
Classification Framework for 
Autonomous Greenhouses

Introduction
The increasing demand for healthy food and shortage of skilled labourers for 
greenhouse crop growing puts pressure on the horticulture sector. This drives the 
sector towards the automation of different operations in greenhouses. This three-
pager presents a framework that classifies the level of automation of crop 
growing activities in greenhouses and which can be used as a taxonomy to 
stimulate the development towards autonomous greenhouses. The framework is 
divided into four Operational Phases in which each phase is classified into one of 
the five Levels of Automation, ranging from Level 0 = No Automation to Level 4 
= High Automation (see page 1 and 2). Together, these levels determine the level 
of automation of the greenhouse (see page 3, Greenhouse Automation Levels), 
ranging from a Basic greenhouse (Level 0) to a Fully autonomous greenhouse 
(Level 5).

Operational Phases
1. Logistics: Moving products; 
sorting according to quality and size 
and packaging.

2. Crop Manipulation: Physical 
actions at crop level; harvesting; 
pruning and trellising.

3. Crop Growing: Assessing plant 
state; creating climate setpoints and 
controlling the climate inside the 
greenhouse.

4. Greenhouse Strategy: High level 
management decisions; scheduling 
phases. 

Levels of Automation
0. No Automation: The grower 
does all operations.

1. Grower Assistance: The system 
assists the human.

2. Partial Automation: Grower 
supervises ("Hands Off").

3. Conditional Automation: Grower 
is fallback ("Eyes Off").

4. High Automation: Grower sets 
goals ("Brains Off").

5. Full Automation: All operational 
phases at Level 4 and integrated 
together.
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Levels of Automation for the Operational 
Phases

The following tables show the Levels of Automation for the different Operational 
Phases. At each level the responsibilities for Execution (Sense, Plan, Act: SPA), 
Monitoring and Fallback of the control system are divided differently. Going up a 
level also involves new advantages and challenges, shown on the right-hand side of 
the tables.
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Greenhouse Automation 
Levels

After successfully assessing the Levels of Automation for all Operational Phases, 
the greenhouse can now be categorised from a holistic perspective into 
different categories based on these determined levels. For a greenhouse to be 
classified as level 'X' automated, at least two operational phases should be level 
'X' and others should be level 'X-1', as shown in the table below.
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