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Outline 

 I. Construction Overview & Philosophy (pp.2) 

  a. Inexpensive 

  b. Replicable ς Common platforms 

  c. Minimalist 

  d. Scientific ς Answer basic science questions 

  e. Grounded ς Design grounded in empirical evidence, FACS, Action Units, etc, 

 

 II. Step-by-Step Construction Manual (pp.3) 

 

 III. Programming Approach (pp.34) 

  a. Philosophy 

 i. Encapsulated Function approach 

   ii. Main program is just a series of function calls + parameters 

  iii. Flexible & Extensible ς the programming should be done in a way that makes  

it easy to extend functionality 

 

  b. Orienting servos/horns 

c. RobotFace Libraries 

 

 
**Note that there are 3D printer schematics available online as a separate file that will allow you to fully 3D print out the robot 

face/head (with some minor assembly), averse to physically constructing it  

http://www.caseybennett.com/
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I. Construction Overview and Philosophy 

 The aim of the robot construction was to build a minimalist robotic face that could 

communicate human-like facial expressions with identification-rates in humans interacting with the 

robot.  Design principles for the face were taken from computer vision research over the last decade 

having computers identify human facial expressions.  The salient minimal features of such identification 

ǿŜǊŜ άŦƭƛǇǇŜŘέ ōŀŎƪ ŀǊƻǳƴŘ ǘƻ ŎǊŜŀǘŜ ŀ ǊƻōƻǘƛŎ ŦŀŎŜΣ ƻǇŜǊŀǘƛƴƎ ƻƴ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ǘƘŜǎŜ ǎŀƳŜ 

features must be the critical aspects of facial expression that humans are using to identify such 

expressions and that much of the movement in the face (including individual idiosyncrasies) is 

superfluous to the actual non-verbal communication.  Details of this part have been described in depth 

elsewhere [Casey C. Bennett and Selma Sabanovic (2014) "Deriving Minimal Features for Human-like 

Facial Expressions in Robotic Faces." International Journal of Social Robotics]. 

 Beyond these bio-mechanical principles, we had a number of broader scientific design goals 

focused on how best to approach the science of designing a robotic face.  Principally, these goals 

captured certain desirable characteristics relative to a sound scientific approach, where the hallmark of 

science is replicable experimentation.  In this vein, the focus was on creating an inexpensive, replicable 

design that could be repeated in other labs, if so desired.  As such, the final design cost approximately 

$150 to build in its basic form, although various optional add-ons could raise the cost to $200-$300 

dollars (e.g. higher quality servos, added neck motion, etc.).  A prototype could be constructed in 

approximately 4-6 hours.  Parts utilized were easily available either via Internet suppliers or local hobby 

stores: servos, metal and plastic arms for construction, wires, a base plate, different colored pipe 

cleaners, and an Arduino Uno with prototype shield.  The hope in this approach is that any experimental 

results we might produce/report could be replicated elsewhere with minimal cost/effort (at least in 

construction of the robot prototype).  Currently, many robot designs fail to meet such criteria, which 

makes it more difficult to build a sound body of scientific evidence for robotic design, human-robot 

interaction, and the like. 

 We also have created a completely 3D-printed version of the robot-face, which will also be 

available on our website in the coming months.  This will allow anyone with a 3D printer to print out the 

exact same face (with some simple assembly), or modify the face to suit their purposes. 

 Additionally, while the focus was on maintaining a minimalist approach to design of a robotic 

face and eliminating any superfluous and/or conflating factors that could affect human perception 

thereof, another driving principle was basing the robotic face design on grounded empirical evidence.  

The source of such evidence was primarily recent research on computer vision facial expression 

identification on human faces (based on the six Ekman emotions), as well as psychological research on 

human facial expression identification and perception.  Namely, the Facial Action Coding System (FACS) 

and related Action Units (AUs) that correspond to muscles/muscle movement in the human face were 

used to guide the construction as well as the programming philosophy, in that at the most basic level 

programmatic functions operating the robotic face roughly correspond with specific AUs.  This approach 

provides a theoretical basis to the design grounded in existing empirical research. 

 The primary goal in construction of the robotic face is to answer basic science questions about 

how best to design a robot face for purposes of interacting with humans, particularly for using non-

verbal communication (such as human-like facial expressions) for such interactions.   This includes 

questions around human social cognition and cultural variation thereof.  
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II. Step-By-Step Construction Manual 

The following is a step-by-step instruction manual.  There is also a fully 3D printed version that we will 

be releasing summer 2014.  Construction time is about 4-6 hours, depending on experience.  Cost (as of 

2012) is about $150-200 with the neck included.  ²ŜΩƭƭ ǘǊȅ ǘƻ ŜȄǇƭŀƛƴ ŜǾŜǊȅǘƘƛƴƎ ǿŜ Řƻ ƛƴ ŘŜǘŀƛƭΣ ōǳǘ 

referring to the many included pictures of construction may be most helpful. 

 

1) Parts List: 

Most of these parts are easily available online (e.g. www.robotshop.com, www.pololu.com, 

www.sparkfun.com, www.tamiyausa.com) and/or from your local hobby store.  There are numerous 

additional pictures of most of these items in the following steps below as well. 

 

- 1 Arduino Uno 

- 1 Arduino Uno Prototyping Shield 

- A few Breakaway Headers (for the prototyping shield) 

- 10 sub-micro servos (we use Hitech HS-55) 

- 4 micro multipurpose Servo Brackets (we use Lynxmotion models), look like the below 

 
- 2 Tamiya Universal Plate L (210x160mm) 

- 1 Tamiya Long Universal Arm set (the longer ones, not shorter) 

- 28 Tamiya Universal Metal Joints (come in packs of 4) 

- Some jumper wires, assorted colors 

- Some spare 3mm screws/nuts, if needed 

- 1 roll of Steel Gauge Wire (22-Gauge) 

 

For the neck: 

- 1 Heavy-Duty Pan&Tilt system, with ball bearings (we use SPT200 Direct Drive Pan & Tilt System) 

- High-torque Standard size servos, for Pan&Tilt (we use Hitech HS-485HB) 

- 1 Tamiya Universal Plate Square (100x100mm, ProductID=RDP-801) ς we like to use the black 

ones for this (to differentiate from the rest of the face) but we can only seem to find those in 

WŀǇŀƴΣ ŎƻƭƻǊ ŘƻŜǎƴΩǘ ǊŜŀƭƭȅ ƳŀǘǘŜǊ ǘƘƻǳƎƘ 

- 28 Aluminum Standoff: 1/2" Length, 4-40 Thread, Male-Female (M-F, come in packs of 4) 

- 8 Aluminum Standoff: 1/2" Length, 4-40 Thread, Female-Female (F-F, come in packs of 4) 

- Some 4-40 Thread screws to secure the standoffs 

http://www.robotshop.com/
http://www.pololu.com/
http://www.sparkfun.com/
http://www.tamiyausa.com/
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Optional Stuff: 

- Pipe cleaners, assorted colors, we originally used these as simple facial components, they 

worked well, although we are now using 3D printed facial components 

- 2 low-profile servo brackets, aluminum, you can find them online by doing a Google image 

ǎŜŀǊŎƘ ŦƻǊ άsub-micro servo bracketέΣ ǘƘŜȅ ƭƻƻƪ ƭƛƪŜ ǘƘŜ ōŜƭƻǿΦ  IƻǿŜǾŜǊΣ ŦƻǊ ƻƴŜ ƻŦ ǘƘŜ 

prototypes we just hand-made something similar by bending some metal arms.  We use these to 

attach the eyes. 

 
 

Tools: 

- A soldering gun (and solder, of course) 

- Assorted pliers 

- Precision screwdrivers 

- 9ƭŜŎǘǊƛŎŀƭ ǿƛǊŜΣ ŀǎǎƻǊǘŜŘ ŎƻƭƻǊǎ όάǎǘǊŀƴŘŜŘέ ƛǎ ŜŀǎƛŜǊ ǘƻ ōŜƴŘύ 

- Electrical tape 

- Wire strippers 

- Wire cutters (for cutting wires and metal) 

- Snips (for cutting plastic) 

 

 

2) Build the Basic Skeleton Support Structure of the Head 

 

In this stage, we are going to construct the basic structure that will support all the facial components, 

the arduino, etc.  We start with the Tamiya Universal Plate L, Long Universal Arms, and Universal Metal 

Joints, as shown below. 



5 
 

 
 

The first we need to do is connect the four angled braces to the Universal Plate. 

 
 

Using some of our 3mm screws/nuts (which come included with the Universal Plate). 
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The connected angled braces should be assorted like the below.  Note the precise number of holes from 

each side (5 on one side, 6 on the other, as well as from each end).  This is important for weight 

distribution, especially if you want to attach it to a neck mechanism.  LǘΩǎ ŀƭǎƻ critical for other steps to 

line up correctly below. 

 
 

Now, we need to attach the four Long Universal Arms to the braces (one to each brace). 



7 
 

 
 

 

2) Add the Skeleton Support Structure of the facial components 

 

Next, we need to use the Universal Metal Joints to add the support structure for the various facial 

components.  The first part is adding two metal supports for the mouth.  Using two pairs of pliers, bend 

2 of the Metal Joints as shown below (bending them with pliers is a bit of an art, but with a little 

ǇǊŀŎǘƛŎŜΣ ƛǘΩǎ ƴƻǘ ǘƻƻ ƘŀǊŘύΦ  bƻǘŜ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ŜŀŎƘ ōŜƴǘ ƻƴ ǘƘŜ сth hole (out of 10).  The flat side with 4 

ƘƻƭŜǎ ǿƛƭƭ ǎŜǊǾŜ ŀǎ ǘƘŜ άŦǊƻƴǘέΦ 

 
 

Now, attach the bent Metal Joints to the Long Universal Arms as shown, one on each side.  Note that we 

are attaching each one 5 holes up the Arms from the angled brace.  Also, note we attach the 5-hole bent 

side to the arm, leaving the 4-hole side facing the front. 
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Now on to the supports for the eyebrows.  We need to bend a couple more Metal Joints as shown 

below.  Note that we are bending them this time between the 7th and 8th hole.  The two-hole bent side 

will face to the front. 

 
 

Next we attach them to the Long Universal Arms, one on each side.  Note that they are attached 8 holes 

down from the top of each Arm. 


