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|. Construction Overview and Philosophy

The aim of the robot constructiowas to build a minimalist robotic face that could
communicate humadike facial expressions with identificatisates 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
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features must be the critical aspects of facial exprestiabhumans are using to identify such
expressions and that much of the movement in the face (including individual idiosyncrasies) is
superfluous to the actual nemerbal communication. Details of this part have been described in depth
elsewhereg[Casey CBennett and Selma Sabanovic (2014) "Deriving Minimal Features for Hikean
Facial Expressions in Robotic Fackgernational Journal of Social Robo}ics

Beyond these bianechanical principles, wead a number of broadescientificdesign gals
focused on how best to approach tlseienceof designing a robotic facePrincipally, these goals
captured certain desirable characteristics relative to a sound scientific approach, where the hallmark of
science is replicable experimentation. In this vdie, focus was on creating an inexpensive, replicable
design that could be repeated in other labs, if so desired. As such, the final desigipproximately
$150 to build in its basic form, although various optional auhg could raise the cost to $2300
dollars (e.g. higher quality servos, added neck motion, etc.). A prototype could be constructed in
approximately 46 hours. Parts utilized were easily available either via Internet suppliers or local hobby
stores: servos, metal and plastic arms fonswuction, 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 irast
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 evideioceobotic design, humainobot
interaction, and the like.

We also have createal completely 3Bprinted version of the roboeface, 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 facenth some simple assembly), or modify the face to suit theippses.

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 ttodotic 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
humanfacial 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
usedto guide the construction as well as the programminggaduaphy, 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 constrtion 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 humblke facial expressions) for such interactionBhis includes
guestions around human social cognition and cultural variation thereof.
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ll. StepBy-Step Construction Manual

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

be releasing summer 2014 onstruction time is about-8 hours, depending on experience. Cost (as of

2012) is about $50-200with the neck included?2 SQf t GNB (G2 SELIX FAYy SOSNEBGIKA
referring to the many included pictures of construction may be most helpful.

1) Parts List:

Most of these parts are easily available online (exgw.robotshop.comwww.pololu.com
www.sparkfun.comwww.tamiyausa.comand/or from your local hobby storelhere 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 Headeffor the prototyping shield)

- 10 submicro servos (we use Hitech 135)

- 4 micro multipurposeServo Bracketéve use Lynxmotion modeldpok like the below
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- 2 Tamiya Universal Plate L (210x160mm)

- 1 Tamiya Long Universal Arm set (the longer onessinaotter)
- 28 Tamiya Universal Metal Joints (come in packs of 4)

- Some jumper wires, assorted colors

- Some spare 3mm screws/nuts, if needed

- 1roll of Steel Gauge Wif@2-Gauge)

For the neck:

- 1 HeavyDuty Pan&Tilt system, with ball bearings (we G&€I200 Déct Drive Pan & Tilt System

- Hightorque Standard size servos, for Pan&Tilt (we use Hit68485HB

- 1 Tamiya Universal Plagguare (100x100mm, ProductID=REIR )¢ we like to use the black
ones for this (to differentiate from the rest of the face) but wan only seem to find those in
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- 28 Aluminum Standoff: 1/2" Length-40 Thread, Mle-Female (M-F,come in packs of 4)

- 8 Aluminum Standdf 1/2" Length, 440 Thread, FemalEemale -F,come in packs of 4)

- Some 440 Thread screws to secure the standoffs


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

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

- 2low-profile servo brackets, aluminum, you can find them online by doing a Google image
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prototypes we just hangnade something similar by bending some metal ariiée use these to
attach the eyes.

. @
Tools:
- A soldering gun (and solder, of course)
- Assorted pliers
- Precision screwdrivers
- 9f SOGNROFE GANBX aa2NIlSR O2f2NBR o60aadNyy
- Electrical tape
- Wire strippers
- Wire cutters (for cutting wires and metal)
- Snigs (forcutting plastic)
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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, Longrdai\Arms, and Universal Metal
Joints, as shown below.



Using some of our 3mm screws/nuts (which come included with the Universal Plate).



The connected angled bracekould be assorted like the below. Note the precise number of holes from
each sideq on one side, 6 on the otheas well as from each epdThis is important for weight

distribution, especially if you want to attach it to a neck mechanignii Q &riti¢ak fax @her teps to
line up correctly below
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Now, we need to attach the four Long Universal Arms to the braces (one to each brace).



2) Add the Skeleton Support Structure of the facial components

Next, we need to use the Universal Metal dpito 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 wtillk a i

LIN: QG AOS: AlGQa y2i (22 KI NRYhde (oubo2lid)S Thé #at sile wittikaS & I+ NB
K2ftSa gAftf aSNBS a (GKS GFNBRyide¢d

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 the Armsfrom the angled brace. Also, note we attach thbde bent
side to the arm, leaving the-Hole side facing the front.



Now on to the supports for the eyebrows. We need to bend a couple more Metal Jointsvais sh
below. Note that we are bending them this tirbetweenthe 7" and 8" hole. The twohole 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 ofeach Arm.



