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INTRODUCTION

Throughout human existence, food has been much more
than a necessity. It has been an art, a way of expression, a
part of our cultural inheritance, and evolution. It is not a
coincidence that almost every culture in antiquity deified
food or its process: from Demeter and Ceres, to Freyr and
Inari, agriculture and food have been revered and adored,
with sacred ceremonies, such as the Eleusinian mysteries
in Ancient Greece, celebrating agriculture and the cycle of
life (Mark, 2012).

As our world became bigger and more interconnected,
so did the challenges that our food system faced. How
do you feed a planet of 10 billion people, eliminating
distribution and access inequalities, while keeping produc-
tion sustainable, less wasteful, and resilient to disruptions
such as climate change and loss of biodiversity? Con-
comitantly, the waves of agricultural revolution over the
past couple of centuries with industrialization, mono-
cultures, fertilizers, and advanced technology for crop
management, coupled with globalization of food supply
and interconnected global markets, have enabled unprece-
dented growth opportunities. Artificial Intelligence (AI)
is regarded as a unique opportunity to accelerate innova-
tion in the broader food system in a way that can address
inefficiencies and bridge gaps in our food supply chain.

AIFS shares this view, and pioneers efforts to apply Al
technologies to each stage of the food system, leveraging
data and models to improve efficiencies of the companies
and workers, and the safety and health of the consumers
of our food system as a whole. At the front end of the
food system, we are using molecular breeding to acceler-
ate desirable crop traits including nutrition. In agricultural
production, we are leveraging large agricultural datasets
and building models to advance precision agriculture, and
are also building models to optimize indoor farming. For
processing, we are developing machine learning models to
enhance the inactivation of pathogens and improve pro-
cess validation at processing facilities. In the knowledge
discovery and synthesis realm, we are using Deep Learn-
ing models and the latest in Natural Language Processing
to build knowledge bases that ingest knowledge from a
plethora of sources and millions of published papers so
that the food, ingredients, chemicals, and health areas are
intimately and interoperably interlinked, mined, and used
in applications such as diet recommendation systems and
bioactives discovery.

RESEARCH CLUSTERS

ATFS has six research clusters (see Figure 1). Four of these
(molecular breeding, agricultural production, food pro-

cessing, and nutrition) are focused on discrete areas of
the food system, whereas two more research clusters, core
Al, and ethics are overarching. AIFS provides competi-
tive funding for approximately 40 researchers that work
in interdisciplinary projects to apply AI methodologies
that advance Al infrastructure in food systems, promote
human health, and help create a more resilient supply
chain. Below are some of the project highlights for each
cluster.

Molecular breeding is a technology that can accelerate
the rate at which a new line of a cultivar can arise from
precise selection of which crosses to make during plant
breeding. With an aim toward improvements in plant traits
such as nutrition and climate adaptations, the AIFS team
is developing a toolkit for integrating nutritional qual-
ity and aroma traits into molecular breeding strategies.
Furthermore, the molecular breeding teams develop high-
throughput assays and screening large cultivar collections
via imaging and rapid sensors, to screen targeted culti-
vars for targeted molecules, leading to models to predict
molecular composition and quality, among other traits.

The agricultural production cluster aims to deliver low-
cost and easy to access sensing and data solutions. It
develops and tests in real-use conditions novel inexpen-
sive wireless Al-enabled sensors for accurately measuring
agriculturally relevant soil signals such as nitrate, ammo-
nium, phosphate, potassium, and moisture. The cluster
also develops an open-source Python library (AgML), that
enables access to agricultural-specific machine learning
datasets, benchmarks, pretrained models, and workflows
(Choi et al., 2023). Researchers also adapt a highly sophis-
ticated 3D biophysical crop modeling tool (HELIOS) as a
machine learning generator for synthetic sensor data. Sev-
eral teams are investigating the use of reinforcement learn-
ing and model-based controls for autonomous navigation
of ground- and aerial-robots in complex 3D environments
like vineyards and almond orchards.

In the area of food processing, our team has been devel-
oping Al-based framework and models to enhance food
safety, reduce food spoilage, and improve understanding
of the role of food structure in enhancing nutrition and
health benefits of food. In the area of food safety, the
research projects have focused on enhancing the detection
of pathogens (Yi et al., 2023) (Ma et al., 2023), improv-
ing food processing technologies using digital twins and
machine learning models to enhance the inactivation of
pathogens and improve process validation. The results
of these studies demonstrate that AI models for image
detection and classification and spectral data analysis
can improve the speed and specificity of detecting target
bacteria in complex food systems and aid in validation
of novel processing technologies for the inactivation of
target pathogens. Other work includes the development
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AIFS Year 3 Projects / Research Thrusts

Core AI Technologies

Food Processing & Distribution

Nutrition

Agricultural Production

Open-Source Infrastructure to Accelerate Scaling of Agricultural
Al Technologies

Food Safety and Processing Data Aggregation for
Al Development

Use-Inspired Framework for Al for Food Safety Across
the Supply Chain

Creating a Better Food System by Al-Driven Discovery of Bioactives
in Food

Explainable End-to-End Diet Recommendation System
Prediction of Health Effects from Food Photos

Al-Enabled Models for Food Digestion and
Nutrient Delivery

Towards Next-Generation Digital-Twin-Enabled Sustainable
Large-Scale Indoor Pod Farming
e Part A — Physical System, Sensors, Images,
Drones and Robotics
e Part B — Modeling, Digital Twin, PBFE, and Al

Al-Enabled Multianalyte Soil Sensor Nodes for Improving Agricultural

Input Utilization and Tracking Chemical Fluxes in Soil

Molecular Breeding

Ethics and Socioeconomics

o Developing an Al-Enabled Toolkit for Routine Integration of Quality
Traits into Molecular Breeding Strategies

Understanding and Overcoming Barriers to Trust in Al Technologies
in the Food System

FIGURE 1 The six AIFS research clusters and the current projects that span across them. All projects are around the three AIFS thrusts
of building the Al infrastructure for the food system, a resilient supply chain, and improving human health through food. AI, Artificial

Intelligence; AIFS, Al Institute of Next Generation Food Systems.

of agent-based models to identify risk of the spread of
pathogens in food facilities, an Albased 3D printing model
for bioinks for micronutrient release.and a digital twin for
indoorfarming systems (Meng et al., 2023).

The nutrition cluster works in two main thrusts: devel-
oping Al methods to use food photos to track and assess
what we eat in real-time, and to deliver dietary recommen-
dations based on user preferences and nutritional status.
The team is working toward a food “photo-to-ingredient”
module and an “ingredients to health outcome” module,
each of which will be needed in most computational sys-
tems in nutrition. The team has developed key resources
such as the SNAPMe Benchmark Database for the evalu-
ation of algorithms for computer vision in dietary assess-
ment and the Food Atlas, a KnowledgeBase that uses
deep learning, natural language processing, large language
models, and other techniques to connect foods, ingredi-
ents, compounds, and health effects. Applications include
the prediction of food composition after processing (Nara-
vane & Tagkopoulos, 2023), algorithmic food matching and

tolerance methods (Eetemadi & Tagkopoulos, 2023), auto-
mated ontology construction for food (Youn, Naravane,
& Tagkopoulos, 2020), and causal prediction of dietary
intervention efficacy in digestive diseases (Eetemadi &
Tagkopoulos, 2021).

In application-inspired and foundational Al, the teams
are researching applications in Federated Learning (FL)
which is a distributed model training paradigm where
clients collectively train a model while keeping their local
data private. AIFS can serve the role of a central server
because it has no direct conflict of interests with (indus-
trial) entities. Explainability is crucial for the acceptance
and adoption of Al-based solutions as in order to confi-
dently use an Al system, it needs to be trusted, and in
order to be trusted, it needs to be explainable. Concomi-
tantly, the team is working in the field of Al-driven indoor
farming, focusing on developing digital-twin technologies
for the optimal optical design of sustainable large-scale
indoor farming “pods,” which consist of enclosed trailers
with hydroponically grown plants, with energy supplied
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by carefully controlled LEDs, whereby a continuous and
constant supply of nutrient-rich water helps plants grow
more consistently and while reducing inputs. The objective
is to develop simulation tools to drive innovative solutions
involving vertical farming panels of plants, utilizing LED
light strip “walls,” which provide crops with light from
only the part of the spectrum required for growth.

The workforce and ethics team has developed an ethics
framework around the principle that rules and compliance
regulations are unlikely to solve the most difficult ethical
challenges in Al It is important that Al researchers and
developers follow rules to, for example, protect the privacy
of their data and honestly represent their products. Our
ethics framework is built around a decisions and recom-
mendations log in which researchers record their decisions
and actions and their reasons for taking them with the
goal that researchers make mindful decisions (Alexander
et al, 2023). The framework emphasizes transparency, vig-
ilance, and clear communication. In studying the ethical
and socioeconomic challenges presented by Al in the food
system, we ask three questions: (i) who wins and who
loses from the technology? (ii) who bears the risks of bad
outcomes? and (iii) who decides the answers to these ques-
tions? Workers on farms and in food processing plants
will need to develop new skills to thrive in the labor mar-
ket. Helping current workers and communities thrive is an
important challenge we are working on.

EDUCATION AND PUBLIC
ENGAGEMENT

Training and outreach is at the core of AIFS’ mission,
with the institute sponsoring various fellowships and train-
ing initiatives. One such initiative that targets researchers
that are not from computer science is AIBridge, where
researchers with limited prior programming experience
get educated and then apply what they learn on Al projects
related to food and agriculture. Over the past three years,
hundreds of students have been trained on how to use
Python, object oriented concepts, and machine learning
libraries in practice, with some of them moving on to pur-
sue this interdisciplinary field for their careers. The AIFS
Career Exploration Fellowship Program is another ini-
tiative where companies mentor undergraduate students
with internships, where students gain hands-on experi-
ence in an industrial setting. More broadly, AIFS regularly
participates in conferences and competitions, creates vari-
ous programs from K12 to postgraduate/professional level
with various partners, and sponsors various events, such as
the Apps for Food & Ag Hackathon and the Farm Robotics
Challenge in which 19 teams from 12 universities built
robotic solutions to farm tasks. All these initiatives have

resulted in bringing together and training thousands of stu-
dents and professionals from various industries and paths
in life to collectively think and design a better, faster, and
more resilient food system, with Al at its center.

COLLABORATIONS AND SYNERGIES

It takes a village to transform a system, and the food
system is no different. Over the years, we have entered
into close partnerships and joined activities across the
Atlantic to co-sponsor DigiCrop 2022 with PhenoRob in
Germany, and held joint activities with Fraunhofer ISE.
Through the USDA’s programs for funding 1890 (histor-
ically black land-grant) institutions, we have established
collaborations with Delaware State University, Tennessee
State University, Florida A&M University, Prairie View
A&M University, and West Virginia State University. In
terms of industrial partnerships, AIFS has also engaged
with over 50 companies regarding the challenges facing
the agriculture sector and opportunities for AI. From small
startups to large CPG and ingredient companies, AIFS
has partnered and co-sponsored projects in various topics
that range from understanding the molecular composition
of milk to creating Al tools related to knowledge organi-
zation and molecular discovery of key compounds such
as polyphenols and terpenes, by using omics, flavor, and
health effect predictors.

CONCLUSION

To conclude, through pioneering projects and transfor-
mative collaborations, AIFS is driven by a vision that
transcends the ordinary. We aim to sculpt a society where
wellness takes precedence over illness, a world where we
nurture our health through accessible, nourishing food
that confronts the very origins of diseases, notably chronic
inflammation. Our commitment extends from the fertile
fields to the very plates we eat from, all while honoring
the sanctity of sustainable practices that safeguard our
precious planet and its delicate ecosystems. We strive to
be stewards of our inheritance, preserving these invalu-
able resources for the generations that will follow in our
footsteps.
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