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ABSTRACT 

“Here and There: Plush Robots” is a set of two plush toys 

that communicate over long distances to create emotional 

haptic feedback. It is ideally designed for a child and a 

distant relative who wants emotional contact with the child 

through a physical interface specially designed for them. 

The system works as follows: whenever a person hugs the 

toy, the second toy lights up and vibrates simultaneously.  

In real-time, “Here and There: Plush Robots” provides a 

reminder of physical presence: it does not attempt to 

replace a real person, but still creates an emotional 

connection of value to both participants. It utilizes wireless 

network technologies and the Internet to achieve this long-

distance communication.  

Keywords:  

Telepresence, haptic feedback, emotive technologies, 

physical vs. virtual presence, communication over distance, 

physical artifacts with emotional feedback. 

1. INTRODUCTION 
Standard real-time over distance telecommunication 

technologies like video conferencing lack the sincerity and 

intimacy of one to one communication. It puts the computer 

in the center, confining people to a small LCD screen. 

Sometimes all you want is to let your loved one know that 

you are thinking of them at that moment. Especially if the 

person you want to communicate with is a child, it is hard 

to keep him in front of the computer for a while even if you 

beat the time zone differences between you and him. 

“Here and There: Plush Robots” is a set of two plush toys 

that communicate over long distances to create emotional 

haptic feedback. It is designed as an alternative to standard 

screen based communication tools that offer audio and 

video input/output. It uses sensors to detect physical input 

and outputs physical feedback through motors and LED 

lights instead of using the common communication 

technologies like audio and video.   

2. IMPETUS 
The project started on a really simple idea. To convey your 

love and emotions to a child who lives miles apart, without 

using standard over distance communication methods. This 

statement raises a question: What is wrong with standard 

communication methods, video chat and telephone? The 

answer is: there is nothing wrong for adults although they 

are also challenged by the same problems, but for children, 

it totally lacks the sincerity and engagement of physical 

interaction and emotional aspects of communication. It is 

hard to keep a kid in front of the camera for a long time as 

he gets distracted easily and lose his enthusiasm. Moreover, 

the communication is strictly confined to accessibility to a 

computer and a bunch of software that runs on the computer 

which should be controlled by an adult. This limits the 

accessibility to the child, it does not allow for instant 

communication. Furthermore, if the distance between the 

child and the adult is long enough to cover different time 

zones, then it becomes almost impossible to arrange a time 

to start a video conference that fits both sides.  

3. GOAL 
The overall goal of the project is: To explore the possibility 

of achieving a real time synchronous over distance 

communication through an interface especially designed for 

a kid and an adult that creates physical output to evoke 

emotional feedback. 

4. DESIGN QUESTIONS 
“Here and There: Plush Robots” is designed as a part of a 

research that is revolved around these questions: 

Is it possible to imitate human presence through 

technology? Can communication become a better 

experience if the emotions are accompanied with haptic 

feedback? Is haptic communication better than visual or 

oral communication when you are reaching to a child? Is it 

possible to create a physical interface that connects two 
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people specifically? What kind of a physical interface can 

communicate feelings better to a child? 

To better explain my design questions and my research 

topics, I would like to take a closer look at the following 

terms and explain how they are related to my design 

questions and project in general. 

Definition of Terms 

“Haptic technology” is a tactile feedback technology that 

takes advantage of a user's sense of touch by applying 

forces, vibrations, and/or motions to the user. [1]  

The input of the signal as well as the output sent is 

generally in the form of a physical feedback delivered by 

forces mentioned above. It is an important method to 

deliver emotional messages as it turns digital input to 

analog output to imitate real gestures that evoke emotional 

feedback. 

“Communication” is the activity of conveying meaningful 

information. Communication requires a sender, a message, 

and an intended recipient, although the receiver need not 

be present or aware of the sender's intent to communicate 

at the time of communication; thus communication can 

occur across vast distances in time and space. 

Communication requires that the communicating parties 

share an area of communicative commonality. The 

communication process is complete once the receiver has 

understood the sender. [10]  

The general description of communication above as it is 

defined in Wikipedia does not touch upon tools that can be 

used to achieve it. This paper refers to standard over 

distance communication tools that are preferred by many 

users recently such as Skype, instant messaging tools: 

GChat, MSN and Facebook. 

“Haptic communication” is the means by which people and 

other animals communicate via touching. Touch, or the 

haptic sense, is a component of nonverbal communication 

in interpersonal relationships, and vital in conveying 

physical intimacy. [11] 

Hugging is regarded as an important element in haptic 

communication. It is a concrete and tangible action with 

immediate response. This project tries to take hugging into 

a virtual space, however, create a tangible outcome. It 

allows for sending virtual hugs and on the other party real-

time physical feedback created by this virtual hugs. The 

attempt tries to imitate human presence over distance by 

empowering the hugging action as an input source. 

“Telepresence” refers to a set of technologies which allow 

a person to feel as if they were present, to give the 

appearance that they were present, or to have an effect, via 

telerobotics, at a place other than their true location. 

Telepresence requires that the users' senses be provided 

with such stimuli as to give the feeling of being in that 

other location. Additionally, users may be given the ability 

to affect the remote location. In this case, the user's 

position, movements, actions, voice, etc. may be sensed, 

transmitted and duplicated in the remote location to bring 

about this effect. Therefore information may be traveling in 

both directions between the user and the remote location. A 

popular application is found in telepresence 

videoconferencing.  [3]  

The term telepresence is strongly related and definitive to 

“Here and There: Plush Robots” It can even be said that the 

project is trying to establish a new form of telepresence by 

asserting an alternative interaction tool to over distance 

communication. The ability to affect the remote tool and 

being able to do this by synchronous communication is one 

of the most powerful aspects of the project in general. 

“An interface” is a tool and concept that refers to a point 

of interaction between components, and is applicable at the 

level of both hardware and software. [9]  

The term “physical interface” is used many times in this 

paper.  By “physical interface”, it is meant that the interface 

is taken out of computer and put inside a tangible object 

which handles the I/O facilities by itself. The robots in this 

project can be regarded as Physical Interfaces and they are 

purposely separated from traditional GUI that requires the 

existence of a computer in the system. The essay “Tangible 

Bits” by Ishii and Ullmer is strongly suggested to the 

readers who have an interest in understanding more about 

physical interfaces and early works in the field.[2]  

 

5. PRECEDENTS 
There is considerable amount of projects mostly led by 

researchers dealing with the same topic. One of the distinct 

common points of all these precedents listed below is that 

all of them offer a wearable garment as the deliverable of 

their projects. One another common point is that, all of 

them are targeted towards couples that are distant apart. I 

have not come across a particular project that takes children 

only or children and adults as its target audience.  

 

iFeel_IM! is a research project by Tsetserukou, D.;   

Neviarouskaya, A. from Toyohashi Univ. of Technol., 

Toyohashi, Japan. The iFeel_IM! system employs six haptic 

devices and visual stimulation to augment the emotions 

experienced during online conversations. It integrates 3D 

virtual world, intelligent component for automatic emotion 

recognition from text, and innovative affective haptic 

interfaces providing additional nonverbal communication 

channels through simulation of emotional feedback and 

social touch. [4] The project tries to empower social 

interactions and provide emotional engagement with the 

help of haptic devices deployed. Devices are triggered by 

social input in the Second Life platform. The strength of the 
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project is; it is very successful at turning digital content, 

text messages, into emotional messages and conveys them 

to the user in the form of haptic feedback. Emotions include 

love, excitement and hug. The user does not have to do 

anything besides playing Second Life as usual; the system 

interprets the conversations and converts them into physical 

messages by itself. The weakness of the project is; it is still 

very much dependent on the computer, it does not provide a 

solution for communication without using the computer 

systems. Moreover, the general look and feel of the project 

lacks the warmth and sincerity of emotional content. It is a 

vest with a bunch of sensors and equipment and it looks 

very unnatural on the person wearing it. Overall, it is a 

good example of converting digital input to a physical 

output; however, it lacks the key elements of intimate 

communication and emotional engagement. 

 

Patches is a wearable social network that connects to 

Facebook. [6] It takes the “Poke” application in Facebook 

and augments it by converting virtual pokes into physical 

ones. It allows for two way communication, you can poke 

someone back when you receive a poke. It tries to enhance 

social networking even without being connected to the 

network. It utilizes recent wireless technologies and 

presents a wearable garment which at the same time sends 

text messages about the signals received and send. It does 

not focus on the type of the interaction or emotional 

feedback created; it tries to turn a virtual social networking 

tool to a haptic one. 

 

Hug Over a Distance is an air-inflatable vest that can be 

remotely triggered to create a sensation resembling a hug. It 

is developed as a result of an ethnographic study with 

couples who are separated by distance. [7] The purpose of 

the tool is to test the feasibility of technology for distant 

couples. It is activated by a plush Koala by rubbing its belly 

with an LCD screen in the stomach and it inflates a vest 

over distance as a sign of physical output. The tool of 

interaction on one side (the plush koala) is quite similar to 

my interaction tool, the plush robot. On the other hand, the 

whole system of delivering the physical output is different 

than what I am proposing. Moreover, the whole system is 

meant for the couples apart, thus, it does not try to find a 

solution for designing a specific physical interface that 

communicates to a specific target group, like children. The 

vest is designed to fit the requirements of the haptic 

feedback, inflation, and it is not specifically made for the 

users to feel better or comfortable. Thus, it lacks the 

emotional connection as it delivers its message through an 

unnatural form. 

 

The Hug Shirt “While a synchronous exchange of factual 

information over distance is supported by telephone, e-mail 

and chat-systems, the transmission of nonverbal aspects of 

communication is still unsatisfactory. Video calls let us see 

the partners' facial expression in real time. However, to 

experience a more intimate conversation physical closeness 

is needed. Stroking while holding hands is a special and 

emotional gesture for couples. Hence, we developed a 

device that enables couples to exchange the physical 

gesture of stroking regardless of distance and location. The 

device allows both sending and receiving. A user test 

supported our concept and provided new insights for future 

development.” [5] The driving force of this project is quite 

similar to my starting point; it tries to find ways of an 

alternative communication system that will create an 

intimate interaction through a physical output. It also 

utilizes a Bluetooth communication which inspired me 

technically to solve the over distance communication 

problem. This project sounds more promising than the other 

precedents for my project in terms of its overall purpose as 

it offers a new form of communication tool. This project is 

also meant for couples and it is not focused on the interface 

itself but its functionality. 

 

The research on the precedents shows that this is a field 

attracting attentions of many researchers. There is 

considerable amount of projects revolving around the issue, 

following different approaches to different aspects of the 

same issue. However, the focuses of the projects are 

generally limited to one type of user or society in general, 

that is, all of the projects either take couples into 

consideration or social interactions. In that sense, project 

“Here and There: Plush Robot” brings a novel approach by 

focusing on a user group that is not taken into consideration 

before, children and communication between a child and an 

adult. Furthermore, the physical interface, the plush robots 

communicating over distance, is novel in terms of interface 

design as it tries to define an alternative tool which is also 

engaging for its user group whereas most of the precedents 

focus on a wearable garment. 
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6. DESIGN PROCESS 

6.1 Concept Development 
Trying to find the answer to the question “What kind of a 

physical interface can communicate feelings better to a 

child?” I already knew that it should have been some sort of 

a toy they can interact with. Especially a plush toy, which 

appeals to both adults and youngsters, seemed to be great 

solution for a good interface to be worked on.  

After deciding on the general form of the interface, I started 

to work on the interaction type I wanted to create. I wanted 

this object to evoke emotions, to give the feeling of 

“presence of life” and imitate human presence through a 

familiar gesture or feeling. The most convenient method 

seemed to be creating some sort of heart beating effect 

activated by the other person. The first prototype and user 

test came immediately after this decision. 

6.2 Prototypes 

6.2.1 Prototype #1 
Wired communication 
The purpose of the first prototype is to observe the effect of 

a vibration motor to create heart beats inside a plush toy 

and the emotions it delivers. It has with a simple circuit that 

involves a pressure sensor, a vibration motor and an LED 

connected to an Arduino microcontroller. The pressure 

sensor is placed inside a rounded pair of plushy socks. The 

vibration motor and the LED are placed inside a plush 

bunny. Whenever the socks are pressed, the LED inside the 

head of the bunny lights up and the vibration motor 

activates. The motor power is mapped to pressure amount 

detected by the sensor, to create the intensity of the heart 

beat with the power of the pressure. The logic is simple: if 

you hug more, it beats faster.  

Figure 1. 1st Prototype -   

Wired Communication. 

User test#1 The user test 

had two dimensions. 1. To 

test the feelings of the 

sender of the feedback. 2. 

To observe the receiver’s 

reaction and feelings as a 

result of physical feedback. The same tester tested both 

dimensions. The feedback as the sender was: “It is good to 

hug a plushy thing and know that it is sending this 

information to somewhere, however, it would be much 

better to know if the other side is receiving it.” The 

feedback as the receiver: “I can definitely feel some sort of 

“Presence of life” in it. Hugging it for a while helped me 

relieve stress and thinking that somebody I love is sending 

this signal to me took it to another level of satisfaction. I 

love the idea that it informs me with the light in the head 

whenever I get a hug, so that I can come and pick up the 

toy. However, I’d love to have a more custom designed toy, 

this Bunny reminds me of Easter and supermarket racks full 

of plush toys like this.” The user test proved that plush toy 

with a vibrating heart conveys emotional feedback 

successfully. It also proved that making a custom design toy 

for the look and feel is much better than using a standard 

toy in the market in terms of adding personality to it and to 

the relationship the person has with it. The next step should 

be getting this connection wireless, making a custom toy 

and testing with multiple users.  

6.2.2 Prototype #2 
One way wireless communication 
The second prototype consists of a custom design plush 

robot, a plush bunny and one way communication between 

the two.  

Look&Feel Evolution 

Some sketches are made to decide on the look and feel of 

the toy.  

Figure 2. First sketches on the look and feel 

Teddy Bear is eliminated as it is a very standard and 

generic looking form that is used many times for many 

purposes. Toy car is eliminated because it appeals to boys 

more than girls. However, the project is planned to be 

universal that appeals to all children and adults.  

After some research and surfing on the web looking for 

some inspiration, the idea of making a plush robot is 

emerged as it is more universal in terms of gender; both 

boys and girls are attracted to 

robots. [5] One another decision is, 

to make an evil looking, monstrous 

toy that would look more 

interesting and more engaging for 

the children to interact with. The 

color scheme is chosen 

purposefully; a natural baseline 

color that allows more emphasis on 

the colorful details that forms the 

personality of the toy. Likewise, 

the fabric is chosen intentionally to 

be very soft and welcoming. The 

base structure is made with fleece 

and the decorative sections are 

made with red, black and white 

felt. 

Figure 3. Look&Feel Evolution. 2nd Prototype   
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Implementation – Wireless Communication 

Zigbee wireless protocol is utilized using xBee’s with 

Arduino microcontroller to achieve wireless communication 

between the toys. The coordinator xBee is configured as 

“Coordinator API” mode and placed inside the robot 

connected to the Arduino controller whereas the router 

xBee is configured as “Router AT” and placed inside the 

bunny. The one-way communication occurs as follows: 

Whenever the user hugs the bunny, the pressure sensor 

inside it senses the hug and sends the values to the robot 

through xBee radio communication. The robot with the 

Xbee and Arduino set up gets the values from the bunny 

and activates the vibration motors mapping the values with 

the pressure levels as well as lighting up 3 LEDs to let the 

user know that there’s a signal coming. One LED is placed 

inside the heart shape on the robot whereas the other two is 

placed on the eyes. In this setting, the hardware mounted 

inside the toys is totally different from one another as their 

roles are distinctly different. The sender contains xBee 

Router, a pressure sensor, 3.3V power source (2 AA 

batteries) and the circuit board. The receiver contains xBee 

coordinator, a vibration motor, 3 LEDs, an Arduino 

controller, 3.3V power source and the circuit board. 

 
Fig4. xBee Coordinator Circuit   Fig5. xBee Router Circuit 

 

 

  

 

 

 

 

Fig6. 2nd Prototype    

User test#2 The second prototype is tested with two users in 

opposite sides of the same big room. The purpose of the test 

was: 1. To observe the efficacy of wireless communication 

in terms of reaching the goals of the overall interaction. 

2. To test the success of the look and feel of the custom 

design toy. 3. To observe the emotions of the sender. 4. To 

observe the emotions of the receiver. 

The feedback on the toy design was positive. Not only the 

test users but everyone who saw it being tested liked the 

way it looked and communicated. The user’s feedback on 

the wireless communication was that it has to be improved 

to include some sort of feedback to confirm the other party 

has received the signal. Moreover, the receiver said it is 

such a good feeling to get a signal from someone but it feels 

bad not to be able to send signals back. It is the same 

feeling as when you are hugged by someone you want to 

respond and hug them back. In terms of look an feel, they 

said they did not like the awkward visual relationship with 

the bunny and the robot and this supported my assumptions 

on to make a set of two same kind of toy would be the best 

approach to take.  

6.2.3 Prototype #3 
Two way communication with 2 robots 

The third prototype is planned towards achieving a two way 

communication between two robots. However, this requires 

the whole circuit set up to be changed. Both of the xBees 

are reconfigured to “AT” mode and the circuit boards are 

changed to be compatible with the new setting. The same 

hardware is implemented in both robots. Both the reciver 

and the sender contains an xBee radio, a vibration motor, a 

pressure sensor, 2 Leds, an Arduino controller, 3.3V power 

source and the circuit board.  

This new prototype improves 2 major problems raised in 

the user tests. 1. To be able to send and receive signals back 

and forth. 2. To provide feedback when a signal is 

successfully sent and picked up by the other party. With the 

third prototype, when the user hugs the robot she can see 

that it is sent to the other robot when the head light lights 

up. There is a synchronous communication between robots; 

you can send and receive hugs at the same time. There are 

two distinct signs that confirm the communication: The 

heart shaped on the body lights up as a sign of an incoming 

signal. The red light at the top of the head lights up as a 

sign of outgoing message. 

 
Figure 7. 3rd Prototype 

The circuit set up for the 

3rd Prototype. Green light 

represents the signal sent, 

the blue light is the feedback 

light. 

 

Look&Feel Evolution – 2
nd

 Robot 

The previous user tests showed that the size of the first 

robot made fits really well into an adult body and it engages 

the hugging action better as it is proportional to a real hug 

action. The second robot is planned to complement the set; 

it is made intentionally smaller in size as it is intended for 

the use of the kid. The facial decoration is also changed, to 

give each toy another personality that is derivative of the 

general type. However, the signs of interaction are kept the 

same to prevent confusions and provide consistency of the 

set. The heart shape and the head light are filled with 

stuffing to diffuse the light, to get a softer look. 
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User test #3 The fourth user test confirmed the success of 

two way communication to deliver the intended interaction 

and emotional feedback. The users stated that they felt 

secure as they know when they were sending a message or 

whether the other side is 

getting it or not.  

The diffused heart shaped 

incoming signal indicator 

was also appreciated by the 

users as it increased the 

visibility and created a 

welcoming warm signage.  

The overall evaluation of 

the product by the users: 

 1. The toys look engaging 

and welcoming even if they 

Figure 8. User test#4               are not in action. They are 

inviting to hug and hold in arms because of their shape, size 

and soft material.  

2. The facial expression makes them more interesting and 

original. The subtle differences between the facial 

decorations give them different personalities although it is 

obvious that they are the members of the same family. 

3. It is a warm and welcoming feeling to hug them while the 

heart is beating; it feels like they are somehow alive and 

talking to the user. To know that this is created by someone 

on the other side brings considerable amount of depth and 

meaning to the whole interaction.  

4. To hug and see if it is sent or not helps to feel secure and 

being able to send it successfully increases the satisfaction 

got out of the product. 

6.3 Final Design 
The final design contains the circuit setup in Prototype 3 

with some minor changes in the look and feel. Elbow 

patches are added on the arms to polish the final look. The 

minor sewing defects are fixed, the batteries inside are 

stabilized and the toys are made ready for final user test 

with its real target group: A kid and her mom. 

User test #4 The final user test was performed with a child 

and her mother. They were given the toys and explained 

what the toys are doing. Their interaction was observed. 

Some of the outcomes of the test: 1. Kids like robots and 

they like to play with them, hug them if they are plushy 

even if the toys are not doing anything special. 2. Mom 

loved the idea much more than the kid and she said this is 

kind of a connection she would want to remain whenever 

she is away from her daughter. 3. They both liked the effect 

of the vibration and they both said it is like its heart is 

beating which gave them a sense of “presence of life”.  

 

Figure 9. Final Design   

        

Figure 10.  User test#4         

Important note on the test: The test was done in the same 

room and the testers were clearly seeing each other. The kid 

was four years old and she was not big enough to 

understand the concept of over distance communication. 

However, the test was still legit to measure the interaction 

of the system. When she was asked what she liked about the 

toy, she said she liked the robot and the heart shape at most. 

She was also excited to see that the heart was beating.  

7. STRENGTHS & WEAKNESSES 

The strengths: 

The idea of a new form of over distance communication 

through a physical interface in the form of a plush toy 

appealed many users and got many people interested. The 

emotional feedback driven from the heart beat and plushy 

surface of the toy was satisfying enough to achieve the 

goals of the physical interface. The form and design of the 

toy attracted a lot of attention whereas the interaction 

elements such as the lit up heart shape, the top head light 

and subtle vibration were regarded as successful interface 

by many users.  
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The weaknesses: 

The electronics that are implemented inside the toys are 

expensive in cost and not reliable enough to achieve a 

continuous communication. Although it is an 

implementation prototype tested as a proof of concept, the 

communication should be optimized to be more reliable and 

stable to achieve better results. There are other minor 

electronics issues such as short battery life, unable to get 

the wireless to sleep mode to save energy and the unstable 

nature of the xBee communication that reduced the 

reliability of the whole system. Moreover, the Bluetooth 

integration is not achieved yet as a result of time and money 

constraints and the possible problem that might occur with 

that technology is not explored yet. The cost of the whole 

production is above the expectations and new technologies 

should be researched to find more cost effective results. 

Furthermore, the lack of test over real distances is not 

weakness of the project as it reduces the credibility of the 

argument. By real distances, it is meant that two users in 

distance out of the perimeter of xBee wireless network.  

8. FUTURE ASPIRATIONS 
The first and foremost future aspiration is to get the 

Bluetooth integration done and achieve communication 

with a Bluetooth enabled device working. Custom software 

will be written to activate the electronics inside the toys, 

both for reading the input and creating the output. Once the 

system is completed, the prototype will be fully completed 

to be tested over real distances to observe the accuracy and 

reliability. It might require another round of user tests with 

different devices using different platforms but the 

interaction and look and feel of the product will be kept the 

same.  

9. CONCLUSION 
The user tests and general interest of people involved 

proved that it is a strong concept to follow and work on. 

People are interested in alternative ways of communication 

and they tend to embrace alternative approaches. The toy 

design aspect of the project brought it a more engaging 

dynamic, as it attracted more people’s attention and created 

some sort of sympathy. It turns out to be that, although it is 

initially designed for a child and an adult, it is appreciated 

by a more general audience which somehow proves that it 

has an engaging interface and interaction. To sum up, it can 

be said that, the project can be regarded as a proof of 

concept, thus, its worth pursuing. It might turn into a 

commercial product once the over distance communication 

is resolved and optimized to work reliably.   
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