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The first search engine. The first wired — and a decade later,
wireless — campus. The nation’s first robotics institute
and the advent of artificial intelligence. All of these initiatives
started in the School of Computer Science. Each has
transformed our lives.
Today, a new SCS Moonshots initiative continues this
rich history of boundary-breaking innovation. While research
projects abound in all seven SCS academic units, those selected
as Moonshots have been presented to an interdisciplinary
team of faculty and staff who have deemed them the most
likely to significantly impact the world in the years to come.
SCS Moonshots receive the financial support and resources
necessary for taking risks and achieving success from the
Dean’s Innovation Fund, and are vetted by the SCS College
Council and Alumni Advisory Board.
In keeping with CMU’s legacy of world-changing
innovation, the Moonshots projects will prove that when the
best and brightest minds focus on a common goal, amazing
things happen.
This story, first in a series to be featured in The Link,
introduces you to one of those Moonshots: FarmView.
For more information about SCS Moonshots projects, email moonshots@cs.cmu.edu.
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MOONSHOTS

By the year 2040,
there will be more people
than food to feed them.
SCS researchers are
using AI to change that.
FarmView Uses AI
To Feed a Growing Planet
Linda Schmitmeyer

A

sustainable solution to the
emerging world food crisis
may be sprouting in an unlikely
place — an artificial intelligence
lab in the basement of
Carnegie Mellon University’s
Robotics Institute.
Grain sorghum, a coarse dry grass that
originated in Egypt more than 4,000 years ago,
grows in Senior Systems Scientist George Kantor’s
laboratory, where he and other researchers monitor
the plant’s growth.
Kantor is part of FarmView, a multidisciplinary
SCS research endeavor to develop a comprehensive
system of sensing, robotics and artificial
intelligence technologies that will improve plant
breeding and crop-management practices through
automated, data-driven decision tools.
“By the year 2040 there will be more people
than food to feed them,” Kantor said. “If we could
increase the yield of grain sorghum by 50 percent,
we could make a tremendous difference in food
production worldwide.”
But why sorghum? With more than 42,000
known varieties, sorghum has huge genetic
potential that can be exploited to create a new
high-yielding, high-protein variety that does well
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with minimal care on marginal lands in varying
climates. It’s drought- and heat-tolerant, and
grows in famine-prone parts of the world.
And why would a world-renowned computer
science school — rather than a land-grant
university — conduct research on grain sorghum?
Because by using the advances in these new
technologies, plant scientists can understand crop
growth in ways once unimaginable.
In Kantor’s lab, for example, a four-wheeled
robot travels slowly between rows of sorghum,
collecting data that computers will analyze and
use to make decisions about breeding a high-yield
plant. The robot is equipped with a camera, a laser
scanner to measure the plant’s geometry, and a
multispectral camera that looks at non-visible
radiation bands and measures plant function.
In field plantings, the CMU researchers use drones
and stationary sensor networks to measure plant
growth on a macro scale. Researchers also use
artificial intelligence to understand how a plant’s
genetics and environment affect its growth.
“These technologies are helping grain sorghum
breeders develop a variety that will result in
optimum yield,” Kantor said. “By precisely
measuring all the parameters, breeders and plant
geneticists can better select for traits such as high
yield, disease resistance and drought tolerance.”

This past August, CMU’s
four-wheeled robot traveled
from its Pittsburgh lab to
South Carolina to collect data
and measure sorghum plant
function. CMU’s lead partner
on this is Clemson University.

Carnegie Mellon’s FarmView researchers
are collaborating with a number of large public
universities with expertise in agriculture and
plant sciences, including Texas A&M, Penn State,
Colorado State, Washington State, the University
of Maryland and the University of Georgia. South
Carolina’s Clemson University is the lead partner
on the grain sorghum project.
Farming smarter
Agricultural land use is near capacity worldwide,
and soil degradation, climate change, expanding
population centers and competition from energy
crops are expected to reduce available acreage
even further. Water is another problem, with
agriculture using 87 percent of the renewable fresh
water supply. To feed the two billion more people
expected to be alive in 2040, food production must
become more efficient.
“We need a paradigm shift in how we grow
food,” Robotics Research Professor Sanjiv Singh
(CS 1991, 1995) recently told the audience at a
CMU-organized, National Science Foundationfunded workshop on vertical farming, where
researchers explored ways to increase crop yield and
decrease water consumption both by a factor of 10.
“The path we are on is unsustainable,” he said.
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Carnegie Mellon’s
FarmView team is confident
that the coarse dry grass
growing in the basement
lab in Pittsburgh will make
a difference.

“We need a paradigm shift
in how we grow food.
The path we are on
is unsustainable.”
			

Growing horticulture and nursery crops in
controlled environmental agricultural systems,
like vertical farms and greenhouses, produces
greater yield and uses less water, but specialty crops
are labor intensive. Vineyards and orchards also
require a great deal of care.
“Part of what FarmView is about is developing
automation systems that can support specialty
crop management,” said Stephen Nuske, a systems
scientist in the Robotics Institute. “One of our
goals is to develop inexpensive robotic systems
that small- to medium-scale growers can afford to
implement.”
Nuske’s research includes using robotics in
orchards and vineyards, where they detect the
size, number and quality of the fruit. Other CMUdesigned robots are being tested in greenhouses
to rotate plants, transplant seedlings and map the
canopies of hydroponic plantings.
“We’re beginning to study plant foliage in
orchards and vineyards and how it intercepts light,”
Nuske said. “That analysis is also being applied to
growing grain sorghum.”
Using robots, Nuske maps the number and size
of the sorghum leaves, as well as the architecture of
the plants’ canopies.
“We’re seeing that the orientation and angle of
the leaves is indicative of how well a plant is growing,”
he said. “The breeders will select sets of plants

8

THE LINK

— Research Professor Sanjiv Singh

based on these phenotypes, these characteristics,
and next year they’ll plant new varieties that have
been crossed with this year’s selection.”
Although there is no timeline for increasing
the yield of grain sorghum, bioenergy sorghum
breeders have reported that they expect to double
plant yield in five years.
Investing wisely
“Investment in agricultural research has
traditionally gone into foods costlier than
sorghum,” Kantor said. “With farmers growing
sorghum the same way for centuries, the amount
of sorghum they’re getting hasn’t changed. If we
can breed a better variety, farmers can produce
more food without updating their infrastructures
or changing how they farm.”
According to the United Nations’ Food and
Agriculture Organization (FAO), one in nine people
lacks the food they need to be healthy and lead an
active life. And that number will only increase as
the population curve outpaces the food production
curve. FAO research also shows that an investment
in agriculture is five times more effective in
reducing poverty and hunger than an investment in
any other sector.
The FarmView team believes that the coarse dry
grass growing in the basement lab in Pittsburgh
could make all the difference.
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