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this paper explains the advantages of saving the number of receivers by introducing the working principle of the

framework. From the perspective of radar resource allocation, the importance of single-bit sampling in this

framework was analyzed; additionally, the proposed framework can achieve better performance than a classical

linear frequency modulation continuous wave radar using time and space exchange. Subsequently, the formulas

for range, velocity and angle measurement were derived, along with the Cramér-Rao bound for estimating

target parameters. Accordingly, the performance advantages of the proposed framework were verified, and the

signal-to-noise ratio conditions for its stable operation were determined. Finally, this paper verifies the accuracy

of the target acquisition principle of the proposed framework and the reliability of the performance analysis by

using a velocity dimensional pairing algorithm based on single-bit two-dimensional multiple signal classification.

Key words: Low-cost lightweight radar; Linear frequency modulation continuous wave radar; Single-bit

sampling; Time division multiplexing; Radar resource allocation
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Tab. 2 Parameters of different radar types

Kbl BolcE BETEEM  CPI (ms) BKMES AW (ps) Bk AP WK S8R (us) ADCREEMSFR (MHz) SR MR 8L

TMLR 1
SMAR-2
SMAR-4
SMAR-8

SMAR-16

SLAR-2
SLAR-4
SLAR-8
SLAR-16 16

[ B S R e e

1
2
4
8
16
2

4

8
16

1.2 97.4026 12 97.4026
1.2 97.4026 12 48.7013
1.2 97.4026 12 24.3506
1.2 97.4026 12 12.1753
1.2 97.4026 12 6.0877
1.2 97.4026 12 48.7013
1.2 97.4026 12 24.3506
1.2 97.4026 12 12.1753
1.2 97.4026 12 6.0877

0.6844
1.3689
2.7378
5.4756
10.9511
1.3689
2.7378
5.4756
10.9511

66
66
66
66
66
66
66
66
66




142

K AR (R D) F13%

P45 7HCRB (m)

A TCRB (m/s)

107 £ 5 E 100 P
[aa)]
ot
O
=
&
o
=
102 ¢ 102
-20 -10 0 10 -20 -10 0 10
SNR (dB) SNR (dB)
(a) 1A H bRBEE A 5B (b) 2824~ HARBRE Al T+ AR
(a) First target distance estimation performance (b) Second target distance estimation performance
—= TMLR —+ SMAR-2 - SMAR-4 —< SMAR-8 — SMAR-16
6 PHEAh T RE
Fig. 6 Distance estimation performance
o
10" g
m
o~
O
=
pat
e
102 | B
=20 -10 0 10 -20 -10 0 10
SNR (dB) SNR (dB)
(a) 1A H bRd E fl it Mg (b) BE2A> H AR LA 11 RE
(a) First target velocity estimation performance (b) Second target velocity estimation performance
—= TMLR — SMAR-2 - SMAR-4 —< SMAR-8 —— SMAR-16
P 7 A PERE
Fig. 7 Velocity estimation performance
1 1
=00 ¥ o UL i
aa] as|
e o
o 3 O S
= =
R 1 1 1
< <
o o
R 102 =102
-20 -10 0 10 -20 -10 0 10
SNR (dB) SNR (dB)
(a) H1A HArDOAfHERE (b) B2 HAFDOAf -1 fE
(a) First target DOA estimation performance (b) Second target DOA estimation performance

—— SMAR-2 -+ SMAR-4 —< SMAR-8 —— SMAR-16
—o- SLAR-2 -~ SLAR-4 ~¥ SLAR-8 —¢ SLAR-16

Kl 8 DOAf i1 AE

Fig. 8 DOA estimation performance

B, YRS BUNT T2, SMARM T L By iy, R S R s i B . R Y
KRR RN IUE S ERE e, 3 S E0 2E FETeHON4, 8, 168, SMARYE HFrEMELL /N T0 dB
5 0 RS AR TMLR A T R B&: 24SMARIKIFE T 4D B2 5 0 SR IR AR T TMLR .



14

775 — T AR A e B 0 T A8 1 B R B2 IR A5 S WO A S 143

SMARK H 12N AR 58 3R 45 55 v 1 DU A7 K
. K8, BEEMELEMIE L, SMARKIM
MR R T U CHOK 81, SMARJLT
A DLSEELAE HARE ML K T18 dB&F R 1P LN Y
AEMTHRZE . XK TMLRAE LLA 21 .
Bk, RUE R RHLE]E 5] NGBS S A H B
THAESHEERE, HSMARM IR 5SLAR
JUF— SR BRAR F RS P . b ah, BT B AR
SNR—#, FULIXFA HFRCEMIFE s A k-
HAE L —EMCRBHIZ .

3.3.2 A [ESNRB#rH T4 RE

EARTH, WEFEIDNHFFKSNRANO dBEKN
-10 dB, %2 HARKISNRAE-20 dB516 dB2[H]
A, 22| H CRBFEE 2524 H FRSNRARAL [ il 28 4
Kl9—FE11AR. BB+ G 8 4-1st5-2nd 20 Bl RN
S H AR PRI B 5 552 H bR IR B o

LR RFEREM T, MSNRATET0 dBRY,
5t H AR A AE 2 PR 55 H AR ERIIFS B, 4SNR/M
T0 dBHS, 58 H B A 25200 55 H AR BRI
X B SRS A X B, SNRECK M) H bRk 2z N B
bR, BANIRRZ N H bR, 2514 B AR FISNRIE

B f41CRB (m)

-20 -10 0 10
SNR (dB)

(a) 5514 HF#SNRIH & M0 dB
(a) The first target SNR is fixed at 0 dB

FEN-10 dBELO dBE, AN HARMIEE . 5850 A
FJCRBHIZE37E-10 dBEKO dBALFHZE, WIEI9—
Pl 11 A ) 2 () 267510 dBEO dBAAHAE -
i s SNR H #rfJCRBHI 2k, 7E552/ HARSNR/M T
0 dBHf, H5TMLR—#, REFAZE., HYFE21MH
FREISNRA T2-T0 dBR, SNRIHEAZ K H1ID
B br 500 e DT S W A RS R K B B 2 AR
SNRIFIE N A 22 . HmpEosE, WA H R
RS EEH 2 BB T, [HEA SR 24 HARSNR
KT0 dBEF, ZE1AN HARRNRE 2 RIS .
R, T HRIEZ A B bR RN REA <M B
P, NARIER I HARISNRI/NT0 dB. X2HHN
MAFESNRKT0 dBR HFRET, 55 Hbr(S 5 e
YA S TR B AR E S b, R E RS
teRr A, MEDUCRAERISE HIRE SR 52 M, )
M55 B AR PRI Re 52 20 H1 55 -
4  BYEIIE

N T BB IGUESMA FREL H A JE P ) IE R
PLJ BRI HE S S5 T el S e, B R B B AR
1) H bR S G THEVESTZ R G AT BUE KL .

SR, VER—FEIAE S BORIE T, BT

FEESfETCRB (m)

-20 -10 0 10
SNR (dB)

(b) #H1 HARSNRE & H-10 dB
(b) The first target SNR is fixed at —10 dB

- TMLR-1st —+— SMAR-2-1st - SMAR-4-1st —<— SMAR-8-1st —— SMAR-16-1st
-~ TMLR-2nd -2 SMAR-2-2nd —* SMAR-4-2nd -+ SMAR-8-2nd - SMAR-16-2nd

9 A€ #14~ HARSNR R (RE B il i P AE

Fig. 9 Distance estimation performance under fixed first target SNR



144

#13%

10!

AL THCRB (m/s)

DOAfHCRB (°)

10

-20 -10 0
SNR (dB)

(a) F14HFFSNRIE & N0 dB
(a) The first target SNR is fixed at 0 dB

—a— TMLR-1st —— SMAR-2-1st - SMAR-4-1st —<— SMAR-8-1st —— SMAR-16-1st
—- TMLR-2nd -~ SMAR-2-2nd —% SMAR-4-2nd —= SMAR-8-2nd - SMAR-16-2nd

10 [ 551> HFRSNR N (R B A 1M e
Fig. 10 Velocity estimation performance under fixed first target SNR

=
=)
=3

-20 -10 0
SNR (dB)

(a) 1A~ HFRSNRE & M0 dB
(a) The first target SNR is fixed at 0 dB

—— SMAR-2-1st - SMAR-4-1st —< SMAR-8-1st — SMAR-16-1st
—-& SMAR-2-2nd -+ SMAR-4-2nd —= SMAR-8-2nd -o- SMAR-16-2nd

AL THCRB (m/s)

102

S \,)\Q\&\ N
D\ X\b\ i
N 3&\\3 Sk
b\ \
S\ \
[N AY
a
1 1 1
-20 -10 0 10
SNR (dB)

(b) #14HARSNRE & H-10 dB
e first target is fixed at -10
b) The fi SNR is fixed dB

10

10°

DOAf{iCRB (°)

10

-20 -10

SNR (dB)

(b) #1A4HARSNRE & H-10 dB
(b) The first target SNR is fixed at 10 dB

11 [H5E 514 HFRSNR T HIDOA M1 AE
Fig. 11 DOA estimation performance under fixed first target SNR



14

778 — P R RAS B 2 o T 1) B RS S B 8145 S SO HE 42 145

HE G R () AR S 7 AE T T % &
i, BT AR RTINS RIEN AT
VY e B R A0 B P e L RS T A Bt
ELHARS R T, B, &% TR
(3% T % R G0 B ARS8 50 . S0k [24)
R H R MU STC B0 7T DU 06t o — e 45
DOANI S K, A SCK 33T SISMATE i H AR % 4
SR b, T H RGBT .
4.1 EirEE
3.1 (5 SRR AT A, AR H BRI BE
B SEEERIDOA, 2o i = 4 I B %
{birgi i} o N TR B, AT
A IR, B i, hid i A {gas hid o FEAR
2R, AR 2 O £ S AT M
DA {68 i 45 P BT A B
TEAS T {by, had | B, B (1 20 HL G £ 5 T L
HEB R T A5 SR T
Y = csign (AS + W) (26)
ﬁ:l:'j SE(CIXM(P M+1)(L M+1)7'jﬁ14‘ %El}i
M, TER /1B ] 2SR EHE 4R, A € CMOXT g
BRI, H B NG (h)®a (b), ©NTEB R
a (hi) = [1,exp (jhi) , - exp (§ (My — 1) h)]" (27)

a (bi) = [1,exp (jbi) - exp (j (M; — 1) b)) (28)
w c (CM2><]\/I(P7M +1)(L—DM,+1) y\j E] H;T% )?'_?%E I}i s Y
CIRYS Gl £/3CN

THEL KBEmANME BB ES
Ym (L, p) HEFI A BRY,, € RPXE, HAY,, AT R R
B Jk e ] P AR B ()3 SRR R, SRR 2
ARk JE) A P AEAS s (] 3R AT ) 28

P %2 J%Ymﬂlﬂ%pﬁﬁﬁiﬁ?ﬁ?ﬁﬁﬁ%ﬁﬁﬁﬁﬁ
BEHHH AR Y, € M (L-Mitl) | Homgy
RN KM, Y, P E—FRAY,, EPEI’J%MTEP
S M, A

F |3 P Y B BT i HE AR
P— M +1/ 1 B, ﬁﬂF‘%r’l\%fﬁEj}Y’
CM?X(L—M+1) , B e s s M, Ay(P) )
F— F T R

B4R MAFE T RO AR 28 M (P
M+ DA FREYyD HES N — 1T, BRIHEREY €
CMZ X M(P=M+1)(L—M, +1)

MR S 1E 5% 5 12, 20(26) T Y1 P 7 25 H R
Ry 5X = AS+ W7 ZHERx AW KR

Ry = 2 arcsin (;/RX> (29)

T

Hr, Ry = YHY/(M(Pf M, +1)(L— M, +1)),
P AR BAnE S 5 R D)% 2 M. H T arcsin (z)
Haftr = OfffiE+or 8k, XA ERSNR AT & A4
Y, Ry H2Rx /(wp') HAEXS M G RITAUAH S .
AL, Ry BIXT MR NL, 2Rx/ (np) X F T
w2/ v, B, fEARSNRIIZMTA

2 2
Ry ~ 7,RX + (1 — > E (30)
p T

Hih, ENS Ry RIS, R(30)KH, Ry
5 Ry BA AR FIRFE . X gt—S 38, #(26)
XTI £ W 7 2 ) 1T DAGE 3o 0 Ry 386 AT S AE A
SRR, MRy =UAUY, e, AFUSHIN
o I AR KT 4 8 G 5 T I8 f B8 A 1] 98 2L R L B
S HUH /N M2 — TANREHE AR A6 37 F A 1)
T DL B 75 23 (] Uy € (M) Rk,
Fit — 4E I MUSICl 1 55 55

1
& (i i) = (b, hiey) Uy Ulla (b, , hiy) 31

Hrr, a(bg,,he,) =a(hy,) @a(by,), by, Fhg, 735
RNAE0, 7] Hl—m,n] WHRFE R, k=12, K,
ko =1,2,, Ko, Ky M K5 HRNTESE AR S5
RAE R FSRAE A B R R I I, AT DA
132 I — A BISRNT {b;, hz}i:1 °

TN ROR A B s B HE, DL 2D-MU-
SICH v, AT AT LAR H 1A = 4 1 410 xd
{gi, hi}l_, o B (4) 2 B B A 4 (0 B AR S 5
X {7, 1(1 =1 *D{Ol,vfz)}l Lo B AR T 4
{9H;ﬁw@ylﬁw%&ﬁ%%$%MNﬁw
(BPES i W RiZ 55k = arg__ mln - (131.(1) vl(Q))
Ao B F—A H A7), mﬁk:é’ﬁ H SRR,
?%‘cilJE*m?éﬁzﬁ{m@i,vi}i:l, Foo; S e 5t B Th P
AN FE 1) P

ATLUE H, AR F A 2D-MUSICEAS T A
TR, SR A TE T B LN H bR S BT
o PRI, 250 UE B AT B RO B T R LR RR 2D -
MUSIC 38 & 4 Fl oot 53k i1 DA B it i ar %,
2 A % AT LRI A o M2AS Hbs, B bR &4
WIS HOo P2 MY WEM, <M, [F—4
b B g; 5k I B ARS8 /N F BT M, . B
(5 2% B bR M2 24 5 PR R ALEAEL 0 A AN 4 1)
LU R YUE

4.2 WIELER
FEAT T, FATRERIESFIERZHM, =8,




146 Tk

(gL

#13%

PR T %16, BN SHOY 53.371
PR —2, HREWDSEHRPSNRAS. £
K, FATE L HIHSNRN-10 B I i E]- 1R
] ) 24 A 2 ) - 02 ) [RD 4 ) — 4EMUSICHh RE I, D
T AR B LLABRITE BB, B bR oR0 dB, W
B12ftR~. RJE, FIH4A. 1735 B 8AE BEAS T H A
ZH, H I H IR R Z (Root Mean Square
Error, RMSE), il & 13z, B
i FIRMSE A

LSS (00 )
RMSE = LSIZZ(Ti -n) (32)

k=11=1

Hoep, LN RPHAMKE, ACEEN
1000, 7% A5 kv BLIORE B AN B . ol P A
it HFATRMSE 7] FH 4 118 R ZLAE 4> 5184830 (32) v
(%) Filr, 495

3 0
-5
1 -10
a4
20 -15
o -20
-2
-25
-3
0 1 2 3

b
(a) h-b4E (S [E]-Peis [ 4E)

(a) h-b dimension (or slow-fast time dimension)

[\

MEIL2R] LLEME A B bR, RIS H
() B LG RE — 4EMUSIC ] LA Tl v = 4 4 5 %k
(s, by R i, ity o MNP AT LU R - b4 1)
PIAN H A543 51 (1.5629, 2.3303)F11(2.5064, 1.3994),
Gh4ERIPEAS B B85534 (0.6573, 1.5755)F1(-0.7453,
2.5064) . MmN (4) FHE H P56 IE H k0 T
JE, o] LAAS BAS oF B9 P AS B bR 25005 200 N
(22.1975 m, 7.9780 m /s, —19.6919°)F1(37.0404 m,
4.9950 m/s, 8.4254°), iZ%&h R 5 E LM H RS0
toriein, XRW TR SMARIKE H bR R
) IE R

K13 SMAR 5SLARfh i I RMSE i 26 17
TAES, 53.3.1THSMARESLARSL HFHICRB
ML FReREA MR 8. Xif—PNEE L
IOUE T EHE ARSI, RIS R 5 m N .
Ak, BEESNRA G, HEFFSEL 1 RMSEZR

3 0

2

1 -5

£o
-1 -10
-2
-3 -15
-2 0 2

e
(b) g-héfi (B2 - ¥ e )

(b) ¢-h dimension (or spatial-slow time dimension)

B 12 13— 4k2D-MUSICHy i 41
Fig. 12 Normalized 2D-MUSIC pseudospectral top view

0.8 0.20 1.2
: 1.0
/S\ 0.6 E 0.15 g —
G g o 08
z = 2
= 04 § 0.10 £ 06
£ * fe
~ HI \<_
e = S04}
o =
=02 ® 0.05 | s
0.2
0 0 . 0 .
-20 -20 -10 0 -20 -10 0
SNR (dB) SNR (dB) SNR (dB)

(a) FH ST

(a) Distance estimation

(b) AT
(b) Velocity estimation

(c) DOAfk T
(c) DOA estimation

—— SMAR —-o- SLAR -> CRB
13 R SEH L THE A

Fig. 13 The estimation performance of the proposed algorithm



14

775 — T AR A e B 0 T A8 1 B R B2 IR A5 S WO A S 147

Mg T CRBI 2, 5 1) A% B 4k A A R 4k i Ak
fESNRKT-10 dBHE, FICRBHIZR L 5% 4 &
o XWMNEUE T H EIUE T 3T R EIS S &
HIETCRBO AT 5E 4.

5 5B

R AR A R R R A M 7R, $E i
T —FSMAFIAESWORNES . @I X iZHELE T
PEJEHE ., N 7 30 R L SRR G B R e R, e dT
THARA . BEAR S EEE H bR A, F
FICRBIL A, KGiE 7 SMATE H bx (4R 5 2 155 B Ax
HSNR/NT-0 dBW HAR) SEub T e, ¥+
feh 7 HAaE TAERISNRY /NT0 dB. HJa, @it
P —FPE T2 AR AL H bR SR T, R
FAEE G B, B0UE T iZAHESE B br 3k BUR B 1 1E 6
P, DLAMERE AT A FE I

RS E TAERI %M, SR IREERAEN
WIEVEAE AN, EHRRA. BEMR S, LA
JAEFH FARAN T AT 3RAFAH B A% St 75 12 o 4 O AR I 1k
e, (1 IZAMEZLRE BIE A T /N Bims I AL ER 18X 1
/N EARERIN 2 SRR R o LA B 48] 2 a8
AR TR AT M . KT AU B AR PRI .
Gb, FESZBRN A, I ) A AR AN A
AR I DR, fE I TAEAE HFRSNR/MNT0 dBIE
N, X0 TRIRRG AR AR E . 1255
PEHHE— 2D R I T SMATER A 82/ 9 55 1A 1)
I FH 77

BT R EBRH, A TR B bR S B AL
A n e B ) 42 il SMLA B ik K o 3R 25 o) i it 47
FIRAIIEIA, KRR TR R TR X LRl
LETF <

FIZIRZE BT A 1E 5 35 75 B AAEAE R 25 ph R
Conflict of Interests The authors declare that there is no

conflict of interests

2 E X |

[1] LIANG Junli, ZHANG Xuan, SO H C, et al. Sparse array
beampattern synthesis via alternating direction method of
multipliers[J]. IEEE Transactions on Antennas and
Propagation, 2018, 66(5): 2333-2345. doi: 10.1109/TAP.
2018.2811778.

[2]  WANG Xiangrong, ABOUTANIOS E, and AMIN M G.
Thinned array beampattern synthesis by iterative soft-
thresholding-based optimization algorithms[J]. IEEE
Transactions on Antennas and Propagation, 2014, 62(12):
6102-6113. doi: 10.1109/TAP.2014.2364048.

[3] CHEN Kesong, YUN Xiaohua, HE Zishu, et al. Synthesis of

(4]

[5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

sparse planar arrays using modified real genetic
algorithm[J]. IEEE Transactions on Antennas and
Propagation, 2007, 55(4): 1067-1073. doi: 10.1109/TAP.
2007.893375.

FENG Lifang, CUI Guolong, YU Xianxiang, et al.
Beampattern synthesis via the constrained subarray layout
optimization[J]. IEEE Transactions on Antennas and
Propagation, 2021, 69(1): 182-194. doi: 10.1109/TAP.2020.
3008652.

ZHANG Ruoyu, SHIM B, and WU Wen. Direction-of-
arrival estimation for large antenna arrays with hybrid
analog and digital architectures[J]. IEEE Transactions on
Signal Processing, 2022, 70: 72-88. doi: 10.1109/TSP.2021.
3119768.

QIN Si, ZHANG Y D, and AMIN M G, et al. Generalized
coprime array configurations for direction-of-arrival
estimation[J]. IEEE Transactions on Signal Processing,
2015, 63(6): 1377-1390. doi: 10.1109/TSP.2015.2393838.
PAL P and VAIDYANATHAN P P. Nested arrays: A novel
approach to array processing with enhanced degrees of
freedom[J]. IEEE Transactions on Signal Processing, 2010,
58(8): 4167-4181. doi: 10.1109/TSP.2010.2049264.

BARAL A B and TORLAK M. Joint Doppler frequency
and direction of arrival estimation for TDM MIMO
automotive radars[J]. IEEE Journal of Selected Topics in
Signal Processing, 2021, 15(4): 980-995. doi: 10.1109/
JSTSP.2021.3073572.

HU Xueyao, LI Yang, LU Man, et al. A multi-carrier-
frequency random-transmission chirp sequence for TDM
MIMO automotive radar[J]. IEEE Transactions on
Vehicular Technology, 2019, 68(4): 3672-3685. doi: 10.1109/
TVT.2019.2900357.

HONG Lang and HONG S. Systems and methods for
virtual aperature radar tracking[P]. US, EP3746809A4,
2021.

LEE M S and KIM Y H. Design and performance of a 24-
GHz switch-antenna array FMCW radar system for
automotive applications[J]. IEEE Transactions on Vehicular
Technology, 2010, 59(5): 2290-2297. doi: 10.1109/TVT.2010.
2045665.

FANG Jun, LIU Yumeng, LI Hongbin, et al. One-bit
quantizer design for multisensor GLRT fusion[J]. IEEE
Signal Processing Letters, 2013, 20(3): 257-260. doi: 10.
1109/LSP.2013.2243144.

WM, B, B, S5 BT X Raok I /£ LR
MIMOEIZ8) HbstG M J77%[J/OL). R TS B FHA,
1-12. http://kns.cnki.net/kems/detail /11.2422.TN.20230201.
1510.001.html, 2023.

HUANG Guangjia, CHENG Xu, RAO Bin, et al.
One/multi-bit MIMO radar detection of a moving target


https://doi.org/10.1109/TAP.2018.2811778
https://doi.org/10.1109/TAP.2018.2811778
https://doi.org/10.1109/TAP.2014.2364048
https://doi.org/10.1109/TAP.2007.893375
https://doi.org/10.1109/TAP.2007.893375
https://doi.org/10.1109/TAP.2020.3008652
https://doi.org/10.1109/TAP.2020.3008652
https://doi.org/10.1109/TSP.2021.3119768
https://doi.org/10.1109/TSP.2021.3119768
https://doi.org/10.1109/TSP.2015.2393838
https://doi.org/10.1109/TSP.2010.2049264
https://doi.org/10.1109/JSTSP.2021.3073572
https://doi.org/10.1109/JSTSP.2021.3073572
https://doi.org/10.1109/TVT.2019.2900357
https://doi.org/10.1109/TVT.2019.2900357
https://doi.org/10.1109/TVT.2010.2045665
https://doi.org/10.1109/TVT.2010.2045665
https://doi.org/10.1109/LSP.2013.2243144
https://doi.org/10.1109/LSP.2013.2243144

148

e (H

i

L)

#13%

(14]

(15]

[16]

(17]

(18]

(19]

20]

[21]

(22]

23]

based on generalized Rao test[J/OL]. Systems Engineering
and Electronics, 1-12. http://kns.cnki.net/kcms/detail/
11.2422.TN.20230201.1510.001.html, 2023.

CHENG Xu, CIUONZO D, ROSSI P S, et al. Multi-bit &
sequential decentralized detection of a noncooperative
moving target through a generalized Rao test[J]. IEEFE
Transactions on Signal and Information Processing over
Networks, 2021, 7: 740-753. doi: 10.1109/TSIPN.2021.
3126930.

CHENG Xu, CIUONZO D, and ROSSI P S. Multibit
decentralized detection through fusing smart and dumb
sensors based on Rao test[J]. IEEE Transactions on
Aerospace and Electronic Systems, 2020, 56(2): 1391-1405.
doi: 10.1109/TAES.2019.2936777.

WANG Xueqian, LI Gang, and VARSHNEY P K.
Distributed detection of weak signals from one-bit
measurements under observation model uncertainties[J].
IEEE Signal Processing Letters, 2019, 26(3): 415-419. doi:
10.1109/LSP.2019.2892196.

LI Chengxi, HE You, WANG Xuegqian, et al. Distributed
detection of sparse stochastic signals via fusion of 1-bit local
likelihood ratios[J]. IEEE Signal Processing Letters, 2019,
26(12): 1738-1742. doi: 10.1109/LSP.2019.2945193.

LI Chengxi, LI Gang, and VARSHNEY P K. Distributed
detection of sparse stochastic signals with 1-bit data in tree-
structured sensor networks[J]. IEEE Transactions on Signal
Processing, 2020, 68: 2963-2976. doi: 10.1109/TSP.2020.
2988598.

XIAO Yuhang, RAMIREZ D, SCHREIER P J, et al. One-
bit target detection in collocated MIMO radar and
performance degradation analysis[J]. IEEE Transactions on
Vehicular Technology, 2022, 71(9): 9363-9374. doi: 10.1109/
TVT.2022.3178285.

REN Jiaying, ZHANG Tianyi, LI Jian, et al. Sinusoidal
parameter estimation from signed measurements via
majorization-minimization based RELAX[J]. IEEE
Transactions on Signal Processing, 2019, 67(8): 2173-2186.
doi: 10.1109/TSP.2019.2899804.

STOICA P, SHANG Xiaolei, and CHENG Yuanbo. The
Cramér-Rao bound for signal parameter estimation from
quantized data [Lecture Notes|[J]. IEEE Signal Processing
Magazine, 2022, 39(1): 118-125. doi: 10.1109/MSP.2021.
3116532.

FENG Lifang, HUANG Lei, LI Qiang, et al. An off-grid
iterative reweighted approach to one-bit direction of arrival
estimation[J]. IEEE Transactions on Vehicular Technology,
2023, 72(6): 8134-8139. doi: 10.1109/TVT.2023.3239003.
BAR-SHALOM O and WEISS A J. DOA estimation using
one-bit quantized measurements[J]. IEEE Transactions on

Aerospace and Electronic Systems, 2002, 38(3): 868-884.

(24]

[25]

[26]

27]

(28]

29]

30]

(31]

(32]

(33]

(34]

doi: 10.1109/TAES.2002.1039405.

HUANG Xiaodong and LIAO Bin. One-bit MUSIC[J]. IEEE
Signal Processing Letters, 2019, 26(7): 961-965. doi: 10.
1109/LSP.2019.2913452.

CHEN Xinzhu, HUANG Lei, ZHOU Hanfei, et al. One-bit
digital beamforming[J]. IEFE Transactions on Aerospace
and FElectronic Systems, 2023, 59(1): 555-567. doi: 10.1109/
TAES.2022.3181257.

FU Haoyu and CHI Yuejie. Quantized spectral compressed
sensing: Cramer-Rao bounds and recovery algorithms[J].
IEEE Transactions on Signal Processing, 2018, 66(12):
3268-3279. doi: 10.1109/TSP.2018.2827326.

ZAYYANI H, HADDADI F, and KORKI M. Double
detector for sparse signal detection from one-bit compressed
sensing measurements[J]. IEEE Signal Processing Letters,
2016, 23(11): 1637-1641. doi: 10.1109/LSP.2016.2613898.
SHANG Xiaolei, LI Jian, and STOICA P. Weighted SPICE
algorithms for range-Doppler imaging using one-bit
automotive radar[J]. IEEE Journal of Selected Topics in
Signal Processing, 2021, 15(4): 1041-1054. doi: 10.1109/
JSTSP.2021.3071601.

ZAHABI S J, NAGHSH M M, MODARRES-HASHEMI M,
et al. One-bit compressive radar sensing in the presence of
clutter[J]. IEEE Transactions on Aerospace and Electronic
Systems, 2020, 56(1): 167-185. doi: 10.1109/TAES.2019.
2916532.

ZHANG Rong, LI Changheng, LI Jian, et al. Range
estimation and range-Doppler imaging using signed
measurements in LFMCW radar[J]. IEEE Transactions on
Aerospace and Electronic Systems, 2019, 55(6): 3531-3550.
doi: 10.1109/TAES.2019.2907395.

JIN Benzhou, ZHU Jiang, WU Qihui, et al. One-bit
LFMCW radar: Spectrum analysis and target detection[J].
IEEE Transactions on Aerospace and Electronic Systems,
2020, 56(4): 2732-2750. doi: 10.1109/TAES.2020.2978374.
AMERI A, BOSE A, LI Jian, et al. One-bit radar processing
with time-varying sampling thresholds[J]. IEEFE
Transactions on Signal Processing, 2019, 67(20): 5297-5308.
doi: 10.1109/TSP.2019.2939086.

XI Feng, XIANG Yijian, ZHANG Zhen, et al. Joint angle
and Doppler frequency estimation for MIMO radar with
one-bit sampling: A maximum likelihood-based method[J].
IEEFE Transactions on Aerospace and Electronic Systems,
2020, 56(6): 4734-4748. doi: 10.1109/TAES.2020.3000841.
CHENG Ziyang, HE Zishu, and LIAO Bin. Target detection
performance of collocated MIMO radar with one-bit
ADCs[J]. IEEE Signal Processing Letters, 2019, 26(12):
1832-1836. doi: 10.1109/LSP.2019.2951496.

XI Feng, XIANG Yijian, CHEN Shengyao, et al. Gridless

parameter estimation for one-bit MIMO radar with time-


https://doi.org/10.1109/TSIPN.2021.3126930
https://doi.org/10.1109/TSIPN.2021.3126930
https://doi.org/10.1109/TAES.2019.2936777
https://doi.org/10.1109/LSP.2019.2892196
https://doi.org/10.1109/LSP.2019.2945193
https://doi.org/10.1109/TSP.2020.2988598
https://doi.org/10.1109/TSP.2020.2988598
https://doi.org/10.1109/TVT.2022.3178285
https://doi.org/10.1109/TVT.2022.3178285
https://doi.org/10.1109/TSP.2019.2899804
https://doi.org/10.1109/MSP.2021.3116532
https://doi.org/10.1109/MSP.2021.3116532
https://doi.org/10.1109/TVT.2023.3239003
https://doi.org/10.1109/TAES.2002.1039405
https://doi.org/10.1109/LSP.2019.2913452
https://doi.org/10.1109/LSP.2019.2913452
https://doi.org/10.1109/TAES.2022.3181257
https://doi.org/10.1109/TAES.2022.3181257
https://doi.org/10.1109/TSP.2018.2827326
https://doi.org/10.1109/LSP.2016.2613898
https://doi.org/10.1109/JSTSP.2021.3071601
https://doi.org/10.1109/JSTSP.2021.3071601
https://doi.org/10.1109/TAES.2019.2916532
https://doi.org/10.1109/TAES.2019.2916532
https://doi.org/10.1109/TAES.2019.2907395
https://doi.org/10.1109/TAES.2020.2978374
https://doi.org/10.1109/TSP.2019.2939086
https://doi.org/10.1109/TAES.2020.3000841
https://doi.org/10.1109/LSP.2019.2951496

14

775 — T AR A e B 0 T A8 1 B R B2 IR A5 S WO A S 149

(36]

37]

(38]

varying thresholds[J]. IEEE Transactions on Signal
Processing, 2020, 68: 1048-1063. doi: 10.1109/TSP.2020.
2970343.

LIU Bingfan, CHEN Baixiao, and YANG Minglei.
Parameter estimation and CRB analysis of 1-bit colocated
MIMO radar[J]. IET Radar, Sonar & Navigation, 2021,
15(6): 592—604. doi: 10.1049/rsn2.12076.

ikEE, B, LAV BT 1HARFEA R KBIMIMOTE ik &
GUHE R E N L], B, 2021, 10(6): 970-981. doi: 10.
12000/JR21062.

ZHANG Guoxin, YI Wei, and KONG Lingjiang. Direct
position determination for massive MIMO system with one-
bit quantization[J]. Journal of Radars, 2021, 10(6): 970-981.
doi: 10.12000/JR21062.

e, B BRRR S 45 IR IS R OSBRI BT ST (D). [k
3], HE AR K, 2021, doi: 10.27517/d.cnki.gzkju.
2021.000615.

WANG Zheng. One-bit compressed sensing radar imaging
research on key technologies[D]. [Ph.D. dissertation],

University of Science and Technology of China, 2021. doi:

B & &

7175, WL, BhEERR, EEOIROEERRES L

W&, W, ok, EEMITRONESIE S AR,
A=Y
FIDUK, i, BT, BB RO EIAE S AR

(39]

[40]

(41]

[42]

10.27517/d.cnki.gzkju.2021.000615.

B, B, DU, S5 ST AN AR BIE A 1-bit SARIKR
HEWFR[T). Fik2ER, 2018, 7(4): 446-454. doi: 10.12000/
JR18036.

ZHAO Bo, HUANG Lei, ZHOU Hanfei, et al. 1-bit SAR
imaging method based on single-frequency time-varying
threshold[J]. Journal of Radars, 2018, 7(4): 446-454. doi: 10.
12000/JR18036.

ZHAO Bo, HUANG Lei, and BAO Weimin. One-bit SAR
imaging based on single-frequency thresholds[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2019,
57(9): 7017-7032. doi: 10.1109/TGRS.2019.2910284.

ZHAO Bo, HUANG Lei, LI Jian, et al. Deceptive SAR
jamming based on 1-bit sampling and time-varying
thresholds[J]. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 2018, 11(3):
939-950. doi: 10.1109/JSTARS.2018.2793247.

VAN VLECK J H and MIDDLETON D. The spectrum of
clipped noise[J]. Proceedings of the IEEE, 1966, 54(1): 2-19.
doi: 10.1109/PROC.1966.4567.

i, L, BIEER, ORI ROARESIE S A

XLRF, WL, BIBPTCR, EERTT ROV E IS S AR

kil &, A,
5N

R, FEEWTETTAIMIMO % R &
eV SUSERER O3

(FeAES: T95)


https://doi.org/10.1109/TSP.2020.2970343
https://doi.org/10.1109/TSP.2020.2970343
https://doi.org/10.1049/rsn2.12076
https://doi.org/10.12000/JR21062
https://doi.org/10.12000/JR21062
https://doi.org/10.12000/JR21062
https://doi.org/10.27517/d.cnki.gzkju.2021.000615
https://doi.org/10.27517/d.cnki.gzkju.2021.000615
https://doi.org/10.27517/d.cnki.gzkju.2021.000615
https://doi.org/10.12000/JR18036
https://doi.org/10.12000/JR18036
https://doi.org/10.12000/JR18036
https://doi.org/10.12000/JR18036
https://doi.org/10.1109/TGRS.2019.2910284
https://doi.org/10.1109/JSTARS.2018.2793247
https://doi.org/10.1109/PROC.1966.4567

	1 引言
	2 系统模型
	2.1 SMA框架的基本组成
	2.2 SMA框架的应用方式
	2.3 SMA框架的资源配置

	3 系统估计性能
	3.1 信号模型
	3.2 CRB推导
	3.3 验证分析
	3.3.1 相同SNR目标的估计性能
	3.3.2 不同SNR目标的估计性能


	4 数值验证
	4.1 验证算法
	4.2 验证结果

	5 结语
	参考文献

