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We need to increase food production and decrease 
environmental impact

Over 820 million 

people worldwide 

suffer from hunger

50% more food is 

needed by 2050. 

40% food wasted.

More than 

2 billion people

 lack vital nutrients

31% GHG emissions 

from agri-food systems, 

70% fresh water use



Data-driven Agri-Food systems

Bringing data to the cloud enables key insights for individuals and organizations. 

Agriculture retail, 
farm coop, 
agronomist

Farmer Co-ops Food processing Distribution Retailer ConsumerAgrochemical
and Seeds

Agriculture 
equipment

When this data is shared, we unlock greater efficiencies
 and productivity across the supply chain.

30% 
of Crop inputs 

wasted due to lack 
of reliable data & 

tools

8x
Increase in farm 

data generation in 
next 10 years

500
Hours facility prod 
downtime, on avg 

at $25K/hour

3-10%
Commission fee 
charged by food 

brokers

$10B
Spend by Big CPG 

in 2020 for 
consumer analytics

67%
Consumers want 

full food ingredient 
transparency

>99%
Calories consumed 
from <1% of plants



Food Tech at Microsoft

Healthy Food Production 

(Modern R&D for Food)

Data-driven Agriculture

(ADMA (FarmBeats) + FarmVibes)

 

Food Supply Chain 

Transparency (FoodVibes)
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Agriculture, food production, and climate change

18.4% of GHG 

emissions from Ag, 

Forestry, & Land Use

Longer growing 

seasons in different 

parts of the world 

Food production 

accounts for ¼th

of GHG emissions

Ag soils can sequester 20 PgC 

in 25 years, 10%  more than 

anthropogenic emissions

© Copyright Microsoft Corporation. All rights reserved. 



© Copyright Microsoft Corporation. All rights reserved. 

Precision & regenerative agriculture has been shown to:

Data-driven agriculture

Reduce cost

Improve yield

Ensure sustainability
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According to USDA, high cost of manual 
data collection prevents farmers from 

using data-driven agriculture.
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Cloud

Farmers home/office

Soil moisture

sensors

Drone video

Wind speed/

Direction sensors

pH sensors

Too much distance between 

farm and the house/office

Challenge 1: Connectivity on farms
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Base station

Increasing wireless reach 

with TV White Space

A solution in white space

Cloud

Farmers home/office

Soil moisture

sensors

Drone video

Wind speed/

Direction sensors

pH sensors
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Challenge 2: Sparse sensor deployments

• Physical constraints due to farming practices

• Too expensive to deploy and maintain

How do we get coverage with a 
sparse sensor deployment?
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Precision mapPanoramic overview

Use aerial imagery and AI to enhance spatial coverage

Sensors Machine 

Learning

Aerial imagery
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77% of the planet is covered in 
clouds.

Optical reconstruction machine 

learning fills the gaps created 

by cloud-cover

This allows for long term 

imaging and research without 

interruption.

SpaceEye: Seeing through clouds over a farm 

Original RGB bands
SpaceEye predicted

 RGB bands
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Project SpaceEye

Label super 

resolution

Super resolved land cover

Resulting neutral nets can be tuned 
for new applications or refine the 
predictions

Landcover labelling

Moisture heat map 

Crop cover 

AI model

Soil tilling 

AI model

Harvest date 

AI model

Carbon

 heatmap AI model

Comet/ DNDC 

models

Carbon 

estimates

Carbon labelling
Yield 

maximization

Carbon 

minimization

Precision 

maps

Emission 

tracking

Practice 

verification

Spatio-temporal fusion

RGB

NDVI

Temporal data 

Log1

Temporal data

Log2

Spatial 

perception

Temporal

model

Temporal 

model

Fusion 

model

W1

W2

Wk





Cloud

Farmers home/office

Soil moisture

sensors

Drone video

Wind speed/

Direction sensors

Challenge 3: Connectivity to the Cloud

Azure Edge
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MQTT Broker

FTP Server

Audio/Video Processor

S E N S O R  I N T E R F A C E

Cloud Sync

Drone Flight 

Planner

IoT
Hub

Streaming AnalyticsWeb Server

• Can run offline

• Unique Gateway services

• Deep Learning at Edge

• Component Migration 

Web Server
(Offline Access & 3-D Walkthrough)

MQTT

TCP

FTP

HeatMap Gen

Panorama Gen

SLMs

L O C A L  C O M P U T A T I O N A G R I C U L T U R A L  S E R V I C E S

Precision Irrigation

Regenerative tech

Yield Prediction

Pest Infestation

Precision Fertilizer

Storage

Storage

HTTP/

AMQP

Web Server
(Offline Access & 3-D Walkthrough)

SLMs

Storage



Deployment

Deployments in several locations 
including WA, CA, NY

Farm sizes range from 0.5 – 9000 acres

Sensors:
• DJI Drones 

• FarmBeats sensor boxes with soil moisture, 
temperature, wind speed/direction sensors 

• IP Cameras to capture IR imagery as well as 
monitoring

Cloud Components: Azure IoT Suite
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Micro-Climate Forecasting

Impact:
Knowing microclimate enables better modeling of plant diseases, 

application timing, and risk management.

Challenges:
Forecast important variables for accurate plant disease prediction, 

not included in current weather forecasts (results shown).

Results:
Soil moisture & temperature forecasting error less than 10%. 

Forecast for low temp was 42 degrees.  Micro-Climate forecast was 

31 degrees in lower areas of the field.  Actual was 30 degrees.  

Instead of spraying grass herbicide, the farmer waited and avoided 

large crop damage in some of the most productive areas.

Goal:
Microclimate weather forecasting model based on FarmBeats 

sensors in the field.
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Number of Forecasted Data
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0
1 3 5 1 3 5

Soil Moisture Soil Temperature

Model 1 Model 2 Model 3*The lower the error, the better the prediction.
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Example: Panorama

Water puddle Cow excreta Cow herd Stray cow
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Precision Map: Panorama Generation
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Precision Map: Moisture

1

1.5

2

2.5
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High Moisture

Low Moisture
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Precision Map: pH

4.5

5

5.5
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6.5
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7.5

High pH

Low pH
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Application: Cow-shed monitor
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Pre-plant field preparation Planting Post-planting/pre-emergence

Operations

• Eliminate weed and cover crop

• Plan and prepare for optimized 

carbon sequestration

Tech Used

• Carbon sequestration what-if analysis

• FarmVibes.AI - CarbonWhatIf

• Li-Cor CO2 monitoring

• Multispectral drone flights

• Nutrient mapping

• Cloud free satellite imagery

• FarmVibes.AI - SpaceEye

• Multispectral drone image processing

• FarmVibes.Edge

• Variable rate glyphosate spraying

Operations

• Variable rate seeding, fertilizations, 

and depth seed planting

Tech Used

• Cloud free satellite imagery 

• FarmVibes.AI - SpaceEye 

• NVDI maps

• Soil testing locations 

• Innov8 sensor and/or 

crysalabs sensor

• Traditional lab tests

• Soil moisture sensor data collected

• FarmVibes.Connect

• TVWS broadband/private LTE 

tractor connectivity

• Micro climate prediction 

• FarmVibes.AI - DeepMC

• Previous drone images 

• FarmVibes.Edge

• Drone application of cover crop seed

Operations

• Apply variable rate for herbicides 

and target different weed herbicides

Tech Used

• Cloud free satellite imagery

• FarmVibes.AI -SpaceEye

• Multispectral drone image processing 

• FarmVibes.Edge

• Weed detection AI from previous year’s 

drone imagery

• Variable rate map for large sprayer

• FarmVibes.AI

• Micro climate wind seed predictions

• FarmVibes.AI - DeepMC

Crop lifecycle
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Crop lifecycle
Emerged crop Crop harvest Post harvest

Operations

• Spray under recommended temperature 

and wind speed 

• Apply variable rate herbicides and fertilization 

• Monitor wildlife on fields 

• Track in-season plant growth, health, 

and nutrients

Tech Used

• Cloud free satellite imagery 

• FarmVibes.AI - SpaceEye

• Nutrient mapping 

• Innov8, manual soil samples, chrysaLabs

• Temperature/wind speed prediction

• FarmVibes.AI - DeepMC

• Multispectral drone image processing 

• FarmVibes.Edge

• Drone Image based AI maps

• AI camera-based Wildlife detection

Operations

• Monitoring humidity, temperature, and 

CO2 for crop in grain silos 

• Field Management Zone level tracking

Tech Used

• Tracking Pucks

• PowerBI 

• Grain bin environment monitoring

• Azure IoT Central

Operations

• Grain storage utilization

• Harvest tracking at truck level 

• Measure truck weight at grain silos

• In field operational communication

• Harvest traceability at management 

zones level

Tech Used

• Tracking Pucks

• TVWS Broadband/Private LTE 

• PowerBI 

• Grain bin utilization monitoring

• Custom application built in 

Azure(TicketTracker)

• Azure IoT Central
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Impact to NelsonFarms

• Reduced precision pesticide and fertilizer 

    application time

• Saved more than 38% of previously 

    used on a chemical

Grain Storage Utilization

• Utilized 18% more grain storage

• Timing market for better price

Precision Seeding

• Optimized seeding for reduced 

waste



The Microsoft TechSpark initiative is bringing precision agriculture and AI to the 

classroom with FarmBeats student kits.
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Future Farmers of America + FarmBeats + FarmVibes



Microsoft Confidential 32

Motivation: existing sensors are expensive

• ~100s of dollars

Strobe design: Wi-Fi cards with 2+ antennas

• Relative time-of-flight and amplitude

Air

Soil

Results: Strobe can accurately detect moisture and EC change in soil 

Effective dielectric 
permittivity

Soil texture

Bulk density

Organic matter

Wilting point

Porosity

Jian Ding, Umesh Acharya, Rattan Lal, Ranveer Chandra

Affordable sensing low-cost soil moisture and EC sensing 
using wi-fi

Wi-fi 
transmitter

Wi-fi 
receiver



Food Tech at Microsoft

Healthy Food Production 

(Modern R&D for Food)

Sustainable Agriculture

(FarmBeats + FarmVibes)

 

Food Supply Chain 

Transparency (FoodVibes)



The Food Supply Chain Challenge

50% more food 

needed by 2050. 

40% food wasted. 

2B+ lack vital nutrients. 

500M+ suffer from 

foodborne illnesses. 

$1.2T of food 

lost/wasted annually

COVID stretched the food supply chain:

- Food shelves were empty

- Food prices are up more than 20% over the last year

- Malnutrition increase by 15% in 2020

- …. Yet, even more food was wasted 

31% GHG emissions 

from agri-food systems. 

8% from food waste.



Transparent Food Chains: Creating new opportunities for food

Traceability

Gain visibility across the food 

chain to improve safety

Sustainability

Provide farm & supply chain 

visibility to consumers, e.g. 

using regenerative ag

Sustainability labelsAlt Proteins

Track and trace

Nutrition

More accurate nutrition using 

info about ingredient sources, 

and supply chain conditions

Food Manufacturing

Food Safety & Recall

Food Waste



Key Challenge: The Opaque “First” Mile

Agrochemical
and Seeds

Agriculture retail, 
farm coop, 
agronomist

Farmer Co-ops Food processing Distribution Retailer ConsumerAgriculture 
equipment

First Mile

From the farm gate to the first handoff: shipper/processor

50% food waste 
happens in 1st mile

6% GHG emissions by 
food waste in 1st mile

Salmonella, E. coli 
often start in 1st mile

Labor planningPre-harvest CertificationGrading, sorting CoolingEquipment rental



4 challenges hindering digitization of the 1st mile…

No visibility 

in transport

Low digital 

skills

Sensing is 

expensive

No connectivity 

in 1st mile

x



FoodVibes: Hands-off, Low-Cost Digitization of 
Food Supply Chain’s 1st Mile

FoodVibes

x



Several companies have made commitments

Agrochemical
and Seeds

Agriculture retail, 
farm coop, 
agronomist

Farmer Co-ops Food processing Distribution Retailer ConsumerAgriculture 
equipment



Go-To-Market: The Partnership Ecosystem

Agrochemical
and Seeds

Agriculture retail, 
farm coop, 
agronomist

Farmer Co-ops Food processing
CPG

Distribution Retailer ConsumerAgriculture 
equipment

First Mile

FoodVibes Partner Ecosystem- Partner with 1st mile providers

- CPG margins channeled upstream

GS1 Extended Data: 
FOODVIBES 1st Mile

Sustainability Practices

Harvest Date

Storage Temp, Humidity

Sustainability service

GHG emissions, water use, 
chemicals used

Nutrition service

Time since harvest,  
nutrient content

Traceability service

Food safety, Protocols 
followed, Diseases
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Copilots in Agriculture

Farmer

Decision making for 

seeds, purchases, 

management
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Agronomist

Communicate with 

farmer & advisories

Policy Maker

Make policy documents 

accessible to farmers

Ag/Data Scientist

AI workflow automation

Banker

Communicate with farmers 

about loans, insurance

Supply Chain

Coordinate w/ farmers on 

prices, food standards

Ag Retailer

Help farmers with 

purchasing decisions

Food Manufacturing

Help farmers meet C 

standards



Storage — 

Common 

data model 

(CDM)

Carbon soil 

sensor

Satellite images

Drones

Manual carbon 

measurement

Field sensors

Farm activity 

data

Agri CoPilot  

Farm context Response

Agri Knowledge Embedding

Azure Open AI

Agri Copilot

Prompt + Knowledge 

—> Response

Agri 

Knowledge

Azure Data Manager for Agriculture

User query

FarmVibes.AI

+

Bayer Ag 

powered AI 

services
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Can GPT-4 pass Agriculture Exams?

© Copyright Microsoft Corporation. All rights reserved. 

Model Accuracy + RAG + Context +RAG + 

Context

GPT 3.5 82% 82% 82% 88%

GPT 4 90% 90% 93% 93%

Model Accuracy + 

Context

GPT 3.5 59% 78%

GPT 4 72% 84%

Model Accuracy + RAG + Context +RAG 

+Context

GPT 3.5 65% 69% 67% 68%

GPT 4 70% 78% 76% 79%

Human 
(#1 in the exam)

78%

US

Multiple Choice Questions 

Brazil

long form answers

India

Multiple Choice Questions 

GPT also makes mistakes….

Who is the advocate of the "Marthandam" Rural 

Development Programme? 

  a) Spencer Hatch

  b) Daniel Hamiltion 

  c) A.T. Mosher 

  d) M.K. Gandhi

Ref Answer: a) Spencer Hatch 

GPT Answer: b) M.K. Gandhi



Fine Tuning vs RAG vs FT+RAG
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Agri Dataset

(USA, Brazil, India)

Q&A Generation Fine Tuning FT GPT-4

FT GPT3.5

FT Llama 13B

RAG
GPT-4

GPT3.5

Llama 13B

GPT-4 based 

Eval



Insights on RAG vs FT vs FT + RAG

RAG improves accuracy for large models

  * RAG on fine-tuned model gives best results

  * integration with satellite + farm context lights up new scenarios

Fine-tuning might help learn new knowledge

  * early results show promise

  

RAG Fine Tuning

Cost – Input token size Increased Prompt Size Minimal

Cost – output token size More verbose, harder to steer Precise, tuned for brevity

Initial cost Low – creating embeddings High – fine tuning

Accuracy Effective Effective

New Knowledge If data is in context New skill in domain



I am a cotton farmer in India, and found a worm on 
the flower. What is it?

Without a clearer image, it is difficult to accurately 

identify the worm. However, based on its location 

on the flower and its appearance, it could be a 

caterpillar of the cotton bollworm (Helicoverpa 

armigera). This pest is known to feed on cotton 

flowers and can cause damage to the crop.



I am a chili farmer in India, and I am seeing this 
disease in the image below. What is it?

This appears to be root-knot nematode damage. Root-knot nematodes are 
microscopic roundworms that infect the roots of plants, causing them to 
form galls or knots. This reduces the plant's ability to take up water and 
nutrients, leading to stunted growth and reduced yield. The presence of the 
galls on the roots is a characteristic symptom of root-knot nematode 
infection. Other symptoms may include yellowing and wilting of the leaves, 
and reduced fruit size and quality. Control measures for root-knot 
nematodes include crop rotation, soil solarization, and the use of 
nematicides. It is also important to practice good sanitation and hygiene in 
the field to prevent the spread of the nematodes.

Are you sure it is not root rot? (this was originally the agronomist's 

recommendation)

I have seen similar symptoms in chilli plants affected by root rot. It is possible 

that root rot could also be present, as root-knot nematode damage can make 

plants more susceptible to other soil-borne diseases. However, the presence of 

the galls on the roots is a characteristic symptom of root-knot nematode 

infection, which is why I believe that is the primary issue here.

Testimonial:

This was very cool. The agronomist first said, root rot. GPT-4 said root nematode. I called other experts to confirm that it was indeed root 
nematode!





LLMs + Reasoning







Tractor Co-Pilot
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Cloud

Periodic processing

External data 

User context 
expense sheets, 

manuals, …

W
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Bayer APS 

FarmVibes.AI
Workflows

Insights

Context Manager

LLM (general/fine-tuned)

Trillion parameter

AzureML model catalog (for state, crop, … )

Edge LLM 

7B parm.

Edge LLM 

3B parm.

Edge LLM 

13B parm.
…

Edge

Agriculture Context
Crop yield, seed cost, …

User-Based Context
Weed map, expense sheets, ... 

RAG

(context selection)

Edge LLM

Few B parameter

Model selector

question:
What are the 

dark black 

spots on my 

corn leaves?

Text to speech

O
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question

question

context

question

schedule

question

response

response
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new context

raw data
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