





Edited by
Gerard Sylvester

Published by
Food and Agriculture Organization of the United Nations
and
International Telecommunication Union

Bangkok, 2018



The designations employed and the presentation of material in this information product do
not imply the expression of any opinion whatsoever on the part of the Food and Agriculture
Organization of the United Nations (FAO), or of the International Telecommunication Union
(ITU) concerning the legal or development status of any country, territory, city or area or of
its authorities, or concerning the delimitation of its frontiers or boundaries. The mention of
specific companies or products of manufacturers, whether or not these have been patented,
does not imply that these have been endorsed or recommended by FAO, or the ITU in
preference to others of a similar nature that are not mentioned. The views expressed in
this information product are those of the author(s) and do not necessarily reflect the views
or policies of FAQ, or the ITU.

FAO and ITU encourage the use, reproduction and dissemination of material in this
information product. Except where otherwise indicated, material may be copied,
downloaded and printed for private study, research and teaching purposes, or for use in
non-commercial products or services, provided that appropriate acknowledgement of FAO
and ITU as the source and copyright holder is given and that FAO’s and ITU’s endorsement
of users’ views, products or services is not implied in any way.

All requests for translation and adaptation rights, and for resale and other commercial use
rights should be made via www.fao.org/contact-us/licence-request or addressed to
copyright@fao.org.

FAO and ITU information products are available on the FAO website (www.fao.org/
publications) and ITU website (www.itu.int/en/publications/) and can be purchased through
publicationssales@fao.org and sales@itu.int.

© FAO and ITU, 2018

ISBN 978-92-5-130246-0s

[Front] © OpenForests and © FAO/Jay Directo. [Back] © OpenForests; © roboticsbusinessreview.com;
© Sentera and © senseFly



Contents

Preface v
Acknowledgements vii
Abbreviations, acronyms and currency codes iX
An eye in the sky for agriculture: the drone revolution 1
Case study
A. Unmanned aerial systems (UAS) in agriculture: regulations and good
practices 9
B. Drone technology as a tool for improving agricultural productivity 27
C. Mapping and monitoring rice areas using remote sensing, crop modelling
and information and communication technology (ICT) 33
D. Actionable intelligence from drones to the agricultural industry 45
E. Drones-based sensor platforms 57
F. Use of unmanned helicopters for agriculture 67
G. Space technology use in crop insurance 73
H. Institutionalizing drone mapping applications for disaster risk management
in agriculture 79
I. Drones for community monitoring of forests 89

J. Internet of things application in agriculture and use of unmanned aerial
vehicles (UAVs) 105

E-agriculture in Action: Drones for Agriculture -






Preface

Information and communication technologies (ICTs) are playing an increasing role in
addressing problems faced by agriculture. The challenges faced by agriculture from climate
change alone are enormous and the need for the farming communities to adapt and become
resilient is key to feeding the world’s growing population. Harnessing the growth and
transformative potential of ICTs provides a tremendous platform not only for addressing
some of these challenges, but also for accelerating efforts to achieve the Sustainable
Development Goals (SDGs) by 2030.

The FAO-ITU E-agriculture strategy guide (available at http://www.fao.org/3/a-i5564e.pdf)
is actively being used to assist countries in the successful identification, development
and implementation of sustainable ICT solutions for agriculture. This framework takes
a multi-stakeholder process in developing ICT for agriculture solutions.

The use of unmanned aerial vehicles (UAVs), also known as drones, and connected analytics
has great potential to support and address some of the most pressing problems faced by
agriculture in terms of access to actionable real-time quality data. Goldman Sachs predicts
that the agriculture sector will be the second largest user of drones in the world in the next
five years.! Sensor networks based on the Internet of things (IoT) are increasingly being
used in the agriculture sector to meet the challenge of harvesting meaningful and actionable
information from the big data generated by these systems.

This publication is the second in the series titled E-agriculture in action (2016), launched
by FAO and ITU, and builds on the previous FAO publications that highlight the use of ICT
for agriculture such as Mobile technologies for agriculture and rural development (2012),
Information and communication technologies for agriculture and rural development (2013)
and Success stories on information and communication technologies for agriculture and
rural development (2015). The ultimate aim is to promote successful, scalable, sustainable
and replicable ICT for agriculture (ICT4Ag) solutions. This publication, E-agriculture in action:
drones for agriculture, is a step in that direction and is based on a willingness to share
knowledge and experiences from various countries and partners.

The chapters in this publication were written by the respective authors and are entirely
their own views. We have tried to maintain the original narrative style of each contributor.
FAO and ITU do not promote or endorse any of the statements, comments and products
mentioned in the chapters. Thus, this is an effort to share knowledge on the use of
successful ICTs for agriculture initiatives and we expect that this compilation of case studies
will be read in that spirit.

" www.goldmansachs.com/our-thinlcing/technology_driving_innovation/drones/
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Abbreviations, Acronyms and
Currency Codes

AGL Above ground level

ATM Air traffic management

BVLOS Beyond visual line of sight

CAA Civil Aviation Authority

CASA Civil Aviation Safety Authority

CCA Climate change adaptation

CNY China Yuan Renminbi

DRR Disaster risk reduction

DRM Disaster risk management

DRRM Disaster risk reduction and management
EASA European Aviation Safety Agency

EUR Euro Member Countries (the Euro)

FAA Federal Aviation Administration

GPS Global positioning system(s)

GSD Ground sampling distance

ICAO International Civil Aviation Organisation

ICT Information and communication technology
ICT4Ag Information and communication technology for agriculture
INR Indian Rupee

loT Internet of things

JARUS Joint Authorities for Rulemaking on Unmanned Systems
NDVI Normalized Difference Vegetation Index
PHP Philippine Peso

RPAS Remotely piloted aircraft system(s)

SARPs Standards and recommended practices
UAS Unmanned aerial system(s)

UAV Unmanned aerial vehicle

usD United States Dollar

UTM Unmanned aircraft (or aerial) systems (UAS) traffic management
VLOS Visual line of sight

VTOL Vertical take-off and landing

Not long ago a drone would have only
meant a male bee that is the product
of an unfertilized egg. Unlike the

female worker bee, drones do not
have stingers and do not gather
nectar and pollen. (Wikipedia)
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An eye In the sky for agriculture:
the drone revolution

Climate change is having a major impact on food security. More than 815 million people
are chronically hungry and 64 percent of the chronically hungry are in Asia. The world needs
to increase food production by almost 50 percent by 2050 to feed a population of nine
billion, yet resources such as land and water are becoming more and scarcer.

Farming communities and others involved in agriculture have to adapt agriculture to climate
change and other challenges. In this context, ICT-driven tools and technologies to enhance
decision making through accurate, reliable and timely information have an important role
to play. Agriculture has to look towards emerging technologies for solutions to overcome
some of the challenges facing it. FAO and ITU, together with partners, have been working
together in addressing same of the challenges faced in agriculture through the use of
sustainable ICTs.

“In the current milieu, use of sustainable information and communication technology
in agriculture in not an option. It is a necessity.”

Gerard Sylvester,
Food and Agriculture Organization

One of the latest developments is the increase in the use of small, unmanned aerial vehicles
(UAVs), commonly known as drones, for agriculture. Drones are remote controlled aircraft
with no human pilot on-board. These have a huge potential in agriculture in supporting
evidence-based planning and in spatial data collection. Despite some inherent limitations,
these tools and technologies can provide valuable data that can then be used to influence
policies and decisions.

Drones are used in various fields ranging from the military, humanitarian relief, disaster
management to agriculture. A recent PwC report (PwC, 2016) estimates the agriculture drone
market to be worth USD 32.4 billion (see Figure 1). The advantages that “an eye in the
sky” provides when combined with analytic tools that can interpret the data and images to
actionable information have ushered in a new revolution. However, priority in addressing
issues related to privacy, safety and security is the key to the sustainable implementation
of these technologies.

The United Nations has experimented with drones in various areas of its mandate ranging
from humanitarian crises to agriculture. For example, the World Food Programme (WFP)
has joined with the Belgian government to deploy drones in humanitarian emergencies (WFP,
2017). The usefulness of drones to facilitate quick data collection with greater accuracy
together with providing a safer monitoring system in emergencies was a key element in
testing this in the field during challenging humanitarian crises. The United Nations Children’s
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How will drones impact business?

Predicted commercial applications and market value by industry
Infrastructure Agriculture Transport Security
Investment monitoring, Analysis of soils and Delivery of goods, Monitoring lines and
maintenance, asset drainage, crop health medical logistics sites, proactive
inventory assessment response
$45.2 bn $32.4bn $13.0bn $10.5bn
Entertainment & Media Insurance Telecommunication Mining
Advertising, entertainment, Support in claims Tower maintenance, Planning, exploration,
aerial photography, shows settlement process, signal broadcasting environmental impact
and special effects fraud detection assessment
$8.8 bn $6.8 bn $6.3bn $4.3bn

Source: PwC (2016)

Figure 1. The business of drones

Fund (UNICEF) in partnership with the Government of the Republic of Malawi has set up
a humanitarian drone testing corridor (UNICEF, 2017) that would facilitate testing in three
main areas — imagery, connectivity and transport. The United Nations High Commissioner
for Refugees (UNHCR), also known as the UN Refugee Agency, uses drones to help assess
the needs of displaced populations in Africa, especially in the Republic of Mali, the Republic
of Niger and the Republic of the South Sudan (UNHCR, 2016). This information is then
used to plan assistance including aid delivery. Instances of the use of UAVs by the United
Nations Department of Peacekeeping Operations (DPKO), such as in the United Nations
Organization Stabilization Mission in the Democratic Republic of the Congo (MONUSCO),
are well documented. FAO and Google (FAO, 2016) have partnered to make remote sensing
data more efficient and accessible. Access to quality data is the key to making effective
policies and interventions towards the achievement of the Sustainable Development Goals
by 2030.

The use of drones in agriculture is extending at a brisk pace in crop production, early warning
systems, disaster risk reduction, forestry, fisheries, as well as in wildlife conservation, for
example.

Crop production: precision farming combines sensor data and imaging with real-time data
analytics to improve farm productivity through mapping spatial variability in the field. Data
collected through drone sorties provide the much-needed wealth of raw data to activate
analytical models for agriculture. In supporting precision farming, drones can do soil health
scans, monitor crop health, assist in planning irrigation schedules, apply fertilizers, estimate
yield data and provide valuable data for weather analysis. Data collected through drones
combined with other data sources and analytic solutions provide actionable information.

- E-agriculture in Action: Drones for Agriculture



I
“The adoption of modern technologies in agriculture, such as the use of drones or
unmanned aerial vehicles (UAVs) can significantly enhance risk and damage
assessments and revolutionize the way we prepare for and respond to disasters that
affect the livelihoods of vulnerable farmers and fishers and the country’s food security.”

José Luis Fernandez,
FAO Representative in the Philippines
I

Drones such as the DJI Agras MG-1 (DJIl, 2017) are designed for precision variable rate
application of liquid pesticides, fertilizers and herbicides. Multispectral and hyper-spectral
aerial and satellite imagery helps in creating Normalized Difference Vegetation Index (NDVI)
maps, which can differentiate soil from grass or forest, detect plants under stress, and
differentiate between crops and crop stages. There are strong correlations between crop
yield and NDVI data measured at certain crop stages (Huang, Wang, Li, Tian and Pan, 2013).
Hence tracking the crop growth at key stages will help to provide an accurate estimate of
the crop yield and also to address issues early. Drones fitted with infrared, multispectral
and hyperspectral sensors can analyse crop health and soil conditions precisely and
accurately. NDVI data, in combination with other indexes such as the Crop-Water Stress
Index (CWSI) and the Canopy-Chlorophyll Content Index (CCCI) in agricultural mapping
tools can provide valuable insights into crop health. The basic principle of NDVI relies on
the fact that leaves reflect a lot of light in the near infrared (NIR). When the plant becomes
dehydrated or stressed, the leaves reflect less NIR light, but the same amount in the visible
range (Figure 2). Thus, mathematically combining these two signals can help differentiate
plant from non-plant and a healthy plant from a sickly plant.
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Figure 2. NDVI and plant health
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An eye in the sky for agriculture: the drone revolution

Drones are also increasingly used in the agricultural insurance and assessment sector,
including in insurance claims forensics (Wadke, 2017). Drone imagery is very useful in giving
an accurate estimate of loss. Companies such as Skymet are using drones to provide
agriculture survey services to insurance companies and the state governments of
Maharashtra, Gujarat, Rajasthan and Madhya Pradesh in the Republic of India.

Disaster risk reduction: FAO has partnered with national counterparts in developing
systems to use drones for data collection that assist in disaster risk reduction (DRR) efforts.
These valuable data are then fed into modelling systems with analytics capabilities that
then provide valuable insights. Such information can provide rural communities with
high-quality reliable advice and can assist the government in better planning disaster relief
and response services.

The drones used by FAO in the Republic of the Philippines are equipped with
photogrammetric and navigation equipment with a ground resolution of up to three
centimetres. This can be programmed to detect details such as NDVI, water stress or lack
of specific nutrients in crops. The drone-supporting mapping efforts in the Republic of the
Philippines are now being mainstreamed under the FAO’s disaster risk reduction and
management (DRRM) and climate change adaptation (CCA) strategies.

In the Republic of the Union of Myanmar, FAO is working with the Ministry of Agriculture,
Livestock and Irrigation (MOALI) as well as the Myanmar Aerospace Engineering University
(MAEU) to utilize modern geospatial technology to enhance disaster preparedness and the
response activities of the ministry. This initiative also generates useful information related
to upland agricultural risks such as landslides and erosion that could be used to inform
agricultural communities and help them understand the risks and reduce the impacts of
any disaster. This was piloted in challenging and remote areas such as the Rakhine state
and Chin state to scale up community-based DRRM.

Forestry: Open Forests (https://openforests.com/) uses drone-based forest and landscape
mapping to provide a new perspective for valuation, monitoring and research. Hundreds
of pictures taken by drones are stitched together to large and high resolution orthomaps.
These orthomaps can then be integrated into GIS systems and used for analysis, planning
and management. Novadrone (Novadrone, 2017) uses drone technology to improve forest
management and operational planning, including the monitoring of illegal activities and
encroachment. It also assists in collecting various forest metrics such as carbon
sequestration, tree canopy analysis, conservation features, tracking native species,
monitoring biodiversity and ecological landscape features. Goodbody, Coops, Marshall,
Tompalski and Crawford (2017) reported on the successful use of UAVs to update an
Enhanced Forest Inventory (EFI) in a small area in interior British Columbia, Canada. The
same report also noted the practical advantages of UAS-assisted forest inventories,
including adaptive planning, high project customization, and rapid implementation, even
under challenging weather conditions. Instances where UAVs were used in conducting an
inventory of small forest areas, such as in the Kingdom of Norway (Puliti, Orka, Gobakken,
and Naesset, 2015), led to the conclusion that UAS imagery provides relatively accurate
and timely forest inventory information at a local scale.

E-agriculture in Action: Drones for Agriculture



An eye in the sky for agriculture: the drone revolution

Fisheries: In the fisheries sectors, the governments of a number of nations including the
Republic of Palau, Belize, Jamaica, and the Republic of Costa Rica are now using drones
to detect illegal fishing and aid in prosecution of offenders. The government of Belize is
using drones to enforce fishing regulations over the Glover’s Reef Marine Reserve and other
marine protected areas in the waters off Belize (Howard, 2016). Moreover, the use of drones
as a fisheries assessment tool by natural resource agencies in Texas and Nebraska in the
United States of America has been documented. These agencies have used fixed-wing
drones to conduct in-channel habitat mapping during low water in the Guadalupe (Texas)
and Niobrara (Nebraska) rivers.

Wildlife conservation: Drones fitted with high definition thermal cameras are also used to
track, inspect and monitor livestock remotely. The government of Assam, the Republic of
India has partnered with Tata Consulting Services (TCS) to use drones to conduct
surveillance, identify unauthorized settlements and to deter poachers in Kaziranga National
Park (Muggeridge, 2017) spread over 480 square kilometres. Drones fitted with thermal
cameras can identify poachers from their heat signatures even if they are hiding in thick
foliage. This effort has proved beneficial for the vulnerable one-horned rhino.

Although drones are an eye in the sky, the real power comes from the strength of data
processing and analytics that take place after the data is collected. Solutions such as
Smarter Agriculture (Precisionhawk, 2017) offer an integrated platform to use data from
drones, sensors and other devices to automate and optimize farm management. Pix4Dag
(Pix4D, no date) converts multispectral images into accurate reflectance and index maps,
such as NDVI, and uses red, green and blue (RGB) images to generate high-resolution
orthomosaics. Sentera’s AgVault (Sentera, 2017) handles data that are then used to track
crop growth stages, weeds, compaction, storm damage and more. SenseFly’s eBee
(SenseFly, 2017) provides an integrated solution that includes drones and analytics to
support various applications.

There are various classifications of UAVs based on their size — from very small, small,
medium to large. Categories such as multirotor models and fixed wing models have their
unique characteristics. A fixed-wing aircraft, such as SenseFly’s eBee, has the advantage
of longer endurance and hence can cover larger areas and has a fast flight speed. The
disadvantages are that they need an area for landing and takeoff and are harder to
manoeuvre. They can fly at speeds in excess of 80 km/h. This makes fixed-wing UAVs
ideal for aerial survey, high-resolution aerial photos, mapping and land surveying. The
limitation is in the requirement of a runway to facilitate takeoff and landing. In contrast,
multirotor UAVs have lower speed, shorter flight duration and limited payload capacity. Their
agile manoeuvring, ability to hover around a particular area, and their ability to operate in
confined areas make them ideal for surveillance and for detecting crop pests, diseases
and weeds.

In the Philippines, a country prone to typhoons, aerial drones are taking to the sky to
map out at-risk areas of agricultural land to mitigate risk. This innovative practice is
also able to quickly assess damages when a disaster strikes.

https://www.youtube.com/watch?v=tBtCVX-j_ek
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Near future applications of UAVs are only limited by our imagination. British Telecom is
working on prototypes of drones to provide temporary Internet connectivity to challenging
locations such as areas that have suffered an earthquake. National Geographic, British
Broadcasting Corporation (BBC) and other media groups have begun using drones to film.
Companies such as the Israeli startup Flytrex are experimenting with drone delivery services.
Although large scale deployment of such autonomous drone delivery systems are mired in
various technical, legal and safety concerns, many organizations including Amazon, Walmart,
DHL and UPS, are actively experimenting with them. We also see the emergence of
interesting innovations such as the drone taxi in Dubai (AsiaNews, 2017) and the Selfly
(Selfly, no date), a smart flying mobile phone case that can be used to take selfies!

The global drone regulations database (Global Drone Regulations Database, no date), which
has been developed as a multiagency effort provides more in-depth information on drone
regulations. The Technical Centre for Agricultural and Rural Cooperation (CTA)-moderated
UAV4Ag (Unmanned Aerial Vehicles for Agriculture, no date) is a community of practice on
the use of UAVs for agriculture and is a valuable source of information on drones in
agriculture.

The next agricultural revolution will be driven by data, which will help to increase agricultural
productivity with minimum damage to the environment and increased livelihoods for
communities involved in agriculture.

Favourable regulations on the use of small drones for agriculture as well as access to
platforms that can aggregate data from various sources to provide valuable insights would
be greatly beneficial to farming communities. Supporting ecosystems would facilitate the
growth of many innovative start-ups providing agricultural intelligence using drones and
other emerging technologies as a service to rural communities. The information gap among
rural communities would be addressed by the growth of a new breed of professionals —
agricultural infomediaries — who would play a key role in providing hyperlocal actionable
information to rural communities by combining various data sources and analytics.
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Case study

A

Unmanned aerial systems (UAS)
In agriculture: regulations
and good practices

In 2017 a situational irony played out in southern Africa as the “fall armyworm” devastated
more than 100 000 hectares of maize in Zambia. The Zambian Air Force was directed to
assist the Ministry of Agriculture and Disaster Management and used aircraft to target the
pests through the aerial application of pesticides at several “hot spots” throughout the
country (African Aerospace Online News Service, 2017).

Funding and support was also required to contain proximate infestations of red locusts
across southern Africa, again using aircraft. Three outlying airstrips were established in the
United Republic of Tanzania to manage areas of severe locust outbreak and both fixed
and rotary wing aircraft were utilized. Helicopters are preferred because of their retarded
speeds, easier access to marshy areas, and as their downwash can lift locusts from roosts.
Aircraft are expensive to fly or hire and local hindrances are numerous. In this scenario the
only fixed wing aircraft available was lost in a tragic accident and helicopter maintenance
had to be carried out some distance away in the Republic of South Africa. Would regulations
allow UAVs to augment these efforts?

National early warning systems and more specifically agricultural entrepreneurs have always
needed accurate and up-to-date information on the extent and status of the resources they
monitor and depend on. Agricultural aircraft have been in use for this purpose since the
1920s. Remote sensed data from satellites have been used increasingly to assess crop
distribution, extent and health from the sky. Over the last few years unmanned aerial vehicles
(UAVs) or drones have become one of the world’s most talked about technologies, used
by people in a wide range of professions, including surveyors, agronomists, infrastructure
inspectors, and humanitarian aid workers to name a few.

Although UAVs are unlikely to entirely replace manned aircraft or satellites, they have
a number of advantages over these more traditional remote-sensing methods. The
technology is capable of collecting very high-resolution imagery below the cloud level, with
much more detail than the satellite imagery usually available to developing country analysts.
They are easy to use: most drone mapping and data-collection missions are now conducted
autonomously, meaning that the UAV essentially flies itself. Moreover, data processing
applications are becoming less expensive and easier to use.

E-agriculture in Action: Drones for Agriculture | 9
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When it comes to early warning systems, UAVs could enhance the present practices in
locating outbreaks, monitoring plague development and movement (Cressman, 2016), and
in the localized control of early stage plague outbreaks.

The use of UAVs to monitor poaching of endangered species, or illegal or unsustainable
uses of forest resources and land occupancy in general, has started in many parts of the
world. International and national non-governmental organizations have promoted the
technology to support indigenous peoples in gathering evidence of undesired activities
within their ancestral territories.

UAVs can be used in livestock management and fisheries, in surveying, land tenure and
land use planning, humanitarian and emergency relief, stockpile estimation, crop damage
assessment, scientific research, inspection of fixed and mobile assets, real estate and
tourism marketing, media production, small cargo delivery, and more.

What therefore are the barriers to the rapid deployment and uptake of the technology in
some countries? What aviation regulations apply to conventional aviation operations at
present? How do these differ for missions conducted by UAVs?

There are concerns from government authorities on the improper use of this disruptive
technology: privacy infringements, invasion of reserved airspace and potential aircraft
collisions, personal injury and property damage.

Small UAVs are unmistakably different from aircraft in so many ways yet they are considered
as full-fledged aircraft in most countries. This is perhaps the prime challenge impacting
their governance. Few understood how the UAV industry could reinvent itself so dramatically
and become so far reaching in every enterprise and field of work. The number of UAVs
now flying is mind-boggling and this will surely increase exponentially. According to Vogt
(2017) the yearly sales of small UAVs have reached 400 000 units in the Federal Republic
of Germany in 2016 and are likely to reach 1 million in 2020. In the United States of America,
according to a global information provider (The NPD Group, 2017), United States
dollar sales of drones more than doubled in the 12 months ending February 2017, with
a 117 percent increase each year.

The technology is considered by many as equivalent to the mobile phone revolution, i.e.
game-changing and disruptive. Nevertheless, in November 2016, Violeta Bulc, the European
Union (EU) Commissioner for Transport (European Commission, 2016) stated:

Drone technologies are a unique opportunity for the EU economy to generate additional
growth and prosperity: they open the door to new markets for innovative services with
immense potential.

In 2016 the African Union Commission (NEPAD, 2016) appointed a High Level Panel on
Emerging Technologies to provide evidence-based analyses and recommendations that
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could inform policy direction at the continental, regional and national level on the utilization
of existing and emerging technologies. Precision agriculture, artificial intelligence and UAV
technology are among the technologies under consideration.

Many urban areas including airports and helicopter landing sites and their associated
approach/departure paths need to be safe from the interference of flying objects. Aviation
is not without risk and the reputation of UAV technology would be severely affected in the
aftermath of a mid-air collision with a passenger aircraft. Increasingly, UAVs are equipped
with geo-fencing software that prevents them from flying within restricted areas or warns
the pilot if they enter a sensitive no-fly zones. Automatic updates with temporary flight
restrictions around wildfires help protect authorized fire fighting aircraft and ensure fire crews
can operate without disruption. Software such as the Geospatial Environment Online
includes permanent flight restrictions around prisons, nuclear power plants and other
sensitive locations, as well as temporary restrictions for large stadium gatherings and
national security events. It also introduces flexibility for drone pilots by giving them the ability
to unlock some restricted areas where they have permission to operate (DJI, 2016).
Nevertheless, unscrupulous users may disable such controls or use UAVs that are not
equipped with similar security features. A.J. Emmerson, former and often critical member
of the Australian Civil Aviation Authority (CAA), notes there is no place in aviation safety
regulations for cost-benefit analysis and that “the objective of ensuring safety of flight cannot
be left to enterprising but unregulated operators or to a doctrine of survival of the fittest
(Emmerson, no date, p. 6).”

Nevertheless there is a balance required between public safety and reliable commerce,
a trade-off between over-regulation and promoting private enterprise. There are pieces of
airspace where UAVs could conduct unfettered operations at low risk and there are areas
where access will never be appropriate with our present technical know-how.

Various nomenclatures are used in reference to unmanned aircraft. The public and media
often use “drone”. The term unmanned aerial vehicle (UAV) refers to the unmanned aircraft.
The term unmanned aerial system (UAS) denotes the larger system of the airborne portion
of the UAV, the pilot located elsewhere controlling the aircraft via a ground control station
through wireless linkages (control and command links) plus the sensor(s) mounted on the
UAV and the software that may be used to analyse the data gathered by the sensor(s). A
UAV can be operated manually, or programmed to operate automatically or to be fully
autonomous.

UAVs are often dissimilar to conventional aircraft and are obtainable in a range of shapes,
sizes, and configurations. The take-off mass of a UAV has been used historically to classify
the devices. Frequently used categorizations occur at 2 kg mass, at 25 kg and at 150 kg.
The category a UAV is assigned to will influence the minimum age of the pilot, the expected
remote pilot competence, whether the device has to be registered with the CAA or not,
the need for electronic identification and installed geo-fencing software. UAVs heavier than
150 kg are generally considered the equivalent of conventional aircraft with obligations to
meet analogous airworthiness and certification standards.

E-agriculture in Action: Drones for Agriculture
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The main configurations of UAVs are fixed wing aircraft or vertical take-off and landing rotary
wing platforms such as helicopters or multicopters. Fixed-wing UAVs require an approach
and landing runway and are usually flown in automated mode. Copters are easier to pilot
manually, need limited space to take off and land but have a shorter flight endurance.
Hybrids in the form of vertical take-off and landing (VTOL) systems are more versatile
operationally as they maintain efficient range without the need for a runway.

Present conventional aviation flights are conducted either under visual flight rules — where
the pilot on board remains in visual contact with the surrounding environment and the flight
is made clear of other aircraft and obstacles; or under instrument flight rules — where aircraft
can be flown through cloud or poor visibility, for example at night. These categories are
regulated and do not easily transfer to the operations of UAVs. The vast majority of such
operations thus far are flown within sight of the pilot. Experience has developed common
operational good practices that reduce the ground and airborne safety risk. These practices
are becoming widespread, apply to small UAVs only, and are termed Visual Line of Sight
(VLOS) operations. In this scenario, the UAV flies within a 500 m horizontal radius around
the remote pilot while remaining below 120 m above ground level (AGL). The UAV must
respect a no-fly zone of several kilometres or more from conventional (piloted) airports and
helipads and must otherwise always give way to conventionally piloted aircraft. UAVs must
also avoid other UAVs. Flight containment can be defined through instructing the UAV to
return to its base or setting three-dimensional flight limitations (maximum distance from
control point plus maximum altitude) and performance limitations (e.g. maximum speed).
This mitigates the risks of a loss of control. UAVs are usually not allowed to fly over
gatherings of people and critical infrastructure. These restrictions vary between countries.

There is however a constant appetite to fly missions unrestrained by VLOS. Beyond Vusual
Line of Site (BVLS) operations involve flight outside of the pilot’s locale. Impediments to
this expansion include the need to extend the command and control of the aircraft and
the payload communications links. It also necessitates “detect or sense and avoid”
technology as an alternative to the pilot’s ability to monitor the airspace visually for risks
while operating the aircraft safely clear of people and obstacles.

Discounting whether regulatory authorities should allow BVLOS or not, the operator must
remain sufficiently clear of other airspace users, and people or infrastructure on the ground
so as to avoid a safety hazard. BVLOS missions have occurred, either contained in airspace
restricted from other users or integrated within the airspace system with approval from the
relevant authorities. A recent example is the Zanzibar Mapping Initiative funded by the World
Bank and implemented by Drone Adventures, the State University of Zanzibar and the
Commission of Lands (Guermazi, 2016).

Safety risk in aviation has hitherto focused on the overall risk to the air traffic management
(ATM) system and is especially attentive to fatalities or injuries to persons on board the
aircraft. As safety management for UAV operations evolves, the glaring difference is there
is no one on board a UAV and therefore this hazard is nil, although the level of risk to those
on the ground may have increased. This latter alteration certainly originates from the
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proximity of UAV operations to people in both vertical and horizontal terms, and the number
of flights. It is conceivable that this change to the risk picture also relates to the standards
of design, production, operation and maintenance of UAVs, which are often lower than for
conventional aircraft. It is arguable that these issues heighten the level of risk to other
airspace users especially low-level operations such as gliders, emergency services flights,
or military.

Data protection laws vary among countries and even across states. Privacy is one of the
principal barriers to UAV operations as legal institutions assess peoples’ rights around this
new technology. Approval for operations is often predicated on proof that rights will not be
violated. Cyber security is also regulated. The risk of hacking an UAV and using it for
dangerous exploits exists and Global Positioning System or control links can be jammed
causing loss of control of the UAV. Insurance and liability issues need to be addressed
prior to requests for flights. Finally, dropping items from UAVs is illegal in many countries,
and spraying from drones and the carriage of dangerous goods is highly regulated or
prohibited.

The European Remotely Piloted Aircraft System (RPAS) Steering Group and the Drone
Advisory Committee in the United States of America are strong steering groups that have
influenced the acceptance of a risk-based approach to the integration of UAVs into the
airspace system. An early adopter of a risk-based approach is the Swiss Federal Office of
Civil Aviation through its application process for operational approval of UAV flights. The
Joint Authorities for Rulemaking on Unmanned Systems (JARUS), an international technical
group delivering mature UAV guidance for authorities to use in rulemaking efforts, has
promoted this approach. This was the first formalized process to be widely accepted. The
European Aviation Safety Agency (EASA) is progressively introducing regulatory changes
adopting a risk-based approach to UAV integration. Additionally, EASA will regulate all
European member states for UAVs under 150 kg removing this previous division of
responsibility between national CAAs and the European Commission.

The European strategy ensures that UAVs will be treated as a new type of aircraft with
proportionate rules based on evaluation of the risk associated with each operation and that
their operators are responsible for their use. A clear need for continued advancement in
technologies and standards is recognized and public acceptance is a key to growth (EASA,
2017). In order to increase awareness on the need for responsible use of UAVs for both
recreational and professional purposes, the European Commission is supporting the
establishment of a multilingual online data repository for European rules and regulations
(European Commission, no date)

Risk increases progressively according to the size of the UAV, the complexity of the operation
(BVLOS, night-time), the location (remote, urban, high capacity airspace) and is balanced
by a range of mitigating circumstances. The EASA three-tiered approach begins at the low
risk end with the “open” category constrained to low-altitude VLOS, away from crowds
and infrastructure and below 25 kg. As risk increases, an operational risk assessment of
each operation must be conducted, and this is assessed by the NAA or a qualified entity
for approval under the “specific” category. This group might include flights at higher altitudes
or BVLOS, near urban areas, or with heavier UAVs. As the operation becomes more like
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a conventionally piloted flight, the mission must be treated as such and moves into the
“certified” category with a regulatory regime mirroring that of manned aviation. Australia
has followed EASA'’s risk approach and tiered categorization and the country moved ahead
with its amended regulations in 2016.

The risk-based approach addresses the most difficult challenge: the expectation that UAVs
must meet equivalent levels of safety as applied to conventionally piloted aircraft, while
integrating into the present ATM structure in a seamless manner, being transparent to air
traffic control and not penalizing other airspace users. The objective of target levels of safety
in conventional aviation is to reduce risk through mitigation or prevention to protect the
crew and/or passengers on board. All risk must be reduced to an acceptable level that is
as low as reasonably practicable.

The significance of the Conference on International Civil Aviation in Chicago in 1944 should
not be understated. Notably, it produced the Convention on International Civil Aviation
containing recommendations on airworthiness and air traffic control and a bilateral
arrangements framework that has been used widely. The Convention has been published
in English, French, Russian, Spanish, Arabic and Chinese language editions. The Conference
led to the establishment of the International Civil Aviation Organization (ICAQO) as the agency
tasked with preparing aviation standards and recommended practices (SARPs) at the global
level. ICAO is a specialized agency of the United Nations and is responsible for the
coordination and regulation of international air travel. Each member state of ICAO has a
responsibility to enact basic aviation law to allow for the development and promulgation of
civil aviation rules, regulations and requirements, consistent with the provisions of the
Convention’s Annexes (ICAO, 2016). States can choose either a stringent or passive
regulatory approach in regulatory implementation. The effective implementation of these
responsibilities ensures continued safe international aviation operations.

Of ICAO’s 191 member states, only 30 countries with current state regulations are listed in
its online UAS toolkit (ICAO, no date). It is noteworthy that, except for the Federative
Republic of Brazil, the links offered by ICAO include only developed countries. Many other
online depositories provide information on national UAV regulations. Locating, collecting,
translating and summarizing UAV regulations is an enormous undertaking. Because of the
magnitude of the task, available information can be obsolete or out of alignment with actual
legislation. This challenge exposes the lack of standardization and interoperability for those
wanting to operate UAV missions. It becomes a barrier when consideration is given to the
large number of countries either banning civilian UAV operations or where there is a dearth
of regulations.

Much like the industry and its activities, the legislative framework surrounding aviation is
complex. The following is a summary of the Australian civil aviation legislation to illustrate
the convolutions. Australian legislation is divided into primary legislation — laws passed by
parliament (e.g. the Civil Aviation Act and the Airspace Act) and delegated or subordinate
legislation — legislative instruments under the Act signed by an official empowered by the
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Act. Delegated legislation includes airspace, civil aviation and civil aviation safety regulations.
These are the first two tiers. The third tier comprises a range of manuals and instruments
to assist users in complying with the rule set. This framework allows the Australian Civil
Aviation Safety Authority (CASA) to respond quickly to technological changes and safety
concerns, to balance safety with economic reality and to provide legal certainty.

Australia was the first country to publish UAV regulations — its Civil Aviation Act. CASA,
recognizing that consistent legislation would allow integration, developed Civil Aviation
Safety Regulations Part 101 in 2002, which consolidated the rules governing all unmanned
aeronautical activities into a single body of legislation. Even with an adaptable regulatory
framework, it took over a decade for Australia to update its rule set. Part 101 was amended
in 2016 to acknowledge a low-risk class in UAV operations and establishes a suite of
standard operating conditions permitting reduced regulatory requirements. Also, landowners
can now fly commercial operations over their own property as long as they abide by these
conditions - significant for VLOS agricultural uses. Other changes simplified the approval
process and allowed for more complex operations to be dealt with under the third tier of
regulation that can be quickly adapted to necessary transformations as UAV technology
and industries using it evolve.

The proposed changes to the basic European aviation regulations include annexes
addressing privacy, data protection, liability, insurance, security and environmental
protection. For example, UAVs must be built and operated to be as quiet as possible, and
designed to minimize emissions.

Operators should be aware of the surrounding ecosystems and any regulations to protect
them. Animals do react to UAV operations and sensitive areas such as breeding or feeding
grounds and migratory routes must be avoided. The United Republic of Tanzania provides
an excellent example whereby UAV operations are not allowed in the national parks for
security reasons.

Aircraft have been used in agricultural for over a century. The obvious advantages of aerial
agriculture come from an aircraft’s ability to cover large areas quickly without damaging
the growing environment. This is important because a quick response to disease and pests
is often imperative.

Although more expensive and complex, helicopters have better performance at slow speeds
and became an alternative to fixed wing aircraft. They are especially suited to small, irregular
fields bordered with obstacles or if the runway is too distant or non-existent. An added
benefit of helicopter spraying is the spread of chemicals on the underside of leaves from
rotor wash. Aircraft administer a fifth of today’s applied crop protection (National Agricultural
Aviation Association, no date).
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Using aircraft to locate and muster livestock is known as aerial mustering. Culling of pests
or herds and protection from poaching can also be carried out more efficiently and cost
effectively with aircraft. Operations are generally below 500 feet in harsh or remote areas
and therefore pose additional risks that are difficult to eliminate.

Regulation of agricultural aviation activities has not gone far enough in reducing accidents.
The National Transportation Safety Board reports that 81 fatalities transpired from 802
accidents in agricultural aviation in the decade ending 2010 (NTSB, 2014, p. 8). Agricultural
aircraft come under the Code of Federal Regulations Part 137 in the United States of
America, in which many rules are altered. For example, such aircraft are restricted from
operating over congested areas (Federal Aviation Authority, 2014). A reduction in harm during
accidents would occur in sorties where UAVs replaced aircraft. A similar, regulatory approach
could also be taken where UAS agricultural operations could be afforded more leniency.

UAS offer a range of exciting opportunities for improving the management of crops,
livestock, fisheries, forests and other natural resources. At the most basic level, UAS permit
farmers to obtain a birds-eye-view of their crops, allowing them to detect subtle changes
that cannot be readily identified by “crop scouts” at ground level. UAVs equipped with
special sensors can collect multispectral images that are stitched to generate spectral
reflectance bands. These bands allow users to calculate indexes such as a Normalized
Difference Vegetation Index (NDVI), a Leaf Area Index (LAI) or a Photochemical Reflectance
Index (PRI), allowing farmers to view crop changes or stress conditions that are otherwise
invisible to the human eye.

NDVI provides information about the different biomass levels within a land parcel. Interpreted
NDVI images can tell a lot about water stress or excess, nutrient deficiencies, pest
infestations, crop diseases, or other conditions affecting crop development. Imagery
indicators, such as NDVI, represent a first layer of information that can be built upon through
field visits or a dedicated algorithm. Such algorithms are already available for fertilization
where imagery indicators are translated into agronomic indicators to guide fertilizer inputs.

These remote sensed data can also be used to speed up the painstaking process of
conducting crop inventories and yield estimates. Ranchers and fishery managers are
beginning to experiment with the technology, hoping to take advantage of the ability of
UAVs to cut down on the time and expense of conducting patrols and reconnaissance work.
Cattle ranchers, with a large area of land to cover, have used UAVs to determine the location
of their livestock, and some have found UAVs useful for conducting regular surveys of
fencing (Greenwood, 2016).

In Africa, there are growing efforts to increase farmers’ opportunities to access credit. The
provision of detailed and up-to-date spatially-defined farm data on location, size, standing
crops and their health and biomass can help improve farmers’ creditworthiness.
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UAS technology has also been used to document illegal land and resource use. With
UAS-gathered imagery of illegal logging and land occupancy, government agencies can
prioritize and speed up their inspection efforts, ensuring that a week-long field inspection
will collect enough evidence to justify government intervention. In addition, UAVs create
openings for ICT entrepreneurs supporting the agriculture sector. This is especially true
among younger people who are eager to embrace cutting-edge technologies and establish
businesses based on them.

Notwithstanding the great opportunities offered by UAVs for inducing dramatic changes to
the agricultural production systems in developing countries, the presence of too restrictive,
or even disabling rules and regulations governing the import and use of UAVs can hinder
the development of a very promising industry, which could attract and engage educated
youth in rural areas. In fact, some countries have resorted to a complete ban on the import
and use of UAVs.

In 2002 a joint research project between
NASA, the New Mexico State University
and AeroVironment, Inc. and in
cooperation with the Kauai Coffee
Company explored the benefits and
challenges associated with a larger UAV
integrated into the air traffic management
system. The image collection platform
used was the lightweight, solar-powered,
flying wing Pathfinder-Plus (see Figure A1).
Its on-station mission loitered on-site at
21 000 feet (6.4 km) for four hours.
Remote pilots based over 25 km away on
the ground at Barking Sands airport used
real time imaging from on-board cameras
to position the Pathfinder-Plus clear of
areas obstructed by cloud for the footage. Lower altitude flights would have avoided the
majority of the cloud cover.

The UAV operated in the National Airspace System as if it was a conventional aircraft and
was equipped with a transponder for electronic visibility to other aircraft and for the Honolulu
air traffic controllers monitoring the flight. The trials were conducted with a Federal Aviation
Administration (FAA) Certificate of Authorization after months of planning and with several
teams comprising dozens of experts. This project shows how UAVs are beneficial in
agriculture but only within a regulatory framework supporting safe operations (Herwitz,
Johnson, Dunagan, Higgings, and Sullivan, 2004).
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The Yamaha RMAX from Japan is a remote controlled helicopter with over two million flight
hours in agricultural spraying and weighs 94 kg. Numerous 2 500 RMAX platforms operate
in Japan where more than 2.5 million acres are treated annually. The helicopter’s flight time
can reach one hour supporting VLOS agricultural missions conducted 20 m above the crops
to replace or augment the application of chemicals from backpack spraying among tightly
spaced vine rows on challenging terrain. It navigates via a precision GPS, decelerating
quickly during a failure and slowing to descend onto the field in an emergency. New
Japanese regulations were published in December 2015 (see Figure A2).
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Source: Ministry of Land, Infrastructure, Transport and Tourism (2015)

Permission from the Minister of Land, Infrastructure, Transport and Tourism is only required
for operations more than 150 m above ground level (AGL), near airports or above densely
inhabited districts. Otherwise, operations must occur in daytime, VLOS, clear of events
where people gather and more than 30 m from people or property on the ground.
Transporting hazardous materials and dropping from UAVs is not allowed without permission
(Ministry of Land, Infrastructure, Transport and Tourism, 2015). Crop dusting is still big
business in Japan.

There are moves to utilize this platform in the United States of America. Yamaha received
a Part 137 certification for agricultural aircraft operations in the United States of America
in late 2015 allowing the RMAX to be operated subject to state and local authority approval.
In 2013 it received a permit allowing remote spraying. The conditions of this authorization
allow operations only over specific agricultural areas, not to exceed 7 m AGL, at least five
miles from any airports and with a 48-hour pre-flight notification to the FAA.

Although VLOS operations have potential for small plots, many farms in the United States
of America do not have small plots. Multiple VLOS operations could cover the necessary
ground and complex imagery stitching could provide required mapping, although this is
expensive and not necessarily real time data (Komissarov, 2016). BVLOS operations would
be advantageous and need special approval. However, only a limited number have been
conducted in the United States of America outside of restricted airspace (Stocker, Bennett,
Nex, Gerke, and Zevenbergen, 2017).
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In the Republic of South Africa in 2014, flight trials were conducted using a small UAV to
ascertain the value of imagery in detecting vine plant health before and after the application
of organic nutrition. Mapping flights were conducted and the nutrients were applied using
conventional methods immediately afterwards. High-resolution farm and vine mapping
imagery was taken before the crops were sprayed with nutrients and at stages afterwards.
This data was shared with farmers, agronomists and soil scientists. The imagery shows
improvement in the treated rows relative to untreated rows (Figure A3).

Day 2 Day 5
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New regulations for operating UAVs in the Republic of South Africa became effective in
July 2015. These enforce a long list of requirements that take time to complete and are
reported as expensive and overly onerous (Wijnberg, 2017). For example, the licensing rules
to operate UAVs commercially require a pilot licence, air services licence from the
Department of Transport, a letter of approval for each UAV and a remote operators certificate
based on an approved operations manual (Mortimer, 2017).

In 2016 a small UAV was used to survey land use in a coffee plantation. The results provided
the landowner with exact area measurements of land utilization to determine the exact area
under a coffee plantation to estimate yields.

This process would have been very costly and time consuming employing ground based
surveyors as the estate was located in a mountainous region with no road access at many
points. UAVs are popular in the Republic of India, however there is no clear set of regulations
as yet.

In April 2016, the civilian airspace regulatory authority, the Director General of Civil Aviation,
published draft “Guidelines for Obtaining Unique Identification Number and Operation of
Civil Unmanned Aircraft System” (Director General of Civil Aviation, 2016). Under these draft
rules, each UAV must be issued and fitted with a unique identification. A UAS operator
permit and insurance is required for all civil UAV operations at or above 120 m AGL in
uncontrolled airspace (Global Drone Regulations Database, no date).

E-agriculture in Action: Drones for Agriculture

© CTA

19



The experience gained from these trials
illustrates that UAV requirements have not
been a hindrance and that operations are
mostly low-level and away from cities with
many private properties. Operations have
been conducted over a private property
in a city and all necessary permissions
from the local police were issued. Land
ownership in the Republic of India tends
toward smaller areas of land and even
though such surveys are reported as
technically positive, they are not yet
economically viable. Future operations are
planned over large areas of land under
contract farming by multinational food
companies. Concern has been raised
that the benefits from UAV use will decline
in the Republic of India as multiple 3 2

states may regulate UAV activity through - :

a patchwork of rules. It is crucial that the : :

K Figure A4. Land use survey imagery from UAV
federal government reviews present
inconsistent rule making and publishes
consistent regulations to support growth and industry innovation (India, 2017).
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UAV rules and regulations in Africa

The Republic of South Africa was the first country to implement and enforce
a comprehensive set of legally binding rules governing UAVs in July 2015. As shown in
Table A1, a total of 15 countries has published dedicated UAV regulations as of the writing
of this paper. These represent 28 percent of the total number of countries on the continent.
Seven countries, listed in under “minor references”, appended early ICAO guidance to their
aviation regulations. It is noteworthy that the guidance is entirely replicated suggesting
standardization has already been a factor in Africa.

Table Al. Status of UAV regulations by country in Africa

Status Countries

Regulations are in place Botswana, Cameroon, Gabon, Ghana, Madagascar, Mauritius, Namibia,
Nigeria, Rwanda, Seychelles, South Africa, Swaziland, Tanzania, Zambia
and Zimbabwe.

Minor references are included Benin, Burkina Faso, Chad, Céte d’lvoire, Mali, Mauritania and Senegal.
in aviation regulations

Regulations are pending or Angola, Kenya and Malawi.
being developed

Sources: Jeanneret and Rambaldi (2016) updated by Soesilo, Meier, Lessard-Fontaine, Du Plessis, and Stuhlberger (2016)
and Guerin (2017)
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The African Civil Aviation Commission represents 54 African states and was created in 1964
by ICAO but it remains autonomous. This organization could be a conduit for the evolution
of consistent regulations across Africa, recognizing that ICAO remains fixed only on creating
SARPs pertinent to large UAVs, or those deemed by EASA in the “certified” category.

The fact that the Republic of South Africa has regulations in place, is seen by some as
posing serious challenges to the development of a thriving UAV service industry. According
to a licensed UAV operator (Wijnberg, 2017), the Republic of South Africa has arguably the
most restrictive regulations in the world for commercial use. The heavy handed approach
has forced UAV companies to operate illegally locally or to move out of the country to stay
in business, or close shop entirely, with or cease operating. In the Republic of South Africa
the regulations consider that using an UAV for data-generation in agriculture means that it
is used commercially and should be governed in the same manner as commercial manned
aircraft. This requires the operator to comply with a number of major steps, including, but
not limited to the following:

obtaining a remote pilot license (RPL);
registering the aircraft;
obtaining an air service license (ASL) from the Department of Transport (DoT); and

obtaining a remote operator’s certificate (ROC) from the South African Civil Aviation
Authority (SACAA).

Single business owners find it difficult to comply with the regulations as they require a large
number of positions to be filled, such as quality assurance manager, flight operations
manager, safety officer and security officer. The total cost to comply with the regulations
amounts to over ZAR 500 000 (EUR 32 600) and takes over two years to complete. Often,
some sections such as the Air Services License will expire and require renewal before the
ROC is issued.

Since the regulations were published in 2015, only 14 companies have been licensed to
operate and there is a backlog of over 400 applications (Wijnberg, 2017).

The Republic of Uganda has no regulations in place and UAVs are confiscated from
travellers at the airport of Entebbe. Those attempting to obtain an import permit for running
UAS services for agriculture have to deal with a range of government bodies including the
Ministry of Agriculture, Animal Industry and Fisheries (MAAIF), Ministry of Internal Affairs,
Ministry of Defence, Civil Aviation Authority and more, without having the certitude of
obtaining the necessary permits.

The Civil Aviation Authority in the Republic of Kenya announced the development of its
national regulations governing the use of remotely piloted aircrafts in February 2017. As of
the writing of this chapter, such regulations have still to be enacted and the import and
use of UAVs is prohibited. Several development agencies and international research
institutions interested in supporting the introduction and use of UAVs in the agricultural
domain are facing a legal void and have put projects on hold or cancelled allocated funding.

The Civil Aviation Authority of the Republic of Rwanda enacted its UAS regulations in
June 2016 and has issued only one permit to a local company so far.
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The Civil Aviation Authority of the Republic of Ghana enacted its regulations in June 2016.
In December 2016 it issued an additional directive instructing all UAV operators or users
to obtain written permission from regional or local police stations before operating UAVs.
The enabling environment favoured the industry and a number of UAV operators already
service the agricultural sector.

As a parameter of reference, in the United Kingdom of Great Britain and Northern Ireland,
the legislation governing the use of UAVs is still being fine-tuned after a public consultation
that took place in 2016 and is meant to be enacted under the Vehicle Technology
and Aviation Bill (Butcher and Haylen, 2017). Nonetheless, as of 17 July 2017 there were
a total of 3 046 approved Small Unmanned Aircraft (SUA) operators deploying sub-7 kg
UAVs and/or 7 to 20 kg UAVs (Civil Aviation Authority (UK), 2017).

The world is dealing with the emergence of new technologies in the position to gather data
at an impressive level of detail. In this respect, governments have been busy legislating on
personal data management and privacy issues. Civil UAV technology, for professional and
recreational use, adds a layer of complexity as its deployment allows access to views
previously inaccessible to many, and impinges on airspace, a dimension traditionally used
by manned aircraft. UAS offer a vast range of service opportunities. According to PwC,
UAS will transform agriculture into a high-tech industry for the first time, with decisions
being based on real gathering and processing of data and a likely increase in productivity
and yields (Drone Powered Solutions, 2016). Being a new technology and developing faster
than the regulations intended to regulate its use, it is quite challenging to assess how these
have influenced UAS operations in agriculture. In addition, a range of stakeholders usually
contributes to the development of such regulations.

In shaping their governance, there is the need to find a balance between managing the
ground and air risks of UAS operations, the need for safety and privacy and the benefits
to agriculture and broader natural resource management. Hence it is of paramount
importance that CAAs closely interact with stakeholders in the agricultural sector in the
process.

Networking and sharing are key ingredients, which could lead to the identification of best
practices. There is a clear move away from classifying different operations based on the
weight of the UAV and toward the risk of the operation. Light, VLOS low altitude operations
should not impinge on the regulatory authorities or require them to be accountable. The
governments can then dedicate their energies on assessing the riskier operations and on
education campaigns so that operators and the public understand the rule set under which
they exist. They can also focus on addressing gaps in the legal framework (for example
privacy and data issues) and examining the relationship between new technologies and
automation and the ATM system (Stécker, Bennett, Nex, Gerke, and Zevenbergen, 2017).
The EASA three-category approach is clearly the world’s best practice and its spread around
the globe should be supported for national and international harmony and common
standards. All steps to streamline the regulatory process should be taken.
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Unmanned aerial systems (UAS) in agriculture: regulations and good practices

The common thread in regulation requirements around the globe are that UAVs should be
registered and insured and their operators should have a licence, with the exception of
harmless flights, i.e. very small, platforms away from people.

There is the need to continue advocating for the standardizing of regulations toward a risk-
based approach, especially as this will clearly benefit agriculture. A special focus is needed
on addressing data capture and privacy issues as these are the backbone of agricultural
improvements.

UAS services represent a new frontier in technology development. Youth is attracted by
technology, its development and use. UAS for agriculture could be a magnet for educated
youth in developing countries to develop service enterprises based or at least operating in
rural areas, thus generating jobs opportunities and improving agricultural production and
farmers’ returns on investment. As the industry is fast developing in countries where the
regulations are enabling, and on hold or winding down where these are too strict, expensive
to comply with or disabling, regulators should be fully aware that the impact of their
decisions reaches far beyond security and privacy and could determine whether agriculture
becomes a data-driven and profitable enterprise or not.
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Case study

B

Drone technology as a tool
for improving agricultural
productivity

PERSPECTIVES FROM PwC’s DRONE POWERED
SOLUTIONS CENTRE OF EXCELLENCE

Technology has transformative potential for virtually every aspect of our existence. It
improves efficiency by reducing workload and required time in numerous industries. The
agriculture industry is no exception. The progressive automation of agricultural processes
has significantly improved the productivity of agriculture labour, shifting masses of workers
into other productive industrial areas. Since then, scientific advances in chemistry, genetics,
robotics and many other applied sciences have fuelled the accelerated development of
agricultural technology. In effect, in recent years agricultural production has increased
substantially. However, the demand for agricultural products is due to rise even further with
estimations of aggregate agricultural consumption to increase by 69 percent from 2010 to
2050, mostly fuelled by an increase in global population from 7 to 9 billion people during
the same time frame. The only feasible answer for this urgent call for increased agricultural
production must come from technology sector. Drone technology and advanced image data
analytics with the capabilities it provides have the potential to become important parts of
the technology mix that could fill the gap. Between current agricultural production and the
needs of the future.

There are a number of applications of drone technology convergence with advanced image
data analytics that can be utilized in the agriculture industry. Our recent estimations valued
the addressable market for drone application in agriculture at USD 32.4 billion. The majority
of applications is based of drones as a mobile, aerial platform for advanced image data
acquisition. Based on particular project requirements drones can be equipped with a range
of image data sensors. The most established application based on drone-acquired image
data is to assess the health of crop vegetation. An unmanned airborne platform equipped
with infrared cameras can enable the development of Normalized Difference Vegetation
Index (NDVI). The NDVI-view of a certain area enables the analysis of the intensity of solar
radiation absorption and therefore the condition of the monitored plants. This method has
been widely used for decades based on satellite- or plane-borne cameras, but the resolution
of the resulting products has been insufficient to map fields, precisely, not to mention specific
plants. Drone technology as a platform for image data acquisition has brought the NDVI
mapping capabilities to a completely new level of accuracy making it possible to monitor
the condition of not only plants, but also specific parts of plants. This level of information
enables the early identification of early identification of pests, diseases and pests. The
precisely mapped and identified issues within a certain area can be addressed with precise
applications of fertilizers, pesticides or herbicides. Advanced geospatial NDVI products can
also be used in case of natural disasters or destruction of crops to precisely estimate the
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Source: PwC commercial drone consulting project

Figure B1. Analysis of the NDVI index output enables monitoring of corn crops condition

level of losses by comparing the pre-disaster state of vegetation with the damages that
occurred. Precise documentation of damages followed by precise estimation of reduction
in estimated yields can be used in insurance procedures.

Nowadays, drone technology is more and more often employed in insurance, with agriculture
claims management being one of the key applications. Another, rather non-obvious
application of drone imaging and mapping capabilities is counting and taking stock of herds
of animals. With the application of high resolution infrared cameras, every single animal is
a separate heat mark enabling counting with an accuracy higher than using conventional
methods. The development of applications of infrared cameras in herds monitoring allows
even more sophisticated tasks. Focusing on a single animal with a high-resolution infrared
camera enables assessment of its health based on a temperature comparison, allowing
swift identification and treatment of ill animals.

Another application of drone technology in agriculture is crop spraying. The technology
was first implemented in Japan in the 1980s when unmanned helicopters equipped with
spraying equipment and pesticides tanks were used to spray crop fields. Typical modern
day spraying drones have tank capacity of over ten litres of liquid pesticide with discharge
rate of over a litre a minute, allowing them to cover a hectare in ten minutes. However, to
leverage drone technology fully as a spraying platform, the spraying needs to be paired
and synchronized with the above-mentioned imaging, processing and automated analytics
capabilities in order to address the affected areas or plants with precision. Such an approach
would lead not only to the improvement of dosage in the affected areas, but also to
a reduction in the overall use of chemicals within the area.

Mapping and imaging capabilities of drone platforms with a range of sensors can be used
throughout the whole production process in order to plan production better and therefore
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Source: PwC commercial drone consulting project

Figure B2. Application of NDVI index products enables monitoring of date palms health

and identify separate palms potentially infected by pests

improve productivity. Before the vegetation cycle starts, drone technology can be used to
assess soil condition and thus potential yields. The key application in assessing soil
condition is actual 3D mapping of the terrain with precise soil colour coverage. This helps
to assess the soil quality as well as the moisture and water flow precisely. Throughout the
vegetation period, cyclical flights can be employed to monitor crops and the agriculture
process in order to plan operations and swiftly react if issues are observed. This can instantly
be done by automated drones equipped with spraying capabilities. Drone-enabled NDVI
index values analysis products help to indicate the precise timing for harvesting. The fusion
of advanced aerial information acquired with the help of drones with data from other sources
such as weather forecasts and soil maps can help to refine the final information and enable
the farmer to take full advantage of the farm and maximize the yields to their natural limits.
What is even more important for specific farms in the Asia-Pacific region, is that the drones
enable difficult to access and remote areas such as terrace rice fields or fruit plantations
in mountainous regions to be reached.

The drone technology sector as well as image data processing and analytics are all in
a constant state of change and development. There is a range of technologies in the
development pipeline that can potentially transform the sector in the coming years. This
would most likely lead to the immediate development of new uses in the agriculture industry
or strengthening the impact of UAV technology in existing ones. One of the leading examples
is the rapid development in the field of machine learning and deep learning. Automation of
cognitive capabilities with image data shifts the processing and analytics from humans to
trained algorithms. This fact could ultimately lead to machines making decisions on which
plants require moisturizing, treatment with pesticides, are ready to harvest, or alternatively
which animal should be treated with antibiotics to prevent the spread of disease among
the herd. The convergence of the drone as a platform for various sensors with machine
learning-based intelligent processing and analysis software would develop a virtually infinite
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range of possibilities, maximizing the production and limiting the manned workload even
further. This would in effect lead to an increase in productivity and a decrease in the price
of agricultural products, thus enabling the gap between current production and the needs
of the growing global population to be closed.

However, the use of advanced image data analytics and processing pose a challenge in
the fields of a data strategy and data management. One of the key challenges related to
data management is the fact that along with accuracy and precision of information, the
size of datasets grows accordingly generating up to 140 GB of data for a single square
kilometre with ground sampling distance (GSD) of 1 centimetre. To address this challenge,
data strategy tailored to specific requirements is necessary. Another key challenge is
incorporating drone-borne imaging and advanced image data processing and analytics into
existing agricultural processes in order to ensure the agriculture sector can fully leverage
new information. The possession of additional knowledge and analytics tools will not bring
benefits on its own. The implementation and integration of the new information into
agricultural business processes is required to truly tap the potential of drone solutions and
advanced image data analytics in the industry.
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Figure A3. Estimated total data volume for Asia and Oceania agricultural land geospatial products,

depending on their Ground Sampling Distance (Petabytes = 10'° bytes)

Drone technology and advanced image data analytics tools are of great potential for the
agriculture industry. Drone solutions can be implemented in a range of applications
throughout the whole process from precise mapping for planning purposes, assessing the
condition of crops and plants, to precise crop spraying. But with as all other tools, the
right strategy and setup is required to fully leverage the technology available. With the
booming industry of drone technology and sensors, and the availability of image data
processing and analytics tools, the technology mix for the required solutions must be
planned cautiously to maximize the benefits while optimizing the costs. The same is true
for the process of data acquisition itself. Along with operating drone solutions, a large volume
of data is generated. Therefore the requirements regarding precision, resolution and layers
of data employed must fully reflect the requirements of any specific use and thus should
be planned on a project basis. Lastly, once the optimal solution is developed and the data
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acquired does not exceed processing capabilities, the information extracted needs to be
fully implemented and integrated into the business process. However, once the required
technology mix is deployed, the analytical capabilities are optimized and the solution is
fully integrated into business processes, the full potential of the technology is ready to be
exploited and the productivity improved substantially. Maximizing yields and limiting the
workload and thus the costs of goods will be vitally important in the ensuing decades of
unprecedented growth of agricultural product demand that we face globally and particularly
in the Asia-Pacific region.

For more information

Adam Wisniewski

PwC, Director of the Drone Powered Solutions Centre of Excellence
adam.wisniewski@pwc.com
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EXPERIENCES FROM THE INTERNATIONAL RICE
RESEARCH INSTITUTE (IRRI)

Introduction

Rice has been a prime focus for the development of integrated remote sensing and
information and communications technology (ICT) based monitoring, mapping and yield
estimation systems in South Asian and Southeast Asian countries in order to target food
security, which is closely connected to the livelihoods of smallholder farmers. In 2012, the
International Rice Research Institute (IRRI) together with a private partner, sarmap, initiated
a project titled “Remote Sensing Based Information and Insurance for Crops in Emerging
Economies (RIICE)”. The project was funded by the Swiss Agency for Development and
Cooperation (SDC) and was a public-private partnership aiming to reduce the vulnerability
of smallholder farmers engaged in rice production. The geographic extent of Phase-I
(2012-2015) of this project spans six target countries located in South Asia and Southeast
Asia, namely the Kingdom of Cambodia, the Republic of India, the Republic of Indonesia,
the Republic of the Philippines, the Kingdom of Thailand and the Socialist Republic of
Viet Nam (Figure C1).

In Phase-Il (2015-2017) area coverage in the Kingdom of Cambodia, the Kingdom of
Thailand, the Socialist Republic of Viet Nam, and Tamil Nadu, the Republic of India was
expanded. In 2014, a new entity “Philippines Rice Information System (PRISM)” was initiated
and funded by the Department of Agriculture, the Republic of Philippines which will continue
until the end of 2017. RIICE Phase-Ill activities will continue in the Kingdom of Thailand,
the Kingdom of Cambodia, the Socialist Republic of Viet Nam, the Republic of India and
the Republic of Indonesia from 2017 to 2019.

These satellite-based rice monitoring (SRM) initiatives integrated remote sensing, crop
modelling and ICT tools to generate and provide near-real time and accurate information
on rice growth, yield, as well as damage caused by abiotic and biotic stresses. The RIICE
technology is capable of providing accurate and timely village level information about rice
planted areas, including information on the start of the season and its variability with
geography, expected and actual yield and the impact of any disaster on specific rice growing
areas. RIICE is now providing accurate and almost real time information for the
implementation of crop insurance programmes in various countries (i.e. the Republic of India
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Figure C1. Satellite-based rice monitoring (SRM) sites in South Asia and Southeast Asia

and the Socialist Republic of Viet Nam). These projects have already made significant
impacts in terms of rice monitoring, mapping and forecasting. This integrated system
combining remote sensing, crop modelling, web geographic information system (GIS),
smartphone, unmanned aerial vehicles (UAV), and Amazon Web Services (AWS) has
generated promising results in all countries. With greater than 85 percent accuracy, more
than 24.5 million hectares of rice have been monitored in 2016, a significant increase of
area coverage of 1.6 million ha when the initiative started in 2012. Partnership and
agreement with national and state governments have also been established on the use of
the RIICE technology for food security and crop insurance policies with substantial
investment has been received from states governments in the Republic of India and the
Republic of Philippines.

The SRM initiative focused principally on the development of sustainable technologies and
thus in that context both projects were fully committed to developing in-country capacity
building and integration of a developed rice monitoring system within the national system.
This rice monitoring system helps the government and other rice sector actors by providing
accurate and up to date information that allows for better management of domestic rice
production and distribution hence resulting in reduced vulnerability of smallholder farmers
and increased food security. The generated information can also help governments and
rice value chain actors to identify and manage any risks involved in rice production better.
Accurate and almost real time information on rice growth can help governments and other
actors to adapt their economic policies on rice import and export and can also enable

© IRRI
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disaster response and preparedness agencies to better anticipate and coordinate relief
efforts in the event of natural calamities. High quality data generated through the RIICE
technology can also be used to develop more efficient and transparent crop insurance
products to protect smallholder farmers.

The main beneficiaries of this practice are the national research and extension system in
the target country/state, central and local government units, insurance providers,
researchers, scientists and policymakers.

These projects already demonstrate good practice for satellite-based rice crop area
monitoring and mapping and are a promising practice for UAV-based rice crop health
monitoring. Integrated remote sensing and ICTs were applied in agronomy. ICTs were used
with earth observation processing software, integrated remote-sensing and crop modelling
interface, ORYZA crop growth model, Geo-Open Data Kit (Geo-ODK), climate data retrieval
and processing module. These practices were implemented in the Republic of the
Philippines (whole country), the Socialist Republic of Viet Nam (Mekong Delta and Red River
Delta), the Kingdom of Cambodia (whole country), the Kingdom of Thailand (North, North
East, and Central Plain), the Republic of India (Tamil Nadu and Odisha states), the Republic
of Indonesia (Subang district, West Java and Purbalinga district, Central Java).

Various public and private partners were involved and played specific roles. Partners in
this study include: SDC (RIICE project donor); sarmap (earth observation processing
technology provider); German Development Agency (GlZ) (country governance and crop
insurance implementation); Alliance (crop insurance implementation), Swiss Re Group (crop
insurance implementation); Philippines Rice Research Institute (PhilRice) (ground information
collection and dissemination and recipient of technology transfer); Philippines Department
of Agriculture (PRISM project donor, ground information provider, IT management entity,
and recipient of technology transfer); Cambodia Agriculture Research and Development
Institute (CARDI) (ground information collection and dissemination and collaborator on
capacity building); Department of Planning and Statistics (DPS), Ministry of Agriculture,
Forestry and Fisheries (MAFF), Kingdom of Cambodia (ground information collection and
dissemination, IT management, and recipient of technology transfer); Thailand Rice
Department (ground information collection and dissemination, IT management, and recipient
of technology transfer); Thailand Geo-Informatics and Space Technology Development
Agency (GISTDA) (IT management); Thailand Department of Agricultural Extension (DOAE)
(ground information collection and dissemination and recipient of technology transfer); Tamil
Nadu Agricultural University (TNAU), Republic of India (ground information collection and
dissemination, IT management, and recipient of technology transfer); Indonesian Center
for Agricultural Land Resource Research and Development (ICALRD) (ground information
collection and dissemination and recipient of technology transfer); State Department of
Odisha, Republic of India.

Methodology and development of ICT

The satellite-based rice monitoring system deploys three software modules, namely
MAPscape-Rice (Nelson et al., 2014), Rice Yield Estimation System (Rice-YES) (Setiyono
et al., 2017), and ORYZA Crop Growth Model (Li et al., 2017) This was done by developing
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Figure C2. MAPscape-Rice processing of SAR raw data

and validating dedicated software to process Synthetic Aperture Radar (SAR) data supported
with in situ information gathered using ICT and to integrate SAR information with other inputs
for ORYZA crop growth model to simulate and map rice yield results. MAPscape-Rice
processes SAR raw data into terrain-geocoded images (see Figure C2 for the process).
Figure C3 shows an example for Tamil Nadu in the Republic of India. Similar maps were
produced for the Mekong Delta rice area (Figure C4a), and for start of season (SoS) (Winter
Spring) for the Mekong Delta (Figures C4b and C4c), and leaf area index products.
Rice-YES integrates remote sensing information from MAPScape-Rice together with climate,
soil, and agronomic management information to simulate rice yield using ORYZA crop
growth model and together with MAPScape-Rice the yield simulation results are converted
into a map form.

In the case of natural disasters such as resulting from flood and drought, a map of the
impacted area, particularly the rice area, is generated by the system. The system provides
more detailed information on the flood impacted rice area in contrast to the conventional
information on the flood-affected area more generally.

© IRRI
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Note: Light blue to magenta colours indicate cultivated rice fields whereas light to dark green represent forests. Information derived
from these data contributes in acceleration of insurance pay out impacting more than 200 000 rice farmers who were not able to plant
their rice during the Samba 2016 season because of insufficient water.

Credits: Tamil Nadu Agricultural University (TNAU), Remote Sensing-based Information and Insurance for Crops in Emerging Economies
(RIICE), European Space Agency (ESA).

Figure C3. Processed SAR data over Tamil Nadu, India, in the Cauvery Delta region

from Sentinel-1 in 2016
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Figure C4a. Rice area for Mekong Delta, Viet Nam for Winter Spring season 2015-2016 derived

from SAR Sentinel-1 data and in situ information
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Figure C4b. Start of Season map for Mekong Delta, Viet Nam for Winter Spring season 2015-2016 derived

from SAR Sentinel-1 data and in situ information
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Figure C4c. Yield map for Mekong Delta, Viet Nam for Winter Spring season 2015-2016 derived

from SAR Sentinel-1 data and in situ information

Rice area and yield information were made available to the stakeholders in a timely manner
and at accuracy and agreement level greater than 85 percent based on ground-truthing
the rice area map assessment and comparison against official yield data and crop cut yield
data. The practice also delivers a protocol for field and landscape level observation of rice
crop health status, including assessment of the impact of pest and disease and lodging
on rice production using an unmanned aerial vehicle (UAV) system.

Challenges

Rule-based algorithms for SAR data processing and flexibility in interface for remote-sensing
and the ORYZA crop growth model were the key in addressing the challenges of site-specific
variations of the location setting. Early in the project, it was realized that because of the
varied rice ecosystem even within a country it was not possible to use a single set of
parameters for earth observation processing in order to produce reliable rice monitoring
products. Ground information is very critical in providing inputs to ensure quality and
relevancy of the output of satellite-based rice area and seasonality maps, for example.
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Context and problem addressed by ICTs

The SRM initiatives aim to provide more detailed, location-specific, timely, and accurate
estimates of rice production. Such information is crucial for planning and decision making
related to food security. This includes assessment of potential shortfall in production
requiring decisions on whether to import rice, better targeting of productivity enhancing
technologies, and rehabilitation and relief in the event of a calamity.

Often, data on rice production are not available at the required level of detail. For example,
in the Republic of the Philippines, official production statistics are available at provincial
level only. Although unofficial municipal statistics are available, their accuracy and reliability
varies by location. With the use of high resolution SAR data, rice areas can be estimated
at a finer level of detail. Municipal and even village level data can be estimated if a good
digital administrative map is available. Problem areas, such as those with low yields can
be located and thus targeted for technology dissemination. Moreover, estimates can be
available two months in advance of official statistics.

In the event of a calamity, quickly obtaining estimates of the area damaged is a challenge
because of mobility issues resulting from flood, road obstructions, and/or infrastructure
damages. Also, there is a tendency to report higher damages to expedite the release of
calamity funds. In such cases, an unbiased source of information is needed.

The effort started by relying on commercially obtained X-band SAR data from Cosmo
SkyMed (CSK) and TeraSAR-X (TSX) after the failure of the European Space Agency (ESA)
ENVISAT (C-band) mission in April 2012. The original plan was to rely on C-band SAR data
from ASAR ENVISAT satellite. This resulted in downscaling the coverage, in order to keep
project costs feasible, while focusing on methodology development to process the earth
observation data. In the early phase of the project, activities were dedicated to developing
correlations between rice growth parameters and SAR signatures, automatization of the
earth observation processes, and development of and interface linking remote sensing data
with the crop growth model ORYZA and preparing weather data and other inputs needed
to run yield simulation. Throughout the project duration, the methodology for capturing in
situ data for model calibration and validation were also refined with ICT implemented using
Geo-ODK software in smartphones and in situ LAl collection using smart phone application.
The practice aimed to address the challenges of site-specific variations in rice ecosystem
caused by differences in agro-eco-climatic setting and crop cultivation practices and to
manage accurate and timely delivery of the rice monitoring products.

Impact

RIICE Phase | (2012 to 2015) demonstrated in 13 sites in six countries in South Asia and
Southeast Asia that the methodology presented can accurately map rice areas across
different environments and crop management practices (Nelson et al., 2014). Because of
promising results in the pilot sites and the potential of the suite of technologies for
operational rice monitoring, governments have come forward and entirely funded the
development of their own rice monitoring systems. The Philippine Department of Agriculture
(PHL-DA) has funded the PRISM project to develop an operational rice monitoring system
for the whole country to guide decision-making and planning related to rice security. Under
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this project, a sustainability plan was developed to enable the smooth transition from
research to operation with the handover of the entire operation of PRISM to the PHL-DA
through the Philippine Rice Research Institute (PhilRice), a key project partner in PRISM.
Currently, PRISM data are being evaluated and used by the PHL-DA Rice Programme and
PHL-DA Regional Field Offices (RFOs) to complement existing data and other sources of
information. Likewise, the state governments of Odisha and Andhra Pradesh in the Republic
of India, have provided funds to IRRI to map and monitor rice areas in their respective states
for use in crop insurance. More Indian states are expected to do the same in line with the
Prime Minister’s crop insurance scheme launched in February 2016. Several damage
assessments have been conducted since 2012, one of which is the mapping of flood
damage extent resulting from typhoon Haiyan (local name: Yolanda), a category 5 tropical
cyclone that caused catastrophic destruction in the Visayas islands in the Republic of the
Philippines in November 2013. Likewise, the timely provision of flood maps and statistics
in Cuddalore district in Tamil Nadu, Republic of India in November 2015 helped identify
the flood affected areas and facilitated relief and rehabilitation measures undertaken by
the state government. The local government acknowledged that the flood assessment report
was used to rapidly provide relief materials such as seeds and seedlings to 400 flood
affected farmers in Cuddalore district (Gille, Pazhanivelan and Yadav, 2016).

Remote sensing-based assessment was also done to quantify the impact of the 2015 and
2016 EI-Nifo rice production in Mindanao island in the Republic of the Philippines, the
Mekong River Delta in the Socialist Republic of Viet Nam, and in the Kingdom of Cambodia.
In 2016, Tamil Nadu was hit by the worst drought in 140 years. The technology was used
to identify affected villages, and 200 000 farmers from these villages benefited by getting
insurance claims in record time (European Space Agency, 2017).

Constraints

During project implementation various challenges were encountered including
communication problems, unfulfilled expectations, technical glitches and limitations.
Challenges encountered by “next users” include difficulty in interpreting results and different
expectations of results in terms of format and coverage. The challenges were addressed
by improving communication channels and frequency, resolving technical issues and
resorting to more efficient options for IT solutions, which include the use of Amazon Web
Service (AWS) for processing raw SAR data. Feedback from the next users was used to
improve the format and coverage of the outputs to meet their needs and expectations.
Capacity building efforts continued in each country at various levels to develop in-country
skill sets.

Lesson learned

identify key stakeholders, plan how to engage them, and involve them early;
find champions and keep them informed and engaged;
clarify and manage expectations;

foster regular discussions, open and effective communication, and joint-decision
making with key project partners;

build capacity to use products and sustain the system; and
create opportunities for reflection, evaluation and joint-learning.
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Sustainability and upscaling

The practice is sustainable given that the SAR satellite data from ESA Sentinel-1 mission
are provided at no cost with an operational mission of seven years from the Sentinel-1 A
and B constellation with possible extension beyond such duration with the Sentinel-1 C
and D constellation. Moreover, technology know-how was transferred successfully to
government agencies and academic institutions with a mandate to carry out the practice
beyond the project duration.

This practice to some degree has been replicated but not in the same context in terms of
goal and institutional environment. Although rule-based algorithms and flexible remote-
sensing with respect to crop growth model interface ensure that the crop monitoring system
can be adapted to the different rice ecosystems, the caveat is that it is necessary to have
accurate ground intelligent information to set the system in place for specific geographical
locations. At present RIICE technologies are being replicated in various Indian states (Odisha,
Andhra Pradesh) and there are plans to expand in other Indian states as well as other
countries such as the Republic of the Union of Myanmar.
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Actionable intelligence from
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EXPERIENCES FROM SAP

The application of drones to agriculture has developed in exciting ways over the last three
years and SAP’s innovations in this field, namely its Leonardo® I0T and HANA® technologies
related to memory databases and analytics, are making important contributions.

This chapter will review the recent history of drones applied to agricultural problems, look
at how farmers’ and growers’ demands from drones are changing, and finally, present two
cases where SAP drone software is being used to solve real world agricultural problems in
two diverse agricultural sectors: bush/tree based cash crops (e.g. bananas) and cattle
ranches. The focus will be on the technology benefits that software processing of raw data
output from drones bring to the agri-sector, i.e. using the outputs from the drones to provide
meaningful insights into an agri-business.

The well-documented potential for drones to revolutionize agriculture reached its zenith in
2015. Drone technology captured the imagination of investors, entrepreneurs and farming
businesses alike as a means to replace certain tasks on the farm and play a role in “precision
agriculture” — the modern farming technique aimed at making production more efficient
through the precise application of inputs and machinery (Burwood-Taylor, 2017).

The promise of drones not only centred on crop scouting through imagery captured by the
drone, but also on applying inputs such as pesticides. The start-ups that raised funding in
2015 were split broadly into two categories: the unmanned aerial vehicle (UAV)
manufacturers and the drone software platforms mapping out flights and providing some
analysis of the images received. Some did both. The focus in this chapter will be on the
analysis of the images received.

Towards the end of 2015, there were signs that expectations for the technology in agriculture
may have been inflated. One potential indicator of this could be the 64 percent drop in
funding for drone start-ups and applications in 2016 compared to 2015. But, more
importantly, the signs also showed in the agriculture community.

In the early days of using drones to capture aerial imagery, just having an aerial image of
your farmland, added great value. The idea was that farmers could fly over their fields as
often as they wanted to pinpoint issues, such as irrigation leaks, leaf colour variation, or
pests like nematodes. Soon, however, this information was not enough and farmers
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complained they were getting less and less value out of the images. Although the images
could help them plan their days better by highlighting where these issues were occurring,
it was becoming apparent that by the time the imagery informed them about certain issues,
it was often too late to remedy the situation.

Farmers soon wanted more from their images and the term “actionable intelligence” (Eisaian,
2017) has become popular among start-ups and investors relating to the technology
(Burwood-Taylor, 2017). The first step in providing this actionable intelligence was producing
crop health maps for farmers to pinpoint areas of potential yield loss. This was achieved
by measuring the amount of biomass or live green vegetation in the crops using near-infrared
(NIR) sensors (Roderick, Smith and Ludwick, 1996) that can detect vegetation levels based
on the amount of light reflected off the leaves — the higher the biomass content, the more
light that is reflected. These vegetation levels use the Normalized Difference Vegetation Index
(NDVI), a simple graphical indicator for these measurements, to produce what are commonly
called NDVI maps (Holme, Burnside and Mitchell, 1987). These maps show crop health
through colours, which vary from dark green/blue for areas with most vegetation to red for
the least healthy areas (see Figure D1).
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Source: DroneDeploy (no date)

Many early drone technologies for agriculture relied on uploading images to the cloud for
processing or even returning to a computer to upload and then push through to an analytics
programme to create the NDVI maps. With limited mobile phone coverage in many
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agricultural regions, and large distances to travel between fields and the office, farmers
and agronomists have complained that this can become an arduous process. And, without
the benefit of real-time, actionable insights in the field, many believe the technology is not
worth their time and cost.

The commoditization of drones, which can now be purchased for as little as a few hundred
dollars, has also made the actual vehicle for flying of less importance; now it’s all about
the sensor attached to the drone, the processing and analysis of that imagery, and the
real-time, actionable insights that analysis can give to farmers. To answer this call, SAP
launched SAP Leonardo (METOS, no date) in 2016. This is a digital innovation platform
especially tailored to adding insights to data captured from any loT platform — the very
actionable insights that growers and farmers are craving (Figure D2).

SAP Leonardo Bridge
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SAP Leonardo innovation portfolio for Internet of things (loT) solutions integrates
technologies and runs them seamlessly in the cloud. Its Design Thinking (SAP, no date, a)
methodology recognizes the fact that each farmer’s and grower’s exact requirements are
different from a standard software offering, though they may share many of the attributes
of prior solutions. For example, data captured from a drone can be incorporated into
a system in a standard way that should not have to be re-written every time an application
is deployed, but how the data is analysed and displayed could well change from farmer to
farmer. To this end, Design Thinking offers a standard methodology to quickly brainstorm
and prototype solid solutions using standard Leonardo® software components.
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Drone-based sensors are particularly suited to agricultural applications. Sensor technology
and the loT can be leveraged to collect precise agricultural machinery data, as well as
weather and soil data. In fact, as of the last quarter of 2017, the agri-business sector is
the pre-eminent sector for the civil use of drones. The use cases are many, including drones
and robots being used to diagnose pests and crop diseases, monitor fertilization and
irrigation status, and, increasingly, automate fertilization or crop protection tasks. In addition,
farmers are getting connected to the global value chain through mobile technology even in
the most remote rural areas.

The vision for SAP Connected Agriculture using the Leonardo drone-based IoT platform is
to support new business models and processes in agri-business. This includes enabling
insight creation and constant optimization of processes and practices by leveraging smart
algorithms. A good example of this was cited previously in this chapter — using drone-based
sensors and GIS overlay data to produce NDVI crop maps.

An important design attribute is that the loT platform uses HANA Cloud. The amount of
data that can be collected is staggering, vastly in excess of any cost-efficient traditional
on-site storage. For example, a typical drone carrying five sensors complemented by
15 other loT sensors in the field, with peak sensor data bandwidth of ~50 terabyte/month,
sampling at ~1Hz and conducting 10 to 20 field operations per season for a 2 000 ha/farm
can produce the equivalent of 50 000 GB worth of data.

Apart from using the cloud to consume and store the data easily, HANA Cloud also has
fast analytic capabilities. Again, as cited in the recent history of drones section above,
growers have moved on from simply viewing aerial pictures of their fields and paddocks to
demanding actionable intelligence. The HANA analytics platform allows speedy analytics
of the captured data, as we will see in the use case examples discussed later in the chapter.

Finally, a challenge for remote locations is the lack of connectivity to stream drone sensor
data to the cloud for processing. This is not a new challenge and has been seen in other
industries, especially mining. Numerous hardware and software technologies exist that solve
this issue and some are listed below, but the message is that even remote off-grid farms
and regions can benefit from actionable intelligence from drones, for example:

local Wi-Fi receiving stations can be powered by batteries/charged from solar cells;

smart intelligence, which varies the duty load of the drone receivers/Wi-Fi receiving
stations based on battery charge, will be available (i.e. if batteries are charged then
they can have a more frequent surveying schedule);

on-farm pre-processing of data can reduce the amount of data to be uploaded to
the cloud by a half to a third — this can be done simply by compressing files;

a network of local Wi-Fi to get to a point where the data can be uploaded can easily
be created; and

on-drone storage for post flight data upload will be available.
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In order to create decision level actionable intelligence, we need to consume not only data
from drones, but from all information sources available. It is clear that data captured via
drones alone will not give us the complete picture of the environment and must be used in
conjunction with GIS data, weather data, in-field loT data, farm machinery data, agriculture
commodity price data, fertilizer commodity price data and other agro-economic sources
to give us the best decision tool. This is what Connected Agriculture using the Leonardo
loT platform strives to do by enabling collaboration through standardization and open
interfaces using Leonardo Foundation Technical Services.

The SAP Cloud Platform loT services can be used to connect devices to the SAP Cloud
Platform in order to use data from these devices in applications. The communication can
be two-way, not only connecting to remote devices to manage the life-cycle from
on-boarding until decommissioning, but also to receive device data and send commands
to remote devices (e.g. turning on-farm and off-farm irrigation units based on analysed drone
data).

Two practical real world use cases of SAP’s Leonardo Connected Agriculture suite
connecting drones to provide innovative solutions to two very different agricultural problems
provide important lessons.

Many cash crops can benefit from drone surveying to improve the yield outcome and
profitability for the grower. Tree/bush-based cash crops such as banana, cotton, fruits, nuts
and forestry are often overlooked in favour of higher turnover market garden crops.

The Leonardo Connected Agriculture suite has been deployed to prove concepts/prototypes
for many of these industries, with the aim of providing a historical record of the lifecycle of
a cash crop tree, from sapling to maturity. The advantages of this record keeping are that
the growers have:

a history of all agriculture actions applied to the cash crop tree/bush;

absolute proof that the crop comes from areas of established plantation, the
provenance being recorded on a blockchain record, down to the tree/bush level;

a record of pest or blights affecting the trees;
a record of inputs to the tree, e.g. fertilizer/manpower/insecticide;
information on profit and loss at tree/bush level;

a record of seeds harvested from the tree and links to new tree saplings produced
(a hereditary hierarchy); and

an analysis of yields and actions to improve crop quantity and quality.

Yields are an important concern to any cash crop owner. New land for planting is hard to
come by, either because of the expense of buying farmland or restrictions on clearing
forested areas or unsuitability of certain land areas for cropping. Therefore to meet the global
demand for food as global population increases, improving yields is paramount.
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It is important here to consider the scale of the task. For plantations to be commercially
successful, growers often have to upscale their operation. Banana plantains of 2 000 acres
are common and surveying such a large area efficiently needs some thought. In a Design
Thinking workshop, a number of solutions were brainstormed. Although loT sensors are
cheap and plentiful, the sheer number required to tag every tree in a plantation and the
wired or wireless infrastructure required to support the loT sensors was deemed impractical.

Drone overfly of fields/forestry/plantations coupled with GIS data and advance processing
was the chosen solution and has since been implemented in the project. What follows is
a discussion on how the images are captured and processed, and the value added to the
collected information using the power of Connected Agriculture and HANA® advanced
analytics to produce actionable insights.

Inexpensive commercial drones are used to overfly a bush/tree plantation. The plantations
are often well laid with the trees in a regular grid pattern, typically in strips 100 m wide by
1 km long. This makes it easy for human-controlled or automatous UAVs to map large areas
of plantation quickly. A series of flat two-dimensional images are taken at different angles,
with the position of the images being recorded using GPS coordinates. If anything, this is
the easy part of the whole process. What happens next is where the power of digital
analytics really comes to the fore.

The thousands of images taken by the drones are stored in HANA for fast persistence.
Then an open source tool called OpenDroneMap (OpenDroneMap, no date), which can be
used open source toolkit for processing aerial drone imagery, is used to stitch together
the thousands of images into three-dimensional (3D) geographic data that can be used in
combination with other geographic datasets (see Figures D3 and D4).
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The next step is to use another image processing tool, Pix4D (Pix4D, no date). This is
a solution to convert the 3D point cloud into 3D surface models based on advanced
automatic aerial triangulation. This process is based purely on image content and unique
optimization techniques.

The output of this process is a GeoTIFF file, which is a public domain metadata standard
that allows geo-referencing information to be embedded within a TIFF file. The potential
additional information includes map projection, coordinate systems, ellipsoids, data, and
everything else necessary to establish the exact spatial reference for the file.

The final part of the process is to analyse the GeoTIFF, identify individual unique trees and
add in historical/metadata to each individual tree. Planet.com/Esri are GIS services that
provide GIS layer data that can be combined into the GeoTIFF. The SAP Objectstore adds
in all the historical data recorded for each tree, e.g. yield, fertilizer records, harvest records.
The SAP Geoservices layer effectively creates a pyramid of images from which the user
can drill up and down through the stack, right down to an individual tree. The end product
of this processing is a GeoTile that captures all information about an individual tree in an
easy to serve and process object. A GeoTile is typical at a 100 m?, but it is possible to drill
down to an individual tree/bush.
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Finally, Connected Agriculture (SAP, no date, b) is used as the front-end tool for the growers
to interact with their digitized plantations (Figure D5) — Connected Agriculture can produce
many attributes, even down to the tree level to record all and every action applied to that
tree over time.
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According to the SAP Proof of Concept, a plantation manager can use the Connected
Agriculture interface to replay time and see how the tree/plant/bush has developed and
matured over 30 years. The manager can also look at the inputs provided to that tree, again
between any two points in time. HANA Analytic (SAP, no date, c) in Connected Agriculture
can be used to understand the impact of actions. For example, did costly fertilizer prove
beneficial in improving yields? How did the rainy season affect the ability to harvest? Are
the weather conditions such that the farmer is at risk of pest infestations in certain localities?

The important point to remember here is that the technology that enables drones to survey
is mature. Drones are becoming commodity items and very capable units can be purchased
for a few hundred dollars. Sensors are inexpensive too.

What has been missing up to now is the ability to store and process the vast amounts of
data produced by even a simple drone pass. Raw data from a drone is just that, raw. It is
of little use until it is processed. In the SAP Proof of Concept, explained above, the images
are stitched together, processed into point clouds, external data from GIS sources are
added, and then database objects that form the basis of the analytics are created. Some
of the most useful tools for actionable intelligence are scenario testing using the Leonardo
Machine Learning (Al) engine (SAP, no date, d).
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Farmers, growers and plantation managers can enter many “what if” scenarios and view
the outcomes graphically in Connected Agriculture. SAP’s machine learning digitally models
a farm and gives insights into potential outcomes based on varying inputs. For example,
what happens if there is a drought? How is yield affected? Is it worth paying for crop
protection — will the resulting extra-protected yield justify the costs?

Once the data is in the digital domain, a whole host of technologies can be applied to
create actionable information. Through feedback, the Leonardo Machine Learning engine
becomes tailored to an individual plantation over time and there has been remarkable
accuracy when comparing predictions to actual outcomes.

In this second use case, we look at 0T solutions for cattle farming. Although cattle farming
has evolved since the 1800s when cowboys drove cattle along the open ranges of the
American west, ranchers still lose sleep over the same questions: Where are my cattle?
Are they healthy? How many calves were born last week? Do my animals have enough
grass and water? Which predators are in the area? All of these factors can influence the
rancher’s bottom line.

The economics of cattle farming increasingly favours big herds requiring ever-larger grazing
areas managed by fewer caretakers — from ranches in the United States of America, to the
People’s Republic of China, the Federative Republic of Brazil, the Republic of India, the
Republic of Argentine or the Russian Federation and the numbers are truly staggering. One
major agribusiness in the Russian Federation, for example, aspires to grow its herd to a
million cattle grazing across 10 000 square kilometres. Monitoring territory of this size is a
huge task, so farmers are increasingly looking to technology for answers, and they are
finding inventive solutions based on the loT - in particular the IoT solution supported by
the SAP HANA Cloud Platform.

In all industries, agri-businesses are becoming increasingly digitalized, a development which
is viewed by many as key to feeding the world sustainably. Digitalization of their processes
enables agri-businesses to increase productivity and manage food supply chains sustainably
and transparently “from farm to fork.” Early adopters of loT solutions in crop farming have
already shown that sensor data across farms can be collected and analysed on a cloud
platform.

The production process on cattle farms is similar worldwide. Mother herds graze in open
green fields, bearing calves. Bulls reaching 220 kg are moved to separate grazing fields to
mature. At about 400 kg, ranchers move the cattle to more densely populated feedlots
where they remain until slaughtered at about 600 kg. The cycle is continuous and the
challenge is to maximize output while ensuring quality and minimizing operating costs.
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The prototype developed by the SAP envisages a cattle collar with sensors for location
(GPS), motion (accelerometer) and temperature. Batteries need to keep the collar
transmitting for the life of the cow, up to three years. The current cost per collar is about
USD 25, however that cost will drop significantly.

Sensor data can be combined to tell whether a bull or cow is sick, trapped, lost or deceased.
According to one study (Helwatkar, Riordan and Walsh, 2014), accelerometers can
distinguish up to nine different cattle diseases. Temperature can indicate a dead bull, which
if left undetected might spread disease to others. An animal that is alive (temperature) but
static (GPS) could be injured or trapped. The pictures delivered by a drone can also deliver
useful information about a herd, such as pasture grass quality or the number of newly born
calves. Where it is clear that predators have struck, ranchers can take preventative
measures.

As with any operation in remote territory, there are technical challenges. Perhaps the most
innovative part of the SAP solution is the way sensor data is transmitted from the herd to
drones. RFID can transmit only ten metres, bluetooth is susceptible to weather conditions,
and mobile communications networks seldom support underpopulated rural areas, so all
three were not viable. Therefore drones and collars were outfitted with low-power wide area
network (LoRa) transmitters and receivers. LoRa is a relatively new communications method
intended for wireless battery-operated devices that supports sending data long distances
at very low data-rates.

The interesting part begins once a drone completes its mission autonomously and returns
to the farm with herd data. All sensor and picture data are uploaded to HANA Cloud Platform
(SAP, no date, €) for evaluation. Cattle farmers can immediately analyse and evaluate the
data to gain near-real-time status over their herds, develop action plans and even make
predictions that support upstream and downstream processes of the business. With the
information, cattle farmers can more easily adopt a “management by exception” working
model, which helps them optimize the way resources are allocated.

Agriculture is the leading business for the application of drones. Given the huge number of
hectares of land that are given over to agricultural activities and the remoteness (i.e. lack
of wired or Wi-Fi infrastructure), this is perhaps not surprising. Drones are inexpensive and
reliable. What has been missing up to now is the ability to add actionable insights into the
data captured by drones. The challenges to doing this successfully have been shown to
be:

1) processing the vast amounts of data captured (5 000 PCs worth in one month for
20 sensors at 1 Hz for a typical farm);
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2) integrating multiple data sources on different protocols (e.g. GIS data, multiple
sensor vendors, pre-processing of image data);

3) analysing the resultant datasets in a timely manner to produce actionable insights;
and

4) presenting the actionable insights in a way that can be understood easily.

SAP has brought three of its technologies together to enable the information capture by
drones to be effective. These technologies are:

(1) the HANA cloud database technology with limitless speedy data capture, retrieval
and analytics;

—
N
R

the Leonardo loT suite to connect and exchange information over any protocol; and

(8) the Connected Agriculture suite to provide an intuitive and graphical front end to
farmers and growers.

The lessons of the use cases can be extended to any agriculture challenge. Although tree/
bush plantations and cattle herding were the examples given here, any agricultural
management and decision support problem can be solved with this robust, mature and fit
for purpose technology.
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manned aerial vehicles (UAVs) or unmanned aerial systems (UAS), better known as
drones, in a technological context are unmanned aircrafts that can be remotely controlled
or fly autonomously. They work in conjunction with GPS and others sensors mounted on
them. The total addressable value of drone-powered solutions in all applicable industries
is significant — more than USD 127 billion, according to a recent PwC analysis. Drones
have been mostly associated with military and warfare in the past but keeping pace with
technological advancements, they have found application in a plethora of disciplines. With
the world population projected to reach 9 billion by 2050 and agricultural consumption
expected to increase by 70 percent over the same period, agri-producers need to embrace
emerging technological advancements such as UAVs. Drones in agriculture are simply
a low-cost aerial camera platform, equipped with an autopilot using GPS and sensors for
collecting relevant data. They can be compared to a regular point-and-shoot camera for
visible images, but whereas a regular camera can provide some information about plant
growth, coverage and other things, a multispectral sensor expands the utility of the
technique and allows farmers to see things that cannot be seen in the visible spectrum,
such as moisture content in the soil, plant health, stress levels and fruits. These could help
overcome the various limitations that hinder agricultural production. PwC estimates the
potential market for drone-powered solutions in agriculture at USD 32.4 billion. UAVs
application in agriculture opens the gateway to access real time information on the farm. It
can be used at different stages throughout the cropping cycle:

Soil and field analysis — After getting precise 3D maps for soil, planting can be
planned and nutrient status can be analysed for further operations.

Planting — UAS shoot seeds with nutrients in the soil with an average uptake of
75 percent, thus bringing down costs for planting.

Crop spraying — Drones can scan the ground and spray the correct amount of liquid,
modulating distance from the ground and spraying in real time for even coverage.

Crop monitoring — Time-series animations can show the precise development of
a crop and reveal production inefficiencies, enabling better crop management.

Irrigation — Drones with hyperspectral, multispectral, or thermal sensors can identify
which parts of a field are dry or need improvements.

Health assessment — By scanning a crop using both visible and near-infrared light,
drone-carried devices can identify which plants reflect different amounts of green light
and NIR light. This information can produce multispectral images that track changes
in plants and indicate their health.
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Context and challenges

The Republic of India is a multiproduct agricultural nation with highly diverse topography,
climate and soil. The country’s small-sized, family farms practice a unique kind of mixed
agri-horti-livestock farming, which is a cost-effective model ideal for other developing nations
with small farms. Indian farmers multitask, and shift with ease from crop cultivation to animal
husbandry, thereby remaining engaged throughout the year. By and large, this versatility
has transformed the Indian agricultural sector and in 2016-2017 it contributed 17.32 percent
to the country’s Gross Value Added (Statistics Times, 2017). Despite the transformation,
Indian agriculture is still limited by a number of factors including the unpredictable weather,
scattered and small landholdings, non-scientific way of farming, poor technological adoption.
It points to a dire need for technological intervention in the system. To keep pace with world
agriculture, farming needs to be become more technologically driven. It has to be more
reliant on real time information thus enabling the farmers to make more informed decisions.
There are several challenges pertaining to the implementation of UAVs in the agricultural
context:

Quality software — Right from planning the flight path till processing the final image,
software plays a crucial role in the applicability of this technology.

Legal aspects — Different nations have their own regulatory regimes pertaining to
the use of UAVs in agriculture.

Acceptability on the farmer front — Technological unawareness may be a hurdle in
its penetration.

Flight time and flight range — Most drones have short flight ranges thus limiting the
acreage that they can cover. The ones with the longer flight ranges are relatively more
expensive.

Initial cost of purchase — Drones with features that are suitable for use in agriculture
are quite expensive.

Interference with the airspace — Drones share the same airspace with manually
manned aircraft.

Connectivity — Mostly farmlands may not have good connectivity, thus either the
farmer has to invest in connectivity or buy a drone capable of capturing data locally
for later processing.

Weather dependency - Drones’ operations are heavily dependent on climatic
conditions, thus limiting their usage.

Benefits for stakeholders, partners and end users

This is a promising technology offering immense value across the entire crop value chain,
including the stakeholders — from farmers to consumers.

The Farmers — They are the main and direct beneficiaries of this technological intervention.
They get access to real time infor