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Abstract

Robots are typically thought of as autonomous devices which require little to no
human interaction to complete their goals. In this study we investigated what would
happen if the success of a robot was contingent upon its interaction with a human. How
do we leverage humans to make robots more intelligent, efficient and successful? Is it
worth it to involve human heavily in the goals of a system? This thesis we presents
method for the creation of a physical agent to facilitateinteraction and documentary
gathering within a ubiquitous media framework as a method for studying human
dependent systems We built a robot and sent it out to autonomously capture stories
about its environment. The robot had a specific story capture goal and leveraged humans
to attain that goal. The robot gathered a 1 person view of stories unfolding in real life. We
evaluated this agent by way of determiie T ¢ OAT | b1 AOA6 OO08 OET Al I b1 AGA
O#11 b1l AOGAe ET OAOAAOQEI T O xAOA OEI OA OEAO CAT AOAO!
could be edited together into a larger narrative. It was found that 30% of the interactions
AADOOOAA xAOA Qidnk. R&slitdDdyéstedEthatchadgks in the system
xI OTA T1T1 0 PpOT AGAA ET AOCAT AT OATT U 11T OA OAT I BPI AOAC
natural bias or busyness of the user come into play. The types of users who encountered
the robot were fairly polar; either they wanted to interact or did not - very few partial
interactions went on for more than 1 minute. Users who patrtially interacted with the robot
were found to treat it rougher than those who completed the full interaction. It was also
determined that this type of limited -interaction system is best suited for shortterm
interactions. At the end of the study, a movie was produced from the videos captured,
proving that they were viable for story-making.
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Title: Associate Professor of Media Arts and Sciences, MIT Media Lab






INTERACTIVE PHYSICAL AGENTSFOR STORY GATHERING

by
Alexander James Reben

The following people served as readers for this thesis:

ThesisReader

Dr. Cynthia Breazeal
Associate Professor of Media Arts and Sciences
Co-Director, Center for Future Storytelling
Director of the Personal Robotics Group
LG Group Career Development Professor

Thesis Reader

Randy Sargent
Senior Systems Scientist at Carnegie Mellon University






Acknowledgments

This thesis has proven to be both challenging and rewarding, it has changed my
approach to research and helped me grow as a researcher. | would not have been able to
do it without the help of a multitude of people. Foremost, a thank you goes out to my
advisor Joseph Paradiso who supported my ideas and provided guidance during my time
AOG OEA - AAEA , AA8 ) & @ynthi€BteAzedhhd Rardyidaigent U OAAAAOO
Cynthia has proven an invaluable resource for ideas and current research in the HRI field.
Randy Sargent, whom | worked with at NASA for encouraging me to come to the Media
Lab in the first place and for being an inspiration to push myself harder.

A big thank you to the responsiveenvironments group:

Nan-Wei Gong: For being an outstanding officemate, apositive influence when things get
hard, wrangling SPINNER and being easily available when | need to annoy someone.

Mat Laibowitz : For always lending a helping handproviding a steady stream of advice,
keeping a steady supply of pestash around and expanding my Italian film literacy.

Matt Aldrich: For getting in there to peep anything | needed, helping me figure out the
main move when | needed to deal with filth, going to the trucks with me to get a sando,
expanding my vocabularyand hosting many hang-out sessions.(yoink)

Bo Morgan: For keeping the SPINNERD torch burning.

Mike Lapinski: For being such a Rorand giving me the opportunity to work with the Red
Sox

Mark Feldmeier: For being a living transistor man and constantly making sure all is well
with me.

Gershon Dublon: For making sure there is always some strange instrument playing behind
me.

Laurel Smith Pardue For holding cool and crazy concerts.
Nan Zhaa For being acool German and hosting gettogethers.

y 6 A Al O 1 EEA Joremy®kedpekzho iproduce@robbt designs for
the thesisand helped complete many tasksmy parents for helping me get to where | am
today, Aithne ShengYing Paofor her support and encouragement, group administrators
Lisa Liebersonand Amna Carreiro, and the many other great people | have met during my
time at the Media Lab.






Table of Contents

ADSITACT .ot e e e e e e e e e reeeesaarrrrea e
ACKNOWIEAGIMENTS ..o e ere e e e s e e e ae e oo

LIE=1 o] (ST 0 O 0 1 (=] 0 £ PR

Chapter 1 INtrodUCTION  ....eeiiiiie e e ceaasbrr e e e e s anrereeeeeans

1.1 MOTIVATION. ...ttt ettt ettt e e e e e e e e e e e 15
1.2 Purpose and GaIS..........oooiiiiiiiei e 16

Chapter 2 BacKgroUNd .........ooooiiiiiiiiiit e eecrrrres eeeeee e e e e e s e ssnenrrr e

2.1 Related WOTK......coiiiiiiiiiiiiie ittt 19
2.1.1 HumarRobOt INteraction ............ccuvvveeiieiiiiisme e 19
2.1.2 Leveraging HUMANS..........ccooviiiiiiiiiiiiimme e 21
2.1.3 StOry GathNering ........ccooeeee e 23

Chapter 3 INteraction DESIGN  .....uuiiiiiiiiiiiiiee e e sbaes ceanrneeeeeaanes

3.1 Robot Design ConsiderationS............ccuuuuieiieeemmm e eeeeeeeeiiee e e e e 27
€8Y8Y O#O0QALAQOA .., 28
3.1.2 SIMPHCIEY...cceieeecce e e 28
3.1.3 APPEAIANCE. ... .t eeeeiieeitiee sttt 30

3.2 CAPLUINNG STOTIES ...ttt et s e e e e e e eas 37
3.2 L BEINEON ... 37
1 J0 A S o 1 o] 11 o S 38

Chapter 4 SYSIEM DESIGN .....eeeiiiiiiiiieeee it et ee rreeeaaaaaaaaaaaaaanaes

4.1 MeChaniCal DESIGN.........cuuiiiiiiiiiiiiiiiiir e 49
4.1.1 Ovall Mechanical ConsiderationS........ccceveveeieeneeneesns 49

.02 CASSIS. . et a e 50



4. 1.3 Shell..c.ccoiiiiiiiiii 55

4.2 EleCtriCal DESIGN.......ccoiiiiiiieiiiiiee e 65
4.2.1 Electrical System Block Diagram.............cccccevvvuees e, 65
A.2.2 LOGIC...ceiiiiiiii e e et e e e e e ettt e e e e s e e e e e an s 66
e TS =T 1S3 o SRR 66
.24 CAMEI@..uuuiiiieeeeiieeeieiae e e e et e e e e e e e e e 70
4.2.5 COMMUNICALIONS. ....ceviiiiiiiiiiiiiieeeeeeemm e e e e e e e e e e e e e e eaaaa e e 72
8.2.6 OULDUL ..o en s 75
4.2.7 LOCOMOTION ...vviieiiiiiiiiteie et 76
4. 2.8 POWE....iiiiiiiieieiis ettt 76
4.3 SOftWAIE DESIGN. ..uuuiiii e e e e e e 76
4.3, 1 FIMMWATIE.....cciiiiiiiiiiiiiiiiieeeeimn e e e e e e e e e e e e e e e e e e s 76
4.3.2 Server and Ydeo Network ... 79
Chapter 5 Results and Evaluation ...........ccccooiiiiiiiiiiiins e eeeeeeen
5.1 EVAIUALION. ......uuiiiiiiiiieeiiiit ettt e e e e 87
LI (0] VA 02 T o] (U] £ ORI 88
5.2.2 INtrodUdion ........coooiiiiiiiiiie e 88
5.2.2 Overall Interaction TIMe..........ccvvviiiiiiiiiiiiiiimmeeeeeeeeeeeenn 88
5.2.3 Quality of INteractions.............ccoooeviiiiiiiiiiiiees 89
5.2.4 Ubiquitous Sensor Portal Capture............cccevvvveeeeee oo, 92
.8 USBI SUINVEY . ..ot e et e et e et e e e e et e et eeeaneaes 94
5.3.1 Interaction Survey ReSUlts...........cccceeeeiieiiiiiii e, 94
5.3.2 Nonrinteraction Survey Results............cccooo oo 97
5.3.3 Other FACIOrS. .....cuuiiiiiiiiiiiiiieieiii e 101
Chapter 6 Conclusions and Future WOrk — ........ooooooiiiiiiieiiiiis e
LT AU 10 1= /P 105
6.2 DISCUSSION......cceiiiiiiiiiiiiiieeeeet i a e e e e e e e e e e e s nnnennnes 106
6.3 FULUIE WOTK. ...ttt 106
6.4 ConCluding REMAIKS .......cciviiiiiiiiiiiiiiiiiim e 107
Appendix A: Annotated Video StillS ... e e
BiDHOGIrapRy ..o e e rreea e

10



Figures and Tables

Figures:

Figure 2.1: An example of a sociable robot. Nexi MDS robot developed at the MIT Media

. ettt ettt ettt e e e e e e e e e e e e e e e e e e s m—————— 20
Figure 2.2: A sensor node which utilizes parasitic mobility..............ccccccciiiiimmeceeiieeenee. 21
Figure 2.3: A sensor node which uses symbiotic mobility, along with its instruction tag..22
Figure 2.4: Ubiquitous media capture portal............ccccoeiiieeeiiieviimmeeeiieee e eee e 25

Figure 3.1: Button inputonOEA OEAA 1T £ QEA..QIL.AL.06.0..EARSS
Figure 3.2: Robot with a square torso, square head. Initial design iteration in SolidWork81
Figure 3.3: Robot with a tall square torso, trapezoidal head. The trapezoidal head made the
robot take on a more anthropomorphic appearance. This slight design modification is an

example of changes made after producing a physical prototype...........cccceeeeeeeiiiivvimmennnns 32
Figure 3.4: Robo with a pyramidal torso, trapezoidal head.............cccccvvviiiiiiiiimmeieeeeee, 32
Figure 3.5: Robot with a pyramidal torso, square head, noisymmetrical eyes and

L2 10T o] 1= T PP TP UPPPTTRPPPPI 33
Figure 3.6: Robot with a squat square torso, square head.............ccccvvvvvivvimmeeeeeeeeeeeenn, 34
Figure 3.7: Robot with a square squat torso, trapezoidal head..............ccccvvvvvvivimnenenn. 34

Figure 3.8: Prototype of Figure 3.6, assembled from laser cut cardboard panels and glue,
set atop the tread base made from pre fabricated treads and laser cutgylic base plates.35

Figure 3.9: Acrylic robot fabriCated..............ouvviiiiiiiiiiiii e 36
Figure 3.10: Final robot design, fully assembled..................oooiiimmcie e 36
Figure 3.11: Examplef the robot getting itself stuck on an obstacle..............ccccccvvvvivriin 38
Figure 4.1: Closaip of assembled track ..o 51
Figure 4.2: Side view of tread drive system internals, showing individual components

(note: front plate is removed in order to see INtErMAIS)..........uuiiiiieeiiiieeiie e e e eeeeaeens 52
Figure 4.3: SolidWorks drawing of plate, later converted into a 2D rendering................. 53
Figure 4.4: Rear closaup view of base plate attachment points............ccccceeeeeiiiiiii e 53

Figure 4.5: Top view of robot treads and base plate showing fully assembled chassis....54
Figure 4.6: Battery, power regulator and audio amp mounted on the base plate. The

accelerometer is located on the opposite side (not pictured)..........cccceeeeeeeiiiiiiivmeeeennnnn. 55
Figure 4.7: Transparent model closeup of camera mounted behind eye socket. The height
of the camera informed the minimal height of the head.................... 56
Figure 4.8: Transparent view of head showing mounting positions of major component$s7
Figure 4.9: IR distance Sensor SNOWN tilted.............ooviiiiiiiiiiiiiime e 58
Figure 4.10: Transparent front view of robot base showing major components............... 58
Figure 4.11: Transparent view of head showing riglaingle clip positions.......................... 59
Figure 4.12: Typical cardboard box cONStruCtion [24]............uuuuuummimmmmmiiiimmeeeeeeeeeeeeeeeeeeen 60

11



Figure 4.13:

Tab design in SOAWOIKS. ... 61

Figure 4.141.aSer CUL rODOt PIECES.......coiiiieiiiiei et e et e e e e e e e e eeaanes 62

Figure 4.15:
Figure 4.16:
Figure 4.17:
Figure 4.18:
Figure 4.19:
Figure 4.20:
Figure 4.21.:
Figure 4.22:
Figure 4.23:
Figure 4.24:
Figure 4.25:
Figure 4.26:
Figure 4.27:
Figure 4.28:

Assembled head MOodUle................oooiiiiiiii e 63
Broken attachment point from base plate..............ccccccoiiiimmeeeieieceeeeeeee 64
Blly assembled robot.............oooiii 64
Electrical system blOCK diagram.........cccoeeeiiiiiiiiiiisme e eee e e s 65
Arduino Mega Development BOard.............coevvvviiiiiiimmmeeeeeeeeeeeeeeeeeee e 66
Accelerometer board mounted onto base plate............cccocooeeeiiiiiieeveinnnnn. 67
Front view of infrared diStanCe SENSOI............ccuuviiiviiiiiiiimme e 68
Sensig plane of the infrared diStaNCe SENSON..............uuuiiiiiiiiiiiimeeeeeeeeeees) 68
Ultrasonic rangefinder...........coii oo i e s o e e e e eanaas 69
Rendering of the ultrasonic rangefinder mounted behind an eye................ 69
Closeup of ePIR passive infrared SENSOI.............uuuuuriieiiiiiimmeeeeeeeeeeeeeeeeeeen 70
The flip cam MINOHD. ........cooiiiii e e e e e eeeaees 71
Flip cam control board, showing test point CONNECHIONS..............uevevvriirnrnnimn 71
Example of a video frame grab from the robot, in a low light condition........ 72

Figure 4.29: Closeup of wifi module RN-131GX .......iiiiiiiiiiiiiiiii s e e e e et e e s o 73

Figure 4.30: ZigBee chip circled in red on the NoNo badge carrier board, used in the robot.
................................................................................................................................................ 74

Figure 4.31: ZigBee receiver circuitry on carrier board of a wall mounted portal............. 74

Figure 4.32: MP3 trigger board, used to output thedT AT 06.0...01.EAAS......75

&ECOOA n8¢ed 4UPEAAI [ AOQAQ..ILIILDB..EL..QEXK7 O AT 080
Figure 4.34: Data |0gQing PrOCESS.....uuuuuiiieeeeieeeetit s e eeeeesesasttnasaaeess e ssssssrinaaaaees 79

Figure 4.35: Typical obot status log file snippet from the robot control server. Data

includes a time stamp, sensor status and interaction status every 250 milliseconds......80

Figure 4.36: Typical robot tracking log file snippet from the Ubiquitous Media Nodes. Data

includes a time stamp, robot ID and closest Node ID..............ccoooiiiiiieii s 80

Figure 4.37: Example map of node locations and IDsS............ccooviiiiiiiiisseiiiiiiiiiiiiiie 81

Figure 4.38: Frame grab of a"8person view of an interaction. Video captured from a walt

mounted media Capture POItal............oooiiiiiiiiiiii i e 81

Figure 4.39: SPINNERcon GUI showing currently active nodes and options.................. 82

Figure 4.40: SPINNERCON flash SEtUP PAgE.....uuiiii it 83

Figure 4.41: SPINNERCcoN light level SEtUP Page..........uuuuuummiiiiiiiiime e 84

Figure 4.42: SPINNERcon camera angle SEtUP PAgB.......ceeieeerieeeeririmmmenaeeeeeeeeeessninnnnns 85

Figure 5.1: Average percentage of interaction vs. time...........coooiiiiiiiini i, 89

Figure 5.2: Percentage fonteraction vs. time for different script types. ........cccccvvvvvvvennnn. 90

Figure 5.3: Percentage of interaction vs. location of interaction...............cccccceeiiieevi e 91

Figure 5.4: Percentage of daily interactions vs. time of day............ccccoviiiiiiiiiieceeiinnnnnn. 92

Figure 5.5: A 8 person view of an interaction, seen from a wall mounted sensor portal..93

Figure 5.6: A T person view from the roDOt. ...........c.ccveeveeeeireees et 93

&ECOOA i8agq O) AAT O.ALILPALILAA. QL. .EALD9®OEA O ATl (
&ECOOA (8B4 O0) OEiI OCEO ) x1 OL.A..LEAAL..COE]T OU EE )

12


file:///C:/Users/shoeblade/Documents/thesis%20document/thesisV0_0%20-%2014%20May%202010%20-%20Version%20163.docx%23_Toc261611296

CECOOA i8yd O) EiI OAOAAOAA xEQE.OEA.QLAF O AAAAOGC

S&ECOOA (AOAMOAA)x EEAED OEA O1 AT O AAAAOOA.9BO 111 EAA
&ECOOA i8YYVYq O) ET OAOAAOGAA xEOET OBEBAODPADBAAAAAC

&ECOOA i8Yaq 0) £Al Q..QEAOL..OEA. QI.AIL.O.x.800 OOEI C |
&ECOOA i8Y¢q 0) A£A1I O ).ElL.Ax..QEA.DPQOBDI.GA | £ OEA
&ECOOA i8Ynq O) A£A1 O OGEAO EIL.OAOAAOQEIL.C9%EOE OEA
&ECOOA i8Yidq O E OFA | G AOEN AEiT.GD.AGHAIAED EQ.ILT...1001T T C o
&ECOOA i8Y0dq 7EU AEA Ui O 110 ET OAOAAO xEOE OEA
............................................................................................................................................... 100
&ECOOA i8Yaq 7EU AEA UT O 110 ET OAOCAAO xEOE OEA
I T OB QA Dottt 100
&ECOOA i8YBdq 7EU AEA UT O 110 ET OAOAAO xEOE OEA
S = Ol = @ N = N @ N N N @ 1o VSRR 100
Figure 5.19: Percentage of Responders Who Listed Complete Personal Information vs.
0] oo 1S (=T = ox 1 o] o SRR 101
Figure 5.20: Average Maximum G force VS. USEr TYPE.........uuuuuuummmmmmmiiiimmeeeeeeeeeeeeeeeeeens 102
Figure 5.21: Maximum G force for full interaction USers...........cccceeeeieeeiiiiivimeevviieee e 103
Figure 5.22: Maximum G force for partial interaction USEers............cccceeerviiiiivimmseennnnn 103

Tables:
Table 4.1: Data PaCKEe SUUCTUIE...........iii e eeee et e e e e e e e e eeeeeas s e e e s s e e e e eeareenaaaeeeaes 78

13



14



Chapter 1

Introduction

1.1Motivation

Robots ae typically thought of as autonomous devices whichrequire little to no
human interaction to complete their goals. In this study we investigated what would
happen if the success of a robot wasontingent upon its interaction with a hum an. How
do we leverage humans to make robots more intelligent, efficient and successfull® it
worth it to involve human heavily in the goals of a system?0One system typein which we
saw room for such improvementswas media capture Currently, distributed media
capture systems, such as security cameraare typically passive, and don't actively engage
their subjects or try to actively extract a narrative or documentary from them. Aside from
simple panning/tilting, most ubiquitous media capture facilities also tend to be restricted
to fixed viewpoints. For example, systems suchastA - AAEA |, AAGO OAENOEOI 00
portals can only capture stationary 3rd person views of the environmen{1]. While this
may work for many situations, a mobile system node would allow for firstperson capture
of narrative content and dynamic sensor placement. If a human isactively engaged in the
capture loop, a more intelligent capture system can bamplemented that may be more
effective atgenerating meaningful documentaries, provided the user can be somehow

persuaded to help thesystem achieve its goal.
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1.2Purpose and Goals

The purpose of this thesis wado create a physical agent to facilitateinteraction
and documentary gathering within a ubiquitous media framework as a method for
studying human-dependent systems We built a robot that had a goal of actively capturing
a story about its environment and the people within it. That is, that the robot had a
specific story capture goal and leveragedts mobility and interactivity together with the
capabilities of the ubiquitous sensor network to achieve that goal. This device also alloed
for an active first person view that many distributed media capture systems dord éhable.
It can also reach areas that 3rd person systems do not cover by its inheremtobility. In
these blind areas the robot either recorded data there or prompted others to moveit to an
area where sensors are active. The novel approach to thiystemis that it brings activities
of interest to the area where they can be moseffectively captured by leveraging human
empathy and interaction. Through this empathy and interaction this engagement
encouragal the person interacting with the robot to share their story, in a meaningful
way. We evaluated the effectiveness of different forms of interaction which were
developed on the robot platform. This interaction designand testing in real world
scenarios waghe focus of this thesis. The robot acts asa faciitator to coax those who
may not initially be inclined to interact with the system to share theirstories. The
documentary createdstarted on the small scale, at the immediatelevel of the person
interacting with the robot , and expanded through that interaction to encompass stories
from others who subsequently encounter the robot.

goal achievement Through this, weAAT OAA EIT x O#&dcompdctddwdrind OOA OO
the storyline, OEOT OCE OEA OI Ahiptoddesawsy Aondolpbraid sbofl

interaction within the framework of ubiquitous media systems.This systemis the first we

know of that has the specific goal of actively capturinga documentary within a ubiquitous

media environment by leveraging humanintelligence, interaction and emotion. This novel

approach createda rich story capture system within and outside of ubiquitous media

frameworks.

The goals of thisthesis were to study the best interaction scenariosand methods
with which to leverage human interactions into the creation of stories. This was to be
accomplished in several waysThe system wasevaluated through user trials. These trials
were run with multiple participants interacting with the robots as they roaman area The
users would be random as the robot found them and would not have knowledge of the
robot beforehand. The criterion to be met for the system to be a succeswasthe quality of
narrative extraction from users and success ofnteractions. The interaction between the
users and the robotwaslogged and conclusionswere to be drawn from this interaction as

16



to which type of interaction is most successful for a particulardocumentary capture
scenario.

More specifically, the types d interactions and documentary capture typesthat
wereto be evaluated are as follows:

Interactions:

1 Emotion (sympathy, humor) z The robot will act in a helpless or funny
manor asking people to intervene.

9 GamingzThe robot is part of a game in which pegle can participate.

1 Simple instructions z The robot provides instructions to the user to carry
out.

Documentary Capture Types:

1 Interview (personal) z The robot gathers personal documentaries from
those it interacts with.

9 Location (public) z The robot gathers documentaries about a particular
location through people.

9 Social (inter-personal) z The robot gathers documentaries about social
connections.

Quiality of Interaction:

1 Interaction length z How long the user interacted with the robot.

9 Story quality z How well did the user share a story with the robot.

17
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Chapter 2

Background

2.1Related Work

2.1.1Human -Robot Interaction

Almost every robot developedand deployed must interact with human s in some
way. Robots can interact with humanson several levelswhich can range from minimal
maintenance interaction to interaction mimicking that of a person to person conversation.
The robot interaction must be custom fit to the particular robot task and goal set One
might not want their industria | robot to talk back to them , but having a voice may be
essential to robots in non-formal and socialcontexts. If the interaction is ill -fit to the
particular task, the robot may not be able to carry out its functions and goals effectivelyif
at all. This thesis dealtwith robots based in the higher interaction category. This category
ET OT1 OAO O1 AT OO0 xEEAE ET OAOAAO xEOE EOI AT O 11 A

Sociable robots can be defined as robots which leverage social interactions and
cues in order to attain the internal goals of the robot [2]. Sociable robots interact with
humans on their own terms, having to respect social norms and behaviors, those who

interact with the robot need to identif y and empathize with the robot. Sociable robots
usually are anthropomorphic, having features the user canempathize and identify with

19



[3]. An example of a sociable robot is the Nexi robot at the MIT Melia Lab. This robot has
human features ard a voice to communicate with the user(Figure 2.7).

Figure 2.1 An example of a sociable robot. Nexi MDS robot developed at the MIT
Media Lab.

It is sometimes dangerous not to consider the human aspect wherdeveloping an
agent for a system. Take forexampl© 4 EA ET OAOA A O @A AIAO @A @il 0BT OO0
experiment [4]. The team developing the system did not take into account how humans
would react to the robot. They released their huge garbagecan like robot into a museum,
with the intent to lead people around. However, they found that simply having the robot
issue instructions to the users did not make them comply. For example, when the robot
needed to move, it would check for a clear pathand travel through that path.
Problematically, the robot would be surrounded by humans most of the time, having no
clear path. The researcherseventually addeda voice asking people to move out of the way.
However, once one person noved, another stepped intheir place to take a lookat the
interesting robot . Finally, when they added a happy and sadaceto the robot (the robot
being sad when it could not move) people wouldmove out of the robot& way to avoid
upsetting it [4]. This clearly demonstrated that the interaction of a robot with its users is
as important as any internal programming or engineering considerationsfor goal
achievement.

Robots which require humans to complete thel®O CT A1 © AOA xE-AO xA AAIl I
depd AAT 068 3 UOOAI O-depdndeht Fequiketainedhddismitb motivate
20



humans to interact with the system. We believed that if an interaction with a robot is
interesting and mimics social interactions, we would beable to more effectively carry out
the goals of our system. In fact, the success of our robot is contingent upon humans
interacting with it.

2.1.2Leveraging Humans

An example of asystemwhich leverageshuman mobility to move sensor nodes to

specific locations istheO0 AOAOEOEA -1 ABDBEOBMOEOBAOAT BEREAUSG OU
IT EOIATO AT A T OEAO Opaisitdd ADI OO A ODIGBehigurdORA OF 101 @
2.2) [5]. The systemlatched onto the subject or created an instruction for them to carry

out in order to leverage their mobility . The system also explored a symbiotiapproachas a

contrast to the parasitic mechanisms8 4 EEO OOUI AEI OEA (1 AEI EOUS APDPO
offer the user utility for carrying out an action for the system. For example the device

would change color or change in some other interesting manor in exbange for the human

completing an action (seeFigure 2.3). This feedback was accomplished in several ways,

such as if the user took the device to a wrong location, tlke device would buzz and vibrate

annoyingly encouraging users to put the node down.This system differed from our system

in that it does not have a story captire goal. It had a goal of moving the sensor node to a

location of interest, whereas our system moes both the person and the robotto the

location where the best capture can occur. Qir systemalso hadthe ability to move on its

own; if there are no users to interact with in the current space, it can seek out a new area.

Figure 2.2: A sensor node which utilizes parasitic mobility.
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ne up, take me with you, if | shake, |et me

pick I

(;1 0

Figure 2.3: A sensor node which uses symbiotic mobility, along with its instruction
tag.

An example of a mobile platform that relies upon human sympathy for goal
and the development of the @oxiedrobot used in this thesis The tweenbot is a robot
shaped cardboard device that rolls ina straight line. Attached to it, is a flag with the
AAOGEAA8O C¢iT Al xOEOOAT 11 EO8 4EA AAOEAA EO O0OAO
the goal written on it. Since it only travels in a straight line, it completely relies on human
intervention to achieve its goal. It was found that simply having the robot look lost and
helpless encouraged those around it to help it towards its goal.

('he results were unexpected. Over the course of the following months, throughout
numerous missions, the Tween betwere successful in rolling from their start point to their
far-away destination assisted only by strangerg[6]

4EA OxAAT AT O AEAZAEAOO AOI T "1 @EA E1T OEAO OEA
towards alocation. It did not need mechanisms for extended interaction, as the extent of
the interaction was for the user to point the robot in the correct direction. The tweenbot
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alsodid not produce anything from its interactions; it was simply a test to see if a device
could navigate leveraging the kindness of humansThe Boxie robot recorded its
interactions and extracted narrative from its users.A similar study was carried out by
Wiess et al.IlT Rébots Asking for Directionsz The Willi ngness of Passerd U O1 3a0DbBI 0006
robot was put in a public area andwasset to ask for directions. The robot interacted with
a combination of speechoutput and a touch screen. The robot would ask for directions to
a particular spot and users would pointand input commands via the screen[7]. This
system attempted to usea higher level interaction scheme than that of the tweerbot.
There was little attention paid to the physical appearance of the robot as it was asembled
from stock components and garbagecan-like (much like the museum robot discussed
earlier). This robot differs from the Boxie system in that it did not attempt to leverage
human sympathy to attain its goals. It also did not pull any content from the users - like
the tweenbot its main concern was to get to a location.

One robot which did produce a tangible output from its users was theO 3 4 " ¢,
human-AADAT AAT & O1 A EThdvrbbst, wbich Avésishapetl [Bsa trash can,
would rove around trying to elicit children to deposit trash in its receptacle. The robot
could not complete its goal on its own without the interaction of the children. The robot
utilized vocalizations and behaviors to try to elicit trash from the children. It was found
that the robot could achieve its goal if the robot was moved toward an area wittirash by
the children [8].

2.1.3Story Gathering

3UOOAI O xEEAE OOOI OU CAOEAO6 AOOAI PO O1 HOII
will either passive or actively attempt to gather stories. A passive story gatherer is like a
security camera while an active story gatherer is like a reporter. Both types of story
gathering techniques have their advantages and disadvantages.
)yl Osi11O0ATEg ! Al i DOOGAOGETT AT OTU O Al EAT AA
encouraging children to tell and play-act storieswas developed. The system used toys
embedded with sensors to interact with children. The children formed personal
connections with the toys, which encouraged them to tell stories. It was found that
O!'1 OET OCE AEEI AOAT AT EI thdyAppéatedione€@i OU OAIT 1 EIT
ABAEAT AAR AO A Ci Al & O OEA OO0 OUHII ABO Al OF AO ¢
This confirms the importance of interaction in the story gathering process. It also
shows that a defined story goal is important in motivating story telling. Unlike the Boxie

robot, the dolls used in this study did not move or try to engage those which wee not
immediately interacting with the device. This system was a hybrid of active and passive
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story gathering methods. Another example of a device to encourage storytelling was the
Afghan Explorer developed at the Media Lab. Thisactive O O1 O E 10® AHd Bvds
intended to roam battlefields to collect news stories in lieu of a human reporter. Being
that the robot was not human, the loss of the robot due to warfare would not have the
same impact as a human fatality{10]. This platform aimed to demonstrate the utility of
having an agent that couldbe independent of humans and gather stories on its ownThis
platform did not attempt to leverage human mobility. Instead it was sent into war zones
with the hope that those who saw it would interact with it.

The network of sensorportals currently deployed at the Media Lab is anexample
I £ A OAENOGEOI 00 i1 AAEA AAPOOOA OWEAKNIGD ALDOAN OO W
running on the system passively captures events of interest whethey occur. The
SPINNER application automatically createsvideo narratives based orsensor inputs. It
does this by leveraging thevideo-capturing Ubiquitous Media Portals distributed
throughout the lab (seeFigure 2.4). Within the system, badges can be used to mark
participants within the range of the portal and record sensor data from their location. The
SPINNER application then uses this labeling to determine which media clips best fit a
specified narrative timeline, and assembles the lips accordingly to produce a video that
AAOCO AEOO O RAwHd thisCaPplicatiorOproddesthe basis of this thesisand
supports it, it differs in several key aspects. Iturrent passiveness is not conducive to
interaction. Because deriving narratives from sensor data is very challenging, SPINNER
could only produce simple storylines such as action vs. inaction and social vs. hesocial.
Furthermore, it does not take an active approach to documentary gathering, which is only
optimal for narratives in a 3d person perspective. TheBoxie robot augments and expands
the current ubiquitous media portal system, providing a new level of interaction, a first
person view and goal oriental story capture.

The SenseCam developed by Microsoftesearchis an example of as person media
and sensor capture systenjfl18 4 EA 3 AT OA# Al AAOEAA EGAA803 DOOI Of
consists of a still cameA AT A OAT 01 O OEAO EO xThe@amera Gledl A OEA (
pictures and logs sensor data throughout the day andsaves them for later review Much
like the SPINNER system, it relies on capture of events passivelyithout interaction, and
does not have a particular story capture goal It also is a personal and symbiotic device,
only capturing a story form one viewpoint.
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Figure 2.4: Ubiquitous media capture portal.
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Chapter 3

Interaction Design

3.1Robot Design Considerations

The first step in the design of a sociable robot which leverageBumansiis to
consider the interaction with the user. There are several factors which determine the
success of such a systenThe fAAOT OO0 A1 O 1T OO0 DPAOOEAOI AO OQUOOAT x,
interaction simplicity, appearance and behavior. The overall interaction paradigm for the
O1T AT &6 xAO OE Atory datreridgirobad BekgStesd At al.determined that an
active robot in a crowded public area (that of a shopping mall) was most successful in
eliciting interactions with passers-by if it took an active role in the human acquisition
proces8 ) O xAO Al Oi &£ 01 A OEAO EOI AT O xEI1 AAEOOO
by the face of the robot.
O0/1TA ET OAOAOOET ¢ T AOGAOOGAOGEITTh 11T O0A OAI AGAA O
subjects when standing seemed to adjust their positions in order to stand more face to face
xEOE OEA O1T AT O EZ£ OEAU MmAI O 1EEA OEAU xAOA AAET (
AEA EAAA T &£ A EOI AT AAET ¢ O1T1 OEAAAG xAO A AA
design of the robot. To be noticed, the robot needed a face and a gaze. It also needed to
recognize the user and acknowledge their presence.
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3.1.10# O0AT AOO6

The main mechanism the rabot uses to leverage humans isuteness Our
emotional reactions and empathy for cute things is hardwired into our brains through
evolution. The subject d cuteness has been long studiedby evolutionary psychologists.
The reaction we have to cutethings originates with the need to care for babies[13] The
cuteness of babies motivates parents to caréor and protect them. We used the cuteness
of the Boxie robot to draw users in and keep them engaged. The ¢aness paradigm we
chose to use is that of the lost and helpless childlt was felt that if the robot was perceived
AO A EAI pi AOCQAT Aib O Oidsbrdrs Wl dndade andthey would
interact with the robot until they were able to help it .

A major consideration was how to engage the user and keep the engaged.We
needed to be careful not to make it seem as though the robot was using cuteness to
exploit the user to achieve its own goals (even though that is the goal of the system).

@ the rapidity and promiscuity of the cute response makes the impulse suspect,
OAAAEI U T OAOOEAAAT AU OEA AT cOU O 6A OEAO 11A

We avoided this pitfall by carefully molding the interaction with the robot to
gradually ask the user to work more for the systemThe robot also interacted in a two way
fashion, giving the user something in-kind to their input. For example, when the user told
the robot something about them, the robot would tell it something about itself. With this
approach, we avoidedthe perception by the user that they were beingusedby the system,
making the interaction enjoyable and effective.

There are several factors which make something cutePhysical characterstics
include eye size, eye spacing and position, head size, bogyoportions. Behavior
characteristicsinclude naivety, awkwardness,childish sounds, non-efficient locomotion
and helplessnesq14-15] We evaluated these parameters by creating physical prototypes
and by testing various interaction scenarios.

3.1.2Smplicity

Simple systems come with a myriad of benefits: low cost, low weight, less failure
bl ET OO6h AAOGU O i AElT OAET h Al AAT AAOOEAOEAO AOASB
simplicity in mind. The robot needed to be low cost, since the robot may be stden. Its
weight had to be kept low in order for users to be able to pick it up comfortably. Failure
points had to be kept to a minimum and any failure had to be easily repairable. The
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appearance had to be robustind likable. All of these factors led to a better interaction
experience for the user.

The interaction between the user and the robot wa simple and intuitive. The
input for the user was in the form of two simple pushbuttons on the side of the robot&
head. One was green and the other wased (seeFigure 3.1). The robot explained the
function of the buttons to the user at the appropriate time. Since there wa only one mode
of input, the confusion for the user waskept at a minimum. Other inputs were
transparent to the user, they wereinferred from reading sensors on the robot. These
included: Sensing people in the vicinity of the robot, sensing when the robot is picked up
and put down, sensing how far theuser is from the robot, sensing the tilt of the robot and
sensing the location of the robot.

Button

Figure 3.2" 60011 EIT BPOO 11 OEA OEAA 1T £ OEA

The output of the robot consisted of two mechanisms. One waghe movement of
the robot, the other was sound. The movement of the robot could be controlled in order
to convey information about the robot. The robot could become stuck to bok helpless, or
look like it was searching for somethingto elicit help. The main output was the audio
system. This system allowedhe robot to speak and play sounds. Keepinghe output
systems simple allowedfor a more understandable robot and keptdistractions to a
minimum.
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3.1.3Appearance

Appearance is an important factor in addressing interactivity and usability of a
robot. Since the robot would be relying on its cuteness in order to leverage humans,
special care wagaken in the design of its appearance. The overalbesthetic of the robot
was one of a boxshaped tracked robot.We chose this shape because of its simple lines
and familiar appearance It is also a shape often associated with robots appearing in
science fiction. The first factor to be taken into consideration was the proportions of the
major components. The major components were the head, torso and tracks.A minimal
size for the components was determined by the largest internatomponents. The largest
internal components were the video camera and battery. Thevideo camera which was
mounted behind an eye, informed the height of the head.The battery mounted in the
bottom (for low center of gravity stability purposes) informed the width of the torso.
Starting from the minimum requirements, multiple designs were investigated.

SolidW orks was used as a modeling tool which allowed us to laser cut out of
cardboard physical prototypes.This rapid design and prototype processes allowed us to
evaluate multiple physical designs. The physical prototypegjave a better feéfor the
cutenessof the robot that was not adequately represented on screen.

The physical characteristics of most importance included eye size, eye spacing and
position, head size, body proportions.The eyes of the robot were chosen to be large
circular eyes Geldart et al. determined that figures with larger eye sizes were found to be
more attractive by both adults and children[16]) 4 EEO AUA CAT 1 AOOU UEAI AAA
looking results in the prototypes. The eyes were set far aparnd low on the head, making
the robot appear naive and young.The head was made large in relation to the torspa3:2
ratio was found to be mostaesthetically pleasing.A short squat body wasthe most
childlike configuration. We considered how the user would holdthe robot. The only way
to test how a user might approach holding the robot was to develop physical prototypes
and askusers to grasp the robot in the most natural way

Multiple prototypes were designed, built and evaluatedto find the best
combination of features and the best ratios Figure 3.2 shows one of the first attempts to
design the robot® appearance. The treads and base were predetermined designs, so the
torso and headwere the portions which were modified. In Figure 3.2 we can see a tall
square torso with a square head. In this initial design we fleshed out the general athetics
of the eyes, however the torso was not pleasing. The tall torso made the robot seem
unbalanced and unwieldy.
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Figure 3.2: Robot with a square torso, square head. Initial design iteration in
SolidWorks .

The second iteration, shown inFigure 3.3 shows a modification of the head.
Instead of square, the head was tapered toward the back. The backward sweepante the
head appear more human like, this slight modification increased anthropomorphic
characteristics of the head.

Figure 3.4 introduces a pyramidal torso andFigure 3.5 shows other features such as
uneven eyes and antennae. However, this design in prototyping was found not
aesthetically pleasing and had issues with stability.
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Figure 3.3: Robot with at all square tor so, trapezoidal head. The trapezoidal head
made the robot take on a more anthropomorphic appearance . This slight design
modification is an example of changes made after producing a physical prototype.

Figure 3.4: Robot with a p yramidal torso, trapezoidal head.
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Figure 3.5: Robot with a pyramidal torso, square head, non -symmetrical eyesand
antennae .

Figure 3.6 shows a squat robot with a square head which eventually evolved into
the final prototype shown in Figure 3.7.
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Figure 3.6: Robot with a squat square torso, square head.

Figure 3.7 combines the short squat torso, large symmetrical eyes and the
trapezoidal head aspects of the other prototys into one design. Taking thebest features
of the other prototypes, we produced the final design.

Figure 3.7: Robot with a s quare squat torso, trapezoidal head.

Figure 3.8 shows a typical cardboard prototype of a design. The cardboard panels
were laser cut ard assembled with glue to get a real word feel of the prototype. This
method was extremely valuable as the 3D rendering in SolidWorks did notfully represent
the aesthetic of the robot and 3D models on a 2D screen did not offer optimal perception
of the deggn. Having a tangible model to hold and move allowed us to better implement
future design iterations and quick find and fix problems.
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Figure 3.8: Prototype of Figure 3.6, assembled from laser cut cardboard panels and
glue, set atop the tread base made from p re fabricated treads and laser cut acrylic
base plates.

Originally, the intent was to make the robot out of translucent white acrylic.
However, after the acrylic shell was fabricated, the general consensus was that the
AAOAAT AOA POI 01 OUPAOG xA EAA AAAT pPOI ACAET C 111 E/
acrylic shell appeared industrial andfrighte ning (seeFigure 3.9). In testing, it was also
found that the cardboard construction was more robust. This was due to the brittle nature
of acrylic verses the more fogiving cardboard (seesection 4.1.3or more discussion
regarding the mechanical design of the shell).
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Figure 3.9: Acrylic robot fabricated.

Figure 3.10shows the fully assembled robot, which is modeled inFigure 3.7. This
design was chosen as the bestotnpromise of structural stability and aesthetic features.

Figure 3.10 Final robot design, fully assembled.
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The way the userinteracted with the robot was by picking it up and pressing
buttons. It was determined that putting the buttons on the side of the head would lead to
less false positivedrom robot movement pushing buttons. Also, with the buttons on the
side rather than the top of the head, a user would be less likely tstandomly press a button
without interacting with the robot. Multiple configurations were tested to determine the
bestwayto DEAE OBb OEA O1 A1 08 4EA 1 OECET Al ET OAT O xAO
head. However, in testing it was determned that placing a handle in that position
encouraged to uses to hold the robot down at their side. This wouldput the robot in more
danger of striking an object or smashing into the useOsthip. Therefore, it wasdecided to
i AEA OEA Al 001 | sHedd@éspdble&Thid &@ldweddfie AderQdpick up the
robot by the head. This was a natural instinct for users, who either picked up the robot by
the head or by the tracks.

3.2 Capturing Stories

3.2.1Behavior

# OAAOGET ¢ AAEAOEIT Os netaEirniediately @ppaddhiaddesigningA
the physical appearance. The behavior of the robot needed to be scripted, just as an actor
would be. The particular behavior of the robot depended on its motive and its current
situation. Depending on the goal of the system, the robot modified its behavior b best
achieve the objective. The voice and movement of the robot were the main avenues to
represent behaviors.

Through movement, we could play with the personality of the robot dynamically.
Non-verbal behavior can express as much as and augment the caartt of verbal
communication [17] Movement is an important factor for displaying expressia in robot
with constrained appearances such as BoxifL 8] The nominal movement behavior of the
robot was to seek out peoplewhile getting stuck or lost. The robot was made to act naive
by appearing to not know where it was going. By appearing lost, people around the robot
would be compelled to help it, just as they would with a lost child or helpless animal.
When the robot got itself suck, its behavior wasreminiscent of a wounded animal or a
child in need. For example, if the rolot wedgeditself in a corner or under an obstacle, it
squirmed around back and forth as if itis trapped. The robot would detect if it was stuck
by using its distance sensor and accelerometer. When the robot got itself suck, it would
raise slightly off the ground, which could be detected by an increase in acceleration due to
gravity and an increase in the robot to floor distance. It would wait to detect reflected
body heat or time-out in software and move again.When the robot came to a complicated
intersection, it moved back and forth as if it wassearching or confused about what it
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should do. This confusion led people to believe the robot wadost or helplessto find its
way. The robot sloweddown before this behavior to mimic hesitance or fear of the path
ahead.When the robot sensed a human it stoppedin the direction of the human and
motioned toward them, indicating that it would like to initiate a ¢ onversation. This
indication of conversational intent was an important factor in the capture of a human for
interaction [19].

Figure 3.11 Example of the robot getting itself stuck on an obstacle.

3.2.2Scripting

The voice of the robot was of major concern as it wasthe major output medium of
the robot. The success of the robot was contingent on the voice being clear and cute. The
script for the voice also included elements of naive thought and minimal knowledge.
Eckman et al. found that as voice pitch increased, tk believability and trustworthiness of
the speaker increased20]. It was also found that the intonation of the speech carried a
significant amount of information about the motivation of the agent speaking [17] The
voice actor we used for the robot was able to produce a high pitched childish female voice.
This combination produced the most optimal configuration for leveraging humans and
subjectively matched the appearance and behavior of the robot.

The type of story we chose to capture was the documentary. We crafted a script to
capture a story about the current place the pbot was in. The voice of the robot was
scriptedinsuchA x AU AO O1 Al idalk. Ao erip@ ldre potiuddd éndl O
implemented. One involved giving the user smple commands while the other added
personality and provided a two way conversation.The intent was to study the difference in
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user responsesin comparing the types of scriptsimplemented. In 02 A1 AOET 1 A1l ACA1T 00q

iTAAT AT A Ei bl Al AT OAOETT 1T &£ AOGEI AET ¢ OOAO
the interaction paradigm of an embodied agert increasal the usertrust for that agent [21]

At the beginning and end of each script, the robot would make an edit point in the
inter nal camera. Thisseparatedthe individual interactions inside the robot, effectively
pre-editing the footage. The start and stop of a segment is th most basic form of editing.
The first script we will discuss is the command based scrip{each new line represents a
DPAOOA ET OEA OILEAA AAOI 060 OPAAAEQ

I need help
If you can help me
Press the green button on the  side of my head

This was the first thing a user would hear when interacting with the robot. This
messageplayed when the passive infrared sensor detected body heat, or when a button
was pressed.This phrasing wasimportant because it had to be short andhad to draw the
user in. Thefirstline O) 1 AAA E Ad ti2 diserfihatBhe ©ofineededtheir
assistance By asking for help, the robot made it appear that it neededa user and wasot
simply an autonomous device.The second and third lines madeit clear that the user was
empowered to help the robot, and by pressing the green button they acknowledgd that
they cando something help the robot. It also provided a signal to the system that the
personwhom the PIR detected may be willing to interact. This phrase alsointroduced the
O1 AT 060 1 AT cOACAh OOET ¢ Odadtdantdrdpdmohizé Be 4 E A
interaction, making it seem like the robot wasself aware.

Can you pick me up?

This question wasmore important than it may first appear. On a practical note,
the robot was short and neededto be brought up to eye level in order to conduct an
interview. More importantly , picking up the robot was a deliberate actionwhich the user
must perform th at shows the systemsustainedinteraction. The act of pcking up the robot
took more effort than pressing a button, hencerepresented a greater levkeof user-robot
interaction. It also createdmore of a physial connection with the user. The robot usedits
sensors to detect when he user picked up the robot and continuedits interaction after
that point.
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Can you put me on a table?

The robot neededto be put somewhere where it couldinterview the user. The
sensors on the robot deteced when the robot wasplaced on a surfaceand continued its
interaction after that point.

Please make sure your eyes are level with my eyes so | can see you.

Since the camerawas 1T OT OAA ET OEA Oddbbmékédreh& Ah xA T AAA
users eyes werdevel with the robot & so it could get a good view.It also made it seem like
the robot wasable to see the userfurther anthropomorphizing the interaction.

Please step back a little, so | can see you better

We further position ed the user for optimal capture, if the robot sensel the user
wastoo close, it told them to move back. The robot repeated this phrase until the user
moved further than 0.8 meters from the robot (detected by an ultrasonic distance sensor)
When the user movedto the correct distance, the interaction continued.

| am going to ask you some questions
When you are finished speaking
Press the green button

If you would like to hear me again

Press the red button

This blurb prepped the user for the interview section of the interaction. It
informed t he userthat it would be asking them questionsand instructed them how to
interact withtherobot. ) & A1 01 1T AAA EO Al AAO OEA O AT & AT O1 A
request. It was found that userssometimes needed to be promptedagain to complete the
interaction properly.
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How are you?
What 6s your name?

Wher e are you from?

These questions were asked to establish an initial interaction with the user and to
make sure theyunderstood the red and greed button input paradigm. Asking the userhow
they were wasa normal way to start a conversation. We also wanted to capture their name
and where they were from so we could potentially ask theuser questions at a later date.

Why are you here?

This was a very broad question which could be responded to in severalays. t
AT 01 A AA ET OAOPOAOGAA AO OxEU AOAkomgthitgsied OEA AOA/
asOx ADDA U1 6 ET OEEO OOAOGA68 +AAPEI C OEA NOAOOEI I
information the user was mostlikely to share.

What do you think ab out the lab?

Our initial tests were conducted within the Media Lab. We wanted to see what the
user would tell us about the lab. We could then see how this changed based on other
parameters.

Can you take me to your favorite place?

When we are there pres s the green button.

Since one of the system goals was to move the robdiy leveraging human
mobility, we integrated this action into a question. This also allowed the robot to capture
more footage of the area for the documentary.

41



Can you tell me about th  is place?

This question was asked in order to elicit a story out of the user. We wanted them
to either tell the robot a personal story about the area or tell it about what was currently
happening.

Thank you for answering my questions
If there is someone else | can talk to
Bring me to them then press the green button

Otherwise press the red button and put me back down

This gives the user an option, either bring the robot to a friend to continue
interaction or the release the robot bad. Either way, the robot would roam through a new
area since we asked the user to bring the robot somewhere interesting-his ends the first
script.

The second script was conceived apseudo two-way communication. We also
added more personality to the roba, trying not to issue commands. We used lessons
learned from the first script and incorporated them into the second.

| need help
If you can help me

Press the green button on the side of my head

Same start as the last script, kept for its succinct naire and successful testing.

H! My nameds Boxie, | 0mafnrdom O6tmh enaMe dniga aLartovi e abc
MIT! This movie will be featured on the Media Lab website.

On the side of my head are buttons so you can give me instructions. If you would
like to be part of the movie, press the green button. If you want me to go away,
press the red button.
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This section differs greatly from the previous script. First, the robds name was
introduced, creating a connection with the user. It also gave the users a name to call the
robot during interaction if they wanted to address it. The robot then explained where it
wasfrom and what it wasdoing. This lowered suspicions that therobot may be a harmful
agent. It also motivated the user to interact with the robot further. It then explained what
it will be doing with the movie it wasmaking, thus completely notifying the user of its
intentions. It then went on to explain the button input paradigm and explained the
currentoptionstotheuser.4 EA OOAO OEAT EAA A Al AAO AET EAAR Al
movie, or command the robot to move along. This was an important step to give the user
empowerment over the robot. We discovered from the first simple script, that the users
xI O A AA xAOU 1T £ OEA O1 AT 660 ET OAT OET 10O AT A xAT(
AAOEOAA8 "U OPAITEIC 100 OEA OI AT 680 cCi Al Oh xA 1/
happen and why the robot was there.If the user decides tocontinue, they move on to the
next section.

Awesome!W e dr e going to have so much fun!

| &m really short, c bleorhlolmesolucanseegoud n a t a

We acknowledgeal that the user wishes to continue by assuring them that
continued interaction will be fun. This was important as it establishedtwo-way
communication, a direct response to the button press indicating a continuing interaction.

We implemented OO1 AT 1 OAl E6 /Al O Adithafid, tHal tieirohdt wolld T OAOOAOE |
use predictableresponsesthat the user might expect from the conversation. These
DOAAE Arekdol AMGBN 116 OAODPI T OAO AOA AiliiiT1T ET 00000~

conversation [22-23]. We then asked the user to pick up the robot. We learned from the

DOAOGET 6O OAOEDPO OEAO Oi i A OOAOO x1 OI A CEOA OB E/
even with other places such as bookshelves to place the robot upon. Thefore, we

expanded the optionsto placing the robot on a table or holding it. We also informed the

user why they were picking the robot up. The robot self-described itself as short and told

the user it needed to see them, so if the user could not find a table or hold the robot they

would understand the intent of the instruction. Indeed, in testi ng, some people opted to

squat, kneel or lay down with the robot in order to be on its level.

That 6s bet tGamyounakeasureysur eyes are level with mine?

I need to see you well so | can put you in my movie.
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We then thanked the user for their effort and made it seem like it was a relief to
the robot. The robot then askedthe userto position their eyes level with the camera We
then explained that this wasto see them properly for the movie. Again, making it very
clear whatthe intention of this action was and providing a two-way interaction,

Youdre too cl ose, itds hard to see you and itds

Can you move back a bit please?

If the sensor detected the user as too close to the camera, we asked them to move
back. Here we used humor as a method to encourage compliancéfter the user moves to
the specified distance, the interaction continues. It was ensured at this point that the
robot had a clear view of the person.

| am going to start asking you some questions to put in my movie.

Let me know when you are done talking by pressing the green button on the
side of my head.

I f you dondét understand me, wdblwillcayitagaim ess t he r ¢
*clears throat*

What ds your name?

This is where the interviewing session beganThe robot reminded the user that the
questions they were about to be asked would be in the roba movie. The robot also
reminded the user of the interaction paradigm involving the button input. The tests with
the first script showed that there was confusion if the instructions were only given once as
a command. The conversational methodemployed here reinforced the instructions given
earlier. The clearing of the throat sound added a bit of comic relief to the serious series of
instructions. It also served as a mechanism to break up the question from the instructions.
The robot then proceeded to ask the user their name, waiting for the green button tobe
pressed.

I &m trying to see what everyone doatsoudor ound her e
here?
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4EEO NOAOOETT O OEI xO A OEAODP Ai 1 OOAOO &EOIiT O
guestion. Therobot first statedwhy it is about to ask the proceeding question, then asks
it. This gavethe user some background as to why what they are about to answes
important. It also motivated the user to give more in-depth answers. The question was
made more specific, askingfDx EAO UI O Al EAOAGAOAOCEAOADEALI EBRENI
a strategy to attempt to get the user to provide an indepth answer to the question.

Neat! What other things would you like to tell people about yourself?

The robot answersOEA 1 AOO RN OA O 6This $howedEhd Eserdhat e A A O A
robot waslistening and that their answers were important. This question gave the user an
opportunity to tell the robot broad and unspecified thing about themselves.

That 6s r ealdldy Iciokoel 't o t akcanya thke meksonsewhere n d
inte resting?

Press the green button when we are there so | know to start paying attention,
you can tell me about things on the way.

The robot showed its appreciation for the last responsebefore asking the user to

perform another action. This question difeO 0 £0T I OBAR OCOAOBA AADT OEOA bl A
twasA 1 EQOOI A 11T OA AOI AAh AOEEIT ¢ OEAThiddwh@ O OAEA

assume the user had a favorite placeout rather AT O1 A Z£ET A OI I AxEAOA OET OAC
robot also remindedtheusA O 01T DHOAOO OEA COAAT AOOOIT O1 EO A

This was to inform the user that they need to remember to press the button or the robot
may ignore them. It also informed the user that they could talk along the way, thereby
reminding them that the robot would still be recording.

Wo w, good choi ce, this place is neat, |l dd | ove t
What goes on here ? Can you show me around?

Press the green button to | et me know when weodr e

45



We rewarded the userfor bringing the robot to somewhere new andreminded the
OO0AO OEAO EO x1 OIA AA ET OEA OI AT 060 i1 OEA8 4EA
for the user to describe what was going in there, acting like a reporterThe questions also
imply that the u ser should hold the robot and move it around. Another reminder about
the green button was given.

That was a Il right, but | think my movie needs something really special. Do you
know any cool dance moves?

I 81 |  pretmusicrso ysu can rock out.

Move far back from me so |I dondét get hit by your
|l &m only going to play it for 30 seconds, so dar
(pause)

Push the green button to continue.

It was decided that the robot should try to get the user to do something that they
would not ordinarily do. If they complete this action, we would know that they had
completely followed the robotd O  Cli wadfadind that dancing for the robot would fulfill
these requirements.Dancing was something that would not ordinarily be done in the
places the robot traveled. Dancingwasalso a personal activity that has the possible
outcome of being embarrassing.Dancing also made for interesting video footage First we
told the user that what they had done before was ok, but what they were about to dmext
would be really special. We asked the user to make sure they are far away from the robot,
O0i OEAU AiT160 EEO EO AT A O OEAU AOA Z£AO Al1OCE
entire body. We also informed the user that they would only have to dancefor 30 seconds.

Here we go!
(pause)

*music*

The robot waits for a bit, encourages the user, waits some more then begins
playing music.
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Wow, that was AWESOME! Youdve been great, thanks so much
out with my movie! Can you tell me your e -mail address so | can keep you
updated about the movie?

We make sure that wethanked the person for their hard dance work. The robot
then asked the user for an email address for possible contact later.

Thanks, You can set me down and press the red butto  n so | can roll around and
find more interesting things to film, or ~ you can give me to a friend and press the
green button so | can talk with them. Thanks again, youdre the best

This is much like the end of the first script, asking the user to give the robot to a
friend or put it down. We thank the user and end the interaction.

a7
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Chapter 4

System Design

4.1Mechanical Design

4.1.10verall Mechanical Considerations

The mechanical design and interaction design were closely tied. The success of the

Ol AT 660 ET OAOAAOETT xAO AT 1T OET CAT O 11 The xAl 1

weight of the robot was constrained by the interaction, since we would be asking users to
pick up and carry the robot. Lower weight also allowed themotors to work more

efficiently, which saved power consumption ard allowed to robot to rove for longer
periods of time. We based our weight goal on the weight of eheavy laptop, approximately
7 pounds. To achieve thiswe considered the heaviest parts of the robot, those parts being
the chassis, casing and batteryin the design of the chassis and shell, we focused on
finding the lightest and most robust material th at would still be aesthetically pleasing.
Size was also considered an important factor. We did not want ito be so small that it
would lose itself under materials in the environment and we did not want it so big that
carrying it around would be unwieldy. The size of a large cat was chosen as one that would
fit with these requirements.
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Users wereanxious to pick up a robot that looks fragile. If they are afraid that their
interaction will harm the robot, they are less likely to carry out those interactions.
Furthermore, since the robot was released unattended, thee was a high possibility that
the robot would be in situations where it would be put under stress. Someof these
situations included being dropped after being picked up orhaving something fall on the
robot. Because of this, robustness and reparability of components was taken under
consideration. If a user interacts with a device and finds it to be poorly madeor not
robust, they lose confidence in the system and are less likely to continue interetion.

4.1.2Chassis

The chassis includes the treads and &se plate thatsupports the robot. We decided
to use treads in lieu of wheet because they are more robust, easily climb over obstacles
and provide a flat surface for a user to hold the robot by The treads, motors, sprockets
idlers and tread panelswere acquiredfrom Lynxmotion, a company specializing in
components for small robots. The treads weremade from interlinking pads and had a
width of 2 inches and a pich of 1.07 inches. The pads wermolded from polypropylene
and rubber which had a Shore A hardness of 450roviding a very wear resistant surface.
Twenty one pads link together using twenty oneDelrin rods which slide between the
interlocking hinges of the pads to create a pivot point.Since Delrin is a selflubricating
polymer, we did not have to worry about excess friction or greasing the jointsEach rod
washeld into place by two black nylon snap rivets(seeFigure 4.1). Fully assembled each
track had a linear length of approximately 23 inches (with slack from the hinge points).
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Nylon Rivet

Rubber Tread

Figure 4.1 Close-up of assembled track

The drive system wascompletely contained within each tread mechanism. The
robot moved by the skid steer method. Skid steer uses the differential speed of each tread
to steer, i.e. if the robot wanted to turn left it would slow down the IA EO OOAAA Ol
tread and turn left. Since the robot used skid steer, there were no complex steering
mechanisms required. This kept weight and possibleoints of failure to a minimum. The
tread waswrapped around three sprockets andsix nylon idlers. The top sprocketin the
triangular tread systemwasthe drive sprocket, which wasdirectly coupled to the gear
motor. The other two sprockets acted asidlers; they were connected to the chassis with
roller ball bearings. These idlers hal teeth to engage with the tread and keepit tracking
properly. Six nylon idlers provided extra support, however these didnot engagethe tread.
There weresix hex standoffswhich coupled together the two laser cut acrylic sde panels.
These side panels were what heldhe mechanism together and providedmounting points
for the base plate.The bearings from the sprocketidlers and the hex standoffs wentto the
side paneland the hex standoffs weresecured with hex head screws. The hex standoffs
provided the support for the panels which in turn provide support for the components.
Figure 4.2 illustrates the drive system with the front plate removed.
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Figure 4.2: Side view of tread drive system internals , showing individual
components (note: front plate is removed in order to see internals)

The base plateprovided the structural support for the robot. The mechanical stress
of the robot in operation was transmitted t o this plate. The plate consistedof two laser cut
acrylic panels.The panels were designed in SolidWorks anatonverted to 2D CAD
drawings (seeFigure 4.3). The panels werefastened to the treads by wayof rectangular
aluminum bar s with holes tapped in them. The top panelwasthen connected to the
bottom panel by way of hex standoffs. Each base plate also héright angle clips mounted
on their periphery. These clips allowed theshell to be mounted to the chassis.This
interconnection of components made for a stiff and sturdy base for the rest of the robot to
be built off of. Figure 4.4 shows a closeup view of the attachment points. Figure 4.5 shows
a top view of a fully assembled chags (less the electronics).
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Figure 4.3: SolidWorks drawing of plate , later converted into a 2D rendering

Screw

Base Plate

Hex Standoff

Aluminum Bar

Figure 4.4: Rear close-up view of base plate attachment points.
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Figure 4.5: Top view of r obot treads and base plate showing fully —assembled chassis.

The base plate also hosedthe accelerometer, power regulator, audio amplifier
and battery. The accelerometerwas mounted on the base plate because of its rigidity and
its close coupling to the drive system. The battery was placed hert lower the center of
gravity of the robot which made it more stable. Figure 4.6 shows the components
mounted on the base plate.
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Figure 4.6: Battery, power regulator and audio amp mounted on the base plate . The
accelerometer is located on the opposite side (not pictured).

4.1.3Shell

The construction of the shell of the robot was one of castant evolution. This was
due to the fact that the mechanical design of the shell and the interaction design of the
robot were closely tied (see sectiorB.1.3For design considerations). However, since the
minimal size of the head was contingent upon the components that needed to be put
inside, the first step was to determine the minimal dimensions. The minimal dimension
was determined by the largest component inthe head, the camera.The dimensions of the
camera were 3.94 inches high by 1.97 wide by 0.66 inches de&ince the lens of the
cameraneeded tooeET OEA AAT OAO 1T £ OEA OI ATl @0 AUAR
position of and model the camera into ahead which fit both our design specifications and
the specifications of the camera(seeFigure 4.7).
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Figure 4.7: Transparent model close-up of camera mounte d behind eye socket. The
height of the camera informed the minimal height of the head.

After having this rough head design, we considered the other components which
would have to be mountedin the shell. The components in the shell included two push
buttons, the control pand, an ultrasonic distance sensor, a passive infrared sensan
infrared distance sensor, ad a speaket

The head housel the camera, control plate, ultrasonic distance sensor, and push
buttons. The control panel had the microprocessor,mp3 player, wifi tr ansceiver and
power bus (including a fuse and main power cutoff) on it. It was decided that the buttons
would be put on the sides of the head. Each button (one red and one greenyasput on
one side behind a superficial ear. The ears added another element of anthropomorphism
and also protected the buttons from accidental pressesHoles for the buttons were laser
cut along with the panels and the buttons were held in by a retaining ring from the inside.
In this way, the button tops were flush with the side of the robot. The camera was
i T 01 OAA AU AT-20ischelv idlgita slAt inAhé base of the head into the
AAi AOAGO OOEDI A i1 O1 08 4EEO atathedwkild #ill BiEgA AAiI AOA
adjustable. It was important that the camera was securely mounted to avoid it shifting
when the robot was handled.The ultrasonic sensor needed a clear view of théerrain
ahead to properly path-plan. The best place to mount the sensorwhich did not interrupt
the aesthetic qualities of the head, was in the center of thedther eye.This was also an
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optimal location to measure the distance to the user during video capture.The control
panel rested on the bottom of the head with wires snaking through an opening into the
base of the robot. The back of the head had hole cut in it covered with a panel and
attached with Velcro. This allowed for us to gain easy access in order tadownload the
video from the robot, update the sound files, turn the robot on and off and perform
maintenance. Figure 4.8 shows the mounting positions of the major components in the
head.

L
x

\ : 1) 7 ~ -
- 4 A Ultrasonic Sensor
Control Panel - /

.\

Figure 4.8: Transparent view of head showing mounting positions of major
components.

On the front of the base of the shell, a plurality of devices vere attached. These
devicesincluded a passive infrared sensorhencean infrared distance sensor, and a
speaker.The PIR sensor itself had a wide field of view, this woulgroduce errorsif the
sensor saw something outside its designated sensing radius. To narrow down the sensing
field of the device, it was mounted recessed in the base of the shell. By doingis, the head
would block errant heat signals from above and thesides of the recessed hole would
narrow the detection radius. It was essential to keep false body haaeadingsto a
minimum to increase the efficiency of the person finding algorithms. The mounting of the
IR distance sensor also required care. It was essential that this sensor see both a portion of
what was ahead and the ground below the robot. Therefore, the semms was mounted at
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such an angle that it would see approximately 4 inches past the tip of the tread¢see
Figure 4.9). This was done by mounting the sensor and testiig the detection range
while making the appropriate adjustments.

Figure 4.9: IR distance sensor shown tilted.

The compact oval dynamicspeaker needed to be mounted inside the shell for
protection, however since the sound needed to be projected forward, a grille was cut in
the shell. The speaker was mounted firmlywith four screws, which was needed in order to
get the greatest sound ampliude from the resonanceof the box. The speaker had to be
mounted facing forward to make it appear as if the sound of the robot was coming from
the side that had its mouth. Figure 4.10shows the major components in the base of the
shell.

PIR Sensor

- IR Distance Sensor

_II
I

Figure 4.10 Transparent front view of robot base showing major ~ components.

Speaker
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After choosing the final shell appearancein the interaction design phaseand
knowing where all the internal devices would be mounted, prototypes were produced. The
intended final shell was made out of translucent white acrylic. The laser cutacrylic panels
were held together by right angle clips and hex head screwgseeFigure 4.1). However, as
discussed in section3.1.3this design was foundto not be pleasing. The material did not
I1TTE OFEOEAT Al U6 AT A OEA OAOAxO AiITTAAOAA OI

aesthetically pleasing.
Right Angle Clip

O
m;

Figure 4.11 Transparent view of head showing right angle clip positions.

It was then realized that the cardboard construction we had beenprototyping with
was very pleasing and had a familiar and friendlyfeel to it. At that point it was decided to
investigate techniquesto fabricate a robot shell out of cardboard.

The first and most obvious place to look for robust construction with cardboard
was in box design.Corrugated cardboard boxes aresurprisingly robust. A quick survey of
boxes around the lab showed that small boxes could hold in excess of 60 pounds and had
a crush strength in excess of 100 pound&4ost boxes are assembled by cutting slots out of
cardboard creating flaps which get glued back ontathe box (seeFigure 2.1).
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Figure 4.12 Typical cardboard box construction [24].

To convert our previous prototypes into sturdy boxes, tabs were extended from the
perimeter plates. The tabs were made slightly longethan necessaryto accommodate
bend radius when the tab was folded over(seeFigure 4.13. Each tab folded over onto a
plate with no tabs and wasglued there. Different adhesiveswere investigatedincluding
wet mount kraft packing tape and VHB pressure sensitive adhesive by 3Mfter several
strength tests it wasconcluded that the easiest and most reliable bond between the
cardboard flaps and the plate was high temperature hot glue.The cardooard material
would fail before the hot glue, indicating that the bond was stronger than the material.
Hot glue also allowed for a fav seconds of working time before the bond was permanent.
This was important to allow for slight adjustments in fit.
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Figure 4.13 Tab design in SolidWorks.

After final CAD designs werecompleted, the panels were fabricated. We used
cardboard sheets which were cut in a laser cutterWe chose200#/ECT-32 corrugated,with
C flute. The strength of this cardboard is high with a high edge crush test number. The C
type flutes were compact enough to allav for easy and clean bending of the material. This
particular cardboard cut cleanly with the laser cutter with minimal smoke. To laser cut the
SolidWorks designs, wepanelized them into dxf files and opened in Corel Draw. Corel
Draw is the software packageused to layout and print on the laser cutter. The panels were
then cut and verified by dry fitting (see Figure 4.14.
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Figure 4.14 Laser cut robot pieces.

62



After dry fitting the components to check for fit , the panels were assembled into
their modules. All the modules which required glue were assembled first. The modules
that were attached with screwswere assembledater. Figure 4.15shows a fully assembled
head module. Notice the tabs attached to a central plate. Tha&lesign shown in this picture
is nut full assembled, the tabs on the side attach to a plate beneath creating a box.

Figure 4.15 Assembled head module .

The final assembly was extremely robust- in fact it was found to be stronger than
the acrylic base plate, since the cardboard was able to recover from impactFigure 4.16
shows a piece of the base plate broken off fronan impact. The right angle clip was
attached to the cardboard shell. Note thatthe shell was unharmed while the base plate
shattered.
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Figure 4.16 Broken attachment point from base plate.

Figure 4.17shows the final robot mechanical assembly.

Figure 4.17 Fully assembled robot.
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4.2 Electrical Design

4.2.1Electrical System Block Diagram

Analog Sensors

Accelerometer
X

Accelerometer
X

Accelerometer
Y

Accelerometer

Z

Wifi Transceiver H Bridge
IR Distance 7y
Sensor R v

Microcontroller R Camera
> A
A 4

MP3 Control Board R Audio Amplifier
Digital Sensors >

PIR Sensor rl

Speaker >

Red Button

Green Button

Figure 4.18 Electrical system block diagram.
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4.2.2Logic

The main microcontroller chosen for the robot was the ATMegal28drom Atmel,
on the Arduino Mega development board. This board was chosen for its proven hardware
design and the features available on thATMegal280The ATMegal28ds an 8 bit RISC
architecture microcontroller , which is capable of up to 16 MIPS at 18IHz. [25]. The
Il OAOETT -ACA EAO T ATU T &£ OEA 162 1T EAOTATTOOTI1AC
onboard USB to serial circuit and power regulation.This robust hardware allowed the
development of the robot tO progress quickly. The pins broken out included PWM
channels,four UART modules, dozens of digital /0 and sixteen analog inputs(seeFigure
4.19. Since the robot would be using aplurality of sensors and several devices requiring
bi-directional serial control, the large number or UARTs and analog inputs were needed.
The board also included aboot loader supporting the gcc library, which allowed us to
write standard C code and easily write API libraries for thevarious peripherals on the
robot (see section4.3.1for more information) .

HADE I

ITALY

Power Regulation  §Tgle (8581 My H¢]3

vuu.arduino.cc

 POLIER ,—ANALOG IN
UGNOUIN ® o &M v 1D 0 N

Figure 4.19 Arduino Mega Development Board

4.2.3Sensing

The sensors for the robot were carefully chosen to be robust and loveost. We
wanted to be able to sense althat was needed to acquireand engage witha human in a
minimal way. The sensors chosen for implementation included a three axis accelerometer,
infrared distance sensor, ultrasonic distance sensor and a passive infrared sensor.

The robot needed to sense tlings such as obstacles, being picked up ancbugh
handling. This wasdone in two ways; one of the methods was leveraginghternal sensing.
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This was accomplished with a three axisaccelerometer. As low cost andreliability were
concerns, the MMA7260Q3 three axis accelerometegvaluation-board from Freescale
semiconductor was chosen.The sensor features a low power shut down mode and a high
sensitivity output with selectable ranges(+1.5, 2, 4, and 6g)26]. The output is radiometric
basead on a 3.3 volt power supply.The device was filtered through 1k resistors and 0.1uF
capacitors, this filtered out the excess noise from the sensor. Theensor was also hard
wired at 6g sensitivity, since the robot would need to measure full rarge. The sensor was
firmly affixed to the base plate to get the best readinggseeFigure 4.20). Figure 4.20 also
shows the interconnect method employed internally. Custom connectors were made from
is8Yyo OPAAAA EAAAAO xEEAE | AOAA xEOE ZAT A1l A EAAA]
these connections were then glued to keep them in plae. This allowed for reliable and
organized internal wiring.

Figure 4.20: Accelerometer board mounted onto base plate.

The robot needed to know when it was approaching a dropoff point (such as a set
of stairs or a table edge) and when it was being picked upro sense these conditions, a
Sharp GP2Y0A21YKfrared distance sensor was employedThe sensor usedriangulation
calculations with IR light and produces an analog voltage o8.1V at 10cm to 0.4V at 80cm
[27]. The front of the sensor contains an infrared emitter and receiverwhich needed a
clear view of the ground (seeFigure 4.2). The sensor needed to be mounted at an angle
which put the sensing plane about 23 inches in front of the tip of the treads. This would
allow the robot to sense a faltoff condition with time to stop (see Figure 4.22). This angle
also allowed the robot to tell when it was picked up orplaced back down. This was done
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by determining if the robot was moving, if it was not and the distance to the floor
changed, it could beinferred that the robot was picked up. If after this state the distance
one againnormalized, it could be inferred that the robot was put on a surface.Care had to
be taken with this sensor as its input was inherently noisy and had to be filtered in
software.

Lens

Figure 4.21 Front view of infrared distance sensor.

Sensing Plane

Figure 4.22 Sensing plane of the infrared distance sensor.
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For overall navigation and obstacle avoidance, an ultrasonic distance sensor was
used. TheXL-MaxSonarEZOfrom Maxbotics was chosen for its high stability and high
acoustic output. The sensor had a 100mS (10 Hz) refresh raamd a 25 foot rangewith a
calibrated beam angleof 30 degrees. It also featured auto calibration on the fly and
support for zero range detection. The output of the device could be RS232, PWM and
analog voltage with the distance determined by(Vcc/1024) / cm[28]. This high stability
and accurate ranging allowed for simple and effective navigation algorithmsThe module
was small with a low current draw, which allowed it to be placed in the head of therobot
(seeFigure 4.23). The eye was chosen as the best mounting place since it would allow the
sensor to have an unobstructed view of the area in frot of it (see Figure 4.24). This
i 71061 0ET ¢ Ai1 AZECOOAOGEIT xAO Al O EAAAI thei OAT OA
user wastoo close, the robot would ask them to back away to get a better shot with the
camera.

Figure 4.23 Ultrasonic range finder.

Figure 4.24: Rendering of the ultrasonic rangefinder mounted behind an eye.
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The robot needed tosensethe presence of people in order to interact with them.
To accomplish this, a passive infraredsensorwas employed todetect body heat. The

OAT 01 O AET OAT xAO : EIl i-@fdngAifylk-bdard colmEBETheE O A

board features a Z8 Encore! XP MCU and Murata passive infrared (PIR) sensaorThe
sensoris shielded by a Fresnel lengseeFigure 4.25). The Z8 MCU performs statistical
processingmethods in order to produce reliable person detection signals.The module has
a2.7-3.6VDC operating voltagewith a typical current draw of 8.9mA. The sensor features
a 5 by 5 meter 60 degree detection pattar. The dynamic PIR sensor stabilization
minimizes power-on time and increases accuracy while being temperature stable. The
module is configured through asynchronous rs-232 serialat 9600 baud (8N-1)for further
configuration options [29]. This module wasmounted on the front of the robot, with its
view angle restricted to reduce fake positives.

~ ZDOTS®SBC ©
3201888

Lens

Processor

Figure 4.25 Close-up of ePIR passive infrared sensor.

4.2.4Camera

The most important input capture device of the robot is the camera. The camera
recorded both high-definition 720p video and audio of the interactions. It was also what
provided the footage for the end product of the robot, the video. There are many large and
expensive development kits for HD camera modules on the market. However, we took a
different approach and choseto modify an existing camera module. Thecamerawe chose
was the Mino HD camera from Flip Video (owned by Cisco). The camera featurel a high
guality cameramodule, memory and battery life supporting 2 hours of video capture and
integrated microphones (seeFigure 4.26).
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Lens Microphone

flip

Figure 4.26: The flip cam Mino HD.

In order to leverage the power of this camera, we needed to connect to its control
board. To do this we soldered wires to test pads found on the main board. These test
points provided logic level access to the record buton, the power button, USB power and
USB data lines (sed-igure 4.27). Wires were soldered to these lines and interfaced directly
to the digital ports on the microcontroller. The USB data and power lines were broken out
to a USB cable in order to facilitate the download of video data.

< Record

+ Voltage

USB Data Lines

Figure 4.27: Flip cam control board, showing test point connections.
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