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Abstract. Robotic and automated applications have recently become a 

significant concern in agriculture. This study aims to provide a 

comprehensive analysis of existing regulation in Europe for agricultural 

unmanned ground vehicles (UGV) and evaluate contemporary testing 

procedures that define the level of safety performance of UGVs.  

For the first time in Europe, a legal act, the European Regulation 1230/2023, 

includes “autonomous mobile machinery”. This term refers to mobile 

machinery capable of operating in an autonomous mode, ensuring all 

essential safety functions within its travel and working area without the 

permanent interaction of an operator. Consequently, the regulation 

anticipates requirements related to automation and robotics, including 

machine learning and artificial intelligence. The standard EN ISO 

18497:2024 specifies principles for the design of partially automated, semi-

autonomous and autonomous machinery for agricultural field operations. 

While countries have drafted testing protocols for UGVs to assess field and 

safety performance, an internationally recognized certification process is still 

lacking.  Notable test protocols include the Japanese "Main Test Methods and 

Criteria related to Autonomous Agri-machinery," which covers equipment 

such as tractors and rice transplanters, and the French Agricultural Robot 

Performance Assessment (ARPA) project. 

These protocols developed in Japan and France serve as a valuable starting 

point for conducting tests and comparing results.  

Keywords: Autonomous vehicle, Safety, Machinery European Regulation, 

Obstacle detection, Working area 

1 Introduction 

In the last few years, agriculture has increasingly embraced robotic and automated 

applications [1]. These advanced technologies have gained attention mainly due to 

the rising challenges of labor scarcity and costs in European agriculture [2]. 

However, the concept of introducing automatic functions in agricultural tractors is 



not a recent issue [3]. Over the past decades, geo-positioning systems, geomapping, 

sensors and actuators, assisted and automatic guidance steering systems, and digital 

communications have drastically transformed several agricultural processes, both 

in crop and in livestock production [4,5]. Relevant digital technologies include 

invasive as well as remote sensors for crop and livestock monitoring, the Internet 

of Things (IoT), Artificial Intelligence (AI), data analytics, and advanced planning 

and optimization control of process execution. These technologies are supported by 

autonomous tools (e.g. for milking) or robots (e.g. for weeding and harvesting) [6]. 

In this technological scenario, an increasing number of companies are designing 

autonomous vehicles for agriculture. However, the widespread adoption of 

autonomous agricultural robots faces several challenges, including ensuring safety 

performance, managing system complexity and cost, the required skill level of 

farmer, and the lack of clear and common regulations for marketing these vehicles 

[1,7,8]. 

This study aims to provide a comprehensive analysis of the European regulation 

for agricultural Unmanned Ground Vehicles (UGV) and evaluate current testing 

procedures. The goal is to identify the key safety performance issues that need to be 

addressed to ensure the effective deployment of UGVs. 

2 European regulation scenario: state of art 

In Europe, autonomous machinery for agricultural operation is a new subject at 

the regulatory level. Currently, tractors fall under the EU Regulation 167/2013, 

while other agricultural vehicles are governed by the EC Directive 42/2006, neither 

of which address autonomous vehicles. 

However, on June 14, 2023, the new EU Regulation 1230/2023 has been 

approved to replace the EC Directive 42/2006. This new regulation will come into 

force on the January 14, 2027, with the EC Directive 42/2006 remaining valid until 

then. The innovative aspect of the EU Regulation 1230/2023 is that it includes, for 

the first time in European legislation, the concept of “autonomous mobile 

machinery”. This term refers to mobile machinery capable of operating 

autonomously, ensuring all the essential safety functions in its travel and working 

area without the permanent interaction of an operator [9]. Consequently, the 

regulation addresses issues related to automation and robotics, including machine 

learning (ML) and artificial intelligence (AI).  

The Organisation for the Economic Development and Co-operation (OECD) 

defines an AI system as a machine-based system that, for explicit or implicit 

objectives, infers from the input it receives how to generate outputs such as 

predictions, contents, recommendations, or decisions that can influence physical or 

virtual environments. Different AI systems vary in their levels of autonomy and 

adaptiveness after deployment [10]. 

Autonomous machines with ML capabilities and AI-based security systems, such 

as UGVs, are considered high-risk machines in Annex I, Part A of the EU 

Regulation 1230/2023. This acknowledgment needs an official certification 



process. As a result, the forthcoming implementation of the European Regulation 

1230/ 2023 will require globally applicable testing protocols to establish a minimum 

level of safety performance for the normal operation of agricultural field robots. 

3 Available standard and test protocols 

Concerning highly automated agricultural machines, such as agricultural field 

robots, the international standard EN ISO 18497:2024 – Agricultural machinery and 

tractors – Safety of partially automated, semi-autonomous and autonomous 

machinery is available. This standard addresses some of the essential requirements 

of the EU Regulation 1230/2023 on machinery. 

The EN ISO 18497:2024 specifies principles for designing highly automated 

features in agricultural machinery and vehicles, including tractors, tractor 

implement systems, implements, and self-propelled machinery. Additionally, the 

standard provides guidance to manufacturers on delivering information to end-users 

about safe working practices, including residual risks, and on ensuring the safety 

performance and verification methods for tractors and self-propelled machines 

equipped with highly automated functions [11]. 

Nevertheless, several countries have already drafted testing protocols for highly 

autonomous agricultural machines to assess their field and safety performance in 

the absence of an internationally recognised certification process. 

Testing protocols are available in Japan, namely Main Test Methods and Criteria 

related to Autonomous Agri-machinery, such as tractors [12] and rice transplanters 

[13]. In France, testing protocol were developed through the European research 

project, Agricultural Robot Performance Assessment (ARPA), and later integrated 

into an OECD research project. The main outcomes of these efforts were presented 

in 2023 at the 21st Biennial OECD Test Engineers’ Conference in France [14]. 

3.1 NARO Autonomous Agri-machinery Test (tractors and rice 

transplanters): Main test methods and criteria  

The test methods and criteria developed in Japan by the National Agriculture and 

Food Research Organization (NARO) are designed to evaluate agricultural tractors 

[12] and rice transplanters [13] that operates autonomously in an agricultural field 

or in a paddy field, respectively, without an onboard operator. However, these 

machines are still supervised by an operator located in or near the field or paddy 

field. Test methods for both tractors and rice transplanters are based on the test items 

reported in Table 1. 

Table 1. NARO test items for tractors and rice transplanters 

Item Tractors Rice transplanters 

a) Structural inspection Structural inspection 

b) Manual mode function test Manual mode function test 



c) Operation state indication function test Operation state indication function test 

d) Person/obstacle detection function test 
Prevention of running out the paddy field 

function test 

e) Other necessary safety function test Other necessary safety function test 

f) Operability test Operability test 

g) 
(Optional) - Person/obstacle detection 

function test (on starting) 

(Optional) - Person/obstacle detection 

function test 

Item a) involves an inspection and aims to verify the equipment mounted for the 

autonomous operation; item b) assesses the behaviors of the machine in manual 

mode, and the time required for the operator to set the machine to autonomous mode 

on a flat, paved surface; item c) checks the indicators of the machine’s operation 

state, ensuring that relevant information is clearly displayed at the operator’s 

position in both enabled and disabled states during autonomous operation.  

Testing methods differ for each vehicle category in item d), due to the nature of 

their autonomous operation fields. Unmanned tractors often operate in open fields 

with potential obstacles (e.g. pylons, wild animals, human, etc.). This test checks 

the vehicle’s ability to detect an approaching obstacle without contact, warn people 

nearby, and stop. The test obstacle, conforming to the EN ISO 18497-4:2024 

standard, is shown in Figure 1a. Three obstacles are placed in front of and behind 

the tested tractor (Fig. 1b) in two identified zones: the warning zone and the hazard 

zone. 

a) b) 

Fig. 1a) Test obstacle in compliance with ISO 18497-4:2024 standard [15];  

1b) Relative positions of the tractor and test obstacles in the test item d) for tractor 

test 

 

For rice transplanters, item d) ensures the vehicle does not run out of the paddy 

field, which is surrounding by ridges. The performance of the transplanter is 

assessed when crossing simulated ridges both backward and forward.  

Item e) and item f) apply both tractor and rice transplanters. In detail item e) 

evaluates the operability of the pendant control device, focusing on safety functions 

in case of a communication failure and other functions necessary to the safety 

provisions. Item f) assess the operability and safety of the vehicles in autonomous 

mode, including defining an operation zone. The test is conducted in a standard 



rectangular field with an area of 1000 m2 (50m x 20m) or larger, with the machine 

set to autonomous operation mode. 

Finally, the item g), which is optional, differs for tractors and rice transplanters. 

For rice transplanters, the requirement is the same as in tractor item d); while for 

tractor, item g) addresses person/obstacle detection at the start of autonomous 

operation, ensuring that the tractor and any attached implements can detect a person 

or obstacle in the hazard zone without contact and prevent the machine from 

moving. 

3.2 French Agricultural Robot Performance Assessment (ARPA)  

The ARPA protocols are divided into 4 parts, each addressing different aspects 

of testing agricultural robots: obstacle (non-human or human) detection and 

collision avoidance, work area integrity, and operation in harsh environmental 

conditions. These protocols are the results of a close cooperation between INRAE 

TSFC Research Unit in Clermont-Ferrand and the French manufacturers of 

agricultural robots. 

The obstacle and human detection protocols (ARPA 1, 2 and 4) and work area 

integrity protocol (ARPA 3) are based on the design principles and terms of EN ISO 

18497:2024. ARPA 1 and 2 focus on non-human obstacle detection and collision 

avoidance in undisturbed and harsh environments, respectively; ARPA 3 aims to 

evaluate integrity of the working area, and finally ARPA 4 addresses human 

obstacle detection and collision avoidance during agricultural operations. 

3.2.1  ARPA 1 - Detection and collision avoidance with reference obstacle 

Based on EN ISO 18497-2024 “Principles for protection”, ARPA 1 aims to 

verify the robot’s ability to detect an obstacle in its path, a stop before a collision, 

and emit an audible or visual alarm when the obstacle is detected and enters the 

warning zone. The test is performed in an undisturbed environment using a standard 

obstacle conforming to EN ISO 18497-2024 (Fig. 1a). The test begins with the 

obstacle positioned directly in the forward UGV trajectory and then in lateral 

positions, as shown in Figure 2. 

 
Fig. 2. The tested UGV and obstacle testing positions 



3.2.2.  ARPA 2 - Perception system performances under harsh 

environmental conditions 

The ARPA 2 protocol evaluates the ability of the robot’s perception system to 

detect obstacles in harsh environmental conditions, such as fog and rain. To perform 

this assessment, a dedicated chamber is used to recreate and monitor these adverse 

weather conditions. Static tests are conducted with a standard obstacle placed in the 

robot’s forward trajectory, initially at the hazard zone boundary and then at the 

warning zone boundary. Tests are repeated under foggy and rainy conditions, both 

preceded by a preliminary blank test without the standard obstacle. 

3.2.3.  ARPA 3 - Work area integrity 

The ARPA 3 procedure evaluates the robot’s abilities to maintain the integrity of 

the standard working area, represented by an irregularly shaped agricultural field 

with obtuse and acute angles, resembling a whale shape. The size of the area is 

proportional to the UGV main dimensions, and the edge of the area can be either a 

physical or an immaterial barrier. Three different tests are conducted. Mode 1 and 

2 assess the robot performance in following assigned trajectories within defined test 

paths. Mode 3, the “Edge crossing test”, evaluates the UGV ability to follow a 

trajectory that crosses the edges of the working area. 

3.2.4  ARPA 4 - Human collision avoidance 

The ARPA 4 test focuses on human detection, aiming to check the ability of the 

UGV in detecting a dummy under agricultural conditions and stopping before any 

contact between the dummy and the vehicle or its implements. A worst-case 

scenario is used, featuring a heated child dummy, in accordance with ISO 19206-

2:2018 [16], positioned either standing or lying in the field or between the orchard 

rows. Each test set considers three different dummy positions: a standing position 

and two lying down positions, first aligned with the vehicle’s forward working 

direction and then perpendicular to it [17]. 

4 Considerations and conclusion 

The analysis of the Japanese and French testing protocols indicates that both 

procedures are in line with the principles of protection outlined in the EN ISO 

18497-2024, aimed at ensuring a level of safety performance for UGVs. Key safety 

features focus on the perception system ability to detect humans or obstacles. This 

allows the vehicle to trigger audible or visual alarms and activate a safe state when 

an obstacle is detected or enters the hazard zone. In addition, the perception system 

must keep the UGV within the working area, preventing unintended excursions 

beyond its boundaries [11]. 

Regarding obstacle and human detection assessment, a distinct approach is 

evident between the French and the Japanese protocols. While both procedures 

utilize a standard obstacle compliant with the EN ISO 18497:2024, intended to 



represent a seated human body, the Japanese protocol assimilates obstacle and 

human detections. Conversely, the French protocol employs a heated child dummy 

to evaluate human detection performance. Moreover, with respect to the working 

area integrity, the Japanese methods and criteria offer a more simplified shape of 

the standard working area compared to the French method. 

With the new European Regulation 1230/2023 set to take effect in 2027, it is 

advisable to intensify efforts to manage the safety performance of autonomous 

vehicles in the market. This entails drafting testing procedures to assess safety 

performance levels and ideally reaching a worldwide consensus on standard 

methods and acceptance criteria to promote an internationally recognised 

certification system.  

The Japanese and French protocols serve as valuable starting points for testing 

and comparing results, facilitating the development of a final protocol that addresses 

the safety futures of the new generation of UGV with varying degrees of artificial 

intelligence. Leveraging this experience, it is crucial to promptly update 

standardised procedures to keep pace with the rapid technological evolution of the 

modern unmanned machinery.   

References 

1.  Tamirat, T.W.; Pedersen, M.; Ørum, J.E.; Holm, S.H. Multi-Stakeholder 

Perspectives on Field Crop Robots: Lessons from Four Case Areas in 

Europe. Smart Agricultural Technology 2023, 4, 100143, 

doi:10.1016/j.atech.2022.100143. 
2.  Bazargani, K.; Deemyad, T. Automation’s Impact on Agriculture: 

Opportunities, Challenges, and Economic Effects. Robotics 2024, 13. 

3.  Rondelli, V.; Franceschetti, B.; Mengoli, D. A Review of Current and 

Historical Research Contributions to the Development of Ground 

Autonomous Vehicles for Agriculture. Sustainability (Switzerland) 2022, 

14. 

4.  Caffaro, F.; Cavallo, E. The Effects of Individual Variables, Farming 

System Characteristics and Perceived Barriers on Actual Use of Smart 

Farming Technologies: Evidence from the Piedmont Region, Northwestern 

Italy. Agriculture (Switzerland) 2019, 9, doi:10.3390/agriculture9050111. 

5.  Fountas, S.; Mylonas, N.; Malounas, I.; Rodias, E.; Santos, C.H.; Pekkeriet, 

E. Agricultural Robotics for Field Operations. Sensors (Switzerland) 2020, 

20. 

6.  Ehlers, M.H.; Finger, R.; El Benni, N.; Gocht, A.; Sørensen, C.A.G.; 

Gusset, M.; Pfeifer, C.; Poppe, K.; Regan, Á.; Rose, D.C.; et al. Scenarios 

for European Agricultural Policymaking in the Era of Digitalisation. Agric 

Syst 2022, 196, doi:10.1016/j.agsy.2021.103318. 

7.  Rübcke von Veltheim, F.; Theuvsen, L.; Heise, H. German Farmers’ 

Intention to Use Autonomous Field Robots: A PLS-Analysis. Precis Agric 

2022, 23, 670–697, doi:10.1007/s11119-021-09854-3. 



8.  Rovira-Más, F.; Chatterjee, I.; Sáiz-Rubio, V. The Role of GNSS in the 

Navigation Strategies of Cost-Effective Agricultural Robots. Comput 

Electron Agric 2015, 112, 172–183, doi:10.1016/j.compag.2014.12.017. 

9.  REGULATION (EU) 2023/1230 OF THE EUROPEAN PARLIAMENT 

AND OF THE COUNCIL; https://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=CELEX:32023R1230, 2023; 

10.  Https://Www.Oecd.Org/Digital/Artificial-Intelligence/. 

11.  ISO 18497-1:2024 - Agricultural Machinery and Tractors — Safety of 

Partially Automated, Semi-Autonomous and Autonomous Machinery — 

Part 1: Machine Design Principles and Vocabulary Available online: 

https://www.iso.org/standard/82684.html (accessed on 11 October 2024). 

12.  Autonomous Agri-Machinery Test (Tractors) Main Test Methods and 

Criteria Available online: 

https://www.naro.go.jp/iam/contents/test/pdf/kensa_002_010_4en.pdf 

(accessed on 14 March 2024). 

13.  Autonomous Agri-Machinery Test (Rice Transplanters) Main Test 

Methods and Criteria Available online: 

https://www.naro.go.jp/laboratory/iam/contents/test/pdf/kensa_002_010_3

.pdf. (accessed on 14 March 2024). 

14.  OECD Tractor Codes - 21st Biennial Test Engineers’ Conference. In 

Proceedings of the 21st Biennial Test Engineers’ Conference; 2023; pp. 37–

47. 

15.  ISO 18497-4:2024 - Agricultural Machinery and Tractors — Safety of 

Partially Automated, Semi-Autonomous and Autonomous Machinery — 

Part 4: Verification Methods and Validation Principles Available online: 

https://www.iso.org/standard/82688.html (accessed on 11 October 2024). 

16.  BSI Standards Publication Road Vehicles-Test Devices for Target Vehicles, 

Vulnerable Road Users and Other Objects, for Assessment of Active Safety 

Functions; 2018; ISBN 9780580876837. 

17.  OECD Standard Codes for the Official Testing of Agriculture and Forestry 

Tractors DEVELOPMENT OF A DRAFT TEST PROTOCOL FOR 

AUTONOMOUS VEHICLES IN AGRICULTURE. REPORT; 2023  


