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Message

I am happy to learn that Telecommunication Engineering Centre (TEC)
has prepared a Technical Report on “IoT/ICT enablement in Smart Village
& Agriculture” which is being released as a document for guidance of all
relevant stakeholders.

The 10T division, TEC has already released thirteen Technical Reports
covering various verticals including Automotive, Power, Health, Safety &
Surveillance, Smart Homes, Smart Cities and Communication Technologies in
M2M/IoT domain, M2M/IoT Security etc. The current document will add to
the series of Expert Reports. Technology applications to provide smart services
in the areas of, inter-alia, remote health care, tele-education, e-Governance,
agriculture, animal husbandry, fisheries etc. are critical for development of
rural areas. Broadband Network being provisioned under BharatNet should
also be appropriately leveraged for extending such services.

My best wishes to TEC for the success of their endevour to disseminate
expert knowledge and guidance on important technology applications related
to Telecommunication and Digital technologies.

(Anshu Prakash)

HAR WA, 20, A9E US, 73 facei-110 001 / Sanchar Bhawan, 20, Ashoka Road, New Delhi-110 001
Tel. : +91-11-23719898, Fax : +91-11-23711514, E-mail ; secy-dot@nic.in
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Message

| am pleased to note that Telecommunication Engineering Centre (TEC) is
bringing out a Technical Report on “loT/ICT enablement in Smart Village &
Agriculture”. This report is in continuation to the various technical reports
already released by TEC in M2M/ 10T domain.

As smart cities are being created, there is a strong need to extend Smart
services in the rural areas also. Connectivity being created in the BharatNet
project may be used for providing smart services.

TEC has also carried out the work for adoption of oneM2M Release 2
specifications as National Standards; an important step towards providing
standards based M2M/ 10T solutions.

This technical report has also covered diverse issues related with health
care, agriculture, animal husbandry, fisheries, water management and resolving
these issues with loT/ ICT having cellular / non-cellular communication
technologies.

| appreciate the efforts of Telecommunication Engineering Centre
specially its loT Division and the members of the Working Group for bringing out
this technical report in a very timely manner. | wish them success in all their

endeavours.

(K.Ramchand)

AR Ha+, 20, AWST A, 73 faeeh-110001

Department of Telecommunications
Digital Communications Commission
Sanchar Bhawan, 20, Ashoka Road,

Ph.: 23372307 Fax : 23372353
E-mail : membert-dot@nic.in
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Member (Services)

Message

| am happy to note that Telecommunication Engineering Centre (TEC) is
bringing out a Technical Report on “loT/ICT enablement in Smart Village &
Agriculture”.

| feel good that TEC has continued the excellent work in M2M/ loT domain, as
thirteen Technical Reports have already been released in the last 3-4 years, covering
various verticals viz. Automotive, Power, Health, Smart Homes, Smart cities etc. as well
as horizontal layers like M2M Gateway & Architecture, Communication technologies
in M2M/ loT domain, M2M/ loT Security. A number of actionable points that emerged
from these reports are part of standards / policies; enabling the development of M2M/
loT eco-system in India.

| am glad to note that this technical report has elaborated the loT/ ICT
challenges & requirement in rural areas and also covered related use cases in various
verticals namely health care, agriculture, animal husbandry, fisheries, water
management, energy conservation etc. for provisioning of smart services. These smart
services will help in improving the quality of life and will be quite useful in a pandemic
like Covid19 scenario.

This technical report of TEC is a good reference for related organizations in
developing the smart infrastructure in rural areas, which will help in improving the
quality of life.

| appreciate the efforts put in by Telecommunication Engineering Centre in
bringing out this report. | wish them success in all their endeavours.

(Bharat Kumar Jog)
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Foreword

TEC is the National Standardization Body (NSB) for telecommunication in India
and the national enquiry point for WTO —TBT (Technical Barrier to Trade) for telecom
sector. TEC has also been mandated to interact with various international
standardization bodies like ITU, APT, ETSI, |EEE, oneM2M, 3GPP etc. for
standardization works.

TEC takes up development of standards based on study, continuous
participation / submitting contributions in the meetings of standardization bodies and
interaction with stakeholders. Certification of telecom products as per essential
requirements (ERs) is also one of the major activities under MTCTE, which is being
implemented in a phased manner by TEC.

M2M/ 1oT is one of the most emerging technologies and it is being used to
create smart infrastructure. As per NDCP 2018, eco-system is to be developed for
connecting five Billion devices by 2022. TEC has already released thirteen Technical
Reports covering various verticals viz. Automotive, Power, Health, Safety &
Surveillance, Smart Homes, Smart cities and also in horizontal layer, the documents
namely V2V/V2l Radio communication & Embedded SIM, Communication
Technologies in M2M/ loT domain, M2M Gateway & Architecture, M2M/ |oT security
etc. All the technical reports are available on TEC website (https://tec.gov.in/M2M-
loT-technical-reports).

A number of actionable points emerged from these reports. Few important
ones are 13-digit numbering scheme for SIM based devices/ gateways, Embedded SIM,
IPv6 for devices / gateways to be connected to PSTN/ PLMN, Spectrum for low power
wireless communication technologies, Common services layer- important for sharing
of data.

TEC has recently adopted oneM2M Release 2 standards (transposed by TSDSI)
as National  standards. Details are available on TEC  website
(https://tec.gov.infonem2m).
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The TEC Working group on Smart Village & Agriculture is having members from
Government, industry, academia and start-ups. An effort has been made to address
the various issues related to humans, animals and agriculture, by providing smart
solutions using emerging technologies (IoT /ICT). Around 16 virtual meetings and a
number of informal discussions have already been held in drafting and finalizing the
content of this document named “loT/ ICT Enablement in Smart Village &
Agriculture”. This document has also been uploaded on TEC website
(https://tec.gov.in/M2M-loT-technical-reports).

This technical report provides relevant and reliable guidance to industry
stakeholders by mentioning practical use cases that can be applied in related
applications in the rural areas. | hope the working group members will continue to
provide their support to TEC in carrying out further study in M2M/ 1oT domain for the
holistic development of smart & sustainable infrastructure in the country.

('D/e/epa Tyagi)
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Executive Summary

As per the Census of India 2011, population of the country was around 1.21 billion. Out of this rural
population was 0.833 billion and urban 0.377 billion with Rural — Urban distribution as 68.84% & 31.16%
respectively. At present India’s total population is around 1.3 billion, out of which approx. 68% are living
in rural areas (in about 0.65 million villages or 0.25 million Gram Panchayats (GPs)/ Village Panchayats)
and the rest in urban areas (towns and cities). From administrative point of view, India is having twenty-
eight states and eight union territories and total 720 districts. Districts are further divided into tehsils &
blocks and blocks are also further divided into village panchayats for the purpose of administration and
development. Each village panchayat generally has 2-3 villages. Tele-density (number of telephone
connections (fixed lines and mobile phone subscribers) per 100 inhabitants) as per Telecom Regulatory
Authority of India (TRAI) report released in December 2020 is 140.57 % for urban areas and 58.94 % for
rural areas.

There is a lot of migration from rural to urban areas in view of search of jobs, better education and health
care. Cities are being developed as Smart cities to improve the quality of life of citizens, therefore on the
similar lines it is very much required to develop Smart villages. 10T/ ICT can play a big role in extending the
facilities available in urban to the rural areas.

Scarcity of electricity in villages is one of the major concern for electricity dependent activities. The health,
educational and civil infrastructures are also in need of considerable improvement. For launching smart
village applications, such as telemedicine, smart agriculture, e-Governance, animal & human health
monitoring, and precise irrigation etc., there is a need for increased tele-density and high speed internet
facility in rural India. With the development of sensor-based devices and emerging communication
technologies, smart infrastructure may be created in various verticals, which will help in improving the
quality of life and also in creating employments among the rural populations.

Mahatma Gandhi’s idea of Village Swaraj was that a village should be a complete republic, independent
of its neighbours for its own vital needs, and yet interdependent for many others in which dependence is
a necessity. This has to be enabled at ground level to facilitate self-reliance of villages. Innovation and
interventions led by science and technology are key to accelerating the dream of ‘Village Swaraj’.

‘Smart Village and Agriculture’ Working Group (WG) was created in TEC on the requirement from the
industry and it was then formally approved by Sr. DDG TEC. It is having members from industries,
academia, Government, Start-ups etc. The scope of WG is to study problems and provide smart solutions
addressing the major issues related to human being, agriculture and animals, using emerging technologies
(10T /ICT). This WG through detailed deliberations and discussions has included relevant use cases related
with smart rural community, e.g. Remote patient monitoring, Soil nutrients monitoring, Smart irrigation,
Animal activity monitoring tag, Arresting food adulteration using loT & Blockchain, Smart anganwadi, loT
& ML based Smart aquaculture, 5G and Intelligent farming, Drone application in Agriculture and A smart
village model etc. The WG has also studied the national / international smart villages, and some of them
have been briefly described in this report. This report also reflects the Indian scenario and initiatives taken
by Government of India, and also the suggestions for expanding the telecom /internet / Smart services in

! https://www.trai.gov.in/sites/default/files/PR_No0.1010f2020_0.pdf
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rural areas. Challenges, recommendations and the related international standards for the development
of eco system in rural communities have also been incorporated in this document.

In the present scenario of COVID 19, facilities like remote health care, tele-education, e-Governance have
become a necessity in rural areas. Provisioning high speed communication network will help in extending
these services and also in creating smart applications in agriculture, animal husbandry, fisheries, e-
Governance and so many other verticals in rural areas.

Telecommunication Engineering Center 2
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1. Introduction

1.1. National Digital Communication Policy (NDCP)- 2018

Following provisions have been made as a directive by Department of Telecommunications

(DoT) in National Digital Communication Policy? (NDCP)-2018 for the fast expansion of

telecom services in the country: -

1.

10.

11.

12.
13.

Promoting innovative, effective and scalable alternate technologies for remote areas.
Strengthening institutional capacity of USOF to ensure effective rollout of services in
uncovered, remote and rural areas.
Enhancing the backhaul capacity to support the development of next-generation
networks like 5G.
Provide universal broadband connectivity at 50 Mbps to every citizen and enable 100
Mbps broadband on demand to all key development institution; including all educational
institutions.
Implementing a ‘Fibre First Initiative’ to take fibre to the home, to enterprises and to key
development institutions in Tier |, Il and Il towns and to rural clusters.
Facilitate the establishment of Mobile Tower Infrastructure by promoting and
incentivizing deployment of solar and green energy for telecom towers.
Promoting research and development of green telecom through active participation of
stakeholders across government, industry and academia.
Creating a roadmap for emerging technologies and its use in the communications sector,
such as 5G, Artificial Intelligence, Robotics, Internet of Things, Cloud Computing and
M2M.
Developing market for loT/ M2M connectivity services in sectors including Agriculture,
Smart Cities, Intelligent Transport Networks, crowd management, Multimodal Logistics,
Smart Electricity Meter, Consumer Durables etc. incorporating international best
practices.
Provide 1 Gbps connectivity to all Gram Panchayats of India by 2020 and 10 Gbps by 2022
under BharatNet.
Enable deployment of public Wi-Fi Hotspots; to reach 5 million by 2020 and 10 million by
2022 and achieve ‘unique mobile subscriber density’ of 55 by 2020 and 65 by 2022.
Ensure connectivity to all uncovered areas.
Implementation of following broadband initiatives to be funded through USOF and Public
Private Partnerships-

a. GramNet- Connecting all key rural development institutions with 10 Mbps

upgradable to 100 Mbps.
b. JanWiFi- Establishing 2 Million Wi-Fi Hotspots in rural areas.

http://dot.gov.in/sites/default/files/EnglishPolicy-NDCP.pdf
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1.2. Work carried out by TEC in IoT domain
TEC formed 12 multi-stake holders Working Groups in the last 3-4 years, to study and prepare
Technical Reports in M2M/ 1oT domain with outcome to be used in policies and standards. As a
result, 13 Technical Reports have been released so far as detailed below-

M2M Enablement in Power Sector
M2M Enablement in Intelligent Transport System
M2M Enablement in Remote Health Management
M2M Enablement in Safety & Surveillance Systems
M2M Gateway & Architecture.
M2M Number resource requirement and options
V2V / V2| Radio Communication and Embedded SIM
Spectrum requirements for PLC and Low Power RF Communications.
ICT Deployments and strategies for India’s smart cities: A curtain raiser
. M2M/ loT Enablement in Smart Homes
. Communication Technologies in M2M / |oT domain
. Design and Planning Smart Cities with IoT/ ICT
13. Recommendations for loT / M2M Security

LN WNE

[ Y
N = O

All these reports are available on TEC website3. A number of actionable points emerged from these
reports. Some of the important points which became the part of policy/ standard are:

1.

Based on TEC Technical Report, 13 digit M2M Numbering plan for SIM based devices/
Gateways which will co-exist with existing 10-digit numbering scheme being used for mobile
phones was prepared in TEC and recommended for approval
e DoT approved this scheme in Dec 2016 and issued orders to all the TSPs for
implementation.
Five codes of 3 digits each (559, 575, 576, 579 and 597) have been allotted
as a M2M identifier.

M2M SIM/ Embedded SIM & remote subscription management: - In view of technical
report released on this subject, Interface Requirement (IR) was prepared in TEC.
e DoT has approved the use of Embedded SIM with OTA provisioning.
e Ministry of Road Transport and Highways in India has issued a Standard [AIS-140]
which mandates the use of Embedded SIM for Commercial Passenger Vehicle
Tracking.
e The Bureau of Indian Standards (BIS) has released a new Standard for Automotive
Tracking Device and Integrated Systems (1S16833: 2018) which mandates the use of
the embedded SIM as per the Standards/Specifications of TEC, DoT.

Any device / Gateway having direct connectivity with PSTN / PLMN should have static IP
(IPv6 or IPv4). As IPv4 addresses are going to exhaust, early adoption of IPv6 at device,
network and application level will be necessary.
Bureau of Indian Standards (BIS) in its standard 1S16444 has mandated IPv6 for Smart
meters to be connected on Cellular technologies.

Multi-protocol gateways: Important for Smart homes/ building solutions. Essential
requirement has already been prepared under MTCTE.

Common Service layer at the platform for sharing of data across verticals and across
platforms.

3 https://www.tec.gov.in/M2M-loT-technical-reports
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6. Spectrum for low power wireless communication technologies
= Based on Technical Report, additional Spectrum of 12MHz for Low power RF

communication technologies in Sub GHz band, adjacent to existing delicensed spectrum
(865-867 MHz) was recommended to reserve and release as per requirement.

= DoT referred the case to TRAI.

= TRAI had recommended 7 MHz spectrum [1 MHz of spectrum in 867- 868 MHz and 6 MHz
in 915-935 MHz band] to be delicensed on priority, in its recommendation on “Spectrum,
Roaming and QoS related requirements in Machine-to-Machine (M2M) Communications”
released in Sept. 2017.

= DoT approved the TRAI recommendations. This delicensed spectrum is expected to be
released by WPC in the NFAP.

7. Spectrum requirement in 5.9 GHz for DSRC technology: - As per recommendation of TEC TR
on “V2V/ V2l Radio Communication and Embedded SIM”, related to the study of DSRC
technology for V2V applications in Intelligent Transport System, 5.9 GHz spectrum was
recommended. Dedicated Short Range Communication (DSRC) technology, working in 5.9
GHz band, has been deployed in USA, Canada, Europe, Singapore and Australia for Vehicle
to Vehicle (V2V) applications.
3GPP in its Release 14 (and beyond) has provided specifications for C-V2X technology [ here
X refers to Vehicle (V), Infrastructure (1), People (P) and Network (N)]. It is having basic safety
features (V2V) from DSRC/ 3GPP. It will also work on 5.9 GHz band; therefore, this frequency
band may also be used in implementation of C-V2X technology for Intelligent Transport
System.

8. Licensing/ Registration for non-cellular LPWAN technologies (such as LoRa, Sigfox etc.)
service providers: - It is important from the policy as well as security perspective to have the
details of agencies providing public services. This may be the part of M2M Service provider
registration policy, expected in near future.

1.3. What is a Smart Village?

A comprehensive definition of an ideal village was proposed by Late Dr. A. P. J. Abdul Kalam as
“PURA” village for Provisioning Urban amenities for Rural Areas. A smart village can be built around
the vision of PURA. It addresses the elements of PURA through various hard interventions, such as,
sustainable agriculture, water sufficiency, rural industry, locally relevant livelihood, energy
sufficiency, waste management, health services, education & skill development, e-Governance, and
improved connectivity. Additionally, soft interventions, such as good governance, sanitation, civic
services, along with climate change adaptation are also considered. A Smart Village must move the
villagers up the value chain to improve socio-economic status of its citizens leading to 'Gram Swaraj'.
This requires, by necessity, to substantially increase the income of the farmers (to be doubled in the
next five years, as a short term goal). Some of these facilities may be extended by use of ICT
infrastructure. In an ambitious bid to transform rural areas to economically, socially and physically
sustainable spaces, the need of the hour is the “Development of a cluster of villages that preserve
and nurture the essence of rural community life with focus on equity and inclusiveness without
compromising with the facilities perceived to be essentially urban in nature, thus creating a cluster
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of Rurban villages”. National Rurban Mission? provides several glimpses in the requirements of Smart
Villages, whose main motivation is to prevent migration of rural workers and youth to major urban
cities by improving the living conditions in villages, and provide necessary amenities and access to
technology.

A ‘Rurban cluster’, would be a cluster of geographically contiguous villages with a population of
about 25000 to 50000 in plain and coastal areas and a population of 5000 to 15000 in desert, hilly or
tribal areas. As far as practicable, clusters of villages would follow administrative convergence units
of Gram Panchayats and shall be within a single block/ tehsil for administrative convenience.

To realize the Rurban mission goals, deployment of ICT initiatives is necessary. The increasing reach
of technology and related areas in providing innovative solutions can be used to address the
requirements of smart villages as listed in the next subsection.

1.4. Smart Village Requirements
In the Rurban Mission document, 14 components are listed as imperatives in reurbanizing villages:

a) Skill development training linked to economic activities

b) Agro Processing, Agri Services, Storage and Warehousing

c) Fully equipped mobile health unit

d) Upgrading school/higher education facilities

e) Sanitation

f)  Provision of piped water supply

g) Solid and liquid waste management

h) Village streets and drains

i) Streetlights

j)  Sustainable green energy provisions

k) Inter-village road connectivity

[) Public transport

m) LPG for cooking

n) Digital Literacy

o) Citizen Service Centres- for electronic delivery of citizen centric services/e-gram connectivity.
Components pertaining to agriculture and allied activities would be required to be given
special emphasis while developing these clusters.

Services / applications which may be provided in various verticals using IoT/ ICT creating smart
infrastructure are given in table below:

4www.rurban.gov.in
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Table 1: Applications of 10T/ ICT in rural areas

S. No. Vertical loT/ ICT applications

1 Health Remote consultation (tele-medicine), Remote monitoring of a patient
after surgery (e-health), remote diagnostics, medication reminders,
Tele-medicine, wearable health devices, e-ICU

2 Education Tele-education, e-attendance (biometric)

3 Power Renewal energy sources like Solar, Biomass and connecting to smart
micro grid, Smart distribution network, Smart metering, smart grid,
Electric line monitoring, gas / oil / water pipeline monitoring

4 Agriculture Smart irrigation, Livestock monitoring, weather monitoring and forec
asting, sensor based precision agriculture, remote crop monitoring, R
emote monitoring of soil quality, Smart warehousing, logistics and di
stribution, Smart asset monitoring.

5 Animal Husbandry Animal tracking, remotely monitoring the health of an animal using
wearable health devices

6 e-Governance Citizen centric services like birth / death certificate, electronic attend
ance in Government offices, connecting police station, banks, post
offices etc.

7 Food processing Production & Storage, Better Food safety, Wastage Reduction

8 Aquaculture Water quality (dissolved oxygen, ammonia, pH etc.) management, Int

elligent feeding, aquatic animal health management

Using loT/ ICT infrastructure in various verticals as detailed above, facilities may be extended in the rural
areas for improving the quality of life as well increasing the income of the villagers. It will also help in
reducing migration and creating employment.

Telecommunication Engineering Center 7



10T/ ICT Enablement in Smart Village & Agriculture Technical Report

2. Telecom / ICT in rural and remote areas of the country - Challenges
and Requirement

India is one of the fastest growing telecom markets in the world. The unprecedented increase in Tele-
density and sharp decline in tariffs in the Indian telecom sector have contributed significantly to the
country’s economic growth. Telecommunications, along with Information Technology, has greatly
accelerated the growth of the economic and social sectors. However rural tele-density is quite low as
compared to urban due to a number of challenges in rural areas as detailed below: -

2.1. Challenges

Expansion of telecommunications in the rural areas has been much slower than urban areas due to poor
ROI (return on investment) for the service providers. One of the reasons of low tele-density in rural areas
is due to poor economic condition of most of the villagers and also due to poor coverage of telecom
services. Many other reasons such as lesser number of BTS, abrupt electricity supply, poor transport
system, poor conditions of roads and availability of petrol pumps at distant places in major portion of
the rural areas, are also responsible for poor telecommunication/ ICT infrastructures in villages.

2.1.1. Urban - Rural digital divide

As per TRAI (Telecom Regulatory Authority of India) report® of December 2020, the number of
telephone subscribers in India increased from 1,168.66 million at the end of September-20 to
1,171.80 million at the end of October-20, thereby showing a monthly increase rate of 0.27%.
Urban telephone subscription increased from 644.26 million at the end of September-20 to 647.36
million at the end of October-20 and the rural subscription also increased from 524.39 million to
524.44 million during the same period. The monthly growth rates of urban and rural telephone
subscription were 0.48% and 0.01% respectively during the month of October-20.

The overall Tele-density in India has increased from 86.22 at the end of September-20 to 86.38 at
the end of October-20. The Urban Tele-density has increased from 138.25 at the end of
September-20 to 140.57 at the end of October-20 and the Rural Tele-density has declined from
58.96 at the end of September-20 to 58.94 at the end of October-20. The share of urban and rural
subscribers in total number of telephone subscribers at the end of October-20 was 55.24% and
44.76% respectively.

From these details, it is clear that though there has been telephone subscription growth in rural
area, at the same time there is a big urban — rural digital divide. The full potential of mobile and
internet in enabling higher growth will not be realised until the use of these services spreads much
wider in the rural area. Growth of mobile and internet in the rural area will help in Tele- education,
Tele-health, smart agriculture, skill development, expansion of various services such as banking,
insurance etc., creation of new jobs and also in running various e- governance programmes. It will
in turn help in curbing poverty, reducing migration, population control and also in improving the
quality of life of villagers.

5 https://www.trai.gov.in/sites/default/files/PR_N0.1010f2020_0.pdf
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2.2.

Over the past few years there has been large expansion of internet services in India, mostly driven
by cheaper and affordable smartphones as well as mobile internet plans.

India’s smartphone using population is estimated to reach 820 million by 2022. According to a
report jointly released by Indian Cellular and Electronics Association and consulting firm KPMG,
rural India witnessed a year-on-year growth of 35% in 2018 as opposed to 7% growth in urban
India in the same period in terms of internet users. Smartphone penetration in rural India has
risen from 9% in 2015 to 25% in 2018.°

In India, internet users across the country are projected to grow to over 974 million users by 2025
from around 700 million in 2020, indicating a big market potential in internet services for the
south Asian country. In fact, India was ranked as the second largest online market worldwide in
2019, coming second only to China. The number of internet users was estimated to increase in
both urban as well as rural regions, indicating a dynamic growth in access to internet.’

Requirements for deploying high speed communication network in
rural areass

e High speed optical fiber network to provide at least 100 Mbps bandwidth in a Gram
panchayat/ village panchayat, for a cluster of villages, generally 2 — 3 villages. It has been
described in detail in Section 2.4 as an example.

e Connectivity in the hilly and remotely accessible areas through Microwave link or Satellite
connectivity.

e This connectivity/ bandwidth may be further extended through Wi-Fi hotspots to other
nearby villages.

e 100 Mbps bandwidth created in a Gram panchayat may be further extended to other
location by telecom service providers by laying OFC for commissioning mobile BTS to
provide mobile coverage in the rural area.

e Infrastructure such as tower of 20/40/60 meter height, DG set, Battery set, and Container
etc. may be created by infrastructure provider, and may be used by telecom service
providers / LPWAN providers. Tower height depends upon the terrain and the
geographical region to be covered. Cost effective solar panels capable of replacing electric
generators may be a solution for fast expansion of mobile network in rural area.

e Sharing of passive/ active infrastructure and also the unused spectrum in the rural areas
will help in reducing the overall cost of the project.

e Towers and the bandwidth may also be used by FM broadcasters for transmitting regional
programmes as well as for spreading important news such as cyclone/ heavy rains
weather forecast etc. to alert the people and civil agencies for moving to safer areas. It
may save thousands of lives during such natural calamities.

o All efforts should be made to utilise the OFC as soon as it is commissioned and it should
be monitored from Central Monitoring Server (CMS). OFC if lying idle for a long time and

Shttps://economictimes.indiatimes.com/industry/telecom/telecom-news/indian-to-have-820-million-smartphone-users-by-
2022/articleshow/76876369.cms

"https://www.statista.com/statistics/255146/number-of-internet-users-in-india/
8https://tec.gov.in/pdf/Studypaper/study%20paper%200n%20Telecom%20&%201CT%20for%20rural%20and%20remote%20are
as%200f%20India.pdf

Telecommunication Engineering Center 9


https://www.statista.com/statistics/262966/number-of-internet-users-in-selected-countries/
https://www.statista.com/statistics/751060/number-of-internet-users-by-region-india/
https://economictimes.indiatimes.com/industry/telecom/telecom-news/indian-to-have-820-million-smartphone-users-by-2022/articleshow/76876369.cms
https://economictimes.indiatimes.com/industry/telecom/telecom-news/indian-to-have-820-million-smartphone-users-by-2022/articleshow/76876369.cms
https://www.statista.com/statistics/255146/number-of-internet-users-in-india/

10T/ ICT Enablement in Smart Village & Agriculture Technical Report

damaged in some development activities such as road widening, drainage work etc. may
be difficult to repair later on at the time of rolling out the services.

e Role of equipment manufacturer is also very important. Due to poor electricity condition,
poor roads and distant location of petrol pumps in rural areas, it is quite difficult and
expensive to run the rural BTS with even 90% availability. Low power BTS & Transmission
equipment will also help in reducing the overall power consumption.

e Smart phones/ Laptops/ tablets may be out of the budget of lower medium families in
rural areas of most of the developing countries. There may be a big market of cheaper &
affordable Smart phones / Tablets / Laptops with long battery life which may accelerate
the growth of mobile network in rural areas. Cost of these devices may vary from country
to country but if the rural population is able to afford these devices, it will help in
increasing the Tele-density, digital literacy, and internet usage in rural areas.

e A complete ecosystem is required to be developed for the rural area. Government as a
policy maker, telecom service providers, equipment manufacturer and various local
bodies have to work together for a win-win situation for the expansion of telecom services
in rural areas.

2.3. Government of India initiative for expansion of Internet services in rural
areas

Mobile and Internet services improve the lives of the people by providing affordable access to
information and knowledge. Many Information and Communication Technology (ICT) applications
such as e-commerce, e-banking, e-governance, tele-education and tele-medicine etc. require high
speed Internet connectivity. Therefore, OFC is required in backbone network to create a super
highway and may also be used for providing 100 Mbps to 1 Gbps bandwidth for these services.

Department of Telecommunications (DoT), Ministry of Communications, Government of India had
created a special purpose vehicle, named Bharat Broadband Network Limited (BBNL) in 2011 for
accelerating the National Optical Fiber Network project (NOFN) for providing 100 Mbps
connectivity to 0.25 million village panchayats. Approx. 1.5 Km — 2 Km OFC will be laid from the
existing OFC coming from the telephone exchange having OLT installed / planned. As most of the
existing optical fiber cables are having only few good quality fibers, therefore splitter have been
planned to connect these fibers (OFC coming from the OLT) with the OFCs laid for the nearby
Gram panchayats.

But if the OFC coming from OLT towards village areas is new and having sufficient number of spare
good quality fibers then each Gram panchayat may be connected on separate pair of fibers and
splitter is not required. Planner may decide depending upon the availability of fibers and the
requirement.

Fiber to the home (FTTH) and Giga bit Passive Optical Network (GPON) technology may be used
to create 100 Mbps bandwidth for each gram panchayat. OLT (Optical Line Terminal) installed in
the telephone exchange (preferably at Block Head Quarter) is connected with the ONT (Optical
Network Terminal) in the Gram panchayat on OFC to create 100 Mbps bandwidth. OLT may be
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further connected at the backend with different network terminals / servers on Giga bit
connectivity for providing the services®.

Telecom service providers/ LPWAN providers may hire part of this bandwidth to expand their
networks. Internet services may be further extended in nearby village area by using Wi-Fi hotspots
for providing internet facility to the villagers.

In the year 2015 the Government of India renamed this project as BharatNet with the target of
turning it into the world’s largest rural broadband connectivity project using optical fibre.

The overall project status is available on BBNL website.'° Around 0.15 million gram panchayats
have been connected on optical fiber cable by January 2021 and the work for is in progress to
connect the remaining gram panchayats.

Recently, Department of Telecom (DoT) released a Framework and Guidelines for Wi-Fi Access
Network Interface (PM-WANI)!! to proliferate Broadband access through Public Wi-Fi networks.
This framework takes forward the goal of National Digital Communications Policy, 2018 (NDCP) of
creating a robust digital communications infrastructure. It will give a major boost for providing
broadband internet connectivity through Wi-Fi network and will also help in enabling smart
solutions in rural areas.
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Figure 1: Deployment of telecom infrastructure through BharatNet

Shttps://tec.gov.in/pdf/Studypaper/study%20paper%200n%20Telecom%208&%201CT%20for%20rural%20and%20remote%20are

as%200f%20India.pdf
Ohttp://bbnl.nic.in/

1 https://dot.gov.in/sites/default/files/2020_12_11%20WANI%20Framework%20Guidelines.pdf?download=1
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This project will improve the back-bone network for telecom & ICT services in the rural area.
BharatNet has the potential to transform many aspects of rural scenario by providing services
such as voice, video and data. This project will facilitate Information and communication
Technologies (ICT) applications such as e-Commerce, e-Banking, e-Governance, e-Education and
Tele-medicine etc. which require high speed Internet connectivity.

2.4. Required IoT / ICT Infrastructure

2.4.1. What is M2M/ loT?

M2M (Machine to Machine) Communication refers to the technologies that allow wired /
wireless system to communicate with devices of same ability. M2M uses a device (sensor,
meter etc.) to capture an ‘event’ (motion, meter reading, temperature etc.), which is
relayed through a network (wireless, wired or hybrid) to an application (software
program), that translates the captured event into meaningful information.

\ P
~
A‘DEVICE”, that is fransported through  to an “APPLICATION”,
sensor, meter, efc, a ‘NETWORK” which makes sense of

captures "something”,  (wireless, wired or mixed)  the captured data, e.g.,

eqg, Imcat_IDn. It_EvEL_ stolen vehicle location,
heat, motion, vital sign, etc.

usage, eic.

Figure 2: Machine to Machine Communication- a conceptual picture

ITU-T in its Recommendation ITU-T Y.2060 (06/2012) has defined Internet of Things (loT),
as a global infrastructure for the information society, enabling advanced services by
interconnecting (physical and virtual) things based on existing and evolving interoperable
information and communication technologies.

The IloT ecosystem may have M2M devices, Gateways, M2M Communication
technologies, big data and process management, loT platform, User interface (web,
Mobile, HMI) and end to end security. loT will be having a heterogeneous network, having
IP and non-IP devices connected through IP Gateways. Gateways will be connected to loT
Platform. A huge amount of data will be generated by the sensors.

Telecommunication Engineering Center 12



10T/ ICT Enablement in Smart Village & Agriculture Technical Report

Cloud Storage
Intelligence and Analytics

Cable fiber Satellite

Consumer GTW

ETHERNET

DEEE &=

., |

Figure 3: loT Architecture (Source: ITU)

The Internet of Things (loT) will revolutionize and change the way all businesses,
governments, and consumers interact with the physical world. This level of disruption will
have a significant impact on the world in improving the quality of life.

The sensor network and communication technologies required to develop smart villages
are briefly described below-

2.4.2. Sensor Network

A Sensor Network!? consists of small, typically battery powered devices and wireless
infrastructure that monitor and record environmental conditions such as humidity,
temperature, vibration, pressure etc. The data is collected at a sensor and then relayed
from sensor to sensor towards a base station. Wireless sensor networks often deploy
mesh networking for effective operation. Such a mesh network can be energy intensive
as each node has to pass on another’s data as well as its own. Using a wireless sensor
network reduces the need for physical cables for power and data transmission. The
network itself connects to the internet to transmit data to head end systems/ cloud. As
raw data has got no value, therefore data analytics is used to create intelligence. This
intelligence may be used for various operational and planning activities.

2.4.2.1. Wireless sensors13

Among all the equipment for smart farming currently available in the market, wireless
sensors are the most crucial and play a key role when it comes to collecting the crop
conditions and other information. Wireless sensors are being used standalone wherever

Lhttps://www.elprocus.com/architecture-of-wireless-sensor-network-and-applications/
Bhttps://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8784034
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required, further integrated with almost every portion of advanced agricultural tools and
heavy machinery, depending on application requirements. Few majorly used sensors are
listed below-

1) Acoustic Sensors

Acoustic sensor functioning is based on measurement of the change in the noise level as
it interacts with other materials, e.g. soil particles. These kinds of sensors mostly find
applications in pest monitoring and detection and classification of seed varieties according
to their sound absorption spectra. These sensors offer low-cost solutions with fast
response.

2) Optical Sensors

Optical sensors help in measuring the soil organic substances, soil moisture and colour,
presence of minerals and their composition, clay content, etc. by using light reflectance
phenomena. Fluorescence-based optical sensors are used for basic plant assessment,
especially to supervise the fruit maturation.

3) Ultrasonic Sensors

These sensors are majorly used for monitoring of water tanks, crop canopy etc. Along with
camera, these sensors can also be used for the weed detection, where the height of plants
is identified using the ultrasonic sensors and the camera determines the weed and crop
coverage. The main advantages of these kinds of sensors include their low cost and
potential to be operated in a variety of applications.

4) Optoelectronic Sensors
As optoelectronic sensors are able to differentiate plant type, hence, they can be used to
detect weeds, herbicides, and other unwanted plants, especially in wide range crops.

5) Airflow Sensors
These sensors can measure soil air permeability, percentage of moisture and identify soil
type by analysing soil structure.

6) Electrochemical Sensors

These sensors are mostly used to assess the soil characteristics such as pH value, soil
nutrient levels etc. These sensors give precise value of the macronutrients and
micronutrients in the soil, salinity and pH value.

7) Electromagnetic Sensors

Sensors based on this technology use electric circuits to measure the capability of soil
particles to conduct or accumulate electrical charge, which is mostly done by using
methods namely Contact or Non-contact. It finds application in measuring the residual
nitrates and organic matter in the soil.

8) Mass Flow Sensors
These sensors are useful for yield monitoring as they provide the yield information by
measuring the amount of grain flow, e.g., when passing through the combine harvester.
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9) Soft Water Level-Based (SWLB) Sensors
These sensors are used for measuring the water level and water flow in agricultural
applications.

10) Light Detection and Ranging (LIDAR)

These sensors are widely used in various agriculture applications, such as land mapping
and segmentation, determining soil type, farm 3D modelling (when combined with GPS),
monitoring erosion and soil loss, and yield forecasting. Besides, this technology is often
used in estimating the biomass of various crops and trees.

11) Telematics Sensors

Telemetry sensors are used to collect data from remote locations (especially inaccessible
points), operations of machines and working of its components, and recording location
etc. These sensors enable farm managers to record and store all information related to
farm operations automatically, thus maximizing the utilization of environmental benefits
and further can minimize threats like farm equipment theft.

12) Remote Sensing

Remote sensors are used to capture and store the geographic information, further
analyse, manipulate, manage and present all types of spatial or geographical data. These
sensors are used in various agriculture applications such as crop assessment, forecasting
yield dates, yield modelling and forecasting, identification of plants and pests, land cover
and degradation mapping etc.

Table 2: Smartphone based sensors being used in various agriculture applications

Smartphone
Sensor(s)

Purpose

Common Agriculture Usage

Image Sensors

Takes pictures of any object

Disease detection, chlorophyll status, Fruit

System (GPS)

(Camera) ripeness, Leaf area index (LAI), Harvest
readiness, Soil erosion and other analysis

Global Measuring the latitude and Local information is attached to generate

Positioning longitude of device, location | alerts. Mostly used for machine driving &

control, and tracking, land management and
crop mapping

Inertial Sensor

Uses accelerometer and gyro
sensor to determine the
object altitude in relation to
the inertial system

Precise distance of plant, leave or any other
object is measured from camera

Barometer Measure air pressure as an Measures the elevation height in hilly
altimeter. Mostly used in agriculture
correcting altitude
measurements by the GPS

Gyroscope Senses the angular velocity to | Equipment movement, Canopy structure

track the object rotation or
twist

measurement
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Measures acceleration forces
that used to observe the
tilting motion and orientation
of the object

Accelerometer

Precise movement or rotation of the
camera during use. Detect workers or
machine activities

Microphone Detect usual / unusual sound | Machine maintenance , Bug detection to
and convert to electrical make audio queries
signals

2.4.3. Communication Technologies

Communication technology plays a key role in the successful implementation of smart
village concept to facilitate its benefits to the villagers. As detailed in Section 2.3, work is
already in progress to connect gram-panchayats through optical fibre cables for providing
100 Mbps connectivity. However, in order to disseminate information at the doorstep of
villagers, get access to available information anytime anywhere and also to provide smart

services, emerging and existing wireless communication technologies need to be

explored.
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Figure 4: Key enabling wireless communication technologies for loT

loT use cases are significantly enabled by the disruption in several technology areas such
as sensor networks, Location Based Services (LBS), wired and wireless communication
technologies (cellular and non-cellular), Artificial Intelligence, Machine Learning, Big Data

Analytics, Cloud Computing, Robotics and

2.4.3.1. 5G Technology

5G.

5G is an emerging communication technology for IoT domain, as it will provide faster

speed, lower latency, and wider coverage.

5G technology will provide high speed internet

services (eMBB), ultra-reliable Low Latency Communication uRLLC (latency <1ms) and

Massive MTC (large number of devices m

ay be connected per square km). Once the 5G
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technology is deployed in the country and the rural areas are covered then high speed
connectivity may be used for various applications. Some of the cases related to various
features of 5G technology have been shown in figure given below-
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Figure 5: Some 5G use cases (Source: 5G Americas)

5G technology in precision agriculture will ensure greater profitability and efficient
utilization of resources by use of automated tractors / harvesters, precision seeders, and
automated weed & pest controllers. Drones with 5G technology may be used efficient &
precise spraying of fertilizers in fields, and also to scan and identify unwanted weeds
through the use of Al. It will help farmers to better organize and allocate their time and
attention towards areas that really need it.

URLLC feature may be used for remote surgery applications, drones and V2V applications
in C-V2X etc. Massive M2M and uRLLC features of 5G may also be used for remote
monitoring and maintenance of machines centrally and that data could be transmitted in
real-time. 5G is key in this area because if such systems function on other networks such
as 3G and 4G, then there may be delay in transmission and uploading of collected data on
the server.

2.4.3.2. Low Power Wide Area Network (LPWAN) technologies

LPWAN technologies have been developed to carry a very small data to a large distance
and consume very low power. It covers 2-3 Km in city (dense) areas and 12-15 Km in rural
(open) areas. Expected battery life is around 10 years. LPWAN technologies are available
on 3GPP as well as non 3GPP standards, as shown in Figure - 6.

Use cases: Smart metering (water / gas), Smart farming (transmitting Soil testing data),
Smart bin, transmitting pollution sensor data, transmitting fire alerts etc.
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Figure 6: Low Power Wide Area Network (cellular and non-cellular) technologies

Non-3GPP LPWAN technologies such as LoRa and Sigfox are being deployed across the
globe. LoRa and Sigfox networks are deployed in delicensed sub GHz frequency band and
in India it is 865-867 MHz. M/s TATA Communications Ltd. (TCL) and M/s SenRa are
deploying LoRa based network in India.

3GPP has already released specifications in its Release 13 and onwards for LPWAN
services, which may co-exist in the existing cellular networks. Three variants in LPWAN
technologies in cellular domain are EC-GSM, NB-loT and LTE MTC. Cellular operators may
enable LPWAN services in the existing GSM / LTE networks by upgrading the software.
Trials are already in progress and the commercial offerings are also available in a number
of countries across the globe. Cellular operators in India are also doing trails for providing
NB-loT services.

TEC has released a Technical Report on “Communication technologies in M2M/ loT

domain”, which is available on TEC website*

A brief description of various communication technologies along with their suitability in
different applications is given in Annexure-1.

2.4.4. Use of Al/ ML and blockchain in data analytics

A huge amount of data will be generated from the sensors/ devices. Raw data has got no
meaning. Big data analytics may be used to create intelligence. Intelligence may be used
in various planning and operational activities. Al and ML based algorithm may be used to
have better results. Data is generally stored in the cloud. As the high bandwidth and low
latency communication media will be required to send the data to the cloud, therefore
technologies like Edge Computing / Mobile Edge Computing have emerged. Analytics may
be done at the router edge or at the edge of mobile network. Such type of solutions are
required in the critical applications, where the action is required to be taken immediately.
Use cases available in Annexure- 3, 12 and 14 are using Al/ ML algorithms.

Lhttp://tec.gov.in/pdf/M2M/Communication%20Technologies%20in%2010T%20domain.pdf
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Blockchain technology plays an important role in ensuring data processing, circulation,
sharing and management for all trust operations in supply chain management. Blockchain
provides a trust free, tamper-proof, auditable and self- regulating system for data
exchange and sharing in support of loT and smart cities & communities. One such use case
employing blockchain technology in milk supply chain has been described in Annexure-11.

2.5. Extending various M2M/ IoT Applications in rural community

Various M2M / loT applications, which may be provided in rural areas, have been
summarised in Table 1.

Out of 100 Mbps data connectivity provided to village panchayat, around 20 Mbps may
be used for Tele- education and 15- 20 Mbps for Tele-medicine/ e-health. Internet facility
may be further extended at the door step of the rural communities by using Wi-Fi hotspots
(as detailed in Section 2.3) for providing high speed internet services, e-Governance
applications, banking services, insurance services and e-Post (postal services) etc as
described in Figure-7.

Tele medicine/ e-health/ m-health and wearable personal health devices along with
Aadhar application for identification may help in improving the health services in the rural
areas. Detailed use case is available in Annexure-2.

TELEPHONE wsannss > Interactive voice response

COMPUTERS ®*s==r+ > Agriculture information
AND WEBSITES and markets

BROADCASTING ssnuses > Expertise sharing,
advisory, community

SATELLITE ======~ > Weather, universal
accessibility,
remote sensing

------- > Advisory, sales, banking,
networking

INTERNET #*eesss > Knowledge sharing,
AND social media,
BROADBAND e-community, banking,
market platform,
trading, etc.

SENSOR **++»++> Real time information,
NETWORKS better data quantity

and quality, decision
making

DATA STORAGE *+==> Precision

AND ANALYTICS agriculture,
actionable
knowledge

Figure 7: Role of smart devices and ICT in various applications (Source: ITU)

M2M / loT applications such as vehicle tracking, safety and surveillance, Food Supply
Chain Management System (FSCM) may be implemented in rural areas. Agriculture
related M2M services such as remote-controlled water pump solution, water level
monitoring, data gathering for milk & Agricultural cooperatives, fisheries, poultry & soil
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analysis may also be extended in near future. All these applications will help in improving
the social & economic condition of the people living in rural communities to a larger extent
and will help in improving the quality of life.
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3. Target Areas

This Technical Report presents an overview of the difficulties being faced in rural areas in India and
the various efforts being made by the Government of India in coordination with the State
Government, Non-Governmental organisations for the benefit of residents in rural areas.

3.1. Agriculture

While the agriculture sector’s contribution to GDP has decreased over the past few decades, the
contribution of sectors such as manufacturing (employing 10.5% of the population) and services
(employing 24.4% of the population) has increased®®. The agriculture sector employs nearly half
of the workforce in the country. The migration is mainly due to the low income in this sector
compared to the non-agricultural sectors.

The average holdings have declined from 1.32 ha to about 0.68 ha in 2020 and it is expected to
reach mere 0.32 ha in 2030°. Declining the size of land holdings without any alternative income
results in a fall in agriculture income, causing distress among the farming community.

The total grain demand will increase from 201 million tonnes in 2000 to about 291 and 377 million
tonnes by 2025 and 2050, respectively!’. The demand for high-value commodities such as
horticulture, dairy, livestock and fish is expected to increase by more than 100% and these
commodities are perishable ones and require infrastructure for handling, value-addition,
processing, storage and marketing.

Agriculture is the main backbone of India’s economic growth. The most significant barrier that
arises in traditional farming is climatic change. The number of effects of climatic change includes
heavy rainfall, most intense storm and heat waves, less rainfall etc. Due to these, the productivity
in agriculture decreases to a major extent. To boost productivity and minimize the barriers in
agriculture field, there is a need to use emerging technologies like Internet of Things (loT). loT/
ICT may transform the agriculture sector, enabling farmers to compete with the enormous
challenges they face. Farmers may get information and knowledge about recent trends and
technology in agricultural sector using 10T, Role of ICT in Agriculture sector is described in Figure-
8.

loT devices can be of great help in enhancing the production and yield in the agriculture sector,
since these devices can be used to monitor soil parameters, temperature levels, and other
variables. loT sensors capable of providing farmers with information about crop yields, rainfall,
pest infestation, and soil nutrition are invaluable to production and offer precise data that may
be used to improve farming techniques over time®.

15 https://www.prsindia.org/policy/discussion-papers/state-agriculture-india

16 https://www.assocham.org/newsdetail.php?id=5599

7 https://www.researchgate.net/publication/301262798_Production_and_Consumption_of _Grains_in_India
18https://www.iosrjournals.org/iosr-jce/papers/Conf.16051/Volume-1/13.%2056-57.pdf?id=7557
http://prsindia.org/policy/discussion-papers/state-agriculture-india
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Figure 8: Role of ICT in Agriculture (Source: ITU)

3.1.1. Precision Agriculture

Precision Agriculture (PA) is an approach to the farm management that uses ICT/ loT to ensure
that the crops and soil receive exactly what they need for optimum health and productivity. The
goal is to ensure profitability, sustainability and protection of the environment. Precision
Agriculture is also known as satellite agriculture, as-needed farming and site-specific crop
management (SSCM).

Precision agriculture relies upon specialized equipment, software and IT services. The approach
includes accessing real-time data about the conditions of the crops, soil and ambient air, along
with other relevant information such as local weather predictions, labour costs and equipment
availability. Predictive analytics software uses the data to provide farmers with guidance about
crop rotation, optimal planting times, harvesting times and soil management.

Sensors in fields measure the moisture content and temperature of the soil and surrounding air.
Satellites and robotic drones provide farmers with real-time images of individual plants.
Information from those images can be processed and integrated with sensors and other data to
yield guidance for immediate and future decisions, such as precisely what fields to water and
when or where to plant a particular crop.

Agricultural control centres integrate sensor data and imaging input with other data, providing
farmers with the ability to identify fields requiring treatment and determine the optimum amount
of water, fertilizers and pesticides to apply. This helps the farmer avoid wasting resources and
prevent run-off, ensuring that the soil has just the right number of additives for optimum health,
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while also reducing costs and controlling the farm's environmental impact, as described in Figure-

9 below.

SOIL REMOTE
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Figure 9: Precision Agriculture cycle?®

In the past, precision agriculture was limited to larger operations which could support the ICT
infrastructure and other technology resources required to fully implement and benefit from the
benefits of precision agriculture. Today, however, mobile applications, smart devices, drones and
cloud computing makes precision agriculture possible for farming cooperatives and even small
family farms?.

A vital component of this farm management approach is the use of IoT/ ICT and a wide array of
items such as GPS guidance, control systems, sensors, robotics, drones, autonomous vehicles,
variable rate technology, GPS-based soil sampling, automated hardware, telematics, and
software?.

3.1.2. Soil Parameters

The following are the Soil parameters required to quantify the soil used for cultivation.

Table 3: Soil parameter required to quantify the soil used for cultivation

Soil Testing (In Lab) Categories and UOM's

Analytical methods for the estimation of physical properties and available nutrients

Coarse sand: 2.0 — 0.2 mm diameter

Fine sand: 0.2 — 0.02 mm diameter

1L Soil Texture Silt: 0.02 — 0.002 mm diameter

20https://www.hexastep.pt/index.php/en/business-solutions-2/m-agriculture
2https://whatis.techtarget.com/definition/precision-agriculture-precision-farming
22https://agfundernews.com/what-is-precision-agriculture.html/

Telecommunication Engineering Center 23


https://www.hexastep.pt/index.php/en/business-solutions-2/m-agriculture
https://whatis.techtarget.com/definition/precision-agriculture-precision-farming
https://agfundernews.com/what-is-precision-agriculture.html/

10T/ ICT Enablement in Smart Village & Agriculture

Technical Report

Clay: < 0.002 mm diameter
Very coarse: >10 mm
2. Soil Structure Coarse: 5-10 mm
Medium: 2-5 mm
Fine: 1-2 mm
Very fine: <1 mm
Granular
2.1 Soil structure (form) Crumb
Platy
Blocky
Angular blocky
Sub angular blocky
Prismatic
Columnar
Single grain
Massive
3. Cation Exchange Capacity (CEC) Mill equivalents /100 g of soil (me/100 g)
4. Soil Moisture Percentage (%)
5. Water Holding Capacity (WHC) Percentage (%)
6. pH value Unit less
7. Lime Requirement Kg / haortonnes/ ha
8. Soil Electrical Conductivity and gypsum
requirement
8.1. Electrical Conductivity Millimhos per cm (mmhos/cm)
8.2. | Gypsum requirement Kg / ha ortonnes / ha
9. Organic Carbon Percentage (%)
10. Total Nitrogen (Kjeldahl Method) Kg/ ha
11. Mineralizable N Percentage (%)
12. Inorganic N — NO3 & NH4 ug/mi
13. Available Phosphorus Kg/ ha
14. Available Potassium Kg/ ha
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15. Available Sulphur mg / kg
16. Exchangeable Calcium and Magnesium
16.1. | Calcium by Versenate (EDTA) Method me /100 g soil
16.2. | Calcium plus Magnesium by Versenate
(EDTA) Method Ca++ + Mg++ me/100 g soil
17. Micronutrients
17.1. | Available Zinc, Copper, Iron, Manganese | ug/g soil
17.2. | Available Boron ug/g or mg/kg
17.3. | Available Molybdenum mg/kg

3.1.3. Best practices for Smart Agriculture
3.1.3.1. Digital Soil Test and Fertilizer Recommendation (STFR) Kit

The STFR kit has been developed by W S Telematics, under license from ICAR (Indian Council for
Agricultural Research) —Indian Agricultural Research Institute (IARI). STFR kit seeks to address the
lack of awareness among farmers about their soil quality. It tests the soil samples and
recommends the quantity of fertilizer required for different kinds of crops. The farmer does not
have to depend on the Krishi Vigyan Kendra (KVK) for its soil testing, where it usually takes more
time and lacks modern facilities for soil testing. By using STFR kit, five samples of soil can be tested
in one and a half hours and testing can be done at a village panchayat. Some important soil
parameters can be tested are given below-

1. Primary Nutrients —
a) Nitrogen (N)
b) Phosphorous (P)
c) Potassium (K)

2. Secondary Nutrients —
a) Sulphur (S)
b) Calcium (Ca)
c) Magnesium(Mg)

3. Tertiary Nutrients-
a) Zinc(Zn)
b) Boron(B)
c) Copper (Cu)
d) Iron (Fe)
e) Chlorine (Cl)
f) Manganese (Mn)

4. Electrical Conductivity
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5. pH
6. Lime Requirement Test for Acid Soil
7. Gypsum Requirement Test for Alkaline Soil

This kit is already used in different parts of the country, but making its use widespread by
awareness will benefit farmers.?

3.1.3.2. NANO Ganesh Technology for Smart Irrigation

Nano Ganesh technology for smart irrigation is a remote-control system for the agriculture water
pumps located in rural areas. Using Nano Ganesh and a low-cost mobile phone, a farmer can
remotely switch a pump ‘on’ or ‘off’, check pump status, and check power availability pump status.

The brief description of this use case is mentioned in Annexure —5.
3.1.3.3. 10T based Crop Pest Surveillance System

To protect the crop from pests and their diseases is a challenging task for the farmer. Plant health
condition plays a vital role to earn a good profit for the farmer. The pest can harm crop, reduces
yield and also affects crop quality. Farmers use many techniques to kill the pests. The
identification of pest disease is necessary before treatment. Without identification, the use of
pesticides may harm the crop. Using inappropriate pesticides without identifying the problem,
kills many beneficial pests. This problem may be overcome by using loT based crop pest
surveillance system, which may be beneficial to the farmers.

The brief description of this use case is mentioned in Annexure — 6.
3.1.3.4. Unmanned Armed Vehicles (UAVs) in agriculture

In the absence of reliable communication infrastructure in rural and remote areas, the data
acquired through the wireless sensor network cannot be transmitted properly. In such a scenario,
UAVs offer an alternative, as they can communicate with the wireless sensors spread over large
areas in order to harvest data for further processing and analysis. Furthermore, UAVs, better
known as drones fitted with high-resolution cameras and precise sensors, may be used over
thousands of hectares of farms. The role of surveillance in all agriculture applications is highly
critical, especially in forestry and crop monitoring, due to the need to cover large areas. Therefore,
a fast, low-cost, real-time, and large-scale surveillance supported with accurate data acquisition
and transmission facilities are crucial for agricultural production.

Bhttp://www.wstelematics.com/pusa-stfr-meter.html
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Figure 10: Agriculture Drones?*

The quality of images taken through UAVs depends on the resolution of the attached camera,
which is usually better than satellite images. Most significantly, it can be adjusted according to
the application requirements. With the help of this collected data, a farmer can spot problems
early and rapidly and act appropriately. Similarly, UAVs are better in terms of frequency (can take
pictures multiple times in a single day) and are also least affected by weather conditions, unless
it is raining. Due to the above-mentioned advantages, UAVs are considered as the future of
precision agriculture. 5G technology will be quite useful for the drone application as high quality
images may be transmitted in real time.

Figure 11: Two types of majorly used agricultural drones?”

24https://dronelife.com/2017/01/16/report-agriculture-drone-sector-yield-2-billion-crop-2021/
Zhttps://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8784034
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The UAVs, used for agricultural applications, usually fall into two categories: fixed-wing and multi-
rotor drones. Although both are available in various ranges in terms of cost, payload capacity and
mostly distinguished based on hardware differences. For example, when it is required to cover a
large area, fixed-wing drones are suggested due to their long-range flight capacity. Most
importantly they are crash tolerant. On the other hand, multi-rotor drones are more common due
to their easy and faster set up as they can take off and land vertically. Multi-rotors have many
advantages over the fixed wings as they are easier to operate, require no advanced wind planning
and have the ability to fly more precisely. Moreover, in scenarios where low-altitude flight is
necessary to capture extremely detailed images, which is more common in agriculture
applications, then the multi-rotor is considered the better choice.

After being equipped with automation and GPS capabilities, UAVs are ready to take the agriculture
sector to a further modernized level. As the demand for drones is increasing, they are becoming
more inexpensive and reliable, hence, making themselves an ideal choice for new farming
applications. Some of the key areas in which drones are already playing significant roles to assist
farmers throughout the crop cycle are listed below-

Soil and field analysis

Planting

Crop monitoring

Irrigation

Plant counting and gap detection
Spraying the pesticides/herbicides

Crop health monitoring and assessment

I oGmMmMmoO®P

Detection/recognition of plant species
3.1.3.5. Smart Green House

A Smart Green House, as depicted in Figure-12, helps the farmer to carry out the work in a
greenhouse farm automatically without the need of much manual inspection. Greenhouse being
closed structure protects plants from extreme weather conditions like wind, hailstorm, ultraviolet
radiations, and insect/ pest attacks.

Equipped with modern sensor and communications technologies, smart greenhouses
automatically capture and deliver information 24/7 on the surroundings and crop. Collected data
is fed into an loT platform where analytical algorithms turn it into actionable intelligence to
uncover bottlenecks and abnormalities. Accordingly, HVAC (Heating, Ventilation, and Air
Conditioning) and lighting operations, alongside irrigation and spraying activities, may be
regulated on-demand. Continuous data monitoring facilitates the development of predictive
models to assess crop disease and infection risks.

By unlocking tremendous crop insights, a smart greenhouse allows cultivators to minimize labour
work and improve resource and chemical use while optimizing yield rates.

In a typical Smart Green house:
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1.

The irrigation of the agriculture field is carried out using automatic drip irrigation, which
operates according to the soil moisture threshold set accordingly. This ensures that the
optimal amount of water is applied to the plants.

Based on data from the soil health card, the proper amount of nitrogen, phosphorus,
potassium and other minerals can be applied by using drip fertigation techniques.
Fertigation, as the name implies, is the process in which fertilizers are being applied with
the irrigation water: Fertilization + Irrigation. The system gathers information to inform
growers on how best to fertilize and irrigate their plants. Sensors precisely measure the
moisture level of your soil or substrates to determine when irrigation is necessary.
Proper water management tanks are constructed and they are filled with water after
measuring the current water level using an ultrasonic sensor.

Plants are also provided the requisite wavelength light during the night using growing
lights. Temperature and air humidity are controlled by humidity and temperature sensors
and a fogger is used to control the same.

Bee-hive boxes are deployed for pollination and boxes may be monitored using ultrasonic
sensors to measure the honey level and send emails to the buyers when they are filled.

N
\

Figure 12: Smart Green House?®

Various wavelengths of light play specific roles for plant growth since different photosynthetic
pigments within plants utilize different wavelengths. In the sunny days, leaves receive light
directly from the sun, but in order to boost the rate of growth, the greenhouse may be provided
with plant regrowing lights that will turn on whenever the reading from LDR (Light Dependent
Resistors) sensor falls below cut-off value.

25(Image courtesy :https://www.whatech.com/)
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Advancement in LED (Light Emitting Diode) technology has made it possible to build LEDs that
emit the light in very specific spectra to achieve very specific outcomes in plant growth?.

3.1.3.6. Smart Plant Factories and Artificial Lighting (PFAL)

To address the issues like shortage and unstable supply of food, shortage of resources, and
degradation of the environment, transdisciplinary methodologies based on new concepts need to
be developed. Plant Factories with Artificial Lighting (PFALs) is one such technique. The benefits
of the PFAL include high resource use efficiency, high annual productivity per unit land area, and
production of high-quality plants without using pesticides. Major problems to be solved are the
increased initial investment and the electricity and labour costs. Using PFAL, the yield and quality
of food are substantially improved with less resource consumption and less environmental
degradation than current plant production system.

p ” ,- . . . 4'—‘\'
1 g
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Figure 13: Plant Factories with Artificial Lighting (Image Courtesy : Aerofarms?)

The “Smart PFAL” is an intelligent or cognitive computing PFAL with the ability to make the
decisions and solve almost all the major problems without human intervention. The smart PFAL
must adapt its behaviour based on experience (learning), not be dependent on instructions from
people (learn on its own), and be able to respond to unanticipated events.

The figure below depicts the image of a smart PFAL management system with the use of Artificial
Intelligence (Al), 10T, LEDs, and phenotyping unit.

2Thttps://www.researchgate.net/publication/316448621_loT_based_smart_greenhouse
28https://aerofarms.com/2019/11/21/aerofarms-named-one-of-times-best-inventions-of-2019/
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Figure 14: Smart PFAL management system?®

The next-generation “smart” plant factories with artificial lighting (smart PFALs) are expected to

help solve food, resource, and environmental issues concurrently, by significantly reducing the
initial and operating costs.

4  2020->
Hydroponics 3 2010 ‘ I
for greenhouse 2 Artificial Intelligence,
During 90s Internet of Things, Big
ﬂ 1 LED data, Network
Before 1970 | FL (UV, B, G, R, Automitmn, I::botlcs,
FR & white) aser,

HPS ‘,

Phenomics-based production of plants &
breeding fruits and vegetables

Figure 15: Stages of PFAL3?

The Figure-15 above describes stages or waves of PFAL wherein the use of different lamps in
different stages has been given. In this figure, HPS is High-Pressure Sodium lamp, FL is Fluorescent
Lamp, LED is Light-Emitting Diode lamp (where UV, B, G, R, and FR means Ultraviolet, Blue, Green,
Red, and Far-Red respectively). The fourth wave of PFAL uses Al, 10T/ ICT, Big Data Analytics,
Network Automation and Robotics etc. Here Phenomics (Plant Phenomics)is the study
of plant growth, performance and composition.

29 Adopted from the book on “Smart Plant Factory: The next Generation Indoor Vertical Farms” by Toyoki Kozai, Springer
publishers

30 Adopted from the book on “Smart Plant Factory: The next Generation Indoor Vertical Farms” by Toyoki Kozai, Springer
publishers
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3.1.3.7. Hydroponics Farming

Hydroponics is a method of growing plants without soil, by using mineral nutrient solutions in a
water solvent. Terrestrial plants may be grown with only their roots exposed to the nutritious
liquid. The roots may be physically supported by an inert medium such as perlite, gravel, or other
substrates.

The nutrients used in hydroponic systems can come from various sources, including (but not
limited to) fish excrement, duck manure, purchased chemical fertilisers, or artificial nutrient
solutions.

Hydroponics farming offers many advantages, one of them being a decrease in water usage for
agriculture. It is shown in Figure-16 below.

Figure 16: Hydroponics Farming3!

3.1.4. Agriculture Market
3.1.4.1. e- NAM (NATIONAL AGRICULTURE MARKET)

e- NAM is envisaged as a Pan-India electronic trading portal that seeks to network the existing
Agricultural Produce Market Committee (APMC) and other market yards to create a unified
national market for agricultural commodities. e- NAM is a “virtual” market but it has a physical
market (mandi) at the back end. e- NAM is not a parallel marketing structure but rather a device
to create a national network of physical mandis which can be accessed online. It seeks to leverage
the physical infrastructure of the mandis through an online trading portal, enabling buyers
situated even outside the state to participate in trading at the local level.

e- NAM and its benefits

31https://en.wikipedia.org/wiki/File:CDC_South_Aquaponics_Raft_Tank_1_2010-07-17.jpg
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The e- NAM electronic trading platform has been created by the Ministry of Agriculture & Farmers’
Welfare, Government of India. It offers a “plug-in” to any market yard existing in a state.

e- NAM is envisaged as a win-win solution for all stakeholders. For the farmers, e- NAM promises
more options for sale at the nearest mandi. For the local trader in the mandi, e- NAM offers the
opportunity to access a larger national market for secondary trading. Bulk buyers, processors,
exporters etc. benefit from being able to participate directly in trading at the local mandi level
through the e- NAM platform, thereby reducing their intermediation costs. The gradual
integration of all the major mandis in the States into e- NAM will ensure common procedures for
the issue of licenses, levy of fee and movement of produce. In the near future we can expect
significant benefits through higher returns to farmers, lower transaction costs to buyers and
stable prices and availability to consumers. The e- NAM will also facilitate the emergence of
integrated value chains in major agricultural commaodities across the country and help to promote
scientific storage and movement of Agri commodities.

e-NAM Architecture

The government is in process of linking mandis across the country with the National Agriculture
Market (e-NAM), an online trading platform for agricultural commodities®? as detailed in figure

below-

Acceptance of

Price ) Price
ELLE National
> R quote by seller icul quote by buyer
(Farmer/Trade/ Agriculture < BUYER
Commission Market \
agent) Portal A
A
Trade Match
Quality ]
certification '
by identified i
labs '
1
1
Y / :
1
APMC/ Channel Settlement ! Clearing bank
Partner/ Seller ! .
o ! (Deposit Money)
Facilitation |
Good delivery !
T C N
________________________ A 'I

Payments

Figure 17: E- NAM Process Flow

3.1.5. Advantages of using IoT in agriculture

The key advantages of using IoT/ ICT in farming are as follows:

32 https://www.enam.gov.in/web/
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Water management can be efficiently done using loT to reduce the water waste.
Soil management such as measuring pH level, moisture content, nutrients etc. can be
done by using loT sensors so that farmers can plant seeds according to soil quality.

3. The increase of productivity, reduces manual work, time and makes farming more
efficient.

4. Crop monitoring can be done to observe the growth of crops and also to recognize the
diseases occurred in plants and crops.

5. Crop sales will be increased in the global market. The farmer can be connected to the
global market without the restriction of any geographical area.

6. Drones with sprayer may be used to handle locust attack e.g. such locust attack incident
has already been managed in Rajasthan in 2020. Edge Computing may help in creating
intelligence at the drone level which may improve the efficiency of the system in decision
making.

3.2. Animal Husbandry

Around 70 percent of rural households in India depend primarily on agriculture and animal
husbandry for their livelihood. Animals provide an additional advantage to the farmers and land-less
labourers being maintained on crop residues and/ or herbs/ weeds which has no food competition with
human being. Livestock plays an important role in the Indian economy; briefly, the contribution of this
sector is more than 4% in national GDP.

3.2.1. Veterinary Applications of Biosensors for enhancing farmer’s incomes33

Animal husbandry practices are followed by the animal keepers while their health is looked after
by veterinarians but due to the paucity of an appropriate number of veterinarians, the health of animals
is not maintained properly and timely. An animal cannot speak about its illness, it is the veterinarian who
uses his/her wisdom to make a diagnosis and exact cause of disease; however, it takes time to identify the
sick animal at an early stage. If by using emerging technologies like loT having biosensors based devices,
we can identify the sick animal, appropriate therapeutic, preventive and control measures can be taken
to reduce the losses on account of production, morbidity and mortality.

Currently, diseases are controlled mainly with vaccines and drugs but the emergence of antibiotic-
and drug- resistant pathogens mean that diseases will continue to be a problem. Moreover, the use of
antibiotics will become even more severely restricted in the future. In recent years, there has been a
growing demand for biosensors in the fields of veterinary science, animal husbandry, the food industry
and environmental monitoring.

There are numerous ways of detection of these microbial pathogens such as isolation and
identification of culture, Enzyme linked immunosorbent assay (ELISA), Polymerase chain reaction (PCR).
Of late, biosensors’ approach for detection of the pathogen has got greater attention from researchers
and agencies controlling the spread of disease at hospital, field and point of attack. Hence, the
development of portable, sensitive, rapid, real-time biosensor technology with immediate ‘on-the-spot’
interpretation of results is well suited for the intended purpose. The areas where biosensors have special

33 paper on “Veterinary Applications of Biosensors for enhancing farmer’s income” by Prof. R S Chauhan, College of Veterinary
and Animal Sciences, GB Pant University of Agri & Tech Pantnagar, Uttarakhand
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promise include clinical diagnostics, food analysis, bioprocess and environmental monitoring etc. Labelling
methods that use an enzyme, fluorescence and radioactivity remain the cornerstone of most of biological
research protocol. However, label-free detection methods, which rely on optical, acoustic, and other types
of biosensors, may improve on the standard methods, although achieving high-throughput and sensitivity
are still important challenges. Disadvantages include lack of sensitivity, interference and cross-reactivity.
The efficiency of labelling varies from protein to protein, making the comparison a challenge. Besides,
attaching fluorophores may influence the way in which proteins bind to other molecules and cause
background signals.

Global biosecurity threats such as the spread of emerging infectious diseases and bioterrorism
have generated significant interest in recent years. There is considerable effort directed towards
understanding and negating the proliferation of infectious diseases. Biosensors are an attractive tool
which has the potential to detect the outbreak of a virus and/or disease at the point of attack and
consequently alert us for counter prophylactic measures to contain the disease. There is no doubt that
the glucose biosensor, the gene chip, the protein chip, etc. have played and are still playing a significant
role in monitoring various biomolecules.

Biosensors based loT devices having can offer the livestock industry new types of monitoring and
measuring devices of which the specificity, sensitivity, reproducibility, speed and ease of use exceed the
current technology. These devices can be applied to the detection and identification of infectious diseases
in livestock, contaminants and toxins in feed, therapeutic drug residues in animal husbandry and oestrus
detection. Biosensor based devices are also applied to the livestock industry by developing a fully
automated ovulation prediction system for dairy cows. The results from field-tests show that the
progesterone biosensor can characterize the ovulation cycles of cows and detect pregnancy. In the cattle
breeding industry, where artificial insemination techniques are employed, the successful prediction of
oestrus onset leads to considerable cost savings in herd management.

Based on available knowledge and requirements in near future, following areas are suggested for
development of biosensors for different animal species.

1. Generic Biosensor for enhanced production and monitoring which can measure and indicate
the followings:

Movement of animal

Body temperature

Pulse rate

Respiration rate

Oestrus / heat detection — ovulation prediction system

Pregnancy diagnosis

Drug residue levels

Environmental pollutants/ Toxin levels

Haemoglobin

WBC / Total leukocyte count

Differential leukocyte count

Mastication

Q

AT TSm0 o0 o

2. Specific biosensors for important diseases affecting the production and life-threatening to the
cattle and buffaloes.
a. Pasteurellosis
b. Foot and mouth disease/FMD
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c. Tuberculosis

d. Johne’s disease

e. Brucellosis

f. Rotaviral diarrhoea in calves
g. Pneumonia

h.

Rumen acidosis

3. Specific biosensors for important diseases affecting the production and life-threatening to the
Sheep and goats

Brucellosis

b. Peste des Petits Ruminants (PPR) also known as sheep and goat plague

c. Johne's disease

d. Sheep pox

Q

4. Specific biosensors for important diseases affecting the production and life threatening to the
Dogs
a. Rabies
b. Canine distemper
c. Infectious canine hepatitis
d. Parvo virus infection

5. Specific biosensors for important diseases affecting the production and life threatening to the
Poultry
a. Colibacillosis
Salmonellosis
Infectious bursal disease
Ranikhet disease
Coccidiosis
Marek’s disease
Quail disease

e

Goal of developing smart villages and doubling the income of farmers may only be achieved
through the development of animal husbandry practices as there is limited agriculture land and that too
reducing day by day due to urbanization, industrialization and other developmental activities; while one
can keep two animals instead of one without much difficulty and thus double the income provided they
are supported with proper technological upgradation to enhance the productivity and reducing the losses.
Biosensor technology for the development of smart villages will certainly play a great role in enhancing
the income of farmers and animal keepers.

Bovine Intervention

India produces about 187.7 million tonnes of milk annually (as per data available on National Dairy
Development Board website3* for year 2018-19) and is on track to grow that output by 49% by 2026,
becoming the world’s largest milk producer®.

1. Fitting a sensor and tracking device to a cow’s collar, ear, leg, tail, or via an ingestible microchip
gives farmers the ability to track a cattle’s activity levels, health, and other key behaviours like

34 https://www.nddb.coop/information/stats/milkprodindia
35 https://www.livemint.com/Politics/bpOAZY8Vhc8jZWrMIv5vMN/India-to-become-largest-milk-producer-in-2026-Report.html
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reproduction activity to increase output and overall herd wellness. This solution may be quite
useful for tracking and monitoring health of the animals.

2. A microchip is a permanent method of electronic identification. The chip itself is very small —

about the size of a grain of rice —and is implanted subcutaneously (just beneath the skin) between
the shoulder blades at the back of the pet's neck. Each chip has a unique number that is detected
using a microchip scanner. The risk that the animal will develop cancer due to its microchip is
very, very low, and is far outweighed by the improved livelihood that animal keeper will get by
finding animal back, if it is lost.
When a microchip scanner is passed over side the cow, the microchip gets enough power from
the scanner to transmit the microchip's ID number. Since there's no battery and no moving parts,
there's nothing to keep charged, wear out, or replace. The microchip will last cow's lifetime. In
India this solution may be suitable for cow shelters/ dairies. Dairy officials can access the records
through their smartphones and act accordingly.

Key Benefits

e Easy animal Identification

e Heat detection for improved conception rates including tracking silent heats and to target best
time for insemination

e Lameness detection and general health monitoring to separate and treat sick cows

e Calving detection so the new calf can be entered into the system and so live births can be
monitored

e GPS location tracking to monitor herd

e Early mastitis detection to lower risk of milk loss

e Integrate with farm database tracking of any medications or treatments and output

e Rumination tracking to see how long they have been eating to monitor health and manage
overall herd feed rations

e Identify animals under heat/cold stress

Sensor based devices (loT device) may be placed as a collar in the ear/ neck of the animal to
monitor vital signs/ parameters in real time to improve the efficiency of dairy farms. For example, in case
of cow, the data from the loT device is transmitted to a loT platform using various communication
technologies such as cellular / LPWAN. Data analytics may be done on the collected data, producing a full
health report that includes diagnosing illness and estrus cycle data. Advice may be sent to the farmers for
suitable necessary action e.g. farmers can then use this data to feed the animals more scientifically and
carry out treatment and breeding at the right times. Smart collar solutions produce higher estrus detection
and fertilization rates than manual inspection methods. This can lower breeding costs and avoid the use
of health-damaging hormones.

By applying 10T/ ICT technologies, the livestock industry may be able to transform and approach
breeding in a scientific way. loT may increase industry profits, reduce drug use, increase the well-being of
animals, and also may increase the quality of livestock products.
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Figure 18: Animal Husbandry by using Internet of Things(loT)3%2"437

3.2.2. Advantages of using IoT in Animal Husbandry

1. Early detection of disease will further help in their prevention and control, in order to save heavy
economic losses due to sickness and death of animals besides saving the veterinary costs and
mental tension to the owner’s family.

2. Timely detection of heat (oestrus) will certainly enhance the fertility and production leading to
economically self-sufficient livestock owner’s/ animal keepers in villages.

3. Helpin easy animal identification and their activity monitoring.

4. loT devices will help in tracking of the movement of the animals, that will check the illegal and
unethical transport of the animals.

The related use case is described in detail in Annexure-7.

3.2.3. Arresting adulteration in dairy products through IoT & Blockchain traceability
framework

A national-level survey carried out by the Food Safety and Standards Authority of India (FSSAI) has found
that adulteration of higher than the permissible level of antibiotic residues in milk remains a problem in
the country, though the instances could be much fewer than what is generally perceived. The 'National
Milk Safety and Quality Survey 2018' results showed that 12 out of 6,432 samples of milk were found
unsafe for human consumption due to adulteration. Detailed report® and Press Release® are available on
links mentioned.

Samples had residues of antibiotics above the permissible limits, contaminated with aflatoxin M1 residues,
a chemical compound that gets into the milk through feed and fodder. There is no visibility on the source
of production and transparency on the entire supply chain process, thereby providing ample adulteration

36https://jeettechnosolutions.com/blogs/digitalizing-dairy-industry-using-iot-based-handheld-system/
37https://smartfarmerkenya.com/4749-2/

38https://www.fssai.gov.in/upload/uploadfiles/files/Report_Milk_Survey NMQS_Final_18_10_2019.pdf
3%https://www.fssai.gov.in/upload/press_release/2019/10/5da973ffaefcfPress_Release_Milk_Survey_Report_18_10_2019.pdf
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opportunities in the entire process, in the absence of any wing to wing traceability solutions that are
economical in nature.

Food adulteration poses severe dangers. When adulterants in question are consumed in excessive
amounts, the risk of reversible damage to various organs inverses multi-fold, as does the risk of cancer.

Additionally, India has also received an advisory from the World Health Organisation (WHO) which states
that failure to check the adulteration of milk and milk products would see 87% of Indian Citizens sufferings
serious diseases like cancer by 2025,

M/s GoA4Life has created a unique synthesis of Blockchain framework, IoT sensors, rural community
outreach programs, scientific animal husbandry practices, supply chain optimization techniques to deliver
fresh, Antibiotics-Free, Aflatoxins-Free, Pesticide-Residual-Free Milk and other products directly from
farm to the table of customers and in process augment livelihood promotion and financial inclusion along
with Bos-Indicus breed conservation. The brief description of this use case is mentioned in Annexure —11.

3.2.4. Smart aquaculture: IoT for intelligent Fish farming

Introduction

Fisheries and aquaculture are one of the wildest-growing sub-sectors of agriculture. It plays an essential
role in meeting out the food and nutritional security of the rising population. The sector also makes vital
contributions to global food production. In the past five decades, the global supply of fish for human
consumption has outpaced population growth®'. Amongst all the countries, India ranks second in
aquaculture production. In the 2020 budget of Government of India, it has been announced that fish
production is to be raised to 200 lakh tonnes by the year 2022-23%2,

The future of aquaculture depends on the implementation of new and innovative production
technologies, management and utilisation of unutilised water resources and suitable market tie-ups.
There is a high potential for IoT in fisheries and aquaculture, and fishermen/farmers may have an edge in
a competitive market.

Emerging technologies like loT, Al/ ML and big-data approaches have the potential to improve
sustainability and working conditions for fish farmers and help society to understand better the
interdependences that aquaculture has with the environment. In line with the vision of the United
Nations” (UN) Sustainable Development Goals (SDGs), which anticipates benefits from innovation in
Information and Communication Technologies (ICT), the aquaculture sector is rapidly introducing these
technologies to improve economic, social and environmental sustainability along value chains. This
alliance will result in fully monitored and precision aquaculture, with farms connected to multiple-sensor
networks generating big datasets that can be used for all management purposes.

Role of loT in aquaculture

loT technology may be used to monitor the water quality as well as vital parameters related to health and
development of fishes in aquaculture. Sensor networks used are a set of small, low-cost sensors that

40 https://www.theweek.in/news/sci-tech/2018/09/06/Indians-drink-milk-adulterated-with-detergent-impure-water.html

41 http://www.fao.org/news/story/en/item/421871/icode/

42 http://www.businessworld.in/article/Fish-Production-To-Be-Increased-To-200-Lakh-Tonnes-By-2022-23-Nirmala-Sitharaman-
/01-02-2020-183184/
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collect and distribute environmental data. Sensors monitor and control the corresponding physical
environments efficiently and follow-up more accurately. IoT may be used to monitor and manage the
following items in aquaculture-

e Water Quality Management: Fishes are cold blooded animals which require optimum
environment for their survival, therefore, water quality is a critical factor for culturing aquatic
organisms. It mainly depends on several parameters like dissolved oxygen, ammonia, pH,
temperature, salt, nitrates, carbonates etc. The quality of water is monitored continuously with
the help of loT devices to ensure growth and survival of aquatic life. Vital parameters captured by
loT devices are transferred to the aqua farmer’s mobile through cloud. As a result, preventive and
corrective measures can be taken in time to minimize the losses ensuring good animal health and
increase the productivity.

E.g.: The wireless system known as “Smart Aquaculture Monitoring with Internet of Things
System (SAM-1oT)” in Japan is designed to collect data of pH level, dissolved oxygen (DO) and
water temperature in shrimp ponds®.

e Fish Health Management: Fish health is a common challenge faced by the farmers during culture
period. Various sensors can help in predicting any abnormality occurring in fish. Installed sensors
and cameras can collect the daily data of behaviour, locomotion as well as activeness of the
animal. External abnormality on the body of the animal can be monitored via cameras and any
alteration in the quality of water can be detected by sensors. The farmers are alerted through
mobile messages or app notification with preventive measures
Example- Norway’s Seafood Innovation Cluster launched the AquaCloud platform?*, a cloud-based
program which aims to help fish-health managers and researchers deal with sea lice, predicting
or even preventing lice development in sea cages with the goal of reducing dependency on
expensive medical treatments, thus minimising stock mortality. Indian aquaculture technology
start-up Aquaconnect offers FarmMOJO*, a mobile application which helps shrimp farmers to
predict diseases and enhance water quality.

e Weather Monitoring: Farmers can be alerted of the daily forecast so as they can plan their
schedule and alternate any fishing practice with the pre-knowledge of weather. This weather
monitoring can also save their produce from any natural calamities and prevent any future loss.

e Feed Management: Intelligent automatic feeders ensure the feeding of the cultured fish by

monitoring accurate feeding patterns, analysing the behaviour of the fish such as the hunger level
and controlling dispensers which release the right amount of feed. This application aids in avoiding
wastage of feed and deterioration of water quality.
Example- Japanese and Singaporean aquaculture technology firm Umitron Cell*® offers a smart
fish feeder which can be controlled remotely. Farmers are given data-driven decision-making
advice to optimise feeding schedules. This reduces waste, improves both profitability and
sustainability while offering users a better work-life balance by eliminating the need to be out in
the water in dangerous conditions.

43 https://www.nict.go.jp/en/asean_ivo/ASEAN_IVO_2018_Projects04.html
44 https://aquacloud.ai/

45 https://aquaconnect.blue/

46 https://umitron.com/en/index.html
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e Remote monitoring: An advance technology such as satellite imaging and drones can aid farmers
to monitor their remote located farms. Satellite imaging is a great tool for analysing any blooming
condition and water discoloration of the pond. Internet of things has a property to store data on
cloud which can be accessed from anywhere around the world. This can assist farmers with
accurate information regarding size, feeding patterns, health and water quality.

The framework of loT in aquaculture

loT devices with sensors to measure the water quality, dissolved oxygen, and other parameters may be
installed to monitor in real-time. This data may be sent to data centre/ cloud which may be further
analysed using Al algorithms or by specialised personnel and the results may be transmitted to fishermen’s
smartphone/ mobile for taking further necessary action. Actuators may also take necessary action based
on the intelligence created, without the hum