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Abstract; To address the issues encountered in robotic visual acquisition of bolt connection box images
in prefabricated building units (such as overall low brightness, uneven illumination on bolt rods, and
unclear texture details), this paper proposes an image enhancement algorithm based on logarithmic
transformation and multi-scale feature fusion. For the problem of overall dim lighting in bolt connection
box images, a logarithmic transformation is adopted and combined with Gamma correction to optimize
dynamic range expansion. By adaptively adjusting parameters, the proposed method improves image
performance under varying illumination conditions and effectively recovers latent detail information.
Furthermore,, a multi-scale feature fusion strategy is introduced, in which image information at different
scales is integrated through dynamic weight allocation, thereby significantly enhancing texture clarity.
Targeted enhancement is applied to the bolt rod region using the Contrast Limited Adaptive Histogram
Equalization (CLAHE) to improve local contrast. In addition, edge sharpening and noise suppression
techniques are employed to ensure that the enhanced images remain smooth while preserving fine
details. Comparative experiments with mainstream image enhancement algorithms demonstrate that the
proposed method achieves superior performance in terms of brightness, clarity, and texture detail.

Specifically, the average Structural Similarity Index Measure (SSIM) and Peak Signal-to-Noise Ratio
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(PSNR) are improved by 5. 89% and 4. 73%, respectively, while the Mean Squared Error (MSE) is

reduced by 12. 55%.

Key words: bolt image enhancement; logarithmic transformation; multi-scale feature fusion; Gamma

correction; CLAHE enhancement
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Fig. 1 Architecture of the bolt box image enhancement algorithm based on logarithmic transformation and multi-scale feature fusion
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Fig. 2 Bolted connection form of prefabricated buildings
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5 4 39 XU CAF S T B A 22 RUBERFAE Rl 5 10 SR 6 b PR {5094 109

(c) LIME '
“——'——‘_“‘_ “

7?77’7 |

e Pl T e e e e T
(d) A 35
P 4 WIS AR T 4% g i R

Fig. 4 Enhancement results of various algorithms in uneven brightness environments

(a) DALE

TN i i I B e i R vt i QPO D b o I P vt i R e s I e vt i IO vt S e S o]

(d) ASCEL:
B 5 SO IREE T 45 kR AR

Fig. 5 Enhancement results of various algorithms in blurry environments



110 oL TR R o il (AR D

2026 4F

|

(a) DALE

. s e 1y Y 1y . s
(b) Zero-DCE
|
| J r J [ | | |
s "hes RS . . . . .
(¢) LIME

(d) ASCHEE
Kl 6 fROCHRIRET B &k s R

Fig. 6 Enhancement results of various algorithms in low-light environments

FARTAEAL, BRI WT IR ARAT GRS 10 3 A
FURE A W RO IR IRTR BEAT T — 5 7 10 4
5, (R AR BREE R At 2 R ERIEIREIIEAL, H
EALEREE T, BARRBO G R T A
A2 B IR BE AT R B 40T 25 2k MR B
i, EL 3 A X b B30 R BE T Bb % 0k R B R R
FFAE

ARG PRI T PRAG  J XoF IL F) 20 WLAE A 2
HANZR 1 P, AREE W5 5 MRS 45 2R AT, 7

A PR i X SR AL T 2 & 3 BN AR 5 B R
B ARG EA Z RS, NEWMEERE,
A SCRAE R B A0 BEAR RO B R T
ol BRI DRI R 2 5 A7 A 5 T T I T LB
oo BWFE bR b, A SCHIEAE 3 R A 4 T
PSNR, MSE, SSIM ) ¥ 311 43 51 & 28.69 dB,
88.02.0. 45 ,ftF LIME 3% K& Zero-DCE Hik, B
SRASCHL I SSIM 1 V- 2{E Ltk DALE L FRIE T
0.03,{H MSE I PSNR {E3%B] &, #EF 3 Fpxt

F 1 SMEERILIRLIE XN ERIERE

Tab.1 Mean values of objective metrics after image enhancement in various environments

285 15 F5 LIME Zero-DCE DALE A

MSE 103.29 105. 62 115.39 81.86

B RE AN A SSIM 0.48 0.40 0.55 0.54
PSNR/dB 26.23 26. 56 25.78 29.00

MSE 97.17 99.13 115. 60 75.01

RN T PR 58 SSIM 0.51 0.52 0.62 0.56
PSNR/dB 26.76 27.17 27.12 29.37
MSE 116.52 128.18 59.11 107. 20

LR IR SSIM 0.19 0.21 0.26 0.24
PSNR/dB 26. 46 26. 85 28. 80 27.71




B4l

XUECAE T B e 22 RO R

ST Rl P A A 121 P i 111

oA | A SO SSIM PSNR - IAE A R = T
5.89%7F1 4.73% ,MSE FE(8 T 12.55%, 235G E&W
SR A SCEEAE A B B AR 1 PR 5 e e
R , PR i 4 S A R B A i

3.3 ke
Syt — 2 WA SO R 3 R R M BE
HYDTHR, A 15 Bt TIH R, 8 2 A0 LR ek
IR T Y DG L A A BT L X PRI 49 i Ak R
BRI S I B0 UF A i B I 2 SR & 7
Fis , & AER LR 2,
FHE 7 AT, BREE

A A A J

— R AR A

. . .

[FFEBE Ay £k, 456 % 2 B85, MSE |
PSNR ¥J3AIG, el 1 25 bR 50 — BBy > 119 [n]
FBREE MR RG TR T SR N H R R4
Jai JREBAN T A L RPN, R 2 AT, 3
FhIAES R B MSE F1 PSNR 8%, W FAERA T
FBREE AT RN, BREE B H R &
BRI NB A ERBEEA— EBRAET—
AR S EOTC HI W RS R B AR, T AR S
T BEBRAT B — A kb B S (0 MG A 52 s
iy SR B S A R T TR AT B S N R v | N
SCHETE WA B AR UG s L R P Y R TG
HEAER, B0UE T H AR TR A B S ot

“ ‘_ —— S— SESE—
| | I | I I
. e - . ® E

(a) WS A EIFR I 22 BR A8 — Mtk

(b) FAREANEIERIT 22 B 28 Ak

(c) WIS RN EIFR IR L R A8 = AR

w f ‘f A A .
| | |
L ] e e 3 s} 8
R S T S R SE— R e TR e WM —"

(d) BERIANEIREE 2 BR A — R

() ROGIRFRTE R R — ik

(e) BEMIAE PR 85 R BR 35 —AHR

T— .
‘ ‘ Y Y Y
W et ELSC et BCEGEC SRS

(h) fROGIEFRSE 2 BR A ik

O ﬁ*ﬁﬂ‘ TASRERE = MR

i_h e

(i) ROLRRFRBE £ R 28 = AR

P79 R S AR

Fig. 7 Subjective effect of ablation experiment

R 2 HRR ISR ERIR

Tab. 2 Ablation experiment metric mean data
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