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ABSTRACT

As technologies such as cameras, Laser Imaging, Detection, and Ranging (LiDAR), and Global Navigation Satellite Systems
(GNSS) become more sophisticated and common, their use in autonomous driving technologies is being explored in various
fields. In the maritime area, technologies related to collision avoidance between ships are being developed to evaluate and
avoid the risk of collision between ships by setting various scenarios. However, the position of each vessel used in the process
of developing collision avoidance technology between vessels uses data obtained through GNSS, and may include a position
error of 10 m or more depending on the situation. In this paper, a study on the dynamic safety navigation range including the
positional inaccuracy of the ship is conducted. By combining the concept of the protection level obtained using GNSS raw data
with a conventional safe navigation range, a safer navigation range can be calculated for dynamic navigation. The calculated

range is verified using data obtained while sailing in an actual sea environment.
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1. INTRODUCTION

2] Lof| &= Laser imaging, Detection and Ranging (LiDAR), 7}
wlel, radar S3} 2-& AL A5 A 2] F14] W 0 2 Qs 2
79 Jl&ol 323 WAL Tk Bolell 4] BE5 1 gt
(Rhee & Seo 2019). o]t 7| &5 A5 4, 25 71s, 5
4 U 4 E EE SollA Zds] ZEE T glom gk okl

M= 27l gigh A5 S5k ok 59, AUt 2

o] FEL Asly] Y3 & 9 g S PHE A4
Al gake] QA S AN ol Tl FR3H A2 14]
=22 ek (Li & Zhang 2022).

Ak 54 Q1 FHo A v, 27, 9tE 59] 7S W] uf

Received May 19, 2023 Revised Jun 07, 2023 Accepted Jun 21, 2023
fCorresponding Author

E-mail: kyseo@kriso.re.kr

Tel: +82-42-866-3684 Fax: +82-42-866-3609

Pyo-Woong Son https://orcid.org/0000-0002-6834-9247
Youngki Kim https://orcid.org/0000-0003-1365-1147
Tae Hyun Fang https://orcid.org/0000-0001-7680-9875
Kiyeol Seo https://orcid.org/0000-0002-1462-6720

Copyright © The Institute of Positioning, Navigation, and Timing

£oll $52 Telr] AslAlt 7o) A Latol Wasih 1972
W ZA|SAF7]5t (IMO: International Maritime Organization)
of|A] ¥ = Convention on the International Regulations for
Preventing Collisions at Sea (COLREGS)-& 418} 29 Alalo]| A
FE2 adel] 95t FHOR, 012 F45l] Sl 153 7
PR 2o Yo L4T FE 39S I3 b e 295
Sk} (MO 1972). olai3t Bl A8 7 $olME B2E
2o, COLREGsE RRE Ao} & 3|1 garg|Fo] /s
=

Aldb 71 25 Slojol PdE A AFEE e e g
& Shiller (1998)0] A|3t5t SlTjafjof sli= Foll&2] S5
7lvto 2 3|3 oJod& 3JAJsH= Velocity Obstacle (VO)
2tk Kuwata et al. (2014)= VO H51-2 COLREGso]| & 8-5lo] 7
Q14=AEl (USV: Unmanned Surface Vehicle)& o] 85k Al3]-&
£33t 51 Kim et al. (2021)-& Distance to Closest Point of
Approach (DCPA)2} Time to Closest Point of Approach (TCPA)
£ 2-g3le] Usvel 3& §3 4 & A3 L, Heiberg et al.
(2022)2 A Z ZalersS AHEstel $19 715ke] COLREGs ¥
oFe UL ATE AL

JE 919 e ATEE SHE YRS thet BeHUA

75|

5!

iorini
A=k

rr

oL oX

=
=
ol
=
o

http://www.ipnt.or.kr Print ISSN: 2288-8187 Online ISSN: 2289-0866



290 JPNT 12(3), 289-294 (2023)

2 Wg517] ofTHE TAE Gtk o2 ekl S18) Kluge &
Prassler (2006)= VO 7] B oﬂ x]—oHE __11_1: ;e 1:1_4 EQJ—/\]A‘] ) 71
7}2 117{5)= Probabilistic Velocity Obstacles (PVO) 7S A
0}5}93 1, Park & Kim (2017)£ AlZbol| what = ARt A1 2
B3 G Teislel 35 HES AT S A sk =
St Cho & Kim (2017)2 E}419] 7|5 o B34S 7

7 ZUEE S AL gslol B AH S IS5 5 9FS
Fhshe HPE S ATk,

FIA0L, 35 55 Gaeizel 485IE 4 3 kel
A 1% me] BEIAE Tejshol & Bast ek YKo
2 Muto] A XA H % Global Navigation Satellite System
(GNSS)of| 2]&35}al glon], GNSSE 4] AlEjulEfoflA] 4

olEl7bAe] 917 9 A1E R BEUHE 71A 3 9lck. GNSS
£ ol &3 A XA R
Protection Level (HPL)o|2}=
© Fejol ] alishol she Altolt A% 4] B ol 4
AR R B0l F 2
4 Sc.

B Adts Al AR EY E2AS 1T AHhe] F4
a5l ¥1¢] (DSNE: Dynamic Safety Navigation Envelope) &
Fobs AQkRie o] & 95 Aduke] a1 AHQl o], |H|et
Q1A% R4, 9 0 58 Tefslol 35 91
M9lE SEHoR BPIITE EI AN U
Q1517 Slsh A Hbe Tasto] ol AH S
AE 6H*J 11501] ﬁ’f‘ﬂi}ﬁ}. o] ZFg o4l GNSS

s

2]
O,

¥0 off .
fr £ m[o
o
T

o

ox & X

o
1
o
o

ofl
o
E;’L_E—{Mﬁ_?ﬂ:lcw

s do 1o
>
o2
2
A
_v;
=
1o
N

o,
[
12
m{u‘.
o
it
X,
lo,
{u
N,
N

g 30 N R fob o o me 1S
ot
2
2
N,
ol
ol
T
1o
ol
e
o
i
2
)
%
S~
O:
X
ol
i
o

2. DYNAMIC SAFETY NAVIGATION
ENVELOPE WITH POSITION UNCERTAINTY

2.1 Related Works
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Fig. 1. Proposed MVPA in the IMO NCSR 4/INF.16/Rev.1. The black line on
the right figure represents the contour of the vessel. The red circles indicate
the positions generated by the Horizontal Protection Level (HPL) from the
GNSS receiver. The MVPA (blue) is formed by connecting the outermost
dots of all the red circles.
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Fig. 2. Concept of DSNE based on the Ry,,,, Ry.ns and heading.

Fig. 3. Antenna installation at the bridge of Jangmok 2-ho for the
experiment.
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Fig. 4. HPL results using the measurement from PwrPak?7 during the
experiment time.

Fig. 6. Speed over ground results during the experiment time.
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Fig. 5. HPL results using the measurement from Pixel5 during the
experiment time.

Fig. 7. Heading results during the experiment time.
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Fig. 8. Visualization of DSNE in electronic nautical chart.

£ 4o} Aelelol REehe TR LS olE B
#51o] ekl Zlolch 9F3 71 make] A o] Auhe
BRI Sheby A9k Wo & o] 2ol Aol F4 ks M4l
olc. 54 B4l Beo] WalwAl 54 ki) el
chaksiol ksl A2 Bele 4 9l
4. CONCLUSIONS

£ ol ) R, A%, i, AU HPL, £5
5 2o Ao 54 BARSE TR F4 LAY W9
2 B2 4 9k Rk AXISIL A SAHAEE Fol Qe
21 vl ol sl 54 Skiatel Wgle Fasidick ShElor
7| ee] FE2E F 74A] GNSS $41718 AxIsle] 41
3 lolelE ol 3 HPL, A1, A4 H 1.8 Ak, 3
YNGR AT AR LS o] 83) 4 HRE AHE
T 4 glolek HEH o2 A B QA WS UA) A
AN Aol THFO2H FolAE HAsHA Felishon] BE
T 4 QRS A ST, B QT FutBo] A Sl A
89 4 9 b4 SISl
ACKNOWLEDGMENTS

B pe SRR AUOR FIATAEARICl XAkt
£ AL R-Mode) 7147e] ofs) S gt

AUTHOR CONTRIBUTIONS

Conceptualization, P.-W. Son; methodology, P.-W.

Son, Y. Kim; writing-original draft preparation, P.-W. Son,
visualization, P.-W. Son and Y. Kim, writing-review and
editing, K. Seo and T. H. Fang, project administration, K.
Seo and T. H. Fang.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Cho, Y. & Kim, J. 2017, Collision probability assessment
between surface ships considering maneuver
intentions, in OCEANS 2017 - Aberdeen, UK, 19-22 June
2017. https://doi.org/10.1109/OCEANSE.2017.8084791

Fiorini, P. & Shiller, Z. 1998, Motion planning in dynamic
environments using velocity obstacles, The International
Journal of Robotics Research, 17, 760-772. https://doi.
0rg/10.1177/027836499801700706

Heiberg, A., Larsen, T. N., Meyer, E., Rasheed, A., San, O., et
al. 2022, Risk-based implementation of COLREGs for
autonomous surface vehicles using deep reinforcement
learning, Neural Networks, 152, 17-33. https://doi.
org/10.1016/j.neunet.2022.04.008

International Maritime Organization 1972, Convention on
the international regulations for preventing collisions at
sea (COLREGS), [Internet], cited 2023 May 15, available
from: https://www.imo.org/en/About/Conventions/
Pages/COLREG.aspx

International Maritime Organization 2017, Report on
EGNOS application as effective augmentation system
for marine positioning in inland and pilot navigation,
NCSR 4/INF.16/Rev.2. [Internet], cited 2023 May
15, available from: https://docs.imo.org/Shared/
Download.aspx?did=101810

International Maritime Organization 2002, Explanatory
notes to the standards for ship manoeuvrability, MSC/
Circ. 1053. [Internet], cited 2023 May 15, available from:
https://www.register-iri.com/wp-content/uploads/
MSC.1-Circ.1053.pdf

Kijima, K. & Furukawa, Y. 2003, Automatic collision
avoidance system using the concept of blocking area,
IFAC Proceedings Volumes, 36, 223-228, https://doi.
0rg/10.1016/S1474-6670(17)37811-4

Kim, H. G, Yun, S.J., Choi, Y. H,, Ryy, J. K., & Suh, J. H. 2021,
Collision avoidance algorithm based on COLREGs for
unmanned surface vehicle, Journal of Marine Science
and Engineering, 9, 863. https://doi.org/10.3390/

http://www.ipnt.or.kr



294 JPNT 12(3), 289-294 (2023)

jmse9080863

Kluge, B. & Prassler, E. 2006, Recursive probabilistic velocity
obstacles for reflective navigation, vol.24, Field and
Service Robotics. Springer Tracts in Advanced Robotics,
eds. Yuta, S., Asama, H., Prassler, E., Tsubouchi, T.,
& Thrun, S. (Berlin: Springer), pp.71-79. https://doi.
org/10.1007/10991459_8

Kuwata, Y., Wolf, M. T., Zarzhitsky, D., & Huntsberger, T. L. 2014,
Safe maritime autonomous navigation with COLREGS,
using velocity obstacles, IEEE Journal of Oceanic
Engineering, 39, 110-119, https://doi.org/10.1109/
JOE.2013.2254214

Li, Y. & Zhang, H. 2022, Collision avoidance decision
method for unmanned surface vehicle based on an
improved velocity obstacle algorithm, Journal of
Marine Science and Engineering, 10, 1047. https://doi.
org/10.3390/jmse10081047

Park, J. & Kim, J. 2017, Predictive evaluation of ship collision
risk using the concept of probability flow, IEEE Journal of
Oceanic Engineering, 42, 836-845. http://doi.org/10.1109/
JOE.2016.2614870

Pawlak, Z. 1982, Rough sets, International Journal of
Computer and Information Sciences, 11, 341-356.
https://doi.org/10.1007/BF01001956

Rhee, J. H. & Seo, J. 2019, Low-cost curb detection and
localization system using multiple ultrasonic sensors,
Sensors, 19, 1389. https://doi.org/10.3390/s19061389

Wang, N. 2010, An intelligent spatial collision risk based
on the quaternion ship domain, The Journal of
Navigation, 63, 733-749. https://doi.org/10.1017/
$0373463310000202

Zhou, J., Wang, C., & Zhang, A. 2020, A COLREGs-based
dynamic navigation safety domain for unmanned
surface vehicles: A case study of Dolphin-I, Journal of
Marine Science and Engineering, 8, 264. https://doi.
org/10.3390/jmse8040264

Pyo-Woong Son received his B.S. degree in
electrical and electronic engineering from
Yonsei University, Seoul, South Korea, in
2012, and his Ph.D. in integrated technology
at Yonsei University, Incheon, South Korea.
He is currently a senior researcher with the
Korea Research Institute of Ships and Ocean
Engineering (KRISO) and an assistant professor with
University of Science and Technology (UST), Daejeon, South
Korea. His research interests include complementary
positioning, navigation, and timing systems, including
eLoran. Dr. Son was a recipient of the Graduate Fellowship

https://doi.org/10.11003/JPNT.2023.12.3.289

from the Information and Communications Technology (ICT)
Consilience Creative Program supported by the Ministry of
Science and ICT, South Korea.

Youngki Kim received his B.S. and M.S.
degrees from Mokpo National Maritime
University, Republic of Korea. He is a
research engineer at Korea Research
Institute of Ships & Ocean Engineering
(KRISO). His research interests include PNT
Integrity Technology and resilient PNT
systems for safety navigation.

Tae Hyun Fang received his B.S., M.S,, and
Ph.D. degrees in Mechanical Engineering
from Pusan National University, Busan,
Korea, in 1994, 1998, and 2003, respectively.
From 2004 to 2005, he was a visiting scholar
at the Intelligent Transportation Research
Center, Massachusetts Institute of Technol-
ogy, Cambridge, United States. Since 2005, he has been with
Maritime Safety and Environmental Research Division, Korea
Research Institute of Ship and Ocean Engineering, Daejeon,
Korea. His research interests include sensor fusion systems,
PNT technology, and target tracking filter.

Kiyeol Seo is currently a principal researcher
with the Korea Research Institute of Ships &
Ocean Engineering (KRISO). He received his
Ph.D. degree in maritime information
measurement engineering from the Mokpo
National Maritime University, Republic of
Korea, in 2003. He has been involved in the
development of integrated R-Mode navigation system. His
research interests include resilient PNT system and integrity
monitoring, GNSS reflectometry (GNSS-R), and precise
positioning technology for maritime applications.



