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EXECUTIVE SUMMARY

In 2017, the CSIR undertook the BD4BoPAD (Big Data for Base of the Pyramid Agricultural
Development) project, funded by the (then) Department of Science and Technology (DST).
The project tested and demonstrated the use of drone imaging technologies to support small
scale farmer activities.

The primary objective of the BD4BoPAD project was to assist the DST to determine future
investment in the “big data and small data for development” space in South Africa. Findings
of the BD4BoPAD project showed that the drone technology holds potential as a tool for
agriculture and decision support application for emerging small-holder farmers. This lead to
the development of this “Transformative Farming through Local and Remote Sensing
Decision Support” project. This project builds on the BD4BoPAD project to demonstrate the
use of drones and Precision Agriculture to support the Department of Science and
Innovation’s (DSI) Technology for Sustainable Livelihoods in its objectives of empowering
emerging farmers.

CSIR identified Precision Agriculture as a key 4" Industrial Revolution technology to support
commercial and rural economies in the agricultural sector. Precision Agriculture is a
technology-enabled approach to farming. Modern information technologies are used to
provide, process, and analyse farm-level data (spatial and seasonal). The data is then used
to guide decision making towards improving the efficiency, productivity, and sustainability of
agricultural operations.

This drone demonstration project complements a multi-year CSIR Parliamentary Grant
funded initiative on Precision Agriculture capability development and R&D. During the course
of the Transformative Farming project, CSIR secured multi-year funds from the DSI to
develop a Precision Agriculture Information System (PAIS) to meet the needs of small and
emerging farmers.

Existing PA systems do not adequately address the requirements of emerging farmers.
Significantly, they do not provide actionable type information which can guide the emerging
farmers in various agricultural aspects such as fertiliser application, irrigation, chemical
application, planting, harvesting etc.

The PAIS shall be the first farm-scale and crop specific Geo-information Decision Support
System (GDSS) aimed at supporting the emerging farming system in South Africa. Its’
ultimate intent is to address challenges faced by emerging farmers, optimise the use of inputs
and resources and improve crop production yields.

Drone PA demonstration pilot
A pilot study was conducted with two emerging maize farmers located in the Vereeniging
region. They are supported by Farmsol to produce maize for South African Breweries.

The pilot study involved aspects of:
¢ field, UAV (drone acquired images), and satellite data collection and processing
e data analysis, modelling and algorithms application
¢ interpretation of maize biochemical and biophysical properties.
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Based on preliminary interpretations, the key agricultural aspects for emerging farmers to
focus on to improve their maize crops are related to:

e weed control,

¢ nitrogen fertilisation,

e mechanical planter configurations,

e water run-off during high rainfall and

o different planting strategies.

Emerging farmers face substantial agricultural challenges such as pests, diseases, weeds
and climate variability, resulting in low production yields. These challenges are mainly due to
the lack of agricultural skills, expertise and guidance, which can be addressed with the use
of PA.

Emerging farmers indicated their key PA requirements to be:

weather patterns and warnings;

soil and crops parameters;

crop growth information throughout the growing season for insurance purposes; and
sharing of PA information through emails or a platform will be preferable.

The two emerging farmers indicated that they typically achieve approximately 4 tons/ha
maize under dry-land conditions. Some commercial farmers achieve 8 — 10 tons/ha maize
under dry-land conditions in certain high-rainfall regions. This is highly dependent on the farm
location, optimised seed variety planted, plant density, agricultural practices and most
importantly the timing of implementing agricultural activities. Preliminary indications are that
if the emerging farmers focus on implementing the PA information timeously, this could
potentially improve the crop yields by at least 20% with the aim of targeting yields of over 5
tons/ha, over the next 5 years. This is subject to weather and climatic conditions and
implementation of good agricultural practices.

The data gathered and findings from the pilot study will be used in the developments of the
drone component of the CSIR’s PAIS.

Opportunities identified

A multitude of stakeholders were engaged to determine the market interest for PA.
Workshops were held with various stakeholders such as the LDARD (Limpopo Department
of Agriculture and Rural Development), emerging farmer support associations such as
Farmsol and SAGRA (South African Grain Farmer Association). The interest in the
agricultural benefits that CSIR’s PA initiative can provide to emerging farmers is promising.

Once the CSIR’s PAIS is fully functional and commercially rolled out, opportunities can be
created for SMEs in drone operation and agricultural extension services.

e SMEs can provide drone services for farm image acquisition. Since these SMEs will be
commercial Remotely Piloted Aircraft System (RPAS) service providers, they need to
comply with the regulation by the South African Civil Aviation Authority — i.e.: having a
licensed pilot, a licenced operating company and drone registration. This could be a
lengthy and costly process.

e Many emerging farmers could initially be overwhelmed with the PA information, and
require assistance to interpret and act on the maps. Agronomy based SMEs can be
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enlisted to unpack and interpret information to emerging farmers, as well mentor and
guide them in implementing the necessary actionable agricultural practices.

Way forward — Actions

The CSIR will continue with further developments of the PA platform and incorporate the
learnings and farmer preferences gathered from this pilot study. Technical aspects such as
soil moisture-, maize growth stages models and yield prediction subsystems are still in
development. These will also incorporate various aspects of machine learning, which will be
based on additional field work and case studies. Information access is still under
development, and will mainly be by email, chat platforms and via online platforms

A critical success factor for the implementation of the PAIS is integration and collaboration
with its stakeholder network consisting of government departments, CSIR, funders, SME’s
and emerging farmers. Further stakeholder engagements will be required to introduce the
concept and benefits of PA. These mainly include the positioning of the PAIS in various
emerging farmer associations and government organisations. Fortunately, the CSIR has
already positioned the PA initiative with Farmsol to support their substantial emerging farmer
base which consists of approximately 500 emerging farmers comprising of small (1 — 30 ha),
medium (30 — 100 ha) and large (> 100 ha) farmers.

Government is currently providing funds to support the development of the PAIS to benefit
emerging farmers, however other income streams will be required in the long term. The
sustainability of a longer term national roll-out of PA to farmers is dependent on
demonstrating the technology sufficiently to farmers, so that they fully realise its potential and
lobby their associations to pay for it. This paves the way to transition from government funds
supporting PA services.

Once the PAIS is fully developed, it will provide the emerging farmer with actionable farm
advisory information for every critical growth stage of the crop, this will be expanded to include
a variety of the commonly cultivated crops in South Africa. The information will guide the
agricultural activities to be implemented and it will also serve as an early warning system that
will alert farmers on impending crop disaster. Early warning should elicit a quick response to
safeguard the crop growth, yields and therefore greater profits.

The actual expense (professional fees and running expenses) amounted to R739 078.
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1. Project Context
1.1. Introduction and Background

Rural development, agriculture (primary production) and agro-processing play
important roles in the socio-economic innovation and development of South Africa.
They can have a substantial impact on food security, enterprise, and job creation as
well as youth empowerment in rural and urban contexts.

In 2017, the CSIR undertook the BD4BoPAD (Big Data for Base of the Pyramid
Agricultural Development) project, funded by the Department of Science and
Technology (DST). The project tested and demonstrated the use of drone imaging
technologies to support small scale farmer activities. The project was implemented in
collaboration with the Practical Agriculture for Southern Africa (PASA) incubator
located at the Tshipakoni Agricultural School in Vuwani, Limpopo. PASA provides
training to young emerging farmers and supports them to become “out-growers”. In
the long run, these rural development initiatives are aimed at achieving youth-focussed
growth in small-scale agriculture.

The primary objective of the BD4BoPAD project was to assist the DST to determine
future investment in the “big data and small data for development” space in South
Africa. Findings of the BD4BoOPAD project showed that the drone technology holds
potential as a tool for agriculture and related applications including decision support
for emerging small-holder farmers. This lead to the development of this
“Transformative Farming through Local and Remote Sensing Decision Support”
project to support the Department of Science and Innovation’s (DSI) Technology for
Sustainable Livelihoods in its objectives of empowering emerging farmers.

1.2. Project Rationale

In the uncertain context of climate change, farmers face a challenge of producing more
quality food using less resources. There is limited arable land, depleting water
resources, increasing population, escalating input costs and rising competition from
global producers.. Emerging farmers with limited funds, assets, technologies and
experience are even more vulnerable within this context. These stressors underpin the
need for smart and innovative digital solutions to support farmers, especially emerging
farmers with actionable data to enhance productivity, competitiveness, and farm
profitability.

CSIR identified Precision Agriculture as a key 4™ Industrial Revolution technology to
support commercial and rural economies in the agricultural sector. Precision
Agriculture is a technology-enabled approach to farming. Modern information
technologies are used to provide, process, and analyse farm-level data (spatial and
seasonal) for decision making and improving the management of crop production.

This drone demonstration project complements a multi-year CSIR Parliamentary
Grant funded initiative on Precision Agriculture capability development and R&D. After
the initiation of the Transformative Farming project, multi-year funds were secured
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from the DSI to develop the Precision Agriculture Information System to meet the
needs of small and emerging farmers.

1.3. Project Aim

The aim of the Transformative Farming project was to pilot the use of multi-spectral
drone technologies in a Precision Agriculture proof-of-concept initiative. The initiative
was aimed at emerging grain farmers and stakeholders with a view on creating an
enabling environment for facilitating growth. It sought indications of: “What potential
benefit could PA provide to emerging farmers?”

1.4. Project Objectives

The objectives of the Transformative Farming project were:
e Crop condition monitoring integrated from local and remote sensing systems —
This entailed:
o Developing multi-spectral drone capabilities
o Developing and applying advanced Earth Observation Precision Agriculture
e Fostering efficiency of maize production for emerging farmers and thereby
supporting local grain crop farming and competitiveness.

1.5. Scope of Work

The project’s scope of work entailed:
e Development of algorithms/models for maize biochemical and biophysical
properties
¢ Avisible and near-infrared (VNIR) multi-spectral drone methodological protocol for
monitoring maize growth
¢ Regulatory aspects for drone operation
e Technical review of existing crop geo-info systems
¢ Pilot study:
o Proof of concept using a drone; and demonstration to farmers
o Support to 2 emerging farmers with drone services for PA
e Actionable data based on PA findings
e User PA requirements and business opportunities
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1.6. Activities

The project was structured into three components spanning planning, execution and
results as illustrated in Figure 1.

Contextualisation Project Execution Outputs: Learning &

Planning & Prep A Future Scoping

«Context: drone & *Data acquisition *Concept for
sensing info in «Data ana]ysis & drones &
crop farming modelling precision

« Stakeholder «Interpretation & agriculture
engagement, feedback *Way forward /
needs analysis, Recommendation
farmer selection S

*Execution
planning

\ J . J \_ J

Figure 1: Project activities

1.7. Networks

A network comprising of various stakeholders was established to execute the project,
as presented in Figure 2.

< &CSIR

Touching lives thiough innovation

¢ Implement Transformative
‘ , ‘ Farming demo project
e A —— o PA expertise

Sclence ond Innovation
Nap# REFUBLIC OF SOUTH AFRICA

DSI
Funding support to
emerging farmers in
science & innovation

2 FarmSol

Farmsol
Support to emerging farmers
SAB maize supply

en
Easy UAV

e Drone operation
e Image stitching

Emerging
farmers (x2)
Crop cultivation

Figure 2: Stakeholder network
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Role players in this project included the DSI, CSIR and the two emerging farmers,
supported by the following additional entities:

e Farmsol — is a black-owned agricultural services company (an SAB Thrive Fund
initiative). It focuses on incubating emerging farmers into fully fledged, sustainable
enterprises attaining higher and improved quality yields. It thereby enables multi-
nationals in the food and beverage sector to source reliable supply of high-quality
raw materials from emerging farmers.

e Easy UAV — A SME service provider, appointed by the CSIR through a procurement
process to acquire drone images of the emerging farms.
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2. Contextual Analysis
2.1. Precision Agriculture

Precision agriculture (PA) is a management strategy that uses a wide range of
technologies to gather, process, and analyse data. The data is then used to guide
targeted actions that improve the efficiency, productivity, and sustainability of
agricultural operations.

The South African agricultural sector is increasingly challenged by:
¢ climate change and variability
¢ the emergence of new pests and diseases (e.g., fall armyworm)
e Water security
e increasing costs of inputs
¢ declining interest of younger generations in farming

Given these variabilities — in order to sustain the nation’s food security needs — there
is a need to increase agricultural productivity, by producing more and/or higher quality
products per unit area. The agricultural sector needs to do more with less, by efficiently
managing the land and water resources that are available. Optimal use of production
inputs (water, fertiliser, herbicide) is required to:
e improve the profitability and competitiveness of SA agriculture in international
markets
¢ reduce the environmental impacts of agricultural activities (e.g., water quality and
scarcity)
¢ ensure food security for growing populations.
PA aims to achieve this goal of optimising farming practices while simultaneously
reducing input costs for the farmer.

PA is a broad term that can include specialised and modified farming equipment such
as:
field sensors
‘smart’ irrigation devices
‘smart’ tractors and seeders
detailed weather information
spatial information technologies such as:
o remote sensing (e.g. drone and satellite information).

Detailed and repetitive spatial information (at different spatial scales) underpins the
PA strategy of monitoring field productivity and providing targeted actions.

There has been a recent ‘boom’ in drone and satellite remote sensing technologies.
This was followed by large volumes of ‘Big Data’ together with advances in computing
power, high speed internet, machine learning (ML) and artificial intelligence (Al). If
harnessed correctly, all these aspects can deliver value within the PA context. They
also represent key aspects of the fourth industrial revolution (4IR), where physical and
virtual worlds are married together (via ML and Al) to increase interoperability and
autonomy.
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These different technologies, incorporated within PA, could present an “innovation
ecosystem” that cuts across many sectors and has wide-ranging job creation
opportunities. For example:

e By embracing 4IR technologies PA can enable producers to monitor weather,
crop, and soil health, through spatial intelligence, farm management software, and
predictive analytics.

e PA information and smart technologies will also enable cost-effective business
decisions by agro-industries or agribusiness at all levels of the agricultural value
chain.

COVID-19 has brought about uncertainty. PA and remote sensing specifically can play
major roles in providing independently verifiable information on the state of the
agriculture sector. Satellite data, could be used to monitor large areas of agricultural
activity, detect and warn of possible crop stressors (e.g., pests, disease, water
deficiency), and assist decision makers (who may not be able to be physically present)
in relaying vital management decisions to farm workers.

With the nation’s food security in mind, the Department of Agriculture has also
generously provided many farmers with COVID-19 relief funds. It would therefore be
imperative that these funds be used optimally. PA technologies (such as satellites and
drones) could help independently monitor these funds. This information could be used
in future to assess the viability of further relief fund distributions and/or assist farmer-
specific credit models and loan repayments schedules.

Investment into PA systems that aim to help South Africa’s agricultural sector become
more productive, more sustainable, and more efficient, will also assist government in
addressing several UN Sustainable Development Goals (SDGSs) such as:
¢ ‘ending poverty’ (SDG 1),
e ‘ending hunger, achieving food security, improved nutrition and promoting
sustainable agriculture’ (SDG 2),
e ‘ensuring sustainable consumption and production patterns’ (SDG 12).

2.2. SA Agriculture
2.21. Field Crops

Field crops (e.g., maize, soya beans, wheat, and sugar cane) are an important staple
food in South Africa and the broader Southern African region. According to the latest
“Census of commercial Agriculture (2017)” by Stats SA — Field crops:

e make up 23% of South Africa’s total farming income (~approx. R69 billion worth),

e are a crucial resource in addressing the nation’s food security

e account for the largest portion of cultivated cropland in South Africa

e employ ~16% of the total commercial agricultural workforce (some ~124 000

employees).
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2.2.2. Farming sector

Large farms (i.e., >R22.5M annual income) only make up 6.5% of the total number of
farms, but contribute 67% and 51.4% of income and employment, respectively. Which
means the remaining micro, small, and medium sized farming operations (~93.5% of
farms) only contribute 33% of total income and 48.6% of total employment. This
imbalance can be addressed, and reduced, through investment in innovative
technologies that improve the efficiency of these small and medium sized farming
operations.

Improved market access, whilst increasing the efficiency (i.e., ‘doing more with less’)
and crop outputs of farms has the potential to address socio-economic aspects (e.g.,
poverty) of individual farmers and also improve the sustainability and competitiveness
of the whole South African agricultural sector.

a. Challenges of emerging farmers

Emerging farmers face numerous challenges that result in poor yields, poor quality
crops and poor market profitability, such as:
e External
o Poor infrastructure such as roads and electricity,
o Unpredictable climate & weather conditions influence the agricultural
practises and low yields because of drought conditions
o Pest attacks, which result in crop death
e Farming inputs
o Lack of capital assets such as tractors, farming implements, irrigation
systems, boomsprayers etc.
o Limited access to fertile land with good soil quality and water for irrigation
o Access to agricultural inputs such as seeds (high yielding), fertiliser,
chemicals etc.
o High cost of production inputs, fuel, labour etc.

- High costs of seasonal labour during key stages of crop development for
activities such as land preparation, planting, weed control, cultivation and
harvesting

e Farming management and practices
o Insufficient knowledge, agricultural skills and agronomic support throughout
the crop growth stages
o Production systems are simple with outdated technologies resulting in low
productivity
o Soil degradation due to leaching of nutrients from the soil
o Fungal and bacterial diseases that weaken crop health, resulting in lower
yields
o Inability to effectively control weeds, lack of equipment such as boom sprayer
e Business challenges
o Lack financial and business skills to farm sustainably
o Limited access to finance
o Fluctuation in market prices based on demand and supply.
o Low market access due to low supply potential. Emerging farmers are forced
to sell their produce at low farm gate prices to avoid spoilage
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b. PA benefits to emerging farmers

PA provides agricultural support information to address the challenges faced by
emerging farmers to improve crop production yields. It does this while optimising the
use of inputs and resources. PA information includes the following:
e Continuous crop performance monitoring throughout the growing season from
land preparation, planting, cultivation and harvesting
e Effective crop management with specific bio-physical parameters for correct
fertiliser applications, to ensure optimised yields
e Weather & climate information to guide the agricultural practices
e Actionable information to direct the farmer and guide the efficient use of inputs
and resources
¢ Identify agricultural problems at an early stage and timeously implement the
necessary corrective measures
e Predicted information of crop yields
¢ PA information can generate historic performance of crops on specific farms
which can be useful for motivating for government and funder support

2.3. Unmanned Aerial Systems
2.3.1. Drones/UAVs

Drones, or more accurately unmanned aerial vehicles (UAV), are powered and re-
usable aircraft that are operated without a human pilot on-board. These can be
remotely controlled by an operator or be programmed to automatically follow a
predefined route.

2.3.2. Unmanned aerial systems in Precision Agriculture

For more advanced applications, UAVs can be fitted with a variety of lightweight
(imaging) sensors and be paired with ground control stations and communication
devices, which together are then referred to as unmanned aerial systems (UAS).

Compared to airborne and some satellite imaging systems, UASs are a relatively cost-
effective means of bringing enhanced spectral and spatial resolutions, operational
flexibility and affordability to the precision agriculture sector (Adéao et. Al., 2017).
Monitoring and assessments using drone imaging technology can assist farmers with
the timely detection and observation of problems or irregularities. Further detailed
investigations can then inform mitigating measures and treatments.

UASSs can have the following applications in agriculture:
e Assessment of field status, soil variations, crop health and growth
e Assessments of irrigation patterns, irregularities, and leakages in irrigation system
e Monitoring of soil erosion patterns
e Detection of weeds and/or pests
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¢ Evaluation of crop damage due to hail and other climatic conditions
e Optimisation of cultivation area and estimating plant densities per hectare
e Estimation of harvesting and production yields

2.3.3. UAVtypes
UAVs come in many shapes and sizes, each with their respective advantages and
disadvantages, depending on the intended application. The two most common UAV

types, which had to be considered in the planning of this (agriculture-focused) project,
were:

e Multi-rotor UAVs — use a series of rotors to provide vertical lift (e.g., a helicopter)
¢ Fixed-wing UAVs — make use of a wing, and forward motion, to provide lift

Some of the major differences between two of the common UAV types are shown in

Figure 3.

/«l

i) Multi-rotor UAV

ii) Fixed-wing UAV

Advantages

e Easy of use:
(vertical) take-off
& landing

e Flight control:
stable platform &
slower flight
speed

o Slightly higher
detail / spatial
resolution

e Cost (R10-R70k)

Disadvantages

e Limited speed &
endurance for
heavy payloads =
less flying
efficiency:

o Limited flying
time & coverage

Advantages

e Wing & forward
motion = better
flying efficiency

¢ Better battery =
longer flying time
& greater
coverage

Disadvantages

o Difficult take off, landing,

and operation

o adds to maintenance

costs
e Faster speeds = less
stability
e Instability in windy
conditions
e Cost (R30-R150Kk)

Figure 3: Some of the major differences between two of the common UAV types

In a previous project, a multi-rotor UAV was used on one of the farms (Farm A). It took
6 battery changes and most of the day to cover image collection of 80% of the farm
area, before windy conditions prevented the remaining portions to be collected.
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Fixed wing UAVs can cover far more hectares on one battery charge compared to the
multi-rotor UAVs. Given the size of the farms covered in this project, a key requirement
in appointing a drone contractor, was that they operated a fixed-wing UAV.

2.3.4. UAV sensors

There are a plethora of imaging sensors available for attaching to UAVs, with the major
groups consisting of:

¢ basic (Red-Green-Blue: RGB) cameras,
e multispectral cameras, and

e hyperspectral cameras.

Each group has its pros and cons depending on the specific application being
addressed. These are summarised in the table below.

Basic RGB Cameras

Multispectral Cameras

Hypers pectral Cameras

¢ Packaged with most
off-the-shelf UAVs

e Capture images within
the visible spectrum of
light (i.e., ‘true colour’
images)

e Useful for scouting and
identifying objects that
are distinguishable to
the user’s eye (e.g.,
different plant
densities)

More advanced and costly
(~R60-100K)
Can capture light beyond the
visible spectrum (e.qg., red-
edge, near-infrared)
Can help farmers to monitor
aspects of the crop that are
not always visible to the
human eye or RGB cameras
o e.g., crop stress,
nutrient/water
deficiencies, and weed
discrimination

e Very sophisticated and
expensive (>R1Mil)

e Images have hundreds
of layers of information
(spectral bands) —
suitable for detecting
subtle differences in
crop stress

¢ Can differentiate crop
stress from varying
sources including pest,
disease, frost damage
and nutrient deficiency

Given the area to be imaged and the need for flying efficiency, CSIR chose to use the
compact Micasense Red-Edge multispectral camera for this study (Figure 4).

Five Discrote Bands

e

Manual Trigger Button
Status LED

I

Camera Ports.
¢« Removat Wi-F

SD Card Slot

DLS Ports:

Figure 4: The Micasense Red-Edge multispectral sensor
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Figure 5 illustrates the spectral regions (of the electromagnetic spectrum) it captures
(i.e. Blue, Green, Red, Red-Edge,Near-Infrared)

Figure 5: The 5 spectral regions captured by the respective sensors

Figure 6 provides an example of how the red-edge spectral region can be useful in
distinguishing biochemical differences

Maize spectra - rededge region
shifting rededge to the left slope depicts crop stress

N
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680 700 720 740 760 780 800
Wavelength (nm)

Figure 6: Crop stress detection by utilising the red-edge spectral region

2.3.5. Regulatory Aspects

In SA, Remotely Piloted Aircraft Systems (RPAS) such as drones are governed by the
South African Civil Aviation Authority (SACAA). SACAA is a Schedule 3A public entity
in terms of the Public Finance Management Act (PFMA) established on the 1st of
October 1998 as an agency of the Department of Transport (DoT). SACAA’s roles and
responsibilities revolve around four areas / divisions of oversight:

e aviation related security

¢ infrastructure

¢ safety operations, and

e accident and incident investigations
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a. Drone regulations

A RPAS Operating Certificate (ROC) is required for the commercial drone operators
in South Africa (excl. private operations), as outlined on SACAA’s website!l. The
process involves the following steps — as illustrated in Figure 7:

e Phase 1. Pre-application

e Phase 2: Formal application

e Phase 3. Document evaluation

e Phase 4: Demonstration and inspection
e Phase 5: Certification

The SACAA 5-Phase process to issue a ROC is not simple — it is lengthy (with a 3-5
year backlog) and can be extremely costly.

1 www.caa.co.za/Pages/RPAS/Private%200perations.aspx
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Figure 7: The SACAA’s 5-phase application process

The ROC application process requires that all aircrafts that a company intends to
operate for commercial purposes need to be registered.
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b. Aerial work

According to the Civil Aviation Regulations (Department of Transport, 2012), ‘aerial
work’ means an aircraft operation in which an aircraft is used for specialised services
as determined by the Director such as:
e Agricultural spraying, seeding, and dusting
e Cloud spraying, seeding, and dusting
e Spraying, seeding, or dusting other than for agricultural purposes and clouds
e Culling
Aerial harvesting
Aerial recording by photographic or electronic means
Aerial patrol, observation, and survey
Aerial advertisement, including banner towing and other towing of objects
Search and rescue
Fire spotting, control and fighting
Construction
Parachuting

c. Remote Pilot License

One of the basic constituents of most RPAS operations is a licenced, rated remote
pilot, an individual with sound aviation knowledge and a good grasp of the (personal)
responsibility that goes with 100% safe operations. A Remote Pilot License (RPL) is
required to fly:

e A drone for commercial use or to indirectly earn money or gain any remuneration

indirectly from flying a drone (SACAA CARs Part 101)
¢ OQOutside the drone safety rules for Model Aircraft (SACAA CARs Part 94); or
¢ On aremotely piloted aircraft operator’s certificate (ROC)

Furthermore, there are a number of minimum requirements for a natural person to
obtain a RPL. They must:
e Be at least 18 years of age
e Possess a
o Class 3 Medical Certificate, obtained before the start of the training course
o Certificate in Radio Telephony
o Certificate in English Language Proficiency
e Successfully complete:
o all theoretical examinations with a pass mark of > 75% for each subject
o the practical flight training syllabus
o a skills test conducted by a DRE (Designated Remote Examiner)
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d. SACAA registered operators

SACAA has approximately 80 RPAS registered operators on their website? of which
40 are based in Gauteng. These drone-related service providers are mainly involved
in drone image acquisition service to various industries, these include:

Agriculture

Mining and aggregates

Engineering and construction

Insurance, Security & Surveillance

Film Industry & Media

e Environment & Conservation

2.3.6. Decision workflow for UAV use in emerging agriculture

Figure 6Figure 8, indicates the steps for acquiring UAV systems for use by emerging
farmers. This will guide the emerging farmer in selecting the most appropriate system.

2 www.caa.co.za/Pages/RPAS/RPAS%20operators.aspx
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Figure 8: Decision workflow for the acquisition of UAV systems in emerging agriculture
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3. Pilot study / proof of concept of multispectral VNIR drone support
to maize farming

The following criteria was applied to select emerging farmers to participate in the
project:
e Small to medium emerging farmers with a track record
o Relatively flat maize farms, cultivation area of 100-200 hectares and mostly dry-
land cultivation
¢ Existing affiliation with a support organisation such as a cooperation, development
/ funding entity, or existing off-take agreements
e Mentoring of other emerging farmers
e Location in Gauteng and surrounds — close to the CSIR

Two emerging maize farmers supported by Farmsol were selected for the pilot study,
through the CSIR’s MOU with Farmsol — a South African Breweries Thrive Fund and
black-owned agricultural service company.

A request for quotation (RfQ) procurement process was followed to identify suitable
suppliers to acquire images using drones of the two sites. The supplier Easy UAV was
selected based on price, availability of equipment (drones and sensors) and location
in Gauteng.

The necessary fieldwork was carried out by the CSIR, this includes:
Soil sampling and soil analyses

Chlorphyll content

Leaf area

Crop specific parameters etc.

3.1. Farm details

The two farms chosen for the study were located to the west of Vereeniging, in the
south of Gauteng (Figure 9). The farmers both plant maize — Farmer A on ~120
hectares (ha) and Farmer B on ~180 ha. They both average approximately 4 tons of
maize per hectare. Funding is provided by FarmSol and the resulting farm produce is
sold to South African Breweries.

Farmer A
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Figure 9: Overview of the farm locations

3.2. Data collection
3.21. Field Data

To retrieve the most value from UAV images it is advisable to conduct parallel ground

work to:

i) collect ground measurements of biophysical variables that may be important for
the monitoring of maize growth

i) ground truth phenomena of interest (e.g. weeds),

This allows predictive models to be calibrated (and applied to future acquisitions), see

Figure 10.

As far as possible, the field work during this project took place in parallel with the UAV
flights on each farm. In addition to collecting location data for various points of interest,
several biophysical maize measurements were made at randomly located 10m? plots.
Some of the biophysical measurements included stem height, stem diameter, stem
density, canopy cover, leaf count, and leaf width.

The CSIR (Precision Agriculture group) is working on parallel projects that aim to
provide farmers with satellite-based precision agriculture information. The collection
of field data and UAV imagery provide excellent training and calibration datasets for
the satellite-based products that are being developed.
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Figure 10: Field measurements of key biophysical variables at different maize growth stages

3.2.2. UAV data collection
a. VNIR (multi-spectral) drone methodological protocol

The details in Table 1 were used as a guideline for the service provider (Easy UAV)
for acquiring drone images.

Table 1: Guideline for acquiring drone images

1 | Site location Vanderbijlpark (Vereeniging)

AESTE (00 5 Acquisitions across two sites (hamely 3 at Site A and 2 at Site B), with a
2 | surveyed / : .
; maximum of 200 ha per site
imaged
3 | UAV type Fixed wing UAV collection
Camera (Red-
4 | edge Consisting of red, blue, green, NIR and Red Edge bands
multispectral)
5 | Frequency Roughly every 3-4 weeks during the maize growth season
6 | Period November 2020 — March 2021

e 5 acquisitions up to a maximum of 200 Ha each

¢ 5 x Radiometrically (reflectance values) and geometrically corrected ortho-
photo mosaics to be delivered within a week of acquisition
Both raw and mosaic products to be delivered
Metadata logs detailing the settings for each acquisition should be
included with the images (This can be in the form of screen-captures if the
planning software does not support the export of these details natively)

e Acquisitions should be cloud and cloud-shadow free

Light conditions at the time of capture should be consistent throughout any

one flight

Assess weather information prior to planning the image acquisition

Less than 10 cm spatial resolution

Nadir viewing camera

Minimum of 75% front and side overlap

No. of flights /
surveys

Acquisition
Details
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e Minimum of 4 ground control points (GCP’s), ideally ~10 GCPs for the main
acquisition site (i.e. Site A)
e Acquisitions to be between 09 am and 11 am as far as possible
e Clear, nadir, shadow free, images of the calibrated reflectance panel
should be captured immediately before and immediately after every flight
(Follow MicaSense Best Practice guide for capturing accurate reflectance
panel images).
e Contingencies to deal with unpredictable weather:
o Uupon reaching the site, should the weather be unfavourable to
acquire images, the acquisition should be suspend and re-scheduled
9 | Other in consultation with the CSIR.
o The drone service provider will then be reimbursed for the specified
travel cost, not exceeding 10 suspended acquisition in total on an ad-
hoc basis.

b. Planning

Based on literature, and previous UAV flight experiences, the planning of UAV flight
campaign attempted to meet the following conditions for each acquisition:

e Weather (lighting conditions should be as uniform as possible)
o Cloud Cover
- ldeally, as sunny as possible with as few clouds as possible
- Alternatively, full (90-100%) cloud cover where lighting conditions are as
uniform as possible. This should only be used as a last resort where it is
necessary to meet certain deadlines.
o Wind and Rain
- No rain and as little wind as possible (e.g., light winds =<10m/s)

e Time of day and sun Angle

o To achieve lighting conditions that do not result in excessive amounts of
shadow, the sun angle should not be lower than ~30 degrees.

o The sun angle should also not be too steep (i.e., >70 degrees) as this can
produce overexposure (i.e., ‘sun spots’) over highly reflective surfaces (e.g.,
bare soil, dense vegetation cover with reflective leaf surfaces).

o To achieve the above, flight acquisitions were (as far as possible) planned to
take place between 9 and 11am in the mornings.

o While favourable lighting conditions can still occur in the afternoons, it can also
become more difficult to then meet other criteria as the weather conditions
change throughout the day (e.g., cloud cover, wind).

e Flying direction
o To avoid image artifacts that are associated with taking images facing into and
away from the sun (resulting in bright and dark conditions), the UAYV flightpaths
were planned in north-south directions (i.e., perpendicular to the direction the
sun moves).

All the above conditions were communicated to the UAV contactor, who used their
experience and flight planning software to execute the planned UAV flights in as
favourable conditions as possible. Favourable flying conditions were hard to come by
during this (2020/2021) growing season, particularly during the very rainy January and
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February months. On several occasions the contractor (and the CSIR) scheduled UAV
flights based on the best available weather predictions, travelled to site then had to
abort the acquisitions for that day due to unfavourable conditions.

c. UAV acquisitions

Five fixed wing UAV flights (Table 2) were carried out over the course of the project.
Three flights for Farmer A and two flights for Farmer B (Figure 14 and Figure 15). The
2020/2021 growing season proved to be a particularly wet one, which made meeting
the above criteria within the stipulated timeframes quite difficult.

However, four of the five flights were eventually completed under clear-to-partly cloudy
conditions, with one flight having to be acquired under full (homogeneous) cloud cover
(See Table 2, Figure 14, and Figure 15). One of the flights (Farmer B — 19/21 Jan.
2021) had to be completed over the course of three days due to a combination of
mechanical failure on the UAV, and unfavourable weather.

Table 2: UAV acquisitions over the course of the study

Drone Flight Date Farmer Observation area Conditions

1 (Figure 11) 25 Nov 2020 Farmer A ~120 ha Clear
2 18 Dec 2020 Farmer A ~120 ha Clear-to-partly Cloudy
3 21 Jan 2021 Farmer A ~120 ha Overcast, Cloudy
4 19/21 Jan 2021 | Farmer B ~180 ha Clear-to-partly Cloudy
5 17 Feb 2021 Farmer B ~180 ha Clear

Figure 11: Drone operation and image acquisition of Farm A in November 2020
(photo’s taken by Eric Watkinson from DST)
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The Micasense Red-Edge multispectral sensor has five spectral bands (Blue, Green,
Red, Red-Edge, Near Infrared) (See Figure 5). Each of these bands is captured as a
separate image, which need to then be aligned during the processing of the images.

On average each acquisition consisted of ~2 300 images, which totalled some 20GB
of data. The image processing (Figure 12) needs to be carried out using commercial
software (e.g. Agisoft Metashape Pro), and includes steps such as:

e Importing the images

¢ Reflectance calibration

e Camera alignment and optimisation

e Surface reconstruction (dense cloud, mesh, digital elevation model)
Orthomosaic generation
e Vegetation index calculation using Raster Calculator tool
e Data export

Figure 12: Examples of some UAV image processing steps.

Once images are aligned and optimised (blue rectangles represent camera position),
a dense point cloud is generated.

Given the heavy computational requirements necessary for processing such large
amounts of data (Figure 13), the image processing for each acquisition was carried
out by the appointed contractor. Each resulting mosaic was geometrically corrected
using previously established ground control points (GCPs). This ensured that the
images were spatially accurate and aligned well with the field data being collected.
The mosaic images consisted of five spectral bands, at a spatial resolution of <10cm.

CSIR Confidential Document



Case Study Report Page 23
May 2022 Transformative Farming Through Local and Remote Sensing Decision Support Rev 1
Basic Configuration Advanced Configuration

upto 32 GBRAM

CPU: 4 - 8 core Intel or AMD processor, 2.0+
GHz

RAM: 16 - 32 GB

GPU: NVIDIA or AMD GPU with 700+ CUDA
cores / shader processor units

(For example: GeForce GTX 1080 or Radeon RX
5700)

up to 128 GB RAM

CPU: 6 - 24 core Intel or AMD processor, 3.0+
GHz

RAM: 32 -128 GB

GPU: 1 -2 NVIDIA or AMD GPUs with 1920+
CUDA cores [ shader processor units

(For example: GeForce RTX 2080 Ti or Radeon
WIl)

Figure 13: Example of computational requirements for large UAV acquisitions

(Agisoft Metashape Pro)
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A) Farmer A — 25th November 2020
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B) Farmer A — 18th December 2020
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C) Farmer A — 21 January 2021

Figure 14: Farmer A’s UAV acquisitions
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A) Farmer B — 19/21 January 2021 B) Farmer B — 17 February 2021

Figure 15: Farmer B’s UAV acquisitions
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3.3. Multispectral algorithms/models for maize biochemical & biophysical
properties

3.3.1. Interpretations of maize growth variabilities

The final mosaicked images provided valuable aerial insight into the ground conditions
over the growing season. The 10cm pixel resolution and multi-spectral bands of
information illustrated the spatial variability of crop attributes within the fields. For
example, areas of seemingly poor growth could be matched to poor soil quality and
weed invasions could be distinguished from the maize by their different spectral
responses.

Different types/species of vegetation can look similar when viewed from above.
However, multi-spectral band combinations allow for discriminating vegetation targets
that differ in their biochemical condition, either naturally (e.g. weeds vs crops) or
through vegetation stress (e.g. between maize plants under water stress). Figure 16
displays a ‘False colour composite’ using the red-edge, near infrared, and red spectral
bands that are sensitive to vegetation biochemical contents (e.g. leaf chlorophyl
content). The maize plants in the image display in a reddish-orange colour, weeds
display in yellow, and bare soil in blue-grey. Discussions with the farmer indicated that
the bare soils were likely a combination of poor soil quality, as well as mechanical
issues with the maize planter and the fertiliser machinery that led to highly variable
distribution of the product. High rainfall and muddy conditions also impacted
mechanical access into fields, which prevented effective herbicide application for
weeds.

Farmer A - False Colour Composite
21 Jan 2021

Farmer A: False Colour Composite (21 Jan 2021)

T
- NIR Band
- Red Band

Figure 16: False colour composite for Farm A and field observation examples
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Figure 17 displays portions of Farm B using a ‘false colour composite’. Evidence of
weed infestation is shown in yellow in area A; different planting densities in areas B
and C; and mechanical (planting) issues in areas D and E.
e The availability of contract machinery (and their respective capabilities) resulted
in different maize planting densities that are visible in areas B and C.
¢ Mechanical failures with some of the planting machinery also resulted in
inconsistently planted maize in small areas within D and large areas within E.
Unfortunately, the UAV acquisitions had not started on this farm in time to detect
these inconsistencies early enough for the farmer to demand the contractor to re-
plant. However, the farmer indicated they would use the UAV imagery as
additional evidence to assist in his claims against the contractor for loss of income.

Farmer B - False Colour Composite
21 Jan 2021
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-26°31'35"
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Figure 17: False colour composite for Farm B showing points of interest

Beyond visualisations, the UAV multi-spectral mosaics can also be used with machine
learning classification algorithms (e.g., Random Forest algorithm) to produce
classifications for different spectral classes present within the fields and images.
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Based on field training data, as well as visual and spectral response cues, a five-class
classification scheme was used. The classes included two maize classes:

e Maize A — represented mature and/or ‘above-average’ condition maize

¢ Maize B — represented a less mature and/or ‘below-average’ condition maize.

The results of the pixel-based classifications are presented in Figure 18 and Figure
19, where the different conditions on the two farms (on 21 Jan. 2021) can be observed.

It is evident that Farm A has fewer ‘above-average’ conditions i.e. Maize A pixels and
considerably more ‘below-average’ soil, and weeds pixels than Farm B. Weather,
mechanical difficulties (due to weather), and different planting strategies were given
as reasons by Farmer A.

Legend
Farm A Classification (21 Jan 2021)
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Figure 18: Pixel-based classification for Farm A and the percent areas for each class

The ‘below-average’, Maize B class for Farm B was linked to water logging patterns
as a results of high rainfall runoff.
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Legend
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I maize (A)
[ Maize (8)
I shadow
B soi
- Weeds

Farm B Classification (21 Jan 2021)

&0 | 57.4

Percent Area

23.2

10.2

o 6.2
3
il = |

Maize (A) Maize (B) Soil Weeds Shadow

$CSIR

Touching lives through Innovat

Figure 19: Pixel-based classification for Farm B and the percent areas for each class

3.3.2. UAV to satellite image upscaling

High resolution drone images can be useful to farmers when acquired during key
planting and growth stages. Nevertheless, it can quickly become impractical to
conduct wide-scale drone-based monitoring. One solution to addressing this is to use
the hundreds-of-thousands of high-resolution pixels of the UAV image to train machine
learning algorithms for predicting crop variables on regional-scale (250km?) satellite
images.

The European Space Agency’s (ESA) Sentinel-2 multi-spectral satellite acquires data
at 10-20m resolution, every 6-12 days, and in 12 spectral bands. All the same
spectral regions that were present in the drone images, are also present in the satellite
images, which makes the drone images ideal calibration datasets.

Using combinations of multispectral bands that are sensitive to differences in
vegetation condition (e.g. red-edge and near infrared), it was possible to calculate
UAV-based vegetation indices (e.g. Normalised Difference Vegetation Index [NDVI])
that are sensitive to the amount, and condition, of plant material within a pixel. These
vegetation indices were used in conjunction with field collected biophysical
measurements to predict these variables across whole images.

Drone derived maps of biophysical variables could then be used to train machine
learning models, for more regional scale predictions using satellite images.
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3.3.3. Ground-to-UAV modelling approach

Field measurements of various crop variables were collected over the growing
seasons at the two Vereeniging farms. The field plots were 10x10m in size (to coincide
with the size of the processed Sentinel-2 pixels) and were selected over homogeneous
patches of maize growth. At these field plots, a suite of crop structural parameters
such as stem height (cm; HT), stem diameter (cm; DIA), leaf area index (LAIl), leaf
width (cm; LW), leaf count (LC) per plant and length of longest leaf (cm; LLL) per plant
were collected from five randomly selected maize stems within each of three subplots
of roughly 1X1m in size.

The measurements per subplot were averaged across the main plot. Field campaigns
resulted in a total of 138 field plots. Maize above ground biomass (AGB) was
calculated using HT and LAl values as per the maize AGB allometric equation
(Equation 1) outlined in Gao et al. (2013), to determine plot level AGB:

Equation 1: AGB (g/m2) = 1.01 X HT X exp(1.05 X LAI)

The modelling approach involved using field level crop parameters to establish and
predict UAV level crop parameters which were in turn used as an upscaling dataset
for modelling satellite (Sentinel 2) level crop parameters.

Given its robustness in dealing with small datasets and high variability, the Random
Forest (RF) algorithm was used for the modelling steps. The field plots were used to
extract reflectance values from the UAV mosaics, which included all the spectral bands
(i.e., red, green, blue, red edge and near infrared) as well as a calculated vegetation
index (Red Edge NDVI) for added modelling improvement. The extracted UAV values
were regressed against the field measured crop parameters using a RF model, with a
65/35% split of the data for model training and validation, respectively.

The RF validation accuracies of the ground-to-UAV model prediction for the nine crop
parameters are displayed in Table 3, accompanied by XY predicted versus observed
scatterplots.

3.3.4. Ground-to-UAV Modelling Results

Eight of the nine measured crop parameters were estimated with R2 values equal to
and greater than 0.70 and with relative error (rRMSE) values less than 30% (Table 3).

An exception was AGB which had a high R2 value (0.78) and a relatively high error
value (57.15%). Since AGB relied on two metrics collected at field level (LAl and HT),
the sampling and modelling error from both parameters may have been propagated
and accumulated at the UAV level.

The algometry used in calculating AGB, with its own source of associated error, also
contributed to the propagated error in the AGB model. SD (stem density) was the only
crop parameter which was not predicted with reasonable accuracies, but mapping
efforts may still be a possibility with the addition of other remote sensing variables in
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the modelling process (e.g. SAR backscatter which interacts with the crops
structurally).

The highest modelling accuracies (i.e. R2>0.80) were obtained for the LW (leaf width)
and CC (crop canopy cover) parameters. The predicted and observed XY scatterplots
below (Figure 20) have also echoed similar trends with the poorer fit being observed
for SD and closer fits to the 1:1 line for the remaining crop parameters. No outliers
were removed from the dataset.

Table 3: RF validation accuracies of ground-to-drone/UAV model prediction for 9 crop

parameters
Ground-to-Drone/UAV (65% Training; 35% Test)
Crop Parameter R? RMSE | rRMSE | Total #
AGB* (g/m?) 0.78 | 2153.29 | 57.15 80
CC** (%) 0.84 9.52 27.24 138
DBH (cm) 0.73 0.40 18.08 138
HT (cm) 0.78 | 33.35 25.72 138
LAI 0.74 0.54 23.23 80
LC 0.75 1.31 15.25 138
LLL (cm) 0.70 9.64 14.64 138
LW (cm) 0.81 0.84 8.75 138
SD 0.41| 80.51 25.27 138
* AGB values derived from Gao et al (2013) formula which use LAl & HT
** CCvalues estimated from field observations
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Figure 20: Validation scatterplots for several biophysical variables.

* Models were trained using field and UAV-based measurements
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3.3.56. UAV-to-Satellite upscaling

Once the ground-to-UAV models had been established they could be used to map the
respective biophysical variables using the UAV images. These UAV-based products
could then be used to collect thousands of (random) training samples to upscale and
map the same biophysical variables using satellite images (Figure 21).

Given the logistical complexity of carrying out repeated and wide-spread UAV crop
monitoring programmes, the scale (~250km?) and high temporal frequency of satellite
sensors (6-12 days) provide opportunities for near real-time mapping of key crop
variables that can be made available to more than just the farmers who can afford
drone services.

:  Farm B- Stem Height
i 21Jan.2021

Satellite Level Stem Height
20 Jan 2021

Farm A - Stom Height
21 Jan. 2021
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Figure 21: Stem height biophysical parameters — UAV-based products (left); Satellite-based
products (right)
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3.4. Demonstration to farmers and SMEs

The emerging farmers were introduced to the various activities conducted by the
CSIR. These include:
¢ Introduction to PA
¢ Soil sampling
e Field work
e Establishing of the GCP (Ground control points) prior to acquiring drone images
e Importance of scheduled activities such as land preparation, planting, weed
control, fertiliser application and harvesting

Emerging farmers were also introduced to the drone operation, flying and image
acquisition by the CSIR appointed service provider, Easy UAV.

3.5. Actionable data

Based on preliminary interpretations, the key agricultural aspects and mitigating
measures for the emerging farmers to focus on to improve their maize crops are as

follows:

e Farm A

o Weed control

Drone acquired images of Farm A showed approximately 20% weeds on the
total area surveyed 120 ha in Jan 2021, Figure 18. Weeds consume sunlight,
water, nutrients, and space which results in depriving the maize crops and
thereby reducing product yields. These images show the precise areas
requiring herbicide application. Should these weed areas of approximately
20% be treated with herbicide, and planted with maize, this will result in an
improved product yield.

Maize variation

Drone images acquired in Jan 2021, Figure 18, shows that the “below
average” Maize B comprise ~42% and “above average” Maize A ~21% of the
planted area. These variations could possibly be related to weather,
mechanical difficulties (due to weather), and different planting strategies.
Nitrogen

Figure 22, shows the soil nitrogen content, which indicates areas requiring
nitrogen fertiliser application. Nitrogen is essential for crop development.
Correct fertilisation will promote crop growth and as a result improve product
yield and quality.
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Figure 22: Farm A - Soil nitrogen content

e Farm B

o Planter configuration

Maps (Figure 19) clearly indicate that the contractor’s planting configuration is
different from the original areas planted by farmer and would produce a
reduced crop yield. The soil/lun-planted areas comprise ~10%. Should this
area be planted, it would have resulted in an increased product yield.

Maize variation

Drone images acquired in Jan 2021 (Figure 19) show that the “above average”
Maize A comprise ~57%, whilst the “below average” Maize B comprise ~23%
of the planted area. The Maize B areas were possibly due to water logging
patterns as a results of high rainfall runoff. Drainage channels can be
considered to divert the water and reduce water run-off on the cultivated fields.
Nitrogen

Figure 23, shows the soil nitrogen content, which clearly indicates areas
requiring nitrogen fertiliser application. Nitrogen is essential for crop
development. Correct fertilisation will promote crop growth and as a result
improve product yield and quality.

CSIR Confidential Document



Case Study Report Page 34
May 2022 Transformative Farming Through Local and Remote Sensing Decision Support Rev 1

Soil nitrogen content '

N mg/L | |
Value

- High : 1121.03 B

_ K
w .

550 275 0 550 Meters
B

Low: 0

Figure 23: Farm B — Soil nitrogen content

3.6. Technical PA user requirements

The CSIR held a workshop with the emerging farmers, to discuss the PA activities
conducted on the farms and the PA findings of each farm. The farmer feedback and
inputs were captured to inform the technical user requirements insights re PA,
presented in this section.

3.6.1. Farmer workshop

Proceedings of Vereeniging farmer engagement session
18 March 2021

Present
Farmer A* Mr. Eric J Watkinson, Department of Science and
Farm A representative* | Innovation
Farmer B* Dr Sabelo Madonsela, CSIR PA Group
Dr Russell Main, CSIR PA Group
Mr. Maxwell Mapako, CSIR ECD

*Protection of Personal Information Act 4 of 2013
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""""f N
Figure 24: Farmer workshop and engagement session held on 18 March 2021 at Farm A

According to the farmers, the key problems of the season were rainfall-related and
leaching of nutrients and chemicals from the soil, as well as machinery getting stuck
in mud in the fields.

The CSIR demonstrated on a tablet how .pdf maps had geographic coordinates stored
within, that the farmers could open using specific apps on a cellphone or tablet. (An
Apple iPad with the “Topo Nomad” app installed was used on the day). This would
allow the farmer to receive the image products via email and open it in the app with
location services activated. They would then be able to see their position in the .pdf
map and view geo-sensitive information in high resolution as they moved around their
fields. These “Geospatial PDFs” will be explored further as an option for transferring
information between the CSIR and the farmers with reduced file sizes to enable ease
of accessibility.

The farmers appreciated the higher resolution pictures and indicated that maps and/or
information on the following six parameters would be most valued:
¢ Nitrogen (see discussion in section a below)
Phosphorus
pH
Leaf colour
Vegetation cover
Stem height (see discussion in section b below)

Farmers indicated that the best time for capturing drone images would be between
planting and the application of top dressing — when the maize would be up to knee-
height. At this stage it was not too late for corrective measures such as re-planting.

Based on the workshop, the key PA requirements indicated by emerging farmers
are summarised as follows:
e Weather patterns and warnings
¢ Soil and crops parameters — Nitrogen, Phosphorous, pH, leaf colour, vegetation
cover and stem height
e Crop growth information throughout the growing season for insurance purposes

CSIR Confidential Document



Case Study Report Page 36
May 2022 Transformative Farming Through Local and Remote Sensing Decision Support Rev 1

e Sharing of PA information through emails or a platform will be preferable

Insurance: A record of satellite and UAV information indicating crop growth and crop
health throughout the growing season would greatly facilitate the farmers’ reporting to
insurance companies, as these maps clearly show the evolving situation regarding
germination, crop progress, weeds, and pests. (see discussion in section ¢ below)

Additional crops: Farmers were looking to grow additional crops, including soya
beans. CSIR indicated that currently maize was the only crop of focus. New crops
would be added in time. since the variables of importance were different for different
crops. It would take funding and time for new models to be trained for each crop.

The farmers suggested that the approach to costing for geospatial maps and PA
services, should consider how services are packaged to farmers. Stakeholders such
as Farmsol, Afgri, and government departments responsible for agriculture and rural
development should be included in the dialogue. These farmer support associations
could include crop monitoring support (e.g. a specified number of drone flights) in their
assistance packages.

Disseminating and demonstrating the benefits of precision agriculture to more farmers
would be crucial. This could be done at farmer’s information days. A critical mass of
farmers need to understand its value, in order to lobby for inclusion of these kinds of
services as part of their support package from financiers.

An important indicator of the value seen in drone imagery was that Farmer A had
bought a drone himself after seeing the imagery of his farm from project drone flights.
The drone had already been used by Farmer A and his son to inspect the farm.

Further workshop discussions on key topics are summarised below:
a. Soil Maps and Nitrogen Content

A set of printed maps and .pdfs on tablets were shared for discussion. The soil maps
had been taken in early December 2020 before any crops were planted. The maps
therefore showed what the last harvest had left in the soil.

The farmers indicated it would be more useful to have maps showing the nitrogen
status of their soils immediately after they applied nitrogen fertilizer because that is
what the current crop would have access to. Farmers would ideally like to see soil data
continuously.

CSIR responded that it would get more challenging to monitor the soil signal
(especially from space) as the crop cover increased. It needs to be determined how
far into the growing season can soil properties be monitored.

UAV imagery could be key in providing calibration data. It was agreed that leaf
colour/condition could also act as proxies and give some indication of nutrient status.

The farmers indicated that decisions re Nitrogen application were mainly driven by the
results of the farmers’ own soil tests and also by the crop the farmer intended to plant.
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Farmer A noted that Nitrogen was critical for leaf development and less so for
germination.

b. Maize stem height maps

Upon exploring the UAV-based stem height maps, Farmer B indicated that the
inconsistency in row spacing, planting density, and stem heights on his farm were
likely due to using different planters. A planter used by a contractor had different
settings from the one used by Farmer B. The different row spacing thus led to differing
soil visibility on the maps.

c. Crop insurance

Farmer A indicated that he had taken out insurance against poor harvest to ensure he
would break even in the worst case. In this case the insurance company would pay
the shortfall between what was realised and what the insured yield was. Two
categories of insurance were explained, ‘multi-peril cover and cover for natural
hazards (frost, hail, and fire). The latter is cheaper since the cover is more limited. The
multi-peril cover required continuous reporting by the farmer to enable the insurer to
keep track of risk trends.

The farmer indicated that timely satellite and UAV information would greatly facilitate
their reporting to insurance companies, as these maps clearly show the evolving
situation regarding germination, crop progress, weeds, and pests.

3.7. Conclusions and recommendations from the pilot study
3.7.1. Planning

The aim of this pilot project was to demonstrate the use of multi-spectral UAV imagery
for maize farmers in the Vereeniging region of Gauteng. UAV acquisitions are
operationally cost-efficient compared to satellite and airborne image acquisition
campaigns. However, there are still a multitude of factors to take into consideration
when planning UAV campaigns with many of the most important ones (e.g., cloud,
wind, rain) being uncontrollable natural phenomena.

Successful execution of UAV campaigns is dependent on excellent communication
between various role players (i.e., farmer, contractor, project lead). The number of
parties involved should be kept to the minimum to reduce approval delays and
miscommunication errors.

Broad and/or flexible timelines are advised, and financial mechanisms to compensate
a contractor should they travel to site and conditions then prevent the acquisition of
data. Without such mechanisms, a contractor may be hesitant to travel to the site
unless the conditions are near perfect according to available weather information,
which were very seldom during this project.
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Since planting is often done in stages, UAV acquisitions for the bigger farms should
be planned so that only the planted, and/or absolutely necessary sections of the farm
be captured. This is a difficult balance to achieve, since more acquisitions require more
planning, but acquiring imagery of a large farm in one attempt may mean:

i)  the acquisition of (and payment for) unnecessary unplanted/immature fields,

i) longer flying times and increased risk of cloud interference.

3.7.2. The UAV platform

Given the size of the farms chosen for this pilot study, an aerodynamically efficient
fixed-wing UAV was selected as opposed to the more common multi-rotor UAVs. The
fixed-wing UAV proved to be efficient and managed to acquire full farm coverage (120-
180ha) on a single battery charge and in most cases under 1.5 hrs of flying time.

The biggest disadvantage — apparent in this study — was the way the fixed-wing UAV
had to be landed after each acquisition. The fixed-wing UAV cannot land vertically,
like its multi-rotor equivalents, and therefore needs a very skilled pilot to ‘belly flop /
crash land’ the UAV in an obstacle-free and wide-open space.

While the UAV platform is made of robust material that can withstand several hard
landings, it is recommended that contingencies for breakages and subsequent delays
be made in the project planning phase. Contractors who are willing and able to use
alternative methods of landing (e.g., catching the UAV in nets) should be explored.

3.7.3. Value of UAVs
a. To research and development:

In comparison to other airborne remote sensing data, UAVs offer operationally simple
and cost-effective platforms for the collection of very high resolution multi-spectral
imagery. The datasets provide excellent detail into the variability present within each
farm. The high level of detail enables increased understanding of the factors
responsible for intra- and inter-field variability.

A multitude of image interpretation and/or classification methods can be used to
produce maps that help highlight variabilities (e.g., weeds vs crops) within the image.
When combined with field-based measurements it becomes possible to deduce key
variables across the whole farm. This extrapolation, or upscaling, can then also
continue beyond the singular farm and be applied to regional-scale satellite imagery.

There is massive potential to bring precision agriculture to the fore in the previously
marginalised small-medium-emerging scale farmer sectors. This is possible based on
a steady supply of high-resolution UAV data combined with a plethora of near-real
time satellite imagery. Small-medium emerging farmers consitute the majority (in
South Africa) and thus assisting them with 4IR-focussed precision agriculture
technology that allows ‘producing more with less’ could have large socio-economic
impacts for regions, provinces, and the country.
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b. To farmers:

The UAV image mosaics were multi-spectral in nature and of a very high resolution
(i.e., < 10cm). These attributes provided a high level of detail on the variability of the
maize crop within each farm. In most cases the farmers were able to use simple visual
interpretation to associate observed crop variabilities with particular events that
occurred (e.g., weather, mechanical problems).

The multi-spectral nature of the imagery, and the inclusion of the near-infrared and
red-edge bands specifically, enable a high degree of vegetation discrimination, such
as:

i) between weed species and maize (Figure 16 and Figure 17), or

i) 1) between maize plants under different growing conditions (Figure 18 and Figure

19).

This high-resolution discrimination can assist in directing farmers to more precise
interventions over the course of the season. For example, showing where areas of
weed infestation have occurred and then calculating the approximate area coverage
that can be converted to a more accurate amount of herbicide to use/procure.

Farmers also indicated that this data can become actionable when there are disputes
regarding contracted services (e.g. planting, harvesting), and/or if there are insurance
claims/disputes regarding the performance of crops. It is recommended that, where
possible, multi-spectral UAV imagery should be prioritised over ‘true colour/RGB’
imagery.

The farmers appreciated the potential and value that UAV imagery such as this could
bring to their farming operations. However, they expressed that the time involved, the
planning necessary and the associated costs would likely hinder full-scale uptake of
the technology at present.

The farmers expressed that it would not only be for their benefit should this technology
be widely adopted, but also for many other role-players in the agricultural value chain
(e.g. government, agri-services industry [machinery, fertilisers], and financial services
industry [banks, insurers]). They concluded that UAV services could/should be
subsidised by a consortium of role-players who each have a vested interest in the
farmer achieving the highest yield possible.

3.7.4. Crop yield assessments

Some commercial farmers achieve 8 — 10 tons/ha maize under dry-land conditions in
certain high-rainfall regions. This is highly dependent on the farm location, optimised
seed variety planted, plant density, agricultural practices and most importantly the
timing of implementing agricultural activities. To enable this requires historic
knowledge of the specific location, agricultural expertise, and access to resources.

Both, Farmer A and Farmer B, have indicated that they typically achieve approximately
4 tons/ha maize under dry-land conditions.
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Views — from a former commercial maize farmer based in the North West province —
are that yields under dry-land conditions should be ~5 tons/ha minimum. An ideal
target is 6 tons/ha, depending on weather and climatic conditions.

Preliminary indications are that if the emerging farmers focus on implementing the PA
information timeously, this could potentially improve the crop yields by at least 20%
with the aim of targeting yields of over 5 tons/ha, over the next 5 years. This is subject
to weather and climatic conditions and implementation of good agricultural practices.
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4. PAIS
4.1. CSIR’s PAIS initiative

The CSIR identified PA as a key 4IR technology to support commercial and rural
economies in the agricultural sector. This resulted in a multi-year project to develop a
Precision Agriculture Information System (PAIS) funded with R20 million of CSIR’s
Parliamentary Grant. An additional R12 million has been sourced from the DSI to
sharpen the PAIS to meet the needs of emerging farmers. The PAIS aims to empower
emerging farmers by providing the following:
e Detailed information to guide the efficient use of inputs and resources and
effective management and monitoring of crops to facilitate optimal yields.
e Weather and climate information to guide agricultural practices
e Crop yield estimation based on current crop status (remote sensing data) and
seasonal climate projections
e Evidence for motivating financial investment or support to farmers by various
government initiatives. Further, allow investors to monitor the progress on-site
¢ Information regarding the state and condition of crops for insurance purposes
e An independent assessment of crops to farmers, insurers, banks, and other
institutes to resolve disputes
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Figure 25: Key functional components of the PAIS
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The functional components of the PAIS entail:
¢ Big data collection
o In-situ data, mainly involving field work
o Sensor data, from drones, satellites, soil moisture meters and spectrometers
o Climate data
e Automation
o Processing and analyses of data with Artificial Intelligence (Al) models
e Data delivery
o Dissemination of PA information and recommendations to emerging farmers,
financiers, co-operatives, associations, agricultural input providers and
agricultural support services
o PAIS also creates an advertising platform for agricultural input providers and
agricultural support services
¢ Application and impact
o Emerging farmers implement PA recommendations, the aim of which is to
optimise crop yields and the use of inputs and resources

Figure 26 depicts the PAIS technology landscape and details re its key aspects: user
registration, data collection; data processing, analysis and interpretation, information
dissemination and user response.
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Figure 26: Technology landscape of the PAIS
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4.2. Technical review of existing geo-information systems

A review was conducted on available agricultural geo-information systems in South
Africa and commonly used systems internationally.

4.2.1.

South Africa

Nine geo-information systems are widely used in South Africa. Most local companies
offer drone services, such as surveying, spraying etc. Some also offer drone hardware.

e Agri-Sense: — www.agrisenseinternational.com/overview-of-services

o An agricultural technology company providing drone surveying and crop

mapping / monitoring services through a solution App. Its management tool
combines remote sensing and field information with in-depth analysis aimed
at improving efficiency, increasing productivity, and reducing environmental
impacts of agricultural operations

o Services cover the agricultural industry in Africa

Drone-Six — http://www.dronesix.co.za/services.html
o Precision agriculture services: drones capture multispectral and thermal

images of crop fields. Images are processed to provide various vegetation
indices, plant health, irrigation quality patterns, drainage quality patterns, yield
maps, fertilisation data, etc

o Services cover various industries including agriculture in Africa

Geo Agro Africa (by Tek) — https://www.geoagro.com/en/content/african-partners
o Satellite technology farming platform provides satellite images, information

regarding crop operations, weather forecasts and crop scouting — using a
mobile app

o Services cover the agricultural industry

DC Geomatics — www.dcgeomatics.co.za/agricultural
o Agricultural mapping by drones. Images are processed to provide crop

analysis, chlorophyll level determination, plant health and stress level
determination, optimal fertiliser use, nitrogen management, identification of
insects and pests in crops, plant disease analysis, plant or weed identification

o Services cover agriculture and various other sectors in South Africa

S2 Viewer — www.gis.elsenburg.com/apps/s2v/#
o An interactive platform with a viewer that analyses satellite data / images using

multispectral indices to inform users on crop and plant health, farm
boundaries, and other satellite indices including vegetation, soil, water and
fire-related

Limited to Sentinel 2 and Landsat 8 satellite imagery. Not PA related and does
not provide specific crop parameters and management related advice
Services cover Western Cape — Hosted by Western Cape Department of
Agriculture (WC DoA)
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e Atlantic Tech Group — www.atlantictech.co.za/agriculture/
o Precision agriculture system using drones and sensor technologies to capture
multispectral, thermal, and high-resolution images of crop fields
o Services cover the agricultural (vineyards) and film industry in South Africa

e Farm Pin — http://farmpin.com/#sien-wat-anchor
o App solution platform for farmers providing regular moisture maps and insights
regarding moisture distribution / crop stress, plant health, etc.
o Services cover the agricultural industry

e Aerobotics — www.aerobotics.com

o An agri-tech company specialising in small-scale info on crops (mainly
orchards). All software is applied to drone aerial imagery to help growers
optimise their yield performance, by detecting and locating early-stage
problems, pests, and diseases

o Fine scale limits application to orchards — not suitable for staple crops with
large hectare coverage

o Service covers orchards world-wide

e GeoFarm SA — www.geospace.co.za/geofarmsa/
o A precision farming tool that provides farmers with a user-friendly platform to
collect, analyse and interpret their data
o Service covers agriculture (maize) in South Africa

4.2.2. International

Six common agricultural geo-information systems that are used internationally were
reviewed. These include:

e Sen2Agri Consortium — www.esa-sen2agri.org/

o A three-year programme to demonstrate benefits of Sentinel 2 imagery in
Africa across various crops and agricultural practices.

o A comprehensive service (image processing chain and automated product
generation) which derives a suite of agriculture and PA related EO products,
using validated algorithms and an open-source processing system.

EO products include cropland masks, crop type and vegetation status.
It allows any user to generate near real time products tailored to their needs
at their own premises or on cloud computing infrastructure.

o Not linked to a PA platform as it runs on individual servers and is specific to
user requirements. Requires demanding computing power. Spatial scale lacks
high resolution.

o Service covers agriculture (all crops) internationally

e Data Farming — www.datafarming.com.au/

o Digital agronomist system that generates and packages satellite data for
farmers’ various needs — such as: high resolution stack images over multiple
years; crop management system; soil structure information and fertiliser
application; and Normalised Difference Vegetation Index (NDVI)
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o Service covers agriculture in Australia, UK, Africa, Middle East, United States
and Canada

e eleaf — https://eleaf.com
o Offers satellite-based data and applications such as PA mapping and
algorithms providing yield information etc. for agriculture, water management,
crop insurance and crop certification
o Service covers agriculture internationally including SA

e ISAT - https://ccafs.cgiar.org

o Intelligent agricultural systems advisory tool (ISAT) that generates and
disseminates data-driven, location-specific climate risk advisories to assist
farmers in anticipating and responding to the emerging conditions through the
season

o Mainly focussed on climate change

o Service covers agriculture in East and West Africa, Latin America, South and
Southeast Asia

e Cropwise — https://www.cropwise.com/operations
o Cropio is a productivity management system that uses weather and satellite
data to facilitate remote monitoring of agricultural land — enabling users to
efficiently plan and carry out agricultural operations
o Service covers agriculture USA, Canada, UK, Russia, Ukraine

e Drone Deploy — www.dronedeploy.com/solutions/agriculture/#ag-bundle
o Uses drones to provide access to aerial site intelligence
o Service covers agriculture and other sectors internationally

4.2.3. Suitability of existing systems for small holder emerging farmers

Competing companies provide precision agriculture information, but it is not sufficient
to address the needs of emerging farmers. The biggest limitation is that existing
systems do not provide actionable type information which can guide the emerging
farmers in various agricultural aspects such as fertiliser application, irrigation, chemical
application, planting, harvesting etc.

Another aspect is the high costs of existing systems. Emerging farmers cannot afford
these systems as they are very much inclined towards large commercial farmers.

CSIR Confidential Document



Case Study Report Page 47
May 2022 Transformative Farming Through Local and Remote Sensing Decision Support Rev 1

4.3. CSIR PAIS system competitive advantage

The PAIS will be the first farm-scale and crop specific Geo-information Decision
Support System (GDSS) with the capability of supporting emerging farming systems
in South Africa.

It is based on the following:
e Both (hyperspectral) drone and satellite data are incorporated
e Focus on affordable PA information for emerging farmers
e Aggregating / bundling information for Finance / Insurance / Input suppliers / Retail
sectors

The PAIS is designed to provide more than what competitors are currently offering. It
is meant to support the emerging farmers with actionable information, to optimise crop
yield and efficiently use inputs such as water, fertiliser, chemicals etc.

Once the PAIS is fully developed, it will provide the emerging farmer with actionable
farm advisory information for every critical growth stage of the maize crop, this will be
expanded to include a variety of the commonly cultivated crops in South Africa. The
information will guide the agricultural activities to be implemented and it will also serve
as an early warning system that will alert farmers on impending crop disaster. Early
warning should elicit a quick response to safeguard the crop growth, yields and
therefore greater profits.
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5. Opportunity Indications
5.1. PA Market Interests

A multitude of stakeholders were engaged to determine the market interest of PA.
Workshops were held with various stakeholders such as the Limpopo Department of
Agriculture and Rural Development (LDARD), emerging farmer support associations
such as Farmsol and South African Grain Farmer Association (SAGRA).

The responses received were very promising for the CSIR’s PA initiative based on the
agricultural benefits it can provide to emerging farmers. Undoubtedly, emerging
farmers are facing huge agricultural challenges such as pests, diseases, weeds, and
climate, resulting in low production yields. These challenges are mainly due to the lack
of agricultural skills, expertise, and guidance, which can be addressed with the use of
PA.

5.2. SME opportunities

Once the CSIR’s PAIS is fully functional and commercially rolled out, opportunities can
be created for SMEs in drone operation and agricultural extension services.

5.2.1. Drone Operation

SMEs can provide drone services for farm image acquisition. Since these SMEs will
be commercial RPAS service providers, they need to comply with the regulation by
SACAA (as per section 2.3.5) — i.e.: having a licensed pilot, a licenced operating
company and drone registration. Therefore, SME’s will need to complete the 5-Step
ROC process to obtain a certificate for commercial RPAS operations through SACAA.
This is not a simple process as the backlog with SACAA is 3 — 5 years.

5.2.2. Agricultural extension services

Many emerging farmers could initially be overwhelmed with the PA information, and
require assistance to interpret and act on the maps. Agronomy based SMEs can be
enlisted to unpack and interpret information to emerging farmers, as well mentor and
guide them in implementing the necessary actionable agricultural practices.

5.3. Government

Government is currently providing funds to support the development of the PAIS to
benefit emerging farmers, however other income streams will be required in the longer
term. A proposed implementation path of the PAIS to emerging farmers is outlined in
Figure 27.

The business case towards a longer term national roll-out of PA to farmers is
dependent on demonstrating the technology sufficiently to farmers, so that they fully
realise its potential and are willing to pay for it. This paves the way to transition from

CSIR Confidential Document



May 2022

Case Study Report

Transformative Farming Through Local and Remote Sensing Decision Support

Page 49
Rev 1

government funds supporting PA services to farmers and other entities in the value
chain recognising the value of PA services and being willing to pay. As farmers come
to appreciate the impact of regular PA-based advice and feedback on their farm
performance — they should be engaged re sharing the cost of maps — with the farmers
contribution increasing over time. This approach is illustrated in Figure 27 below.

Short term.

services.
Limited demo

Government funds PA

Medium term.

Blend of prov. dept and
farmer funding.
Expanded demo

Long term.

Farmers recognise value
of PA and pay.

National rollout

Time

5.4. Stakeholder

Figure 27: Proposed implementation of the PAIS

Map

A network consisting of various stakeholders will be a critical success factor for the
implementation of the PAIS in the agricultural sector. A preliminary integrated network

is proposed, in Figure 28, consisting of government departments, CSIR, funders,
SME’s and the emerging farmers.
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Figure 28: Proposed stakeholder integrated network for implementation of the PAIS
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6. Way forward
Based on the progress made with this project, the suggested way forward is as follows:

e CSIR to continue with further development of PA platform

o The learnings and farmer preferences gathered from this pilot study and the
workshops will be incorporated in further development of the PA offerings

o Technical aspects that are currently under development include: soil moisture-
and maize growth stage models, and yield prediction subsystem. Also to be
incorporated are various aspects of machine learning, which will be based on
additional field work and case studies.

o The information will be accessible on smart mobile phones, laptops and
desktop computers. Information will be made available by email, and on an
online platform with log-in access and chat functionality.

o Business case development which mainly involve the linking of emerging
farmers, drone operators, funders, and extension support organisations.

e Market positioning of the PAIS
Further stakeholder engagements will be required to introduce the concept and
benefits of PA
o Positioning PAIS in various emerging farmer associations and government
organisations
- The CSIR positioned the PA initiative with Farmsol to support their
substantial emerging farmer base which consists of approximately 500
emerging farmers comprising of small (1 — 30 ha), medium (30 — 100 ha)
and large (> 100 ha) farmers.
- CSIR engaged Limpopo DARD to provide PA support to selected farms in
the Capricorn district
o Incorporating PAIS as part of extension services provided by emerging farmer
associations and government initiatives to support emerging farmers (e.g.,
maps, dissemination of actionable information)
o Holding additional farmer workshop and demonstration of the benefits of PA
is key to create understanding and awareness to emerging farmers

e Potential SME opportunities
o Drone survey services by SMEs to acquire farm images to be processed,
uploaded for analyses by the PAIS, and interpretation.
o Agronomic extension support services to interpret generated PA reports
and guide the emerging farmers to implement the necessary agricultural
practices to improve crop production yields.
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7. Project finances
The project finances are shown in Table 4.

CSIR Project No.: AGEEC23

Table 4: Project finances

Item Actual
Piot sty | Proof of concept R 691 481
e ECD R 389 025
e PA group (Technical) R 302 456
Running costs R 47 597
e Travel R 1097
e Drone services R 46 500
Total R 739 078
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