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Abstract: When multimedia content such as images was transmitted via mobile broadband, it was prone to interception
and tampering, which posed a threat to the authenticity of communication content. To address frequent tampering opera-
tions in real-world scenarios, such as forgery and splicing, as well as the limitations of existing methods in cross-dataset
generalization and in accurately detecting and localizing tampered regions of different scales, a highly generalizable de-
tection and localization method based on multi-granularity feature decoupling and collaboration was proposed. First, a
multi-granularity feature extraction network was constructed to capture multi-scale tampering cues at the pixel, region,
and image levels through a hierarchical architecture. Second, an explicit decoupling module was designed to decompose
feature maps into content-stable and tampering-sensitive components, thereby suppressing interference from irrelevant
information such as background textures. Furthermore, a gated adaptive fusion module was introduced to enhance consis-
tency and complementarity across different granularities through feature interaction. Experimental results showed that ex-

cellent comprehensive performance was achieved on public datasets such as CASIA_V1, Columbia, NIST16, and Cover-

WimBHA: 2026-04-22; fEEIHHA: 2026-06-16

BIEEE: 0. W, mHH: wylcomen@126.com

EEWH: EXEARRYESN0.U22B2062, No.U23B2023); 11744 W 5t 4= A3k B (SUCX25_0522)

Foundation Items: National Natural Science Foundation of China under Grants U22B2062 and U23B2023; Postgraduate Research
and Practice Innovation Program of Jiangsu Province (SUCX25 0522)



. i

#

{18 XX

age. Strong generalization ability and high localization accuracy were also demonstrated under cross-dataset conditions.

The proposed method provides an effective solution for robust image tampering detection and localization in complex

real-world scenarios.

Key words: Mobile broadband, image tampering detection and localization, multi-granularity feature, explicit decou-

pling, gate-controlled adaptive fusion
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TSI [X 38 1) S A DA S AN [0 BRI T () AR X
IYREST, AR A I 5 E A 45 R AT £5 G VAL
SRS HOR L G XIEON IR, FLSEXIEON 2. 7R
BRI FATSH, TP. FP. TN FIFN 435l R R
B IERA I E AR U R = B R A R U
BERE PR E N LR R H L S R )

ENFERMEFEE Fif%E (Precision) 5 [FHR
(Recall) & X H:

.. TP
Precision = TP + FP (19)
7P
Recall = P+ FN (20)

Forpr, RS AR B RN B SR AR 3R S B
BURE PTG LS, H IR FOR B UG &= P
R IE A I LL . FEIGERAL b, F1 2 B0E X
kGRS A B R R E ,
2 X Precision % Recall
" Precision + Recall @
Fl e En e EER 5 A2, K
& T PR BRSO U 5 E AL AT 55 AR B B X
L E R RE . A B R N B AT B R
WA A B2, FUEA SN R . ToU HI T4
BT EL o X 5 SR B X (M E R R E
HoE SN

F1

TP
U= 1p  Fp+ FN (22)
5F1 8O L, ToU X Fi0l X 355 3 52 X8
HEBREEORE S, HiEE KM X IR E L
L HERRRR R . S TINS5 R SR A BT
ToU BB B K o B[] 5E BIE T PP 48R 28, A
KA AUC 1 A s e bn . AUC RIS T HE U0 4
fE %5 1E Bl 28 (Receiver Operating Characteristic,
ROC), % 2k DL IE 1 % (False Positive Rate,
FPR) NfEHI. FIEHIZ (True Positive Rate, TPR)
KNYH, AUC K78 ROC M2~ H AL, w3
ZVAE

AUC = flTPR(FPR)d(FPR) (23)
0

AUC AR 5. — B % BB, T2 G2 TH R A
ANFFIBIBME S R BRIy SRBE 7T, BEfs B 4xii i
AR 7R Ay LE R B T P S AR E . AUCE K
Ky BB SR R 5 H SRR I X 73 AE
SR FEASCSZE Y, F1 20 ORI ToU $7E [ 5 B 18
0.5 AT gEiE, RIS BRTTMM R K TET 0.5
i, R HAE N R E R, SUHENAEER.
LR R, F1 o0 B Be ALY 76K s 3 A 4 [ml
HRZ I TA, ToU B ORYE TN X 485 sk X 32
[ (Y B B 5T B, 1T AUC T e 8 A\ 22 BB A B2 b 78
PRI R B AR PR RE . DRILE, ASCIRINE SR A I
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KAE ESCA ) 4 ATF RS E & E ik
Tk, JF5 TruFor. CoDE. EITLNeT. Sparse-
ViT. DDG. Mesorch. NCNeT. FRD-Net. Co-
Transformers. EARG-Net 54X 38 P AR A5 4 75 [7] —
SR SR T REAT X B . VR FR AR AL [ E BE 0.5
FHIMB R B FL B ToU, [FI 5 AUC /R N #h
AEbR. NET R, RIME2 R & FRR LR
DORAR R, IR R L TR R IR . xb T
WTTERATFBUCRBEAE S — SEI0 W B T IR IR bR
g, XKLL -7 bRk, EEREENAZS S
FI W o

MR 1T UE H, A7 VAR s B 0l
AR AT E, FHIF1LE$ 0714, FIoU
55]0.663, LRI T ZHN L ITVE. JUIAE
CASIA_V1# 4 B, AT T 0.838 [ F1
550.780 1 ToU, AUCH#E—£i5%0.988, FHI{EHF
P2 5 S HPRENG A7 HAFAE — %€ J5 AL B3 H) 2 4
AL, ARCTTVERENS BT R FHR B A ) e
X e hifaeErt. 5 SparseViT. Mesorch 1 NC-
NeT &8 J7VEA L, ARSIV IR R i A AR T SRy
fE TR Gl A2 B, e ilid 2R 3%
TERPRE AR R PR ORI 2 R 5 IX A K 2 2 W) T
AL, NULTE CASIA VI X BRI BONR &
s A AR H BT i B

7E Columbia % #i % I, FRD-Net Fll SparseViT
WA 7RSI FUE, X580 R UPHER SO
F HARGFAN X A xR M4 <. FRD-Net
R TBOR ZWAE 2 SO S5 2 57, IG5 Sk

X 3k 5 B o X 3 2 (A AN — 2P, SparseViT U )
FAR B B JIHLEI 5505 SCHOBE, R AR 2 TH
MEBURE, FUIAEPHEL S 5 5 1
SRAT B (0 [ B AE e N . AR SCTIEM FL N
0.953, WAL T L7k, 1HIoU Ik H]0.940, f£fT
AR T AT B A K, SR AR STV T i
B XS R B A B R ES R, X
0 Bl 4 1) S ARE

FE NIST16 ##s 45 &, AT 1 FLAKT
EARG-Net, {H & T FRD-Net. Co-Transformers-
SparseViT &5 7732, [AIf HXAS T 0.389 (1) IoU £ 0.889
1 AUC. NIST16t & HFE. EhkiG. MErEE
KIZ 2% Ja A BRSO, BRI RN 5514 5
AL 2 R B A —3. EARG-Net F] 1)l
MG EEA T HREIR s, @i gk E
FE R o P — B o PR B 2 RO e X, DR AE
KRR, G50 FFEAR EHE G IR R 1A [E
M e RE TR FIE. Mtk ™, A
VS BRI JR ER O 28 5 X 38 R4 I PR IR AR, i )
PR AR SF, DR A [ € BB 0.5 R F1AS
AL SR, ASCITVER) AUC T EARG-Net,
KRN RSB RS E B = B A B ik
X o3 RE S, 322 e AR TLAE B 5 BB 119 0 3 56
B, TAEFIRE I L o

7f Coverage #(#5£E I, EARG-Net fll Co-Trans-
formers {] F1 15 T A7 . ZHIRE LT E
R E L, XI5 A s BT R AR
SR SCER NG M AP, SRR B X It 25 ) T ik
Tt EARG-Net I 5% Z ML fe 8 HHEHCR B
il IR A —3,  Co-Transformers JH 1T %%
MAE S TOWIR X5 S W], A B Ak 2 53 )

*1 T EHERE MR & ElE H1E 0.5 BFAY F1 5 ToU LLAR
CASIA VI Columbia NIST16 Coverage F
A
F1 IoU F1 IoU F1 IoU Fl IoU F1 IoU
TruFor®®! 0.818 0.764 0.885 0.859 0.348 0.301 0.457 0.419 0.627 0.586
CoDEP? 0.723 0.637 0.881 0.844 0.420 0.339 0.464 0.362 0.622 0.546
EITLNeT? 0.530 0.492 0.881 0.851 0.308 0.256 0.448 0.371 0.542 0.493
SparseViTE4 0.827 0.775 0.959 0.938 0.384 0.331 0.513 0.472 0.671 0.629
DDG! 0.742 0.675 0.910 0.877 0.377 0.302 0.438 0.367 0.617 0.555
Mesorch!> 0.839 0.787 0.890 0.876 0.392 0.342 0.585 0.536 0.676 0.635
NCNeTE7 0.823 0.761 0.932 0.903 0.402 0.327 0.584 0.497 0.682 0.622
FRD-Net!®! 0.829 - 0.973 - 0.412 - 0.601 - 0.703 -
Co-Trans.?” 0.807 - 0.941 0.425 0.634 0.701
EARG-Net!*" 0.498 - 0.924 - 0.589 - 0.755 - 0.691 -
Ours 0.838 0.780 0.953 0.940 0.461 0.389 0.603 0.543 0.714 0.663




RIS < BT 2R R AL AR 5 0 7 A i AL MR B SO N 45 5 A7 7 vk <9

55 XX
&2 TEEREEMN{E EAAUCEER

i) CA\%A* Columbia  NIST16 Coverage “Fi
TruFor 0.897 0.899 0.845 0.846 0.872
CoDE 0.921 0.934 0.839 0.872 0.892
EITLNeT 0.873 0.918 0.826 0.839 0.864
SparseViT 0.982 0.970 0.861 0.935 0.937
DDG 0.949 0.947 0.819 0.858 0.893
Mesorch 0.985 0.909 0.888 0.932 0.929
NCNeT 0.977 0.951 0.872 0.947 0.936

FRD-Net - - - - -

Co-Trans. - - - - -
EARG-Net 0.840 0.995 0.881 0.988 0.920
Ours 0.988 0.957 0.889 0.964 0.949

Xk 5 E R Z Ao R, Kk, XHIE5%EE R
EBMEFL EREARA. ACHEMFLN0.603, 1K
F EARG-Net, {H 5 FRD-Net 4%, I C 4K
ToU F A& 7Y v B 4545 5 ToU 18 0.543, I A S 7%
FRONTE 43 5520 S 1 X g ma SR OR 57, (HFE 2
A HH A B O X 3 b B A P X 3 S T R A 7
FEfilae 1

GEKRE, BRSSO SR E S A
FHIE . EARG-Net 5 AR T- B 2 56 56 5 R 22 TR L
fil, &M T3l 558 S Bk S 28 B OORE
A . FRD-Net 518 %005 WO 2 7 I BRA 19 58, 7E
B XI5 Ha Xk 2 R8O B s h AR
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AR 2 T OB RS O B ORI, IE A AR EEE S
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JRUPE 5 ) e 7 SN <8 LA B AR e A1t R . AHLE
2N, AIONEIHE R R I — PR R, T2 E
o B AR AN O S B 5 S RS ALH], FEARRLEE O
T8 JE R0 55 R R 435 e A R S B A P R SR &R
Rk, R A7 E7E Coverage A NIST16 11 [ 72
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FIF 35 AUC F A7) 3R 30 HH 5 380 1 1) 5 04 45 2 AL
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TOOI X e i e B e R A . oMb, FER 25 B
T35 B S B X R R, AR
AT BRI A 1 it b 220 1) B 4 DX ) AR R R, AR I TR
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K, XA — AN BB T R VA R
2.5 JHRHSIIG

N PPAl 5 BRSO R PR RE I 2, AR SCAHE
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RS Sy 25 B A ST tH ORGSR AR I 1) it B 5
s, BRI S, ZARAR S e B A — 5
BIANRE . ETRESRBOESL . B AR 2514 F0 3
ENLR, BRI NZRERIEME. B RELN
WA S A 5 S50 5] 5 1 1145 S R A s, RV
MR 0 4 B 5 A D I A S AR 3 A B o X I T
Mo TEPREEA b, AR SOOI 2200 RRAE A 2
AR A A SR, R 2 AR AR
A, CAGr BT S A HORI Rl SR TR SEBRAE P o B 5
WA ERINGESE . NHESHE PN T A —8. &
BARNK3, nTLLE R ILE 3.

%3 JHRLSCIGEE R

SISV E Fl IoU AUC

Xf e 0.752  0.658 0.962

EZ i 0.771  0.673 0974

DR 0.811 0.721 0.980

% RS+ A ARAR A N Rl A 0.813 0.748 0.976

EZ AL SR AW 7 I RE i e ey 0449 0323  0.562

EZ N RRTER Y 3 S A M E ol ey 0.824 0.760 0.974

EZ R TER Y 3 U Rl ey 0.838 0.780 0.988
HR3IALEH, XA FL. IoU Ml AUC

10N 07520 0.658 F110.962, 1t BF & 0 2 L - fiFt i
HOHRF—ENEGXIEEMRE ). BIANZRLEERE
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B S R AE A .

TERLA SEBE 7 TH, 38 6 2 AR D0 Rl & 1 F 1AL
0.811 $2F+ 2 0.813, HGaidc/h, 0B ] S AR IR /b
RN, MEDOARIE I A X B X S A

2478 B X I A [H] 75 SR 3h & 0 B AE 5Tk 838
PHERALA I FL R ToU 29 51 T B4 %2 0.449 £110.323, 1%
RE NFEBAE, 1 B AR B O 2208 AN S5 A T A
Hro HTHIREERAER SR 2 S . M A S
N, KL & B 2 XA E TR R,
B INRRD 28 e A AR R IR, ]
RECK TR SN . AL, EeR T 1iEm A
¥ F1 A1 ToU $2 7+ 42 0.824 £10.760, AT T4 HLHGE
% 1 & N R 5 R O S Tk, L
e W VAR RS 2 A & (1) N1 PO (= 7 7wt oA W K
TI5E KRR IE B B 5 IBUE, 25 5 2 2 505
X HARAMEE SO R . 5] Nk 5
G, SRR FL. ToU f1 AUC 4 %) ik £ 0.838.
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