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DESCRIPTION 
Context    Orius develops advanced plant production systems for the sustainable production of ingredients, 
nutraceuticals, and food products, in fields ranging from industrial applications to space exploration. Founded in 
2021, Orius combines its expertise in biological systems and environmental control technologies to create next-
generation cultivation systems based on state-of-the-art indoor farming techniques. Orius tackles complex 
challenges in biological production, ranging from space-based food systems to high-value chemical compounds 
for the health and beauty sectors. The approach of Orius combines cutting-edge engineering with in-depth 
knowledge of biology to create reliable and resource-efficient solutions.

For certain crops, Orius has developed methods that can be replicated in controlled indoor environments, 
thereby ensuring the quality of organic production through precise control of the chemical composition of the 
plants. Studies and trials are underway to grow these plants in outdoor greenhouses in order to reduce energy 
and resource consumption, as well as production costs. Although this approach aims to simplify cultivation, 
many factors, such as light, nutrients, evapo-transpiration, and irrigation, are no longer precisely controlled or 
measured in this new environment, and product quality is therefore no longer guaranteed.

Optimizing cultivation strategies    Reinforcement Learning is a promising AI framework to support crop 
management and has great potential for agriculture’s future challenges. Drawing on crop models and high-
dimensional data sets from indoor cultivation (and, to a lesser extent, outdoor cultivation), this project aims to 
develop optimized cultivation strategies using machine learning and planning algorithms to ensure product 
quality at a lower cost.

Firstly, model-free or model-based Offline Reinforcement Learning (ORL) algorithms enable to learn effective 
policies from previously-collected, static datasets without further interaction or to leverage offline data when 
learning online. Risk-sensitive methods are involved in many ORL algorithms to deal with the distributional shift, 
that the indoor to outdoor transfer problem will further increase. Model-based ORL as well as crop growth 
models allow for probabilistic planning, i.e. solving Markov Decision Process (MDP) problems.

Since most of the plant state is not directly visible during its growth, the problem is “Partially Observable” 
(POMDPs). Practical limits on resources make Constrained POMDPs frameworks well suited to this problem. 
The transfer from indoor to outdoor cultivation makes risk-aware methods particularly interesting. This project 
will benefit from state-of-the-art POMDP solvers and decision-making libraries and frameworks (e.g. scikit-
decide or pyRDDLgym).
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APPLICATION PROCEDURE
Formal applications should include detailed cv, a motivation letter and reference letters.

Applications should be sent by email to:  nicolas.drougard@isae-supaero.fr and
p.jay@orius.co

More information: https://aniti.univ-toulouse.fr/

The project    This work-study project, which is part of the industrial ANITI chair HEROIC, is structured around 
the following steps:

- problem definition : reward function, constraints, safe transfer;

- data formating (plant growth histories) according to models and simulators;

- learning, optimization and analysis of the resulting strategies;

- strategy deployment and data collection.

Orius can provide a large amount of data on indoor cultivation, as well as some data on outdoor cultivation, 
along with numerous models describing the influence of environmental factors (e.g., light, nutrition, density, 
pests, harvesting, stress, atmosphere, etc.) on biosynthesis, particularly that of chemical compounds of interest. 
New data will be collected following the deployment of optimized cultivation strategies.

The goal is to maximize the concentration of target molecules and biomass production, while limiting the use of 
resources and the presence of other molecules. Limited resources include energy consumption, nutrients, 
irrigation as well as human interventions.

The transition from indoor to outdoor conditions causes the decision-making model to lose certain observations 
(e.g. gas exchange) and controls (e.g. light conditions), but provides it with new observations (e.g. weather 
forecasts, and sensors ranging in price) and actions (e.g. human interventions). Actions, observations, and 
hidden states also include lighting conditions, nutrients, irrigation, weather conditions, pest control, chemical 
analyses (more or less costly or destructive), planting and harvesting periods. Actions taken between growing 
cycles may also be considered : variety selection, preparation of the growing medium, dormancy breaking, type 
of cuttings, crop rotation, or planting density.

In this project, several temporal aspects must be taken into account. The Orius data on plant growth is collected 
at a much higher frequency than the daily management of the simulators. Furthermore, when considering 
multiple growing cycles, it will be valuable to learn from the collected data and optimize performance over the 
long term. 

By addressing these challenges, this work-study project will help develop effective and cost-efficient outdoor 
farming strategies. It will enable the apprentice to develop research skills in Artificial Intelligence applied to 
Agriculture.

REQUIRED SKILLS
The candidate is pursuing at least a master’s degree in the field of Artificial Intelligence, Mathematics, or 
Computer Science. He or she has a strong interest in research, software development, data processing, and AI, 
and may even have professional experience in these fields. He or she enjoys using computer modeling to solve 
real-world problems. Knowledge of Markov Decision Processes (MDPs) and Reinforcement Learning (RL) is a 
clear advantage. Knowledge of Plant Biology and Agriculture is a plus but not striclty required.
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