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Abstract: Due to several advantages of the Multi-Input Multi-Output (MIMO) system in terms of waveform,
space diversity, and multiplexing, the MIMO Dual Function Radar and Communication (DFRC) system, which
is responsible for target detection and securing the communication by sharing the software and hardware
resources, has attracted great attention. This paper addresses the MIMO DFRC system based on permutation
matrix modulation and proposes a DFRC signal matrix design method based on the Alternation Direction
Method of Multipliers (ADMM). By maximizing the Peak Mainlobe to Sidelobe level Ratio (PMSR) of the
beampattern with the constraints of the reference codebook for both users and eavesdroppers, the system
guarantees excellent detection performance along with protecting the communication information from
interception. Aiming at the communication demodulation of the permutation matrix, a permutation learning

demodulation method based on the Alternating Direction Penalty Method (ADPM) is proposed to improve the
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demodulation efficiency of the co-use waveform. Numerical simulations verify the effectiveness of the proposed

methods to achieve dual function, capable of realizing multiuser communication and deriving higher PMSR

compared with the existing counterparts.
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Method (ADPM)

1 5|5

BEE BT R WG BAE R, BH—R
ZUge— B rRGELHEHES . FE. K
2\ AR A 3 A A A R R B R DA S B 2 D R 3
F o BN BN A 22 R SR Tk 5 B e e 44 s 4l
Hrr, ZH A 2% (Multi-Input Multi-Output,
MIMO)EARH T EATESEE S EER
#, EFRE A RGE TR RS ERE, TG
R Tz R/ER

MIMO#RIE — b 2 R4 2 S & v] 4
B (1) ZHIIMIMO—1&IL R SE: LU (Frequency
Hopping, FH) IE5 47> 2 H (Orthogonal Fre-
quency Division Multiplexing, OFDM){5 & Aft&"Y,
WAEE ST m T, SRR, AL J7 A
Y0P, (2)BBEHMIMO KL RS @itk
TR SR T B B 22 38 T ARG RO, P o e
{515 B0 K IR #2 4 4% (Amplitude Shift Keying,
ASK). HH#H % (Phase Shift Keying, PSK). IE
Z A ME (Quadrature Amplitude Modulation,
QAM)ZE il .

X 2 #HAMMIMO — &4k 24, Hassanien
5 NMHE s[5 15 B PSKIAHIEMIMO & 1A IE38
FHE S . SCER[12]0028 7 AFIFHAS 5 1 1EA 1%
DA i {5 2 S AR IE — R 1t e, IFAESC
FiR [13] 3 e 2 3 U i) ik — 0 T BdE A i 2R
SCHA[14]42 H T MIMO £ 4t 2 # 3 PM-FMCW 42
Mo I IEBEFESIRZL . WAL SR K
WHE S B FAREEER, EnTwEEEE,
HEBR P TSRS ik . SCHR[15,16]
KM Z 7k OFDM/E 5 LI R &l 5 — 44k, JF
PEH T AT IEEE BAMEREA T EE ) H briE &
A FE R Ay HR Al T R . X T R EIMIMO — 444k
A48, T MIMOTRE —1A&4k F 0 H H B2 =2 18] J L
g, it 2 EE 5 A IACKH EEE B ik
N LS5 HE 7 ) g P s R AR R e, SCHR[17)
A SR . SHIRPSK MT R S, HAN S
(RS FE AL HE 2, SCRR[18] 3t — A48 T el K F
PO A s 4 EATEEE 5 NRBOR A E 51
SYES e SUHR[19] 42 H R B 6 R VR R IR 4k ) o

E5 7 LORSEEE S, &ih RS 5 AU FE
DASI 3 R AR R U R P, R ) vk o s O )
PERETGRZ M o STHR[20] 8t 0 7 B8 A0 3t =2 200K 26 F
B, $Eh 7T T n) B UCHC ) — R A AR R
Jiids ARIE T AT H IS T L (Signal to Inter-
ference plus Noise Ratio, SINR)PA Jz 2R 4t (1) & 5
DI . SCHR[21]4 tH 1 T2 - S5 J2 1 ] 1))
MIMO — AT Bt 77k, 8 @S 77 1n B lfE
5 2 MRS 2 T S R T 1) B AR 43 55 R HL
(Integrated Sidelobe Level, ISL), {RiE g &M )
RE PR [F] I+ A4 R

A ST T 9 4 B R B R ok O MIMLOAR T8 —
ARG, $RH T EET A8 J7 )3 (Alternation
Direction Method of Multipliers, ADMM) ] —44&
WMk, BARmE, M g H
I B2 B AR L R I s RAMIMO— 40 2 5t
T AR AE T2 9 55 e L F- L (Peak Mainlobe to Side-
lobe level Ratio, PMSR), {RIUEZRITT 7] P RE
[F IR 17 (3845 A5 B A BT WT o o0 TG b o O A2 O )
A, $R TR T AR U7 i (Alternating Direc-
tion Penalty Method, ADPM)IHER 2 I AL iR
WEE, R T 73285 S EUNER M W] R, AR
A RS B .

K JFBAEH UL FF 5 € L MRS F-BF
(Bln: e)H TR E;: HAEKRESFEE(flW: A)
FIFAoRmRE: ()7, () MG IR E . 3L
MILHEFE E . CVM RN CNIP I RIRN x MYES
FPE, NYEsCmEME mE. |||RaxmE27EH.
INFUINRIZIRN x NUERAIREFINGE LR R{-}
ANS{-} 73 A R R SE AN RE 8 o arg ()] - |50 5 K7
SHEE B, |- R I,

2 (E51RE

I LA 25 1 kT 00 9 AL 6 B2 O 1) () MIM O 4R 18
—RAL RGHELRDY), — kA R G I & e i PIR
HEEsg e i B REHLEEE S, @A
HFEME WIS SHME SHERES,, IRHIE I AL N
IS 3845 07 Mg B b g3 7 I BaRE S, [H
IS 481 5 5 7 1) 61 55 0 RSP ARV R MU 1 e o 35



264 H

123

LS

g%§1p»@ 2

[ aws-wre |
: T
AL B W

S (B R A L O
F i -
s s ||
B 1k s A %
IR R AL~
1

ST 10 1 55 o

.......................................................

Q =™ = -

TSR A -~
S PSKAHfL e {0,2—7‘ ,---,2“([( 1)}
H MWJ\ K K

F f:\IIA \I/
® —f wwne | ww |
y

f%
H b
N ~ — L
r,,\f———j ———— = com
@ i O

I
Sk, ‘
TP AR D Thy™ 5T I
|
I

1 BT T4 A P 1A ] B MIMOBRIE — 14k R GAE S = B
Fig. 1 The framework diagram of the MIMO DFRC system based on permutation matrix modulation
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