= S
Gk=10M
Dr. Kenneth Tran (USA)
Principal Research Engineer,

Reinforcement Learning Group,
Microsoft Research

Dr. Kenneth Tran 2MEFR(EEE/NVEHEFMRLIEN - HRERALREE | RIEEH -
RERE - HELE - 2HFES -

EEXNEBHESH - FHEFEBEMEIFFERK Sonoma 2EBEEELREEE ( Autonomous
Greenhouses Challenge ) WWESIRIE - LbED - Sonoma 2HE—EW AL ( RBEEBENEEZE
Z)NAEER  EFNEREESH T 17% -

Kenneth Tran is a Principal Research Engineer in the Reinforcement Learning Group, Microsoft
Research. His research expertise and experience includes Reinforcement Learning, Deep
Learning, Optimization, and Distributed Computing.

In the Indoor Ag space, Kenneth recently led a Microsoft Research team — Sonoma —
participating and winning the international Autonomous Greenhouses Challenge. In the
challenge, Sonoma was the only Al team that beat humans — in this case Dutch growers — with
17% higher net profit
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* Project FarmBeats: assist open-field farmers

* Wireless communication
MSR & Ag Research - Cloud & Edge

* Al: micro-climate prediction,
smart pest control, etc.
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+ Higher quality, higher yield, lower
resources usage
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Project Sonoma

Develop an algorithm that can operate indoor farms autonomously and
efficiently

Microsoft Research Al

* Rules based: set of rules based
on experience and domain
knowledge

10 mol/m*/day

Traditional Methods
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Air handling unit

Traditional Methods
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Pipe
heating

* Rules based
» Use control theory based on

differential equations

* Many systems are not well
described by DEs

» Costly and not scalable
* Not practical
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Traditional Programming
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Traditional Programming vs Machine
Learning
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Autonomous
Greenhouse Challenge

» Produce a cucumber crop
within 4 months, remotely
using Al

» Optimize for crop yield and
resource usage efficiency
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Net Profit (euros, inc. labour, maintenance and depreciation)
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Results

The only Al team that beat humans - respected Dutch growers - with 17% higher net profit

Microsoft researchers beat Tencent and Intel
in autonomous greenhouse competition
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Microsoft researchers beat Tencent and Intel
in autonomous greenhouse competition
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9 Overall Approach

« Combine domain knowledge, classical model-predictive control,
and Reinforcement Learning (RL)

* “Model-based” RL

Microsoft Research Al %
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Reinforcement Learning

Environment - Observations
» Plant state, environment state, etc.

State Action | ACtlon. . .
+ Light, climate control, nutrients, etc.

* Reward
Reward * e.g. plant weight
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Model-based RL Framework
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Greenhouse
Temperature
Prediction

» Coefficients are not given

» Estimated from data, via simple
regression

Air handling unit

Microsoft Research Al &

Microclimate
Forecast

» Powered by Deep4Cast

* Predict the difference between the truth and
Letsgrow’s forecast
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Power Bl
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Robustness

Murphy's law: "whatever can go wrong, will go wrong*.

« Data: We validate all data for anomalies and staleness.

» Failover Policy: Based on time, if data cannot be retrieved for an extended period.

 Infrastructure: Geo-redundancy incase of infrastructure failure. Monitoring & alerting in place.

* Instrumentation: For any issues which slips through the gaps, sophisticated telemetry

instrumentation in place for RCA.

Microsoft Research Al “&:




Power Bl
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Scalability

» Stateless & Serverless: We use Azure functions for running our models and data pipelines.
Helps avoid managing servers or virtual machines.

+ Cost effective: pay per run, don't need an always-on server.
* We can deploy the system to multiple greenhouses with minimal effort.
* Horizontally & vertically scalable.

» Continuous code/model deployment.
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Results

The only Al team that beat humans - respected Dutch growers - with 17% higher net profit

Microsoft researchers beat Tencent and Intel
in autonomous greenhouse competition
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Other applications
of ML in Indoor Ag

Phenotype classification
» Pest/Disease detection and prediction

Anomaly detection
» Automated harvesting and sorting
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Challenges ahead
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Data Issues
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Final thoughts

* Indoor Ag needs disruptive tech to be
commercially viable
* Game changers
* More cost-efficient and flexible LED
* Intelligent Automation
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