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Abstract: In covert communication for collaborative multi-agent systems, generative model-based image steganography
can directly synthesize stego-images over public channels, offering a novel approach for secure transmission of instruc-
tions and data. However, existing methods struggle to balance detectability resistance and robustness, limiting their prac-
tical application. To address this, a generative image steganography method based on density-preserving embedding and
orthogonal mapping was proposed. Firstly, a distribution-preserving information embedding mechanism was designed to
embed the secret information into the sampled Gaussian latent vector. Secondly, a vector reconstruction module was in-
troduced to generate inputs that follow the standard normal distribution, thereby enhancing robustness against channel in-
terference and resistance to steganalysis. Finally, the receiver performed inverse operations based on the shared key to ex-
tract the information. Experimental results show that, under different steganographic capacities, the cover images gener-
ated by the proposed method consistently achieve superior visual fidelity. After attacks such as JPEG compression and
Gaussian noise, the information extraction accuracy remains above 97%, demonstrating strong robustness. Against com-
mon steganalysis detectors, the false positive rate is approximately 0.5, highlighting excellent detectability resistance.
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@ HHEH (Median Blur) . 1Z#E i@ H
FHAMG = P EAE AR R R T ER,
R

@ =R (Gaussian Blur) . Z#{EE HA
[F) 58 FEE P vy A% 5o LG R 8 X S AT b 3

® MRS (Gaussian Noise): % /EE T
IFa) AR v Bt AL T A A s 30 73 A R M P SIG I, MR s

Acc = x 100% 17
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4) prks e . K5 ITRMERS 7 i 6 ) 1k
LT X 55 0 b e 0 45 P RE 9% 8 G i 1 A R ] A 1
Ao NVFEIZIERE, A SCHE AR R BN
ks, HAHEAWMAXA)FIR.

PFA + PMD
. (18)

Hr, PONRER, P ARRR. Bkl
0.5, Tt BRI 28 A BE A RUIX 2 Bk EE 5 1B
K4

S) M. mAERKERRE S, BTk
Z RGBS B HERE, K CRAWM LS
% & 14 )5 B WA $E A% BRISQUE M1 NIQE X 4= it [&]
I B o3 = AT o
43 IG5
43.1 BHRBEKRLE=E

15 [ 58 M R ARAS B AR T, A sCEd A
ANE B SCAR BN ) AL R 2 AR MR, TR X sk
R BEUG FIAL B B T R GEVEAs, 2 AR o 1
K3 R

P, =

LAGDE SNAD AT
B3 R[R RS kAR 3 A B G s 151

FEALE R B VPS5, T AR R S A
T BRI, A SCRA TS % B R E 1PN
& 4% BRISQUE I NIQE X 4E i 145 1) B sz J& ik 47
AV . 526 7 MS-COCO % 4 4 i 17 .
BRISQUE 5 NIQE (11570 ik, 2= B 24 sl G A
R R, R R ER A

SO AERAINE 2 Fion. R 2T, ARk
7£ BRISQUE A1 NIQE ¥ 1 Jii &= VT4 $5 #5357 HLAG
BAREUE, BT A R B B e oo & BT

XIS, B B IR . AN, AL
JHEAN T E PN SR A R BEAT OR A 2R B
T HIEA AR S . [N, 85I NSO SR
NTEHIE S, ST R AR A RIS X515, T
R 5 8 H AR A SRR B N E T,
AR T RS R .

*2 ARIREFHEERBNEEE G RERXE

Eian S2IRT GRDH™'  LAGDER AL
BRISQUE 19.17 18.21 17.69 17.27
NIQE 421 4.03 3.91 3.87
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VPl LIS PE, AR SCHE MS-COCO %4
B LS5 Z2ANRERIEEARL TS5 T 75
oo AIRIBE S BEAE 2 MR I S IR (S B
HHEf 2 04 3 s o

SIS RR, BB BCERER N, RS L
(BN B2 35 S LI T B e . £ otifk ok
PER, RCT7ERLE (S B IHER R = T A Xt
Leride TERZHE WG FBGE T, ARILT7AL
IR TERE TR LT g FE 4w W
(W IPEG R4 #BYSERFIRAE, A7 ERIMERE
JUPASZ M, AT RIS SRet. 1t
bb, FEARZHIGEG R, RO ERTRIER
FRABERFFE97% LA b, SR HEGRIPT T I E
Pt o
43.3

e w

RE =& T A
NG RIS A E TR Em S, J0uEpT
FROTEMTERE— B, AT A F R ERCE TR
A BUG TS AT TR EE AT .

RARBR TAFRERERETN, AXITELEMS-
COCO ##f £ b A A Ak AR 10 HE 0t BT & 0k EL A
L. RABIERY, HERSREESHEN, I
T B AR AR DR R AR E B S e AR b L R R,

R WY SR o7 B e A 52 A SRR R B RE (1

AL

TS T AR MS-COCO #di4E L1y
EEEMNALE R SRIGR, ARSI 4 FHATH
MkeS A B E PRI, BMEEZZ R
Wi, (R4 R ZH0M 3 S T B AR e 4E R £ 97%
PLERIHERIR, 80 500E 1% 7 R EEM,
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%*3 TEREGEEEREERE TASEMEIR
. e GRDH™! S2IRT) LAGDEP! SNAD?2" GSAGSCP® NG
Yotk K EBH < ! ¢ . \ A~
(bpp=0.0625) (bpp=0.0625) (bpp=0.0625) (bpp=0.0625) (bpp=0.0234) (bpp=0.025)
Lossless — 98.35% 81.67% — 98.97% 98.39% 99.16%
0.75 97.41% 79.68% — 97.81% — 98.29%
Resize 1.25 97.77% 81.02% — 98.33% — 99.03%
1.5 97.94% 82.31% — 98.94% — 99.14%
90 96.73% 79.16% 98.37% 97.85% — 98.30%
JPEG JE 45
70 93.53% 76.63% 95.42% 95.41% — 95.82%
0.001 97.82% 81.24% 98.87% 98.96% — 99.13%
Gaussian Noise
0.01 97.56% 80.35% 98.32% 98.72% — 98.17%
3%x3 97.42% 80.22% 97.72% 97.52% — 98.12%
Gaussian Blur 5%5 95.81% 76.64% 93.25% 94.02% — 97.14%
7x7 92.99% 73.21% 88.03% 91.27% — 94.21%
3%3 95.82% 78.37% — — — 97.21%
Median Blur 5%5 90.13% 75.11% — — — 92.31%
77 82.31% 72.51% — — — 85.72%
T4 TERSSHTHARRELR 0.500 B3k, 2 AR I 28 3k LAA 20X 43 1B EE 5
d ¥ /bit MS-coco Flicker8K BAREIG, Uk T HARBRR PR S oA e .
1.65 6553 17.27 18.47
(=] A 2
175 6 144 1725 1832 x6 eSS o HTiEse LR
% : SRS SRNet XuNet YeNet
1.85 5734 17.23 18.38 B il ¢ ure e
GRDH*! 0.507 0.501 0.506
real 14.03 16.21
LAGDE™ 0.502 0.503 0.501
MS-COCO
=5 AEassE THEEM SNAD?" 0.495 0.492 0.498
Yoo 71 S d=1.65 d=1775 d=1.85  d=1.95 VNSRS 0.502 0.501 0.510
Lossless — 99.16%  99.37%  99.70%  99.73% GRDH™! 0.502 0.503 0.512
Resize 0.75  98.59%  99.07%  99.41%  99.49% LAGDE™! 0.500 0.501 0.500
Flicker8K
JPEG JE4i 90 98.30%  98.89%  99.17%  99.21% SNAD!?" 0.497 0.500 0.495
Gaussian Blur 3 97.78%  98.39%  98.79%  98.93% ALTTI 0.501 0.501 0.509
Median Blur 3 96.01%  97.00%  97.62%  97.79%
3k =\
Gaussian Noise  0.01  98.17%  98.79%  99.12%  99.23% 43.5 HEQENA

434 ZAERMSAT

EPLRS R IEMh b, AR E A
SRNet. XuNet 7 P 1) E i B2 5 2 b T2 Exd 8575
EHEAT T ORI, DAVPA TR e

328 TP B A0 AT AR IR AL, 55 %5 7] &
GRS IR B 8, TR R T
JEM R . SLess RnR 6 Frn. B 6 Al A,
AL TTVEAE 2 Fh A A R IR A Ze AR E AR

NS AEA SRR AT ORFF T I PR RE, AR
XA R S S [ AT T A SRR MEE I St
oM. EEIREN A S BT AERL, R
B THRF PERE 2, AR B B B AL o Rt
A

KIS RINR T PR, L BARTHEES
PRAEZEI SRR ME IR AT I, BRIE T TR AL
i 2E 73 A ORe BRI . SERREE IR K], AR5
VEAE RS S A BB AE 100 5 107 B A,
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