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Abstract: A kind of high-order integrated radar communication waveform pulse was proposed, which combined 16QAM and
LFM together. The new waveform took LFM signal as the carrier of the 16QAM, so that high communication capacity
was achieved and the radar performance was not impacted. The analysis and computer simulation for the 16QAM-LFM
waveform show that the new waveform has the same bit error rate as the classic 16QAM signal and larger spectrum effi-
ciency compared with the integrated waveforms such as BPSK-LFM and MSK-LFM. Furthermore, the computational
complexity of 16QAM-LFM is less than the existing OFDM-LFM waveform. On the other hand, 16QAM-LFM has
higher distance resolution and speed resolution than the traditional LFM pulse signal since its ambiguity function looks
like a thumb tack. And the detection probability of radar is similar as traditional LFM pulse signal for the slowly moving
object.

Key words: integrated radar and communication, symbol error rate, ambiguity function, detection probability

Vol.41 No.3
March 2020

1 3515

KIALLK, Fik RGAEAE RGN 2 ML
ARG I, (X 2 DR ATIRZ AL At
HIEARGM ARSI H bR e A ATER S, il
{5 R GE Ll RE A S DU BNV 1 2 Al S R A o
KA ARG I R A, AT
JRAS, YR T RN RIS AR

Yts HEA: 2019-07-08; f&EIHER: 2020-02—20
HEEWMB: =T EPHRBEEZIE (No.305010905)

WEgi, R BB R RSN . B
Roberton 5P — VR AL T A e = A i A
WIERE R, R a2 mi 77 L8 5.
WTAER, SR RIS — RGBT AW . 3C
R[] HE TR 5 NS 842 (MSK, minimum - fre-
quency shift keying) {5 5 541451 (LFM, linearly
frequency modulated) 15 5 45 & (BTE Ak B it
J71 MSK-LFM, 8 LFM 15 54E 4 MSK {555 (14

Foundation Item: Thirteenth Five-Year National Defense Research Foundation (N0.305010905)



o530 WS 16QAM-LFM FiAlf5 — b fs 5%t ©183 ¢

B o IXBPP LB T AAEILIZ T i FL T T8 (FPGA,
field programmable gate array) tH H ARSI, (H
T MSK-LFM — A6 (5 5 R I K2 AREY i 1, 845
BORBAR, Joiki R L bRl E TS, O TR
R, AT E SR 2 30 5k, WISCHR[5-6]
XEAS A2 H (OFDM, orthogonal frequency di-
vision multiplexing) {5 '35 LFM 15 54145 & 1
OFDM-LFM 8 — AL it Jrikidt AT 7oL, X
TR TTVEAFAE 2 DN, — R IR LA )
N SO AR AP NTTEIN S SP N ON
SRR B AR . SCER[ 7T T ﬁ”fﬁﬁﬁ%ﬁ'?%l‘
A Zmit 7515 OFDM R GuAHSS & 10— AL
BVt Jr %, WWHREAER K. SCIR81¥t T FiviE
f.4% OFDM FklAfs — & 7 %, %07 28K — 151k
15553 A A R S OURT 7R s U TR, 3 o A A
IAUEREL, A8 T MR M R ) IS de g
SCHR[91H TEAZ YA ARUT S8 A 75 5 kN 75 8 BB
Hh, AT I R SO 1% 15 3 11 BE R ASORY) o
PERE, MRECKRMRIER Z . SCRR[10]62tH T 2T
D /MO E IR TG R RS, KK H] OFDM
PR SCERIITT4R H T 56T 22 5 N 22t 6 1 AT A
7 2 M ( MIMO-OFDM, multiple-input mul-
tiple-output-orthogonal frequency division multiplex-
ing) MHRHGE—ARURSR, 15 T REMHHiIE
MUEHE A, Sl SR SRR, A . A
T MR EEAE R R T, 16 M AR AL
WH (QAM, quadrature amplitude modulation) 155
5 LFM {5 54 G 16QAM-LFM ¢, HAfk
Ti o B AU S5 R 16QAM {55 30 .
11T 16QAM-LFM SR T b, Kttt
BPSK-LFM. MSK-LFM S5 il i) — AL 3 B
HAT s M %, I HLE OFDM-LFM 5%
PR AR SR AT aT 41, 16QAM-LFM BE H.
H5 16QAM P IEAH [F] 8RR ISR, RN,
HA R EIA P M AR 2

2 16QAM-LFM —{&{L{5S5&it
E AR, 16QAM 4w iz At
M, BAR S AR LA . 1 LEM ko 2
TR IR, Resff v v Ik 1E H BE 25 AR
E%%%)?KZI‘EH ()7 J& « % 16QAM 15 5 F1 LEM 15
gitr, ] DUOREFPIE & J AL A #JBZ%?EI’J“*
13 H R . BB ALK,

ikl A 16QAM 155 . 1Hi% 16QAM 55
(1) 85 e FF AN 2 [ e A, T LFM 5 5 .
16QAM-LFM — 44055 S8 FE W& 1 .

|

dr) Acns(hfcf-t- nut’ )

s
=

Al £

o
5t

B 1 16QAM-LFM — &4 (5 5 Se it 72

K1, 16QAM A5 i] LLIE I Py B A AT TE AT
(U RE R IE S (ASK, amplitude shift keying)
fH5 2. Sy ZHERIF 8 d () B egeid HhIf
B4, TGRSO AT ROR B IPA . AR S I
A, AT 2 A SR DU RIS 5 a, () A
a,(t), HAEMEREUE N 18043 . §AR, Bhi Pyt

RS IbpE S Eééﬁéﬁﬁﬁ“:iﬁﬁﬂf?ﬁﬂizﬁ%%% o

IS 55 2 N IEAZ BT, I &N
5, BT 41 16QAM-LFM 1Al 15 — 14
BT .
W, [ E AR 16QAM {55 1T LR R A
Soam (1) = a, (H)cos(2nf 1) — a,()sin2nfr) (1)
1E'fé'§i$iﬁ{*~1$%?£iﬁ2iﬁﬁﬁﬂ‘, LA INASS
I LEM JikifE 5, |

S (@) = rect(T)Aexp(ﬂnft + jmut®) 2)

RN IR
rect(—j = 2 3)
T T
0, |t| >—
2
/HEP A NWEPEAE ;s  p HERPERAUE 5 AR,
H R IA bk 5 B T A5 95 B vhoE, B
B
H=7 4)
O, B2 () 16QAM-LFM & ikl 5 —Abls

i)
s(f) = Arect Gj[a (1)cos(2nf 1 + mut®) -

a,(t)sin(2nf.t + mut’) | (5)



. 184 Wt % W

41 %

K194 16QAM-LFM 15 5 (1 7 60 1 TR
SEPUIN 5 FEA T A% (0S8, 1845 SR S Rh 3 n,
T BNV AR, St B SR S A i i JEOK #5119
LRPEIE R m, IR T oA . FIATRAE — Rk
WHLE 2 AN IFSCEERI I, N SO RIS TR i
W, A S LR B X6 TR TR kb AR . F,
TG HMOCR AT, 75 KR 5 th B0
T B AE A LFM 55, PTUIARERH
BIAERSZIL, TR S HUs s AN,
SR KPS (1) 7 ¥ 5 4% 48 TR I B O L B X 3l
SR VT Oy 0% 25 5 BEORFR b5 R Bk b ipe T — 30
3 HEESHR
3.1 BIEMEED
3.1.1 EAESH

M1 16QAM-LFM {5 SR i m}, RAER(S),
AT LA A PR AT ) 4ASK-LEM 45 5 2 Al
LA, 5541 4ASK-LFM i H4Z 5 iR % .
4ASK-LFM {55 £ ik wy W7 11 W 7 5 38 s 1 vk 5
X h

v, () = Arect (%J x,(1)cosaft + mut®) +n(t)  (6)

b, A4 ATREEE, n() Rr R g s, 2o
HRUEBEE N N, o BRI AR TR, PG A R o
WA ES AN

(0= 25,0+, )
Hob, n () i E R, PR
_1Np
7T ®)

Horh, p RN LI PRSI AR SR L E

Felehlr, X 4ASK-LFM i 18 254 H Fi A el
FERR, BRI EN PEOR . iR
A

2
EZZP@%

)+§x%p(%

)=2(n|> 4)

)
e, P(n,|> 4) FRE AL T A (11

o R n, EBMEN 0, J5 700 o I IEABENLAS &,

AT
P(|n0|>A):\/£O_ J‘jexp(;;szx (10)

BAARANKX O, T

P = 3_2 Jmex _—xz —3erfc an
'y 2no, °4 P 20, fa

erfc(x) =

exp(—z°)dz (12)

Zr
Sy, A W B B B R PR
SEEAR ) ASK £33 5 10 P2

2(4Y . 2(4Y ., 54
F, —Z(zj a )+Z(5J 3 )_T (13)
h0(13) AT 5

A= (14)

A4 RAR(11), Hik 4ASK-LFM i=fi55 )

b= [ijerfc( 110 PJ (15)
7T 16QAM-LFM & i IEAZ ¥ 4ASK-LFM

(EReE=//I BTSN Az XA 4 A S BRSPS
P=1-(1-R) (16)

Pezl—(l—(éjerfc[ ! Pszj] a7
4 10 o,

HE— 2 i, 4ASK-LFM f5 5 M zh ¥ K
16QAM-LFM {5 5 DjZ 1) —F, w14 16QAM-LFM
5 IERUE L R

R

2P,
- (18)

FRAYMAK(17), WTLIEE] 16QAM-LFM
— AR H AR RSy

P =1—(1—(3)erfc( /LSNRJ j (19)
4 20

3.1.2 A AR R oM

16QAM-LFM 15 5 A LXK F A 1 1 ) 5 15 3
{41155, W BPSK-LFM 155 . MSK-LFM 15
5, HAE A A 2 8 18T, XE&FN 16QAM Lt
BPSK F1 MSK H A7 5 i (14505 F) H % . OFDM-LFM
2 W HIME 5 IR s R 22 5 -k Ry 5K

SNR =



5530 WS 16QAM-LFM FiAlf5 — b fs 5%t + 185«

o, R FEPCRA QPSK i, 16QAM-LFM
1 OFDM-LFM HAAH A 8 R H o« AS[F— 44k
WA R FH 0 LA M a2 1 T o

R RR—RLE R F R R L4

e . AESER LR il SR
U“J%uﬁit —1 -1 e . —1
(Symbol's ) (bits ) WE/Hz  (bit(s-Hz) )
BPSK-LFM 1 1 1 1
MSK-LFM 1 2 1 2
16QAM-LFM 1 4 1 4
OFDM-LFM 2 4 1 4

HAR 16QAM-LFM ¥ty A H 348 5 T, (Hil
AT —E Mo ARIRT ST T IERI S i, W]
PUAS B[R — AR B R0 R 5 SNR R A&,
Wi 2 Fim. #4k, OFDM-LFM 15 5 f~F- 21565
FEHFEBM RSB —3,  hFEReR AT
W . WK 2 AR H, S —
SEFEIE LA T A Z 0 Bk s R %, B
AR R, A IR SNR RN RS iy

*2 AFE—FULEFIRBESEWK SNR X &K
LG PR TS

! ]
BPSK-LFM Eerfc[ /ESNR]
oY
MSK-LFM 1-| 1——erfc,|—SNR
25,
3 T ’
16QAM-LFM 1-| 1= 2 erfe, |- SNR
420

32 FiEMRES R
3.2.1 ARMEREL
TR bR B8 i 22 TR AR Y R 25 43 FE R A
SRR R RE TR bR, AR e Ul
2(1,6) = [ 5505 (t - 1)e”™dt (20)

Hrp, 5 bk E S H— S A% . HmT
16QAM-LFM {5 54 AHE, y(r,6) & HfE
SR BEHLAR B, P, SR P3R4
AHBEXL, A

7(r,6) = E{I%&'(f)&'*(t - r)ejz"”dt} 1)

2

AR, M 16QAM-LFM [f)20(5)n] LAAF 2 )
AR

() = %rect [%) m(t)e™ 22)

FCrf, (o) 2 v o A RS LA A 1) 2 R B AL AR
2, Oy
m(t) = a,(t) + ja, (1) (23)
ERE)MAKC)IFHFAZHA T R IEMF
321

7j7t,ur2 T

; _ imur+anet) 3,
S [ E[meym’ () e
2

x(z,6)=

—jnm’z T

[ eE  m(eym (¢ - 7) | (24)

2

X 2 ATt g, AT
gt LEM KO s 8O, 12 — AN m() i A
MRS Bk s, A

e—jnyrz T
j2mutt+2mnet
J‘ 2T el df =
2

sin [nT(ur + 8)(1 - MH
- r T
e_]nre 1__ (25)

JET(ILIT+8)(1—|]

€

T

T

d
T

5 AR AR AR R EOE S IF%1E a, (1)
Ha,(t) AL HIE K 0 (RIS AL &, A

r
2

E[m(tym'(t-7)]|= j_z a,()2a,(t —7)dt =

fiankb 1<

o . |1, (26)

L2645 R 7R, K e R e T AR o £ (1)
BT 4 M LFM BB 5, 1 T0IR;
$ R E BT A BAHCRECH ETIR, BT A
fE|o| < T, JEEAA AR 0, HlBOK, AAHXRE
RN o DRI A 0 TSR] o B IR T 28, v
DU 20 e . [RIIN S PRATIR ARIBERY ok 2t
VI, s HFRSM T, 16QAM-LFM 155 [ 2%
EIEEPEREARN T2 LFM {59382 44, Jgi
& RANAE 5 I UL P 98 0 45 A th 5 e PR R S 5
DCTCPE % iy i AH LG, B B4 m () AZFETE, 1
SEREHLEAR 1R 2 B ek 5, A8 2(26) 11 B AH G 6 £ it
LR FEAR S . AR 16QAM-LEM {55 2 T i 748
B, AR RABOB R H I B A A BAT



© 186 -

R

41 %

fHEIhRE, BT LIHE T 5 AT mrid sh H AR ke v
Ao A1 2 UK G T IA (S 5, BRI 1) AL
T BT 20 A M
322 R EHLE S5 MR AT

TIEENAE 5 AL R RN ks(r —t) I VLAL
TEVEAE, NG TSR, RS RS
x(t) T KA 20 ¢, BURE, X Rl 347 ) e DERCE
W ARG KB 16QAM-LFM — 44038 TE s(r) ¥
S, XTI 5 AN E . MR I e U2
PS5 x(e) AW BN, AR R
FEV, AR RS B 5 x(0) B 5 (5 A
WP IRy, AR R ] R s v, (AR,

WFARE H bR, ERARESREOUR, Rk
HH PRI P LS 7 = x(e, ) RIS 25 B2 R 80K

r

2
20,

p(r)=—e (27)
O-f’l
Horb, R 7 22 3k U O 8 I s At Th ROk
K*N, o k*N,E
2 _ 0 2 _ 0
q_—?{%smw_ . (28)

Horp, E AR s() ek, MeERe 3Oy

P=H%<ﬂ=ﬁfmm=ég

fa

_VTZ
eszbE

(29)

AR AS S R VLRI AR e [RIRE
e sy, T = x(,) PR LR
B s Ao A, B

7r2+k4E2

2
20,

rk*E

_je
O-}'I

1) =§l{ ; (30)

Forb, 1) AR VIZE /R R R E SN
P2k E?

PE) 2
me > ]e 9 dr
o

n

© r
azppaquhgzg( 31)

N T BB SRARRRE A, A5 1, %], AR

P AU 5 D%k
]"2 :kZEZ
PITEL, A4 A s it me I I £ 16 L 4
SNR:2—E

0

R4 Marcum O B&EU) 5E X
Oler.p=[ ¢1 O(ag)exP(_

(32)

(33)

§2+a2
2

jdé’ 34)

8450029, G, K(33), HMEFELE
NH

Q=Q{ﬁﬁi,pm(;J} (35)

h=R(35) 41, 16QAM-LFM 155 5 LEM 15 5
(AR DU AE 2% 1) 08 A [, st DT A WG T 08 2 1)
HHEGRTE S RER, M5 ES BT, N
MR RIS T LAE B, R —En,
fEME LR, R K
33 THEFESH

TR, — GBI = s a2k A4
TG S ER. T 16QAM-LFM SZE, ARYE K]
1 Z5Rmr g, UXTEEE 2 MRikadissd, mitT
OFDM-LFM [ il W) 752304 7 VR AR PRk g el B
[ A% 4 (IFFT, inverse fast Fourier transform) 1247
4% OFDM-LFM 15305 4% B 70 R ST HLE 5 2% .

AR, AR AR R TR IA M 5 0 A B
SEAAARIN, AR Z e TGRS . T
BPSK-LFM. MSK-LFM. 16QAM-LFM — &4k 1
R, dE 5 B IR RN PR AR, (HAE
OFDM-LFM e JEMRIA T, B T AR 83 i =2
Wiz54h, A FFT M A EH & AlE—1&
BTN T 52 % B LR SR 3 i, o
M IERAEIN AL, N OIS S IERFE 3, L oS IT
AN WK 3 TR LUEH, AR s 5 R R,

%3 RE—R R Rt B 8 2 E R
kYN VL IR ISR
BPSK-LFM MN +2N MN-M—-L+N
MSK-LFM 2(MN +3N) 2(MN —M —L+15N)
16QAM-LFM 2(MN +2N) 2(MN - M —L+15N)
OFDM-LFM NIbN +2(MN +2N) 2(NIbN +MN-M - L+1.5N)




%33

WS 16QAM-LFM FiAlf5 — b fs 5%t <187 ¢

1M A QPSK k#3177 U1 OFDM-LFM iz 5.
L 16QAM-LFM £ O(NIbN) {1185 & .

4 HE

41 BIEMERE

DI EAAF R E N o AR TE A T e 75 5,
fEWELE A 0~18 dB, ki Si A 10 us , ik JH 914k
H 250 4, Fi5# A 4 M-Symbol-s™, AR K
f.=3GHz , T A f=20MHz , 4 %
B=10MHz, XFE% f =100 MHz, 16QAM-LFM
SRR R S 2 WA A . R
AN 2 Fros. IR (19)4518, 16QAM-LFM [f)
HL R 16QAM S8 AH[R], Wil 2 e
B, T I A7 B8 50 SR AT (1) B S A [
2 W R, SHEEARESG . i
W T A SO 16QAM- LEM 44k 3% 15 i 22 11
gL EMMBG, 55— Jmd sy
16QAM-LFM 54545 16QAM i ] 5. 45 A1 [7] (1) 18
fETERE

* 16QAM-LFMZ S|  \
— 16QAM-LEMB i {5 fig 2 \
1075 || + MSK-LEM{ -0 LRG3 \
|- MSK-LEMBE {3 \
* BPSK-LFM{ 2 i ZLisF3 % \
— — BPSK-LFMEg{Rfig R \
034 6 8 10 12 14 16 18
SNR/dB
B2 Rk

[F] I, MSK-LFM — &4t {5 5 F1 BPSK-LFM
AR T IR R AT B A SRR B ih 2k an 1] 2
Jros o X AR 48 — R L {5 5 BPSK-LFM Fi
MSK-LEM, 7&4H [ ff) SNR 1% 4% F, 16QAM-LEM
SRR R PR M. PO ERAE T, &
B ) B T B R R R R ORI R T
(1) it ) FH 26
42 FTiEMREAE
4.2.1 HEMBH A

h T RS PR LU 5 (R 0 RE T, AESE
Brrf, SRR | y(z,e) P AT 00T, s
BIEIEAT I Ab 7. % 16QAM-LEM 135 5 (1]~

kb R BB AR B, 1B B oy mlhn b 3 ik 4
i, B3 A 16QAM-LEM 15 SERIE, K 4 K
16QAM-LFM {5 5 FR & 11 235 =y 2k 1

el N
_—] \

1.0 /;//\\\\

08 L—"] | \\\
206 ~/// \\\i
10_4 \/;/ \\\\
02 1 — \\

x10-5

K3 16QAM-LFM {3 ‘550 K

10 x107

BB/ Hz
(=)
Y

-0.8}
-1.0

1 L " 1 1 1 " " " " " X
-1.0 -08 -06-04-02 0 02 04 06 08 1.0

I %E/s
K4 16QAM-LEM {5 5B B 125w £k K

XHESE LEM A5 SRR 524 158 LEM

{5 SRR PR AT LSS R 5 AN 6 P, [ 5
N LEM {5 SRR, [ 6 Ao ek Bt mi I o

/

/\

[ /)]

™~
™~
™~
™~

>

L x107°

O &
-1.0 il
K5 LFM {5 5B

Xt 16QAM-LFM 15555 LFM 15 5 (A5 6 %0
i B A5 W4T R . 16QAM-LEM 155 FROR &k



. 188 ¢ w

¥ iR o041 %

SEANIZ NS B3 Y REREE T il pSPADAY 2 NS By Rl
%2 16QAM-LFM {5 5 BO# P 10 45 e 42 P R B
16QAM-LFM {55 ‘5 50k 1] R e It st b A7 W) 8
111 53 PR s LEM A5 - (K ASORYT 1] g it I SR b 78— 4%
Bk b. B4R 16QAM-LFM Lt LFM {55 BA
(RIIN SEFH 225 8013 Mk g

10 10
0.8}
0.6} e
g 04 yd
R 02} y
—(
% 0F /
I -02}
Y d
-0.4f !/
-0.6f -
-0.8}
qobo—o v L IxI0
=10 -0.8 -0.6-04-02 0 02 04 06 08 10
I} % /s
6 LFM {5 5100 1 i 45 2k &
4.2.2 R EBME MR B

FEME S DA B A AE T, SR TR
5, XREEMREAT R, TRERWNE 7 Por,
FEAR IS TR BE O 30 ANkt J 39 o

0.7

« PiEE
1

0.6

0.5F
3 04}
=
o
03}

0.2F

0.1

. . . ! x1072
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 20

TR HLE/V
7 EEME

HaRQ9) AT %1,  AEME S D2 Ry e EH IS DL,
MEENER NS TR, TR, RN
RN MR B 7 hEi TR,
RER M B E 7 B “x” Fos. BES(ES
FAHEEARL G, B TR IEMTE.

AR WIAE R B, =107 L 107, 107 (1)
MR, %t 16QAM-LEM 15551 30 /i 5 3471

RO MR VAT 05 2L, 7L RN 8 .

1.0

- = R Uy 107,
| o iy 107, pisE
15 20 25

(R SRS

MBS, 4fF ThReEAH RN, LFM
555 16QAM-LFM 15 5 HAMH R L2, W
K 8 LML TR . 16QAM-LFM 15 5 5 b [ K
DAL EAE QB 8 bR ic AT TR . AR, K
brfi HE S B EHEARB S, — 7 MUl W
16QAM-LFM {55 RS2 4t 5 4518 2 (35) 2 I
i, 57 Ui 16QAM-LEM 155 (K i ik
FR5/H5 LFM 5 5 A IR 2 AH [F] .

TN H bRz s EoL . T2 AR mIss)
(RRemd, PR T 2 EAEE, SRS TR, @
9 AR LUE T, MHbMEREIEE), J)
IEHHEAE 360 kmv/h DL, AMERE —E NF%;
Y ARG B LRI, SRS IR R ALK .

1.0 _ PP I
5 it i 0 e

360 km/h, {24111 ¢
1080 km/h, {jjLi{f °
1800 km/h_{jj 448

25

Ko AR HARER IR

5 #RiE

16QAM-LFM J& 4" LFM 1F: 4 16QAM 1 il (1) %%
B, W BOBT ) Bl A — AR T . TR



5530 WS 16QAM-LFM FiAlf5 — b fs 5%t +189 «

A R IR AE R FR AR PERE . AR T AT 1 ISR
—RALBE, 16QAM-LEM [0 1545508 A1 R LU
B — R A B R, B R R
OFDM-LFM 1i%.

Bk

[1] LIUY, LIAO G, XU J. Adaptive OFDM integrated radar and commu-
nications waveform design based on information theory[J]. IEEE
Communications Letters, 2017, 21(10): 2174-2177.

[2] ROBERTON M, BROWN E R. Integrated radar and communication
based on chirp spread-spectrum techniques[C]/IEEE MTT-S Interna-
tional Microwave Symposium Digest. Piscataway: IEEE Press, 2003:
611-614.

[3] CHEN X, WANG X, XU S. A novel radar waveform compatible with
communication[C]//IEEE International Conference on Computational
Problem-solving. Piscataway: IEEE Press, 2011: 177-181.

[4] ZHANG W, LIU Z. Design and implementation of modulator of a
novel radar waveform compatible with communication[C]/IEEE In-
ternational Workshop on Microwave & Millimeter Wave Circuits &
System Technology. Piscataway: IEEE Press, 2013: 357-360.

[5] LUOY, ZHANG Q, HONG W. Waveform design and high-resolution
imaging of cognitive radar based on compressive sensing[J]. Science
China Information Science, 2012, 55(11): 2590-2603.

[6] CHEN Y, YANG X, MA Z. A novel measurement matrix optimization
method for radar sparse imaging with OFDM-LFM signals[C]//IEEE
Asia-Pacific Conference on Synthetic Aperture Radar. Piscataway:
IEEE Press, 2015: 409-412.

[71 ELLINGER J, ZHANG Z, WICKS M. Multi-carrier radar waveforms
for communications and detection[J]. IET Radar Sonar & Navigation,
2017, 11(3): 444-452.

[8] ZHANG Q, ZHOU Y, ZHANG L. Waveform design for a
dual-function radar communication system based on CE-OFDM-PM
signal[J]. IET Radar, Sonar & Navigation, 2019, 13(4): 566-572.

[91 GUY, ZHANG L, ZHOU Y. Embedding communication symbols into
radar waveform with orthogonal FM scheme[J]. IEEE Sensors Journal,
2018, 18(21): 8709-8719.

[10] SHI C, FEI W, SELLATHURAI M. Power minimization-based robust
OFDM radar waveform design for radar and communication systems
in coexistence[J]. IEEE Transactions on Signal Processing, 2018,
66(5): 1316-1330.

[11] LIU Y, LIAO GYANG Z. Design of integrated radar and communica-
tion system based on MIMO-OFDM waveform[J]. Journal of Systems
Engineering and Electronics, 2017, 28(4): 669-680.

[12] LIU Z, ZHANG W, XU S. Implementation on the integrated waveform
of radar and communication[C]/IEEE International Conference on
Communications. Piscataway: IEEE Press, 2014: 200-204.

[13] ZHANG X, SU D, ZHOU M. The analysis and simulation research of
distance resolution and ambiguity property of LFM signal[C]/IEEE
International Symposium on Microwave. Piscataway: IEEE Press,
2007: 1191-1194.

[14] ECHARD J D. Estimation of radar detection and false alarm probabil-
ity[J]. IEEE Transactions on Aerospace and Electronic Systems, 1991,
27(2): 255-260.

[15] BESSON O. On false alarm rate of matched filter under distribution
mismatch[J]. IEEE Signal Processing Letters, 2014, 22(2): 167-171.

[HEE &)

g (1977 ), 5, PPN, s,
TR KEHIZ, FEPTT A E S
AR, A REA.

EHE (1993- ), L, WALME N, ERRFmAAE, =
By ) A L BERAR

R, (1995- ), 2, PWUIFEEN, THRAHEME, 5
W7 10 R ISR

R (1995- O, B, BFR WHAERNIA, KA
G s 3T S TIPS ER LR (SR



	19-190377-þi.pdf

