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Strategic International Collaborative Research Program (SICORP)
Collaboration Hubs for International Research Program (Japan-India)
Executive Summary of Phase 1 Final Report
1. Project title : [Data Science-based Farming Support System for Sustainable Crop

Production under Climatic Change
2. Research period : October, 2016 ~ March, 2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Seishi Ninomiya Grad. Sch. Agric. Sci., | Research
Project. U. Tokyo Supervisor and
Prof knowledge
) transfer
Collaborator | Yoshihiro Prof. Grad. Sch. Info. Sci. IoT system
Kawahara Tech., U. Tokyo
Collaborator | Eiji lkoma Project. EDITORIA, U. Tokyo | Data platform
Assoc.
Prof.
Collaborator | Wei Guro Assist. Grad. Sch. Agric. Sci., | Al basis analysis
Prof. U. Tokyo
Collaborator Masaru Prof. Grad. Sch. Agric. Sci., | Smart cultivation
Mizoguchi U. Tokyo system
Collaborator | Hiroyoshi lwata | Assoc. Grad. Sch. Agric. Sci., | Smart breeding
Prof. U. Tokyo system
Total number of participants throughout the research period: 39
Partner-side
Name Title Affiliation Role in the
research project
Pl U.B Desai Prof. IIT Hyderabad, Dept. of | Research
Electrical Engg. Supervisor
Co-PI J. Adinarayana Prof. IIT Bombay, CSRE Smart cultivation
system
Co-PI M Balram Prof. PJTSAU, Institute of Smart breeding
Biotechnology system
Co-PI P Krishna Prof. T Hyderabad, Dept. knowledge
Reddy of Computer Sci transfer
Collaborator | P Rajalakshmi Prof. IIT Hyderabad, Dept. of | loT system
Electrical Engg.
Collaborator S N Merchant Prof. [IT Bombay, Dept. of loT system
Electrical Engg
Collaborator | B. Balaji Naik Director | PJTSAU, Agro Climate | Smart cultivation
Research Centre

Total number of participants throughout the research period: 23 Number

4. Summary of the international joint research

70% of India's agricultural land is semi-arid, with the wet and dry seasons repeating every
six months. Climate change not only destabilizes rainfall during the rainy season and
threatens stable agricultural production during the rainy season, but also has a significant
impact on agriculture during the dry season, which depends on groundwater accumulation
from rainfall during the rainy season. On the other hand, it is also a challenge to prevent
excessive use of pesticides and groundwater due to lack of knowledge among farmers,
leading to optimal cultivation. This hub research aims to develop technologies to support
sustainable crop production that will help Indian semi-arid agriculture under climate change
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by making full use of evolving data science, and to contribute to solving the food problem in
India, which is expected to be tight due to population growth and economic development, as
well as to solving the problems in Asian and African countries. This joint research consists of
six work packages: "loT/field sensors", "Big data management and utilization infrastructure”,
"Al for agricultural decision support", "Crop management support system", "Efficient
agricultural knowledge transfer system", and "Highly efficient breeding support system”,
which have been conducted to develop smart agricultural technologies to solve the above
issues.

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

Atotal of 72 original papers were published, and many of them were published in prestigious
international journals. We were able to fully achieve our goals for the fundamental elemental
technologies related to field data collection, data management platforms, and Al data
analysis. On the other hand, in terms of the development of applied technologies, we
implemented and released an Al-based consultation system for farmers as a smartphone
application, which was highly evaluated by farmers and achieved concrete results and social
implementation. We also released a breeding support system as software that breeders can
easily use. On the other hand, we completed the development of basic technology for water-
saving cultivation support. However, the Japanese side was unable to work in the field for
two years due to COVID-19, and the Indian side also had restrictions on their activities.
Therefore, the field demonstration based on the accumulation of abundant and high quality
data is somewhat insufficient.

5-2 Synergistic effects of the joint research

During the project period, 10 original papers were co-authored by Japan and India, and
significant scientific results were achieved through joint research. The unique feature of this
research hub is that it has established a collaborative system with the Japanese side, which
has many years of experience in the development of smart agricultural technologies, Indian
researchers in information technology, who are highly competent in IT research and
development, and Indian agricultural research experts who are familiar with the actual
situation of Indian agriculture, which is facing major challenges such as climate change amid
increasing food demand, and the technologies required. A total of 13 workshops were held
to verify and accelerate the research. A total of 63 researchers from Japan and India
participated, of which 40 were young researchers. Young researchers from the two countries,
which have very different climates and cultures, participated in this project, which aims to
solve clear social issues, and the mutual exchange was extremely effective in developing
human resources for achieving the SDGs in the future. In total, 83 people from Japan and
India visited each other for 529 days to exchange research and experience each other's
agriculture, thereby fostering mutual understanding and accelerating joint research.

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

One of our major goals was to implement the research results of this hub in society, and we
were able to achieve several things. One of them is "CROP DARPAN," a smartphone
application for disease and pest diagnosis, which was released on the app store for rice and
cotton. The app has already been downloaded more than 5,000 times and has been highly
evaluated. The second is a breeding support system, which enables breeders to easily use
complex breeding data analysis on their own. Throughout the project, we have collaborated
with university startups and established a startup on smart agriculture technology, led by
people involved in the Japanese side of this research project. The project has been
introduced in many public forums, including the Japanese government press.

6. Potential as international collaborative research hub

In order to develop, implement, and disseminate smart agricultural technologies to solve the
problems of semi-arid agriculture in India, the hub will conduct basic and applied research
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related to smart agricultural technologies, efficiently manage related data, collaborate with
the government and farmers to expand the scope of smart agricultural technology
development capabilities and promote technology dissemination, and establish a Japan-
India joint venture startup to accelerate the social implementation of developed technologies.
Looking at the achievements in this project, there are some parts that have almost been put
to practical use and have started to be implemented in society, such as the disease diagnosis
application and the smart breeding support system. However, the challenge is how to
maintain, manage, and operate them in the future. For this reason, we are planning to
establish a Japan-India joint venture startup to take over the achievements of these systems
and continue to provide high-quality services. Itis also necessary to strengthen the education
and training functions of this hub in cooperation with the government and other organizations
in order to expand the base of smart agricultural technology development for small-scale
agriculture in Asia and Africa, where the demand is expected to explode in the future.
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2018/10/30 BRIRKZE, ITH/ITB/PJTSAU HEREISER PJTSAU/ N4 TS5

IN—F Bt — A TFURE

2019/4/25~26 B K, ITH/ITB/PJTSAU/IITH SICORP HENEXITJOKE

hfEl &Y EED WS ITH/PJTSAU (N T5/3—K) TOCIHOMRAERRE LI
R EtE SR EYFEESD

2019/5/29-30 JST/DST JST-DST &RIT—4av NTH(A>K, NT
S5/3—K) FERERERE - FlE
2019/11/13-16 BHmAZ, ITH/ITB/PJTSAU/IITH SICORP HENEZXEIT7OE

|ME WS HRERKE JOCzI/MARBRELVICHEREE
2019/11/15 B AKZ, ITH/ITB/PJTSAU/IITH BABREMERENOHE DL
REEET - B ERS BHRODEEMERGEDRE

2019/11/26~12/1 RIEKE, ITH/IITB/PJTSAU HEREIZIER PJTSAU/
NATIN—F Bt Y—ATFURE

2020/3/12~13 B K, ITH/ITB/PJTSAU/IITH SICORP HENEXITJOKE
e WS Too4o8E TACIIMARBRE L UICHEETE

2020/8/13-14 B KRS, ITH/ITB/PJTSAU/IITH SICORP HEIEZX(IT7OME
mE WS FosM4oeE TOCHMNARRE L CICHTEE

2021/2/16-17 B K, ITH/ITB/PJTSAU/IITH SICORP HENEXITJOKE

HE WS Too4o8E TACIIMARBE L UICHEETE

2021/6/18 EWHEKZ, ITH/ITB/PJTSAU/IITH SICORP BENEX IT O RS WS
FosM4oeE TOCIMNARRE L CICHZEE

2021/7/2 B KZE, ITH/ITB/PJTSAU/IITH SICORP HENEX IT 7O EHKE WS
FUooA0EE  WPAITREHT OMERREAEFE

2021/9/21 WHREXZ, ITH/ITB/PJTSAU/IITH SICORP BENEX IT O RS WS
FosM4oeE TOCIMARRE L CICHTEE
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29.

2021/10/29 B KZ, UTH/UTB/PJTSAU/IITH B RE X BV AT LB LI —
Foo54o5E WP6 THELEVATLOFBEI—

(FE£-HIREDIRE. RA)

1. 2018/6/4~19 JST HKEHYAIVRTSUIZEDBAVRAIZEE 4 BDXHE

RREKE, tBERERR I 2—4E 4 BAREBEMAE~ADAIbOSF
9Lay

2. 2018/11/7~14 JST HKEHYAIVRTSUIZEBAIVRAIEE 4 BDXHE
RREKE VY2 ES i R 5 RN O I 7 N m B iy SV D

3. JOCzHrRR BAMDEADAN 22 ARABFHEHEIZEHRIL. XEFHECEIBE

EX&1To1=
5. ¥EFHHRE
MR RBE LA 2 4 (BAX4A)

6. RE -FHBES

=

1. BREBZFELGLUVICHETEFE Z“HIEL 2018/1/31

2. BABRERZEMEKRESFE 136 MEEFLHALATEFREFHRRE PE 2019/9/1

3. EXFEWRER FMEME B 2020/5/1

4. TEYEZRRIA—E IAEGR 2 E5ABH,E DO 2020/10/31

5. BABEZES IHE “FIEL 2021/3/20

6. AP xyrkD—UZHREE ZBEL 2019/4/1

7. BEFERPEE BEFHEEA/R— 32 E Haozhou Wang 2021/5/22

&

1. 2018 +EBEBEFRBR A VFEE REES . BEAIRKXKOWAEBESGHM
2018/6/28

2. 2021 BAZREHBR RXAPLEBEBEICHL S FRFIEIGPS EH# 1400 &
2021/11/8

7. TDth

(FA—ToH AT RIZH M DBEYEEA]
-BEF L= Y—IL A Github £ TR (LITFEEH)

1.

Labelling Tool: Modified open source Labellmg tool for automated annotations of the
tassels of maize crop for growth and stage analysis. URL:
https://doi.org/10.1016/j.rsase.2021.100549

SpaTemHTP: R package for high-throughput and integrated spatial and temporal
analysis of canopy growth traits. (URL: https://github.com/ICRISAT-
GEMS/SpaTemHTP)

SpaTemHTP Validation: R module dedicated for validation of spatial modeling
outcomes using a combination of 9 different modeling scenarios and 15 different
simulations. (URL: https://github.com/ICRISAT-GEMS/SpaTemHTP_Validation)
EZTr: R pipeline for automated and high-throughput analysis of dynamic plant
functional traits (that cannot be directly imaged or measured) by deriving trait-
specific proxy- phenotypes. (URL: https://github.com/KSoumya/EZTr)

Drone-based RGB and hyperspectral data analysis for on-farm crop stress dynamics
and management (https://agroinformaticslab.github.io/)

Model “MLCan-Ag” (Incorporated agricultural solutions in eco-hydrological modelling
framework for irrigation and nitrogen management
(https://github.com/HydroComplexity/MLCan-Ag)
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10.

11.

12.

13.

14.

15.

EasyRFP : An edge computing toolkit for real time plant phenotyping
(https://github.com/lab1055/easy-rfp)

EasyMPE: Easy micro-plot extraction: a pre-processing tool to extract quality micro-
plot images for UAV-based high-throughput field phenotyping.
https://github.com/UTokyo-FieldPhenomics-Lab/EasyMPE

EasylDP: EasyIDP (Easy Intermediate Data Processor), A tool to build a bridge from
dealing with structure from motion (SfM) outputs, including point cloud data(PCD),
orthomosaic (digital ortho maps, DOM), digital surface model(DSM), properly.
https://github.com/UTokyo-FieldPhenomics-Lab/EasylDP

UAVPP: Breeder-Friendly-Plant-Phenotyping-tools for UAV.
https://github.com/UTokyo-FieldPhenomics-Lab/UAVPP

UGVPP: Development of a high-throughput field phenotyping rover optimized for size-
limited breeding fields as open hardware.
https://github.com/UTokyo-FieldPhenomics-Lab/UGVPP

EasyPCC_V2: Easy Plant Phenotyping Tool for both indoor and outdoor use.
https://github.com/oceam/EasyPCC_V2

EasyDAM: Easy domain adaptation method for filling the species gap in deep learning-
based fruit detection. https://github.com/UTokyo-FieldPhenomics-Lab/EasyDAM
EasyRFP: An Easy to Use Edge Computing Toolkit for Real-Time Field Phenotyping.
https://github.com/UTokyo-FieldPhenomics-Lab/easy-rfp

EasyDCP: an affordable, high-throughput tool to measure plant phenotypic traits in 3D.
https://github.com/UTokyo-FieldPhenomics-Lab/EasyDCP
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