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Robust stitching method for borehole wall images under
multi-interference imaging conditions

LUO Qi, XU Wangming, LI Yaoxiang, ZHAO Yuhang

(School of Information Science and Engineering, Wuhan University of Science and Technology,
Wuhan 430081, China)

Abstract: Aiming at the problem that the stitching of borehole wall images in geological exploration is
easily affected by multiple factors such as imaging illumination conditions, probe disturbance, and
information missing of depth or azimuth, a robust stitching method for borehole wall images under multi-
interference imaging conditions is proposed. Firstly, an image mapping method with conditional
constraints is adopted to expand a specific sampling region of the borehole wall image into a narrowband
image that can be effectively used for stitching under the interference of the imaging light source. Then,
the intrinsic characteristics of the images in borehole video are utilized, and an ROI-based registration
strategy is adopted to realize the accurate registration of the unfolded narrowband borehole images under
the conditions of probe disturbance and information missing of depth and azimuth, and then a precise
registration of the unfolded narrowband image of the borehole under the conditions of probe disturbance,

missing depth or azimuthal angle. At the same time, a grid-based matching strategy is applied to improve
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the registration speed. Finally, a row-by-row dynamically weighted image fusion method is adopted to

eliminate the stitching traces according to the registration results, which further optimizes the quality of the

stitched images. Through the experiments on the simulated images under different geological conditions,

the performance indexes of the proposed method with average value of SSIM of 71.39% , average value of

PSNR of 26.74, and average value of registration accuracy of 92.38% are better than those of the

comparison method. and through the experimental results on the real images of different borehole videos,

the objective evaluation indexes of the stitching results obtained by the proposed method, such as EN,

SF, AG, MI, and Q_MI, etc. , are all improved.
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Fig.1 Borehole imaging system
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Fig. 3 Circular region for image sampling
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Fig.4 Data distribution of registration results before and after adopting the ROI strategy

Rl NHBFEREE

Tab.1 Separation trend measure of y-differences

K ROUEM: brifE2e Pz W% 12

i 0.852 1.129 0.120  5.040
& 0.592  0.645 —0.171 2.796

*2 AEROIFHLSHTHEARE (ms)
Tab.2 Registration time of different ROI block parameter

(ms)
WX 2 3 4 5
1 61.52 46.29 47.00 42.02 39. 80
2 48.62 38. 69 38. 88 39. 39 43.04
3 40. 51 40. 90 26. 27 32.14 31.53
4 38. 88 40. 44 33.93 31.23 29. 38
5 35.92 32.27 28.10 29.19 30. 27
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Tab.3 Experimental results of simulated image stitching

Jik dEbR REORAE UIERE BER KieE kL BE  REEL ABE FIE BE/ms
SSIM  11.66% 13.98% 14.56% 17.95% 10.17% 13.96% 13.50% 11.88% 13.46%

SIFT PSNR 11.23  11.31  11.41  11.37 10.21 9.91 10.47 10.63  10.82 10. 14
KE 18.05% 17.36% 19.01% 23.14% 20.47% 20.93% 17.86% 13.46% 18.79%

. SSIM  27.14% 26.08% 15.78% 14.09% 18.28% 18.84% 18.18% 15.87% 19.28%
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Stitching results for real borehole images

Fig. 5
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