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Abstract: Deep learning-based automatic modulation classification (AMC) models are vulnerable to adversarial example
attacks, posing severe adversarial security threats in practical scenarios characterized by dynamic channel conditions and
limited availability of signal labels. To address this issue, a multi-domain distribution alignment based on domain-
adaptive adversarial defense method was proposed. Firstly, a phase rotation data augmentation strategy was used to en-
rich the discriminative and domain-invariant features learned by the model. Secondly, a dual-discriminator architecture
was constructed to reduce the feature distribution discrepancy between the original and adversarial signals in the target
domain and those in the source domain. Thirdly, contrastive learning constraints were introduced in conjunction with
high-confidence pseudo-labels, leveraging source domain class anchor to enhance intra-class compactness and inter-class
separability in the target domain. Finally, a consistency constraint was employed to reduce the output discrepancy be-
tween original and adversarial signals in the target domain. Experimental results on both public and simulated datasets
demonstrate that, compared with existing methods, the proposed method exhibits superior domain adaptability and adver-
sarial robustness under various adversarial attacks, effectively enhancing the reliability and security of AMC systems in
complex electromagnetic environments.
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min €S min {3 (26)
DC Da

(L5 + 0

cls cls) +4 : (fgom + ggom) + AKL '
Ot Aeon * Loon (27)
HF, Ao Aaoms Akis Aeon N TR TR E R
B, ZE AL AT DL I 2R Ae e M
Zi L ATk, MDDA J5 ik I 2R R W 53 1
7R o
E3:1 MDDA ik
MIN USSRy, HAREGE SR
BEERB A dye Aa Ak Aoy NS Ha 7 K
MW VR AMCHEAAMEE,. C, BEEE
MBI E. C. D~ D,
1) HEIEARUS, HEREIAT
2) SRR £ RIS SRR p*
3) i ECE) M (4) 7 ) SRR S A R
O3 AR LEAR R €3,
4)  EERG)EHEMC,
S)ERHELR
6) VIWEILE «— E. C«— C,
7) MEEARSE, EEPAT
8) CREEE¥MIEZ O~ U(0,2rn), @ik (6)
(7 A B A 5 2 AR
9) MEEFEES = { X3}
10) $RIUFAE S 5 F SRR M p*
P DURIHEIGIRER pion Pl
11) R0 A2) 9 HliHH R IR E 5 1
Iy R €5 A TR €5,
12) g K (13) A X (14) A2 BRSPS 5
xS A
13) 38 3 2 (15) A 5K (16) 4= B H Ax 380 Bt
fFex.
14) BRBURFE /5. f3. L SRR MM ps.
Do~ PLRTHEITIMEER pS. Pl
15) @A RQD)IHEXPiUE 5K
% €3 A R R €
16) @ RQ6)EH D AD,
17) @i R 4) AR (25) 2 5t E A 2k

cls dom
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Coon KL AR £y

18) @ XQNHEH EMC

19) EEEHEL

20)iRHE. C. D, D,
2.5 HEEMEME
EHERRRY B, 8 E AN C XU H bR IE S
BEAT 23 2, SEBLN JRARAE T IR HUAE 5 B AE
73K

p= C(E(x)),y = argmax p (28)

3 SSBRERESH

AT TR I L AT SRR VRl . B e A sk
Bk B E 45 X iE et in i B . ARG 1R
KR L 5 AR AT T IE A S
WA D7 AT KRG, i — 20 i e f S e A A
PRI VERE S 0  Be e, 0 AT AR A TE AR
{5 Lt (signal-to-noise ratio, SNR) 2k 14 T [ M 6
RIS TR TR R AR .

31 SRE

1) Hoffi £

ARSLASE A TR HE 42 05 AN A SR PO IE By
RITIEIA RN AT RS AT RML2016.10a A1
RML2016.04c, X HEfE St 20 FhASE 145
M LE AN 11 A IR A, AR A B (bi-
nary phase shift keying, BPSK) . 1E & # # # %=
(quadrature phase shift keying, QPSK) . J\ il # %%
B (8-level phase shift keying, SPSK) . 32 &L AH {ir
S 847 (continuous phase frequency shift keying,
CPFSK) . = i #% 5% (Gaussian frequency shift
keying, GFSKD «  PYR Jik i i 52 i ] (4-level pulse
amplitude modulation, 4PAM) . 16 ¥y 1F A2 i /&£ 1 il
(16-level quadrature amplitude modulation, 16QAM)
64 M 1E A2 & B #1]  (64-level quadrature amplitude
modulation, 64QAM) . I IF XL 14 77 (amplitude
modulation-double sideband, AM-DSB) . Alig .17
(amplitude modulation-single sideband, AM-SSB) .
Wi iy W A (wideband frequency modulation,
WBFM) . FFANFEAH IQ (G 541, ®RES
A8 128 IR FE Ao RML2016.10a 4 Al iff i R AU 78
A SNR N 1000 MFEA, 36220 000 MFEAS ;
RML2016.04c FIFEAELAEA R H 2R T A se 42—

H, BN 1620601 . SEEREHSNR 918 dB
[RIFEA, A RML2016.04c/E K. RML2016.10a
VB B brisk.

XA ESE, R A SR A G SR T A A
A Wi A (S8 (additive white Gaussian noise
channel, AWGN) . 3¢ #f 3% 75 {5 18 (Rician fading

[ N S DU

channel, Rayleigh) o A 3CX%F 2 T £ 4f8 5 4 AR
HE 320 ({5 18 17 A AT IE e, AR R IR 3RS
A N RIRGNE SEA, FEMESHWE AT
e TEBIEEMGEST R, HEMEBRILE
RML2016.10a £ 4 SE R 5 — . 5258 ol Rician {5
TR RIS, AWGN 15 18 345 42 /1 Rayleigh
EEEE A BIE A B ARGEAT IR RN E o AR
1 80% IMIAEAH Tk, 20% [IFEAH Tt

=1 ITMEERHNEEFRESH
ey RKEUEH . HR 5
(EREESN) HiEHz FJ 4E/ms 2 B
AWGN 0 [0, 0, 0] [1,1,1] —
Rician 0.6 [0,0.8,1.6]  [1,0.9,0.4] 5
Rayleigh 1 [0,0.8,1.6]  [1,0.9,0.4] —
2) Xt b7 v

AT VEAS BT 38 7 VR 0 25, A SO Y 3 b
R T

O DANN: SR W B ik B & N vk, R
F EXT U

@ AT+UDA: i yifEs, 5 Hr
15 5347 o I B e B & B I

B UDA+AT: it I W BHUE B Zr i bn 24
B, FF45E HAREUE S ARSI T X BT 25

FESEEERN b, A 5 & UDA TT
AT X, 445 ARTUDA. SRoUDA. DART.
Forfr, SRoOUDA. DART H i FH B HLHE 65 1) £ s 44
B, ERE SEARE, BB AR AL
PEIG R TTI%

3) LI E

SCISFERC % Intel Core i9-12900K CPU (3.20 GHz)
AINVIDIA GeForce RTX 3080 GPU 1% % kAT,
ST PURE A A B S AR I sk R 3 7F BB GPU B 58
o ARIUIE T PyTorch HEZLSZHL, IIZRitti KN R
128, fAb28 K H Adam, HI4H5 215 BE5E 76 0.001 ,
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BEZHIEE05. 0.9. GRLSH A, % E NahEL
I S e O
exp(=y°p")

H, p' RoNIEABEREARGE, BIATIE RS A
BB E, p N F 10, 2= )RR EE A
SRR KRS, /N SR 11070 B R EUIAL
FHZH Ao Aaoms s Ao 7T AR EN0.257 0.51 1,
0.005. XFHLIIZRIT Be, PLahie A2 & N 0.05, &
ALK R0.02, ERKECH 10,
3.2 ETHERX BTN

1) A& St

A VA MDDA J7 VA 1E E & 8 T 1 1 A
Bt 7EAEBEY, B O H bR R 2% 45
H . SHERCE AR, AR H bR R bR
ZEE T PUREAR . SEE SR FGSM. PGD il BIM
X3 PR B TR I Bk %, SRAhIE Ay v
E40.025. 0.050. 0.075#10.100, HAhXEHSES
XTI B FF—3. K3 7R T LARML2016.04¢
RPEIF . RML2016.10a 4 B AR i %757 10 5 S5
TR BRI B A L. A TR U, DUR
SZIG I7E RML2016.04c—RML2016.10a 13T 5% 3 5
BT

B P 3 R, A FH A 1 5 1 4 B O VA TE G
Bk 240 H bRk o Mk R 8% PGD A BIM
() B0 BORAR T FGSM, 3% 2 B g % A B s ] 3
o 2 U P TR R TE SR BN 20 R A SR T R0 e
hah. EABLGET, bRk DANN B A1 G bE
P2y B B 0 T SRR B, 3R BH TG R O B A
RO L A B R g5E . AT+HUDA @il i
B HUINZAT DL S R E R 2 HAri, (HiE#
WA XA R . UDA+AT. SRoUDA Al DART
Se I Zr A 25 A2 B Y, F R B A 25 1S B H b
BRI BTN S, SR 28 5 92 1 7 40 1 A 5 B
PRSI B R . ARTUDA W 7E 86 55 3 72 rp
UNIERAR=SOE AN NS ey S N o Ny 7T B =N
B BERR, 8UE T H bR 5T I 2558 w1
B RN AR TTVEAE 3T HL 8 B8 T X E
J7iE, B IE RESRRS A R T T B IEUR MR E S
(1 oy RUERA 2R, U 388 45 00F H AR R 1615 5
RO B AE 5 17 56 55 2 SRR AE 2 18], IR 5] A5
bbb B bRk s s i i, $R 0 TR ) 4 2
PERE S XL E M.

85%

80%

75%

& 70%

s R

65%

N
60% |HH——DANN -+- SRoUDA RN
-~ AT+UDA -0 DART #
& UDA+AT—+—MDDA
55% 1. ARTUDA

] I

] 1 ]
0 0.025 0.050 0.075 0.100
ol
(a) FGSM

N
' =
£ 50% M3 DANN g
ﬁ -0+ AT+UDA
40% [-| -~ UDA+AT
& ARTUDA
30% [|--v-- SRoUDA
—o-- DART
20% |-|—+— MDDA
1 1 1 1 1
0 0.025 0.050 0.075 0.100
Yoz g
(b) PGD

% 50% |-~ DANN
xR - ATHUDA
40% [~|—4 - UDA+AT
< ARTUDA
30% |-|--%- SRoUDA
—o-DART
20% |- I—ﬁ—MDDA

1 1 1 1
0 0.025 0.050 0.075 0.100
ez
(c) BIM
3 RML2016.04c—RML2016.10aiL#537 5t F A &I 0 R uEmfi R

2) Bl

LS ) Sk S B Rl e 4 IR
Sto PREIE R B 03 RE H AR A )
S5 SHUE R, AR T BB R A it HUkE 4
FHIER BT HARBEAL. A SR CNNAE & AR Y
HEAT DANN 3O SR 125, LLAS BT 3 72 1 5 Bk
. B 4ERT BELE% 5N % 745 FGSM.
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BIM A1 PGD Bili T 73 2 A 22 B SR Bl B2 A2 AL
THUL.

85% \*//\*
Vel -~
O S =0
80% -
M
£ R
RIU| e,
R —e— DANN
-0~ AT+UDA
— &~ UDA+AT
70% H < ARTUDA
- SRoUDA
-0~ DART
—+— MDDA
650/ 1 1 1 1 1
) 0.025 0.050 0.075 0.100
3l g
(a) FGSM
85%]
V\\ \\
0"—‘—‘—‘—“‘—737—&9_-:‘-: _________
sov%r T e
_“_;?;:9:_\ N
% O O o \':\\_0
e
K —e— DANN = S o
R -+ AT+UDA g TTemey
Jovll 4~ UDAFAT
°r-<- ARTUDA
- SRoUDA
—o- DART =
—+— MDDA
65%k—T T 1 ] 1
0 0.025 0.050 0.075 0.100
sl B
(b) PGD
85% - #—
—
V-
O mmimmm D S S
80% S O~
N S
o o
5 o RN
g 75% - Y TRy
et Tmeey R
o —e— DANN = e e,
&R -0~ AT+UDA g ~ig
0% H =%~ UDA+AT
< ARTUDA
-7~ SRoUDA
—o- DART
65% _|‘_ MDDA T ] ] ]
0 0.025 0.050 0.075 0.100
3l JiE
(c) BIM

&4 RML2016.04c—>RML2016.10aiT#5 3% 5 F B &L ()7 Juk i R

ME 4TI LLE 1, BT AR 55005
B, BELGHNBEASEARSS T A&LeE. £8
YR, FGSMEAFLEhIERE T X 3%
3 IS 55 T PGD 5 BIM. X 7] fig 42 K A4 PGD All
BIM 7 B AR AL kA7 AR AL 25 5 i 0 & S vk

FIAFE, IS B A ) SR AT R A L .
DA & #: UDA J7 V570 B s Bk Ry 5
o HEAEERMLE, EFGSM B & did, AT+
UDA & 8 1 L A% TR 25 FE 0 Pt & M 1 A
DANN, et T A AR AR B I 5 PR B 18 5 AT
ME R NHRREME. ML, AR EES
Wil PR B ZHRA . “IMBIEE N 0.100
FGSM. PGD 5 BIM 3 Fl i ' [ 43 SR AE0H A 5
SR B 0.91%. 1.82% A1 1.14%, 7870 53IF 7 43
JAE B R T e .
3.3 ETFHAAIRBE R

AT HE— DVl & O VER S AR A I W M ik
B PERE . 53T 8B B T VEA R, CW I
t B IS FRE D B I AR R R SR, TERIE
Yok I HTEE N SR M. SEER T, CW I
T HERS K E N0.01, BAIEARE DMK E
N2, 4. 6M18, HIrBEEHEKENO. K S5a@M
K syl ExR T ASMB R Es N & kS
K 2B IE AR B A

H--T+- AT+UDA
—&- UDA+AT
309 H¢ ARTUDA
--v-- SRoUDA
-0~ DART
20% H—— MDDA
1 1 1 1 1
0 4 6 8
e RIEARIB K
(a) A&
85% |- .—'\*’—”’/4
Ve
e
L T
80% |- B e e
by
5 o
R M ©
b 75% | Qomnmnmnmnznih
S
., | [/~ DANN"-5~SRoUDA]
70% - AT+HUDA -o-- DART
— 4~ UDA+AT —— MDDA
& ARTUDA . .
0 2 4 3
TSGR RIKE IR
(b) BAYH

K5 RML2016.04c—>RML2016.10aiEF23% 5 F CW B 1970 25MEm %
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EAGRGHR T, CWIH MR BT
BT R E rik. HF CW B AL
BRI ki g, s, W
RE 0 3 B AR AR E DANN BB 1) 7 Rl v . 75 %
Bfi i 77 3% 7, DART 5 ARTUDA R HLA L, 0K
TR EREWEHT =T, CW B RBR
55 T 56 T RE R M ik . BAR CW X i
#E DANN S B A —E Bk e 77, HX % X e
BEPERIB B VR R T A R, Bok A fa 1 o 2tk
BEJLT-TERH AR . 31X B KN CW Bl R FE AR
HHFME R A S S HE R, =R
R U ROET HAMR R s S ia . b
R4 LB, MDDA J7 % T8 R fEJE T 86
YR R TEEE TR B T, SRR 51
B e R -

3.4 AEEESE TSN

AT VA MDDA J7 VAR B AR 4 Bt 4t
By gk e, S2B8 A T Rician—>AWGN il Rician—
Rayleigh W Fp L RIS TEIT B 17 5t . K2 MK 3 4301

NANFME TG 5 T B G B AR a Bk 1 7 SR e
K. A&YT, FGSM. PGD FlBIM [(455)
e i ¢ BN 0.050, CW B i e Kk AR IR AR B
N4; BEYGET, TR VL & T B
P25, # FGSM. PGD Al BIM [ 5l g J& 18 K
%0.100, CW Bty i) e RIEAREIE 42 10, H
A SV B 5 RML2016.04c—RML2016.10a 1T 7 52
AR FE—E

M2 5K 3 LLEH, MDDA VAR S
IR 3% 50T BB A RCR B AR T A X B 7 i
EAERE T, M5 PGD B i, FriE DANN
TEW PG TEIT B 3 5 T 00 2 R UHE I 2 40 30l 1 B%
57.95% F11 48.45%, MDDA J5 54X T [% 4.09% Al
3.59%, W] xE H b ko6 Bt 3h 1) A fd .
UDA+AT 7E W FiE 8 I B 5t TR A RIFE
BEPE, HE—DIRAIE T 3TN R B 2 R e 4
FHIE R ARIRE 77, H IR 32 O bR 28 o & (1 7 240
ARTUDA j# it { BB X Ul 2R84 7 X Hi e ik,
AR Z AL 2 T BUR MG (S 5 150 B RE R FE .

=2 ARG ESR TEERHEMN N LERELLER
Rician—AWGN Rician—Rayleigh
T3
Tt FGSM PGD BIM CW Tt FGSM PGD BIM CW
DANN 83.27% 51.55% 25.32% 24.50% 15.77% 81.59% 57.95% 33.14% 33.45% 23.00%
AT+UDA  82.41% 74.64% 71.23% 71.23% 51.09% 77.41% 73.05% 72.50% 72.77% 68.59%
UDA+AT  83.23% 81.59% 81.00% 80.95% 78.91% 81.18% 76.27% 74.27% 74.09% 68.18%
ARTUDA  81.82% 77.95% 73.68% 74.09% 71.23% 75.00% 66.77% 64.09% 63.86% 59.05%
SRoUDA 85.14% 78.00% 75.14% 75.23% 62.14% 80.82% 73.27% 69.23% 68.95% 56.00%
DART 85.05% 82.86% 80.59% 80.41% 77.95% 82.18% 74.95% 72.55% 72.41% 68.00%
MDDA 86.95% 83.59% 82.68%  82.86%  81.77%  87.36%  85.68%  83.64%  83.36%  82.18%
%*=3 FENEEFH R TEER TN I EMELR
Rician—~AWGN Rician—Rayleigh
Jii:
T FGSM PGD BIM CW T FGSM PGD BIM CW
DANN 83.27% 63.45% 68.36% 69.05% 80.50% 81.59% 61.41% 65.82% 67.36% 79.77%
AT+UDA  82.41% 73.14% 68.36% 73.45% 82.09% 77.41% 73.73% 74.27% 73.91% 76.68%
UDA+AT  83.23% 81.95% 68.36% 82.82% 83.02% 81.18% 77.50% 78.86% 78.50% 80.86%
ARTUDA  81.82% 78.50% 68.36% 78.86% 81.36% 75.00% 69.86% 69.68% 69.73% 72.95%
SRoUDA 85.14% 82.23% 68.36% 82.23% 84.55% 80.82% 77.41% 77.68% 77.14% 80.09%
DART 85.05% 83.91% 68.36% 84.66% 85.00% 82.18% 78.05% 79.45% 78.73% 81.64%
MDDA 86.95% 83.18% 85.00%  84.95%  86.55%  87.36%  84.18%  8595%  85.82%  87.23%
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B

L2 T, MDDA J7iEfEGI N B BB LR FE
IR ERIE 5] 5 H FRIRR 4615 5 5 X HUE 5
55, ARG T AR B — S L IR AR5 5 2
PERERI A sE I . fER GBS, PLFGSM I
di NI, bR#E DANN TE W PSS IEIT B b 5 F 15
FSUETH R 3 ) R % 19.82% F120.18%, AT+UDA £
PRI 5T B RE 23 0l T B 9.25% 13.68%,  HiAt
THEI R BRI S . CW B a5t
= HARBER SR 06 45 8, X &% 5 i B 5L B A5 PR .
MDDA 77 V2 1£ P MU T8 T 42 37 5t R B0k ¥ i 2
#, mOWAE T IEEARGEES ST EA R
FR) R 7 R0 e 2 b
3.5 HEsIIE

A 8 Y Rk S 06 00 UE K 1 A . X0 ) B
GER . X EE A ST 2R K — B 29 O MDDA 5 %
MAER, diRmL4pR, Hh, wo D KRR
B — N ICH ) B AT 3O6 5, wilo D& €, ONTE
57 FH BR300 ) 2% T R B % B 0 B O o S R
F PGD #1 CW W Foit it B il J73%, PGD Buidi i i
B ¥ B N 0.050, CW Zak il e K i AR IR B ikt
B4,

#4 MDDAZEARELHRE G TR IERERLLER
J7ik Tt PGD CW
MDDA 85.00% 82.95% 79.55%
w/o x° 82.05% 78.18% 74.32%
w/o x! 85.23% 80.23% 77.27%
w/o €y 84.32% 81.82% 75.23%
wlo 83.18% 78.64% 77.05%
w/o D, 84.55% 82.05% 77.50%
w/o D &L, 79.55% 72.73% 71.36%

MR 4 TR, 2% 2H A o A R 4 e 22 A AR A
Yo fEEHE G 55 05 T, 2 BRI AGE S )R, H
PRI IR 2 AL PE BE RIS DTS AR VESY I B, R W
PRI 1 55 AT Bl R A B U 7 S AL
AT BE AT 5HH I ) 8 B PR 22 F AR 72
B H AR ARG )5, IR (S 5 10 RAER R &
WA T, B BTSN B, U] H AR
Aot oIl B AR AR, AU PO
FRR . A HWBHLEITE, BER O JE, BRBLE
XFPUECl TR TERE TR T R, BB IRAE T H M

BXH BN GLE] A e . EXF ] 5T,
B e, o, PR R GG AT P55 b A RE S K iE
B, R e, T LLE I PRERRE, A R0k B AR
S IR 5 5 0BG 5 1R [F KRR 2 18] R R 5
[Fi) BN 38 AN [F) SRR AIE 2 B (R B o 7 31 8 45 4
T, ERAR A B — ) B 1 A S HE R R T B
AN, AHE Y [F R B A ST, PERE T B
T3 B, KU B ) 2 O S RO A
HE— 5 2% B XU 51 2% 5 06 B 2 ) LA i A 36 21
M, mrE SEEU RN 5, EEMAEN RRES
FIE e, WSO T R T I o Rk
Re 5 X H g k.
3.6 AS[E]SNR THYMERELSIE

R 25 B AUE AN [RI8E B 5 A SR AR e LE 4%
PR E BRI, A SCHE SNR=10 dB %1 Xt
3 P AT R b s 1) SO B B A SRR R AT
TXFE b, SRS S AR S Fron . X PUAEA
PGD J7iEH i, HhahiE % E 9 0.050.

&5 10 dB RIS EARNBEEREHENN FOERELR

RML2016.04c— . .
RML2016.10a  cian"AWGN

TRt
74.55%

. Rician—Rayleigh
Jiik;

Tt
81.05%

Tt
78.82%

PGD PGD PGD

DANN 26.82% 28.91% 22.95%

AT+UDA  73.27% 65.23% 80.45% 61.23% 79.73% 71.86%

UDA+AT 75.68% 65.00% 77.86% 75.68% 81.09% 73.82%

ARTUDA 78.18% 75.68% 78.82% 71.59% 81.00% 76.09%

SRoUDA 78.86% 65.95% 84.14% 7391% 81.64% 69.59%

DART  7891% 6691% 84.64% 77.27% 82.95% 74.82%

MDDA  81.82% 72.73% 87.00% 86.32% 84.00% 76.45%

MBS R UE 1, £10dB&MF T, %
FhITIRAE 3 ML A% 37 5 P T e ORFRAH X RS 1) 43 2R
PERE, ARIVEZAFEMERRZE R, MR,
MDDA J5 %45 3 Ml B 35 F¥IUAS T RS T
i RUERf %, 3RO FLAE BEARAE e LU A B p AR
I 1) H b3 45 5 2 2K 8e 1. 76 PGD H & il
T, ANEGHEREEMNZFHE, DANN AT
POt TR E TR, Sl NS L] I T
TE—EREE LM TR P S B R TR
MDDA /7 ¥ETE 3 T B3 5t F S T BN =1
ST, BRI, 1E Rician—AWGN i #37 5
H, MDDA 77 V% 1E PGD Xifi T B 70 RAER 2T
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F%0.68%, BEEMLTHABXILL 7% 7ERML2016.04¢
—RML2016.10a 1 Rician—Rayleigh 37 5t ', H
BE T BEWE FE 23 591 N 9.09% 1 7.55%, R BE AR 7 72 55
KT LidgE 3K BH, MDDA J7 7% BE 6 /£ A A
GlEE B R N AR Piish, BA RIFME
BEPEATZ 1

37 BZESH

SR AR STV B SE PR n AT, AT T
S IR FE ARSI VPR AN 7 AT b o IF AR
i b AL 45 B AP V7 SIS BB (floating point opera-
tion per second, FLOPS) FIMEH x40 &, S PEfs
B R BAREASHE RIS (7). 75 LI A, A 2%
IAENZRI B AL, HEBE B BU AR B 5 AE R B 28 A
AR HAN, ETFE FLOPS I, K FH % A\t
RN E N 128, SEAIZR M B 15\ 15 B R
FF—2.

EH T i A 6T BU 7 92 350 SR FH A ) 7 5 2 ) 4% &4
1, RIS FLOPS ISR —5, /N
3.72x100f11287.83x10%. K 6 44 Hi T 85 J5 kA8 3 FiuE
% 37 56 B HE BRI 1A %) BE . 7E RML2016.04c—
RML2016.10aiE# 3754, MDDA J7 72 1) HFE A HE
PRI A9 0.024 6 ms, #{ DANN4ifi 1 0.005 8 ms,
I F L I HEEE 2% . 7E Rician—AWGN F Ri-
cian—Rayleigh W Fi {5 1L # 3% 5, MDDA 7%
) HE BB 7] 43 531 4 0.032 1 ms £110.033 7 ms, ELIE
5T DANN F1 ARTUDA, {HAH 5T W Fh & ik 5
i& N /772 DART Fll SROUDA {5 LA W AL 4. 44y
KF, MDDA Jji5AE i3 52 40 408 1% 1) [R] i
TREF T RARMTH I, &350 T I HEREIS (R 35 78
0.034 ms LAY, HEHEH 2 50 1 Sei R R .

%6 T EMER HETER 8]
vk RML2016.04c— Rician— Ricie.mHRay-
RML2016.10a/ms AWGN/ms leigh/ms
DANN 0.030 4 0.032 8 0.030 2
AT+UDA 0.028 0 0.0330 0.034 9
UDA+AT 0.026 3 0.034 2 0.034 0
ARTUDA 0.028 7 0.0315 0.0320
SRoUDA 0.029 1 0.0357 0.0370
DART 0.0316 0.036 9 0.036 9
MDDA 0.024 6 0.0321 0.0337

4 HERIB

AP T MDDA Jiik, VMR FHE E S A2
0 AMC A58 (V€ e 1 50 7 1 o 3 3 A 67 e
(R G B SR N,  F=E A AT 2 3 A B PR AE S
WOANAREIE, A RO s s iz ARt . R
el b, BT T 2T SR I E & AL, A
BT RCHI BB, B IR S H AR R GG (S
SRS 5 MBATRERT 5, S E N T B
FHE A2 5. RN, BIAGTEEEE ], RIS
SRFIEAE Rl o, At B ARSI 2R e s i 5. otk
Ab, I E BB SRR ERERBES S
XU 5 e S (A R R — B, DR A
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