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Development of Automated Crack Detection on Steelworks Seawalls
Using Autonomous Drone Imaging and Al Vision
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Abstract:

Cracks in the concrete revetments of the steelworks can allow groundwater containing lime components to seep
into the sea, creating environmental concerns. Traditionally, inspections have been conducted visually from boats, but
the vast inspection area and obstacles along the shoreline make the process time-consuming and hinder early crack
detection. To solve these issues, a new system combining automatically navigated drone imaging with Al-based crack
recognition was developed. The approach improves efficiency and accuracy by optimizing flight conditions,
introducing RTK (Real Time Kinematic) positioning, removing surface artifacts, and applying additional learning for
different crack types. Specialized Al models for weathered and seepage-covered cracks were also created,
significantly improving overall detection performance. As a result, the crack detection rate increased from 28.9% to
92.4%. Ongoing enhancements to the detection engine and more efficient annotation methods continue to advance the

precision and productivity of the inspection workflow.
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Table 1 Solutions for each technical requirement

Subjects Solution
(3 Altitude | 1) Inertial navigation system
@ Clearance (IMU ; gyro sensor + accelerometer),

barometer, and electronic compass
= Self-positioning accuracy ( * 50 cm)

2) Relative and carrier-phase positioning (RTK)
= Self-positioning accuracy (£ 5 cm)

(® Automatic | Automatically

navigation | sets : Flight path

software | Routes = (Automatic setting)
following . = :
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DEM data = »
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Table 2 Image annotation methods®

Bounding box Semantic segmentation
Image
Objects Fixed Irregular
Manpower Low Middle High
Features Not suitable for irregular * Resistant to shape changes + High performance of detection
shapes + High manpower (Irregular detection) + High manpower (All processes)
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Table 3 Confusion matrix of crack detection

Al detection

Positive Negative
(Cracks) (Not cracks)
Positive TP FN
Actual (Cracks) | (True Positive) | (False Negative)
measurement Negative FP TN
(Not cracks) | (False Positive) | (True Negative)
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Fig. 11 Block threshold and variation of recall, precision,
F-measure

oo 11 T 7 ey 7] BfEe MEE, @3, FHE
DEF 2 RT, AoV 3l #ER O ERIT 2 1
DTHBIcD, BEEY/NS<T2 FEHAET) v EERRE
EF, EERIEFT 2ENERT. AR>S T0UT
0y 2| CEMBMEICOWT, UR2M2EEL GEEL
726
O ERUUCENORELICE 2KERZIIET 28
s () OFBERLRA GEBENORE)
@ BHzZ> Y OUELRAKBHEES 28 EL»L
HAI 7 a w2 OWZEY A R1F 2004200 ¥ 27 £ v
INLEERLT, BEZEET 2 ¥ 0.1%0 0505 il fiE
CIH DT,

43 Al BHERRLELRICKZHR

MO U ALREIZ S ¥ > 1051 5 DUBEEERY 0O
BAEIROBGREE 12 18T, 3 E TR~ REIT > o M
FEOGEIEE (A0 B0 12 XD #EF O DA D 80.1% ¥
o TWicb 0w, FHEE 7 VREIC & 2 Bk ORA

JFE H4f No. 58 (2026 4 8 H)
Copyright © 2026 JFE Steel Corporation. All Rights Reserved. ZXfE iz

I Additional learning images 80.1 92.4

=O~ Crack detection rate (%) h/)____o/275 275
240

4?4/w‘m

maf/y =

28.9 109 120
90

33

« Additional learning *

Special
models

Threshold
customization

12 OURMBE_ R SRIMEOHR

Fig. 12 Measures to improve crack detection and detection
rate

g7 27— a v FEORKE, BLU 07 vy 2] v
2 e OVIRGHEBIEOFEEIZ L D, RV UBREIERY 924%
TEODLIENTEI,

5. BbYIc

JFE 2 F— i3, B R v — > 26 L 7c BEifTic &
GO RATHRAN 2 AR L, JAKm a2 ) — FiREE DK
WERIOER L7, 70, ALMHGRERRIC & 2 #F 0 UE
NI Do 2L, Fu— HRITICE YV RE Licaks
JERMEGREHHAT 2 2k, MRIEEOMFE e g
b2 RHIL T2, 5%, Fu—rHEMTTICOW U, ERET
O HBSTRIT b RIFICEANBATE 2 HEHE L T < AL EER
oV, 3L UVHEIRN LY HIEL, BIEE
HETHRHIT VDL VT TR TwEZWLEEZ T
Wd,

BE K
D KB, KEE. OCEREOBKES & OBKMEICEE R MIET
WHRICB T B89, a2 2 ) — F TEEERGR S, 2000, vol. 22, no. 2,
p. 811-816.

2) Anolytics.ai. Image Annotation Services. Image Annotation for Machine
Learning. https://www.anolytics.ai/image-annotation-services/
(accessed 2026-01-30)

3) Whste. 74 —77—=>27AFM. (&3 0] Al A LHRERHRO7:
®H O PCHETHI[EC D TOMGE « A AM S U — X5l 553
FEELHTOT 4 —7FF7—=>2 [PCHEEF&]. 2019, p. 49-55.

4) Vincent, L.; Hocine, C. Evaluation of Performance Measures for
Classifiers Comparison. Ubiquitous Computing and Communication
Journal 6. 2011, p. 21-34.

— 102 —


https://www.anolytics.ai/image-annotation-services/

