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With the great success of the International Technical Conference on
Circuits/Systems, Computers and Communications (ITC-CSCC) as the world
leading conference devoted to the advancement of high technologies in Circuits,
Systems, Computers, and Communications,we would like to invite all the scholars
and experts around the world to attend the 37th ITC-CSCC 2022 to be hosted in
Phuket, Thailand.

oo

The conference is open to researchers from all regions of the world. Participation
from Asia Pacific region is particularly encouraged. Proposals for special sessions
are welcome. Papers with original work in all aspects of Circuits, Systems,
Computers, and Communications are invited. Topics include, but not limited to,
the followings

Circuit & SystemAreas
• • Analog Circuits
• • Computer Aided Design
• • Intelligent Transportation Systems & Technology
• • Linear / Nonlinear Systems
• • Medical Electronics & Circuits
• • Modem Control
• • Neural Networks
• • Power Electronics & Circuits
• • RF Circuits
• • Semiconductor Devices & Technology
• • Sensors & Related Circuits
• • Verification & Testing
• • VLSI Design

Computer Areas
• • Artificial Intelligence
• • Biocomputing
• • Computer Systems & Applications
• • Computer Vision
• • Face Detection & Recognition
• Image Coding & Analysis

• • Image Processing
• • Internet Technology & Applications
• • Motion Analysis
• Multimedia Service & Technology

• • Object Extraction & Technology
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• • Security
• • Watermarking
• • Blockchain
• • Data Analytics
• • Internet of Things
• • Virtual Reality

Communication Areas
• • Antenna &Wave Propagation
• • Audio I Speech Signal Processing
• • Circuits & Components for Communications
• • IP Networks & QoS
• • MIMO & Space-Time Codes
• • Multimedia Communications
• • Mobile &Wireless Communications
• • Network Management& Design
• • Optical Communications & Components
• • Radar I Remote Sensing
• • Communication Signal Processing
• • Ubiquitous Networks
• • UWB
• • Visual Communications
• • Wireless Sensor Networks
• • Underwater Communications

We are looking forward to seeing you all at the ITC-CSCC 2022.

ITC-CSCC 2022 Organizing Committee
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The ITC-CSCC has been originated from the JTC-CAS (Joint Technical
Conference on Circuits and Systems) 1986 which was jointly organized by the
KIEE (Korea Institute of Electronics Engineers) and the IECEJ (Institute of
Electronics and Communication Engineers of Japan) and held at Hanyang
University, Seoul, Korea, Oct. 23-24, 1986.

It started as an annual bilateral conference between the KIEE which was renamed
to IEIE (The Institute of Electronics and Information Engineers) and the IECEJ
which was renamed to IEICE (Institute of Electronics, Information and
Communication Engineers) later. In 1988, the JTC-CAS had its title changed to
JTC-CSCC (Joint Technical Conference on Circuits/Systems, Computers and
Communications).

In 1996, the JTC-CSCC had its title changed to ITC-CSCC (International
Technical Conference on Circuits/Systems, Computers and Conununications). In
2002, the ITC-CSCC was held in Phuket, Thailand which was the first time to be
held in a place other than Korea and Japan.

Currently the ITC-CSCC is sponsored by the IEIE (The Institute of Electronics and
Information Engineers), IEICE (Engineering Sciences Society and Electronics
Society), and the ECTI (Electrical Engineering/Electronics, Computer,
Telecommuni-cations and Information Association, Thailand).

This conference has been set and rotated in three countries: Korea, Japan and
Thailand as shown below.

ITC-CSCC 1986 2021-
No. Conference Date Locatio. Geueral CIIaIr TPCChafr
I" JTC-CAS Oct 23-24 Seoul, Kyu Tae Park InChil Lim

1986 Korea
2nd JTC-CAS July 21-22 Tokyo, Masao Iri Lsao Shirakawa

1987 Japan
3,d JTC-CSCC Nov 4-5 Seoul, InChil Lim Keun Choong Kin

1988 Korea
4th JTC-CSCC June 25-26 Sapporo, Isao Shirakawa Yoji Kajitani

1989 Jaoan
5th JTC-CSCC Dec 10-11 Jeju, Tae Won Rhee Seung Hong Hong

1990 Korea
6th JTC-CSCC July 22-23 Hiroshima, Kenji Onaga Tatsuo Nishi

1991 Japan
7th JTC-CSCC July 27-28 Gyeongju, Tae Won Rhee Moon Key Lee

1992 Korea
8th JTC-CSCC July 26-28 Nara, Kenji Onaga Tatsuo Nishi

1993 Japan
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33,d ITC-CSCC July 4-7 Bangkok, Lunchakom Pisit
2018 Thailand Wuttisittikulkii Vanichchanunt

34th ITC-CSCC June 23-26 Jeju, Korea Chungyong Lee Kwang-Hyun Baek
2019

35th ITC-CSCC July 3-6 Nagoya, Japan Kohkichi Tsuji Norihiko
2020 Shinomiva

36th ITC-CSCC June 28-30 Jeju, Korea Seon Wook Kim Suk-Ju Kang
2021

The JTC-CAS had its title changed to JTC-CSCC in 1988.
The JTC-CSCC had its title changed to ITC-CSCC in 1996.
JTC-CAS: Joint Technical Conference on Circuits and Systems
JTC-CSCC: Joint Technical Conference on Circuits/Systems, Computers and
Communications
ITC-CSCC: International Technical Conference on Circuits/Systems, Computers
and Communications
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On behalf of the technical program committee (TPC), we would like to deeply
thank all participants and it is our great pleasure to welcome you to the 37th

International Technical Conference on Circuits/ Systems, Computers, and
Communications (ITC-CSCC 2022).

We are very excited about the technical program that brings together many high­
quality papers from 10 countries, 309 contributed papers that were totally
submitted to our conference for this year. Our team which consists of TPCs and
more than 216 reviewers has worked hard to complete the process of peer review
and selection. Each paper received at least two reviewers from the respective
research community. Finally, an outstanding program of257 contributed papers is
comprehensively offered at the conference with an acceptance rate of 83.2%. In
addition, there are 3 keynote speeches. Consequently, the conference program has
33 online and 19 on-site sessions.

Finally, we would also like to express our deepest gratitude to all committee
members and chairs who voluntarily invest their own time in selecting papers and
arranging such a successful and memorable conference. We hope you enjoy the
technical program and that while at the conference you can take advantage of the
excellent chance to exchange ideas with other researchers and practitioners, and
also initiate some fruitful collaboration between universities or institutions.
Welcome you all to Phuket, Thailand.

Best regards

Technical Program Committee Chair
Chanon Warisam
(King Mongkut's Institute of Technology Ladkrabang)

Technical Program Committee Co-Chairs

Byung Cheol Song
(Inha University, Korea)

Shigemasa Takai
(Osaka University, Japan)
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TPC Co-Chairs (Local)

Kampol Woradit
(Chiang Mai University, Thailand)

Poompat Saengudomlert
(Bangkok University, Thailand)

Santi Koonkarnkhai
(Nakhon Pathom Rajabhat University, Thailand)

Krisana Chinnasam
(Burapha University, Thailand)
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General Chair Piya Kovintavewat
(Nakhon Pathom Rajabhat University)

oo
General Co-Chairs Jong-Ok Kim

(Korea University)

Yusuke Matsunaga
(Kyushu University)

Organizing Chair Datchakom Tancharoen
(Panyapiwat Institute of Management)

General Secretary Chayada Surawanitkun
(Khon Kaen University)

TPC Chair Chanon Warisam
(KingMongkut's Institute of Technology Ladkrabang)

TPC Co-Chairs Byung Cheol Song
(Inha University)

Shigemasa Takai
(Osaka University)

TPC Co-Chairs (Local) Kampol Woradit
(Chiang Mai University)

Poompat Saengudomlert
(Bangkok University)

Santi Koonkamkhai
(Nakhon Pathom Rajabhat University)

Krisana Chinnasam
(Burapha University)

Local Arrangement Chairs Rangsan Ponsamak
(Phuket Rajabhat University)

Putsadee Pomphol
(Phuket Rajabhat University)

-- _._----
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Special Session Chairs Pisit Vanichchanunt
(King Mongkut's University of TechnologyNorth Bangkok)

Jatuporn Thongsri
(King Mongkut's Institute of Technology Ladkrabang)

VVoravvutMakcharoen
(King Mongkut's Institute of Technology Ladkrabang)

Kornsilp Kotrnool
(KingMongkut's Institute of Technology Ladkrabang)

Yodchanan VVongsawat
(Mahidol University)

Sukritta Paripurana
(King Mongkut's University of Technology North Bangkok)

Publication Chairs Wannaree Wongtrairat
(RajarnangalaUniversity of Technology Isan)

Wiparat Busyatras
(Rajamangala University of Technology Thanyaburi)

Publicity Chairs Aziz Nanthaamornphong
(Prince of Songkla University)

Watid Phakphisut
(King Mongkut's Institute of Technology Ladkrabang)

Sirawit Khittiwitchayakul
(King Mongkut's Institute of Technology Ladkrabang)

Registration Chair Nattapong Tongtep
(Prince of Songkla University)

Panisa Treepong
(Prince of Songkla University)

Industrial Relation Chairs Roong Sivaratana
(King Mongkut's Institute of Technology Ladkrabang)

Pisit Charnkeitkong
(panyapiwat Institute of Management)

Sponsor Chairs Vitawat Sittakul
(King Mongkut's University of Technology North Bangkok)
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--------------------------------------- -----

Tutorial/Workshop Activity Chairs Suvit Poomrittigul
(Pathumwan Institute of Technology)

ASEAN and South Asia Coordinators Lin M. M. Myint
(King Mongkut's Institute of Technology Ladkrabang)

Ambar Bajpai
(Atria Institute of Technology)

Muhammad Saadi
(University of Central Punjab)

Finance Chair & Treasurer Nonchanutt Chudpooti
(KingMongkut's University of Technology North Bangkok)

Yaowapa Nalampoon
(ECTI)
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9th JTC-CSCC July 11-13 Gongju, InChil Lim Sung Han Park
1994 Korea

lOth JTC-CSCC July 18-20 Kumamoto, Kenji Onaga Hisashi Yamada
1995 Japan

Iph ITC-CSCC July 15-17 Seoul, Moon Key Lee Hyung Lea Kim
1996 Korea

12th ITC-CSCC July 14-16 Okinawa, Kenji Onaga Zensho Nakao
1997 Japan

13th ITC-CSCC July 13-15 Sokeho, Jung Woong Ra Sang Uk Lee
1998 Korea

14th ITC-CSCC July 13-15 Sado, Takeo Abe Masakazu Sengoku
1999 Japan

15th ITC-CSCC July 11-13 Busan, Jong Yong Yun Noh-Hoom Myung
2000 Korea

16th ITC-CSCC July 10-12 Tokushima, Akio Ushida Hiroshi Kawakami
2001 Japan

17th ITC-CSCC July 16-19 Phuket, Sawasd Tantaratana Wan lop
2002 Thailand Surakarnpontorn

18th ITC-CSCC July 7-9 Pyeongchang, Hang Gu Bahk Young Shik Moon
2003 Korea

19th ITC-CSCC July 6-8 Matusima, Masayuki Kawamata Hisakazu Kikuchi
2004 Japan

20th ITC-CSCC July 4-7 Jeju, Soo Joong Kim Kukjin Chun
2005 Korea

21st ITC-CSCC July 10-13 Chiang Mai, Booncharoen Kosin
2006 Thailand Sirinaovakul Charnnonzthai

22nd ITC-CSCC July 8-11 Busan, Hyukjae Lee Byung-Gook Park
2007 Korea

23cd ITC-CSCC July 6-9 Shimonoseki, Qi-Wei Ge Hiroshi Matsuno
2008 Japan

24th ITC-CSCC July 5-8 Jeju, Korea KukjinChun Daesik Hong
2009

25th ITC-CSCC July 4-7 Pattaya, Kosin Apirat Siritaratiwat
2010 Thailand Chamnonathai

26th ITC-CSCC June 4-7 Gyeongju, Byung-Gook Park Joonki Paik
2011 Korea

27th lTC-CSCC July 15-18 Sapporo, Yoshikazu Takayuki Nakachi
2012 Japan Mivanaza

28th ITC-CSCC June 30- Yeosu, Joonki Paik Cheon Won Choi
2013 July 3 Korea

29th ITC-CSCC July 1-4 Phuket, Chiranut Lunchakorn
2014 Thailand Sa-nziamsak Wuttisittikulkii

30th ITC-CSCC June 29- Seoul, Daesik Hong Jong II Park
2015 July 2 Korea

31st lTC-CSCC July 10-13 Okinawa, Mohamad Reza Tomohisa Wada
2016 Japan ASharif

32nd ITC-CSCC July 2-5 Busan, Hyesook Lim long-Moon Chung
2017 Korea
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1. Booncharoen Sirinaovakul
(King Mongkut s University of Technology Thonburi, Thailand)

2. Byung-Gook Park
(Seoul National University, Korea)

3. Cheon Won Choi
(Dankook University, Korea)

4. Chiranut Sa-ngiamsak
(Khon Kaen University, Thailand)

5. Chungyong Lee
(Yonsei University, Korea)

6. Daesik Hong
(Yonsei University, Korea)

7. Hang Gu Bahk
(Soamsystel Inc., Korea)

8. Hisashi Yamada
(National Museum of Nature and Science Japan, Japan)

9. Hitoshi Kiya
(Tokyo Metropolitan University, Japan)

10. Hyesook Lim
(Ewha Womans University, Korea)

11. Isao Shirakawa
(University of Hyogo, Japan)

12. Jaihie Kim
(Yonsei University, Korea)

13. Jong Yong Yun
(Samsung Electronics Co., Ltd, Korea)

14. Joonki Paik
(Chung-Ang University, Korea)

15. Jun Jin Kong
(Samsung, Korea)

16. Jung Woong Ra
(KAIST, Korea)

17. Kosin Charnnongthai
(King Mongkut's University of Technology Thonburi, Thailand)

18. Kukjin Chun
(Seoul National University, Korea)



ITC-CSCC 2022 17

19. Kyu Tae Park
(Yonsei University, Korea)

20. Lunchakom Wuttisittikulkij
(Chulalongkom University, Thailand)

21. Masakazu Sengoku
(Niigata University, Japan)

22. Masayuki Kawamata
(Tohoku University, Japan)

23. Mitsunori Makino
(Chuo University, Japan)

24. Monai Krairiksh
(King Mongkut s Institute of Technology Ladkrabang, Thailand)

25. Moon Key Lee
(Yonsei University, Korea)

26. Morikazu Nakamura
(University of the Ryukyus, Japan)

27. Prabhas Chongsatitwattana
(Chulalongkom University, Thailand)

28. Prayoot Akkaraekthalin
(King Mongkut s University of TechnologyNorth Bangkok, Thailand)

29. Qi-Wei GE
(Yamaguchi University, Japan)

30. Satoshi Goto
(Waseda University, Japan)

31. Sawasd Tantaratana
(The Thailand Research Fund, Thailand)

32. SeonWook Kim
(Korea University, Korea)

33. Seung Hong Hong
(Inha University, Korea)

34. Shinichi Oishi
(Waseda University, Japan)

35. Shoji Shinoda
(Chuo University, Japan)

36. Sinchai Kamolphiwong
(Prince of Songkla University, Thailand)

37. Soo Joong Kim
(Kyungpook National University, Korea)
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38. Sung Han Park
(Hanyang University, Korea)

39. Tae Won Rhee
(Korea University, Korea)

40. Toshimasa Watanabe
(Hiroshima University, Japan)

41. Wanlop Surakampontom
(King Mongkut s Institute of Technology Ladkrabang, Thailand)

42. Young Shik Moon
(Hanyang University, Korea)
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I. Atsuo Ozaki
(Osaka Institute of Technology, Japan)

2. Byung Cheol Song
(lnha University, Korea)

3. Chanon Warisam
(King Mongkut's Institute of Technology Ladkrabang, Thailand)

4. Datchakom Tancharoen
(Panyapiwat Institute of Management, Thailand)

5. Hyuk-Jae Lee
(Seoul National University, Korea)

6. Jong-Ok Kim
(Korea University, Korea)

7. Kampol Woradit
(Chiang Mai University, Thailand)

8. Koichi Ichige
(Yokohama National University, Japan)

9. Kyoko Yamori
(Asahi University, Japan)

10. Nobutaka Kito
(Chukyo University, Japan)

11. Norihiko Shinomiya
(Soka University, Japan)

12. Pisit Vanichchanunt
(King Mongkut's University of TechnologyNorth Bangkok, Thailand)

13. Piya Kovintavewat
(Nakhon Pathom Rajabhat University, Thailand)

14. Satoshi Yamane
(Kanazawa University, Japan)

15. Shogo Muramatsu
(Niigata University, Japan)

16. Suvit Poomrittigul
(Pathumwan Institute of Technology, Thailand)

17. Taizo Yamawaki
(Hitachi, Japan)

18. Vitawat Sittakul
(King Mongkut's University of Technology North Bangkok, Thailand)



ITC-CSCC 2022 20

19. Vutipong Areekul
(Kasetsart University, Thailand)

20. Wannaree Wongtrairat
(Rajamangala University of Technology Isan, Thailand)

21. Watid Phakphisut
(King Mongkut's Institute of Technology Ladkrabang, Thailand)

22. Won Woo Ro
(Yonsei University, Korea)

23. Youngcheol Chae
(Yonsei University, Korea)



ITC-CSCC 2022 21

A K M Sharoar Jahan Choyon
Adi Mahmud Marindra
Adisorn Kheaksong
Aekavute Sujarae
Ahmed Nasif
Ajalawit Chantaveerod
Ambar Bajpai
Amnach Khawne
Anan Phonphoem
Ananta Sinchai
Annop Monsakul
Anon Sukstrienwong
Aphirak Jansang
Ariya Namvong
Astuo Ozaki
Attaphongse Taparugssanagorn
Attapon Palananda
Aziz Nanthaamornphong
Bancha Luadang
Benjamas Panomruttanarug
Bhichate Chiewthanakul
Biswajeet Pradhan
Bopit Chainok
Chainarong Kittiyanpunya
Chakkaphong Suthaputchakun
Chakkapong Chamroon
Chanon Warisarn
Chaoqing Tang
Chatklaw Jareanpon
Chawasak Rakpenthai
Chayada Surawanitkun
Chidchanok Choksuchat
Chitchanok Chuengsatiansup
Chuda Chittasupho
Chutima Prasartkaew
Datchakorn Tancharoen
Dech Thammasiri
Demostenes Zegarra Rodriguez
Ekasit Nugoolcharoenlap
Jantana Panyavaraporn
Jatuporn Thongsri
Jian Qu

6o

G
~y
~
'"c:o.,
:3·c
:::>
E
Eo
U
"0
c:..
~~:::>c.
Eou

E
'"1;;
~'s~o
c:o
~
c:~~
c:ou..v·c
~
(!!...
c:s..
E~
.5
s:
t:
'"N
No
N

Joompon Bamrungwong
Kaboon Thongtha
Kamonrat Sombut
Kampol Woradit
Kanjanapat Maneewan
Keeratiburt Kanchanasatian
Khaing Htun
Khanet Pookkapund
Khantharat Anekboon
Kidsanapong Puntsri
Kitsuchart Pasupa
Kittipong Nuanyai
Koichi Kobayashi
Komal Narang
Komate Amphawan
Komsilp Kotmool
Kosin Chamnongthai
Krisada Phromsuthirak
Krisda Lengwehasatit
Krit Angkeaw
Kritsada Mamat
Kulwadee Somboonviwat
Kwankamon Dittakan
Lin M. M. Myint
Maytiyanin Komkhao
Md. Moklesur Rahman
Mongkol Kaewbumrung
Montree Siripruchyanun
Mudarmeen Munlin
Muhammad Saadi
Nacha Chondamrongkul
Nakrop Jinaporn
Napasool Wongvanich
Narong Mettripun
Nathaphon Boonnam
Nattapol Aunsri
Nattapong Tongtep
Nattawat Chantasen
Natthanan Promsuk
Nipat Jongsawatt
Nonchanutt Chudpooti
Nontarat Bumrungkiat



ITC-CSCC 2022 22

Nopparat Pochai
Noppon Lertchuwongsa
Nor Afirdaus Abidin
Norrathep Rattanavipanon
Nuttachai Jutong
Nuttapol Prayongpun
Opas Sirikunchittavom
Orapin Channumsin
Paisam Sonthikom
Pakapan Limtrairut
Pakom Ubolkosold
Paleerat Wongchampa
Panwit Tuwanut
Paramin Sangwongngam
Pargom Puttapirat
Parinya Sanguansat
Patcharapom Panwong
Patcharee Kongpak
Peerayot Sanposh
Phattanapon Rhienmora
Pichate Kunakomvong
Pichid Kittisuwan
Pipat Prommee
Pisit Charnkeitkong
Pisit Vanichchanunt
Pisit Wisutrnetheekom
Pitaya Poompuang
Piya Kovintavewat
Poj Tangamchit
Pongsathom Chomdee
Poompat Saengudomlert
Pomchai Phukpattaranont
Pomthep Sarakon
Pracha Khamphakdi
Pramual Choorat
Pramuk Boonsieng
Prapan Leekul
Pubet Sangmahamd
Punyawi Jamjareegulgam
Puripong Suthisopapan
Rathachai Chawuthai
Romuald Jolivot
Sakhon Woothipatanapan
Sakom Mekruksavanich
Salman Ghafoor

San Ratanasanya
Sansanee Auephanwiriyakul
Santi Koonkamkhai
Santi Pattanavicha
Sanya Kuankid
Sarinya Pasakawee
Satit Kravenkit
Shahram Minaei
Sillawat Romphochai
Sirivat Hongthong
Sitthichai Dentri
Sitthichok Chaichulee
Sompom Tiacharoen
Son Chu
Sopapun Suwansawang
Srisupang Thewsuwan
Suchin Trirongjitrnoah
Sukanya Praesomboon
Sukritta Paripurana
Sumeth Yuenyong
Suphakit Awiphan
Suphot Chunwiphat
Supoj Hengpraprohm
Surakam Duangphasuk
Sushank Chaudhary
Suvit Poomrittigul
SyedMuzahir Abbas
Takahiro Suzuki
Tanachot Jamnongsung
Tanakom Inthasuth
Tanawut Tantisopharak
Teerapat Sanguankotchakorn
Thanatcha Satitchantrakul
Thanatip Chankong
Thanawut Thanavanich
Thanit Keatkaew
Thanomsak Sopon
Thavida Maneewarn
Thawatchai Thongleam
Thepchai Supnithi
Thitiporn Lertrusdachakul
Thitipom Pramoun
Thittapom Ganokratanaa
Thunyawat Limpiti
Treesukon Treebupachatsakul



ITC-CSCC 2022 23

----------------------------------------------------

Udsanee Pakdeetrakulwong
Veerawan Janthanasub
Vitawat Sittakul
Vorapoj Patanavijit
Wannaree Wongtrairat
Wannida Sae-Tang
Warakorn Srichavengsup
Watcharapan Suwansantisuk
Watchareewan Jitsakul
Watcharin Tangsuksant
Watid Phakphisut
Weena Janratchakool
Werapon Chiracharit

Wilaiporn Lee
Wimonrnas Bamrungsetthapong
Winai Jaikla
Wiparat Busyatras
Wiroonsak Santipach
Wiyada Kumam
Worapong Tangsrirat
Worasak Rueangsirarak
Worawut Makcharoen
Wutthikrai Busayaporn
Wuttipong Kumwilaisak
Yohei Morishita
Yupin Suppakhun



ITC-CSCC 2022 62

Paper ID Title/Author Page

1570802724 Novelty Detection of a RoUing Bearing using Long 169
Short-Term Memory Autoencoder
Sunithi Asavalertpalakom', Pairod Singhatanadgid',
and Tutpol Ardsomang:
'Chulalongkorn University, Thailand
2DigitalAsset Solution Rayong Engineering and Plant
Services Rayong, Thailand

1570802857 A Study of Factors for the Adoption of 173
International Standards in Digital Forensic
Chonwat Ngarnlertprasert and Pongsarun
Boonyopakorn
King Mongkut's University of TechnologyNorth
Bangkok, Thailand

1570802862 Threat Hunting for Digital Forensic using GRR 177
Rapid Response with NIST Framework
Chalerrn Klinkharnhorn and Pongsarun Boonyopakorn
King Mongkut's University of TechnologyNorth
Bangkok, Thailand

1570802903 A Semi-Automated Annotation for Boar Sperm 181
Classification using Deep Convolution Neuron
Network
Duangjai Noolek, Orawan Chunhapran, and Tongjai
Yarnpaka
Rajamangala University of Technology Tawan-Ok,
Thailand

1570802988 Camera Pose Estimation using Voxel-Based 185
Features for Autonomous Vehicle Localization
Tracking
Sangyun Lee and Yeon-Kug Moon
Korea Electronics Technology Institute, Korea



ITC-CSCC2022 181

A semi-automated annotation
for boar sperm classification

using deep convolution neuron network
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1'1DuangjaiNoolek, 2nd OrawanChunhapran,3rd TongjaiYampaka
Department of Computer Science

Faculty of Business Administration and Information Technology
Rajamangala University of Technology Tawan-Ok

Vibhavadi Rangsit Road Dindeang Sub-District, Dindeang District Bangkok, Thailand, 10400
duangjai noo@rmutto.ac.th,orawan ch@rmutto.ac.th, tongjai ya@rmutto.ac.th

Abstract-This study aims to develop a semi­
automated annotation based on deep convolution neuron
networks in mobility computer-assisted sperm analysis
for boar sperm classification (mobile-CASA). The semen
from two boar breeders was captured into 250 frames
and labeled as good or bad using sperm head
morphology. A semi-annotation is split into two
processes. At first, an expert reviews the images and
annotates a few frames to verify the sperm's annotations.
After the expert has finished, relevant frames will be
selected and passed on to an AI model recursively until
the learned model can accurately identify sperm
morphology. The experiment results show that our
proposed tend to reduce the workload of the domain
expert and improve detection accuracy from 0.65 to 0.95.
In addition, this model can embed in mobile devices that
are easy to use and access by general farmers.

is
Cl

UJ
UJ
UJ

N
No
N
Q!

8
.-i
M
<Jl........
N
N
'<,
M
0)
LI")
LI")co
<l-
LI")
I.D
I.D,.:;
00r-,
0\

cu
Vlu

~
'"co.;::;
'"u'c
::l
E
Eou
-cc:
'"'"~
::l
Co
E
ou

E
~

~
::l~o
c
o
OJuc:~
.l':'c
ou
rou
'c
..c:u
OJ
f-
roc:o
:;:;

'"c
~c:

Keywords: semen analysis, computer-assisted sperm
analysis, sperm morphology classification

INTRODUCTION
The assessment of sperm morphology is important

for the success of artificial insemination in boar.
Computer-Assisted Sperm Analysis (CASA) has been
developed to be used as a tool for a sperm quality
measurement, but this software is very costly and
hardly to access by general farmer. Therefore, the
embedded artificial intelligence devices or mobile
tools using deep learning techniques have been
developed for object detection and classification in
open-source microscopic tools and software. In
various studies including bioinformatics [1], computer
vision [2], and medical image analysis [3] had been
reported in sperm detection and classification.
Michael Biehl et al. [4] proposed automated boar
semen quality assessment to classify the sperms into
normal and abnormal sperms. Serge Zaugg et al. [5]
introduced an automated real-time whale sperm
classification. The Faster RCNN (FRNN) by
Kanjanawattana. S. et ai, [6] was introduced to detect
the bull sperms on the glass slide and classify the
viability of the sperms as dead or alive automatically.
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It is possible that the system may misclassify the
object because some features of the objects and junks
have been similar. Therefore, this study introduces a
semi-automated annotation based on deep convolution
neuron network in mobility computer-assisted sperm
analysis for boar sperm classification.

MATERIALS AND METHOD
A. Data acquisition

The boar semen was manually gathered by a
farmworker, which recorded video from a glass slide
by microscope. On average, the data set has 250
frames per video. The images were labeled as good
(normal) or bad (abnormal) based on the sperm head
morphology. A total of528 captured images were used
and divided into 400 (75%) for training, while 128
(25%) for testing. The frame number was randomly
selected in training and testing.

B. Methodologydesign
In this section, we explain our framework

illustrated in fig. 1 The annotation is split into two
processes. At first, an expert reviews the images and
annotates a few frames to verify the sperm's
annotations. After the expert has finished, relevant
frames will be selected and passed on to an AI model.

C. An expert annotationprocesses
An expert identified each sperm image by using

the morphological landmarks of the sperm. To prepare
the annotation labels, hand drawing was performed to
separate the smallest bounding boxes represented the
region of interest (ROI) and separated images of the
good (normal) or bad (abnormal) sperm.

D. An AI annotationprocess
In the annotation process, the effective real-time

object recognition algorithm called as YOLO family
was used to detect and annotate the boar sperm. The
training was beginning with the YOLO-v4-tiny
because it is faster than other versions. Then, the
deeper version such as YOLO-v3 was used for
improving sperm detection. The overall processes are
followed:
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The lst iteration: Step I) using the first annotation
was manually performed only 25% of frames, then,
the YOLO-v4-tiny model was trained and detected
sperm morphology. Step 2) automatic annotations
using the ground-truth generation function were
automatically draw the new annotation. Step 3) the
expert can adjust and modify AI annotation. Step 4)
AI model in the next iteration was trained until the
learned model can accurately identify sperm
morphology using more complex architecture (Fig.
l aj.It is possible that the system may misclassify. The
expert can adjust and modify the AI annotation, then,
the new annotations were used to train AI model in the
next iteration until the learned model can accurately
identify sperm morphology.

The 2nd - 3rd iteration was followed the 1st iteration
using YOLO-v3 (more complex architecture). AI
model in the next iteration was trained until the
learned model can accurately identify sperm
morphology using more complex architecture (Fig.
1b-l c).

The 4th iteration: Step 1) using the fourth
annotation was performed by AI with 100% of frames,
then, the YOLO-v3 model (using the 3rd iteration)
was trained and detected sperm morphology (normal
or abnormal) with all frames. Step 2) the outputs were
reported in sperm count, sperm normal rate, and sperm
abnormal rate for farmworker decision (Fig. Id).

E. Evaluation Metrics
Intersection over Union (IoU), Recall (RE), and

the mAP. An Average Precision (AP) were used to
measure the model performance.

Where the P(k) refers to the precision at a specifically
given threshold k, and llr(k) as the shift in the Recall.
For multiple object detection, the mAP calculates the
mean of all AP for each category as follow:

1 ",NmAP = N L.d=l APi

Intersection over Union (IoU) were compared over
iteration to describe the extent of overlap. The
improved model shows a greater region of overlap
with the prediction box and the ground truth. The IOU
calculated as:

IoU = Area of Intersection
Area of Union

F. Implementation
The mobility computer-assisted sperm analysis

system (mobile-CAS A) consisted of digital
microscope, AI Board, and user monitor. The boar
sperm video was live streaming from the digital
microscope and fed to AI Board. The application for
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operating the mobile-CASA system worked with
NVIDIA Jetson nano including deep learning
software.

(I)

EXPERIMENTRESULTS
A. Boar sperm annotation and detection

This study proposes a semi-automated annotation
based on deep convolution neuron network. The mAP
was calculated for the accuracy of the boar sperm
detection model. As is shown in Table I, the proposed
framework shows different experimental results in
testing dataset. In the first iteration, 25% of frames
were annotated only the humans and fed to the
YOLOv4-tiny model. The mAP and recall are very
low in 0.65 and 0.66 respectively. Clearly, the little
dataset and the tiny model have too much loss in
detection performance. In the second iteration, 50% of
frames were automatically drawn by the AI using a
more complex model (YOLOv4). The mAP and recall
are 0.75 and 0.76 respectively. Although mAP and
recall increased by 10% compared with the YOLOv4-
tiny, some objects are missed detection. Then, the
expert can adjust and modify AI annotation. In the
third iteration, 75% of frames were automatically
drawn by the AI using a more complex model
(YOLOv3). The mAP and recall increased by 8%
compared with the YOLOv4. Finally, 100% offrames
were automatically drawn by the Al with the highest
mAP and recall in 0.95. In summary, the sufficient
dataset, deeper layer of training model, and
AI&Expert annotation contribute to improving model
performance. Fig. 2 (a) shows the missed detection
(red arrow). In the same frame as show in fig 2 (b) and
(c), the next iteration can improve this missed
detection (black arrow).

(2)

B. Implementation in mobile-CASA
Computer-Assisted Sperm Analysis (CASA) has

been developed to be used as a tool for a sperm quality
measurement, but this software is very costly and
hardly to access by general farmer. Although most
researchers have developed commercial and free
CASA, a few of the software is not available on
mobile devices. This work presents the first version of
mobile computer assisted sperm analysis (CASA)
system named mobile-CASA. The mobile-CASA uses
for mobile devices such as AI boards or small
microcontrollers. The tiny and effective detection
model can embed in mobile devices.

(3)
DISCUSSION

The experiment results show that our proposed
tend to reduce the workload of the domain expert
while maintaining a very high annotation quality and
detection accuracy. The sufficient dataset, deeper
layer of training model, and AI&Expert annotation
contribute to improving mAP from 0.65 to 0.95. This
result is consistent with numerous studies have shown
that data quality is crucial to enable successful
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machine learning. Especially, object detection
requires high-quality annotated data to improve deep
learning detection results [7, 8]. In agree with the data
annotation using the domain expert is labor-intensive,
and expensive process, they concluded that the best
way to reduce the annotation time is possible to
automate using artificial intelligence to complete this
process [9-12].

CONCLUSION
This study tends to impact on the bioinformatics

research because the system can apply to the real­
world data. In addition, the proposed framework and

Digital microscope Video capture 25('k of frame
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method can embed in a portable single-board circuit
mobile device to inspect boar sperm in farms.
However, there is a limitation. Other sperm
morphology such as sperm tail will analyze the quality
of boar sperm. The sperm mobility analysis will
perform in the future work.
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The 1st iteration
sperm anncratton

The l st train
YOLO-v4-tiny Savewetghts I

(a)

(b)

50% of frame The 2nd Iteration The2nd train
sperm annotation YOLO-\'4

by Al&Expert rnodiffcation

Save Weights 2

---.--~,.~
.;.

75% of frame The 3rd Iteration The 3rd [rain Save Weights 3
sperm annotation YOLO-v3

by AI&E~pcrt modification

(c)

(d)

Complete sperm enuotancc
by AI

Fig. 1 model architecture of proposed framework

Table 1. Performance comparison for each iteration on testing dataset.

15titeration 25% Expert YOLOv4-tiny
2nd iteration 50% AI& Expert YOLOv4
3rd iteration 75% AI& Expert YOLOv3
4th iteration 100% AI YOLOv3

mAP@0.5 Recall
0.65 0.66
0.75 0.76
0.83 0.84
0.95 0.95

Iteration %frame Method Training model
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(a) (b) (c)

Fig. 2 (a) the area in red arrow represents the missed detection, (b) and (c) the area in black arrow
represents the complement boar sperm that improve using our framework
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