Evaluation of
the interactive robots

Interdisciplinary research approach
to developing interactive humanoid robots

A performance driven implementation
incremental development
necessity of milestones

Robotics

Development

Hypothesis verification
by using a robot as a
testbed

Hypotheses for brain

Determine the brain activity functions

Understanding interaction
Robot-human comparison

Knowledge for robot development

Cognitive science / Psychology Neuroscience

Evaluation




How can we evaluate
the interactive robot?

1. Multiple incomplete tasks
2. Importance of subjective impression
3. How long can we keep interacting

mp New evaluation criteria

Evaluation

Short-term experiments for
subjective and objective evaluations




Robotics

Development based on
a constructive approach

Testbed Testbed
Knowledge Milestones

Cognitive science

Psychology Neuroscience

Psychological Evaluation
Passive:

The robot waits until a subject interacts. When the subject touches the robot, it exhibits
one of the friendly behaviors. Then it waits again.
Active:

The robot asks interaction to a subject and continues the friendly behaviors while the
subject reacts to the behaviors.
Complex:

In addition to the Active pattern, it sometimes exhibits Idling and Daily work (move around)
behaviors instead of waiting.
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Psychological Evaluation: Factor Analysis
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Evaluation

*

Activity

Sociality . ' Potency

Limitation of SD method ...

Mutual Entrained Gestures in Human-Robot Communications

T. Ono, M. Imai, H. Ishiguro, A model of embodied communications with gestures between
humans and robots, Proc. 23th Annual Meeting of the Cognitive Science Society, pp. 732-737, 2001.
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Mutual Entrained Gestures in Human-Robot Communications

Hypothesis 1:

Rich robot behaviors induce
various human communicative
gestures

Hypothesis 2:

Humans can understand better
with the robot gestures

Evaluation by variations 0%

% of gesture tokens
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of human gestures c-1 -2 03 (-4 b (-6
Condition
-1 C2 | C3 | C4 | C5 | C-b
Time to destination | 6935 [ 713 [ 677 | 702 | 668 | 654
Number of subject | 2 2 0 0 0
not arriving

Limitations of psychological evaluation

Evaluation by SD Method
: Difficulties of controlled experimentations using

complicated robots

Evaluation based on behaviors of subjects
) Difficulties for identifying the factors
Poor human behavior and personal habits

&

Direct evaluation by measuring brain activities




Precise measurement of Gestures using VICON
Pattern recognition techniques for psychological study

Experimental

setup

» Settings
— Subject: 26 university students
— Freely interacted with it. 10 min.
— Instruction for interaction

Attachment of arkers

* Evaluation

— Body movement

« Motion capturing system

e High-resolution 120Hz, 10mm
— Subjective evaluation

¢ Questionnaire

Captured data
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Environment

7.5m > 10m room (with 12 cameras)

A scene from the experiment

Data from the motion capturing system




Analysis of body movements

° Eye contact (correspondence of each head orientation)

Analysis of body movements

» Synchronized arm movements
(correlation of hand position during 3 seconds)




Results for body movements

* We analyzed each 10 min of captured data

Smaller distance than

Mean Std. Dev.

= human-human
DIStance (m) 0547 0103 Communication
Eye contact (sec.) 328 61.8| (More than 1.2 m during
Eye height (m) 155 0.124| human-human talk)
Distance moved (m) 35.2 17.0 They made eye-contact
Dist. moved by hands (m) 108 29.5| more _than half of 10 min
Sync. movements (sec.) 7.95 6.58 experiment
Touch (num. of times) 54.9 20.8] Some of subjects imitate

robot’s arm movement

Subjective evaluation

» Using adjective pairs SD Mean | Std. Dev.
method Good 4.88 0.95
« Average of 5 adjective Kind 485 129
ai rs Pretty 5.08 0.93
p . . EXCiting 4.46 1.61
» Correlation with body Likable 477 1.03
movements score 4.81 0.92
What do you think about this robot?
Please rate each adjective pair on the scale:
1 2 3 4 5 6 7
Little | | | | | | | Much




Correlation of body movements
with subjective evaluation

» With Evaluation score:

Eye contact, synchronized
movements

« Among body movements:
Synchronized movements-Distance
moved by hands 0.61), etc.

<> Distance moved by hands -
Evaluation score 0.01

Correlation Eval.
Dist. -0.04
Eye Contact 0.57
Eye height 0.08
Dist. Moved -0.32
Dist. moved hand 0.01
Synchronized 0.54
Touch 0.21

Multiple linear regression analysis

» Estimation of subjective evaluation

with body movements
» 59% was explained

7

Coefficients

Estimated score Dist. 0.173
R Eye contact 0.476

6 4 Eye height 0.019
5 e —2 ‘/ hd Dist. moved -0.228
4 * . /, * Dist. moved hand| -0.029
/T Synchronized 0.535
Touch -0.186

Observed score
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Analysis of human-robot
Interaction with body movement

» Comparison of subjective evaluation and body movements
— We find how body movement correlate with the subjective evaluation

Analysis of Human-Robot interaction with body
movement

It enables dynamic evaluation
Even estimation can be useful

Example of Application
Estimation of momentary evaluation (dynamic evaluation)
Evaluation of each behavior of robot

E(t) =y, ¢ DIST (t)+a,, ® EC(t) + oy, ® EH (t) + a4, ® DM (1)

|\/| omenta ry + jdmh e DMH (1) + @, ® SM (t) + @y * TOUCH (1) + crpyr

] 0 Exggrcised with thé robot
evaluation s ”
10 1 R
* Apply the regressionto j WNW T f—
—E(t)
s < >
Talked with keeping eye contact
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20

Upper: The subject who
mentioned “I nearly regard 157

it as a innocent child.” 10
- 5 JAYE.\ — S
Lower: The subject who - — e
became embarrassed 0 Uy SR R
51—

Toglcoh many times Hide its eye, touch, ...




Psychology

(collaborative works with  Prof. Hiraki, Tokyo Univ.)

Eva| u at| on ID Contents Eval.
. . TICKLE Tickle -2.09
of its behavior  [soocze [Aelogee 196
Say, ~"I'm busy" and
NOT TURN refuse to play together -0.51
Average of every subject’s [SLEER POSE__ A Pose o skeepng -042
momentary evaluation ~ SToMActActe|Apose STbeRe BV EY | 032
during eac>t/1 module Worst 5 situated modules
Better modules ID Contents Eval.
. . Exerci
- Humans tend to imitate its EXERCISE xereise : .75
movement Ask humans, "May | sing a
— Ask for humans’ answer ASK SING ionf? —— | 559
ose imitating a musical
CONDUCTOR [conductor 4.85
Entrain to its interaction Ask humans, “Where are you
. WHERE FROM [from?" 455
— Physically LET'S PLAY |Say, "Let's play, touch me™ 4.24
— Contextually -
Best 5 situated modules
Robotics
Development based on
a constructive approach
Testbed Testbed
Knowledge Milestones
Cognitive science :
Neuroscience
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How dose a human recognize the robot
A primary experimentation
by opto-topography

» Dose the opto-topography measures activities
of mirror systems activated by both of action
and observation?

» Explain the reality of a robot based on
activities of the mirror systems.
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How does the human
feel a robot?

We have observed activations in identical areas (motor area)
under three conditions, Real human, Real robot and Execution.

— Mirror systems
The order of active conditions are
Execution>Real human>Real robot>Video human>Video robot

There is an area that is activated by Real robot and not by Video
human.

— Human feels reality for existence

Principle of NIRS

* Near Infra-Red Spectroscopy

— Measurement of the change of quantity of hemoglobin by
near infrared rays

— Oxy and deoxy-hemoglobins have different absorption
rates Irradiation Detection

Spectrum of hemoglobin
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Subjects and probe positions

17 students
M7 F10 AVE 22.9

Detection

Process of the experimentation

Dlsplay of Stimuli

A human lifting a toy (Real human)

A robot lifting a toy (Real robot)

A human lifting a toy in video (Video human)

A robot lifting a toy in video (Video robot)

Pre-rest (8 sec.) - Task(10 sec.) - Post-rest (8 sec.)

— Iterate 3 times for each stimulus and display 12 times

The Subject do the task (Execution)

AN e
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Data analysis

« Significance of the signal
— Comparison between “rest” and “task”

— If oxy-hemoglobin increases during “task™, it is
recognized as a significant activity

“Real robot” is better than “Video human”?
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Merits and demerits of NIRS
* Merits (comparing with PET and fMRI)

— Non-invasion

— Real-time measurement

— Compact equipment

— Measurement of two types of hemogrobin
* Demerit

— Course spatial resolution

— Limited depth (2-3 cm from the surface)
— Relative measurement

Fundamental problems

Comparison between robot and human
How does a human distinguish machine, robot and human?
How does the interactive behaviors are developed among them.

Milestones for robot development
Brain activity is an evaluation criteria of the robot performance
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