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Strategic International Collaborative Research Program (SICORP)

Japan—ee Joint Research Program
Executive Summary of Final Report

1. Project title : [Development of Information Gathering and Utilization Systems using
Small UAV for Disaster Risk Assessment, Monitoring and Response |
2. Research period : August 2016 - March 2020

3. Main participants :

Japan-team
Name Title Affiliation Role in the
research project
Pl Hiroshi | | Principal Rese | National Research Institute | Development of
noue arch Fellow for Earth Science and Di | UAV System
saster Resilience
Coll | Shingo | Technical Assi | National Research Institute | Development of
abor | Wada stant for Earth Science and Di | UAV System
ator saster Resilience
Coll | Takahiro | Principal Rese | National Research Institute | Application of U
abor | Miwa archner for Earth Science and Di | AV to volcano m
ator saster Resilience onitoring
Coll | Hiromichi | Professor International Digital Earth | Development of
abor | Fukui Applied Science Research | Aerial Image dat
ator Center, Chubu University a utilization syst
em
Coll | Satoru S | Lecturer International Digital Earth | Development of
abor | ugita Applied Science Research | Aerial Image dat
ator Center, Chubu University a utilization syst
em
Coll | Man Du | Student International Digital Earth | Development of
abor | ¢ Chuk Applied Science Research | Aerial Image dat
ator Center, Chubu University a utilization syst
em
Total number of participants throughout the research period: 6
Philippine PHIVOLCS team
Name Title Affiliation Role in the research project
Pl Bartolom | Deputy Direct | Philippine Institut | Project Leader, Leads PHI
e C. Bajor e of Volcanology | VOLCS Team in the devel
utista and Seismology | opment and completion of
the project.
Coll | Arturo S. | Chief Scienc | Philippine Institu | Senior member of the proj
abor | Daag e Research S |te of Volcanolog | ect, assist projects leader
ator pecialist y and Seismolog | and members in project a
y ctivities
Coll | Daniel B | Science Res | Philippine Institu | Overall coordinator of proj
abor | uhay earch Speciali | te of Volcanolog | ect activities, in charge of
ator st 2 y and Seismolog | UAV application in earthqu
y ake-related program
Coll | Dave E | Science Res | Philippine Institut | In charge of electronic par
abor | merencia | earch Speciali | e of Volcanology | ts on the assembly and d
ator | na st 1 and Seismology | evelopment of drone
Coll | Johnlery | Science Rese | Philippine Institut | In charge of UAV applicati
abor | P. Dexi | arch Specialis | e of Volcanology | on in risk-related program
ator | mo t1 and Seismology
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Coll | Julius M. | Science Rese | Philippine Institut | In charge of UAV applicati
abor | Galdian | arch Specialis | e of Volcanology | on in tsunami-related prog
ator | o t1 and Seismology | ram
Total number of participants throughout the research period:  9r
Thai NECTEC team
Name Title Affiliation Role in the research
project
Pl Wutthiphat C | Senior Re | National Electronics | Development of UAV sy
ovanich searcher and Computer Tec | stem and post process
hnology Center software
Coll Kanokvate T | Principal National Electronics | Advisor and consultant
abor | ungpimolrut Researche | and Computer Tec
ator r hnology Center
Coll Kittipong Ek | Senior Re | National Electronics | Development of UAV sy
abor | kachai searcher and Computer Tec | stem
ator hnology Center
Coll | Vitvasin Vim | Research | National Electronics | Development of UAV sy
abor | olmongkolpor | Assistant and Computer Tec | stem
ator | n hnology Center
Coll | Satawat Pra | Research | National Electronics | Development of UAV sy
abor | kancharoen Assistant and Computer Tec | stem
ator hnology Center
Coll | Teesid Leela | Research | National Electronics | Development of image
abor | sawassuk er and Computer Tec | processing algorithm for
ator hnology Center post process software
Total number of participants throughout the research period: 6r
Vietham VNU team
Name Title Affiliation Role in the research
project
Pl Bui Quang H | Center Dir | FIMO Center, Vietn | Leads FIMO Team in th
ung ector am National Univers | e development and com
ity pletion of the projects.
Coll | Ha Duc Van | Researche | FIMO Center, Vietn | Reconstruct 3D models
abor r am National Univers | from UAV images and
ator ity point cloud.
Coll | Phan Anh Researche | FIMO Center, Vietn | Development of flood m
abor r am National Univers | onitoring systemusing U
ator ity AV images
Coll | Hoang Xuan | Researche | FIMO Center, Vietn | Development of forest fi
abor | Phuong r am National Univers | re monitoring system us
ator ity ing UAV images
Coll | Luu Quang | Researche | FIMO Center, Vietn | Development of forest fi
abor | Thang r am National Univers | re monitoring system us
ator ity ing UAV images
Coll | Pham Van H | Researche | FIMO Center, Vietn | Reconstruct 3D models
abor | a r am National Univers | from UAV images and
ator ity point cloud.

Total number of participants throughout the research period:  6r

Indonesia LIPI team

Name

Title

Affiliation

Role in the research
project
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Pl Eko Yulianto | Director Research Center f | Pl
or Geotechnology,
Indonesian Institut
e of Sciences

Coll | Mudrik, Rah | Researche | Research Center f | Actove fault mapping
abor | mawan Dary | r or Geotechnology,
ator | ono Indonesian Institut
e of Sciences

Coll | Wawan Hend | Researche | Research Center f | Geodatabase Disaste
abor | riawan Nur r or Geotechnology, |r Risk Model, GIS a

ator Indonesian Institut | ng Spatial Planning
e of Sciences

Coll | Bamban Seti | Researche | Research Center f | Remote sensing

abor | adi r or Geotechnology,
ator Indonesian Institut
e of Sciences
Coll | Afnindar Researche | Research Center f | Spacial Information Syst
abor r or Geotechnology, |em
ator Indonesian Institut

e of Sciences

Total number of participants throughout the research period: 5

4. Summary of the international joint research

This study utilizes small UAV technology that have developed rapidly in recent years to
collect high-resolution image from low altitudes easily, safely, and reliably, and to assess
hazards and risks of natural disasters, to monitor and to support emergency response to
natural disasters. The Japanese team provided prototypes and its evaluations of UAVs
suitable for various types of disasters, developed a system to process and utilize aerial image
data, and supported the introduction of UAVs to local governments. The Philippine team
conducted experiments for volcano monitoring and introduction experiments for local
government units. The Thai team has developed a UAV prototype and an video image
utilization system for forest fire monitoring. The Vietnam team has developed a 3D model
browsing system that can be used for disaster and city planning. The Vietnam team also
developed a system for forest fire risk prediction and monitoring. The Indonesian team used
UAV to monitor flood and drought and model active faults. Through these activities, we were
able to establish a practical UAV utilization technology that can be introduced and operated
by disaster research institutions, disaster monitoring institutions, and local governments in
each country.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

We have developed an information gathering and utilization system for disaster risk
assessment, monitoring and response using a small UAV. We developed a small fixed-wing
aircraft with 120-130 cm wing span and a vertical take-off and landing aircraft (VTOL) of the
aircraft of the same type. We verified their flight distance of up to 145 km and wind/rain/ snow
resistance. It was used for a survey experiment of earthquake disasters, active fault mapping,
and volcanic crater topography mappings. In addition, we developed viewing systems of
oblique and vertical aerial photo on GIS for emergency disaster response. We introduced it
to local governments in the southern part of Mie Prefecture. Long range fixed wing UAVs
have been introduced to research teams in the Philippines, Thailand, Vietnam and Indonesia.
The Philippine team carried out volcanic monitoring, coastal terrain model. They
experimentally introduced it to local government units for disaster response. Thai team



SICORP # T#/E (3 I - Bautista -+ Covanich + Hung - Yulianto #/&)

developed a aerial video browsing system and introduced it to forest monitoring agency with
a the long range fixed wing UAV.

5-2 Synergistic effects of the joint research

We held six workshops since the beginning of the project, twice a year round-trips in five
countries with the aim of closely exchanging information of research progress and plans. For
the countries participating in In-kind, the Japanese side supported the expenses of the
meetings and travels. As a result, the research progress status and plans could always be
grasped each other. The Japanese team was specialized in disaster prevention technology
development, the Philippine team was specialized in providing volcanic and tsunami fields
and cooperation with local governments, and the Thai team was specialized in mechatronics
and software development. We believe that the synergistic effect of the cooperation was
sufficiently obtained.

5-3 Scientific, industrial or societal impacts/effects of the outputs

It is concluded that the small UAV information collection systems developed in this project
are useful for disaster risk assessment, monitoring, and response. The Japanese team
introduced them to local governments as experiments, but it has not been put to practical
use. The Thai team's forest monitoring system has also not been implemented as practical
tools. In order to put them into practical use, it is necessary to further improve them to ensure
reliability, and it is necessary for private companies to commercialize them. In the Philippines,
PHIVOLCS and local governments collaborate to carry out risk assessment, monitoring, and
response, and plan to utilize the systems by their own.
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Mai, Thailand

Vel VER R BESE - b A b SRRER SO ML B Hada, Podolskiy Evgeny,
Berthier Etienne, Kayastha Rijan, 2019, %/X—/L - b~ 7% L7 HAT ¢ LOKFNZEBIT
LIOKBED AR, A ARHERRE RS 2019 - K= TR, ACC27-05.

HmbE, TZERGEREOIERR ) 82 RISCERGIAEs, BufFRt ¥ — 2019 4
71 GEfREE) .

#i/\, 2019, [FEERMIC X 2RI - K\ EAEMRIT, TEHSME, T2 E5hEM
IRz Ze iR B AE A58 %, Sept., 2019.

Satoru Sugita, Hiroshi Inoue, Yuji Asahi and Hiromichi Fukui “Multi-scale Remote Sensing for
the Earth Stage of Disaster Management” International Conference on Materials and
Systems for Sustainability (ICMaSS) 2019, A9-1-1, Nagoya University, Nov. 2019, Invited.

H.Inoue, M. Iguchi and Nia Haerani, Ahmad Basuki, Kus Hendratno, Ardy Setry Prayaga,
2019, Evaluation of possibility of future collapse by topographic survey using long-range
UAV

, J-Rapid Symposium, Jakarta, .Nov. 2019,

Chuc Man Duc and H Fukui, "Electricity demand monitoring in Japan by using time-series
DMSP stable lights images and its application to long-term damage assessment of natural
disasters", 11th International Symposium on Digital Earth, Florence, Sep. 2019.

kIR AKX —3F (FHTHIFIET— L & DL FEF)
I FH oM

RIRAL —FER (HFUTETF — 2 2E R0 AARMWIET — L DFER)
SN R T A

Hiroshi Inoue, Long Range Fixed-wing UAV: Its Performance and Potential for Applications
to Disasters,The, 5th International Conference on Information and Communication
Technologies for Disaster Management, December 4-7, 2018, Sendai, Japan

"Satoru Sugita, Hiroshi Inoue, Yuji Asahi, Tomohide Seko, Hiroshi Ito,

Kazuyoshi Kunisawa, Yuichi Furuse, Hiromichi Fukui, Development of UAV Oblique Photo
Sharing System and Implementation in Minami-ise Town, JAPAN, 5th International
Conference on Information and Communication Technologies for Disaster Management,
December 4-7, 2018, Sendai, Japan

il 5% - REM T2 - bk &, 2019, AERTRE DT 24 o8 o #i
Ak, Elzfiiﬁﬂzﬁe'%ﬂ% EE 2019 FERE TR, MIS20-P06 .
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B WEE - SR T2 -HE A, =kF~/)7 FAAR, AT TEaT 2019,
FiA =/VF = v 7 KNS DK Bl B ZEhE, B ARMERE R E A 2019 £k
FHate, ACC27-P05.

S Sugita, H Fukui, H Inoue, Y Asahi and Y Furuse, "Quick and low-cost high resolution remote
sensing using UAV and aircraft to address initial stage of disaster response", 11th
International Symposium on Digital Earth, Florence, Sep. 2019.

FEBERE RIS X 2 KFEGBIE S 2T L, B KRR EARBIFERTIR A IE £ 2, 2020 4 2 J]
13 H

3. FEELZEY—Zvay T I F— - VURVYLEORHME
2016/11/14~2016/11/16  e-ASIA UAV Kick-off Workshop H 2, NIED Japan,

Tokyo, JST and Tsukuba, NIED 17 %
2016/12/12~2016/12/16 UAV Assembly Training  Bartorome Bautista,
PHIVOLCSPhilippines, Quezon City, PHIVOLCS 14

2017/3/15~2017/3/17 Drone Workshop Wutthiphat Covanich, NECTEC Thailand,
Pathumu Thani, NECTEC 10 %

2017/4/18~2017/4/20 UAV Assembly Training  Bartorome Bautista,
PHIVOLCSPhilippines, Quezon City, PHIVOLCS 10 4

2017/4/24~2017/4/27 2nd le-ASIA UAV International Workshop  Bartorome Bautista,
PHIVOLCS Philippines, Quezon City, PHIVOLCS 30 4

2017/7/3~2017/717 UAV Assembly Training  AIT GIC Center Thailand, Bangkok,

AIT Geoinformatic Center 7 %4

2017/11/18~2017/12/1 3ed e-ASIA UAV International Workshop Bui Huang, FMU,
Vietnam National University Vietnam, Hanoi, Vietnam National University 20 4

2018/4/9~2018/4/10 H1E ZEHERERT Fo—EEs H k2, NIED
HA, —EHF, KRE5HTB&G 4 — 30 4

2018/7/2~2018/7/3 4th e-ASIA UAV International Workshop Eko Yulianto, LIPI,
Indonesia Indoneshia, Bandung, LIPI 30 #

2018/8/12 JRES VR RERPHT o — 3 & H 2, NIED AA, IRV, REEF
HIBGSER 10 4

2018/11/12 ol Z“EAIBEKAET Fe—rigEs B, NIED HA, =
HEIE, KHBEITB&G % — 20 4
2018/11/13 Folm —EABERT Fr— g8 s H E2%, NIED HA, =

HIL, RREF B A 204
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2018/12/10~2018/12/12 Fixed wing UAV  Training for Local Government
Bartorome Bautista, PHIVOLCS Philippines, Quezon City, PHIVOLCS

20 4
2019/1/21~2019/1/23 5th e-ASIA UAV International Waorkshop Wutthiphat
Covanich, NECTEC Thailand, Chiang Mai, Northern Science Park 20 4
2019/4/23 B3 ZEAREAT Fe—raEs LR/, NED HA, =

EIR, FEOHEAET 204

2019/4/24 F3m ZEABEET Fe—riEEsS HEA, NIED HA, =
EIR, BBV RAASED 20 4

2019/9/9~2019/9/13 6th e-ASIA UAV International Waorkshop ~ ## L 2 , NIED
A, BRI - IR PRy 204

4. HRRTOER (FERFER)

2016/08/02-08/11, Hak#H : H Loy, HiEdk : 74V, =7, 74 U B kIIHE
FERT. HEY - OFSEFT AR

2016/12/11-12/18, HEH : Jk Loy, Mk : 71 U By v=F . 74 U Bk LHERT
FET. BHY : U—27 v a vy 7B (fRE) BIXOWHETEE

2017/03/14-03/23, HiE#H : H BN, HEk : 24, Nvay | EFHEMER. B U
— 7 vay 7B (FFE) BILOWETA&E

2017/04/17-04/28, HiEE  H LN, HEL : 74V By, ~=F, 7 4 U v r ok UHUERT
FeRr. BEY : U—27 3 v B0 (BE) BIOWIEITA&E

2017/04/23-04/28., HiE#HE : wHslE, HEk : 742 VB, =T, 74 UV B kLUHE
e, BHY : U—27 g v 7B L OWIRIT&8

2017/04/23-04/28, HigEE : LHBE, HIRE : 740 VY =T 7 ¢ U B kILHIE
e, B . U—2 v a v BN L O 68

2017/05/11-05/12, g+ « I B, R : A N2z NECTEC, AIT, HiY : e-
ASIA BAEFT &4

2017/08/08-08/25, HigE#H : 3 LA, HRE : 74 U B 74 U B KINHUENIERT, 7
IS AINBURBIS R, BRY - KILEEBR D72 D D2 g &L, B~ — R0 720 D
ZefiRiiAL, WFTEFT AR

2017/11/27-12/10, HaE#H : I B4, RS - X v AHFE N A i, X b A ES KR,
7 4 Ve KIUHEZERT, Ve R, BB U—2 v a v BN, Kib UAV
ZefiR A
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2017/11/20-12/02, MR : EHFILIE, HIESE - ~ b AIERE N/ A i, b AENK
2. BR U= a v 7B

2017/11/29-12/02, HiEE : L HWE, HIEY : X M FAaFnEAN A, X N FAES K,
BHH) : UV—2o 3 vy 7H0

2018/05/05-05/19. HiE#H : H B HESR « MESHENRBFvAEHTr. 7V 7T LR
Geoinfomatic Center. HFJ: NECTEC (2 Xk % UAV Ok STE I FEBRN. AW X
OWFZEFTAE, VAV iERFET b a8

2018/06/14-06/23, H5E# : H Lox, HiRSE : v=7 . PHIVOLCS, #— vkl HAY : Bf
FeATEE, EERYEE, 22#RFZER(PHIVOLCS i)

2018/07/01-07/04, HEH : #2H5LE,. HEES : Indonesia, /N> RUmifEL, B : FHRiHT
A+, The 4th e-ASIA UAV Bandung Workshop Zll, {&EKIE « kIL&RE L OV &
774 b

2018/07/01-07/04, 3R : £ HBE, MRS : Indonesia, /N> RUMiJE, HRY : Faifl &
. The 4th e-ASIA UAV Bandung Workshop 2/, &g - K Li&gE LT £~
74

2018/07/01-07/08. HHiEH : H L4y, H5ESE : Indonesia, /N> K 1i)&32. NECTEC, AIT,
HE : FEATFTAE. The 4th e-ASIA UAV Bandung Workshop 21, T&IKTE « kLK
Bk L0 w774h, UAV IERFZRT H A bR

2018/09/13-09/22, HEFH : H B4, HARSE « 7408 VKIUHIERFGERT, f-v L@, <3y
KWL, T ARG SRR VT ae” i, B9« UAV FEERUE(R 3 KUY UAV 26k

2018/12/08-12/18, HiE# @ H 4y, HHRSE - PHIVOLCS, TvAVATRAT)77 8 T8, 7 2K 1L
BT O ) BAY : SRR, BIGRMIT ARG S . EBRiE(, BAE

2019/01/20-01/24, HiE : fEH5LiE, HIESE : Northern Science Park(F- = >~ 1), HAY:
e-ASIAUAV [EREY —7 v a v 7 &N, {61

2019/01/20-01/24, iR : ZHBE, [HIES : Northern Science Park(F=>~ 1), HIY :
e-ASIAUAV EREY —7 v a v 72N, {61

2019/01/20-02/02, HE#E : HH b4y, HIRYE : Northern Science Park(F = >~ 1), HIY :
e-ASIA UAV [EFRT-Ivay7 &0, FT6H

2019/06/25-07/06, HiiE# : H o, HaRE: 7 ¢ U v KILHEMERT, ~ 3 KL,
AE) : BEAOHIEEE, TATHABEE, ZREENOIIET b A8

2019/08/17-08/25, [HaEFH « H Liox, HIBRIG : 7 ¢ U B KINHURIFSERT. 7 b/ A BB 5K
. By BISRIEAME D — 2 2 a v TR OB

2020/01/21-02/01. HIEZE : H B, RS : 7 0 U ©u k| UMIEBMIZERT # 5 A & A BLRIFT
(74 VB EZTAEA), 74 U KIUMENIEET (v=7), By : Z—1 kil
MEKIPE D B - #ET — X OIUE, EEBINEM BT 2 WA
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2020/02/23-02/29, HaRF  H By, R 7 ¢ U B KILHENERT (XY ). BHRY:
T NBEIC & DB AR ISR 2 P5E4T Ha b

5. HFEFHEE
FUiIA AR R - X R

2K - HHBES

7. 0

2016.10.26 T VT TRERE: UAV £

2016.11.11 Be RS (UAV 71T L OER)
2016.11 —HIRFFEET UAV A

2016.12 7 4 V) e KIUHERNFZERT UAV U—27 > 3 v TRk
2017.3.9 —HIRFE T UAV EA

2017.3.21 TIUT TRRF SR

2017.4.18 7 4 U B KINHEZERT UAV BUED — 2 o 3 » T BRE
2017.5.31 —HIRFEEET UAV EA

2017.7.3-7 7T TRRFE UAV BUWEDY — 27 o 3 » 7Bk
2017.7.31 —HIRFFEET  UAV A

2017.8.1 s N N D) BN e R

2017.9.1 SEEFFOTEAET  UAV A B SIS
2017.11.11 e LU T BRI SR A B S8 BNl E N

2017.11.21 AT V7 A FRBEARPES [LEHE B et i
2017.1.19 S EIRFEOUEANT UAVEEA LAY J—2
2018.3 A > R Tezpur Kt 2 F—ililif

2018.4.9 —HIRKERT o — 53 Bl

2018.6.4 = EIRREET M — i e

2019.4.23 #E%%{%@mm v BAfE

2019.4.24 REEFTH N o — 5 B

2019.6.26 74 ) vy PHIVOLCS K — B
2019.8.20 74)1:/ LA AT R — 3R R
2019.8.27 Rz 2 B B T FHATF 2T 2 BR (G B 1

2019.8.31 = E IR AT SRS

2019.11.9 BEFE B SE RN

7 4 U B KILHENFIEET O 35~ UAV {E TE#) L AR — k

Small unmanned aerial vehicle operations. 2018, August. Buhay, D.J.L., et al (Internal:

PHIVOLCS Work Instruction)

Application of SUAVs in mapping active faults. 2018, August. Buhay, D.J.L., et al (Internal:

PHIVOLCS Work Instruction)

Application of sUAVs in tsunami hazard mapping and exposure data collection. 2018, August.

Mangahas, R.Z. et al (PHIVOLCS Work Instruction)

Application of sUAVs in volcano crater observations. 2018, August. Buhay, D.J.L., et al

(Internal: PHIVOLCS Work Instruction)
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Post-processing kinematics equipment survey instructions for Ground Control Points (GCPs).
2018, August. Pogay, C.D., et al (Internal: PHIVOLCS Work Instruction)

Aerial image processing using Agisoft Photoscan and ArcGIS. 2018, August. Pogay, C.D., et
al (Internal; PHIVOLCS Work Instruction)

Manual on SkyWalker X5 Fixed-wing Plane Assembly. 2017, August. Emerenciana, D.B.B.,
etal (Internal: PHIVOLCS Work Instruction)

Manual on Mini Talon Quad-plane UAV Assembly and Operations. 2019, August. DOST-
PHIVOLCS. (For UAV Assembly and Operations Workshop for LGUs, and PHIVOLCS Work
Instruction)



