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Recap 
The data collection for our first report (D1.1, May 2020) was based on a survey in PDF format 

because it could be nicely formatted and kept to two pages. Keywords were selected to be 

relevant and comprehensive. The survey was supplied in English only and emailed to the 143 

people on the Basecamp communication portal used by agROBOfood. In addition, some 

partners forwarded the survey to external contacts. The survey was sent out in February 2020 

with reminders sent in March and April 2020.  

Disappointingly, only 16 replies were received, nine of which came via the five RTOs 

responsible for the deliverable. 12 tech developer companies were represented and 10 of 

these were not directly connected to agROBOfood. Of the 12, six were large enterprises (AEF, 

CLAAS, Continental, Fendt, BA systems, and Veris), two were SMEs, three were start-ups 

and one was unknown. 

Descriptions of the 16 technologies showed that 6 were for arable (field) technologies, two 

were livestock, one was for food preparation (low-TRL), four were fairly generic ideas 

suggesting technology side-stepping from the industrial domain, two were about data security 

and certification, and the last one recommended ROS for prototyping.  

 

Received feedback based on review of D1.1 

The D1.1 was not accepted due to the comment as follows: 
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Lessons learned 

We suggest several ways of increasing the number of entries: 

1. Improve the survey so that only relevant replies are collected 

a) Narrowing the scope so that only mature technologies are accepted 

b) Narrowing the scope away from general technologies to focus on complete robot 

systems 

c) Widening the scope to ensure that all relevant robots are included 

d) Asking the consortium what types of information they would like us to collect 

e) Consider the JRC keyword selection 

2. Bootstrapping the catalogue entries 

a) Contact university partners asking for their literature reviews, to create an initial list 

of European agrifood robots 

b) Search the internet for commercially available agrifood robot 

3. Dissemination and advertising 

a) Make the survey more visually attractive. Add branding 

b) Translate the survey into local languages, to remove a barrier to replying 

c) Make the catalogue publicly visible to incentivize tech developers to reply 

d) Remind partners that the survey is meant for their ecosystem to fill out, not primarily 

for them to fill out themselves. 

e) Presenting the catalogue at trade fairs such as GreenTech (NL) and Salon 

International de l'Agriculture (FR) 

f) “A serious communication effort will encourage tech providers to advertise their 

products on this [catalogue] site” 

4. Discussing our proposed improvements with the project coordinator and agROBOfood 

steering group 
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Methodology for version 2 
From D1.1. we changed the survey to an online format to create higher attractiveness and to 

make it as easy as possible to fill out. Additionally, to increase the relevance of data output 

the scope of the technology mapping process was narrowed to robotics systems with a TRL 

6+.  

The following definition was displayed on the survey’s frontpage and used to scope the 

technology entries: 

The Joint Research Centre (JRC) datasets (https://data.jrc.ec.europa.eu/) were investigated 

in the keyword selection of the survey. 

To bootstrap the catalogue, extra manpower was allocated for internet search and for contact 

initiation with DIHs and entities beyond the agROBOfood network. These contacts were 

identified as knowledgeable of relevant technology systems and to encourage companies and 

DIHs to partake in the European catalogue. To ensure technology coverage, a high level of 

detail and to validate the search results all contact points were asked to participate in the 

survey and further distribute the survey in their network. 

More action points were incorporated in the process, as described below in the walk-through 

of the methodology used. 

 

Bootstrapping 

During February-May 2021 DTI searched the internet for European agri-food robots and 

collected URLs, contact information, and some information about the types of tasks these 

robots could do and their capabilities. Approximately 120 robots were found that were mature 

enough to be included in the catalogue. This information was used to guide the survey design 

and to define boundaries regarding the survey scope. The technology developers were 

contacted directly via e-mail and invited to provide more information about their products.  

The agROBOfood partners and associated members that publish papers (e.g. FhG and WUR) 

were asked to add robots to the catalogue from relevant, recent literature reviews.  

Several universities (three Danish universities, two German, three Swedish, and one Dutch) 

were contacted as a mediator for further dissemination and contact initiation with emerging 

Agri-food: anything involved in the processes that result in human food ready to be eaten, from 

soil preparation through plants (through fodder and animal care) through "harvesting" and raw 

preparation through cooking and shops to dining table 

 

Robot:  a machine programmed by computer, that: 

Reliably* performs complex physical action in the real world 

Automatically adjusts at some of its actions according to sensor input 

 

* Reliable: can work as intended for as many hours as needed with only vary rare stops 

for unscheduled maintenance. In practice, this means that robots that are already 

commercially available or nearly so, e.g., in field trials 

https://data.jrc.ec.europa.eu/
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technologies developed by researcher and/or start-ups. To further the identification of start-

ups besides internet search we reached out to several innovation clusters scattered across 

Europe and asked if they could share the survey within their network. 

Furthermore, the survey was distributed in DTI’s and agROBOfood’s newletter with a 

combined potential reach of 7,000 subscribers. 

 

New survey design 

An ontology for agri-food robots was developed during May-June 2020 and used to inform the 

survey structure. This ontology was sent out for internal review and expanded considerably. 

When we received the reviewers’ evaluation of D1.1, we also examined the JRC keywords, 

but most of them were already included in the new ontology. 

A new survey push began in April 2021 with the initial results of the internet search. We 

decided that representing the whole ontology in survey questions would make a survey that 

was too heavy and take too long to fill in, so people would not do it. During the redesign phase, 

we realised that interested parties could collect most of this information from the robot website, 

once they had identified an interesting robot – and since all the technologies are supposed to 

be commercially available or nearly so, we could reasonably expect that all the technologies 

had a related webpage describing their main characteristics. We, therefore, reviewed the 

questions and sent them out for review again. Of course, reviewers wanted more information 

about their areas of interest, but we decided they could fetch most of this from the robot 

developers themselves when they needed this information. 

We put the most important basic information on the first few pages so that partial replies would 

still contain the most useful information. 

Survey software and trial run 

We were determined to translate the survey into various European languages to remove one 

of the barriers that make surveys harder to fill in (see appendix B for the exported survey 

questions and translations). We started with English and Danish (since DTI was doing the 

work). This immediately raised the question of how the different-language surveys were to be 

combined, as the information should be pooled to create a Europe-wide picture. SurveyXact 

(online survey software offered by ramboll) was suggested, as this allows for identical surveys 

in different languages to be treated as the same survey. So, all the checkbox information can 

be analysed automatically, and only open-text boxes need manual attention. 

 

 

Results 
The results of the updated methodology can be found in D1.2. To shortly sum up the yield of 

the second version was the identification of 126 robots and robotics systems 
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Executive Summary 
This deliverable takes the reader through our efforts to collect, analyse and map data about various 
available and upcoming European robotic technologies applicable to the agri-food sector, as 
described in Task 1.1.  The intent of creating this catalogue is to promote robot deployment in agri-
food and to create better solutions with improved flexibility and effectiveness, better interfacing, 
standardisation, etc. and all for a lower purchase price. 

During the spring of 2020, a questionnaire about robotic technologies available for use in the 
European agri-food sector was sent out via the agROBOfood Basecamp communication portal. The 
aim was to categorise and map these technologies into an online catalogue to make it easy for 
agROBOfood hubs to know what was available and so to answer agri-food automation enquiries 
from their local ecosystem.  

Only 16 replies were received, despite reminders. This showed that we need other methods of 
collecting the data and/or of persuading people to add robots to the catalogue. We suggest using 
students to bootstrap the process by searching the internet. This would achieve a critical mass of 
answers that could be catalogued and advertised, resulting in peer pressure to be included.  

The replies received showed that we had succeeded in reaching outside the agROBOfood partner 
network, which is very positive. They also showed that we had set our scope too wide, gathering 
some technologies that were very generic (example: "ROS"). This catalogue is not intended for e.g. 
good wheels or cameras, however useful, so we decided that in the next version of this technology 
mapping we would limit our scope to complete robot systems that are already tested or under test -
- and so available for use. 

Version 2 of this deliverable is due at the end of November 2021. By that time, we aim to have a 
working and publicly available online catalogue populated with 100+ technologies. We will achieve 
this by  

a. Tidying up the questionnaire to reflect our more restricted scope and increase coverage 
b. Finding as many agri-food robots online as possible to form an initial population for our 

catalogue (bootstrapping) 
c. Advertising the resulting catalogue widely 
d. Visibly using this catalogue in our agri-food consultancy.  
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Introduction 

This mapping process resulted in the catalogue of technologies given in Appendix A. 

Scope 
The scope includes robot solutions and solution elements for all aspects of agri-food from planning 
and production through processing, packing and transportation and up to the food being served at 
the table. It includes technologies that are already commercially available and less-mature 
technologies at all levels.  

Purpose 
Initially we foresee consortium partners using this catalogue to find suitable robots for their own work 
and suitable partners for future research collaborations. Ideally, the catalogue becomes publicly 
visible and its website a go-to site for information about agri-food robotics. End users, systems 
integrators and organisations offering consultancy can use the technology map to find the best 
system for their customers' needs; tech developers can use it to see what can be purchased instead 
of developed. 

Methodology 
Mapping all robot-related technologies relevant to the agri-food domain is a formidable challenge, 
given the extent of the domain. The approach chosen for creating an initial technology dataset was 
to ask partners in the agROBOfood network to complete a survey about robotic technologies that 
they believe to be relevant within their domain. Gathering the data in this way relies for its 
completeness on the fact that partners represent different regions, network nodes and parts of the 
value chain. This methodology inherently introduces biases towards responders fluent in English 
and prepared to spend time on surveys, but these biases are orthogonal to our interests and so 
should not affect the overall picture. We did not attempt to cover all relevant organisations but 
considered agROBOfood to be a sufficient network to represent the European agri-food sector.  

Survey design methodology 
The survey was designed by DTI with support from FhG in December 2019 and discussed with 
partners TUD, eurecat and JR via e-mail and online meetings in January 2020. The survey format 
was initially intended to be an online questionnaire. Two online platforms were tested (Google Forms 
and Survey Monkey) but it was challenging to find an agreeable solution where keywords and tags 
could easily be selected without overwhelming the user with options. In order to encourage replies, 

Task 1.1: Mapping of robotic technologies and competences in Agri-food sector  
(Leader: DTI; Participants: TUD, FhG, eurecat, JR; Duration: M01-M36)  

This task will map actual robotic technologies available in the Agri-Food sector, as well as potential ones 
from the robotic community in other sectors that could be applied within the agri- and food sector (e.g. 
manufacturing, including connecting to the agile manufacturing DIH network). The objective is to map 
relevant technologies for their maturity, expected development and potential to benefit the Agri-Food 
domain. Moreover, knowledge on interfacing, re-use and standardization will be included, as this is a very 
important issue to facilitate the creation of real and improved solutions.  

A report detailing new technologies and innovations would be disseminated to DIHs and to CCs in the 
established network. Short version of these reports will also be posted on the project portal. 

D1.1: Robotics-related Technologies Mapping for application in Agri-Food sector  
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it was decided that the survey should be made to look simple to complete. PDF was selected 
because it could be nicely formatted and kept to two pages – one of factual questions and one of 
keywords with checkboxes. Free-text boxes were supplied for question answers so as not to lead 
respondents into particular lines of thinking. The PDF was made machine readable so that the 
analysis could be partially automated. 

Questions, and the order these were posed in, were chosen in order to focus on the end-user needs 
and how technology might help solve that need. In a way, this is equivalent to how one would ‘pitch’ 
the technology to potential investors and future projects partners: why should this technology be 
promoted within the agri-food sector?  

The keywords were chosen by DTI and FhG and discussed by the five partners responsible for this 
technology mapping deliverable. The keywords were selected so as to be relevant and 
comprehensive and implemented as searchable tags.  

Survey distribution methodology 
The survey was emailed to the 143 people on the Basecamp communication portal used by 
agROBOfood.  In addition, some partners forwarded the survey to external contacts. The survey was 
sent with a request to fill in one copy of the survey for each technology to be included. The 39 
agROBOfood partner organisations come from 14 countries and each partner is acting as the main 
contact point for agri-food robotics in its region. It was therefore expected that each partner could 
contribute 3-4 technologies and that 100+ replies would be easily sufficient data to create an initial 
map. We therefore decided to wait until a preliminary technology mapping was completed before 
contacting other regions. 

The survey itself 
The Introduction to the survey said:  

"This questionnaire is used to map robotic technologies that should be used more in the 
agri-food sector –   from planning and production to processing and transportation – both 
existing technologies as well as potential technologies that can be transferred from other 
sectors. The intent is to create better solutions for the industry – with better interfacing, re-
use & standardisation. Thank you for your input and assistance! 

 
Please fill out separate copies of this document with only one technology reported per saved 
PDF-file. Submit your contribution to the technology mapping by Apr 1 2020. Send by e-mail 
to xx" 

 

Questions were: 

 High-level benefit to Agri-Food domain: Outline the value added by using this 
technology 

 What is stopping the development? What are the technical blockers and critical risks that 
prevent the development from happening today? 

 Description: Describe the technology and its possible application. What steps are needed 
to validate it in the agri-food domain? If possible, provide figures for estimated timescale 
and investments required. 

 Current status of the technology: Please indicate in which sectors technology is used (if 
outside agri-food domain). Give references to existing installations, if applicable (company, 
location etc). 

 Current TRL 
 Agri-food TRL 
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 Current providers and/or research development groups 
 Contact details: Can we contact you for more info? If so, provide name, organisation and 

e-mail. 

Respondents were asked about the benefit of their system first so that the reply focused on the 
challenge and opportunity being solved rather than detailed engineering aspects of the technology 
itself.  

Keywords were presented in five categories, each with subcategories: 

A. Sectors 
i. Primary Production, Agriculture, Horticulture: e.g. livestock, greenhouses 
ii. Food processing, of: e.g. algae, meats 
iii. Logistics and distribution e.g. packaging, storage 
iv. Customer and market e.g. organic, transparency 

B. Processes  
i. Crops and plants: e.g. fertilising, mowing, monitoring 
ii. Livestock: e.g. feeding, cleaning, milking 
iii. Primary processing: e.g. drying, freezing, canning 
iv. Secondary processing e.g. baking, fermenting 

C. Products  
i. Livestock 
ii. Grains and field crops 
iii. Fruits 
iv. Vegetables 
v. Plants 
vi. Animal products 
vii. Data e.g. on growth or health 

D. Technologies  
i. Robot technologies e.g. grippers, path planning, safety, data analytics 
ii. Robot type, platform e.g. drone 
iii. Software e.g. digital twinning,  

E. Value drivers  
i. Nutrition 
ii. Environment 
iii. Quality 
iv. Economy 
v. Ergonomy and safety 
vi. Technology 
vii. Job creation 

Each category also had an "other" subcategory where people could fill in their own classifications. 

The survey as sent is attached as Appendix A in February 2020 with reminders sent in March and 
April 2020.  
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Results and discussion 
The replies are collected in Appendix A. The results are discussed in two sections – first as replies 
received and then the reply content is analysed. Only 16 replies were received, therefore they were 
analysed by hand.   

Replies received 
The response rate was extremely disappointing. Only two technologies were reported initially, rising 
to 12 after the reminder in March and 16 after a second reminder. The five partners responsible for 
this deliverable provided nine of the 16 replies. 

Conclusions and comments 

 It is obvious that we need better methods of encouraging replies – see section below. 
 It is not surprising that the organisations directly involved in this technology mapping sent in 

the most replies. 

Reply content – raw data from questions (p1) 
Page one of the survey had questions expecting free-text answers. Two replies gave no information 
on the first side, just ticked the checkboxes on p2. 

Respondent category 

Fourteen of the 16 replies received were sent in by research and technology organisations (RTOs), 
though eight of these were reporting technologies developed by other groups. In all, 12 companies 
are named as tech developers and 10 of these companies are not directly connected to 
agROBOfood. Six replies from RTOs did not name any developer so the RTO is assumed to be the 
technology developer.  

The final two replies were sent by CLAAS and MYX Robotics. CLAAS is represented on the 
agROBOfood  Industrial Advisory Board. MYX robotics is a start-up not directly associated with 
agROBOfood. 

Of the 12 companies named as tech developers, 6 are large enterprises (AEF, CLAAS, Continental, 
Fendt, BA systems and Veris), 2 are SMEs, 3 are start-ups and one is unknown.  

No replies were received from universities. 

Conclusions and comments 

 We are obviously not reaching universities 
 We are reaching companies of all sizes 
 It is encouraging that we are reaching beyond members of agROBOfood. 

Technology type  

Descriptions of the 16 technologies showed that 6 were for arable (field) technologies, 2 were 
livestock, one was for food preparation (low-TRL), 4 were fairly generic ideas for side-stepping from 
the industrial domain, two were about data security and certification and the last one recommended 
ROS for prototyping. 
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Category Brief description Comment 

Arable 

(fields) 

Soil sampling and monitoring Involves different tech for different tests 

Visual weed recognition  

Sowing and weeding  

Tractor retrofitting  

Mobile robot navigation Side-stepping from cleaning to fields 

Integration of field data from many sources Multi-layer maps 

Livestock 

(cattle) 

Robot milking  

Calving alarm  

Food Individualised food preparation  TRL 2-3 

Generic  Mobile robot fleet control Side-stepping from road transport? 

Logistics trolley  

Robot manipulators  

Error detection and recovery Side-stepping from industry 

Standardisation of interfaces with the cloud H2020 project 

Pre-certification of components Regulatory process 

Using ROS  Already used in many applications 

 

The two replies that had no content on p1 nevertheless had titles which gave their technology types 
as: i) robot manipulators and b) tractor retro-fitting – so one presumed generic and one arable 
farming.  

Conclusions and comments 

 We got 6+ agricultural replies to 1 food reply. This difference is statistically insignificant given 
our low response rate. However, the agROBOfood DIH network has many more contacts 
within agricultural robotics than within food. This could be a bias but may instead be an 
accurate reflection of reality – it is easier to design robots for the semi-structured 
environments of fields than for more complex environments. Also, much of the food 
preparation and distribution industry is automated using large machines rather than robots. 

 We should consider what to do about non-technical but relevant areas such as 
standardisation and certification. 

 We decided that we are not interested in generic technologies such as ROS (or computer 
vision, AI, GPS, etc.) in unspecified applications. Their use is so widespread that mapping 
these technologies would be meaningless. It would still be relevant and useful to create a 
catalogue of such experts available for consultancy, but they are too generally useful to be 
mapped into narrow categories. 

TRL level and status 

It is always difficult achieving consistency when asking people to give the TRL of their technologies. 
Firstly, people may not be aware of the definitions of the different levels. Secondly, academic staff 
tend to declare TRL N when their work on their robot is somewhere in the middle of the TRL N 
definition, whereas industrial staff tend to treat the TRLs as gate stages so they wait until ALL the 
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defined requirements have been met. Thirdly, there is some confusion around when the definitions 
switch between being about single technologies to being about systems. Systems are typically built 
from several technologies – and even if the system is built entirely from technologies at TRL9, the 
system itself is still only around TRL3 to begin with (but the development phase is very accelerated 
compared to systems made from untested technologies).  

Therefore we asked people to also give the status of their technology. Three stated that the tech 
was available commercially in e.g. industrial applications but said nothing about the status of the 
tech within agri-food. The H2020 project did not give a TRL or any status. The two replies with empty 
p1 obviously contained no status text. Two other replies made comments not relevant to their status. 
The remaining six replies gave answers meaningful to this category – and five of these answers 
seemed consistent with the stated TRL in as far as we could tell from the small amount of text given 
(for the 6th answer see * below). It is possible that some people were unclear as to what type of 
answer was expected here. 

No. Number at technology level … Replies 
not within 
scope‡‡ 

 9: on market 
in agri-food 

9: on market 
elsewhere 

8: in final 
testing 

7: working on 
site  in near-
final form 

less 
than 7 

not 
known‡ 

16 3 † *  1** 1 1†† 4 3 3 

‡  Two responses had no information on p1. Two other responses gave no TRL level but it was 
obvious from the rest of the content that the TRL was below 7. 

‡‡ Three survey responses were considered out of scope. Two involved standardisation and 
certification so are not themselves technologies, but they are definitely relevant to the agri-food 
robotics field.  The third response suggested ROS as a robot technology but this was felt to be too 
generic to be relevant in a technology mapping. 

†   An autonomous sowing and weeding robot from FarmDroid, Denmark, tested over 8 years on 
their own fields and now 2-3 years on customer fields. 

*  This is a trolley that autonomously transports items without needing ground infrastructure (from 
Baylo and BA systèmes, France). Commercially available so TRL9 -- but also written as still needing:  
a) to be able to compute its localization in any place, b) to be able to move in safe conditions, c) to 
be able to communicate with WMSs. So the real TRL is debatable. 

   Robot milking, well established in livestock farming 

 A calving alarm which is commercially available but still under test, TRL 8-9. If we compare this 
with * above, we can see how inconsistent peoples' estimates of TRL can be. 

** A set of soil sampling and analysis tools from the American company Veris via BioSense, Serbia. 

††  Software integration from multiple sources creating multilayer field maps from MYX robotics, about 
to start trials. 

Conclusions and comments 

 We decided that we are not interested in technologies existing only at very low TRLs. The 
DoA says that "This task will map actual robotic technologies available in the Agri-Food sector, as 
well as potential ones from the robotic community in other sectors that could be applied within the agri- 
and food sector". Low-TRL technologies are not "available". More is written about this in the 
section on improvements for Version 2. 
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Benefits to agri-food robotics 

Five replies gave benefits that were a summary of the task. Of the remaining seven (two of the 14 
replies were empty): 

 Two mentioned providing the farmer with better data  
 Three mentioned increasing productivity 
 Two mentioned reduced cost  
 Four mentioned reducing labour requirements, one of these also mentioned reducing 

arduous work 
 One mentioned reducing soil compaction 
 One mentioned reducing birthing risks for cattle 
 One (about error reduction) mentioned reduced maintenance requirements. 

Barriers to development 

Three responses left the "Barriers" text field empty and another four felt that they did not have 
barriers, development was proceeding fine. Two said that safety standards were problematic and 
one mentioned the high standards of cleaning (of the machine) required to ensure food safety. One 
suggested that power and robustness requirements were a barrier. Two mentioned price, feeling 
that their business case was very marginal. One wrote that the seasonal nature of their work meant 
that their robot system would have to be given other tasks to make a viable business case. Two 
suggested that farmers were not aware of the capabilities of new technologies so would not think of 
investing. One felt that significant training was needed to use the robot efficiently. One suggested 
that industrial support could help agri-food applications. 

Conclusions 
 Only half the respondents felt that they faced barriers to their technology's development, 

which is encouraging. The barriers faced by the rest are very varied. 
 

Reply content – raw data from questionnaire “tags” (p2) 
The response regarding ROS clicked all main headings and no subheadings across p2 A-D except 
for "other", A: customer, market and D:robot type, platform.  

A. Sectors 

All 16 replies checked something in the Sectors section and no-one used "other”, so it seems as 
though Sectors contained a good set of categories. It is interesting that so many categories are used 
– some of this is due to our getting replies about quite different types of robots (which is good) but 
some was due to the more generic technologies being relevant to all sectors, so the sector categories 
are not able to distinguish between the technologies. It could be seen that some people clicked on 
the category heading if they clicked some subcategory where other people did not. The more generic 
responses tended to tick main categories without necessarily ticking any subcategories. 

Figure 1 shows the distribution of responses according to Sectors. The technology development of 
our respondents currently revolves around primary production (agriculture), food processing and 
logistic operations.  

 



  13 / 23 

D1.1: Robotics-related Technologies Mapping for application in Agri-Food sector  
 
 

 

 This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under Grant Agreement No 825395 
 

 

Figure 1: Responses for the primary Sectors of the survey. 

 

Figure 2 provides a clearer view of the subdivisions within the main Sectors categories. As can be 
seen, within primary production (green boxes), fields and greenhouses are the main environments 
for upcoming robotic applications, where transportation will be the main logistics application area. 
For food processing and customer/market, the samples consist of single entries and therefore we 
consider we have insufficient data for analysis. 

 

Figure 2: Map of the individual responses provided in the Sectors section of the survey 

B. Processes 

Two replies did not check anything in the Processes section. Many of the subcategories were left 
blank by everyone, especially within Primary Processing. This suggests that these subcategories 
need rethinking, or that it is very hard to map technologies to specific processes. For example, 
generic technologies such as autonomous navigation can be used for many of these processes so 
it is very hard to decide which of the defined categories and subcategories to tick, and therefore the 
answers were vague and inconsistent. 
As seen in Figure 3, the category of Crops, Plants is the most popular within Processes, while there 
where few responses in the other categories. In the detailed responses within those categories (see 
Figure 4), the subcategories chosen for Crops, Plants are varied. Most of the responses tick weed 
spraying and preparation for seeding. We can also see that there was a smaller interest, i.e., three 
responses per subcategory, in fertilization, monitoring and harvesting. The rest of the responses 
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shown in Figure 4 consist of one entry each and therefore it is unsafe to conclude any real interest 
in those fields. 
 

 
Figure 3: Responses for the primary Processes of the survey. 

 

 
Figure 4: Map of the individual responses provided in the Processes section of the survey 

 

C. Products 

We have identified that some of the categories within the Products section might be ambiguous, in 
that all "grain and field crop" examples are grains and a "vegetables" category also exists, also the 
very general heading "plants". This suggests that the many who clicked on the main categories 
"fruits", "vegetables" and "plants" without clicking on the subcategories may just have been covering 
all the options. These categories need rethinking and will be amended in our future version. 
It is debatable whether flower crops such as roses should count as agri-food. It depends on whether 
we consider agri-food to be defined as including anything related to either agriculture or food, or just 
things in the intersection. Or a third option e.g. anything on any direct route from plant growth to food 
on the table, but not including anything not on this route (e.g. growing non-edible flowers). 
Three replies did not check anything in this section; however, this was the section with the most 
participation at the category level. Figure 5 shows that most of the technologies relate to products 
addressing grains and field crops, fruits, vegetables, and general plants. The high numbers (43 
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categories ticked from 16 responses) could be due to the technologies being useful in several of the 
different categories but could instead be duplications of the same information due to the ambiguity 
that we described above. 
 

 

Figure 5: Responses for the primary Products of the survey. 

Regarding the individual answers for Products, no safe conclusions can be drawn here. Few of the 
respondents gave detailed answers and therefore the largest subcategories (see Figure 6) only have two 
answers. 

 

Figure 6: Map of the individual responses provided in the Products section of the survey 

 

D. Technologies 

Two replies did not check anything in this section; however the rest of the replies were well 
distributed, indicating that the categories chosen were good. Three uses of the "other" category 
suggests that maybe the list of subcategories should be expanded. 

Figure 7 shows the responses given in the main categories of the Technologies section. It is 
surprising that only 10 of the 16 felt that their technology fitted under the category Robot 
Technologies and only 7 – less than half – had Software. Since our mapping and therefore our survey 
is supposed to be about agri-food robotics and the categories in this Technologies section were 
general enough to include all types of robotics, it seems that our scope was too wide and our survey 
attracted non-robotic technologies. 

0

2

4

6

8

10

Responses

Products

Livestock Grains & Field Crops Fruits

Vegetables Plants Animal Products

Data Other



  16 / 23 

D1.1: Robotics-related Technologies Mapping for application in Agri-Food sector  
 
 

 

 This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under Grant Agreement No 825395 
 

 

Figure 7: Responses for the primary Technologies of the survey. 

Participants were very detailed in their overall answers so we know something about the 
technologies they work with and know (bearing in mind the data set is limited). As seen in Figure 8, 
most technologies include navigation, control and path planning, while fewer of the technologies in 
our replies included vision and gripper technologies. Respondents were more likely to use mobile 
robots without manipulation and drones. Integration software is the most common agri-food software 
technology, while other identified software is not as strong.  

 

 

Figure 8: Map of the individual responses provided in the Technologies section of the survey 

E. Value Drivers 

Three replies did not check anything in this section, but the rest were well distributed. As can be 
seen from Figure 9, most respondents want to be at the forefront of technology development. 
However, participants also identified that economy and ergonomic safety are very important drivers 
for current and future robotics solutions. The one "other" category mentioned by a respondent is 
waste reduction. 
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Figure 9: Map of the individual responses provided in the Value Drivers section of the survey 

 

Technology Mapping 
It was felt that we had received too little relevant data to be able to map any relationships between 
the technologies, except in the basic form given in the graphics above. We therefore decided to treat 
this round as a trial run – we have learned a lot that will help us to achieve more responses with 
higher relevance in the next phase of this process (see below). 

Comments 

 It would be helpful to limit the scope and remove some of the fuzzier edges of the data to be 
mapped. 
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Conclusions 
We need to get many more replies if the survey is to reflect the current state of European agri-food 
robots with any level of accuracy. Until we get sufficient replies, any catalogue we make will be so 
sparse as to be useless. It is obvious that the various partners in agROBOfood have not really got 
behind this technology mapping process. With 39 actual partners from 14 countries, each 
representing a local ecosystem of organisations involved in agri-food, we expected something like 
120 replies (3-4 per partner) initially. We need some way of getting the consortium partners to 
contribute their local technologies. In particular, we need to make contact with the universities and 
hook into their research abilities. We recently (15th May) discovered that Fountas et al have just 
published a review of 153 references about field robots1 as part of the agROBOfood project – if they 
had communicated their findings to us then we would have had sufficient technologies in our 
database to have mapped European field robots. Maybe other agROBOfood universities have also 
conducted literature reviews that we did not find out about. 

Improving the survey and its distribution and emphasising the benefits of survey completion are 
obvious changes that could be made. Non-survey methods should also be considered. We strongly 
believe that if we can get a critical mass of agri-food robots in a catalogue that is visible to the agri-
food community, then the catalogue will be self-perpetuating – that organisations will wish to 
advertise their technologies on the agROBOfood scene. We had assumed that making the catalogue 
visible would come after we had collected the data – but maybe we can't get sufficient replies to 
record until the catalogue is more visible. Bootstrapping the initial information gathering by e.g. 
internet searches could help by creating a sufficiently comprehensive catalogue to be made visible 
– which will encourage the desire to be represented. 

We have already tried to make the process of responding easy by providing a clickable pdf file, but 
maybe using online survey tools such as those listed on https://www.capterra.com/sem-
compare/survey-software would be easier for people. Providing a local-language introduction could 
also encourage replies. 

We need to make the idea of responding more attractive. We intend talking to the project officer 
about how to achieve this, implementing the ideas described below and getting a professional 
advertiser/sales person involved (ideally a person from one of the companies in agROBOfood). 
Outsourcing or even crowdsourcing the technology catalogue relies on adequate outreach and 
coverage of the value chain.   

 
1 Fountas, S., Mylonas, N., Malounas, I., Rodias, E., Hellmann Santos, C., & Pekkeriet, E. (2020). Agricultural 
Robotics for Field Operations. Sensors, 20(9), 2672. 
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Improvements for D1.2 
This section discusses ways to avoid the problems found during this first attempt at technology 
mapping and ends with a proposed improved methodology for creating version 2 of this deliverable 
"D1.2 Robotics-related Technologies in the Agri-Food sector (an update) and additional potential for 
innovation" due in M30 (Nov 2021). We want our catalogue to be useful so that the results become 
the go-to place for people such as end users and systems integrators looking for specific 
technologies to use, for people such as researchers wanting development partners, or for politicians 
and the general public wishing to know what is happening in their area. 

The most important point is to collect more of the information that we really want. Since replies to a 
questionnaire are scarce, then other methods are needed. We will send explicit requests to 
agROBOfood universities to ask about relevant literature reviews and if they can help with extracting 
the information we need from these. Collecting data about commercial robots direct from the internet 
would be another way of bootstrapping information. Once sufficient information is received, then the 
catalogue can be made public. If the catalogue is visible and is used, then technology owners will 
be incentivized to get their tech included. The survey itself should be redesigned somewhat to 
remove ambiguities and collect the information needed.  

Maybe we should ask the consortium and their ecosystem members what types of information they 
would like the catalogue to obtain, what would be useful to them? 

Collecting the information needed   
Increasing the contribution from agROBOfood partners 

The poor response may be partly because agROBOfood has already sent out several surveys and 
people are tired of replying, but it is more likely that they just don't see the benefit that this survey 
could bring. Admittedly the main benefits (more information about what is already available, 
development support, increased sales, etc.) only appear when responses are publicly visible and 
fairly comprehensive. 

Perhaps part of the problem is that many partners e.g. the RTOs are enablers, ready to help other 
organisations to develop agri-food technologies but not actually owners of IP in agri-food tech 
themselves. Maybe we need to point out that the survey was not for partners as organisations, but 
for partners as hubs for their local agri-food ecosystem. Since partners are a gateway to this 
ecosystem, they should consider themselves responsible for passing the survey on to other actors 
in their ecosystems. 

Narrowing the scope 

We feel that focussing the process by narrowing the scope will both allow us to focus our efforts for 
greater efficiency and make the results more meaningful. We therefore intend restricting requests to 
robot systems that already exist in final or near-final form and are either a) already commercially 
available or b) under test in the real environment or about to be so and expect to be placed on the 
market within the next 3 years. This equates to the robot system having completed TRL 7 or better. 
This brings us closer to the original task description, where the mapping was for "available" 
technologies. It also has the advantage that the focus of our request is more obviously on commercial 
and near-commercial products which are already available to be used for supplying the agri-food 
industry or in innovation research. These are the robots most likely to be deployed and create value 
for their companies and European society. 

Note that we intend requesting information only on complete robot systems, not robot technologies, 
in the next round of this Task. Many technologies e.g. a mobile robot base are useful in several 
different applications, which means that to map them properly they would appear in many places 
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which would make the catalogue messy. By contrast, complete systems have only a few applications 
so are easier to map – even when they are comprised of several interesting technologies. This 
means that the survey must be adapted to a) give the new instructions and b) allow space for different 
aspects of the robot system to be described, so that technologies are still represented when they 
are part of a functioning robot system.  

Bootstrapping 

We could bootstrap the process by employing students to extract information from relevant recent 
literature reviews and to search websites to find robots in the European agri-food sector. All robots 
that are commercially available are visible on the internet and many research robots as well. We 
would collect as much of the required information as possible directly from the internet and then we 
could call the developer/sales people for the final details. Student labour is cheap, so this would not 
take a lot from the agROBOfood budget. Once a critical mass is achieved, we can advertise the 
catalogue and it will become more interesting for people to ensure that their robots are in it.  

Dissemination and advertising 

We need to make the technology mapping results very visible, if people are to use the catalogue. 
The introduction to the survey could point out that being in the catalogue is a form of free advertising 
for both commercial and research robots – though this argument only works if the catalogue is 
accessible. The catalogue should be made available online and exhibited: both at public-accessible 
partner sites and at suitable events e.g. agricultural technology trade fairs such as GreenTech in the 
Netherlands and Salon International de l'Agriculture in France. Most of the exhibitors and attendees 
at such events are our target respondents. The questionnaire could be made directly available at the 
event itself as well as via the link given on the posters. The website could also offer the opportunity 
for people to leave reviews of robots that they have used.  

Improving the survey itself 
Before we make any major push for more information, we need to upgrade the survey to incorporate 
the new ideas outlined above and mitigate some of the problems we encountered.  

Questions (currently on p1) 

The initial questions will need to be expanded to collect sufficient data on robot technologies while 
asking only about complete robot systems. We need to define our scope such that e.g. a vision 
system does not count until it is part of a robot performing an agri-food task. A second page of 
questions will almost certainly be needed – maybe one side could be dedicated to the robot system 
and the second side to the contributing technologies. 

Note that it is vitally important that we decide on the information to be mapped and the mapping 
process before making the final choice about questions. It would be too embarrassing to collect lots 
of data and still be unable to map the tech and make the catalogue useful due to missing critical 
pieces of information or having questions which were ambiguous. 

The system page should ask for: 
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 robot system name, URL, main task(s)  
 geographical location of the robot system's "home" 
 system developer name and contact details for technical information  
 distributor (local availability) information  
 the main benefits the robot offers to the agri-food sector 
 the barriers that hinder its deployment / development 
 a brief technical/scientific description  
 a paragraph of advertising text 
 a list of the special abilities/skills exhibited by the robot 
 a list of the main technologies that make this system special 

The technologies page should ask about the component technologies e.g. actuation, perception, AI.  
Most of this tech will be listed in the keywords, but only in terms of its existence or not. So probably 
the tech questions should come after the keyword checklists. Questions should include: 

 Name of each major component  
 Tech supplier (or main researcher) for each major component 
 Main reason for choosing this component – its advantages over its rivals 

 

Clickable categories (currently on p2) 

Analysis of the categories used shows that: 

 Some categories are confusing. For instance under "B. Products" there are no root vegetable 
examples under "field crops", but "vegetables" is a separate category later  

 There are categories missing: e.g. a major heading for logistics under "C: Processes" 
 There is considerable overlap between "A. Sectors" and "B. Processes" 
 Some of the processes (e.g. canning) are generally automated by large machines instead 

of robots 
 The level of detail under "primary processing" is huge compared to "secondary processing" 

In particular, we focussed on agricultural robots – our experience regarding food preparation robots 
is a lot more limited. Part of this bias is because food tends to be produced in huge quantities under 
circumstances where hard (fixed) automation is more appropriate than robot solutions – but most of 
it is due to the primarily agricultural interests of most agROBOfood partners.  

We suggest making a serious attempt to create a comprehensive ontology for agri-food robotics to 
inform the questionnaire categories and also to be used for catalogue organisation. 

Methodology for D1.2 
Following the significant disappointment in creating an initial catalogue for version D1.1, we decided 
to start working towards the updated D1.2 already.  

We are currently working on improving the categories and keywords for an updated survey. We 
intend asking partners what information they want to be collected and what they will use it for. Only 
actually useful information is worth collecting. Before opening the new survey to the public, we will 
employ students to perform internet searches and find at least 80 European robot systems in agri-
food. The students will fill in survey forms for each, reporting any problems and making suggestions 
in an ongoing survey refinement process.  

We will also consider if the data collected should be analysed and organised in any way more than 
just using keywords and making the catalogue searchable online. These decisions about the 
information to be collected could be made in parallel with any bootstrapping process as missing 
information can be re-searched at that stage without embarrassment.  
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After the trial run of the questions / categories via the bootstrapping process, the questionnaire will 
be formatted, branded and generally made attractive, in both a web-based and a "paper" online 
version. The introduction / instructions will be distributed through the local agri-food ecosystems. 

The questionnaire will be sent out as soon as it is ready, to maximise the time available for responses 
to be received. It will be advertised on the project website and sent to all agROBOfood partners with 
instructions to distribute it to ALL agri-food robotics stakeholders in their area. A serious 
communication effort will encourage tech providers to advertise their products on this site. 
Continuously updated information about new additions and running totals of answers from various 
regions will add visible movement to the website. 

Two major pushes to obtain information will be made: one soon after the new questionnaire is ready 
and another 6-8 weeks before the D1.2 deadline on Nov 30th, 2021. 

By the deadline, we expect to have over 150 robot systems represented in a catalogue that is highly 
visible on the project website and exhibited at core partner sites. 

We wish to start this whole process by discussing this revised methodology with the project 
coordinator and agROBOfood steering group. The methodology proposed above will be adapted 
according to their suggestions. 

 

END OF DOCUMENT 
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Appendix A 
 

Replies to the survey described in this report D1.1 resulted in the following catalogue of technologies:  

 

1. Data exchange (AEF, Norbert Schlingmann) 
2. Personalized on demand food (VTT, Nesli Sözer) 
3. Camera-based weed recognition (DTI, Riccardo Besana) 
4. Robot fleets (DTI, Riccardo Besana) 
5. Error recovery (FhG, Christoph Hellmann) 
6. Navigation (FhG, Christoph Hellmann) 
7. ROS (FhG, Christoph Hellmann) 
8. Sensors for autonomous mobile robot (CLAAS E-Systems, Thilo Steckel) 
9. Mobile platform (Irstea, Christophe Debain) 
10. Robot manipulators (Eurecat, Ferran Roure) 
11. Tractor retrofitting (Eurecat, Ferran Roure) 
12. Soil sampling & analysis (BIOS, Goran Kitic) 
13. Software integration (MyxRobotics, Krasimira Shindarova) 
14. Autonomous sowing & weeding (Farmdroid) 
15. Calving Sensor (TSSG, Christine O'Meara) 
16. Robotic milking (TSSG, Christine O'Meara) 
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