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TERET HIEE 5 — A I Bt e I
(1) 75 ¥ A st g e Ze M 1 43 (Linear Frequency
Modulation, LFM){5*%5 . F#{Roberton% \B/F|H
HRFFELFMX 7 ik 5#EE 5. TFRIETR
S TR B E R 5HE B8R, 1Chen A4S
& /M B (Minimum  Shift Keying, MSK) 4
LFM, Liu APl — 5 R 58 AR b BOR0 SE I
E. ZEen s NI T4 2 B A8 46 (Fraction-
al Fourier Transform, FrFT), 1#iE A [E]H)46 5%
PIChirpSL L2 LLE . [FIRT, BFAREHIRER T
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2.2.1 ¥ 50K
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sion Multiplex, OFDM){E ;—Ff = 21 £ #pi #%
HHoR, RHEPLZATH. GRS S T 5L
PRERAR A, BT M TS R 20004,
Levanon" " H 5| NTFE &, BEE KREVTRE
TOFDMAE S M — AL H . 20104F, Sturm?%
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PO B AR 3 (Two-Dimensional Fast Fourier
Transform, 2-D FFT)ALHE 7%, T HARE A
AL . AT HEER, SCER[18) I Y N T #K
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IMPJOFDM— &1k R 40, 8 AH0E 8 7+ 0%
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B AT, RSN S I8 AE X DR 2
WA, BT B s B2 . 1%k
T H DUREE PR REFE Ry H AR B8, RSN 5l 5 1A
BALBRA RS R B, BB ORI LR
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pn=0 »n=0
t — uT;
- rect (THP) (1)
p

HAr, Ny ZROFDMAT 54, pR2nOFDMAT 5

%5l N RRTHBEE, nRrTFRER;

a(uNe + n) AR BN THB EFH M5 [N
1
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V(q:O,N,AJ(1 A0(2 ob .t 90) #0

XT3 (4) s SF A — A
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oS € w—1,2,---,N}
{ N (5)

o; # U;,AO’ZO) = AO’§1),AU§2) = Aaj(?),
i # j
B A BAcE W T, Bane) Fl
Aot A BT LLR TR HACDFIACD . Bk, TE6, 75
m BRI IS S N (0, 1) = VNEs(t), He
= |[AcW-Ac?| TRt s P R 7, 2 —N i B0
aie AR, fEARZAd(E T (Bl = 6y)BF, 28
MNOFDMfE S S x(x = 1, 2, -, NN TP
N.—1
> [ (uN, + 5) &2rFotnfp)t

n=0
-V (qf:z:f;y,N,Aa( ) Ac? ,an,t,ﬁ)}
(6)

X (6) T LARIL, MAHAs M B (Rl #+
6,) 11 B R R 5 o TR, S8 E AT
WiES. BEkE, FohTREETNES L
NANFIGT 800 75 35 R BV () A 3R 5 2 hn s 2
1), BUEHEAREST 5 BN AL TGS, 8O
IERENS(E R .

4 FHENEHER—AMUE R IZIT RIS
FHOFDM-DMAE 5 W H V2V ISACR 4, W
PLSZ I R S B FE S R, IE LR )

u(6,1)

%\H

FEERTIATI. HNHGRmE4AFTR, E41
B & ZEOFDM-DM ISACAE 5 [a] 4= 5 4 2 4% 326 i
fEA5 8, RN R 424042 (1) SO IRl A 5 3R H
P e, BFEEE. HEMTMESH. TEER
e, REHE S AMUAE BARMEEES, &0l Ee
BAEREIER T RIPTHES . K, EPDM
B R % S5 R B 3R .
4.1 —RMEER A A A& R

G OFDM ISACR G, A ffliih s K
F %2 {55 4325 (Multiple Signal Classification,
MUSIC) &%, HHEIREERK; MAEOFDM-DM
ISACR G+, KW KFEREF, @i
SRR IS F W (1) 152 LU R %8 (Bit Error Rate, BER) 3K
B MG E . HRERR DM SR, fE8
Wit HARIENEAE 5 34T B R TR BER,  7E2S I
H, BERFE T A v] ARAE B AR 702 ff . EISRE R
7 OFDM-DM— 4L % 5 OF DMK JE BER R 7~
IR, Hdr, i E AR 7 HCR IR A RS
4% (Quadrature Phase Shift Keying, QPSK), #
GZHEEMT: N=16, N, =1024, Ny, =
256, T, =11 ps, SNR = 23 dB, 6, =90°, Ac') =
13/16, Ac® = 15/16, Bl¢ = 2/16. AJLLREL,
FIFHOFDM-DME T, HeEum M BER F IS
fBoRBAR A MHEEZT, 80FDM ISACH
T, HENEBERZSIE S, 2 EREAh T EMM,
Rk, #ECAFH EBERZE WS 11 H bR o
4.2 OFDM-DM ISACFH HIHI4 T8

EE4AF R s, ERA#ALIRFISACES,
SRR B E ARG 2F0 T30 4 404 3 R0 A4 41
R EAE S . W B RS TR E 508
R Ry o W ZEABA 12U B )G 5 0] LRI N

y(BOa gintera t) = 1Yo (907 t) + Q2Yinter (eintera t) (7)

Hrr, mﬁ%?@%fﬁ%ﬁﬁ%iﬁ, 907Fﬂ9hlter/\m|J%T H
ﬁ$§ﬁﬁ$ﬂ?ﬁt$%ﬂ‘]7ﬂﬁ% ° y0(007 t);Fuyinter( inter» t)
7IAFTRR B HARFRIRR S E S, Hakikalh

4 OFDM-DM ISACK H3% 5t UK R G284



77 1ea) Vi 1) 2 BRI — AR AT BRI AT 645

Nym—1 N.—1
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n=0
.ejZTV(fo-H?fp)(t_@) (8)
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Noym
§ 2‘rrfDt t

[ (uNe + 1) .ejQW(fo-i-nfp)(t_ QR-;M.-)

ﬂ\
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V0g==x —77,N,A0(1),A0(2),0q

2Rin er
t— c . ) 9inter>:| (9)

Horr, 5N pinter 3 51 27~ B bR 5 T PR AH R E EE
Sl Z B8, oo B S 1) A i A 1
W,
4.2.1 FHEEXEE

TE I 3R] A S B vk, i EEUE Sy (0,,
Ornters )5 R I Uiti s () 0 ELAF C BR B TH B A 1 RE 25
(X AR HbRER L) . BAHKEEr (00, Ointers T)
AILLRIN A

/N

(o}

7ys (00, Ointer, T) = /yo(ao,t)s*(t —7)dt
+ /yintcr(gintcra t)S*(t — T)dt
0

= a;VNE- /s(t—ZfO> s*(t—7)dt
0
Q2 T QRintcr
*mof (=)

. Z |4 (q, N,Ac), Ac®

g=—00

2Rinter

ou)|a o

X (10) AT BLAEL, EHARTT1160, yo(6p, t) 72
s(t)E5MAER, FAMIKAIEEE, 2 g
B, BeRSRTI AR MAESE B AR 060 B3

V) BRETE Yinter Ointer, t)ZEBEHLE S, S
Ls(t) M E A SAEIRAE, AN SEELD ST IR

I B S MH DR v, b R OA R 2 T

Keffiw, TiASHKEN: N, =1024, N, =

S
o,,t—

256, SNR =23dB, T, =11ps; Ad") =1/16, Ac® =
15/16, B¢ =14/16; 6, =90°, Ry=45m, Oy =
30° Rier; = 30m; 60 = 120° Ry = 15 mo
ME6F AL AL, OFDM ISACFHIOFDM-DM
ISACﬁ%%BE% mAb HHLGAE ,  IX 3R B P A

RAREIRS HArIE B S E . SR, fEOFDM ISAC
7‘5%43, AT LA EEIE30 mA115 mPE B AL HBL T
21-7 dBM-5 dBINIEAE, XEPLSEKOFDM
ISACTVEMGIAE B AR T7 T4, B B A5l vk
PRI . M ZEOFDM-DM ISACH %, 7E30 mAl
15 mAb S5 MR8 BnARAE, R T HRZE 4 3R 224
HA ST A R s, T & B bR
HIFEFE
4.2.2 3iE2-D FFTE %

TEMUE A 2-D FFT 77320 B NG T B Ax B
RGEFE, FFHZ 7218 S BRI 5 B 3 AT 38
S ¥r¥% (Element-Wise Complex Division, EWCD),
MBI 1) S 1) B AS = H 22 B R0 R R 155
ZIIEWCD 2 J5 T35 Dy, B8 B PR AT 3841
BEE, WTRRN

5 OFDM-DM ISAC5OFDM ISACJ/5 %$BERX Lt

& 6 KHEAH S5 FOFDMAIOFDM-DM ISACH)
IR B T
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Ddiv = Oél\/-]vg : (w?{ ® w]OJ) + a2Dintcr

® (wglter ® wgter) (11)
Hrh, o NKEM, ONHadamardf, Iohwd

witter 735 Fox AR MR R &, Hh s
nﬁ\ﬁ%‘%\%uﬂ uiafﬂfe*jzﬂﬂfp(zRO /C) %[] e*j2“’7f1)(2Rimcr/C) .
w Flawbter 73 5IRoR B AR IR EE s, Horp
%Mﬁﬁj\%ﬁ[ﬂiaﬂ/ﬁ e]'27pr(2v0 fo/c)ﬂ';n e]27pr(2vmmf0 /c),
VoM v o 278 H AR A5 00 AH X 3 . 6 [
Dinterl:':‘,fjﬂ:%n??%/i§u;ﬁ%‘%(dinter)q,# Ef u?%/j——\‘y‘j

N.—1
1 c
(dintcr) { Z |:V (QZZ'*I’],N,AU(I),
U /N =
2 .
AU(2)7 O—Zat - R::nter ) ainter)

o GuVe-t )| b a0 (12)

B (12) widter Flawpter [N 30 (11) 3 472-D
FFRTHIEAEE, et RILTIIRZ B Dy, 15 1
S AN . A A FINOFDM-DM B /(5
SR EIN TR R R, 3R T IR
FOEDACREI S

EI7RR T TIEAIV2VN SN, &
T2-D FETHIESAFI B bR EE 2 - A8 X 5 B 1k %

BER. BETASHKEN: N.=1024, Ny, =
256, SNR = 23 dB, T, = 11 ps: Ac') = 1/16,
Ac® =15/16, B¢ = 14/16; Ry = 30 m, v, =
20m/s, 6y =90°% Riyer1 = 40 m, Vi = 20 m/s,
Ointer1 = 30%5 Rigrers = 30 m, vjperp = 30 m/s,
Ointers = 120°. M7 (a) AT LLILZE R, 7ERHOF-
DM-DM ISACT; &}, H xR & A B 1 ge iy
PeEmAL T, RIH RIF I ERE. MAEEI7(b)
W, SRAESOFDM ISACH &, BT THHIAELE,
HARFRHE R IBII &, FECRIERE KRR, M
BEAR TR FN T REIIAS JE o N T ik — 2B 3 OFDM-
DM ISACRSMTHLHblge /1, B8 T
FE v = 20 m/sH 433 1 — 4 PR 25 ith 28 DL SR B
FEER = 30 mi 19 B R 2. T LAKIN, #H
L FA£5tOFDM ISACH %, OFDM-DM ISACHT
ZEAE PR B8 55 TR ) ) A 3 A H I — N B R 1 E AR g
fH, MHRAE R —RELN-35 dB. X —45
BEW, OFDM-DM ISACTT L REMHE 3406 T4t
TR IR
4.3 OFDM-DM ISACIES43E

ALK B, OFDM-DM ISAC(E S L& Hbx
SN 5 IEAE M RE T T R B SRR A, 1ZRESTE
A RGgERE . ML TR SEE AT AT 7 T B

Bl 7 2-D FFTJ5 L3R03 10 H An i - AR 0 R — 4 f s %

8 2-D FET AR5 1 F A7 18- A 0o 3 JBE o 2 A T ¢
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BEER), HFERATAHWT: (1)FWT
YA SHNE] . AEBISACIE 5 78 1B A 72 A A7 75 B
SRS IEE, 55382 BT E RS, A
LI BANRS 2. OFDM-DM ISAC/E 5@t Jy 1A
VAT IR VR S ], AEAE S R IE R B ST
AR5 1Al Sk i A, I ST S5 TR
WAPEA SIS, BERI T Hisa#ae s ()
HHEVE 7 53T &9 H bR & . OFDM-DM ISAC
B 54K T DME 50 AL B TEA AR M)
YRR ) B R SR, e AR A 5l
NBENLI S, SEUREETIREL. A IR T
e T7 S SRR AR 7T, ATIEET T R 2 4
PE, SHEATRIEAS I AR I BUBME BRI R AR N &
TRy (3) AT B FEA AT R . M T 1%
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Abstract:
Objective With the concurrent evolution of wireless communication and radar technologies, spectrum

congestion has become increasingly severe. Integrated Sensing and Communication (ISAC) has emerged as an
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effective approach that unifies sensing and communication functionalities to achieve efficient spectrum and
hardware sharing. Orthogonal Frequency Division Multiplexing (OFDM) signals are regarded as a key
candidate waveform due to their high flexibility. However, estimating target azimuth angles and suppressing
interference from non-target directions remain computationally demanding, and confidential information
transmitted in these directions is vulnerable to eavesdropping. To address these challenges, the combination of
Directional Modulation (DM) and OFDM, termed OFDM-DM, provides a promising solution. This approach
enables secure communication toward the desired direction, suppresses interference in other directions, and
reduces radar signal processing complexity. The potential of OFDM-DM for interference suppression and secure
waveform design is investigated in this study.

Methods As a physical-layer security technique, DM is used to preserve signal integrity in the intended
direction while deliberately distorting signals in other directions. Based on this principle, an OFDM-DM ISAC
waveform is developed to enable secure communication toward the target direction while simultaneously
estimating distance, velocity, and azimuth angle. The proposed waveform has two main advantages: the Bit
Error Rate (BER) at the radar receiver is employed for simple and adjustable azimuth estimation, and
interference from non-target directions is suppressed without additional computational cost. The waveform
maintains the OFDM constellation in the target direction while distorting constellation points elsewhere, which
reduces correlation with the original signal and enhances target detection through time-domain correlation.
Moreover, because element-wise complex division in the Two-Dimensional Fast Fourier Transform (2-D FFT)
depends on signal integrity, phase distortion in signals from non-target directions disrupts phase relationships
and further diminishes the positional information of interference sources.

Results and Discussions In the OFDM-DM ISAC system, the transmitted signal retains its communication
structure within the target beam, whereas constellation distortion occurs in other directions. Therefore, the
BER at the radar receiver exhibits a pronounced main lobe in the target direction, enabling accurate azimuth
estimation (Fig. 5). In the time-domain correlation algorithm, the target distance is precisely determined, while
correlation in non-target directions deteriorates markedly due to DM, thereby achieving effective interference
suppression (Fig. 6). Additionally, during 2-D FFT processing, signal distortion disrupts the linear phase
relationship among modulation symbols in non-target directions, causing conventional two-dimensional spectral
estimation to fail and further suppressing positional information of interference sources (Fig. 7). Additional
simulations yield one-dimensional range and velocity profiles (Fig. 8). The results demonstrate that the OFDM-
DM ISAC waveform provides structural flexibility, physical-layer security, and low computational complexity,
making it particularly suitable for environments requiring high security or operating under strong interference
conditions.

Conclusions This study proposes an OFDM-DM ISAC waveform and systematically analyzes its advantages in
both sensing and communication. The proposed waveform inherently suppresses interference from non-target
directions, eliminating target ambiguity commonly encountered in traditional ISAC systems and thereby
enhancing sensing accuracy. Owing to the spatial selectivity of DM, only legitimate directions can correctly
demodulate information, whereas unintended directions fail to recover valid data, achieving intrinsic physical-
layer security. Compared with existing methods, the proposed waveform simultaneously attains secure
communication and interference suppression without additional computational burden, offering a lightweight
and high-performance solution suitable for resource-constrained platforms. Therefore, the OFDM-DM ISAC
waveform enables high-precision sensing while maintaining communication security and hardware feasibility,
providing new insights for multi-carrier ISAC waveform design.

Key words: Integrated Sensing and Communication (ISAC); Directional Modulation (DM); Physical layer

security; Sidelobe interference suppression



