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Abstract: Af present the majerity of autenomons robets are
maosily used in factaries where speed and accuracy are given
highest priovity. In eur research, we are focusing in the area
where the robot that cooperate with human to lift or carry a
human subject. In this area the robots are required fo
interact with human and meve in such a fashion where it
will move with human-like motion so that the human subject
that 15 being meove will not feel infinndated. In order to
design robot that have smooth lmman like motion capability
during Imman rebot inferacfion in cooperafive fask, we nead
to understand how human-human understand each other
Jhow and shat Innd af information are exchange between
them that enable hnman-human fo be able fo accomplish to
move ebject with smooth qualifies. Based on flis, we need fo
design a system that 15 available fo be used not only by
rebofic experts but by general population so that anybedy
can use this system for their care giving purpese. In this
paper we conduct a study of how human-human ntilize their
sense in meving and stopping an abject and we analyzed the
smoothness of the mofion by analyzing the hand jerk
characteristic during the said task.

Keywords:  Human-Human Coeoperation, Human-Robot
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L INTRODUCTION

When human are contemplating to do a task, he or
she needs to be aware of the surrounding and situational
awarensess capability in order to execute the task
smoothly. Gugerty and Tirme’s research shows that
sifuational awareness has relation to working memory
which mcludes static and dynamic visual processing and
temiporary processing ability [1]. Our research interest is
to know how humans during cooperative task get
feedback information from each other and understand
the situation and the reaction that i1s faken. Information
exchange of humans in cooperative task i3 mostly
known to invelve audio and visuval sense perception. We
want to know what kind of information is the most
important to enable humans fo have smoothest and
optimal cocperative motion. There are several research
where the needs of regular people to be able to interpret
the information the robot is giving to them[2] while our
research target is that the robot needs to interpret the
information ffom human so it can behave with
human-like smooth motion. Rahman et al. have
conducted  studies  regarding  the  impedance
characteristic of human arm for developing robots that
cooperate with human and also had conducted studies
regarding cooperation characteristics of two humans in
moving an object in Single Degree Of Freedom
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environment[3]. Our previous study concentrated on
velocity and torque role in  human-human  task
characteristic in two degree of freedom [4]. In order to
find cut which human senses contributed the most for
sensibility evaluation. we analyzed cooperative task by
selecting varying human audio visual senses. We
vaderstand that homan needs visual and auditory sense
to achieve good sensibility result [3]. We noticed that
from this expeniment, although using visual senses had
increased the possibility of motion smoothness, longer
distance traveled during the cooperative task had shown
some tendency to reduce the cooperative task movement
smoothness. In this experiment we divided the
cooperative task length into long and short category and
observe the effects of length to the movement
smoothness.

Since we noticed visual sense contributed to the
movement smoothness i previous expenments, we
want to know if the cooperative task movement
smoothness can be mcreased if we were to add an
additional visual aid to the cooperative task movement
between two humans.

The main objective of this paper is to compare the
smoothness of cooperative tfask movement where
experiment subjects are given visual aid and what kind
of additional information the human subjects required to
increase the smoothness level in variouws length of
cooperative task motion.

The mformation we acguired would be used to set a
design standard in designing robot that interact with
human in the near foture. We hope new information
gathered here can be used to further increase the
knowledge to design more human-like robot that
interact better with human for human benefit.

1L SMOOTHNESS MOTION INDEX

MNon smooth movement of human motor behavior
shows unnecessary acceleration and decelerations while
most optimal smooth motion speed profile is vnimodal
i its single acceleration and followed by single
deceleration phase which is also known as bell velocity
curve. This classic theory that human plans movements
to minimize jerk which 15 the third time derivative of
position. Human arm motion can be approximated by
using minimuin jerk model were shown by Flash and
Hogan [6]. Human hand position as in (%, ¥) coordinate,
performance index C; . can be expressed as below:
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Minimum jerk curvature indicates the smoothest hand
motion and can be expressed as below when

(1) |1m. Vg | is the fifth order pnhunmwl
i lf)= 17 g -xy fise* -6 —107° |
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with the following boundary conditions
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and xy. vy are final hand movement positions at
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Since smooth motion will mimic the unimedal
velocity profile of minimum jerk ¥y, the difference
between actual hand velocity, ¥ . will give us an error
value where higher error value will indicate a magnitude
of difference from ideal minimum jerk thus showing the
level of smeothness we hoped to see between the
condifion we sef. The error values are calculated using
the function below:

ER, = L v sy ) dit 3)

I METHOD AWD DEVICE

This experiment 15 designed to  analvze the
human-human cooperative task movement smoothness.
The object is set up with as shown in fig 1. A 3D
Position Measurement system (Northern Digital INC.
Optotrake Certus System) and force sensors (Nitta Inc.
Two wnit of Six-Axis Force Sensor System model
number IFS-6TM23A30-I1140). The meniter shows
real-time guadrangular image of the cbject and mimics
the object motion when moved tn any direction, real
time. The chject dimensicn s (w) 18em x (h) dem x (1)
46cm and weighted about 3kg. The human subjects sat
on chair. Two human subjects are divided inte “Leader™
and “Follower” category. Leader is the people who
initiates the movement and decides the final stopping
point based on the wvisual marker on the leader pe
monitor screen. Follower supports the other end of the
object and follows the leader movement. Leader gives

verbal signal to follower to indicate he moves the object,

and cnce moved the follower tries to match the leader
movement as smooth as he can while both of them look
at the object on the real time monitor until the leader
stops the movement. Movement velocity was not
regulated.

A marker 15 a visual pomter on the monitor screen that
indicates the final point of destination so the participants
stop their movement once they see the object reaches
the marker.

Thiz experiment purpose i3 to find out the effect of
human visual sense to the contribution of smoothness
during cooperative task. We devised an experiment
where we want to zee if additional vizual aid, in form of
visual marker on the screen. can increase the
movement smoothness. The experiment subjects were
asked to cooperatively move the object up and down
based on their natural hand movement velocity that they
considered to be most smooth without moving other
body parts such as shoulder and other. Below are the
recorded average lengths of the movement during the
cooperative task.

TABLE1
CoorERATIVE Task MovEMENT LENGTE
Upleng | Upshert | Down Shert | Down Long
0.2m 0.1lm 0.lm 0.18m

We conducted two sequence of this movement. The
first sequence as shown in table 2, only the leader’s
moniter was provided with marker on the screen
monitor. In the second sequence of the experiment the
markers were provided to both the moenitors for leader
and follower. There are seven groups of leader and
follower. Before conducting the experiments, the
experiment subjects were requestad to practice moving
the object cooperatively for several times until they can
feel good cooperative work between them. Then they
proceeded to do the experiment and repeated the same
movement for five times for each direction and distance
of the cooperative task movement.

TABLE 2
Sequence OF ExperveNT Uspic THe MaRkER
Sequence Leader Follower
1 Use Marker No visual aid Maker on
monitor screen
2 Use Marker | Use visual aid Marker on
monitor screen
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Fig. ] Expermmental sat up with markers are mstalled on the
moniters.
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VI, RESULT AND DISCUSSSION

Fig2 shows a normalized example from segquence
one and fiz3 shows a normalized example from
sequence two of actual follower movement velocity
compared to Minimum Jerk Model. We observed from
fig 3 that movement not using visual marker does not
have a smooth vmmodal velocity profile curvature as
compared to figd which shown a classic sample of
smooth motion where the actual velocity profile almost
matched the minimum jerk model. In erder to observe in
statistically form, we caleulated the differences between
actual velocity profile and minimum jerk model of these
samples for all distances and direction and summed up
the result in fig 4.

Fiz.4 shows the difference calculated from the
samples. Horizontal axis shows the condition of the
experiment defined as direction and also the distance
traveled movement length of the cooperative task. The
two lines represent result from sequence one, where the
follower does not use marker and sequence two whese
the follower used visual aid marker. Although not much
difference in magnitude, based of the velocity profile to
minimum jerk difference from sequence cne and two,
we noticed that follower that used visual marker on s
monitor screen have indicated less error compared to
follower that did not use visual marker We completed
the analysis for all the 7 groups experiment subjects in
fig.5 and fig &

Fig.5 and fig.§ show mean average and standard
deviation of error value for the entwre 7 groups. Figs
showed the mean distnibutions were almost egqual
regardless of the direction and distance of the
cooperative task movement. But we noticed that the
deviation is the largest during upward motion where
longer distance has almost doubled the value compared
to shorter wpward motion. This suggested us that
upward motion have a large distribution of error that
depended on individual contributicn of the experiment
subjects but downward motion have equally small error
distribution in both distance.

Comparing to fig 6 where it shows the mean average
and standard deviation of error value for experiment
subjects that uses visual guide during cooperative task,
the error values are almost similar to sequence one but
in this graph it shows that the distribution value is very
balanced throughout the experiment condition in any
direction or distance traveled. This result suggested that
using visual aid has helped to improve cooperative task
motion smoothness especially during upward direction
where if has managed to substantially reduce the group
errof. Since this is not a definitive result yet, we study
on each of the velocity profile to understand more on
this 1ssue

Since the definitive of most optimal smoocth metion
speed profile i3 vnimodal i its single acceleration and
followed by single deceleration phase [6] we cbserved
that generally welocity profile of cooperative task
motion wtilizing visval aid shows better charactenistic of
more closely resembling bell velocity shape than those
withouwt visval aid in sequence one. We caleulated the
peak velocity for both of sequences and compared it in

fiz. 7. Fig.7 is mean average and standard deviation
graph for velocity profile peak quantity. This result
showed us that in each velocity profile from sequence
two, there is only single peak compared to sequence one
that have higher mean average and bigger distnibution of
velocity profile pealk quantity. Based on this finding we
are able to conclude that using visual aid for this motion
has increased the smoothness for cooperative task
horizontal motion between two humans.
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T T T T velocity profile and this velocity profile was compared
to minimum jerk model to find out whether this added
information can contribute to increase the smoothness
I 1 of the cooperative task motion. The result finding shows
that in movement without the information of the final
target, the follower result varies greatly in longer
o # 1 1 ] npward direction while downward direction seems not
te have any relationship in any sequence. This sesult
seems to suggest that smoothness varies to mdividual
characteristic where some people find it difficult to plan
the movement without prior information of the final
R . target. Duning cooperative task that vse visval marker as
. . . . final target, the error variance reduced becanse now the
UpLeag U Bheaet Comn Short CemnLong followers know when to stop the task and can follow
Fiz.5 Total result for sequence | leader movement with confidence. This is verified when
we analyzed the peak guantity from the actual velocity
profile where we found out that all the movement using
15t 4 visual marker have shown single acceleration and single
deceleration phase compared to a high number of peak
value from movement not using the visual marker.
This suggest human need a exact reference point in
{ } { order to plan their movement until final pesition and the
ol

ask 4

- availability of the wisual aid has increased human
capability to work smoothly with other human. In fiture
study. we want to know the differences between having
a signal to start the cooperative task improve the
smoothness. This will improve cur waderstanding the
sk 1 various human senses that are responsible contributing

) ) ) ) te cooperative task smoothness and introdvce this
: Up Lug U Sheet Tisn Shore Tarsn Ling characteristic in the next phase of our smeoth humantike

Fiz.6 Total result for sequence 2 robot.
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