
DEPARTMENT: EXPERT OPINION

Democratizing Data-Driven Agriculture
Using Affordable Hardware
Ranveer Chandra,Microsoft Corporation, Redmond, WA, 98052, USA

Manohar Swaminathan and Tusher Chakraborty ,Microsoft Corporation, Bangalore, 560097, India

Jian Ding , Yale University, New Haven, CT, 06511, USA

Zerina Kapetanovic , University of Washington, Seattle, WA, 98195, USA

Peeyush Kumar ,Microsoft Corporation, Redmond, WA, 98052, USA

Deepak Vasisht , University of Illinois at Urbana-Champaign, Urbana, IL, 61801, USA

The world needs to sustainably grow more food to feed the growing population of
the planet. Data-driven agriculture is a promising technique that can help farmers
be more productive, reduce costs, and enable adoption of sustainable agricultural
practices. However, the adoption of data-driven agriculture is limited by a lack of
affordable technologies, for broadband, sensing, imaging, and insights. In this
article, we present an overview of Project FarmBeats, a research project that
started in 2014 to increase the adoption of data-driven agricultural practices. We
provide an overview of the various components of the FarmBeats architecture, and
details of the hardware innovations.

The world’s food production needs to increase by
50% by 2050 compared to 2010 levels to feed the
growing population of the world.1 Meeting this

demand is challenging, given the limited amount of ara-
ble land, reduced quality of soil health, and receding
water levels. This problem is evenmore severe if we con-
sider the challenge of nourishing the world, instead of
just feeding theworld, without harming the planet.

One of the most promising approaches to address
this challenge is data-driven agriculture. Using the lat-
est advances in artificial intelligence (AI) and cloud
computing, a farmer can be issued advisories, such as
when to sow seed, and what pests are likely to occur in
their farm. They can then use precision agriculture
techniques to selectively apply farm inputs, such as
water, nutrients, and pesticides. These advances will
help the farmer become more profitable, reduce costs,
as well as practice sustainable agriculture. This will
also drive farm employment in the farm and the digital
advisory ecosystem. According to the International
Food Policy Research Institute, data-driven techniques
can help us achieve this goal by increasing farm pro-
ductivity by as much as 67% by 2050 and cutting down
agricultural losses.2

Data-driven agriculture requires information about
the farm. This is obtained from a variety of sources,
including sensors, drones, tractors, weather stations,
and satellite imagery. Field trials have shown that
techniques that use sensor measurements to vary
water application in the farm at a fine granularity (pre-
cision irrigation) can increase farm productivity by as
much as 45% while reducing the water intake by 35%.3

Similar techniques to vary other farm inputs like seeds
and soil nutrients have proven to be beneficial. More
recently, the advent of aerial imagery systems, such
as drones, has enabled farmers to get richer sensor
data from the farms. Drones can help farmers map
their fields, monitor crop canopy remotely, and check
for anomalies. Over time, all of these data can indicate
useful practices and make suggestions based on pre-
vious crop cycles, resulting in higher yields, lower
inputs, and less environmental impact.

While these techniques are promising, their adop-
tion is limited to less than 20% of farmers, even in the
United States, owing to the high cost of manual sen-
sor data collection.4 The adoption is much more lim-
ited in the low- and medium-income countries, where
most farmers are smallholder farmers.5

One of the primary reasons for limited adoption of
digital agriculture technologies is the cost of these solu-
tions compared to their value to the farmers. Good-qual-
ity agriculture sensors cost over a few hundred dollars.
Drones with cameras are commercially available for
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over $1,000. The network connection itself is expensive.
Over three billion people worldwide are not using the
Internet even though they are in coverage range. The
challenge is compounded by the paying capacity of the
farmers, who are severely financially constrained. More
than half of farmers in the United States need a second
income to stay afloat.6 The situation is more dire for
smallholder farmers. An average farmer in Sub-Saharan
Africamakes less than $2 per day.7

In this article, we present a holistic approach for
building a more affordable data-driven agriculture sys-
tem. First, to reduce the cost of sensors, we are explor-
ing new modalities of sensing, such as RF sensing, and
ways to reliably use low-cost sensors. Our work, called
Strobe, leverages Wi-Fi on existing smartphones to
sense soil moisture and soil electrical conductivity
(EC).8 In another work, we propose the Fall-curve9 to
detect sensor failures. Second, for aerial imaging of
small farms, we use tethered helium balloons as an
alternative tomore expensive drones.10 Third, we reduce
the number of sensors needed in a farm using multi-
modal AI. By combining aerial imagery and on-ground
sensors, we need much fewer sensors to build heat-
maps of farms.4 Fourth, we reduce the cost of connec-
tivity by leveraging a communication technology that
uses empty TV spectrum to carry wireless signals.11

Finally, instead of sending all the data to the cloud, we
use edge computing—a computer in the farmer’s house
or office that is capable of operating offline.

IN THIS ARTICLE, WE PRESENT A
HOLISTIC APPROACH FOR BUILDING
AMORE AFFORDABLE DATA-DRIVEN
AGRICULTURE SYSTEM.

The above mentioned technologies were developed
as part of the FarmBeats research project at Microsoft.
The goal of FarmBeats is to democratize data-driven
agriculture, such that any farmer can augment their
knowledge of the farm, with data, and data-driven
insights. As part of this initiative, we are developing new
technologies, spanning AI, cloud, data, IoT, edge, robot-
ics, networking, and hardware, to make data-driven agri-
culture more affordable. In this article, we will discuss
the innovations in hardware, and the open questions.

DATA-DRIVEN AGRICULTURE:
EXISTING APPROACHES
AND CHALLENGES

Perhaps the biggest innovation in the last century,
which led to the Green Revolution, is the use of

genetic engineering. For example, genetically modified
organism (GMO) soybean seeds are genetically engi-
neered to handle pesticides better, and can also be
planted much closer to each other. Although these
innovations have helped, further increase in yield is
needed to meet the growing demand.

Data-Driven Agriculture
Data can augment a farmer’s knowledge about their
farm, and AI on that data can provide insights to the
farmer. A promising data-driven technique is precision
agriculture, which treats the farm as heterogeneous
(land, livestock, fisheries, etc.), and uses variable treat-
ment throughout the farm, such as variable seeding, fer-
tilizer application, lime application, irrigation, feeding,
among others. Precision agriculture is good for the over-
all farming ecosystem. It improves yield, reduces operat-
ing expenses, and is also good for the environment. For
example, by only irrigating areas that need water, the
farmer gets a healthy crop, and by not using water
where it is not needed, the farmer saves money, while
preventing surface runoff, and nutrient leaching. Simi-
larly, by applying fertilizer only where needed, the farmer
saves cost, and limits the damage caused by overfertili-
zation. For livestock, adapting the feed for each animal
using precision nutrition can help increase productivity
formeat or dairy.

In addition to precision agriculture, data can also
help a farmer with other digital advisories, such as
planning what to grow, when to plant seeds, and when
to harvest based on market prices and logistics over-
heads. Data-driven agriculture can also help a farmer
create the right market linkages, provide access to
financial tools and insurance, and help with agricul-
tural research and development.

Data-driven tools can help farmers adapt to cli-
mate change. Farmers take a lot of actions based on
past weather conditions. An unexpected change,
either in temperature or precipitation, will significantly
impact a farmer’s yield. Data-driven techniques can
predict these changes and provide timely notifications
to the farmer. In addition, agriculture can be a poten-
tial solution to climate change, by helping sequester
carbon in soil. However, this requires the use of regen-
erative agricultural practices, such as no till, or
reduced till, cover cropping, and nutrient manage-
ment. The use of digital technologies can help a
farmer adopt regenerative agricultural practices, with-
out sacrificing profitability.

Existing Approaches
Agronomists have studied various aspects of precision
agriculture, from defining more accurate management
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zones, to improving prescription, to leveraging soil sci-
ence, and plant physiology techniques. Remote sensing
from satellite imagery and soil samples from the lab are
the most commonly used data-driven techniques.
Recent work has looked at technologies for gathering
data from farms. Researchers have built specialized sen-
sors, for measuring nutrients, water levels, and other
such sensors. Practitioners have started using drones to
get a spatial view of the farm, and mesh networks to
gather data from sensors in the farm.

Challenges
We note that despite the promise of data-driven agri-
culture, it has not been widely adopted. For example,
only 13% of small holder farmers in Sub-Saharan Africa
have registered for digital services, and less than that
are active.12

Even in the United States, precision agriculture is
still in its infancy. The primary reason is cost and inac-
curacy. Satellite data are sparse, with coarse spatial
resolution, and lack temporal data below the clouds.
On-farm data collection technologies are expensive to
provide the return of investment (ROI) to the grower.
Several commercial products build management
zones, but they are often unable to capture the spatial
and temporal variations in the field caused by climatic
and soil variations. This variation is even more for soil
organic carbon, which needs to be monitored for agri-
cultural emissions and carbon sequestration.

FarmBeats: A PLATFORM FOR
DIGITAL AGRICULTURE

FarmBeats was started as a research project inMicrosoft
Research in 2014, with a goal to enable data-driven agri-
culture. Since then, parts of the research have been
shipped as aMicrosoft product calledAzure FarmBeats.13

Organizations such as Land O’Lakes14 and USDA ARS15

have since announced partnerships on Azure FarmBeats
for their agricultural products.

The FarmBeats research system is innovating on
the end-to-end system for digital agriculture, as shown
in Figure 1. We work with partners to prototype agricul-
tural services for farmers. Given any farm, which could
be a polygon or a shape file, the system captures large
amounts of data about the farm, from a variety of data
sources, including sensors, drones, tractors, cameras,
satellites, and weather stations. This includes both
temporal, spatial, and historical data. The system then
uses AI to combine these data in new ways to fill in
gaps, and make predictions of what is likely to happen
in the farm. This abstraction is available via APIs to
partners, who then use their detailed agricultural
knowledge to develop agricultural insights for growers.

The research system described in Figure 1 works as
follows:

1) Sensors: The system recommends sensor loca-
tions based on knowledge of the farm. These are
regions where the farmer should place the sensors.

FIGURE 1. Different components of the FarmBeats research program. This includes innovations in hardware, systems, AI, com-

puter vision, networking, and other research areas. In this article, we present the innovations in hardware.
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Our research includes ways to reduce the cost of
sensing using Wi-Fi signals on smartphones,8 and
improve the fault tolerance of sensors.9

2) Aerial imaging: Drones are used to capture imag-
ery from large parts of the farm, and to spray
chemicals and water. We have researched ways
to improve the battery life of drones, and intelli-
gent path planning.4 We have also invented a
low-cost way to image farms using smartphones
with battery packs mounted on tethered helium
balloons.10

3) Networks: Since large areas in the farm do not
have Internet access, and even if they do get a
wireless signal reception, the connection is not
affordable. We use a new technology that uses
unused TV channels to send and receive data.11

Antennas on a farmer’s house or office send and
receive signals over several miles, providing low
cost, high-speed connectivity over long distan-
ces. In addition, we have come up with a new
radio design for low-power, long-range, narrow-
band operation in the TV spectrum.

4) Edge compute: Not all the data generated in the
farm need to be sent to the cloud. In some cases, it
is extremely prohibitive. For example, a drone can
generate several gigabytes of data in tens of
minutes. Transmitting these data to the cloud over
a fewMbps Internet connection will take extremely
long. Instead, we perform large amounts of com-
pute on a PC form factor device in the farmer’s
house or office.4We have also invented a new tech-
nique to send large amounts of data from the edge
to the cloud by first identifying parts of the image
that aremore important, and then selectively send-
ing the subframe fragments using progressive
compression.16

5) Satellite imagery: One of the key sources of data
for a farm is from satellite imagery. FarmBeats
ingests current and historical satellite data about a
farm. One of the challenges in satellite imagery is
clouds. Since over 70% of satellite data are covered
by clouds, it is difficult to observe the farm through
the clouds. We have invented a new technique,
called SpaceEye, that combines imagery from opti-
cal satellites with RF signals from RADAR satellites
to reconstruct satellite imagery below the clouds,
with high accuracy.17

6) AI and computer vision: We use AI on farm data
to a) fill in gaps in collected data, and b) predict
likely outcomes. Both of these are performed at
the edge and in the cloud. We merge data across
multiple data streams, such as sensors and aerial
imagery, sensors and weather stations, drones

and satellites, etc. For example, using multimodal
techniques, we are able to combine local sensor
data with weather station data to make very
hyperlocal predictions of weather in the farm.18

We also use computer vision techniques to build
3-D orthomosaics, and create aerial timelapses.19

We note that the architecture in Figure 1 is not
designed to be grower facing. It is meant for other
AgTech researchers to incorporate their agronomic
expertise with the data collection and AI capabilities
of FarmBeats. In the rest of this article, we discuss the
hardware innovations in components 1–4 of Figure 1.

RELIABLE, LOW-COST SENSING
Existing sensing technologies in a farm are expensive.
They also require a lot of sensors in the farm, which fur-
ther drives up costs. Our research has focused on ways
to significantly bring down the cost of sensing by:

1) leveraging other forms of sensing, which are
more commonly available, such as RF;

2) making low-cost sensors more reliable by
detecting faults early;

3) using AI/ML techniques to enable low-cost sen-
sors to function as more powerful weather
stations;18

4) reducing the number of sensors needed in a
farm by combining sensors with multispectral
imagery from drones and satellites.4,13

We discuss the first two technologies in the follow-
ing sections.

Sensing Using RF
Several technologies for measuring soil moisture and
EC have been invented in the last few decades, includ-
ing direct sensing techniques, which require soil to be
extracted and dried out, as well as indirect sensing
methods that measure surrogate properties of soil
moisture and EC, such as capacitance, electrical, and
nuclear response. However, their adoption is limited
by the cost and accuracy. Even sub-1000 dollar sen-
sors can fail to accurately measure soil EC and mois-
ture. Our work, Strobe, leverages RF signals in existing
Wi-Fi bands to bring down the cost to tens of dollars
as well as achieving comparable performance to more
expensive soil sensors.8

RF-based soil sensing is enabled by the phenome-
non that RF waves propagate slower and attenuate
more in soil than in air because of soil’s larger permit-
tivity and EC than air. Unlike prior RF-based solutions
such as ground-penetrating radars and time-domain
reflectometry that require a wide bandwidth from
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hundreds of megahertz to a few gigahertz to achieve
high accuracy, Strobe only exploits the 70 MHz of the
available Wi-Fi spectrum in 2.4 GHz. Strobe overcomes
the key challenge of limited bandwidth using a novel
multiantenna technique. With a linear antenna array,
Strobe measures the relative propagation time and
amplitude of Wi-Fi signals received by different anten-
nas, and then converts them to soil moisture and EC.
Strobe can work with commodity multiantenna Wi-Fi
cards, which brings down the cost to be tens of dol-
lars. We expect the cost to be lower when the system
is manufactured at a larger scale, e.g., tens of thou-
sands of devices.

Reliable Sensors
Sensor hardware for agriculture, especially low-cost
sensors, are prone to faults as they are exposed to
harsh outdoor environments. Water, humidity, extreme
temperatures, and insufficient power can all lead to
faulty sensor hardware and, in turn, corrupt data. There
are several real-world scenarios where existing data-
centric and heuristic-based approaches have limita-
tions in sensor fault detection. Our work, Fall-curve,
focuses on identifying and isolating defective sensor
hardware at the edge.9

We exploit a unique hardware signature where the
signature of a working sensor is distinct from a faulty
one. To save power in an IoT device, a common prac-
tice is to power off the sensor when the data collec-
tion is not required. We observe that when a sensor is
powered off, its output voltage signal gradually falls
down to zero following a curve. The Fall-curve is exhib-
ited due to the presence of active and parasitic
capacitances in the sensor hardware. Consequently,
the curve is unique to each sensor, i.e., its hardware
components. Therefore, any hardware malfunction
results in a different shape of the curve.

An advantage of using the Fall-curve is that the
fault can be identified at the end IoT device without
any contextual knowledge and historic sensor data.
To do so, we use a lightweight nearest neighbor
search algorithm running in the end IoT device. A dic-
tionary of polynomial feature vectors extracted from
the Fall-curves of nonfaulty sensors is prestored in the
IoT device. The search is conducted on this dictionary
against feature vectors extracted from the Fall-curve
of the connected sensor.

AFFORDABLE NETWORKING
Connecting sensors, drones, and other devices in rural
areas is challenging. Solutions, such as satellite or cel-
lular connectivity,20 are expensive. Carriers have little
incentive to deploy expensive towers in regions that

are so sparsely populated. While there are point-to-
point connectivity solutions to bring broadband to a
farmer’s home, they are not sufficient to connect devi-
ces in the farm. In fact, a recent study by the USDA
concluded that close to 75% of the farmland in the
United States does not have Internet connectivity.

Broadband in the Farm
In addition to other technologies, we use the TV white
spaces (TVWS)11 to connect the farm. This technology
refers to unused TV spectrum, in the very high fre-
quency (VHF) and ultrahigh frequency (UHF) bands,
which are legal to use in the United States, Canada,
and several countries worldwide. Devices using this
technology consult with a database to determine the
available channels at a location, and operate in an
available TV channel. Since this spectrum is in the
lower frequencies, the signals can propagate much
farther than signals in 2.4 GHz or 900 MHz of the spec-
trum, and also through dense leaves and crop cano-
pies. For example, recent deployments in Africa have
links operating at over 2 Mbps at 10 km when trans-
mitting at 1 W.11 Furthermore, earlier this year, the Fed-
eral Communications Commission (FCC) approved
the TVWS devices to operate at up to 10-W EIRP in
rural areas, enabling extremely long-range networks.

Even though there are few free TV channels in met-
ropolitan cities, the rural areas, where most farms are
located, have more than 100-MHz TV spectrum. Given
this large available bandwidth, we are able to support
several devices, including high-bandwidth devices, such
as cameras, operating at long distances using a single
gateway device. Furthermore, since these devices oper-
ate in unlicensed spectrum, their cost is significantly
less than comparable cellular networks.11 Farmers can
set up theTVWS radio and antenna, as shown in Figure 2,
to connect several miles around a farm.

FIGURE 2. TV white space antenna and broadband radio in a

farm in Eastern Washington.
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Connecting Sensors
LoRa and SIGFOX IoT networks operate around the
2.4-GHz or 900-MHz band, which have limited propa-
gation through crops and canopies. They can operate
in 400-MHz “semilicensed band” in the United States,
but that needs coordination with a local agency to get
a very small sliver—12.5 KHz—of the spectrum, which
can support very few sensors.

We propose the use of TVWS spectrum, which
is abundantly available in rural areas, for IoT communi-
cation. It offers very long-range connectivity over tens
of miles, even through crops and canopies. As part of
the FarmBeats system, we designed and implemented a
narrowband IoT radio that can operate in this spectrum
(as seen in Figure 3). This opens the door for very large-
scale network deployments where a single base station
can support hundreds of devices across tens ofmiles.

Although our IoT radio offers longer range, it con-
sists of low-cost off-the-shelf hardware components. It
enables low-power LoRa communication over the TVWS
spectrum by incorporating the SX1276 chip from Sem-
tech as the LoRa (de)modulator. We modified the RF
filters to operate outside the industry, scientific, and
medical (ISM) band, including the VHF andUHF TV spec-
trum. The TV spectrum has strict regulatory restrictions
on side-channel leakage and harmonics of the signal to
protect the primary user from the harmful interference.
It is also very wideband compared to the 900-MHz ISM
band, and separate filters are required to operate in
different bands within this spectrum. We designed a
software configurable logarithmic periodic filter that
enables narrowband communication in a continuous
spectrum starting from 150 to 960 MHz including VHF,
UHF, and ISM bands. The filter design limits the side-
channel leakage and harmonics in other bands within
the spectrum.Wemodified the base LoRamedia access
control (MAC) protocol, such that these transmissions
do not interfere with existing TV reception. We provided
our results to the FCC, including the design, and in
November 2020, for the first time, the FCCapproved reg-
ulations for use of IoT devices in the TVWS spectrum.

LOW-COST SMALL-SCALE
AERIAL IMAGING

In spite of recent advances in unmanned aerial vehicle
(UAV) technology, a few factors limit their adoption
for smallholder farmers. First, UAVs consume a large
amount of power to stay afloat, resulting in very short
battery life (few tens of minutes for most commercial
UAVs). Second, there are several regulatory restric-
tions associated with UAV usage. Finally, UAVs require
high capital investment. Commercial quadrotors that
can last for 30 min and are reliable outdoors cost over
$1,000. This is further compounded by the fact that
the UAV batteries have finite charge cycles and need
to be replaced frequently if the UAV is used often.

In a previous work,10 we present a long-term low-
cost aerial imagery platform called TYE (for Tethered
eYE). TYE is a tethered aerial camera that floats in the
air, at a few hundreds of feet, due to the lift provided
by a balloon, as shown in Figure 4. We utilize a lighter-
than-air gas (such as helium) filled reusable tethered
balloon system to carry a payload (a camera and some
additional hardware). Unlike UAVs, TYE is low cost,
does not suffer from regulatory restrictions, and can
last for several days. TYE operates in two different
modes: 1) Static-TYE, where the balloon is tethered to
a stationary point, for long-term unmanned aerial
imagery applications, such as surveillance and crowd
monitoring; and 2) Mobile-TYE, where the tether is
movable, for spatial mapping applications that require
TYE to map a large area, such as crop canopy estima-
tion in farms. Raw visual imagery from TYE is
extremely hard for humans to view and understand.

FIGURE 3. FarmBeats IoT radio utilizes TV white spaces for

long-range communication.

FIGURE 4. TYE deployment on the Dancing Crow Farm in Car-

nation, WA, USA.
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The balloons are highly susceptible to arbitrary lateral
motion and camera rotations induced by wind. This
constantly changes the field of view of the TYE camera
across subsequent frames. To overcome this problem,
we designed a custom mount to reduce camera mobil-
ity, and leverage the gyroscope to eliminate frames
with extreme motion. We then utilize techniques from
computer vision to correct for the camera motion in
software. As a result, TYE produces consistent views
for the user as if the camera was stable in the air, in
spite of arbitrary physical camera motions.

While long-term imagery applications of TYE do not
require any human involvement, the spatial mapping
application for aerial imagery of a farm requires TYE to
be maneuverable like drones. Thus, Mobile-TYE requires
a person to move the balloon around while holding the
tether. In thismode, wind-inducedmotion of the balloon
causes the balloon-path to be uncorrelated with the
human path. This leads to novel path planning chal-
lenges, since most area-coverage algorithms are
designed for UAVs that can follow tight global position-
ing system (GPS)-controlled paths by exerting turbine
forces to counter the force of wind. In order to over-
come this challenge, we propose a novel path-planning
algorithm that ensures area coverage, with minimum
human motion, in spite of balloon motion caused by
wind. Furthermore, we implemented this algorithm as a
mobile application for the user to keep adapting their
path in response to the balloonmotion.

We have implemented TYE as a software–hardware
system, using helium balloons. We support two camera
designs: a GoPro and a smartphone. Furthermore, we
evaluated the feasibility of TYE in two different applica-
tions: 1) aerial survey of crops in agriculture (both static-
TYE and mobile-TYE) and 2) flood monitoring to identify
the flow ofwater in a flood (static-TYE).

AI FOR AFFORDABILITY
In addition to reducing the cost of hardware, AI can help
make digital agriculture affordable by 1) reducing the
number of sensors needed, and making sensors and
dronesmore functional using multimodal AI, by combin-
ing with other sources of data, such as weather station
data, or satellite imagery; and 2) improving the ROI in
on-farm hardware by using AI to advise farmers for opti-
mal strategies on seeding, spraying, harvesting, and
trading decisions to make farming more sustainable
and profitable (see Kumar et al.’s work21).

Multimodal AI on Farms
Inference based on multimodal data provide a more
holistic perspective of the farm. Our work develops
some key technologies to combine multiple

modalities: 1) combining multiple temporal data
streams (such as on-farm sensors with weather sta-
tions) representing various geospatial scales; and 2)
combining spatial datastream (such as drone or satel-
lite imagery) with temporal datastream (e.g., from sen-
sors) sampled at various temporal resolutions.

Consider a specific scenario—It is springtime in
Eastern Washington, USA, and the temperature is
slightly above freezing. A farmer is preparing to fertilize
their fields of wheat and lentils aswinter runoff and frost
are nearly finished. The plants are susceptible to fertil-
izer at freezing temperatures, so the farmer checks fore-
casts from the local weather station, which is about 50
miles away. The three-day outlook shows temperatures
above freezing. The farmer rents equipment and starts
fertilizing the farm. But at night, the temperature in parts
of the fields drops below freezing and kills around 20%of
the crops. This is unfortunately a common situation on
farms, since climatic parameters can vary over short dis-
tances and even between sections of the farm.

To address this problem and others, we developed
DeepMC, a multiscale encoder–decoder framework to
combine weather station forecasts (which is collected
and predicted at a coarser geo-spatial scale) with sensor
data (which is collected at a highly localized geo-spatial
scale) to predict microclimates on the farm. This frame-
work is called DeepMC (see Kumar et al.’s work18).
DeepMC predicts various microclimate parameters with
over 90% accuracy at IoT sensor locations deployed in
farms around theworld.

Some of our other work on multimodal AI focuses
on spatiotemporal data sets. We combine multispec-
tral spatial datastreams collected through either sat-
ellites or drones with IoT sensor-based temporal data
sets to generate high-resolution heatmaps of soil and
crop parameters on the farm. Large number of sensors
on the farm create operational challenges for operat-
ing machinery on farms, in addition to the added cost
of procuring and maintaining sensors on the farm. We
keep the deployed sensors at the minimum by com-
puting the optimal sensors needed for the desired res-
olution of the predicted outcomes. In addition, the
technique is also used to generate heatmaps for vari-
ous soil and crop parameters such as soil moisture,
soil temperature, and soil nutrient content on the
farm. Our technique uses a fusion mechanism to com-
bine spatial data sets with temporal signals sampled
at various temporal resolutions.4

Optimal Advisories
Farmers synthesize various parameters to make oper-
ational decisions on the farm. Typically, these deci-
sions can be categorized into three groups:
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1) Strategic: These are decisions based on long-
term impact and are not dependent on day-to-
day variabilities, such as resource allocation—
how many workers to hire? What crops to grow
in which section for this year?

2) Tactical: Scheduling decisions that are based on
day-to-day operations—such as when and where
to spray?

3) Real-time: Decision that are dependent on real-
time feedback: such as operational automa-
tion—flight planning for drones, tractors, etc.

Most of these decisions are made under various
uncertainties—nature, human, or machinery related. We
developed a sequential decision making framework to
advise operations on the farm by taking in insights col-
lected by the FarmBeats system and compute optimal
actions for strategic, tactical, and real-time decision-
making. This system solves for optimal strategies by
combining farm-specific guidelines with natural, market,
and policy-based rules with signal dynamics. These AI
technologies help democratize agriculture by bringing
actionable insurgents and advisories in the hands of indi-
vidual users in an affordable and qualitymanner.21

SUMMARY AND FUTUREWORK
Innovations in hardware can help democratize digital
agriculture. Low-cost sensors can be made more fault
tolerant using Fall-curves. Alternative sensing meth-
odologies, such as RF sensing using Wi-Fi, can enable
any farmer with a smartphone to get data about their
farm. Low-cost imaging will help growers to get aerial
data at low cost, and new low-cost networking techni-
ques, such as the use of unused TV channels, can fur-
ther bring down the cost of existing solutions by not
relying on satellite connectivity. AI techniques can
also reduce the need for expensive sensors, and also
reduce the number of sensors needed in the farm.

However, we note that we have only scratched the
surface in making sensing of the farm more affordable.
A lot more innovation is needed, in technology, busi-
ness, and policy, to further reduce costs, and increase
adoption of digital agriculture techniques.

On the technology side, we need to develop more
inexpensive forms of sensing. Recent work on using
microelectromechanical systems (MEMS) sensors for
sensing soil, and audio sensors for measuring rain, are
very promising. In addition to sensors, we need lower
cost and energy efficient drones that can reduce the
overhead in procuring aerial imagery. Cloud and AI that
can reach to all farmers worldwide, for example, using
an affordable edge. Furthermore, research is needed on
user interfaces, to make digital agriculture more usable

by farmers who operate devices with soiled hands, and
are often not themost technology savvy.

SIMILAR TO SUBSIDIES FOR
IRRIGATION AND FARM EQUIPMENT,
THERE NEEDS TO BE SUBSIDIES FOR
DIGITAL TECHNOLOGIES, TO DRIVE
THE ADOPTION OF DIGITAL
AGRICULTURE TECHNOLOGIES.

Business and policy innovation are also needed to
further increase the adoption of digital agriculture sol-
utions. New business models, such as sensing as a
service, in which people on the field can carry a sensor
to different parts of the farm instead of using multiple
sensors, or new business models where farmers get
paid to use digital techniques, can help drive adoption.
Similarly, policy innovation is needed as well. Similar to
subsidies for irrigation and farm equipment, there
needs to be subsidies for digital technologies, to drive
the adoption of digital agriculture technologies.

REFERENCES
1. World Resources Report, “Creating a sustainable food

future: A menu of solutions to feed nearly 10 billion

people by 2050,” 2019. [Online]. Available: https://

research.wri.org/sites/default/files/2019-07/

WRR_Food_Full_Report_0.pdf

2. H. C. J. Godfray et al., “Food security: The challenge of

feeding 9 billion people,” Science, vol. 327, pp. 812–818,

2010.

3. M. H. Almarshadi and S. M. Ismail, “Effects of precision

irrigation on productivity and water use efficiency of

alfalfa under different irrigation methods in arid

climates,” J. Appl. Sci. Res., vol. 7, pp. 299–308, 2011.

4. D. Vasisht et al., “ Farmbeats: An IoT platform for data-

driven agriculture,” in Proc. 14th USENIX Symp. Networked

Syst. Des. Implementation, 2017, pp. 515–529.

5. R. Chandra and S. Collis, “Digital agriculture for small

scale producers: Challenges and opportunities,”

Commun. ACM, vol. 64, no. 12, pp. 75–84, 2021.

6. N. Key, D. Prager, and C. Burns, “Farm households

experience high levels of income volatility,”U.S. Dept.

Agriculture, USDA Econ. Res. Serv., Rep. ERR-226, 2017.

7. AGRA, “Africa Agriculture Status Report 2017,” 2017.

[Online]. Available: https://agra.org/wp-content/

uploads/2017/09/Final-AASR-2017-Aug-28.pdf

8. J. Ding and R. Chandra, “ Towards low cost soil sensing

using Wi-Fi,” in Proc. 25th Annu. Int. Conf. Mobile

Comput. Netw., 2019, pp. 1–16.

76 IEEE Micro January/February 2022

EXPERT OPINION

https://research.wri.org/sites/default/files/2019-07/WRR_Food_Full_Report_0.pdf
https://research.wri.org/sites/default/files/2019-07/WRR_Food_Full_Report_0.pdf
https://research.wri.org/sites/default/files/2019-07/WRR_Food_Full_Report_0.pdf
https://agra.org/wp-content/uploads/2017/09/Final-AASR-2017-Aug-28.pdf
https://agra.org/wp-content/uploads/2017/09/Final-AASR-2017-Aug-28.pdf


9. T. Chakraborty et al., “ Fall-curve: A novel primitive for IoT

fault detection and isolation,” in Proc. 16th ACMConf.

EmbeddedNetworked Sensor Syst., 2018, pp. 95–107.

10. A. Jain et al., “Low-cost aerial imaging for small holder

farmers,” in Proc. 2nd ACM SIGCAS Conf. Comput.

Sustain. Soc., 2019, pp. 41–51.

11. S. Roberts, P. Garnett, and R. Chandra, “Connecting

Africa using the TV white spaces: From research to real

world deployments,” in Proc. 21st IEEE Int. Workshop

Local Metrop. Area Netw., 2015, pp. 1–6.

12. CTA, “Digitalization of African Agriculture Report 2018–

2019,” 2019. [Online]. Available: https://www.cta.int/en/

digitalisation-agriculture-africa

13. Azure FarmBeats, 2019. [Online]. Available: https://

docs.microsoft.com/en-us/azure/industry/agriculture/

overview-azure-farmbeats

14. “Land O’Lakes and Microsoft form strategic alliance to

pioneer new innovations in agriculture and support

rural communities,”Microsoft News Center, Jul. 15,

2020. [Online]. Available: https://news.microsoft.com/

2020/07/15/land-olakes-and-microsoft-form-strategic-

alliance-to-pioneer-new-innovations-in-agriculture-

and-support-rural-communities/

15. D. Bach, “Feed the world: How the USDA is using data

and AI to address a critical need,”Microsoft/Features,

Oct. 7, 2019. [Online]. Available: https://news.microsoft.

com/features/feed-the-world-how-the-usda-is-using-

data-and-ai-to-address-a-critical-need/

16. S. Jha et al., “Visage: Enabling timely analytics for drone

imagery,” in Proc. 25th Annu. Int. Conf. Mobile Comput.

Netw., 2021.

17. M. Zhao, P. A. Olsen, and R. Chandra, “Seeing through

clouds in satellite images,” 2021, arXiv:2106.08408.

18. P. Kumar, R. Chandra, C. Bansal, S. Kalyanaraman,

T. Ganu, and M. Grant, “Micro-climate prediction-multi

scale encoder-decoder based deep learning

framework,” in Proc. 27th ACM SIGKDD Conf. Knowl.

Discov. Data Mining, 2021, pp. 3128–3138.

19. J. Dong, B. Boots, F. Dellaert, R. Chandra, and S. Sinha,

“Learning to align images using weak geometric

supervision,” in Proc. Int. Conf. 3D Vis., 2018, pp. 700–709.

20. A. Mainwaring, D. Culler, J. Polastre, R. Szewczyk, and

J. Anderson, “Wireless sensor networks for habitat

monitoring,” in Proc. 1st ACM Int. Workshop Wireless

Sensor Netw. Appl., 2002, pp. 88–97.

21. P. Kumar, A. Nelson, Z. Kapetanovic, and R. Chandra,

“Affordable artificial intelligence—Augmenting farmer

knowledge with AI,” Ann. Conf. FAO-ITU E-agriculture in

Action: Big Data for Agriculture, 2020.

RANVEER CHANDRA is the CTO of Agri-Food and the Man-

aging Director of Research for Industry at Microsoft, Red-

mond, WA, USA. His research focuses on networking and

systems. He is an IEEE Fellow, and has received multiple best

paper awards, and recognitions, such as the MIT Technology

Review Top Innovator Under 35 (TR-35), and the America’s

50 most Disruptive Innovators by the Newsweek Magazine.

Contact him at Ranveer@microsoft.com.

MANOHAR SWAMINATHAN is a researcher with the Technol-

ogies and EmpowermentGroup, Microsoft Research India, Ben-

galuru, India. His persistent aspiration is to engineer a better

quality of life for marginalized communities using his expertise

in a range of fields including education, mobile computing, IoT,

HCI, AR and VR. His research focuses on introducing computa-

tional thinking for children in schools for the blind in India using

themethodology of Ludic Design for Accessibility. Contact him

at swmanoh@microsoft.com.

TUSHER CHAKRABORTY is a Research Software Engineer

at Microsoft Research India, Bengaluru, India. His work

focuses on the Internet of Things (IoT) and wireless

sensor networks (WSNs). He builds end-to-end real-world

networking systems that light up new business opportuni-

ties for the industries with novel research directions.

Contact him at tusherc@microsoft.com.

JIAN DING is a Ph.D. student with the Computer Science

Department, Yale University, New Haven, CT, USA. Her

research interest is wireless systems, with a focus on the

physical layer of 5G massive MIMO system and RF sensing.

She was the recipient of the Best Paper Honorable Mention

Award at Mobicom 2019. Contact her at jian.ding@yale.edu.

ZERINA KAPETANOVIC is a Ph.D. candidate with the Electri-

cal and Computer Engineering Department, University of

Washington, Seattle, WA, USA. Her research focuses on low-

power wireless communication, battery-free sensing, and the

Internet of Things. She was the recipient of the Microsoft

Research Dissertation Grant. Contact her at zerinak@uw.edu.

PEEYUSH KUMAR is a Senior Research Scientist at Microsoft

Research, Redmond, WA, USA. His research is broadly in the

field of data-driven decision making under uncertainty, rein-

forcement learning, game theory, and broader AI, particularly,

in industry applications to sustainability, supply chain and

logistics, agriculture, energy, and healthcare decision making.

Contact him at pekumar@microsoft.com.

DEEPAK VASISHT is an Assistant Professor at the University

of Illinois Urbana-Champaign, Urbana, IL, USA. His research

focuses on mobile computing and wireless networking. He

was the recipient of two best paper awards, the ACM SIG-

COMM Doctoral Dissertation Award, and the Microsoft Ph.D.

Fellowship. Contact him at deepakv@illinois.edu.

January/February 2022 IEEE Micro 77

EXPERT OPINION

https://www.cta.int/en/digitalisation-agriculture-africa
https://www.cta.int/en/digitalisation-agriculture-africa
https://docs.microsoft.com/en-us/azure/industry/agriculture/overview-azure-farmbeats
https://docs.microsoft.com/en-us/azure/industry/agriculture/overview-azure-farmbeats
https://docs.microsoft.com/en-us/azure/industry/agriculture/overview-azure-farmbeats
https://news.microsoft.com/2020/07/15/land-olakes-and-microsoft-form-strategic-alliance-to-pioneer-new-innovations-in-agriculture-and-support-rural-communities/
https://news.microsoft.com/2020/07/15/land-olakes-and-microsoft-form-strategic-alliance-to-pioneer-new-innovations-in-agriculture-and-support-rural-communities/
https://news.microsoft.com/2020/07/15/land-olakes-and-microsoft-form-strategic-alliance-to-pioneer-new-innovations-in-agriculture-and-support-rural-communities/
https://news.microsoft.com/2020/07/15/land-olakes-and-microsoft-form-strategic-alliance-to-pioneer-new-innovations-in-agriculture-and-support-rural-communities/
https://news.microsoft.com/features/feed-the-world-how-the-usda-is-using-data-and-ai-to-address-a-critical-need/
https://news.microsoft.com/features/feed-the-world-how-the-usda-is-using-data-and-ai-to-address-a-critical-need/
https://news.microsoft.com/features/feed-the-world-how-the-usda-is-using-data-and-ai-to-address-a-critical-need/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


