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Impact of machine's robotisation on the activity of an operator in picking tasks
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This paper presents the results of an analysis of the activities during manual and robotised piece picking tasks to know and understand the impact of the robotisation. Here, this task is manually realized first and then partially automated with a robot. The activity is described with three indicators. These indicators are computed with image processing and a subdivision of the picking area. The robot has an impact on the activity because its introduction induces a convergence of the subjects to the same activity regardless without of their uses of technologies considering the interaction in this case.

Introduction

The human-machine interaction (HMI) is a key point for a suitable integration. Currently more and more machines need autonomy to work in team with human operators and other robots. Robots can also assist or work with other robots and humans. Therefore, Human-Robot Interaction (HRI) receives considerable attention because humans and robots are increasingly cooperating in many fields (transport, agriculture, industrial field…). Human-computer interaction (HCI) and HRI differ in several dimensions. HRI differs from HCI and HMI because it concerns systems which have complex and dynamic, control systems, show autonomy and cognition , and which operate in dynamic world as in [START_REF] Fong | Collaboration, Dialogue, Human-Robot Interaction[END_REF] and [START_REF] Goodrich | Human-robot Interaction: A Survey[END_REF].

Background

Regarding the teamwork between robots and humans (seen as agents), it seems important to have an efficient task repartition. It is noted in [START_REF] Scholtz | Theory and Evaluation of Human Robot Interactions[END_REF] that human skills are required in robotic systems. The performance approach to evaluate skills level, is used for robot assisted surgery [START_REF] Chandra | A comparison of laparoscopic and robotic assisted suturing performance by experts and novices[END_REF] where the learning and the progress of skills are estimated with the performance of the surgeon. In [START_REF] Chang | Robotic surgery: identifying the learning curve through objective measurement of skill[END_REF], the comparison between manual and assisted work permits to estimate the progress of skills. Another approach is the use of mental models approach like in [START_REF] Graham | ACognitive Approach to Game Usability and Design: Mental Model Development in Novice Real-Time Strategy Gamers[END_REF]. Skills estimation is a key to obtain an efficient task repartition.

The convergence of automated fields together with human sciences and the usercentred design described in [7] allows a machine adaptation to the human, the leverage of human skills and capacities, and to answer to the human failure. Many tasks are feasible with human-robot teams. In this situation the robot must understand the operator, as in [START_REF] Nikolaidis | Human-robot mutual adaptation in collaborative tasks: Models and experiments[END_REF], and adapts its activity. Many interesting surveys have studied the efficiency of human-robot teams as in [START_REF] Gombolay | Decisionmaking authority, team efficiency and human worker satisfaction in mixed human-robot teams[END_REF]. But in the HRI, the efficiency is linked to the potential activities of each agents like described in [START_REF] Scholtz | Theory and Evaluation of Human Robot Interactions[END_REF]. Regarding this approach, it is interesting to understand the operator activity evolution without considering the performance. It is important to understand if the robot has an impact on the activity of the operator. To have an efficient HRI and a good acceptability, the robot must not impact the activity but must complete it. The workflow study is important to understand the force and the problem of the HRI as in [START_REF] Casper | Workflow study on human-robot interaction in USAR[END_REF].

It is proved in game theory that the behaviour of the user is influenced by his belief learning [START_REF] Ioannou | A generalized approach to belief learning in repeated games[END_REF]. Regarding this, it is interesting to compare if the operator knowledge and technology uses have an influence in the HRI.

Considering the previous element with user-centred design in robotic, we hope that it is conceivable to have HRI which do not affect the activity. Regarding this, it is interesting to evaluate if, how and why the robotisation of machines affects the activity of operator.

Field Test

In order to evaluate if, how and why the robotisation of machines affects the activity of operator, we propose here to compare activity with and without robot thanks to a brief and typical example of picking task. This comparison is achieved after a familiarization phase to get a repeatable and repeated activity. We suppose that this phase is completed when the operators have the same activity to do the same task twice. In this task of picking, the executed strategy is represented by the activity. In addition, another assumption is that the interaction level with the robot is linked with the use of technologies.

Considering these elements, an experiment has been developed to evaluate our hypotheses in the case of piece picking. For this purpose, an experimental platform has been designed in laboratory to evaluate the impact of a mobile robot to carry packages.

Experimental platform and robot

The experimental platform is composed of four shelves, identified with letters. On each shelf, there are six packages, identified with the letter of the shelf and a number according to their position on the shelf. The lateral distance between each shelf is one meter and the shelves measure five-meters long.

To evaluate the impact of the robotisation, a cart is used first to establish and end the familiarization phase. The cart and the robot have the same sizes. The robot is the Sherpa by Norcan (depicted in Fig. 1). The robot is able to follow or precede someone thanks to a rangefinder and four other lidars to secure its displacement. The robot interface is composed of two set of four buttons, located at the front and at the rear. Each set is composed of two buttons to choose the mode: follow or precede mode. There is also one button to activate the automated return to the end point, and a red emergency button. 

Experiment

The experiment begins with a questionnaire about the use of technologies (smartphones, cars, smart homes and their connections). After an explanation of the task, the operator picks up ten orders of five packages randomly chosen with the cart.

Between each order, the operator makes an audio recorded self-confrontation. After an introduction of the robot, the operator must pick up four packages and ten orders with the robot as in the previous step. During this experiment, all orders are recorded from a camera over the area. Audio recordings are realized for every self-confrontation. Recordings are also synchronized with data of the robot. The panel of subjects is composed of twenty-three voluntary people not familiar with picking tasks to ensure the observation of the phase of familiarization.

Definition and analysis of activity

To compare the activities of each subject, indicators have been designed. These indicators represent activities of subjects and are independent from the orders. They are used with a program and are based on the subdivision of the picking area depicted in Fig. 3. The first indicator describes the independence between the subject and the cart. It means the time rate when the cart is in another area than the subject. In (1), 𝑇 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 is the date at t=0s and 𝑇 𝑓𝑖𝑛𝑎𝑙 is the final date. (

) 1 
The second indicator describes the method to pick up packages on shelves. This indicator highlights if the subject picks up packages on one shelf or two shelves at the same time. (

) 2 
The third indicator describes if the subject pushes or pulls the cart/the robot.

𝐼 3 = ∑ 𝛿 𝑖 𝑁𝑏𝑟 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑖=0 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑝𝑎𝑠𝑠 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑤𝑖𝑡ℎ 𝛿 = { 1 𝑖𝑓 𝑡ℎ𝑒 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑝𝑢𝑠ℎ 0 𝑖𝑓 𝑡ℎ𝑒 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑝𝑢𝑙𝑙 . ( 3 
)
A transition is the passage between two subdivisions. Regarding these three indicators it is possible to know the applied strategy. For example if 𝐼 1 = 0, 𝐼 2 = 1 and 𝐼 3 =1, the subject pushes and stays with the cart and picks up packages shelf by shelf.

Thanks to these indicators, the end of the familiarization phase is recognized when they describe the same strategy twice or more. For example in Fig. 2, the familiarization phase is finished at the sixth order. After this order, the subject applies the same strategy for every order. The subject leaves his cart ( 𝐼 1 >0.4), picks up package on two shelves in the same area (𝐼 2 < 1) and pushes the cart (𝐼 3 =1).

Using this definition of the indicators, it is also possible to automate their computation. To do so, a program has been developed to generate automatically the subdivision of the picking area as shown in Fig. 3. This subdivision is based on an image processing of the video recorded during the experiment.

Fig. 2. Subject 15 indicators evolution during ten orders.

The program tracks the subject and detects the cart/robot thanks to theirs color and movement. Then, successive positions are recorded and the indicators are computed at the end of the video. The program gives two results, an image (Fig. 3) and csv files where indicators and positions are stored. The program computes the three indicators but currently the image processing need to be improved to avoid luminosity problems and false movements detection. To obtain a good description of the strategies chosen by the subjects, the proposed indicators are converted to binaries values. So for 𝐼 1 , if the value is superior to 0.15, the operator have the will to leave the cart. Therefore beyond this value, 𝐼 1 =1 else 𝐼 1 =0. In the case of 𝐼 2 , if the value is equal to 1, 𝐼 2 = 1 else 𝐼 2 =0. For 𝐼 3 , if the value is superior to 0.5, the operator mostly pushes so 𝐼 3 =1 else 𝐼 3 =0. There are eight possible strategies. To quickly identify the strategy, 𝐼 1 is multiplied by 1, 𝐼 2 by 10 and 𝐼 3 by 100. The addition directly highlights the strategy applied The MCA distinguishes three groups based on the use of the car, smartphones, domotic and the number of orders to be familiarized. Subjects without smartphones, car and domotic rapidly finish their familiarization (group G0 in red). Subjects who intensively use each technologic elements (G2), finish their familiarization between three and six orders. Subjects who classically use technologic elements (G1) finish their familiarization after six orders. The group (group in green) are subjects with an intensive use of technology who rapidly finish their familiarization. Three patterns of users can be observed here.

Conclusion

In this paper, the impact of robotisation on the operator's activity is evaluated. It is clear that the proposed function of the robot (follow mode) influences the strategy of operators. To reduce this, a user-centered design of the function is essential. Another point discussed here is the linked between the use of technology and the interaction level. It is observed that subjects who intensively use technology need more orders to achieve their familiarization than subjects who have a classical use of technology.

The robotisation influences operators who choose the easiest way of use. Considering the link between the use of technology and the interaction level, more the subject is comfortable with the use of technology more he will interact with the robot.

Fig. 1 .

 1 Fig. 1. Sherpa robot by Norcan with its description of element of vision.

  𝑎𝑛𝑑 𝑐𝑎𝑟𝑡 𝑖𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑎𝑟𝑒𝑎 𝑇 𝑓𝑖𝑛𝑎𝑙 -𝑇 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 .

𝐼 2 =

 2 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑟𝑒𝑎 𝑤ℎ𝑒𝑟𝑒 𝑝𝑎𝑐𝑘𝑎𝑔𝑒𝑠 𝑎𝑟𝑒𝑎 𝑝𝑖𝑐𝑘𝑒𝑑 𝑢𝑝 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠ℎ𝑒𝑙𝑣𝑒𝑠 𝑤𝑖𝑡ℎ 𝑝𝑎𝑐𝑘𝑎𝑔𝑒𝑠 𝑤ℎ𝑖𝑐ℎ 𝑎𝑟𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 .

  subject. With this method, the hundred represent the value 𝐼 3 , the tens the value of 𝐼 2 and the unities the value of 𝐼 1 .

Fig. 3 .Fig. 4 .

 34 Fig. 3. Image result from the program with indicator. Subdivision of the area with blue centrals area and red borders area. Blue points are operator position and yellow cart position.More than 90% of subjects applied the same strategy at the end of the experiment when using the robot. But it is interesting to compare the results of the questionnaire with the results of the experiment. In this purpose, an indicator, NbComm, is created to estimate the number of collected orders before the end of the familiarization phase. Different variables regarding the use of technologies, smartphones Sm, car Car and domotic Domo, are extracted from the questionnaire. The variable concerning the use of smartphones is composed of four modalities: no smartphones (Sm0), simple use (SmP), classical use (SmM) and intensive use (SmF). The variables Car and Domo are composed of three modalities: no car or domotic (Car0 and Domo0), classical use (CarM and DomoM) and extensive use (CarF and DomoF). Regarding NbComm, this variable is composed of three modalities: need 1,2 or 3 orders to end the familiarization (NbCommP), need more than 3 and less than 6 orders to be familiarized (NbCommM) and need more than 6 orders (NbCommG). Based on these variables and their modalities, a Multiple Correspondence Analysis is achieved with result in Fig.4.
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