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Executive Summary:  

 Our goal is to make a haptic communication device that loved ones can use to remotely 

convey comforting, physical gestures to entertain or soothe an anxious child.  The High-Tech 

Hugs project uses two wirelessly linked robotic plush bears as physical communication devices 

between children and family members who are geographically far away.  The two bears’ arms 

are equipped with precision motors and sensors that can tell the current position as well as 

actuate rotational movement and Bluetooth microcontrollers that allow the bears to communicate 

wirelessly.  Their arms are synced so that when one bear moves its arms, the other bear moves its 

arms in the same way, with a reasonable delay.  It employs a system of bilateral force-feedback 

to create the illusion that the parent and child are interacting with the same plush bear.   

 Our design was influenced by numerous constraints.  Mechanically the device had to be 

safe and light enough for a child and simultaneously durable enough for a child.  It must also be 

strong enough to provide ample force feedback.  This requires a strong yet lightweight power 

source for mobility and powerful yet low-current actuators. .In terms of communications, the 

devices had to transfer data to each other quickly and wirelessly for long distance.  The greatest 

challenge to creating the “same-bear” illusions is the delay since there is inherent time lapse in 

long distance communications.  At the same time, wireless signals may be prohibited in sensitive 

settings which. While we designed with the goal of making our device as accessible as possible, 

the current cost of technology required for the device is still beyond the affordable price range 

for most people.  Finally, though such a device is an advancement in communications technology, 

ultimately it will never be able to fully replace the complex and rich interactions of a real human 

being since all interactions are mediated.   
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Introduction:  

Despite advances in technology, current communication devices can only allow users to 

see and hear each other through video and teleconferencing.   All of these technologies fail to 

address communication in one of the most fundamental and human ways: physical touch. Touch 

conveys a sense of physical presence and emotional connection that sounds and images simply 

cannot replace.  As a result, more and more research is devoted towards haptic feedback systems 

which apply physical forces, movement and vibration to the user.   

The High-Tech Hugs project uses two wirelessly linked robotic Teddy bears whose arms 

are synced so that when one bear moves its arm, the other bear moves in exactly the same 

way.  When one bear’s arm encounters an obstacle, the other bear’s arm also resists moving as if 

it has encountered the same object.  Both bears simultaneously send and receive these physical 

movements, creating a bilateral haptic feedback system.  For example, the loved ones can use 

their bear’s arms to make a grasping motion which causes the child’s bear to move in a grasping 

motion as well.  As the child’s bear encounters the child’s hand, force feedback is sent to the 

parents’ bear which stops, indicating that the child’s hand has been reached, thus creating the 

illusion that the parents are using the bears to hold the child’s hand.  Despite the fact that the 

child and loved ones may be confined to different rooms or even different countries, they can 

still interact physically as if they were right next to each other holding the same bear. 

This project uses technology that is currently used only in research and niche settings in a 

fun and more commercially viable setting.  In fact, the device is made to be easily integrated into 

Build-A-Bear plush animals for easy commercial application. Also, as technology evolves from 

flat graphical user interfaces to tangible settings, consumers will also expect more physical 

interactions. High Tech Hugs addresses this issue in the communications domain.    
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Specific design goals: 

1. Create a tool that can be used to remotely comfort stressed child.  The devices must first 

and foremost feel inviting and soothing; otherwise even a working mechanism is useless. 

2. Link the bears to each other wirelessly so that they can communicate across the room or 

across the country. 

3. Sync the bears’ arm movements and employ haptic feedback to create the illusion that 

they are the same plush bear  

a. Works in real time: movements must be close to synchronous 

b. Provides bilateral force feedback proportional to input forces so that no one is 

“master” or “slave” 

c. Feels natural (mechanism and electronics are hidden from the interaction) 

4. Make it safe.  It cannot be too pointy, heavy, hard, or apply enough force to injure its user. 

5. Keep it cheap.  All children deserve a comforting experience, not just wealthy children. 
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Background Information: 

       Once we formulated our concept, we debated between taking an existing robotic toy and 

modifying it to meet our needs or to start from scratch and build the interior on our own.  Google, 

Amazon, and the like were extensively searched for potential toys that could be modified, and 

we decided it was best to build our own from scratch.  From this initial search our team gained 

knowledge of which interactive devices were already on the market and reviews of such 

devices.  Many Amazon reviewers complained of a loud gearing mechanism that drowned out 

the roar or woof sound made by the top selling WowWee Alive dolls [Appendix C], and some 

planned on returning the item because of this.  It is our hunch that servo motors were used in this 

model, and that too much unnecessary noise would devalue our product and could become a 

nuisance to the customer.   

       Product searches were done on webcams because we initially wanted to place one in the 

eye of the bear, such as in US 6,264,521: Doll with Video Control [Appendix B.5].  After finding 

a webcam in the nose of a stuffed animal from HDE [Appendix C], it was decided that this made 

more sense.  However, after a detailed search into wireless webcams, it was found that these only 

exist for surveillance and not for communication software such as Skype.  Thus, the webcam 

would have to be run by a USB.  It was later decided that the webcam did not have to be inside 

the bear, as it would provide a shaky image, and could be privately owned by the 

consumer.  Thus, the webcam has been eliminated from the overall design. 

       Several journals were found which declared the importance of touch and its emotional 

and therapeutic implications in daily life.  One such article was "Touch & Talk: Contextualizing 

Remote Touch for Affective Interaction" [Appendix A.8] while another detailed the emotional 

effects of real versus mediated touch [Appendix A.5].  MIT is developing a robotic teddy, 
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“Huggable” [Appendix A.1], whose intentions are similar to our project but focus more on 

sensing, artificial intelligence, and human-computer interaction through the bear rather than 

communication between two persons.  Another related project is "Probo" [Appendix A.2], a 

green huggable creature which is similar to our project in its intention to use plush robotics to 

comfort a child, but differs by focusing more on artificial intelligence and emotional facial 

expressions.  Finally, "inTouch: Tangible Interfaces for Remote Collaboration and 

Communication" [Appendix A.3] is a haptic communication device that uses rollers to 

communicate physical information.  This project also presents the basic controls algorithm used 

in our project: a virtual restorative spring.   

       While an extensive patent search was conducted, no patent exists that is an exact replica 

of what we are doing.  However, there are elements of our project that exist and were of interest 

to us.  The most similar patent to our project was US 6,736,694: Amusement Device [Appendix 

B.9] that details a moving robotic toy dog that is controlled by a wireless device and can interact 

with the user and a second robotic toy.  Other patents were found on plush animals with moving 

appendages such as US 6,322, 420: Plush Toy Having Ear and Foot Movement [Appendix B.6] 

and US 6,371,826: Plush Animal Figure Having Moving Ears and Nose [Appendix B.8].  We 

also found an embodiment of a higher level of success: to have our bears simulate breathing, in 

US 6,939,195: Toy Animal with Simulated Respiration [Appendix B.11].  The slow, rhythmic 

breathing motion invokes a matching state of calm and further enhances the therapeutic features 

of the bear.  Such a feature could be further researched and implemented if our prototype goes 

into mass production, but is not included in our current prototype. 

A list of consulted Journal articles and Patents are included in Appendices A and B, 

respectively, with a short description of each. 
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Design Overview: 

 The mechanical aspect of our project involved three unique components: every part being 

modeled in Pro-E, fabrication or ordering standard parts, and assembling in which all parts 

fabricated were added to the other aspects of our project (e.g. mechanical, electrical, controls, 

and wireless communications) to form our final product. 

 The mechanical frame fulfills an important role in our project, it houses or supports all of 

the electrical (except the power source), controls, and communications parts as well as serves as 

the vehicle for our intended goal. 

 As with most products there are certain considerations that need to be taken in order to 

have a safe, aesthetically pleasant, as well as a cost effective design and prototype. The High-

Tech-Hugs project’s mechanical frame was designed with those considerations in mind. We have 

modeled every part in Pro-E which allowed us to experiment with different design concepts for 

the frame with no additional monetary cost (excluding time spent on by group members). After a 

thorough design concept research and experimentation we have generated a structurally sound, 

low cost, safe, and aesthetically pleasant mechanical structure. 

 One of the biggest concerns and reason for failure of earlier mechanical designs was the 

housing of the motors, due to each motor producing some torque and shear stress on the structure 

supporting it, we were required to come up with such a design as to reduce the above mentioned 

effects as minimum as possible to prevent structural failures. During material selection we 

considered different materials and have chosen UHMWPE due to its high yield strength, low 

density, thermal resistance, flexibility, and low cost characteristics, ABS and acrylic (light, rigid, 

impact resistance, and toughness properties) due to their easiness of fabrication. 
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 In order to fabricate our parts we have done three manufacturing processes: laser cutting, 

rapid prototyping, and CNC Milling. As a result of all of our parts being modeled in Pro-E, 

fabricating each part was facilitated enormously. 

Laser cutting is a technology which uses a laser to cut materials, in our case Acrylic. 

Using Pro-E we generated the right format file for the laser cutter machine, the remaining of the 

process was very simple (note: the laser cutter was used to fabricate the base for the mechanical 

frame standing outside of the plush bear, that does not require precision machining). 

 CNC (computer numerical control) Milling machine is a machine tool used to machine 

solid materials which involves movement of the work piece against the rotating cutter. In a 

similar manner as for the laser cutter process, Pro-E was used to generate technical drawings 

which were used in the assistance of writing G-Codes for the operation of the CNC Milling 

machine. Once with the written codes in hand, the remaining of the process was smooth and 

facilitated by Bob Spark and Walter Khan. The main material used in this process was UHMWP. 

 Rapid prototyping is the automatic construction of physical objects using additive 

manufacturing technology. In our project we have chosen to manufacture the shoulder-gimbal 

mechanism by rapid prototyping due to its complexities and time consumption, such process was 

very simple once the Pro-E model of the shoulder-gimbal mechanism was finalized. Our rapid 

prototype machine uses ABS as a material. 

We used standard and readily available parts whenever possible, and our mechanism was 

designed for easy assembly.  At the Expo, we mounted circuits and dressed wires for 

appearances and not functionality purposes.  Thus, such circuitry would be simplified since so 

much care devoted to the physical appearance of the mechanism will not be necessary.  An 

assembly line is best suited for the manufacturing and assembly of this product.    
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Ethical considerations for this product mostly involve safety since this product is meant 

children.  Hazards such as motors overheating after more than 2 hours of use while inside the 

bear is a matter that cannot be taken lightly.  If our product was to go into mass production, then 

this issue would need to be further explored to ensure the safety of children and other potential 

users.  Also, Velcro should not be used to sew up the bear.  Instead, the bear should be sewn so 

as to not have access to the circuitry, motors, and smaller components which may pose a choking 

hazard or other potential injuries to children.  When we were designing our mechanism, we were 

careful to choose light and non-toxic materials for the majority of the structure.  Further, we 

rounded corners whenever possible, and would continue this practice to ensure that all parts were 

rounded wherever possible so as to prevent puncturing.  While this is not a likely scenario, it is 

one to be prevented just in case.  Weight was also an ethical consideration when designing our 

device, and designed for each device to weigh less than two pounds.  While this product may not 

be meant for a 2 year old, it should be operable by a 6 year old.   

To prevent the overheating mentioned above, we suggest placing a safety diode that can 

be placed in the motor circuit in case too much current is being drawn to prevent the motors from 

heating up, burning out, and staring a fire.  The bears can be programmed to stop applying torque 

to the motors if too much force is applied for too extended a period of time, which protects both 

the motors and the mechanism.  Additionally, the mechanisms should have hard stops that 

prevent motion beyond safe ranges.  If the position is measured to be beyond these hard stops, 

indicating that the user has left the operating range, the motors can also be programmed to shut 

down before damage is done to the entire mechanism. 

Issues that still need to be addressed to bring this prototype to production include 

obtaining stronger motors for the up and down arm movement, and even possibly considering 
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switching to servo motors.  We also would need the product to become either battery powered or 

have a streamlined power cord that can be used in common household power outlets.  We may 

even consider adding an internet interphase to our bear or increasing our Bluetooth range beyond 

30 feet, or both.  We would also need to conduct more testing, fine-tune the controls, and 

implement all of the safety and ethical issues mentioned above. 

Once such issues are resolved, then the next stage in the design process would be to get 

on board with Build-A-Bear Workshop for a mutually beneficial partnership.  Build-A-Bear is 

unique in that it allows for the customization of its products through personal stuffing, clothes, a 

naming Birth Certificate of the bear, a tracking bar code to identify the bears’ owner if the bear is 

ever lost, and a touch of love.  Our product would enhance their product line, and they are the 

perfect fit, not only because our mechanism was designed to fit one of their products, but 

because they portray a friendly and caring atmosphere.  They also have an already well-

established and national distribution channel for in-store and online purchases and shipping.  As 

far as packaging, the inside could be sold in their store like any other toy, and inserted once the 

bear is chosen to retain all of the customization features of their line, or, it could be pre-sewn into 

their bears and a buy-as-is.  The latter case would only keep the clothing and naming 

customization components of their products.  And, because they already sell pre-made and pre-

stuffed bears, consumers would not be surprised to find another type of pre-made bear, like ours, 

in their store.  
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 We as a team have learned important aspects of a product fabrication from concept 

generation to the final product delivered to the customer. Some of the things learned are 

summarized below: 

1. Pro-E was one of the most important software used by our group, and without 

Pro-E/an equivalent engineering software, our project would have not been 

possible, with that being said, not everything designed in Pro-E are feasible to be 

manufactured and incorporated into a working product. 

2. We have learned how to operate the rapid prototype machine: First we output an 

“STL” format file, then follow the FDM2000 tutorial provided by professor 

Simaan in Machine Design course. 

3. We have learned how to operate the CNC and Manual Milling machines from 

simple tasks as manually drilling a hole, flattening a face of a part, to parts that 

require writing a G-Code and M-Code. 

4. We have gained insights on how to make modifications on a part in order for that 

part to be incorporated in the final assembly. 

5. Learned how to program Bluetooths for wireless communication 

6. Design logic circuits to drive stepper motors 

7. Design flow control for simultaneously sending and receiving data 

8. Wiring, stripping wires, soldering, and heat shrinking 

9. Learned how to program Arduino microcontrollers 

10. Learned how to implement controls in code 

11. Learned how to troubleshoot between physical circuit and computer code 

  



Page	  |	  12	  	  
	  

Analysis: Torque Calculations 

Assuming a Linear Segment with Parabolic Blends (LSPB) for the path of the arm, then: 

Minimum flight time = tf = 2 (xf/A)1/2 => A = 4xf/tf
2     (1)  

Where tf is the minimum flight time, xf is the final position of flight, and A is the acceleration.  

We will let A represent the angular acceleration of the system.   

For the smaller motor (located in the Gimbal), we will assume that the arm moves through a 90° 

rotation in 1 second, and that the maximal flight displacement of the arm (up and down) is 180°.  

Thus, the angular acceleration of the smaller motor is: 

αs = π radians per square second = angular acceleration for the smaller motor.  (2) 

For the larger motor (connected at the base plate), we will also assume that the arm moves 

through a 90° rotation in 1 second, however, we will assume that the maximal flight 

displacement of the arm controlled by the larger motor (side to side) is also 90° based on the 

design of the system.  Thus, the angular acceleration of the larger motor is: 

αl = 2π radians per square second = angular acceleration for the larger motor.  (3) 

UHMWPE material properties were designated for the top plate, bottom plate, arms, and side 

plates.  ABS plastic material properties were designated for the Gimbal.  The coupling between 

the motor shaft and potentiometer shaft were indicated as Aluminum.  All other parts, including 

motors, motor shafts, potentiometers, potentiometer shafts, screws, and etcetera were designated 

as Steel for weight, safety, and approximation purposes.  Links to the Material Properties used 

for the UHMWPE and ABS can be found in Appendix C. 
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The Moments of Inertia were determined with respect to the coordinate frames of the smaller and 

larger motor shafts using a ProE analysis of Mass Properties. 

τ = Iα = torque,          (4) 

So multiplying the inertia (I) of the axis perpendicular to the shafts generates the torque each 

motor experiences. 

The smaller motor experiences a Moment of Inertia of 6.95E-3 kgm2. 

The larger motor experiences a Moment of Inertia of 7.42E-3 kgm2. 

Thus, the torque the smaller motor experiences is 21.8 mNm, and, the torque that the larger 

motor experiences is 46.6 mNm. 

However, as a precaution, we need to include a factor of safety in our calculations, and thus 

multiply each torque value by two. 

Thus,  

τs = 43.7 mNm = the torque that the smaller motors experience 

τl = 93.2 mNm = the torque that the larger motors experience 

As noted in Table 1, the holding torque of the smaller motor is 66.7 mNm and the holding torque 

of the larger motor is 255 mNm.  Since these holding torques are larger than the torques 

calculated above, the bear will be more than able to sit upright when it is stationary and hold its 

own weight.  Also, this implies that the motors can handle the forces that are designed to be 

applied to them. 
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Design Details: 

Frame: 

 As the body for our haptic communication device, the frame was designed as to allow 

ample space for mechanisms and electronics. In addition to the “chest” area, there is a mounting 

base to provide more stability to the body as well as storage space for the electrical wires. Our 

frame is proportional in size to the 16 inches Dimples Teddy from Build-A-Bear Workshop 

[Appendix D.1].  Most parts were machined on the CNC Mill (e.g. top plates), rapid prototyped 

(e.g. shoulders--gimbals), or outsourced standard parts (e.g. flexible couplings) for which 

minimum work might be required. Very light materials and parts were chosen since weight of the 

frame is a design constraint. 

 

Arm mechanism: 

  As previously mentioned, each of the bears’ arms can be moved with two rotational 

degrees of freedom: up and down as well as left and right, which encompasses the normal range 

of motion for teddy bears. A ball joint design was considered, but due to its manufacturing 

complexities and three degrees of freedom (one additional degree of freedom to control), it was 

rejected. Upon some research, a gimbal system appropriate for our project goal was designed 

[Appendix D.2]. Compared to other mechanisms the gimbal system is more stable and easier to 

control.  Most parts for the arm mechanism will be fabricated using Ultra high molecular weight 

polyethylene -- Outstanding toughness cut, wears resistance, and cheap. 
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Electronics: 

 

Figure 1: Full circuit schematic 

Microcontroller: 

     Each bear will be controlled using an Arduino Duemilanove microcontroller, which is an 

easy-to-use, open-source electronics prototyping platform.  Arduinos run on an Atmel328 chip 

and offer sixteen digital I/O pins, six of which can be used as analog inputs and six others have 

PWM output capabilities.  The hardware is extremely flexible and uses serial communication, 

which integrates perfectly to the Bluesmirf Bluetooth module for wireless communication. The 

Arduino programming IDE is also simple to use and runs on a language based on C++. A 

schematic of the Arduino is available in Appendix E.1. 
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Motor: 

          Our design uses two large Soyo 12V stepper motors to drive left-right motion and two 

smaller Mabuchi PF35T-48L4 stepper motors to drive up-down movement.  

Table 1: Motor Specifications 

Dual-shaft Unipolar Stepper Motors 

  Soyo 12V  Mabuchi PF35T-48L4  

No-load Current .4 A .35 A 

Voltage 12V 7V 

Weight .28 kg .064 kg 

Steps 1.8 deg  per step 3.6 deg per step 

Holding Torque 255 mNm 66.7 mNm 

 

The uni-polar which normally has 6 pins are manipulated through transistor logic to only require 

2, for direction and pulse or number of steps: 

 

Figure 2: Motor Driver Logic 
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Position sensor selection: 

            To sense the motor positions, we used potentiometers mechanically coupled to the motor 

output shafts.  They are the simplest way to determine position by giving absolute position 

directly in the form of an analogue voltage.  The main limit in using potentiometers is that they 

cannot rotate further than 270 degrees.  However, since the motor shafts will not be rotating 

further than approximately 180 degrees, the potentiometer rotation limit does not present an issue.  

The other disadvantage to using potentiometers is that they create a slight friction force opposing 

the turn of the motor shaft.  We have chosen motors that are strong enough to overcome this 

force.      

 

Power source:  

Ultimately our goal is to power the teddy bears wirelessly using lightweight, rechargeable 

batteries.  Our current setup uses two high-current wall power sources: 12V to power the large 

motors, 7V to power the smaller motors, 9V to power the Arduino, and 5V to power the logic 

circuit.  While running all four motors simultaneously would cause a 4A current draw, our 

current design engages the motors either one or two motors at one time, which results in 

maximum current draw of 1.2A on average. 

 

Controls theory: 

     Mode 2 demonstrates our controls algorithm in which the left side of the bear controls the 

right side of the bear resulting in mirrored movements.  Corresponding motors will be linked 

with a virtual torsional spring that maintains the two motor output shafts at the same angular 

location.  The spring acts as a simple proportional controller that applies a restoring force 
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proportional to the difference in location between the two shafts.  As soon as there is a difference 

(error) between the angular locations of the two motor shafts, both shafts will experience a 

restoring force directed toward the average location between the shafts.  Since the restoring force 

is proportional to the error, if one motor shaft is moved and the other is free to follow (and thus 

reduce error), the error remains small enough such that force on the leading shaft is 

minimal.  Meanwhile, if one shaft is moved by the user while the other shaft is stuck in place, 

both motor shafts experience an increasing restoring force, which creates a proportional force-

feedback system.   

See Appendix F for a detailed block diagram of this controls algorithm. 

 

Communications: 

     In Mode 1 which demonstrates using wireless communication to control the bears, we are 

using direct serial communication via Bluetooth to communicate between the two Arduinos. 

Both microcontrollers run the same communications code which simultaneously transmits and 

receives data.  Information flow is controlled using an initiation handshake to verify that the 

proper data is being read.  While the Arduino has not received a full set of data, it waits and 

sends its own potentiometers readings every 15 milliseconds in the form of initiation sequence 

(“S,” “A,” and “B”) followed by 4 bytes (which contain the 2 integer potentiometers readings).  

Once 14 bytes, the minimum number of bytes for a full set of data, is received the information is 

read until the initiation sequence.  If the sequence is correct, the next four bytes are read and 

interpreted as the 2 foreign integer potentiometer readings.  If the two bytes do not match the 

initiation sequence, the rest of the data is flushed and the Arduino waits to receive more data. 
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Once the data arrives successfully, they can then be applied to controlling the motors.  A detailed 

flowchart of this program is presented in Appendix G. 

For Bluetooth communications we are using a BlueSMiRF board, which uses the RN41 

Bluetooth modules from Roving Networks.  One module is configured in slave mode, which 

allows any Bluetooth device to discover this device.  The other module is configured in auto-

connect (master) mode with the address of the slave module.  In this mode, the master module 

automatically connects to the slave module upon power-up or any instance of interrupted 

connection.  Once configured and connected to the respective Arduinos, the Bluetooth modules 

function as virtual wires between the two microcontrollers. Both the Arduinos and BlueSMiRFs 

are set to communicate at a baud rate of 115,200 (the maximum rate for the Arduinos).  A 

detailed schematic of the BlueSMiRF is available in Appendix E.2.   
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Cost: 

 The total cost of a pair of Huggables teddies is $332.81.  Below is a detailed breakdown 

of the cost.  Items used from the department that cost pennies were excluded from this total cost.  

Please keep in mind that we spent an extra $15 to buy clothes for our bear.  This is an optional 

cost, as it is not necessary to buy such items for the functionality of the bear.  This is just one 

customable option available through Build-A-Bear Workshop, and is not included in our Cost 

breakdown below.  Also notice that the main cost of our system comes from the Bluetooth.  If 

our product was mass produced, buying in bulk would significantly reduce our overall cost. 

Table 2: Cost 

Itm Catalog #  Description Vendor Qty 
Unit 
Price 

Total 
Price 

1 
SKU: 
13466 16 in. Dimples Teddy Build-A-Bear Workshop 1 $15.00  $15.00 

2 
WRL-
00158 

Bluetooth Modem - BlueSMiRF 
RP-SMA Sparkfun Electronics 2 $64.95  $129.90 

3 29082 10K potentiometer Jameco Electronics 2 $1.09  $2.18 

4 RB-Soy-07 
Soyo 12V Unipolar stepper motor, 
double shaft Robot Shop 4 $19.99  $79.96 

5 SMT-108 
Mabuchi # PF35T-48L4. 7V 
unipolar stepper motor All Electronics Corp. 4 $3.25  $13.00 

6 
 WRL-
00145 

 2.4GHz Duck Antenna RP-SMA 
for increasing Bluetooth range  Sparkfun Electronics 2 $7.95 $15.90 

7 Free Flexible Couplings  MecE Department 4 $1.00 $4.00 

8 Free Rubber Couplings  MecE Department 4 $1.00 $4.00 

11 Free ABS Rapid Prototype Material  MecE Department 
6 

in3 $4.31/in3 $25.87 

12 Free UHMWPE Material  MecE Department 
1 
ft2 $9/ft2 $9.00 

13 Free 1K and 10K potentiometers  EE Department 6 $1.00 $6.00 

14 Free Arduino Boards  EE Department 2 $7.00 $14.00 

15 Free Circuit Boards  EE Department 4 $0.50 $2.00 

16 Free Logic Chips  MecE Department 24 $0.50 $12.00 

          Total $332.81 
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Experiments: 

 Initially we experimented with different types of motors.  DC motors were our first pick 

but since our device requires very high torque as well as back-drivability, non-geared DC motors 

were simply too weak and geared DC motors were too difficult to back-drive.  We then moved 

on to stepper motors, which provided ample torque and had the added advantage of discreet steps 

for easy positioning.  Finally, servo motors were also inherently too difficult to back-drive so we 

chose to use stepper motors for our project. 

 Once our stepper motors had arrived, the smaller 7V stepper motors output less torque 

than specified.  As a result we experimented with increasing voltage up to 9V, which resulted in 

extreme heating of the motor, and decreasing rotation rate down to 10 rotations per minute until 

the small motors were able to provide enough torque. 

 Finally, in our communications code we found that constantly sending data caused the 

Bluetooth connections to become unstable.  As a result, we experimented with increasing delay 

time between sending to 20 milliseconds for a reasonably stable connection. 
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Conclusion: 

Looking back, we are happy with our project, the knowledge we’ve learned, and seeing 

our hard work pay off in the end.  However, there are a few adjustments we would make, if we 

were to do it all over again.  Firstly, we would have designed our arms to have a clasp, in a C-

clamp fashion, around the motor and potentiometer coupling to ensure a more secure connection 

between these mechanisms.  We would have stronger smaller motors for the up and down 

movement of the arms, and consider pulsing servo motors instead of using stepper motors.  As of 

now, our bear has difficulty raising and lowering its arms while inside the fabric of the bear, and 

a higher moving torque would ensure the full functionality of this mechanism.  Also, servo 

motors have high torque, low rotational speed, and are compact.  The use of such motors would 

streamline our design, making it lighter, and a more universal structure to fit inside any Build-A-

Bear bear.  We would also seek to increase our Bluetooth range beyond 30 feet.  Additionally, 

we would have researched and followed through with obtaining and implementing a battery or 

regular outlet power source to further streamline our design.  However, we believe that the ease 

of our assembly and readily accessible materials enhances our mechanical designs’ feasibility 

and are proud of the accomplishments we’ve made and knowledge we’ve gained in undertaking 

a mechatronics, networking, communications, wireless, and mechanical design problem while 

staying true to our project goals. 
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Appendix A - Journals 

 

1. Huggable  

Website: http://robotic.media.mit.edu/projects/robots/huggable/overview/overview.html 

Paper: http://web.media.mit.edu/~wdstiehl/Publications/FS205StiehlWDtoAppear.pdf 

Notes: A robotic teddy from MIT.  The website gives both some great ideas for technology as 

well as therapeutic applications.  The focus here seems, though, to be in the sensing and artificial 

intelligence in the teddy.  Ours is mainly a communication tool (more of a regular puppet than a 

Pinocchio). 

 

2. Probo 

Paper: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.90.1102&rep=rep1&type=pdf  

Paper: http://www.aisb.org.uk/convention/aisb08/proc/proceedings/01%20Reign%20of%20Catz

%20Dogz/01.pdf 

Notes: A green “huggable” robot to improve children’s hospital stays.  The concept is similar in 

that they're using toys to improve hospital experiences for kids.  However, these people focus 

very much on the emotional aspect of the toy, giving many degrees of freedom for facial 

features.  They also seem to focus more on trying to simulate social interaction through AI, 

which is not the goal or our project.  

 

3. inTouch: Tangible Interfaces for Remote Collaboration and Communication 

Website: http://tangible.media.mit.edu/project.php?recid=75 

Paper: http://tangible.media.mit.edu/papers/inTouch_PSyBench_CSCW98.php 
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Controls Algorithm: 

http://tangible.media.mit.edu/content/papers/pdf/inTouch_PSyBench_CSCW98.pdf 

Notes: A set of rolling pins for remote haptic communications that create an illusion that people 

separated by distances are interacting with the same tangible object.  They also developed an 

algorithm to let the final position be dictated by the mean location of the two individually 

controlled entities. 

 

4. Stress Outsourced: A Haptic Social Network via Crowdsourcing 

Website: http://tangible.media.mit.edu/project.php?recid=116 

Paper: http://tmg-orchard.media.mit.edu:8020/SuperContainer/RawData/Papers/390-

Stress%20OutSourced%20A%20Haptic/Published/PDF 

Notes: A jacket that massages your back when friends in your network “send” a pat.  It also 

references interesting psychology journals that detail the importance of physical touch in 

therapy.   

 

5. The Virtual Midas Touch: Helping Behavior after a Mediated Social Touch 

Paper: http://portal.acm.org/citation.cfm?id=1358882&dl=GUIDE&coll=GUIDE&CFID=76347

686&CFTOKEN=95858484 

Notes: Real versus mediated touch: Interesting paper on how people emotionally respond to real 

touch (e.g. a hand squeezing your upper arm) versus mediated touch (e.g. a motor moving a cuff 

on your upper arm).  
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6. Taptap: a haptic wearable for asynchronous distributed touch therapy 

Paper: http://portal.acm.org/citation.cfm?id=1125451.1125573 

Notes: Project allows comforting haptic touches to be recorded, played back and distributed to 

multiple receivers.  This idea could be incorporated as a higher level of success such that the 

teddy can record a hug or series of movements that can be played back at a later time.  

 

7. Hugme: Synchronous Haptic Teleconferencing 

Paper: http://portal.acm.org/citation.cfm?id=1631535&dl=GUIDE&coll=GUIDE&CFID=7634

7686&CFTOKEN=95858484 

Notes: Project on haptic teleconferencing.  Also uses webcam but uses a shirt and robotic arm to 

communicate haptic information.  This is similar to our project but not as cute, fuzzy, 

emotionally comforting, or realistically interactive.  

 

8. Touch & Talk: Contextualizing Remote Touch for Affective Interaction 

Website: http://tei-

conf.org/10/Program/TouchAmpTalkContextualizingRemoteTouchForAffectiveInteraction 

Paper: http://tei-conf.org/10/uploads/Program/p13.pdf 

Notes: “…Present[s] a review of relevant psychological and sociological literature of touch and 

propose a model of immediacy of the touch channel for conveyance of affect.”    
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Appendix B - Patents  

1. US 4,718,876: Child Calming Toy with Rhythmic Stimulation, Jan 12, 1988, Lee 

Notes: This simulates a heart beat using a transducer, where the speed and power of the beats are 

regulated by a potentiometer.  This concept is a higher level of success for our project. 

2. US 5,324,225: Interactive Toy Figure with Sound-Activated and Pressure-Activated 

Switches, Jun 28, 1994, Satoh et al. 

Notes: A soft exterior figure in the embodiment of a cat or similar animal with a geared DC 

motor in the internal housing to control a wagging motion, and a speaker controlled by pressure 

and sound activated switches.  

3. US 6,089,942: Interactive Toys, Jul 18, 2000, Chan 

Notes: Dolls which communicate wirelessly with intelligent responses to another doll or to the 

speech input from a built in microphone while mimicking human speech and expressive 

movements. 

4. US 6,149,490: Interactive Toy, Nov 21, 2000, Hampton et al. 

Notes: Basically a Furby.  Has several moving parts controlled by a motor and cam on a single 

shaft and can communicate with other toys like it. 
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5. US 6,264,521: Doll with Video Control, Jul 24, 2001, Hernandez 

Notes: A toy figure containing a video camera in an eye or other orifice with a display screen on 

the front of the toy figure, thus the user can see him/herself.  The figure has recording 

capabilities to retrieve the images and videos at a later time.   

6. US 6,322, 420: Plush Toy Having Ear and Foot Movement, Nov 27, 2001, Daniellian 

Notes: A Winnie-the-Pooh type toy that has a one dimensional motion in the ears and toes in the 

form of paddles.  The support for the paddles include spring based hinges to prevent damage to 

the mechanisms in case too much force is applied to either appendage. 

7. US 6,358,111: Interactive Talking Dolls, Mar 19, 2002, Fong et al. 

Notes: Two dolls that communicate wirelessly in terms of action, movement, and speech without 

external activation other than an on/off switch and/or a wireless receiver. 

8. US 6,371,826: Plush Animal Figure Having Moving Ears and Nose, Apr 16, 2002, Pestonji 

Notes: Plush animal moves via paddles, a battery powered motor, and a gearing system.  When 

the ear and nose reach their upper and lower limits, the motor is reversed. 

9. US 6,736,694: Amusement Device, May 18, 2004, Hornsby et al. 

Notes: A moving robotic toy dog that is controlled by a wireless device and can interact with the 

user and a second robotic toy. 
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10. US 6,843,703: Electromechanical Toy, Jan 18, 2005, Iaconis et al. 

Notes: A robotic animal embodiment that contains an appendage system to the side of the body 

which rotates and is coupled to the main body frame. 

11. US 6,939,195: Toy Animal with Simulated Respiration, Sep 6, 2005, Hunt et al. 

Notes: A dog that simulates breathing with a battery-powered electric motor, flexible shaft, and a 

flexible simulated animal pelt.  This idea of breathing is a higher level of success in our project.  

12. US 7,270,590: Assisted Walking Dolls and Joint Assemblies for Use with the Same, Sep 18, 

2007, Marine et al. 

Notes: Ideas to form joints and attach arm to internal case.  

13. US 7,410,403: Hugging Toy, Aug 12, 2008, Altschul 

Notes: Details the importance of hugs.  A toy or novelty item that consists of a bear with holes 

for arms to go through such that when a person hugs the bear, it as if the bear is hugging the 

person back.    
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Appendix C - References 

HDE: Cute Teddy Bear USB Webcam (where idea to put webcam in nose 

origninated): http://www.amazon.com/Cute-Teddy-Bear-USB-Webcam/dp/B002Y2EVW0  

Igoe, Tom. Making Things Talk. 1st ed. Sebastopol, CA: O'Reilly Media, 2007. Print. 

Matweb.com: ABS material properties: 

http://www.matweb.com/search/DataSheet.aspx?MatGUID=2d146961e7274da686aafd5470e03d

ee&ckck=1 

Matweb.com: UHMWPE material properties: 

http://www.matweb.com/search/DataSheet.aspx?MatGUID=f9470672aa5549cb9c7b157677d020

62 

WowWee Alive Animals are supposed to emulate real cubs in the wild: 

http://www.amazon.com/WowWee-Bear-Cub-Robotic-

Black/dp/B0016CFXXA/ref=sr_1_8?ie=UTF8&s=toys-and-games&qid=1267808334&sr=8-8 
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Appendix D – Drawings 

1.  16 in. Dimples and frame design 

 

 

 

As an illustrative example, the above 

figure is a preliminary design of the 

frame, as one can see, it is too bulky, 

overly sized, and most important, 

structurally unsound. Therefore, we 

have evolved to a design which solves 

all of the above mentioned problems.  

Figure 3
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Figure 4 Above is our final frame design. It is compact, light, very strong, and no additional 

torque or shear stress on the wall. 

 

 

Figure 5 Final Frame Design – Different orientation 
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Figure 6 Final Frame Design – Exploded View  
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2. Arm mechanism – Gimbal mechanism 

 Figure 7 

 As seen in the above figure, the gimbal system is driven by two stepper motors: The first 

motor is the strongest one, it has a heavier duty to perform, it rotates the “fork” where stepper 

motor two and arm joint are fixed --left and right movement. The second stepper motor drives 

the arm up and down. Potentiometers mechanically coupled to the motor output shafts are used 

to sense the motor positions. This was one of our attempt designs, but as seen above the pivot of 

rotation of the arm (piece sticking out) is extended outward, therefore, to solve that problem we 

have changed the arm design as can be seen below. 

 

 

 

Figure 8 
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Appendix E- Schematics 

1. Arduino Schematic 

 

 

 

 

 

 

 

 

 

Figure 9 

2. Bluesmirf Schematic 

 

 

 

 

 

 

 

 

 

Figure 10  
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Appendix F – Controls Algorithm 

 

Figure 11 
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Appendix G – Communications Flow Chart 

 

Figure 12 
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Appendix H – Technical Drawings 
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