AL B . Bk, & X
KP x NP 4R HmHET , HAEME TR N
1, j=n(
i={ o S o)
1R (8) PRI Ze SR AE PR T, R AIHE A 0B 07 I H
A d=Jvec(D), &=J(FE®Fy), x=vec(X)
w = Jvec(W) , WIR(8) T AN
d=Pr+w (10)

Y



F12 TR W

T Z 51 R H OF DM & 1Kl 5 3L 545 5 I 48 B0 77 it 7t

2979

AR T HARRE MR R G
B, He e 2R (Restricted Isometry
Property, RIP)Z&fF0F, X (10) Al 46 A 0(11) 1Y
FEIB 5 £ B2 (Basis Pursuit Denoising Noise, BPDN)
I SR A«

1
&= agmin d— @)} + Aal, (1)

AR IEAZULELIE 5 (Orthogonal Matching
Pursuit, OMP) 52K 1% I .

3.2 TXHESRA

R (10)H, BRAFHRERNYERE NKP x NP,
BRI, kB 2 e, BEEENEIEE R
MINAFESRARAE R o N 1 BRARTHREE,  [R] I Sfie it
FRTERE, ASCRH P BROE E A T,
ok b B s Kl 3 B Bk R 3 il B, SRS 200 R R
RBRALER . AP RIT:

i — AN CPIN BB I Bk BN P, 53 1K
LTk 2 5, B —F ket & ik #Hos P =
P /Lo XT84 5 fkoh & Bdls, R399 K7
%, MK E G EIR R, BKHAAN x PAER
FEREX,, SR 5 B A e, A S o
T kR AR LR RE B AR . LA T ik B 25 B bk A
Mg, B RAGERETHE2MSRER, B
75 3B BB 24015 X, X AT RRN

X = [XlFE,XQFE,--.,XLFE Fp (12)

F o A PR AR A B AP R, g BUE A I AR
BE TIMHSIRE, Bd200M R, #—FiRa%
BB PR A 78
3.3 HEEXERAGEDSH

B E IR EHREEHE NIt R R R E R
A, DAARSCERHBOMPREEAH], Bk
HirdE hd, Mg Red-Muii, WP, kb
¥ H R E A s R R

C; = O(dKNP2) (13)

K BACE 7, A B R NPT
HE S BRI R, HEECAL - O(dK NP}, /L?),
fE2AR R e rp, AT T PR RFFTHE, HHE

OFDMf#H  HHAH

[ ]
o H EEN_EEEN
BYES % EEEEE EEEN
NamEE Ewm E
(- m m] >

EEe b

NP2 -O(NIgN), [R5 B b 37 2 6 1 i &
N
Cy=L-O(dKNP2/L?) + P2 -O(NlgN)
=O0(dKNP/L) (14)
XEE(13) . R (1) AT UUFE S|, 7 BEE M T A
HEK T AL .

WA 7 oK 2255 BRI AR BRI R/, S AN R
TR B SRR, BN EHOTRFENNES
[H816 bit, WK P, x NP, 4L M P i NAT
KA

fim

S, = 16KNP? (15)

KA BACE G, AR KPP x NP,
W5 AR RN A

Sy =16KNP2/L? (16)
X (16)FRH, KA BACHM T, nlfl N7 75K
B 2% . BIN=512, K=128, P,=128, P=8,
JR I VE T TR AT R16 GB, #BH T @S AL Ak
PERE ST, My B N AN 64 MB. B, 1%
TTE R BB S IR B N A 2K
4 HEXE

AT LI H R EEAE RGN Windows 1011
HHATFEAL LS, B S N Matlab2016a,
THENEESHCN: A2 Nlntel i5 6300U, F
$12.4 GHz, WIFAN8 GB. ANLESHT 4 3 H7 1511
PERE, BMSDHEIEIME NN L SRVE, fEZE kT
WS B il i B R OFDM/E 5 A S
BANF 1R
4.1 BRCHESEGHE

o, RIRABAEEL, WA T H bR R
HEATRE B4R AL, HAREE B N1920 m, IMIFHI S5
HNN=8, K=4, HlkrEEGmEsr. MEH
AVER], MRAMSDHE LR, OFDM-IM/E 5 A
T 5L OFDMAE 5 175 25 Bl 22 20 HH 50 o () B L
P IX 2 RO MSD k38 i oK B R 5 5 R B A
SHBR, RS S ANME THIALRE, tAME T
ME L, Rt RER TEERE B, RGN

B QRFH B

PR - 24E R

K 4 MSD-CSH LG T H R AEE



2980 B 7 5

42 %

& B %

AR5 A&, TOFDMZ T IM I #l 2
Ja . BOUE TR B RGBS, SERME
JE S 5 R BTy SR 2 BEALAY, DRk, MSDHE
AREITHRLGME R, [ EE B ER I BRI RE L
Wsh. MBZ T, KHAMSD-CSHEZEE, MEMHR
T OFDM-IM 3 =25 5 v 5 45 2 IR 25 i 1 52
e, AT SCEUREAEG PR 5w R PR 2 2
4.2 EERE24G(E

EARFEGEMASE T, MMSDEZE. P=1,

%=1 OFDMIES5#

(EREE 213 B
Rk 2.4 GHz
(ERCKi 20 MHz
ik i 8 26.8 ps
OFDM#HE Bt K £ 25.6 ps
VEEINIE 395 1.2 ps
THBAL 512
HAS R R ki 64

= =
g i

1500 2000

FEES (m)
(al) SNR=-20 dB

~ ~
g £
i =
1000 1500 2000 1000
FEES (m)

(a2) SNR=-10 dB

100
- 50
=
= 0
E
® 50
=100
1000 1500 2000 1000
FEES (m)
(a3) SNR=0 dB
(a) MSD

(b1) SNR=-20 dB

(b2) SNR=-10 dB

P=81IMSD-CSH. 2 ¥ #E 25 - 3 57 248 UG 247 7
H, AT EEREER, OiE A CRA TR
K. 3ANSEI HFREIEE S 23590 4[1350, 1350, 1560] m,
HE 45 N[-9.53, 19.07, 19.07) m/s, BRLAINE
Hr M RS A A MR LE 20 J3) 0820 dB, 10 dBAI0 dB,
g RuE 6. WEIPR LA, #PhEE

1.8 1.9 2.0 2.1 22 23 24 2.5
PEES (km)

— OFDM, MSD
------ OFDM-IM, MSD
--- OFDM-IM, MSD-CS

5 FkhERE (R

(m/s)

Ny

)

2000 1500 2000

FEES (m)
(c1) SNR=-20 dB

1500
BEES (m)

HE (m/s)
[e=}

-100
1000 1500

FEES (m)
(c2) SNR=-10 dB

1500 2000 2000

PEES (m)

Ui
h

-100

1000 2000

2000

1500
FEES (m)
(c3) SNR=0 dB
(c) MSD-CS(P=8)

1500
PEES (m)
(b3) SNR=0 dB
(b) MSD-CS(P=1)

F 6 A5 L R MSDAIMSD-CSH i H 45 5



12

R BT RGI K OFDM & IBIBE L 25 5 R Ag B AT EDT AL 2981

HRRE AR AL TH H AR A EE S S . H P MSDRE L
RN UG S B s, A2 FMSD-CSH 15 2
MG T A, (St A Rt e, JEHEEE
BUAETR TR Y I, SRR R YRR T RSt
FFTJ5¥:. B4k, Xt P=15P=8fMSD-CSH
%, 0] LUR BE 5 s R AN B, rT RS
W LU 25 AT N SRR
4.3 EHiEMEES

HE— 25 % F & {6 Bk #°F (Peak to SideLobe
ratio, PSL). H#Ari¥ 5t (Target to Background
Ratio, TBR)!'" A KIS A7 I AIAE NP FE AR, X
FREEYEREREAT 07 3, I P R AR & R 4L
PSL5TBREuTHH O % B bR 20 e 2 B

X F N,=8, K.=4fIOFDM-IM{5 %, ®%ii
H T MSDEES TRk E P81, 2, 4F181Y
MSD-CSHE M PSL 5 TBREEE M b AL i 2k, 4
7R~ MET7(a) T LLE E], MSDH M PSLEE
{5 M LB, ARAE S Bt N T — N e,
Ji PR A2 52 B T R TV 1] 5 B 45 5 BEALYE 0 52
Wi, T 76 SO E AL bR R, MSD-CSH LI PSLEE
fEME e tEsm, JF H PRk P2, PSLiE
e AN, HTOMPIPUE S RE RS, K51
L NPSLEA & R R, Had 3G kb 5P, nTA K

FEmA RSN, E7(b) iR TBRAE(E B Lh 4k
28 5SPSL i KEHF, AEZAET, HP-1
Z G, kS in Pkt — S mMSD-CSH LM
TBR.

H, B S IMEHISHNS K, FOFDM
55 WA B ALK 73 7 964, 128, 2561512, 1/
BT AR St N MPSLAI TBRBE (5 8 Lk
AL 2L, SR, MESHLLEF], MSD-CS
A PSLATBRIL AR A T8 Hee b, X
Ut BTV 1 6 MSD-CSH A M R BEA FEM . 7R 5
5L N, MSDHERIPSLATBRE A 50k 3 $
WO, K¥Gh1f%, PSLAITBREE 2 #4203
dB. M TH A BRG], B NE S5
OFDM{E 51, PSLAITBRAH HIURMIIE, X
Vi B MSD H ik A HAL i OFDMAE 5 M fe i, {H
A& FOFDM-IM5 5 .

B, ARG B MSD-CS Sk 3 47
AT T Giit, 57 Bk P64k 2R, 12
ATHS A a0 O R 7w, 1] WL 53 B B A FR2 IR AR 2R 1)
LR SRR B L B T ], 5T BL e
HREFRAFATIR, et — b m ks rd % .
5 Zhig

ACHRE T —FHOFDM-IM L =55 )7

100 100
}/H
80
80
2 60 ) /F
= &
- = 60 /
@40 m
[a ’4,,5-41--5—1)—-9--!1--9-41 = [ W A
A 40 o
20 2 i
8
20 L
0
o0 - -8- MSD o
20 10 0 10 20 30 40 e MSD-CS(P=1) 20 710 0 10 20 30 40
SNR (dB) —& MSD-CS(P=2) SNR (dB)
—%— MSD-CS(P=4)
(a) PSL —— MSD-CS(P=8) (b) TBR
7 RIF T Bk E & FPSLATBREA(E M LA A6t 22 (=8, K.=4)
100 100
4
80
2 g
3 = 60
[a ¥ = ,
40 A
-8- MSD(K=64)
-a- MSD(K=128

0 -%- MSD(K=256 20
=20 -10 0 10 20 30 40 -o- MSD(K=512

-20 -10 0 10 20 30 40

—— MSD-CS(K=64
SNR (dB) —a— MSD-CS K=12% SNR (dB)
—— MSD-CS(K=256
(a) PSL —— MSD-CS(K=512 (b) TBR

8 A R H 4 S PSLAITBREAE 4 L ARk # £8 (P=8)



2982 BT 5 FE R ¥ & F4a2%
10 integrated OFDM radar-communication networks[J].
8 International Journal of Antennas and Propagation, 2017,
© / 2017: 6528956. doi: 10.1155/2017/6528956.
= 6 [7]  TIAN Xuanxuan, ZHANG Tingting, ZHANG Qinyu, et al.
:[\: 4 High accuracy doppler processing with low complexity in
15
H 9 OFDM-based RadCom systems[J]. IEEE Communications
/// Letters, 2017, 21(12): 2618-2621. doi: 10.1109/LCOMM.
0 2017.2746563.
1 2 4 8 16 32 64 o N o
8]  XKZE, BEEAE, MEAS, & — R PFOFDME IAE(E — &

P
P 9 24T I A 7y B AR Al h 2

%, AR B RIS S B R. 1% 07 KB T
BPCR G A 58 A5 5 MBS RE YT, WL CSIRI
PR - R 24 o IR R, o BUE . 20KFR
LRI PARSEN T R 2 . TR SRR,
2T AR ROH BRIE (515 BT RIS TERE 2,
FF DU R B B R, A — b RENS RN 1 95 B A
HEEERN—It 2 E 5%,

2 & M

[I] NOWAK M, WICKS M, ZHANG Zhiping, et al. Co-
designed radar-communication using linear frequency
modulation waveform[J]. IEEE Aerospace and Electronic
Systems Magazine, 2016, 31(10): 28-35. doi: 10.1109/MAES.
2016.150236.

[2] ZHOU Yifan, ZHOU Huilin, ZHOU Fuhui, et al. Resource
allocation for a wireless powered integrated radar and
communication system[J]. IEEE Wireless Communications
Letters, 2019, 8(1): 253-256. doi: 10.1109/LWC.2018.
2868819.

B8] XKML, B2, EFOFDM-LFM{E 5 FMIMO & kil {5 —

A B S B FR (D). T 545 B, 2010, 41(4):
801-808. doi: 10.11999/JEIT180547.
LIU Bingfan and CHEN Baixiao. Integration of MIMO
radar and communication with OFDM-LFM signals[J].
Journal of Electronics & Information Technology, 2019,
41(4): 801-808. doi: 10.11999/JEIT180547.

[4]  LIU Yongjun, LIAO Guisheng, YANG Zhiwei, et al.
Multiobjective optimal waveform design for OFDM
integrated radar and communication systems[J]. Signal
Processing, 2017, 141: 331-342. doi: 10.1016/j.sigpro.
2017.06.026.

[6] LIU Yongjun, LIAO Guisheng, XU Jingwei, et al. Adaptive
OFDM integrated radar and communications waveform
design based on information theory[J]. IEEE
Communications Letters, 2017, 21(10): 2174-2177. doi:
10.1109/LCOMM.2017.2723890.

[6] KONG Bo, WANG Yuhao, LEUNG H, et al. Sparse

representation based range-Doppler processing for

[10]

[11]

[12]

[13]

[14]

[15]

[16]

e ). BT 5E R AR, 2016, 38(2): 425-433. doi:
10.11999/JEIT150320.

LIU Yongjun, LIAO Guisheng, YANG Zhiwei, et al. A
Super-resolution design method for integration of OFDM
radar and communication[J]. Journal of Electronics &
Information Technology, 2016, 38(2): 425-433. doi:
10.11999/JEIT150320.

TIGREK R F, DE HEIJ W J A and VAN GENDEREN P.
OFDM signals as the radar waveform to solve Doppler
ambiguity[J]. IEEE Transactions on Aerospace and
Electronic Systems, 2012, 48(1): 130-143. doi: 10.1109/
taes.2012.6129625.

STURM C and WIESBECK W. Waveform design and
signal processing aspects for fusion of wireless
communications and radar sensing[J]. Proceedings of the
IEEE, 2011, 99(7): 1236-1259. doi: 10.1109/jproc.
2011.2131110.

B, L, KK BRI BT IR 5 R R[]
M 5105 B2, 2019, 41(3): 739-750. doi: 10.11999/JEIT
180515.

XIAO Bo, HUO Kai, and LIU Yongxiang. Development and
prospect of radar and communication integration[J]. Journal
of Electronics & Information Technology, 2019, 41(3):
739-750. doi: 10.11999/JEIT180515.

BASAR E, AYGOLU U, PANAYIRCI E, et al. Orthogonal
frequency division multiplexing with index modulation[J].
IEEE Transactions on Signal Processing, 2013, 61(22):
5536-5549. doi: 10.1109/tsp.2013.2279771.

CHOI J. Coded OFDM-IM with transmit diversity[J]. IEEE
Transactions on Communications, 2017, 65(7): 3164-3171.
doi: 10.1109/TCOMM.2017.2699182.

ABU-ALHIGA R and HAAS H. Subcarrier-index
modulation OFDM[C]. The IEEE 20th International
Symposium on Personal, Indoor and Mobile Radio
Communications, Tokyo, Japan, 2009: 177-181. doi: 10.1109/
PIMRC.2009.5449882.

SRR, MR NS R M. 2R, b TR AR,
2013: 77-78.

ZHANG Xianda. Matrix Analysis and Applications[M]. 2nd
ed. Beijing: Tsinghua University Press, 2013: 77-78.
TROPP J A and GILBERT A C. Signal recovery from


http://dx.doi.org/10.1109/MAES.2016.150236
http://dx.doi.org/10.1109/MAES.2016.150236
http://dx.doi.org/10.1109/MAES.2016.150236
http://dx.doi.org/10.1109/LWC.2018.2868819
http://dx.doi.org/10.1109/LWC.2018.2868819
http://dx.doi.org/10.1109/LWC.2018.2868819
http://dx.doi.org/10.11999/JEIT180547
http://dx.doi.org/10.11999/JEIT180547
http://dx.doi.org/10.11999/JEIT180547
http://dx.doi.org/10.1016/j.sigpro.2017.06.026
http://dx.doi.org/10.1016/j.sigpro.2017.06.026
http://dx.doi.org/10.1016/j.sigpro.2017.06.026
http://dx.doi.org/10.1109/LCOMM.2017.2723890
http://dx.doi.org/10.1155/2017/6528956
http://dx.doi.org/10.1155/2017/6528956
http://dx.doi.org/10.1109/LCOMM.2017.2746563
http://dx.doi.org/10.1109/LCOMM.2017.2746563
http://dx.doi.org/10.1109/LCOMM.2017.2746563
http://dx.doi.org/10.11999/JEIT150320
http://dx.doi.org/10.11999/JEIT150320
http://dx.doi.org/10.1109/taes.2012.6129625
http://dx.doi.org/10.1109/taes.2012.6129625
http://dx.doi.org/10.1109/taes.2012.6129625
http://dx.doi.org/10.1109/jproc.2011.2131110
http://dx.doi.org/10.1109/jproc.2011.2131110
http://dx.doi.org/10.1109/jproc.2011.2131110
http://dx.doi.org/10.11999/JEIT180515
http://dx.doi.org/10.11999/JEIT180515
http://dx.doi.org/10.11999/JEIT180515
http://dx.doi.org/10.11999/JEIT180515
http://dx.doi.org/10.1109/tsp.2013.2279771
http://dx.doi.org/10.1109/tsp.2013.2279771
http://dx.doi.org/10.1109/TCOMM.2017.2699182
http://dx.doi.org/10.1109/TCOMM.2017.2699182
http://dx.doi.org/10.1109/PIMRC.2009.5449882
http://dx.doi.org/10.1109/PIMRC.2009.5449882
http://dx.doi.org/10.1109/MAES.2016.150236
http://dx.doi.org/10.1109/MAES.2016.150236
http://dx.doi.org/10.1109/MAES.2016.150236
http://dx.doi.org/10.1109/LWC.2018.2868819
http://dx.doi.org/10.1109/LWC.2018.2868819
http://dx.doi.org/10.1109/LWC.2018.2868819
http://dx.doi.org/10.11999/JEIT180547
http://dx.doi.org/10.11999/JEIT180547
http://dx.doi.org/10.11999/JEIT180547
http://dx.doi.org/10.1016/j.sigpro.2017.06.026
http://dx.doi.org/10.1016/j.sigpro.2017.06.026
http://dx.doi.org/10.1016/j.sigpro.2017.06.026
http://dx.doi.org/10.1109/LCOMM.2017.2723890
http://dx.doi.org/10.1155/2017/6528956
http://dx.doi.org/10.1155/2017/6528956
http://dx.doi.org/10.1109/LCOMM.2017.2746563
http://dx.doi.org/10.1109/LCOMM.2017.2746563
http://dx.doi.org/10.1109/LCOMM.2017.2746563
http://dx.doi.org/10.11999/JEIT150320
http://dx.doi.org/10.11999/JEIT150320
http://dx.doi.org/10.1109/taes.2012.6129625
http://dx.doi.org/10.1109/taes.2012.6129625
http://dx.doi.org/10.1109/taes.2012.6129625
http://dx.doi.org/10.1109/jproc.2011.2131110
http://dx.doi.org/10.1109/jproc.2011.2131110
http://dx.doi.org/10.1109/jproc.2011.2131110
http://dx.doi.org/10.11999/JEIT180515
http://dx.doi.org/10.11999/JEIT180515
http://dx.doi.org/10.11999/JEIT180515
http://dx.doi.org/10.11999/JEIT180515
http://dx.doi.org/10.1109/tsp.2013.2279771
http://dx.doi.org/10.1109/tsp.2013.2279771
http://dx.doi.org/10.1109/TCOMM.2017.2699182
http://dx.doi.org/10.1109/TCOMM.2017.2699182
http://dx.doi.org/10.1109/PIMRC.2009.5449882
http://dx.doi.org/10.1109/PIMRC.2009.5449882

FE12M XK, T R5AHOFDME LB E L 25 5 R 48 BRAN T = 7T 2983

(17]

random measurements via orthogonal matching pursuit[J].
IEEFE Transactions on Information Theory, 2007, 53(12):
4655-4666. doi: 10.1109/t1t.2007.909108.

k&, W PESAR/ISARBAR SR ZEAME BRI L D). [ &
W], PR TREORS, 2012: 36-37. doi: 10.7666/d.y
2068190.

ZHANG Lei. Study on high resolution SAR/ISAR imaging
and error correction[D]. [Ph. D. dissertation], Xidian

University, 2012: 36-37. doi: 10.7666/d.y2068190.

2

Vi

WZEL SR

ZEIEA:

FIRE:

8-

5, 199044, it WA MIAERIB(E S S ikl
F—ik.

2, 196454, BUR, ARSI, FER TR NEE
{55 Kb ¥,

5, 198354, flid, BT NBAEERAR. S
SALFL, IR — AL

5, 199244, L, AT AR RGN,

TS &K


http://dx.doi.org/10.1109/tit.2007.909108
http://dx.doi.org/10.1109/tit.2007.909108
http://dx.doi.org/10.7666/d.y2068190
http://dx.doi.org/10.7666/d.y2068190
http://dx.doi.org/10.7666/d.y2068190
http://dx.doi.org/10.1109/tit.2007.909108
http://dx.doi.org/10.1109/tit.2007.909108
http://dx.doi.org/10.7666/d.y2068190
http://dx.doi.org/10.7666/d.y2068190
http://dx.doi.org/10.7666/d.y2068190
http://dx.doi.org/10.1109/tit.2007.909108
http://dx.doi.org/10.1109/tit.2007.909108
http://dx.doi.org/10.7666/d.y2068190
http://dx.doi.org/10.7666/d.y2068190
http://dx.doi.org/10.7666/d.y2068190

