A low cost mobile robot and user interfaces for children to play

1. Background and Problem statement 
Through play children can learn and explore the environment when they manipulate objects [1]. Play can help children to develop cognitive, social, and linguistic skills. Play is a fundamental right that must be granted and promoted for every child, and it promotes learning, discovery, mastery, adaptation, creativity, and self-expression in children [2], [3].

Children with physical disabilities may have difficulties when they perform object manipulation and participate in play activities due to their difficulties in reaching and grasping the toys. This lack of play can result in developmental delays across different areas, including sensory, motor, cognition, interaction, communication, and social development [4]. Unfortunately, children who have physical disabilities tend to become spectators rather than active participants when playing [5], and playmates and adults are the ones that manipulate the toys [6]. 

Assistive technology robots have been used to help children with disabilities to interact with the environment and objects, thus enabling access to play and demonstration of their cognitive skills [7]. Studies performed with these technologies have shown that robots can help children to improve independence and to engage in play activities [8]. Kronreif and colleagues [9] developed a remote controlled robotic system, called PlayROB, to help children with disabilities play with Lego bricks. This robot was a three-degrees of freedom arm with a gripper, and was controllable by joystick devices [9]. Results from studies with this robot showed that children enjoyed the play activity, and that independent play had a positive effect on their self-esteem. Other researchers used a switch-controlled truck-like mobile Lego robot as a means for children with physical disabilities to manipulate toys and results showed that children enjoyed interacting with the robot, which increased their attention to tasks and their social and communication skills [10]. An IROMEC mobile robot platform was designed that could be controlled using switches, a touchscreen, a remote control or by detection of movements [11]. When children with disabilities played the IROMEC, they became the main protagonists of the play sessions and were equally active partners when playing with their peers and the robot. 
Results from the aforementioned studies suggest that the use of robotic systems could improve the independence in children who have physical disabilities when they play. However, according to van den Heuvel and colleagues, the control interfaces and commercial availability of robots to support play in children with disabilities is lacking. Additionally, the majority of the technologies to support play in children with disabilities only have one interface to control the robot, meaning that only a small group of children with disabilities can use them [12].
The use of different types of interfaces to control a robot may be a way of meeting the needs of children with different abilities [12]. Additionally, a robot that is commercially available and affordable is important so parents/caregivers and therapists can implement them at home or for therapy sessions. The goal of this project is to develop a mobile robot and multiple user-interfaces to support children with physical disabilities to play. A long term goal is to provide children who have limitations in manipulation the opportunity to increase the interaction with the environment. Different types of interfaces can be chosen to match the interface that best matches the physical capabilities of the user. The end goal of the project is to commercialize the robot and user-interfaces at the lowest price possible.    
2. Methods and first solution considered
This project consists of mainly two components: the mobile robot and the user interfaces. As for the mobile robot, the first approach was simply to create a remote-controlled car-like robot. The robot moved forward, backwards, and turned left and right. The car was designed using three wheels, two DC motors, an H-bridge circuit, diodes, resistors, an Arduino Leonardo microcontroller, and an XBee module for the wireless communication. The microcontroller was programmed using the open source Arduino IDE. For more details refer to [13]. 

Regarding the design of the user interface, in the first solution the team addressed the case scenario of child who cannot control any of his/her limbs reliably. The first solution was a head interface. This interface was developed using an Arduino Leonardo microcontroller, an XBee module, resistors, and an MPU 6050 chip which includes an accelerometer sensor. The microcontroller read the signal of the accelerometer sensor in the x, y, and z axis and calculated the angles at which it was tilted, referred as roll and pitch angles. For more details refer to [13]. 
The head interface could control the robot by attaching it to a hat that the children would wear. The movements of the neck and head commanded the robot to move, so tilting the head forward made the robot go forward, and bending the head left and right made the robot turn left and right, respectively. Turning the head left or right (neck rotation) did not cause the robot to move. This feature would allow the children, for example, to turn their head to talk to someone else, as long as their head did not tilt. 
3. Description of Final Approach and Design

Regarding the development of the robot, the final approach aimed to reduce cost of the first approach described above and in [13]. To reduce costs, the XBee module was replaced with a Bluetooth module HC-06, the Arduino Leonardo microcontroller.  The H bridge circuit was replaced with a Baby Orangutan microcontroller, which has a built-in H bridge for controlling the motors. The functionality remained the same.

Regarding the head interface, the final solution for this interface reduced the costs by replacing the XBee module with a Bluetooth module HC-05. In addition, as part of the final solution, we also developed a second interface using switches. Switches are a common approach for controlling robots because they can be placed near the body parts that the child with disabilities can control most comfortable and reliably. For example, switches can be placed on mounting arms near the child’s head or limbs. The switch interface was implemented to offer more options for the children, in case they do not like or have trouble using the inclination interface. This interface was developed with the Arduino Leonardo microcontroller, four Jelly Bean switches, jacks and resistors, and a Bluetooth module HC-05.

As part of the final solution, the team identified that the cost for the inclination and switch interface could drop to $0USD if the users owned a smartphone or tablet. As this technology is growing and becoming part of daily lives, it makes sense to integrate them with user interfaces for robot control. We developed the inclination and switch interfaces in a mobile application for android smartphones, which have a built-in accelerometer sensor and can draw digital buttons on the screen. The application was programmed to allow the user to choose between the tilt and the switch interface. The interfaces in the application were programmed with the same functionality as the head interface and the switch interface. The mobile application was developed using Android Studio 2.3 and installed on a LG G5 for testing.

In summary, the mobile robot can be controlled using switches or the inclination of either a cellphone or an accelerometer. The robot is approximately 10 cm by 15 cm. Some toys can be placed on top of the robot to carry them around, however a helper is the one who has to place the toys on the robot. As future work grippers will be implemented to make the robot grasp objects by itself so children do not need another person to place the objects on the robot.

4. Outcome (Results of any outcomes testing and/or user feedback)

 The interfaces were tested in a study that included four typically developing children who were seven years old and a person who has quadriplegic Cerebral Palsy who was 49 years old at the time of the study. The adult was unable manually manipulate the play objects on her own. The objective of the study was to test the mobile robot and interfaces to identify advantages and disadvantages of each interface. Participants performed a matching task in which they had to deliver five colored-invitations to the respective houses matching the color. Each participants used the switch interface, the head inclination and the inclination interface on the smartphone to perform the task.
Children successfully completed the task using the head inclination interface, the switch interface located near the left, right and back of their heads, and the tilt interface in the smartphone with their hands. They had fun when using the mobile robot and enjoyed the activity even though they had some difficulties when turning the robot to the left or right with all three interfaces. Children did the task faster and easier with the switch interface. We found that children had more trouble controlling the robot with the inclination interfaces, they often did rotation movements instead of tilting. Regarding the smartphone, we had trouble using it as a head interface, due to its size and weight it was not comfortable for the children, therefore children tested it with their hands. The size and weight could be a limitation if the technology were to be used as a head interface, but size could be an advantage if it were to be used with the hands. Children with poor motor control could benefit of large buttons on the screen. 
Completing the task was harder for the adult with disabilities when she used the head inclination interface, compared to the switch interface, especially when commanding the robot to go left or right. Thresholds to control the robot were set up at the beginning of the session but her tilting to the left or right were not always the same so these thresholds did not work every time. Despite this limitation, she completed the task successfully. The adult did not test the mobile application since it had the same functionality as the other interfaces. 
As future work, an adaptive algorithm could be used for when a user gets tired and their head movements change over time.  The interface could adapt to new thresholds as the user's movements change. In addition, an algorithm will be implemented to measure the range of the motion of each user automatically so the threshold can be set up according these measures. 
5. Cost (Cost to produce and expected pricing) 

The cost of the robot and the interfaces are listed in Table 1. The software to program the microcontrollers and the mobile application is free. The costs only include the physical components (hardware) and the construction of the mobile robot. It is worth noting that the cost can be lower and will be the goal of next steps of the project. There are microcontrollers, motors, and wireless devices on the market that offer similar capabilities at lower prices. The switch and head inclination interfaces will be integrated into one single piece of hardware, having a switch to select the interface that the user wants to use. The Jelly Bean switches will be replaced by customized switches to lower the price. Finally, the android application was not included in the list because it is for users who already owned a smartphone or tablet. For future steps, the application will be developed for iOS and Windows devices as well. 
	Item
	Approximated cost (USD)

	Robot
	TOTAL=100

	Baby Orangutan microcontroller
	20

	2 Pololu 50:1 DC motors
	50

	Bluetooth module HC-06
	10

	Wheels, resistors, breadboard, and structure. 
	20

	Head Inclination Interface
	TOTAL=45

	Arduino Leonardo microcontroller
	20

	Bluetooth module HC-05
	10

	MPU 6050 chip
	5

	Resistors and breadboard.
	10

	Switch interface
	TOTAL = 245

	Arduino Leonardo microcontroller
	20

	Bluetooth module HC-05
	10

	4 Jelly Bean switches
	200 **

	Resistors, jacks, and breadboard.
	15


** These will be replaced with customized switches that will costs less than $20 USD.
6. Significance 

The creation of a low cost mobile robot that can be controlled with different interfaces may give the opportunity to children with different physical disabilities to play and interact with toys. It is our goal and motivation to make this technology affordable to people in the developing countries. The price of the present mobile robot is lower when compared to other robots, for example a Lego Robot that costs around $350 USD. This value is higher than the monthly income of families in some developing countries. This fact makes this technology more accessible for families that do not have the economic resources to buy an expensive robot. 
First, the fact that it can be controlled with more than one interface makes the technology more inclusive so the target user population increases, meaning that more children can use the robot. The inclination interfaces can be placed on the hands or the head, depending on the child´s abilities, preferences and comfort. Potentially, there is the possibility of controlling the robot using more than one interface at the same time. Additionally, in the case the child already has a personal interface (e.g. mouse pointer, augmentative and alternative communication (AAC) devices) for his/her daily use, this interface can be adapted to control the robot, thus reducing costs.

This mobile robot can improve the quality of life of children with physical disabilities by allowing them to play and interact with toys independently. This will give them the opportunity to develop cognitive, social and intellectual skills through play. 
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