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Abstract

Ambiguous expressions of degree are frequently used,
when instructing another person regerding a fask in-
volving movement {,e.g "move it alitHe” , "lLift it
more” and so on ). To make a more friendly robot,
these ambiguous expressions should be quantified ade-
guately by means of a robot control system thet offers
effective support. In this paper, we aim at construct-
ing an effective controller coping with such ambigu-
ous instructions and making a robot prowvide useful
support for humans. We discuss how to generate ap-
propriate robot arm movement in terms of our sense
of distance based on particular expressions of degree.
First, we analyzed human arm movement guided by
voice instruction including some kinds of expressions
of degree. From this analysis, we then obieined a
model which estimates a desired length of movement
according to expressions of degree in the same man-
ner as does & person. Finally, we execuled experi-
ments to show that our model can lead a robot to a
desired goal position guided by several instructions.

1 Introduction

Man-machine interface systems using voice infor-
mation will help us use unfamiliar machine systems,
because we can tell the system our requirements eas-
ily without employing any operational tools, such
as a joystick, keyboard, and so on. Recently,
many studies on robot control and robot-human
communication via verbal information have been
reported[1][2][3]{4]{5]. These studies focus mainly on
generating a control code for robot motion based on
voice information or on realizing interactive commu-
nication such as conversation. Therefore, the classi-
fication of key words extracted from human speech
and the analysis of the relationship between them
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based on grammar are main issues. Usually, the tar-
get words are a noun, verb, and predicate.

~In natural human conversation, however, many
kinds of ambiguous adverbs or expressions of degree
are also used to communicate requirements in detail
(;e.5. "move it to the left a little”, "lift it more” and
so on). So that a robot can become a more friendly
and smart assistant for us, it should recognize our
ambiguous expressions of degree and offer effective
support satisfying our requirement. Therefore, the
ability to adequately quantify expressions of degree
is important in design of an effective voice-controlled
robot{6][7].

Fuzzy set theory is well-known as a method that
quantifies this kind of ambiguous language[8]. How-
ever designing a fuzzy based controller for position-
ing is difficult task, because repeated voice guidance
is needed until the goal is reached and our sense of
distance for each expression will be changeable ac-
cording to the situation, such as the distance remain-
ing to the goal, what instruction was used before, and
so on. Thus an efficient membership function is com-
plex and is difficult to design .

In this paper, we aim at constructing a simple
but efficient method for controlling the position of
a rcbot arm using degree expressions. In order to
design an efficient controller, we must construct a

 quantification model of expressions of degree whose
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output matches our sense of distance. For this rea-
son, we analyze human arm movement guided by
voice instruction expressing degree and examine the
relationship between degree expression and length of
movement. From this result, we construct a simple
model which estimates suitable length of movement
matching a current instruction based on the history
of past instructions and movement. Experimental re-
sults show that our proposed model can lead a robot
to a desired position based on several instructions in
the same manner as humans.



2 Voice guided human arm movement

In this section, we investigate human arm movement
guided by voice instruction including ambiguous de-
gree expression and analyze the relationship between
the length of movement and the expression of degree.

2.1 Experimental setup and method

Figure 1 shows experimental setup. The size of the
desk in this figure is 600mm x 900mm (depth x
wide). A guide rail, on which a goal position is lo-
cated, is set in front of an operator.

The operator knows that the goal position is on the
guide rail, but does not know the goal’s precise po-
sition. He moves an object to the right or left along
the guide rail under the instructor’s voice guidance.
The object is a cylindrical shape whose diameter,
height, and weight are 60mm, 100mm, and 196g, re-
spectively. The instructor knows the distance he-
tween the goal position and the current object’s po-
sition based on an image from a video camera which
is placed in front of the operator.. {As shown in Fig-
ure 1, goal positions are visible to the instructor only,
because those positions are marked on the rail on the
opposite side to the operator.) Using this visual in-
formation, the instructor informs the operator which
direction and how far he should move the object in
order to reach the goal position using some kinds of
instructions.

In this experiment, eight kinds of instruction in
Japanese are used. These instructions include three
degree expressions to express the distance to the
goal. They are "Sukoshi”, "Honno Sukoshi” and
?Mou Sukoshi” in Japanese, meaning *a little”,” just
a little”, and ”a little more” in English, respectively.
The instructions are shown in Table.2. 'In Table.2,
we use some symbols which are *a-1",”j-a-1", "a-l-
m” and "non”, to easily denote the degree expres-
sion used. Symbols 7a-1","j-a-1", and "a-1-m” mean
“a little”,” just a little” and "a little more”, respec-
tively. And "non” means that no degree expression
is used. .

These instructions are repeated until the position
error between the goal and the object is smaller than
3.0mm. During the positioning operation, the dis-
tance moved for each instruction is measured. Seven
goal positions are set on the right side of the op-
erator. These positions are shown in Table.1. The
operators are 14 right-handed males in their twen-
ties.

2.2 Relationship between movement dis-
tance and expression of degree

All operators could reach the goal positions after 4 ~
7 instructions. This means that the operators seemed
t0 modify the quantification of the degree expressions
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Figure 1: Experimental setup.

Table 1: Distance between start position and goal.
Goal Position (mm)
25, 50, 75, 100, 125, 150, 175

adequately at each step based on the histories of past
movements and the current instruction. Therefore
we analyzed the movement distance ratio between
the current step and previous one. Figure 2 shows
an example of history of the object movement. In
this figure, di—; and dz indicate the length of move-
ment according to the k — 1, and kg, instructions,
respectively. Here we define a parameter « as the
ratio between di._; and dg,

dy
gy = s 1
HO =g (n
where
(o7 the direction of hte & — 1;; and k;y, mo-
vements are same- (forward movement)
o the direction of the k — 1,, and ks, mo-

vements are not same (reverse movement).

The average values of parameters o, and a_ are
sumarized as shown in Table 3 and Table 4, respec-
tively. In these tables, the column indicates the ex-
pression of degree used at the k —~ 1, step and the
row is that of the ki, step. Symbol ”-" denotes that
the combination of degree expressions corresponding
to this cell is not used in the experiment.

From this result, we notice that o and a_ have
various values according to the combination of in-
structions at k — 1, and ky,. Furthermore, it is
important that ¢_ is always smaller than 1.0 for all
combinations. This means that the object’s position



Table 2: Voice instruction with degree expression.

Table 3: Ratio of movement distance according to

Figure 2: Definition of the length of movement d,.

converges to a certain point after several repetitions
of reverse movements. Therefore we can infer that
the instructor can lead the object to its goal position
by repeating instruction for reverse movement after
the operator passed by the goal.

3 Degree expression - Movement dis-
tance Model

Here we propose simple model which quantifies the
degree expression using the results shown in previ-
ous section. We define two movment distance ratio
matrices, @4 and a_, based on the values shown in
Table.3 and Table.4 as follows:

0.96
1.00
1.00
1.00

0.18
1.02
0.97
1.13

0.10
0.31
1.35
0.49

0.16
0.98
1.31
1.04

(2)

4 =

0.50
0.50
0.50
0.50

0.25
0.40
0.50
0.50

0.50
0.45
0.71
.68

0.50
0.49
0.90
0.61

(3)

where 1.00 and 0.50 in a4 and a_ are adequate
selected values, because these cells in Table 3 and
Table 4 are empty. According to the combination of
the k& and k — 1, instructions, the robot chooses
the movement distance ratio from the elements of

Expression in Japanese cqmbi?mtion.of degm'e erpression : oy (movement

Symbol Expression in Fnglish direction : right — right or left — left).
non Hidari (Migi) ni ugokashite L key, instruction

Move it to the left (right) non | a-l1 | j-a-1| a-I-m
a-l Hida.ri‘ (Migi) ni ”su%coshi”. ug?kashite nomn 0.96 | 0.18 | 0.10 0.16

' Move -lt tq t.he l.e,t;t(nght) a htt;.le" _ E— lth a-1 _ 1.02 0.31 0.98

jra-l Hidar: (Migi) ni "honno sukoshi” ugokashite inst- ol - 007 | 135 131

Move it to the left(tight} ~ just a little” ruction | a-l-m N 113 [ 0.49 1.04
a-l-m Hidari {Migi) ni "mou sukoshi” ugokashice

Move it to the left(right) "a little more”

Table 4: Ratio of movement distance according to
combination of degree expression : a_ (movement
direction : right — left or left — right).

Y_ ks instruction
non | a-l [ j-a-1 [ a-I-m
non - 0.25 - -
k-1, a-1 - 040 | 0.45 | 0.49
inst- j-a-1 - - 0.7 | 0.90
ruction | a-l-m - - 0.68 0.61

these matrices, and estimates the movement distance
dy by Eq.(4) and Eq.(5),

dy = Qrdra(k>2) (4
_ ay(i,7) (forwaerd movement) (5)
G = { a_(i,7) (reverse movement) -

A<ii<y),

where ¢ and j indicate the column and row of ey
and a_, respectively, and they point out the combi-
nation of the degree expression used in the k), and
k — 14 instructions. The robot position at the kg,
instruction is given by following equations.

e

X or d; should be given adequately beforehand.

dy
Xe 1+ di

(k=1)

(k > 2) ©)

3.1 Moeodification of movement distanece

Figure 3 shows the situation where the robot reaches
X, passing by the goal position . goal after the kyp
instruction with the instructor then requiring reverse
movement at the &k + 1,, step. At this time, we

.can easily infer that the goal position exists between
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Xi_1 and X;. With this knowledge, we can restrict
the goal area as follows:

Case 1: Movement direction: right — left
‘Yk—l < Xgoal < Xle

Case 2: Movement direction: left — right
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Figure 3: Eristance area of goal position.
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Figure 4: Modification of movement distance.

X € Xgoat < Xp—1.

Figure 4 shows the situation where, after m times
movement from Xy, the robot jumps over position
X—1; the border of the area in which the goal exists:
In this case, we modify the movement distance dy,,
so as to stop the robot movement at X;_;. This
modification law is described as follows:

deim = Xt — Xegmoa  {m>1). (7
By introducing this modification, we can decrease
the number of instructions necessary to reach the

goal position.

4 Experiment

.The experimental system is shown in Figure 5. This
system consists mainly of a robot manipulator (RA-
1, Mitsubishi Electric Corp.) and the dictation en-
gine of the speech recognition system ”Via-Voice
{IBM)”-for the Japanese language.

The instructor guides this robot to the goal posi-
tion using voice instruction. The instructor watches
the current robot position and selects a suitable in-
struction from the eight expressions shown in Ta-
ble 1. Via-Voice extracts and recognizes two key
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Manipulator RA-1
Mitsubishi Elsctric Corp.

&

Human Instructor

Controlisr

Desired position

Figure 5: Erperimental System.

Table §: Model decides movment distance ratio ¢

Movement distance ratio ¢

0.91 or 0.60
Oy OF O _

Model A
Model B

words from the inputted instruction; the one is
a degree expression concerning movement distance
("a little” just a little”, "a little more”) and the
other stands for the intended direction of movement
("right” or "left”). Based on this recognition, the
distance ratio of movement ¢ is chosen from the el-
ements of ay or a_ defined by Eq.(2) and Eq.(3),
respectively, and distance the robot should move is
determined. The desired length of movement and the
command regarding direction are sent to the robo
controller via RS232C. '

In this experiment, we prepared another, simpler
model to determine movement distance ratio ¢. This
model is expressed as follows:

"

The values, 0.91 and 0.60 are the averages of all
of human arm movement ratios for forward and re-
verse movements, respectively. We call this model
Model A, and the one using ai(—y Model B. In
this method, the distance of first movement d; must
be prepared beforehand according to the kind of in-
struction. Using the observed data of the distance
of human arm movement measured in Section 2, we
determined the initial value ¢y as shown in Table 6.
These values are averages for each expression used in
the first instruction.

We conducted two experiments here. One, Exp.A,
was executed to compare the motion generated by
Model A with that of Model B. The other, Exp.B,

0.91 (forward movement)
0.60 (reverse movement).

(8)



Table 6: Movement distance for first instruction

a-1
155.6

non
249.5

j-a-l
75.0

Distance {mm)

Table ¥: Goal position

direction

right hand
right hand

distance (mm)
100, 175
200

Exp.A
Exp.B

demonstrates the effectiveness of the method for
modifying the length of movement, which was ex-
plaired in Section 3.1,

The goal positions set for each experiment are
shown in Table 7. In Exp.A two kinds of goal po-
sitions were established to the right of the robot.
There are 100mm or 175mm from the robot’s ini-
tial position. As for Exp.B, the goal is set 200mm
to the right of the robot.

5 Experimental Results

51 Exp.A

Figure 6 and Figure 7 show that the process of move-
ment toward the goal position 100mm and 175mm,
respectively. In these figures, a typical example of a
human operator’s movement is also plotted for com-
parison with our method. Markers (1, @, and O
represent the results of Model-A, Model B, and a
human operator, respectively. Table 8 and Table 9
indicate the sequence of instructions used in each
experiment. In these tables, "L" and "R" inside {)
denote the direction of movement, left or right, re-
spectively.

Comparing these results, Model A can reach the
goal position within 11 instructions as did the hu-
man operator. Model B also can achieve accurate
positioning. This means that if the movement dis-
tance ratio for reverse motion ¢ is smaller than 1,
the robot can reach an unknown goal position by
only voice instruction. The number of instructions
could be more efficiently reduced by defining suitable
value of ¢ for each expression as Model A.

However, the details of the process of converging
to the goal position differ between the robot motion
of Model A { or Model B in Figure 6) and the hu-
man one. Human approaches the goal more grad-
ually than does the robot and restricts changes in
the direction of movement. Human motion consists
mainly of forward movement. These characteristics
give us the impression that human motion is more
sensitive than that of a robot. In order to make the
robot motion more closely resemble that of bumans,
we have to define a different movement distance ra-
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Figure 6: Experimental results (Zgoa = 100mm).
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Figure 7: Eaperimental results (Zgou1 = 175mm).

tio ¢ for each instruction step. At least, the ratio at
the 2nd step should be smaller, because the length
of robot’s movement at this step is longer than that
of human and is used for deciding the length of later
movement.

5.2 Exp.B

Figure 8 illustrates the experimental resuits. In this
figure, Model C shows the case in which Model B
is used to decide the next position but no modifi-

_cation of the length of movement is applied, even if
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the robot passes over the goal area. Marker * de-
notes the time point at the modification should be
performed. In this experiment, the modification of
movement distance should be applied at the 6th and
9¢h instructions. Model B executes the modification
of movement at the 6th instruction, so after that
it can reach the goal position immediately, On the
other hand, Model C needs 12 instructions. From
this comparison, we confirm the effectiveness of the
modification of the length of maovement.

6 Conclusion and Future works

In this paper, we propose a simple and effective voice-
control method applied to a positioning task per-
formed by a robot. Especially, we aim at design-
ing a controller which can understand an ambiguous
expression of degree in the instructions used for de-
scribing the distance to a goal, such as "move it to
the left a little or a little more ® and so on. In or-




Table 8: Order of instruction with degree expression

(Zgoar =100mm).

Human | Model A | Model B
1st a-1 (R) a-1 (R) a-1 (R)
2nd | a-l(L) | jal(L)]| al(L)
3rd | a-l-m (L) | jra-1 (R) | jra-1 (R}
4th { a-l-m (L) | j-a-1 (L) { j-a-1 (L)
5th | j-a-1 (L) | j-a-1 (R) —
6th | j-a-l (R) | j-a-l (L) —
Tth — [jal(R) -

Table 9: Order of instruction with degree expression

(Tgoar=175mm).

Human Model A | Model B
1st | non (R) non (R) | non (R)
2nd | a-1(L) a-l (L) a-1 (L)
3rd {a-lm (L) | a1l (R) | jal(L)
&h | a-lm (L) | j-a-1(L) | j-a-l(R)
5th | j-a-1 (L) | j-a-I(R) | j-a-1 (L)
_6th ; j-a-1(R) | a-1-m (R) | j-a-1 (R}
7th | j-a-l (R) | j~a-1(L) | j-a-1(L)
8h | jal(R) | jal(L) =
Oth — j-a-1 (R) —
1Gth — j-a-1 (R) —
11th = j-a-1 (L) =

der to realize the adequate guantification for these
expressions, we analyze human arm movement as
guided by them and extract the relationship between
the history of sequential instructions and that of the
length of movement. Based cn this relationship, we
define a simple model to estimate desired length of
movement for the combination of a current expres-
sion and those used cne step previously. This model
is very simnple but works efficiently to guide the robot
to a desired goal.

We will develop this method to operate a robot in
2D or 3D space by adding various combination of
the direction command and degree expressions.
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