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Abstract: Considering the lack of a general multi-carrier signal dataset in urban multipath channels, and the challenge of
recognizing the modulation types of distorted signals at low signal-to-noise ratio (SNR), a differentiable architecture
search-based (DARTS) automatic modulation recognition algorithm for multi-carrier signals was proposed. Firstly, the re-
ceived signal datasets of commonly used multi-carrier signals, i.e., orthogonal frequency division multiplexing, filter
bank multi-carrier, and orthogonal time frequency space, were generated over typical urban multipath channels. The time-
frequency images, which were insensitive to modulation parameters, were selected as feature vectors to train the neural
network. Secondly, DARTS was employed to automatically search the optimal network architecture. Finally, a joint atten-
tion mechanism was introduced into the feature learning process. This mechanism spatially transforming distorted signal
features to mitigate the impact of multipath interference, while also calculating and sorting the information weights for
each channel of the feature maps to improve the recognition performance of the relevant feature map channels. Simula-
tion results demonstrate that the proposed algorithm improves accuracy in urban multipath channels, especially at low
SNR, while simultaneously providing better robustness to modulation parameter variations and small-sample scenarios.

Keywords: differentiable architecture search, multi-carrier signal, automatic modulation recognition, urban multipath

channel, joint attention mechanism

WisHEER: 2024-05-10; &= HER: 2024-08-17

BIE1EE: 29, jli@xidian.edu.cn

EE&WH: HXHRREE I H (No.62271368, No.62001354) ; Bk 71 45 & i 0F A2 1 %11 3% 4 %5 Bh 300 H (No.2023-YBGY-
041) ; Hh [E - J5 Rl 2 1 4 B I0 H (N0.BX20190264, No.2019M650258)

Foundation Items: The National Natural Science Foundation of China (No.62271368, No.62001354), The Key Research and De-
velopment Program of Shaanxi Province (No.2023-YBGY-041), China Postdoctoral Science Foundation Project (No.BX20190264,
No0.2019M650258)



%9

ZEANEE I TR T SR R0 2 3R 5 B SR R - 15-

0 3|5

M 1987 1GIFaR T AL, $112020 48 1E 2UHEH
5G, HEITH2030 F N HHE 6G, FEEEEE IR
R T R I AMNAN S B vy () AR A ke 23 KT B KT
WAE Y, A R SR B B A 5 5 B N SR R
A YR AR ST TR Bh A B,
AN EN I 2 LBOR SEIT A0 A A 5, $R A H
& BT IE sk B aliffR A (AMR, au-
tomatic modulation recognition) £ AN\ HI L HL R
Guit A U R —, BERESEIUE SR, T
77 GRS S H T E D RE, LRSS T
Poksrill, b2 REEATEERR . 5 S IEIR A5 5
AT R R = ) B

AMR 7] PL7y Jy 3 TAUAR EE (LB-AMR, likeli-
hood-based AMR) F14; 11 K¢k (FB-AMR, feature-
based AMR) K214, LB-AMR KR it 58 52
BAAZE G, ECMAGIE S KMNESSEERFR
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G IR 28 B AE 22 A5 TE R B 2 A A M 541K SNR
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X (m,n) 34T Heisenberg A2 #1261, ] 77Ky

M-1N-1
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(JAPC-DARTS, joint attention-based PC-DARTS)
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BRE, [FIRTE S ST, /= T A FRAE
KER/MEAG SR . AR RETH
PRSI TRY EEE . R VAT AR SIS
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4 HIE SR IR U RIS 1 FBMCAE 5
N T 4 OFDM 5 5 45 1 3 Dk 18 LA S 2 3R 1 2k
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DREEE R PR, S 51255 R PUEE &
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M
ij;l’fﬂg(wg,swxi) * (1 _SiJ)xi =
M
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Fort, 8,0, 5 (1 =S, ) x, 5 B R GE HUE E 5
WIS, NSRBI R SR

BESh, RN AL O A Y SR AR
B, AT RGN F] g, DARRIERS
AL R R R T RE DL AR T D), W%
IR R A R P A A R E 1, FEARA

P

q.;~ (15)
J Zeﬂi’/
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X, = zqz‘,ffi,j(xi; Mi') (16)
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7 x THIBEREPAT — IR GEREE, B RA
sigmoid WUE B &L, 133 K/NAN1 x H x WH) 7 [H]
HEINEF,, . RIEAXN

Fso=o{f7"[GAP(F); GMP(F)]} =

0-|:f7X7(fSA_gap;fSA_gmp):| (17)

2 FE B 23 (A 4E FE AN A 34T R OREE, Rl K FF 45
B A B INBUE RHEEI F' = Fg, x FRIT] .

FUEF I MBI BE RS T S B I A BORAY
%,@%ﬁ&mm%@mzﬁXﬁ%,ﬁ%ﬁﬁ%
MLzt HE T8 To vk PRuE B R A B B R AR B & &
BEEREE, BEMLLERMERERRE, BT Ak
G I AT B Mk S A s B R AR s, T
T = AL AT DLSE B R oK .

TR IEVE B ML, B 8 4 R B R A
A EBAMERREE B IS AT 0~1 fsEE
BVBUEE, R DR X 28 AR I R 2 ST BE SRR RRAE
P bW )R . EAR S R s B v E R IR,
SEEENE F 4y 53347 GAP A GMP LS 3 2 N K/ K
Cox 1 1S S oo P fen gyt SRIF KRR
BN —12 ES L E 2SN MLP, %
TS AN VAN ) (PR =N ST
i\ sigmoid BUE R ES BII A RK/N R C x 1 x TH]
HEERINEF,. REXN
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g EE S, "HEEEE INEF, S5
NEFEE ARG, AT 76 38 1 4E B 7 S R0 1E B

HEREHF' = Fo, x FERPNEATHF, RIaHE
Fp &5 RAR YR TUE TS, ik OB TE RS bR iL v 1,

HE TS U BRSO TSR e 44 A 13036
A M, WHEERN

1, Fle top%ofF'

M= (19)

0, Fc'eétop%ofF'

TERCA B AL, 23 () = RO 24
B R BRI A, BRI U A O
15 B8 2 jgt DMz TS S HRHIER R AL,
PTG SIS B4 725 [ 4 5 i e 4 FE R PR R

F"=F., x F' (20)
2.3 HERTE

BT T BEAL A 2R 1) 2 3R AE S A RN
AN PR, HE A BENLR RS 5 I A
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—UOCRHE S, B TREERE NSRRI RS E
BE BRI R @A R BRI R X2
AR 1) B DA 58 R B I B e I 448 2R, Fk s I HE S
JE S B B L L R s SHZ N 48 3k AT 38 FH A 48 0 2%
WAEHNESH, PERTHTARGERE T
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BiE1 TR R R 2 E SR
BRI E

I TFI, 5@ @EEi A1, RN, 4
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1) <2548 2>
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9)  endif

10) end for
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12) end for

13) <M Z& Il 25>

14) 1345 a 5 o 9 RIS HL T, T2 —E i

P e B 1S B B 2 I SR, MRS

15) fort = 1,2,--,E,

16) 1418 FH M4 AR 2Rz s, B3 as

17) end for
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*3 BHILE
S W 2% 48 3% SESIES
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W4k i E Hy A 16 36
BWRANZGE R 20 60
TR 5 0
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