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Abstract: Single-exposure Western blot (WB) imaging is limited by a restricted dynamic range, saturation of
high-abundance protein bands, and loss of low-abundance signals. A dual-channel morphology-guided multi-ex-

posure fusion algorithm (MGAWTF) is proposed to address these limitations. A multi-cue weighting model in-
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corporating adaptive exposure , morphological saliency, and spatial attention is designed for WB multi-exposure
image sequences. The final weight map is generated through nonlinear gain adjustment and normalization. In
the dual-channel pyramid framework, morphology-guided gating enables nonlinear multiscale feature extraction
in the image-decomposition channel, whereas a Gaussian pyramid smooths the weight map across scales. The
fused high-dynamic-range image is reconstructed by multiscale linear fusion followed by inverse Laplacian-pyra-
mid transformation. Experimental results yielded a standard deviation of 20. 62, a spatial frequency of 3. 92,
and a sum of correlations of differences of 0. 80. The method suppressed halo and artifact formation near high-
contrast band edges, reduced background noise, and preserved low-abundance band signals. Quantitative opti-
cal-density analysis indicated improved response sensitivity and an expanded effective dynamic range.
MGAWEF provides a quantitative image-reconstruction approach for multi-exposure WB imaging and supports
reliable protein-band analysis over a broader signal range.

Key words: image fusion; western blotting; multi-exposure fusion; dual-track pyramid; multi-clue

weights; high-fidelity quantification

1 5l

nu\‘

1 0 P2 B ¥ (Western Blotting, WB) J&
AN BT TS g B bR T A A L e
T8 TR 8 BT 3R 3K K P AT R DR LA B E
L OBRT L BRI LR L A2 IR T USRS A
BR 1 2 250 L A B OGN ) 2 S Bum B R
Az 1 AF S BN Al E B LR R AR T
i 5 Jed B DI I 1) 2 S B = B8 G055 R 1 IS TR
e JC A o B, Sk 9 A 3 B YK B O A
IAEEEMEAYERER, 5 AZBLAE
(Multi-Exposure Fusion, MEF ) £ AR >k 47 i i —
iR A o w2 M E R

VLA R, [ N AMIE N DORE 2 B RL G HOR
FIATHR AR5 5 B 2 AR A5 0, IRt 25 1)
B . Mertens % 3L F 4 & F I Z R A
SRR BT B R RS R L A TR R 2 25 Y
Gy 57 4T3 LA e Bt v 't 5 R X s A A0 DR B
S A AR g B R A PR —
BT 2 RG-S HEZ M BE 7 CT BIE L JE
RO A RO TR R R R SR L R
ATy . E@RERBFIEE S GF B TS
MZE G R T — MBS 5 4 5 35 09 B2 2 R Gl
BHEAR T TREG S R R 5k
o A TR RS R DR S A,
W5 N IR 51 A 2 ROBE 51 5 8 3 fl5 (Multi-
Scale Guided Filtering Fusion, MGFF) 4 I 2 1
K (Visual Saliency Map, VSM) 4 & . Li &

W51 S BT A BG-GB, A 3 2 Ok 4F
R X A s A R R AT s ) DR 9 A RO BR
THEGA LT WL R th ., ZThE"
e B Al b — 20 38 A0 IR 1R G 2 RO A
T3 58, A 515 08 ORS A AR 1R A5 40 19 OF 255
U 8 P IE il A AL . I, Chang 56 4 i —
Bl &F X} £ B % 3 5 19 Retinex 51 5 18 9% @l & 28
oy, 3 3 G A A i e BE DX B0 R AR AR i — 2P
P TT T RS 45 AR S A0 IO B 40 e AR
J# . Mammadova 5" 4 T HLGE B S F 1
Z WG R SR A 3 o B 2 RO 9 AE 5 B R
23 [A) 30 32 b 0 J 35 M IR 4R AR 2 I L A O
SR 1Rl EMR B JR AR Ay . BEE N T BEHR
i 4 &, 22 B G Rl B R AT 3 1R 1Y 22, AL
Ty AR IR A ) O Z Rl A R A
S RF A Bhadra 58 H R B A% 2 T 7R S 2 ER
rh E R O A AR R R ARG A TR e R o
R A2 0 B 2 TR, RE 8% ™ s 2 415 W B P 1 £ 58
Z RZFEMIR AT AR

A BAB SRl A HEZR T BA R FO R R R
73 A 5 5 75 5% S M 4 2 11 B0 38 (RIS 30
S5t PO 2 ORI MR TR S5 ) B, A SO —
T4 v PG Rl A o i O 5 I e O L 1 UL
A5 5 Z B OGRS HESE (Morphology-Guided
Adaptive Weighted Fusion, MGAWF) il i #4)
2R RCERA NG UEOR ISR 5 097 1k
B R A A AT s I 252 T 1 5 AR XU
SR BEAE A O R SR LG B R it 2O A TR R



2412 b=

K TR

34 %

JEEME . ECSBRIE LAR LR R I AR A RS A
e R L) [R] IS A 00 5 585 A5l A 5, RS iR vk JEE
AR S AT, S 23T AR o A T EL AT A
B E R E TR

2 MEBMHHEFINF EHRARSE
3ok

2.1 ERELRE

e BRI A2 RO R, B AR R R
5 R e A, H e 6 11 0 B 8 25 3 L G A A AL A TR
A EA YR MO BRI SR Y e K s BEVE IR LU X
B BRI BIAR GE SR T ] 328 3 R 4R SR, DA
ARAGAS A B ) ROBE 06+ R 0 o SR W 7 AR 1
R 5 HAT R R 0 ) B A - S B R AR R
HAFSPORMER KBTS FEREA KA
TR0 T, O R B R OGN 5 25 .

WO 2 OGRS 2 B AR ST,
Z0 W T 2 AL AR B R 3 R AR i X LG B 5 B A
ARV, 4 0 25 3 308 W W J2 s P BOK .
A SCHE Y WL R & 22 5] 3 2 O a G A
M BRI E 1R, B8N ZLRNEN
EEL W EES RN ETFH R 2
ROBE LR MRl A DA B & I F M

i\ R 5 A 25 1 I
|

i ¥
‘ G A R 2 LB ANLE
B (DR SEE)
5 I

YT T

TS5 | SR & T4 ) i AOUERL PR oo e 47 <68 1 1

P v

P BREZRAENTEE
2 !

&

% LT 4 01 A
1

i s PR LA R

K1 FEnEE
Fig. 1 Algorithm flowchart
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Tab.1 Average values of six objective evaluation metrics for fused images

Method SD EN SF SCD QAB/F NAB/F
AVG 13.0729 2.0240 3.3200 0.573 6 0.2367 0.1147
LPE 13.5918 2.1015 3.7935 0.507 4 0.3497 0.3133
MEF 14.4556 2.1025 3.580 4 0.4057 0.3240 0.126 3
MGFF 12.727 1 2.086 7 3.5259 0.4579 0.3058 0.1756
MP 14.1280 2.1050 3.806 2 0.6110 0.3579 0.3725
VSM 20.2815 2.3471 3.8208 0.5240 0.297 1 0.3374
Ours 20.6220 2.2716 3.9208 0.800 1 0.2845 0.2178
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Tab.2 Comparison of average running time of different algorithms

Method AVG LPE MEF MGFF MP VSM Ours

Time/ms 13.6 135.0 386. 6 287.3 322.0 122.2 8682.1

333 EXEAMELHNSREEESW

R VAL A VA TE R (O L6 L
AE S AR SCRTT TS BB R RS, I
R 124 20,10,7.5,5,2.5,1,1 ul, XJ )i J5 44
F% B 2 (a) B9 DA ) Z2 B o 1A Tmagd T
FL a4 (5 5 S B & A E R LR
B 10D L, an il 4 fir s M I 00 S 80 3k 3 r
NG R R A R?, M TR A S 1 IR
e AR R B R e, FAabRa
i B A R A SR M ML 1 95 %6 B AF X (],
HE R T B Mg Raoe t .

AR AR B RS b A e YRR
e W HOG 1 RE AR AR 1 RO B BB RN
] & 3K K7 Z [ ) 22 5, 6 F R AIG F & R AR
I EE, BARARF LM RIS T MGFF 2
KT 0.9 R AEY 3 i T i SEARZ R . ]
I AR R R RER B m T HAS Lk BA
R ) R R R R AR PG B R B

BT

ANFEIR 25 S U TR, RS RS D AR = R A Y
PN R 22 SR I TR R T A

2 i
5 1.8¢
<
& 167
Y
) L4r Group
€12} © AVG
oy = LPE
Z 1} A MEF
15) MGFF
= 0.8 MP
g . * VSM
g 061 * Ours
B
2 0.4 —_H
Fo2f"
S

0 L L n L n

1 5 10 15 20
Protein loading/pL.

4 SEEME LT ARRS LR IOD (6B 95%
AR X [H])
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Tab.3 Linear regression parameter comparison of differ-
ent algorithms for protein gradient samples
Method — #HR(10D/pL)  #EE(I0D) R’
AVG 53 409 426 437 0.927
LPE 41 211 312679 0.938
MEF 34 014 365 467 0.938
MGFF 48 099 370 934 0.952
MP 52 377 414 569 0.908
VSM 51 099 485235 0.912
Ours 54 537 505 766 0.912
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Tab.4 Average values of six objective evaluation metrics under different module configurations

Mode SD EN SF SCD Q" N
Base 18.842 1 2.082 6 3.4631 0.559 8 0.256 5 0.120 3
Morph 19.713 3 2.2655 3.564 6 0.663 3 0.2861 0.2121
Attention 19.7117 2.2658 3.604 6 0.652 3 0.286 1 0.2119
Ours 20.6220 2.2716 3.920 8 0.800 1 0.2845 0.217 8
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Fig. 6 Sensitivity analysis of key parameters and objec-

tive metrics in proposed framework
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