KIPS Trans. Comp. and Comm. Sys. Hefd 78t HHOIH MM HE MEH F AL Yk ZAE V1Y 41

Vol.11, No.11 pp.411~418 https://doi.org/10.3745/KTCCS.2022.11.11.411
ISSN: 2287-5891 (Print), ISSN 2734-049X (Online)

Shipping Container Load State and Accident Risk Detection
Techniques Based Deep Learning

Yeon Jeong Hum' - Seo Yong Uk' - Kim Sang Woo'*" - Oh Se Yeong''" - Jeong Jun Ho''"" -
Park Jin Hyo™" - Kim Sung-Hee™™™" - Youn Joosang™"""

ABSTRACT

Incorrectly loaded containers can easily knock down by strong winds. Container collapse accidents can lead to material damage and

paralysis of the port system. In this paper, We propose a deep learning-based container loading state and accident risk detection technique.

Using Darknet-based YOLO, the container load status identifies in real-time through corner casting on the top and bottom of the container,

and the risk of accidents notifies the manager. We present criteria for classifying container alignment states and select efficient learning

algorithms based on inference speed, classification accuracy, detection accuracy, and FPS in real embedded devices in the same
environment. The study found that YOLOv4 had a weaker inference speed and performance of FPS than YOLOv3, but showed strong
performance in classification accuracy and detection accuracy.
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Fig. 1. Faster R-CNN Architecture[10]
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Fig. 2. Yolov1 Architecture[14]
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Table 1. Compare with YOLOv2[15]

Detection Framworks Train mAP EPS
Fast R-CNN 70.0 0.5
Faster R-CNN VGG-16 73.2 7
Faster R-CNN ResNet 76.4
YOLO 63.4 45
SSD300 74.3 46
sspsoo | PASCAL VOC 05
YOLOv2 288 x 288 69.0 91
YOLOvV2 352 x 352 73.7 81
YOLOvV2 416 x 416 76.8 67
YOLOv2 480 x 480 77.8 59
YOLOvV2 544 x 544 78.6 40

Table 2. Compare with YOLOV3 [16]

Method mAP mAP-50 time
SSD321 28.0 45.4 61
DSSD321 28.0 46.1 85
R-FCN 29.9 51.9 85
SSD513 31.2 50.4 125
DSSD513 33.2 53.3 156
FPN FRCN 36.2 59.1 172
RetinaNet-50-500 32.5 50.9 73
RetinaNet-101-500 34.4 53.1 90
RetinaNet-101-800 37.8 57.5 198
YOLOv3-320 28.2 51.5 22
YOLOv3-416 31.0 55.3 29
YOLOv3-608 33.0 57.9 51
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Fig. 3. Comparison Graph for YOLOv4[20]
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Fig. 4. Classification by Object
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Fig. 5. Flowchart for Detecting Container Load State



Table 4. Number of Objects

Class Danger Caution Safe Total
Count 16,878 21,506 41,039 79,423
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Fig. 6. Inference Results by Model

Table 5. Speed of Inference per Image

YOLOV3 YOLOv4
416px 640px 416px 640px
Speed 8.1ms 14.6ms 8.7ms 16.0ms
Table 6. Result for Detection Model
YOLOvV3 YOLOv4

416px 640px 416px 640px
Speed 8.1ms 14.6ms 8.7ms 16.0ms
Detected | 1486 1522 2461 2591

Danger | Missed 1105 1069 130 101
Total 2591 2591 2591 2591

Detected | 1879 1854 3041 3194

Caution | Missed 1315 1340 153 104
Total 3194 3194 3194 3194

Detected | 3703 3665 5866 6138

Safe Missed 2435 2473 272 185
Total 6138 6138 6138 6138

Accuracy 0.593 0.591 0.953 0.967




416 FEXN2[EE|=2X/ARE & S4 AAE H11E HM115(2022. 11)

Table 7. Classification Result

YOLOvV3 YOLOv4
Micro-F1 0.796 0.820 0.902 0.925

Cohen’s Kappa | 0.653 0.696 0.840 0.879

Table 8. FPS on Embedded Device

YOLOV3 YOLOv4
416px 640px 416px 640px
Min 11.3 8.4 10.9 5.2
FPS |Average 12.8 8.7 11.3 5.9
Max 15.0 9.0 13.6 7.5
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