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1. Introduction

» AMR is critical for 6G, but labeled data scarcity

limits deep learning 1n non-cooperative scenarios.

» Existing contrastive learning methods fail
geometrically: isofropic augmentation is ineffective
in high dimensions, self-attention 1s spectrally

unstable, and physical priors are fused too shallowly.

» We propose DyCo-CL, coupling adversarial
augmentation, a spectrally-stable Swin backbone, and
dynamic physics fusion, achieving +6.27% in [-shot

AMR.

Algorithm 1 DyCo-AMR Pre-training Algorithm

Input: f,, fr (encoders), m (momentum), 7 (temp), €,
ASC
for each minibatch x 1in Dataset do
Xweak = PhysAug(x), Xgqv = VAA(X, fq,€
q < fq Xadv ) k < fk Xweak (k no grad
lpos :q-k_l_’ lneg ZQ'k_
exp(lpos/T
exp(lpos/T) + D exp(lnes /T
projection output, no grad

Lnce = —log

L
Zadv < fq Xadv

o projection output

ESOzl_ < Zadv
2|/ zadw||
Ltota,l — ENCE + /\SC . ESC
Update f, via Backprop: V Liotai
Update fi via Momentum: g, <— m0g, + (1 — m)f,
end for
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(a) Impact of Consistency Weight (\;.)

KL Divergence

}

[ Transformer Encoder Layer ]
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Global Avg Pool ]

)

(d) Impact of Power Iteration Steps (/;;.,)

Value 0.0 0.1 0.2 0.3 0.4

0.5

0.6 (Default)

0.7 0.8

Acc (%) 38.38 38.43 3930 41.58 41.96
A 546 -541 -454 -226 -1.88

41.78
-2.06

43.84

41.04 4244
-2.8 -1.4

1 (Default) 2 5

Acc (%) 43.84 41.71  40.82
Time 1.0x 1.19x 1.38x
A -2.13 -3.02

Iterations

(b) Impact of VAA Perturbation Radius (¢)

(c) Impact of Swin Window Size (M)

Value 0.1 0.2 0.3 (Default) 0.4

0.5

Value

1 2

3l 8 (Default) 16

43.70  43.05
-0.79

43.84 41.34

-2.50

Acc (%)
A -0.14

40.95
-2.89 A

Category Model Variant

Acc (%)

39.29 39.15
-4.55 -4.69

38.10 43.84 42.63
-5.74 -1.21

Full Method DyCo-CL

Backbone &
Module

w/o Dynamic-Consistency
w/o Swin (ResNetl8)

Stage I — Concat
Stage II — Concat
All Stages — Concat

Fusion
Strategy

Model
(M)

Params FLOPs Storage Latency Throughput
M)

(MB) (ms) (samples/s)

EET-MoCo
ResNet50-MoCo 23.520 101.900 94.1
SSCL-AMC

APFS
CMSSAN

1.09
0.123
1.005 11

1.515 36

DyCo-CL  1.443

50.27 4.4
2.33 0.5
340 4.1

934 6.1
14.46 5.8

42.5
0.007
1.37
0.06
2.01
0.60

23.49
140335
729
17280
498
1672
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4. Main Results
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OQPSK -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 [T
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Predicted Label

(d) SNR = 18dB

00K

4ASK -
BASK -
BPSK -

QPSK

8PSK
16PSK
32PSK
16APSK
32APSK
64APSK
128APSK
16QAM
320AM
64QAM
1280AM
256QAM
AM-SSB-WC
AM-SSB-SC
AM-DSB-WC
AM-DSB-SC
M

GMSK
0QPsk

True Label

-0000.00000 000 0.01 034 0.11]

Jo.00.0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.0 .00.0.00 0.0 0.0 0.00 0.00 0.00 0.00 0.00 £.00 .00 0.00 0.00

-0.000.00 000 0.00 [J0.00 0.00 0.00 0.00 0.00 0.00 0.00/0.00 0.00 0:00 0.000.00 0.00 0.00 0.00 000 0.00 0.00 0.00

0,00 0.00 0.00 £.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 000 0.00 0.00 0.00

-0000.00000 nﬂnnmnzznzlEnnnnnaﬂmnfmaﬂnnm .00 0.000.00 000 0.000.00 000 0.00 0.00 0.00
-0.000.00 0.00 0.00 0.00 023 0.28 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00

000000000 000 0.00 0.00 0.00 0.00 FFE]0.01 0.0 0.01 0.03 0.1 0.00 0,00 0.01 0.00 0.00 0.00 000 0.00 0.00 000
000 0.00.0.00 000 0.00.0.00 0.00 0.00 0.1 [EB0.00 0.6 0.01 0.03 0.00 0.02 0.05 .00 0.00 0.00 800 .00 0.00 000
000 0.00.0.00 000 0.00 0.00 0.00 0.00 0:07 0,07 0.00 024 0.07 0.18 0.01 .09 0.27 0.00 0.00 0.00 600 .00 0.00 0.0
-0000.000.00 000 0.00 0.00 0.00 0.00 0.1 0.21 0.0 031 0.03 0.10 0.02 0,09 0.23 0.00 0.00 0.00 000 .00 0.00 000
-0000.00.000 600 0.00 .00 .00 0.00 00000 0.00 0.5 [JE10.09 003 0.020.21 000 0.00 000 00 0.00 0.0 000
-0000.000.00 000 0.00 0.00 0.00 0.00 0:19.0.06 0.00 0.17 0.08 0.20 0.00 0.11.0.19 000 0.00 0.00 000 .00 0.00 000
000000000 000 0.00 0,00 .00 0.00 003 0.04 0.00 011 0.30 0.09 0.08 0.02 0.3 0.00 0.00 0.00 000 0.00 0.0 000
000000000 000 0.00 0.00 0.00 0.00 0,04 0.10 0.00 013.0.06 0.14 0.03 0,18 0.25 0.00 0.00 0.00 0.00 0.00 0.00 000
000000000 000 0.00 0.00 0.00 0.0 0,00 0.10 0.00 0.16 0.15 0.09 0.05 0.05 0.48/0.00 0.00 0.00 000 0.00 0.00 000
-0000.000.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00.0.00 0.00

000 0.00.0.00 000 0.00 0,00 0.00 0.00 0,00 0,00 0.00 £.00 0.00 0.00 0.00 0.00.0.00 0.00

000 0.00.0.00 000 0.00 0,00 0.00 0.00 0,00 0.00 0.00 800 0.00 0.00 0.00 0.00.0.00 0.00 0.00)

000 0.00/0.00 000 0.0 0,00 0.00 0.00 0,00 0.00 0.00 €00 0.00 0.00 000 0.00.0.00 0.00 0.00 0.27

-0000.00.0.00 000 0.00.0.00 0.00 0.00 0.00 0.00 0.00 600 0.00 0.60 0.00 0.00.0.00 0.00 0.00.0.00 0.0
-0000.00.0.00 000 0.0 0,00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.60 000 0.00.0.00 0.00 0.00 0,00 000 0.00

~0.000.00 0.00 0.00 0.00.0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0:00 0.000.00 0.00 0.00 0.00 800 0.00 0.00)
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Predicted Label

(e) SNR = 24dB

True Label

OOK -§Eilo0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00

A4ASK -0.00 (E0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 060 0.00 0.00 0.00 0.00 0.00 0.00

BASK -0.00 0.32 000 0.00 0.00 0.00 .00 0.00 0,00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 .00 0.00 0.00 000 0.00.0.00 0.00

BPSK 000 0.00 0.00 [l80.00 0.00 000 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

QPSK -000.00 0.0 00000 000000 .00 000 000 040 00000 040 600 .00 000990 49 000 000009 000

BPSK -0.00 0.00 0.00 0.00 0.00 0.32 0.16[1£+0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16PSK -0.00 0.00 0.00 0.00 0.00 0.26 0.21 {21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32PSK -0.00 0.00 0.00 0.00 0.00 0.28 013 (J%10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

16APSK -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 [F5J 0.00 0.00 0.00 0.05 0.05 0,00 0.00 0.00 000 0.0 0.00 000 0.00.0.00 0.00

32APSK -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 UEY0.00 0.10 0.02 0.01 0.02 0.01 0.04 £.00 0.00 0.00 0.00 0.00 0.00 0.00

64APSK -0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.09 0.12 0.01 0.17 0.02 0.22 0.02 0.15 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00

128APSK 000 0.00 0.0 0.00 0.00 0.00 000 0.00.0.00 0.16 0.00 025 0.05 0.10 0.01 0.10 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00

16QAM 000 0.00 0.0 0.000.00 0.00 000 0.00 0.03 001 0.01 002 §H0.09 0.07 0.05 0.19 0.00 0.00 0.00 0,00 0.00 0.00 0,00

32QAM -0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.05 0.00 0.17 0.03 0.32 0.03 0.18 0.14 000 0.00 0.00 000 0.00.0.00 0.00

64QAM -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.01 0.03 0.00 0.08 0.25 0.08 0.04 0.05 48 000 0.00 0.00 000 0.00.0.00 000

128QAM -0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.05 0.14 0.00 020 0.06 0.14 0.00 0.19 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0:00

256QAM -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.00 0.11 0.230.02 0.07 0.05 043 0.00 0.00 0.00 0.00 0.00 0.00 0.00

AM-SSB-WC -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00.0.00 0.00 000 0.00 0.00 0.0 0.00 0.00 0.00 0.00

/AM-SSB-5.C -0.00 0.00 0.00 0.0 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 BB 0.00 0.00 0.00.0.00 0.00

'AM-DSB-WC 000 0.0 0.00 0.00 0.00 0.0 0.00 0,00 0.00 000 0.00 0.00 0.0 0.00 .00 0.00 0.00 .00 0.00 [F 017 0.00 0.00 0.00

/AM-DSB-S.C -0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 .00 0.00 000 0.00 0.31 [¥540.00.0.00 0.00

FM -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 XY0.00 0.00

GMSK -000 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 000 0.00 0.00 0.00 0.00 & 0.00

(OQPSK -0.00 0.00 0.00 .00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.0 0.00 0.00 0.0 0.00 [y

paper: https://arxiv.org/abs/2605.26600
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Predicted Label

(f) SNR = 30dB

0

128APSK
AM-SSB-5C
32PSK
GMSK
128QAM
8ASK
AM-S5B-WC
64APSK
0QPSK
AM-DSB-WC
00K
16APSK

AM-DSB-5C
BPSK
32APSK
16PSK




