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Design and Evaluation of Handover M ovement
I nforming Receiver of Weight L oad

Takafumi Matsumaru

Abstract

This paper presents the study results on the handover movementimgoam
receiver of the weight load as an example of the informative motion éntiman-
synergetic robot. To design and generate the movement depending weitht
load, the human movement is measured and analyzed, and four itesslected
as the parameter to vary — the distance between target point and tradgfent
(in front-back direction), the distance between highest point and geesfpoint
(in vertical direction), the elbow rotation angle, and the waist joint angle. fith
ted curve of the parameter variation depending on the weigh load is obfaimed
the tendency of the subjects’ movement data. The movement data dobitnary
weight load is generated processing the standard datagdf weight load so that
each parameter follows the fitted curve. From the questionnaire sattleygh it
is difficult for a receiver to estimate the exact weight load, he may disghghe
heavy weight load from the light weight load so that the package will beived
safely and certainly.
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1 Introduction

This paper presents the study results on the handover mowénfierming a receiver
of the weight load as an example of the informative motionf¢t]human-synergetic
robots.

During the handover movement of a package among people,eiier op-
erates in a manner that some information, such as the weightlaaracter of the
package to pass, is transmitted to a receiver regardlesh@rtieis intentional or un-
conscious. The receiver can prepare for his action obsgthim deliverer’s operation
and reading out a certain information without oral commatian so that the package
is received safely and certainly. Such kind of the form amdcstire or the movement
and function including some unexplicit information is ealtively called “informative
motion”. Facing an aging society coupled with a declininghrate, the activity of
human-synergetic robots working in cooperation with peaplthe same living space
and workspace as people will play an important role in the idare. The informa-
tive motion should be taken into consideration to designftinen and movement of
the human-synergetic robot so that it will not make thoseaddeel a sense of incon-
gruity. This research takes up the handover movement ofkagaaiming to make the
task from a robot to a person more natural by measuring arigzing the movement
between two people, clarifying the features of variance of@ment depending on the
weight load, and implementing them into the robot movement.
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2 Measurement and Analysis of Human Movement

In order to investigate the feature of the human handoveremewt, the handover
movement of a packagé,185-17340-H 320 mm in size and) (empty),2, 5, 10, and
15 kg in the same appearance, between two people is measuredaasisHeg. (1).

2.1 Analysisresult

The subjects are nineteen male students in their early i@genthe difference from
the reference data atkg of weight load is considered in each subject to examine the
variance depending on the weight load, since the data varézdgly among individu-
als. (1)Distance between target point and transferred point (imfrback direction):
Although there are great differences between subjectssitahgeneral tendency that
the distance is longer as the weight becomes heavier. Itsttat a heavier package
is presented more closely to the receiver’'s body. fBtance between highest point
and transferred point (in vertical directionJhere is a tendency that the difference
in height is larger as the weight becomes heavier in genéirahows that a heavier
package is transported over longer distance until releaiedlifted up. (3)Height to
start movemen#lthough there are great differences between subjectshefght to
start movement is almost constant regardless of the weiglthe height is lower as
the weight becomes heavier, in many subjects.Mdyement speed of hanthking
the maximum speed in vertical direction, it shows a rougdésiey that the downward
(negative) speed is larger as the weight becomes heavigEI§bw rotation angle:
There is a tendency that the average during the movemengirlas the weight be-
comes heavier broadly. It shows that a heavier packagerisfenaed with his elbow
raised and the bodily side opened. {Baist joint angleLooking at the max-min dif-
ference during the movement, it has a rough tendency thdiffieeence is larger as the
weight becomes heavier. It shows that the upper part of bohoived more greatly to
transfer a heavier package.

2.2 Discussion

At the most of the noted points, the variance depending owtkight load is con-
firmed. Therefore, if those are included in the design of tedover movement by a
humanoid robot (deliverer), it is possible that peoplediesr) will be able to estimate
the weight load so that the package is received safely anaickr
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3 Design of Movement Depending on Weight L oad

3.1 Design parameter

Four items listed below are chosen as the design parameteartfre six noted points
in Section 2.1. These items have comparatively small diffee and small variations
among individuals, and many subjects mentioned them asttéstian point in the
verification experiment [2] to check whether people can readthe difference in
weight load from the variance of movement. The movement wittifferent weight
load is generated varying the following items: Q@istance between the target point
and the transferred point (in front-back directigr(2) Distance between the highest
point and the transferred point (in vertical directigrn(B) Elbow rotation angleand
(4) Waist joint angle

3.2 Design principle

The movement for an arbitrary weight load is generated faging the standard data
at0 kg of weight load. The fitted curve of the parameter variatiopat®ling on the
weight load is computed from the analysis result mentiortsa/@. All the necessary
procedure is as follows: (1) Sort out the movement data whatbws totally the
tendency of all movement data measured. (2) Compute thagwenovement data
from the movement data sorted out. (3) Derive the first-omtesecond-order fitted
curve of the parameter variation depending on the weigltd.|¢d) Assume that the
parameter increases or decreases monotonically depeonitige weight load and it
remains constant after the peak of the second-order appatad curve. (5) Process
the standard data at O kg of weight load based on the fitte&énrgach parameter so
that the movement at the target weight load is created.

3.3 Movement generation with varying design parameters

The varying of parameters is shown concretely as follows:

(1) Distance between target point and transferred point (imfrback direction):
The front-back positiona(-direction) of the transferred point is processed whilepkee
ing the front-back distance to the target point from the waist. From the movement
data sorted out, shown in the left of Fig. (2), the increaseat the transferred point
depending on the weight load is expressed in the following equation:

az = —0.0056w? + 0.3103w 1)

The front-back hand positiarf processed for each instant of time during an operation
is generated with expanding according to the transferrsdipo:
R e )
Tfin — 20
wherez,: fore-back hand position at the beginning of the movement,: fore-
back hand position at the end of the movement,fore-back hand position for each
instant of time before processing, amfl fore-back hand position after processing.
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Figure 2: Distance between target point and transferreat joidirection) from sorted
data (left) and processed hand positierdfrection) during operation (right)

The processing result of the hand positierdjrection) at0 and20 kg of weight load

is shown in the right of Fig. (2). (2pistance between highest point and transferred
point (in vertical direction)The vertical position£-direction) of the transferred point
is processed while keeping the vertical distance to thedsighoint from the waist
joint. From the movement data sorted out, shown in left of 3y, the increase,

at the transferred point depending on the weight lead expressed in the following
equation:

a, = —0.0509w? + 1.2736w (3)

The vertical hand position’ processed for each instant of time during an operation is
generated with expanding according to the transferrediposi

o =gy L Fmaz ()

Zmax — Zfin

wherez,,q,: vertical hand position at the highests;,,: vertical hand position at the
transferredy;: vertical hand position for each instant of time before ps®ing, and
z}: vertical hand position for each instant of time after pssieg. The vertical hand
position is processed between the highest and the traedfeased on the analysis
result in Section 2.1. The processing result of the handipadi:-direction) at) and
20 kg of weight load is shown in the right of Fig. (3). The hand tcajey in sagittal
plane combining the processing result in front-back dioectFig. (2), and vertical
direction, Fig. (3), is shown in Fig. (4). (Flbow rotation angleThe feature is
looked on the average value during an operation; thereitogeprocessed so that the
average may change. From the movement data sorted out, shtenleft of Fig. (5),
the increase,. depending on the weight loadis expressed in the following equation:

ae = 0.9915w (5)

The elbow rotation angle’ processed for each instant time during an operation is
generated simply with adding the increase:

61:6+ae (6)
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Figure 3: Distance between highest point and transferreudt ffo-direction) from
sorted data (left) and processed hand positiedifection) during operation (right)
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Figure 4: Processed hand position (sagittal plane) dunegaiion

wheree: elbow rotation angle for each instant of time before pret&gsand:’: elbow
rotation angle after processing. The processing resul@ftbow rotation angle at
0 and 20 kg of weight load is shown in the right of Fig. (5). (¥aist joint angle:
The feature is looked on the max-min difference during arratpm; therefore, it is
processed so that the difference may change. From the movetata sorted out,
shown in the left of Fig. (6), the variatioa,, depending on the weight load is
expressed in the following equation:

aw = —0.04w? 4 1.0631w (7)

The waist joint anglev!, processed for each instant time during an operation is set as
follow:

wz/z = Wq (8)

wherer: max-min difference before processing,: waist joint angle for each instant
of time before processing, and,: waist joint angle after processing. The processing
result of the waist joint angle @& and20 kg of weight load is shown in the right of

Fig. (6).
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Figure 6: Waist joint angle from sorted data (left) and psseal angle(right)

4 Evaluation Experiment

Whether people can read out the weight load from the variahg#dbot movement us-
ing the movement data generated by the technique explair@edtion 3 is evaluated.

4.1 Creation of animation

The processing order of parameters is made into the elbaiontangle, the waist
joint angle, the distance between target point and trarefgyoint (in front-back di-
rection), and the distance between highest point and &emesf point (in vertical di-
rection). This is because the elbow rotation angle is indéeet of other parameters
while the waist joint angle affects the hand position. Thevement data ai, 2, 5, 12,
and20 kg of weight load is generated for the evaluation experimetitiging heavier
weight at which the human movement has not been measuredid®of animation
are prepared at each weight load — the front view (receiwéegiwpoint) and the side
view (third person’s viewpoint), as shown in Fig. (7).

4.2 Experimental procedure

The experimental procedure is as follows: (1) A subject lifp the package (cardboard
box) at10 kg of weight load with his both hands, and checks the weight A¢(&wer
Q1 (How much weight is each package you think?) after he veatthe animation
at five kinds of weight load only once for each, and reply to ®hich part in the
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Figure 7: Animation (image in every.3 s)

animation do you pay attention to estimate the weight?) A(@Bwer Q3 (How much
weight is each package you think?) after he watches the éioimat five kinds of

weight load until he is convinced, and reply to Q4 (Which paitthie animation do you
pay attention to estimate the weight?). Seventeen malestsiih their early twen-
ties reply to the questionnaire. The procedure is appligdeafront view (receiver’s
viewpoint) and the side view (third person’s viewpoint) lnmistorder. The order of the
animation at five kinds of weight load is made random for eadfjest.

4.3 Experimental results and discussion

(1) Weight load estimation at first sight (QIhe difference between the estimated and
the actual is large and highly variable both at the front véewl the side view. It seems
difficult to estimate the exact weight. The tendency of therage of the estimated
weight load is in agreement with the actual weight load atftbet view, although it
doesn’t show a significant difference among the data of thimated weight load for
each actual weight load, and it does not apply to the dataatde view. The variance
of the elbow rotation angle depending on the weight load i8als at the front view,
however, it is invisible at the side view. Moreover, the gade of the waist joint angle
depending on the weight load is relatively small and unob¥an at the side view.

(2) Weight load estimation after contemplation (QBth the variation and the
tendency are improved in comparison with the estimationrat §ight. When we
consider the two groups — a light weight group £, and5 kg) and a heavy weight
group (12 and20 kg), it is significantly different between the groups at thel level
of significance. The percentage of subjects with correcivarswhose order of the
weight load estimated agrees with the order of two grougmrdess of the order in
the groups, shows that abok % of subjects at first sight and more thaf % of
subjects after deep consideration have classified into taops of the heavy load and
the light load correctly, while the expected valué @s%. Therefore, a receiver will be
able to read out the tendency (heavy or light) of the weighd lfsom the movement to
some extent.

(3) Attention point (Q2 and Q4Many subjects point out the elbow rotation angle
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and the waist joint angle both at the front view and the sidewEspecially at the front
view, a majority of subjects mentions the elbow rotationlangrhe fact that many
subjects pay their attention to the design parameter usgedrterate robot movement
shows the validity of our design principle. Two subjects trmnthe height of the
transferred point at side view, while nobody shows at fraetw In the case of side
view as a third person, itis easy to figure out the whole bodyament of the deliverer
and the locus and final position of the package. On the othed lmathe case of front
view as a receiver, the viewing angle is limited and the distgo the deliverer is short
so that the range to observe the deliverer is narrow and tleuatnof information
decrease. Moreover, there are several subjects who mehgamot-varied part — the
movement speed, the highest point, and the lower body maverwhich might be
pointed out as they usually pay their attention on the haadmovement. Therefore,
we have to study further on the parameters to design moreahatovement in future.

5 Conclusions and Future Works

This paper presented the study results on the handover nemtenfiorming a receiver
of the weight load as an example of the informative motionti@r human-synergetic
robot. To design and generate the movement depending oreigatdoad, the human
movement was measured and analyzed, and four items weoteskées the parameter
to vary — the distance between target point and transfeiwed fin front-back direc-
tion), the distance between highest point and transferoéd fin vertical direction),
the elbow rotation angle, and the waist joint angle. Theditterve of the parameter
variation depending on the weigh load was obtained fromehdency of the subjects’
movement data. The movement data for an arbitrary weiglsk \ees generated pro-
cessing the standard datatatg of weight load so that each parameter follows the
fitted curve. From the questionnaire survey, although it dificult for a receiver to
estimate the exact weight load, he might distinguish thenheseight load from the
light weight load so that the package would be received pafedl certainly.

The measurement and analysis of human movement and theagoifi exper-
iment were performed making male students in their earlyntigs subjects in this
paper. Therefore, it is necessary to verify whether the sasigt might be obtained
on various subjects by increasing the number of data. Meretwe influence of other
factors to affect the weight load estimation, such as the sfzhe package and the
shape of the robot, should be studied.
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