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Abstract Technology for estimating the position of moving objects has been the subject of extensive
research due to its potential in diverse fields, such as smart cities, urban planning, robotics, and spatial
information. Image-based location-estimation methods are relatively simple to implement and stable.
However, in low-light environments, there are limitations in accurately extracting and matching feature
points of objects due to reduced contrast and noise. This paper presents a framework to enhance
feature-matching performance for image-based position estimation in low-light environments. We
employed well-known feature matching algorithms such as KAZE, ORB, SIFT, and SURF to perform
feature-point matching in low-light environments and analyzed the results. We then combined these
algorithms with image-processing techniques like CLAHE, a median filter, and down-sampling to
compare their performance. The combination of the ORB algorithm and down-sampling showed an
average accuracy of more than 92% and a maximum processing time of less than 0.287 seconds. This
combination showed excellent performance with the highest accuracy compared to other combinations

of image-processing techniques and feature-point matching algorithms.
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Table 1. Specifications of used image data

Case ID Trajectory Time dlff.erence
between images
1
2
Straight
3 &
4 1 sec
5
Rotation
6

(@)

Fig. 1. Dataset used in study, Straight trajectory
(a) case 1, (b) case 2, (c) case 3, (d) case 4
Rotation trajectory (e) case 5, (f) case 6
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Fig. 2. Sample of images result with different clip
limit
(a) Original Image, (b) CL=0.0025,
(d) CL=0.03

(c) CL=0.01,
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Table 2. Comparison analysis result of matching

algorithms
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Table 3. Comparison analysis result of ORB algorithms
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Table 4. Comparative analysis result of ORB algorithm for each moving path
Trajectory Performance ORIGINAL-ORB CLAHE-ORB MEDIAN-ORB DS-ORB
Correct Matches 142 151 130 145
Straight Accuracy(%) 87% 89% 89% 94%
(case 1-4)
Processing Time(sec) 0.34 0.76 0.22 0.21
Correct Matches 68 85 57 65
Rotation o N N o o
(case 5-6) Accuracy(%) 85% 86% 85% 93%
Processing Time(sec) 0.15 0.34 0.10 0.10
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Table 5. Suitability of feature matching algorithms for improvement in low-light environments

Algorithms

Accuracy

Processing Time

Suitability

ORIGINAL-KAZE

>

ORIGINAL-ORB

ORIGINAL-SIFT

ORIGINAL-SURF

MEDIAN-KAZE

MEDIAN-ORB

MEDIAN-SIFT

MEDIAN-SURF

CLAHE-KAZE

CLAHE-ORB

CLAHE-SIFT

CLAHE-SURF

DS-KAZE

DS-ORB

DS-SIFT

DS-SURF

bl 1 (O A el I el BB I e El El I
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| O|8 [ [ |3 | O[3 [ < > | | [ O |

Table 6. Overall results of Down Sampling-ORB

Case

540

Accuracy (%)

95%

Processing Time

| (sed)

0.191

94%

0.287

94%

0.129

93%

0.220

93%

0.082

92%

0.109
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