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Beyond some scientific and technological challenges, this presentation will underline several other criteria to consider in order to give the key for a real market development of agricultural robots in close relationship with the operational needs and the constraints of farmer endusers.

Introduction

Digital farming will favour the increase of the productivity whilst in the same time the sustainable development of agriculture. In one of its synthesis document [START_REF] Cema | Digital Farming: What does it really mean?[END_REF] the European Agricultural Machinery Industry Association clearly defines the terms of "Digital Farming & Agriculture X.0". The Agriculture 3.0 was in link with the 1990-2000 timing decade with early adopters of GPS guidance assistance systems, yield mapping on combine harvesters and first telematics technology used to monitor vehicle fleets. The 2000-2020 period corresponding to Agriculture 4.0 boosted the Precision Agriculture, thanks to the evolution of several technologies in terms for example of i/ some cheap sensors and actuators, ii/ low cost micro-processors, iii/ high bandwidth cellular communication. The next Agricultural 5.0 (with full expression from 2020 year) will be devoted on cloud and Big Data analytics. Autonomous decision systems given by Artificial Intelligence and unmaned operations given by robotic systems will be also resolutely parts of Agriculture 5.0.

Agricultural Robots are announced to play a key role in agriculture domain. Today effectively, farmer end users put more attention and interest to robotic solutions. If in livestock production area, robotic market already exists, robotic market for plant production is still in their early stages of development ("Research prototypes" level or in the best case "Early commercial" level). So one main question is: "What are challenges to address in order to favor "Market Penetration" of agricultural robots?".

2.

Still a lot of scientific and technologic issues to solve

Agricultural plant production presents a lot of complex and uncertainty environments. The Figure 1 below illustrates some specific bricks to reinforce in order to reach real operational agricultural robots. Robotic offers also huge possibilities to reinvent agricultural machines in term of mechatronic architectures, energy power motorization, cooperation of several small, medium (or big!!) smart machines working together under the supervision of one remote human operator…A lot of scientific and technologic developments still must be done in order to increase the performances of all the bricks involved in the whole robotic systems.

Today we assist to an explosion of agricultural robot solutions coming from various part of the world. Presented results show in general a very good functioning of the solutions relayed directly by their own developers or / and by public or professional Medias (ex: video supports). These results which give the impression that "all is perfect and soon available" are generating growing interest among farmers and their representatives. Achieving the interest of End users which are the farmers, does not mean triggering the final purchase of the robotic solutions by these farmers. In the next chapter, some criteria (list not exhausted) must be taking into consideration in order to facilitate the acceptation by the end farmers of robotic solutions.

Some other important criteria to consider for the dissemination of agricultural robots

The Figure 2 introduces a second constellation of satellites (in yellow colour) about criteria to take into account in order to satisfy the needs of End Users and thus to give some keys for a real market development of the agricultural robots. 

"Economic Adoption Cost" criterion

Never the final Customer (except exception!!) buys a machine for its high technology, but for its ability to provide added value in terms of Return On Investment. One possibility to optimize the ROI is to optimize the "Robot -Agro System" couple. As illustration, in the Figure 3, the author (DEGANI, 2015) compares by simulation the cost of different robot architectures (composed of 3 or 4 Degree Of Freedom) for picking fruits in three tree configurations ("Central leader", "Tall Spindle", "Y-Teillis" pruning modes ). Resolutely the "Tall Spindle" training system with more compact and wall spatial disposition of the fruits on the tree can use the robot with lowest cost function. 

"Robustness" and "Output performances" criteria

Robustness and out-put performances of robotic solutions are also essential for the Endusers. Staying always in the Fruit picking robots domain, a lot of developments show poor yield out-put with long execution cycle time (several seconds) to detect the fruit, launch the arm to fetch the fruit, collect the fruit and arrange it in the conditioning box before to restart a new cycle. Under the respect of previous criterion ("Robot -Agro System" optimization), we advance the hypothesis that "simple architecture robotic machine" gives additional asset to improve robustness and output performances. An example of "simple robotic machine" is the automatic apple picker developed by FFRobotics (GoodFruitGrower, 2017) with two main elementary linear mechanic devices to reach fruits in the vegetation wall.

"Easy to use" criterion

Demonstrations of agricultural robots are always showed in the field. In fact, "agricultural robotics doesn't start in the field, but inside the yard of the farm!!" .That means that Endusers will be attentive to all the phases of the mission of the robot: Preparation, Execution, and Finalization, and not only during the execution work in the field. The phases of preparation and finalization of the mission integrate a lot of logistical operations, for example with the connexion of implements on the robotic platforms. Thus, one asked question is about the execution facility of manoeuvers for implement linking operation from remote screen tablets? In the case of deployment of several robots (swarm robots), the End users will be concern by accentuated logistical issues with a lot of fuel tank to fill-up each morning, or batteries to charge each morning and other time during the day !!. So for the development of agricultural robot market it is capital that developers bring suited solutions for all the phases of the mission in terms of Usability / Easy to use of the solutions in order to obtain complete satisfaction from End-users.

"Respect of environment" criterion

As introduce in chapter 2, Robotic offers huge possibilities to reinvent agriculture machinery with for example cooperation of small or medium size robots working together [START_REF] Blackmore | A specification for an autonomous crop production mechanization system[END_REF][START_REF] Berducat | Evolution of agricultural machinery: the third way[END_REF]. Thanks to robotic technologies, this approach gives new alternatives to the single way evolution of agricultural machinery proposed during the last century: "always bigger, always powerful…but always heavier!!". The opportunity to suppress the compaction of soil deep layers (30 cm to 1 m depth) by suppression of big machines paths is a real benefit for sustainable agriculture. In the case of small robots (working or not in cooperation), one question nevertheless must be put on the table: "With a footprint on 90% of the surface area (due to small track, repeated paths) what about superficial compaction generated by these machines in certain working conditions (type of soil, moisture) ?".

"Safety" criteria

The rise of robotic in general and agricultural robotic in particular is depending of safety guarantees which will be given by the manufactures. The mobility increasing of robots in their working environment in autonomous modes requires a special attention on safety associated devices. Safety devices for agricultural robots don't be limited to detection of obstacles (static or dynamic, positive or negative, known or unknown). The preservation of the robot integrity needs other security modules (hard and soft). For example, taking into consideration the presence of slope terrains and/or tanks or hoppers embedded on the mobile robotic platform that can fill-up or empties during the work execution, it is necessary to have safety devices able to anticipate dynamic instability or roll-over risks (Lenain,2013). Physical or virtual geofences are also an obligation in open field areas in order to guarantee that agricultural robots will stay in their dedicated work areas.

"Integration in FMIS" criterion

Concerning agricultural robots in plant production and open fields, we are just at the beginning of the history!!. Currently, agricultural sites welcome only one or two robots in the same place under the close supervision of a human operator at proximity. For the real boom of the robotic in agriculture (in particular for big farms), it is absolutely necessary to go past the level of the lonely machine in its field. Robots must be full integrate in the Farm Management System (FMS) able to plan, control and supervise all the fleet of robots working at the same time in several field areas of the farm.

Farm Management Systems (Digital Farming tools) exist today to share information in real time about exchange of spatio-temporal data in the frame of Precision Agriculture. These tools must progress and be adapted to the arrival of agricultural robots (which is not the case today). To facilitate this evolution, agricultural robot community must take benefit of developments done in industry sectors. The figure 4 [START_REF] Pugliesi | th International Conference on machine Control and Guidance[END_REF] presents the five functional levels of a manufacturing control operation in industry sector. The two low levels standards (Level 0 and Level 1) correspond to levels embedded on the physical machine.

Upper levels (2, 3 and 4) will respectively permit to supervise, control and schedule all the robots to the right stage has to be digging. 

"Education Training" and "Society acceptance" criteria

The introduction of robotic solutions in farms requires some precautions. Manufactures must take care to propose adapted training to their customers in order to educate them to these new advanced technologies. No saving can't be done in this domain, if the agricultural robotic community wants to success. In the same manner, transparent exchanges between all the actors of the Value Chain (researchers, manufactures, distributors, farmers) must be develop toward civil Society in order to explain and demystify the role of robotic in agriculture.

Conclusion

The aim of this paper was to underline huge challenges to solve for the development of agricultural robots. Challenges concern a lot of scientific and technology issues in order to reach performant robotic offers with appropriate associated solutions in terms of safety functions and target cost. To convince customers, developers must also take care to consider all the phases of the mission of the robots (and not only functioning inside the field).

Logistical aspects in the farmyard, between farm yard and fields must be also proposed to end users to offer complete operational solutions. To increase the maturity level of robotic solutions for agriculture, it is also necessary to break up the current limiting approach, consisting to use robots as lone units. Tomorrow mobile robotic platform(s) must be fully integrated in the whole Farming Management System, one more, not only during mission execution inside the field, but also during the mission preparation from the farm yard (linkage of implements, full of energy…).
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