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(Deep Learning based Distress Awareness System for Small Boat)
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Abstract :

According to statistics conducted by the Korea Coast Guard, the number of accidents on small boats under

5 tons is increasing every year. This is because only a small number of people are on board. The previously developed
maritime distress and safety systems are not well distributed because passengers must be equipped with additional
remote equipment. The purpose of this study is to develop a distress awareness system that recognizes man
over-board situations in real time. This study aims to present the part of the passenger tracking system among the
small ship’s distress awareness situational system that can generate passenger’s location information in real time using
deep learning based object detection and tracking technologies. The system consisted of the following steps. 1) the
passenger location information is generated in the form of Bounding box using its detection model (YOLOv3). 2)
Based on the Bounding box data, Deep SORT predicts the Bounding box’s position in the next frame of the image
with Kalman filter. 3) When the actual Bounding Box is created within the range predicted by Kalman-filter, Deep
SORT repeats the process of recognizing it as the same object. 4) If the Bounding box deviates the ship’s area or an
error occurs in the number of tracking occupant, the system is decided the distress situation and issues an alert. This
study is expected to complement the problems of existing technologies and ensure the safety of individuals aboard

small boats.
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E 1, 2016-2020 = AT 2HAH S45F (TRl &)
Table 1. 2016-2020 Accident by tons

2016 | 2017 2018 2019 2020
Total | 2839 | 3160 | 3434 | 380 | 3718
“Stons | 1234 | 1503 | 1641 1811 1,888
owns e | 787 .6 | 909 901
gons | 574 548 609 647 5%
jowons ™| 157 131 165 219 182
500tons™ | 196 191 233 234 222

—&—Total —@—"~5tons Stons~20tons
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T2l 1. 2016~202019 = Al SR S48 T2fj= (T A)
Fig. 1. 2016-2020 Accidents by tons graph
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Fig. 2. Data input and output procedure of the Distress Awareness Situational System
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(b) YOLO V3 Object Detection

After Transfer Learning

(a) YOLO V3 Object Detection
Before Transfer Learning

T2l 3 Moleks ®™, & YOLOV3 ZHA| EtX|
Fig. 3. Object detections in YOLOv3 before and after transfer learning

(a) YOLOV3 : Object Detection

(b) DeepSORT : Object Tracking

T2l 4. YOLOV3 SMAL EFX|2t DeepSORTS| SMAF = ZAxt
Fig. 4. of YOLOv3 Detection and DeepSORT Tracking Results
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Fig. 6. Using YOLACT to define on-board areas

T2 8 = OIX| A|AR] = AbsE et S =51
(=M - #1-#2-4#3-#4

Fig. 8. Instrumentation screen for distress condition alarm in
Distress Awareness System
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Table 3. Test video scenario

: Number of
No. Action passenger
1 passenger 1 - waiting, distress 1
2 passenger 1 - moving, distress 1
3 passenger 1 - sitting, waiting, distress 1
4 passenger 1 - waiting 9
passenger 2 - waiting, distress
passenger 1 - waiting, occluding
5 passenger 2 - waiting, occluding, distress 2
6 passenger 1 - moving, occluding 9
passenger 2 - moving, occluding, distress
7 passenger 1 - moving, occluding 9
passenger 2 - waiting, occluding, distress
passenger 1 - waiting
8 passenger 2 - waiting 3
passenger 3 - waiting distress
passenger 1 - waiting, occluding
9 passenger 2 - waiting, occluding 3
passenger 3 - waiting, occluding, distress
passenger 1 - moving, occluding
10 passenger 2 - moving, occluding 3

passenger 3

- moving, occluding, distress

(a)Waiting

(b)Sitting (c)Moving (d)Occluding

T2 9, YN AR & B HE

Fig. 9. Passenger behavior form in test video

E 4 Zd OIR AlAE MSXE

Table 4. Evaluation metrics of Distress Awareness System

(e)Distress

Detected Result

No. Sg;aem nur(r)lfber Detection | Detection Decision

person accuracy | hold time | accuracy
10min 10min Alarm

1 15sec 1 100% 15sec Occurred
10min 10min Alarm

2 35sec 1 100% 35sec Occurred
10min 10min Alarm

3 43sec 1 100% 41sec Occurred
10min 10min Alarm

4 30sec 2 100% 30sec Occurred
10min 10min Alarm

5 13sec 2 100% 10sec Occurred
10min 10min Alarm

6 23sec 2 100% 21sec Occurred
10min 10min Alarm

7 41sec 2 100% 38sec Occurred
10min 10min Alarm

8 18sec 3 100% 15sec Occurred
10min 10min Alarm

9 15sec 3 100% 13sec Occurred
10min 10min Alarm

10 24sec 3 100% 20sec Occurred




287

ol ]

o

1
H

o0 F

102

20224

=2

H 5

HoA7H

Ton
foen)

ﬁo
ey

&l

=

=

)

Z5-dlol¥

L
T

]_

S

A7

%

;\] 2<E) o]

kel ot o
FSAT

Ea

[e]
H o

o

7

ys)

ﬁo

=

fmyat

o))

pild

=

1009t} o]

Ae] 7],

J

X
<!

Ea

o

2~El o
= B

A Al

]

T

Fagel 57
[e]

A5

Foh

o

ojp
e

2E

o

sepa 2

o] 7}%

s

LEIERER:

A57F S7heE

o]

A<
Sl

A

]

3418

4

g
(@)
or

h

i

o))

N

X
N
N+
.UT

il

References
[1] J. S. Yoo, S. J. Baek, Y. S. Lee, “Marine Distress/Rescue

ol &gl ol

\=]

Ru

A A=) 10

]

[e]
T

w

”

U

of

w

N

Proceeding

of KIIT Conference., pp. 463-465, 2017 (in Korean).

[2] Korea Coast Guard, “2020 Statistical Yearbook of Marine
Technology and

of Semiconductor

Journal

Ships,”
Science., Vol. 24, No. 10, pp. 1250-1254, 1997 (in Korean).

Development of GMDSS, a Global Distress Safety System
[4] J. J. Kim, C. H. Hong, D. J. Kim, B. Bl Lee, J. D. Kim, K.

System for Marine Vessel Accident Response,

Accident,” 2020 (in Korean).
[3] B. H. Jeong, “The Operational Concept and Technology

for

=

»

KIT

2010 (in

of
Incremental

based on WSN,”
An

Journal of the Korea

pp. 215-217,

Proceedings

”

In Pattern Recognition and

Tracking XXX, Vol. 10995, pp. 38-43, SPIE, 2019

[8] M. E. N. Gomes, D. Macédo, C. Zanchettin, P. S. G.
Computer Vision and Image

Understanding, 220, 103442, 2022.
“YOLOv3:

Improvement, "arXiv preprint, arXiv:1804.02767, 2018.

”

”

a Survivor

Response,
A. Farbadi,

Accident

N. Ko “The Device for Generation the Distress Signal and
Redmon,

Institute of Information and Communication Engineering.,
Vol. 20, No. 1, pp. 153-160, 2016 (in Korean).

[6] J. S. Yoo, S. J. Baik, Y. S. Lee, “Rescue System for Marine
Huyen, E. Chow, “Small Target Detection for Search and

Rescue Operations Using Distributed Deep Learning and
de-Mattos-Neto, A. Oliveira, “Multi-human fall Detection

Conference., pp. 463-465, 2017 (in Korean).
[71 K. Yun, L. Nguyen, T. Nguyes, D. Kim, S. Eldin, A.

Proceeding of KIIT Conference.,
Positioning Systems using Beacon,

Synthetic Data Generation,
and Localization in Videos,

Monitoring System for

Korean).

[5]1 S. J. Jeong, J. H. Yim, “Implementation of the Passenger
Vessel

(9l J,

A}
o)
=

o
s}
=

3%

Z

179] A)

H 2 Ml

SRS
SRESE
=
=
A
O] ~E
21

=24 YOLOv3%}

A%H oz

A

=

=

fud

Az}

7

tith. YOLOv3

Ea

o

v
=
S

o

=
T

A

3t

S

o]

A=)
A%

KeR
=

=

=

8]

&

Deep SORT &arg]
}9ith, 7183 YOLACT 299

9

F9ith. Deep SORTZ} 7HA|
3

B&S 9138 Fast RelD

Al

o

9
PN

Deep SORT
T

[e] =1
/\)Kv'—'ﬂ
KN
=

e

]

=
=]

=%
[}

o
R84



288 Bl 7lg a2y

[10] N. Wojke, A. Bewley, D. Paulus, “Simple Online and
Realtime Tracking with a Deep Association Metric,” IEEE
International Conference on Image Processing (ICIP), pp.
3645-3649, 2017.

[11] L. Zheng, Z. Bie, Y. Wang, J. Su, C. Wang, S, Q. Tian,
“Mars: A Video Benchmark for Large-scale Person
Re-identification,” In European Conference on Computer
Vision, pp. 868-884, 2016.

[12] S. Ren, K. He, R. Girshick, J. Sun, “Faster R-CNN:
Toward Real-time Object Detection with Region Proposal
Networks,” Advances in Neural Information Processing
System, No. 28, 2015.

[13] K. Zhou, Y. Yang, A. Cavallaro, T. Xiang, “Omni-scale
Feature Learning for Person Re-identification,” In
Proceedings of the IEEE/CVF International Conference on
Computer Vision., pp. 3702-3712, 2019

[14] D. Bolya, C. Zhou, F. Xiao, Y. J. Lee, “YOLACT:
Real-time Instance Segmentation,” In Proceedings of the
IEEE/CVF International Conference on Computer Vision,
pp. 9157-9166, 2019.

[15] A. Milan, L. Leal-Taixé, I. Reid, S. Roth, K. Schindler,
“MOT16: A Benchmark for Multi-Object Tracking,” arXiv
preprint, arXiv:1603.00831, 2016.

2003 Naval  Architecture and  Ocean
Engineering  from Kunsan  National
University (B.S.)

2011  Naval  Architectre and  Ocean
Engineering  from Kunsan  National
University (MS.)

2010~Naval Architecture and Ocean Engineering from Kunsan

National University (Ph.D. Student)
Field of Interests: Deep Learning Application
Email: tipptipp@kunsan.ac.kr

Jackyou Noh (Xx *} #)
1996 Naval Architecture & Ocean Engineering

from Seoul National University, Seoul,
| Republic of Korea (BS))
1998 Naval Architecture & Ocean Engineering
i from Seoul National University, Seou,
Republic of Korea (MS.)

2009 Naval Arc}ntecture & QOcean Engineering from Seoul National
University, Seoul, Republic of Korea (Ph.D.)

2010~Naval Architecture & Ocean Engineering, in Kunsan National
University (Prof.)

2014~Korean J. of Computational Design and Engineering,
Associate Editor

2021~The Korean Society of Mechanical Engineers, Member of
board of directors

Field of Interests: Systems Control, and Deep Learning

Email: snucurl@kunsan.ac kr



