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Abstract - Unlike industrial robotics that was accepted as an undeveloped technology in one of the most lucrative markets, automotive, to mature slowly, mobile robotics, although very mature in technology has problems to find the appropriate market. The reason is that mobile robot faces much more complex tasks that are not only about speed, acceleration, precision and payload. It has to solve problems in a dynamically changed environment where only parts of the scene is known in advanced while the rest is either obstacle temporarily on the way or a human passing by and interfering robot’s path. All this interaction must be done in a safe way. The presence of human in the environment also imposes another issue: timing in solving the path planning problem. Many of the environments can be described by the same scenario, of which modern shopping spaces are particularly challenging. These spaces are large with many obstacles and quite often they are crowded places. Using a mobile robot as an autonomous cart that associates with a customer in a short time is the task that requires lots of technologies. Programming robot cart so it becomes smart enough to interact with humans in a safe way can be done if one can transfer human motor skills and decision making skill in a robot. This paper deals with the taxonomy of mobile robot interactions with environment such as smart future stores. The basic idea of transferring human motor skills will be outlined. This paper claims to set up general guidelines in future projects of smart and safe mobile robots.
1. INTRODUCTION
Mobile robot faces challenging situation today. Although available for thirty years, the mobile robots still did not find the place in the markets, although potential applications of mobile robots are almost everywhere: home and public places, medical, military, industry, where the robots will interact with humans in a useful and safe way. Yet, except some toy robots [aibo, pharo] and very simple vacuum cleaners [roomba], mobile robots are not yet met in a million sales. The reason is that, without feedback from customers, the markets will not be able to define how the mobile robot should look and how it should precisely work. Even worse is the fact that potential markets are not ready to accept existing mobile robots at large. The main reason lays in the fact that the human environment has high entropy, it can be fast changing, and it can be incompletely known to the robot. People dominate such environment having freedom to choose its way while the robot must stay passive, finding its time and space to complete the task. In a more complex case the robot must be able to interact with many people intercepting its path as well as to interact with fixed or moving objects at the same time in a safe and reliable way, still keeping the focus on its main task. Their motion planning, navigation, and decision making, must be done at time scale defined by the users and at the pace defined by people. To achieve this goal the robot must integrate a number of different sensors within decision making algorithms that will be executable in a really short time scale. The achieve true autonomy in incompletely known evironment, the algorithms must flexible and open to combine and upgrade according to the changes in environment.

Many actual research topics fall into category of mobile robots. Besides results in sensor fusion, robot localization, mapping, navigation, simple tasks like reactive behaviors, line and wall following, or even complex tasks like person fol​lowing, many of these algorithms, based on on-the-shelf techno​logy of sensors and controllers, are too demanding re​sult​ing in a low performance, not suitable for real life pace. Furthermore, navigation and decision making in incompletely known dynamic environment challenges most of the algo​rithms available today. Pure engineering control with pre​​cise control laws quite often fails to operate in the pre​sen​ce of interference from the environment not known in advance. 
Here we deal with one of the most challenging environ​ments – shoping areas. This paper gives some basic guide​li​nes of the future smart shop environments and opens series of que​stions that need to be addressed if the mobile robotics enters the field.
2. SMART SHOP ENVIRONMENT AND APPLICATION SCENARII
The smart shop environment consists of a smart mobile robot, buyers guide portable to a user friendly mobile device, interactive buyer advisor and inegrated cashier.  If we manage to design a smart mobile robot safe for the environment that can embody all the devices, we can enter the future smart shop environment. Such a robot needs to integrate modern technology in a way it becomes truly functional and suited to a human – shopper. The electronics and sensor of the robot base will make it autonomous to move when asked, to follow or guide a shoper between isles and products. The cart not necessarily needs a camera or any other high tech sensor system. Instead, it needs only a navigation system that will follow one customer, as well as to have an array of sensors to avoid bumping into isles, other objects as well as moving obstacles like other Smartcarts, shopers and personal. The communication system will enable networking of all of the Smartcarts to avoid making crowds and aligning them in a que.
There could be a bunch of scenarios. A customer comes into the parking place of SmartCarts. After identifying itself with a credit card, he is assigned a Smartcart with acompanying token to make him uniqe subject within the Shop Assist System. Customer uses a touch screen to choose the main articles from the list. That list is sent to the supervisory system to make a general route having in mind positions of other Smartcards on site. That route can be changed from article to article in order to satisfy customer’s need or to speed up the shoping process. 

The robot will follow the customer on a safe distance, having the information where the customer is via a token, depending on how crowded the place where the customer is, waiting a customer to come back or the other persons or Smartcarts to allow space to approach. In the case it is lost, Smartcart asks supervisory system where the customer is and a guiding advice how to get to the customer the fastest way. The special emphasis is on the safety of the system towards personal and shoppers as well as to other moving or fixed objects. The cart can also guide the subject from a present location to the location where the next article is stored on the shelfs. A customer simply picks up articles and let them be recognized by an integrated cashier inside the Smartcart. So, the customer can always know how much is in the cart as well as what is missing from the list built up at the time shoping started. 

Once the customer is finshed shopping, he or she heads to the Exit gate. After warned that he approached the location where he needs to authorise the purchase, the customer types a PIN or signes printed recipe. With that, no cashier is necessary. The Smartcart follows the customer all the way to the car at parking lot. Once it is finished with tranfsering goods to a car, the Smartcart is releised and it reports its status to a supervisory system that gives a main direction where to go to get back into its parking place. 
3. SMARTCART SYSTEM

The immediate problem to address is the motion planning in a clustered and rapidly changing environment populated with fixed, movin obstacles and humans. The off line plans are no good if the environment is changing, although they should be used for a general strategy as a safe and available solution to get back to once the disturbance goes away. For fast interaction with moving obstacles or with humans there must be on-board motion intelligence. Another issue is that human can be in such environment for a very short time so the robot can not ‘personalize’ its behavior only to one human being. Instead, it must understand how the human beings are moving in general in order to avoid them safely or to follow them.
The lack of safe and reliable physical interaction with humans walking around the robot while it is moving is the most crucial problem today in mobile robotics. Even it is slow in processing and making right decisions, the fact that the robot is not safe for people prevents any further plans of entering markets with many people walking freely around the robots. Without reliable physical, verbal, and social communication, the robot will never understand the intentions of human nor will it accept behaviors of the humans. In fact, if the robot has to operate for human and comply with other people surrounding, it must be able to efficiently communicate with people in order to gain and to have human-way of solving problems within its controller. However, understanding human-way of solving motor problems and interaction with dynamic environment are still widely open research topics. Conventional approach to developing a mobile robot to work safely for humans, following the advances in sensor, processing technology, and artificial intelligence, simply does not produce results. In vast majority of such examples, the human is taken either as an obstacle or as a moving target. But, never the human is the one to give example not just only how the solution should be but rather how to get to the solution. If we achieve to develop the controller of the robot transferring human motor skills as much as possible into the controller, such robot will be able to step into human’s world in a safe way for humans and be open to evolve as it builds up repertoire of its motor skills.

In order to push mobile robot technology further into many markets, we need to focus first on one market that is now rapidly integrating new technologies, and that has enough resources and interested parties to benefit of smart mobile robot in its environment. The eCommerce market is a good candidate. The revenue of the market is steadily growing (show data). Particularly, mega market stores are recording increasing profits (show data). Many of big store chains like METRO are making ready for future smart shops to approach customer in a faster, reliable and profitable way, making the mega market stores places that maximize the profit by serving more customers in a way that will not increase stress due to crowded markets and long lines in front cashier. The project of building future stores already started by integrating the latest available technologies with technologies available for some time like RFID, touch screens, etc. 

Within the efforts in developing Smart Shop we see it particularly important to promote the idea of the SmartCart as integral part of the shopping system of the future. The large shopping place is a typical example of the environment where many people interacts among each other, other obstacles like isles and boxes on the ground, doors, corners, etc. Each of the people is individual in exercising its motor system in the shop depending on the situation on site, age, personal skills, habits, good or bad manners, rush, mood, etc. None of the person wants to be hurt or even intruded by a moving robot that just did not understand person’s intentions.

The SmartCart will be customer’s personal assistant not just in suggesting what to buy and where are the goods, in speeding up check out process, but also to follow its customer in a way safe for the environment, be available on call, avoid making gridlocks at crowded locations and many other behaviors that will emerge in developing such a system. Special attention will be devoted to the first level of safety regarding the human beings walking around the SmartCart sometimes intercepting its path or even colliding with it for a short time. 

Assuming that the SmartCart become a part of a future stores from the beginning it will also shape that market in eCommerce, while it will establish confidence in this technology so it can be further implemented in other markets imposing similar demands. 

A special carts can be made for senior customers having troubles with long walk. The cart can be a walking assistant preventing accidental falls. There are many applications of mobile robots in helping physically impared or elderly. Few of the most successfull are described here. The SWCA 
(Notre Dame Computer-Controlled Power Wheelchair Navigation System) is standalone system to be added to a wheelchair. It provides autonomous navigation and has a computer vision to detect special markers. It accurately reproduces training routes. However, it needs smart environment and pretrained routh!
Hephaestus is a standalone system to be added to wheelchair, too. It can reproduce opbstacle avoiding behavior developed by NavChair. During operation, the Hephaestus System interrupts the connection between the joystick and the Controls Interface to modify commands still remaining completely transparent to the underlying power wheelchair. The Hephaestus differs from the CPWNS in that it does not provide environmental modifications and also cannot provide autonomous navigation between points. Each cart can have a communication console to transfer voice and video on demand. 
The general performance criteria address interaction geometry and noise. Minimum average obstacle clearance is of 30cm, while the minimum diameter of an obstacle that can be detected is 2.5cm. Maximum distance from wall when following a wall down a hallway is 30cm. Minimum door width the system is capable of passing through door of width 81cm. Finally, maximum audible noise, with a goal of 55 dB. 
4. SCIENCE
So, the robot need to response immediately by changing its trajectory according to the safety demands, or to stop and back-up, all in a time window give by the person walking around it. Many of actual examples show that understanding a person’s intentions, one need cognition that is often highly complex and time consuming computer operation. Unless the robot possesses such cognition connected to various sensor sources it embodies, it can not be considered truly safe for the environment. 

A natural way to solve this problem is by transferring human skills into the robot, by letting human operator, a trainee, to steer the robot in a real or virtual environment. The trainee that has have its own visual feedback to augment a feedback force through training device, can learn how to solve typical scenarios of robot interacting the dynamics environment populated with other people. The device lets the subject to feel how close the obstacle is or even to feel the dynamics of the obstacle. Once the human learns how to steer the robot safely, that skill itself now can be taken as sensory motor transformation that maps various sensory inputs to motor drives on SmartCart wheels. This skill is only a basic for the evolutive  when the SmartCart starts its autonomous operation. 

We want to use human motor control as a model around which we design our automatic controller. Instead a common approaches to generate a theoretical description of the human learning and then develops the mathematics that will allow them to apply a similar computer-driven algorithm, we are proposing is something radically different. 

What you'd like to do is to try to model the human controller numerically. By allowing human subject to learn to control the robot, we will collect enough sensory and motor command data to make a parametric model that mimics what human subject does.  The modeling process is stepwise oriented, meaning that the curve-fitting starts immediately when human being is  learning. In that case, the  human controller will be simpler and easier to model. Then,  hopefully,  we will be able to adapt our simple model into something  that closely  models the human behavior. In this way, we may get the best of both worlds: a sophisticated automatic algorithm and a deeper  understanding  of human motor control and motor learning.  

The tricky part, though, is that if we had a good  model of  how to do step-by-step teaching of a motor skill then we  would also,  more or less, have a theoretical model of how the human  being actually  solves the control problem.  In other words, part of the  magic is that  we don't *know* exactly how human beings learn to do things.  One  thing that we  are pretty sure about, though, is that a substantial part  of natural  human learning occurs through observation and internal  imaging. This  part of learning will be difficult for us to observe and  will lead to  discontinuiuties in the performance that, on must guess, reflect  discontinuities in the trajectory of the controller used by  the human.  These discontinuities could represent discontinuities in  the parameter  values or actual changes in the controller structure. I'm  not sure if  this is a stumbling block for you or not.  One of the first experimental questions for a motor control  scientist,  I think, would be whether the sequence of steps used to do  step-by-step training would be likely to lead to the same final  control strategy. 

There may be some sort of interesting interaction between the kind of  steps that your automatic controller would find most convenient for  imitation and the kind of steps that humans find most conducive to  learning. 
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