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Abstract

The study is about the efficient alternative to concrete surface in the field of visual inspection technology for
deteriorated infrastructure. By combining industrial drones and deep learning based image analysis techniques with
traditional visual inspection and research, we tried to reduce manpowers, time requirements and costs, and to overcome the
height and dome structures. On board device mounted on drones is consisting of a high resolution camera for detecting
cracks of more than 0.3 mm, a lidar sensor and a embeded image processor module. It was mounted on an industrial
drones, took sample images of damage from the site specimen through automatic flight navigation. In addition, the damege
parts of the site specimen was used to measure not only the width and length of cracks but white rust also, and tried up
compare them with the final image analysis detected results. Using the image analysis techniques, the damages of H5dea
sample images were analyzed by the segmentation — feature extraction — decision making process, and extracted the
analysis parameters using supervised mode of the deep leamning platform. The image analysis of newly added
non-supervised 60ea image samples was performed based on the extracted parameters. The result presented in 90.5 % of

the damage detection rate.

Keywords : visual inspection, drone, automatic flight navigation, deep learning image analysis, morphology method
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Table 1. Performance analysis of various UAV models

Model Propellers  Payload Fl|ght W'nd
time resistance

[Namel] [No.] 1] [min] [m/sec]
D company P model 4 0.27 25 2
| company D model 4 0.425 10-13 24
D company | model 4 3.0 15 45
D company M model 1 4 30 22 46
H company A model 6 20 25 49
P company M1 model 8 10-15 15 6.8
D company S model 8 6-11 15 6.9
D company M2 model 6 6 16 8
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(c) Onboard device
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Figure 2. Configuration of onboard devices
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Table 2. Specifications of onboard devices

No. Description
(a) Industrial High - 29MP, 5.5um pixel pitch
Resolution - Automatic Focus Control via LIDAR
Camera Detection

(b) LIDAR sensor - 85m Range, 48deg FOV

(c) Image - GPU 1TPlops
Processor - CPU 64bit ARM A57
Module - Memory 4GB LPDD4, 25.6Gb/s
Embedded - 250GB SSD Storage
Platform - Wireless Live Video Transmission
(d) Industrial
Fhermal - 640 x 512 Sensitive Thermal Imaging
infrared
cameras
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Figure 4. Crack segmentation using morphological techniques
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Figure 9. Marking of the center of the photo shoot
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Figure 12. Damage points of visual inspection drawing
(section B-E32)

Table 3. Visual inspection results

Section Point Type Width length
[code] [A-Z] [note] [mm] [mm]
B-E12 A Crack 0.2 530
B-E12 B Crack 0.2 530
B-E12 C Crack 0.2 245
B-E22 A Crack 0.3 360
B-E22 B White rust - -
B-E31 A Crack 1.2 970
B-E31 B Crack 05 830
B-E31 C Crack 0.3 500
B-E32 A Crack 0.3 190
B-E32 B Crack 0.5 500
B-E32 C White rust - -
B-E32 D Crack 0.3 100
B-E33 A Crack 05 1000
B-E33 B Crack 04 460
B-E33 C Crack 0.1 190
B-E41 A Crack 1.2 800
B-E41 B Crack 0.5 880
B-E41 C White rust - -
B-E42 A Crack 1.0 800
B-E42 B White rust - -
B-E42 C Crack 0.3 190
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RTH Error:

Figure 13. RTH Error result

Waypoint Error:
10.5cm

Figure 14. Waypoint Error result
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Table 4. Image analysis software parameter input value

Feature Count Luminance/C Sampling
size/color  Epochs ontrast Density Threshold
4 | 0 [0.748,
40 /1 120 10% / 0% 3 07501
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Table 5. Image No. categorized according to learning

Classification Sample No. Ratio

Total 140 100.0%

Total 80 57.1%

Supervised learning No damage 26 18.6%
Damaged 54 38.6%

~ Total 60 42.9%
No”lesa“rffr:;"sed No damage 25 17.9%
Damaged 35 25.0%
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Figure 15. Original image

Figure 16. Visual inspection drawing

Figure 17. Inspection spectrum

Figure 18. Overlap result
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Table 6. Image analysis software detection results

Type Damage Detection
All Total 105 95
White rust Total 20 15
Total 85 80
width < 0.2mm 20 15
Crack 0.2 < width < 0.3mm 25 25
0.3 < width < 0.4mm 5 5
04 < width < 0.5mm 20 20
05 < width 15 15
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Table 7. Image analysis software detection results summary

Damage No. Detection Detection ratio
Total 105 95 90.5%
width < 0.3mm 45 40 75.0%
0.3mm < width 40 40 100.0%
White rust 20 15 75.0%
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