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Abstract: In this paper, we propose a method by which dancing motions can be generated automatically
using various dancing rules. Hence the burdensome task of teaching can be avoided by using our proposed
method. We have analyzed the dancing motions taught by an expert dancer to the automata and have
extracted the dancing rules. The size and the direction of the motion of each degree of freedom are
generated according to these dancing rules. Additionally, the timing of the dancing motions of each degree
of freedom is decided according to the timing and the length of note acquired from the music.
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1. Introduction

Robots nowadays can be classified roughly as am
industrial robot and non-industrial robots. Amusement
Robots are non-industrial robots which can amuse a person
by their Gestures and Motions, ete. Awa Odori robots by
Fujiwara et al.[1] and Pets robot by SONY{2] ar: some of
the amusement robots reported in Japan. Presertly many
researchers are doing active research in this field.

Classical automata and Karakuri-ningyo are ineluded
into the category of amusement robots. Their motions are
generated by the mechanism of gears, cams, levers and
links and always depend on the type of mechanism they
have. Their motions are fixed and repeatable, Different
motions are pot possible without changing their
mechanism. On the other hand, Computer Contrclled
Automaton (CCA) was developed in recent years {3]. The
CCA is the amusement robot that can perform varipus
dancing motions by controlling the servomotor that drives
each joint using computer. In the CCA, the robot ia
operated direct]ly using a joystick and a human operator
has to teach robot various dancing motions in real-time by
uging the joystick. A human operator listens to the music
and moves the CCA in real-time using the joystick to
generate a daneing motion. The data of the daneing motion
stores into the computer memory. In the CCA, it is possible
to generate various dancing motions. There are two
problem associated with this appreach. First a human
operator has to familiarize with such kind of manual
control, which requires lot of practice time. Secondly, to
generate such kind of motions, the dancing expertise of the
teaching person is required. Hence generation of a single
satisfactory dancing motion consumes lot of time that
limits the possibility of teaching various dancing motions
to the CCA. In our proposed method, we have used the
motion data taught by an expert dancer to extract the
dancing rules for the CCA related to various basic notes of
the musie. In this way, we can reduce the burden of
teaching various dancing motions to the CCA by an expert
dancer. Timing of the dancing motion is adjusted according
to the timing of the music that can be done easily by
analyzing the MIDI £le of the music. The timing and
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length of each musical note can be extracted from the
MIDI file and can be used 1o decide the timing and length
of the motion of each degree of freedom of doll. These
dancing motions then can be visualized on the computer
graphic screen to verify the beauty and smoothness of the
motions.

2. Real-time instruction method

The flow diagram of the generation of a dancing motion

by the CCA is shown in Figure 1. A human operator Listens
to the music and imagines a dancing motion that can be
appropriate with this music. For a particular dancing
motion, he tries to decompose this motion into individual
motions for each degree of freedom of the CCA. Once he
decided about the individual motions of each degree of
freedom of the CCA and their sequence, he tries to move
each part sequentially in real-time to mimic the motions of
each part that he has in mind. All motion data is stored in
the computer and can be played back to see the motion
that he has generated using the joystick. In the repetitive
process he can evaluate and correct the motion uatil he is
satisfied. Once he finishes with the motions of all degree of
freedoms, he can visualize complete dancing motion of the
CCA on the computer ascreen. He can modify the dancing
motion to his satisfaction in the repetitive process of
correction and watching. Once he is satisfied with the
motion of all DOFs, a dancing motion is complete.
Generation of a satisfactory dancing motjon by this way
requires great amount of time and training especially
when the human operator is not well trained and does not
have enough expertise in dance.
The most difficult part of the above method is to visualize a
dancing motion and to decompose that dancing motion into
motions of each DOF of the CCA. The clear difference
between the performances of a person having dance
expertise and 8 person without any dance expertise is
reported in [4].

3. Generation of dancing motions

It is important to know the formation of music data file
to extract the timing and length of music, which is
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Fig. 1 Generation of a dancing motion

important in synchronizing the CCA motion with muaie. In
order to analyze the music information on computer, we
have used MIDI file format. MIDI (Musical Instraument
Digital Interface) is an interface that converts the music
generated by musical instrument into standard digital
format [5). The MID] protocol describes the entire music in
binary form. Each word describing an action of musical
performance is assigned a specific binary code. The binary
data of MIDI can be analyzed easily to retrieve the
information about the musical note length, volume etc.

Figure 2 shows a part of the motion data of the CCA
describing the variation of angle and angular velocity of
one DOF of the CCA. It shows the relationship between the
rhythm and the dancing motion. From the MIDI file, the
events of note On and Note Off are used to control the
motion of the CCA. When music starts, the CCA motion
starts simultaneously and when music stops, the CCA also
stops simultanecusly. While there i no music, the joint
angle remains on the same position as before and will start
to move only when sound starts. Hence the motion of the
CCA is synchronized with the timings of starting and
stopping of the note.

Once the angles of each DOF are known, let @ ,
e, ,pare the angles of motion for start and end of one
music note. For the next music note, the angle ©,,, will
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Fig. 2 Motion Data of CCA with rhythm

becume the start angle for the next motion and @, , will
be the angle for the end of second note and vice versa. For
the smooth transition of angle of joint from the starting
angle ©, to ending angle ©® _, , we have used
trigonometric function to interpolate the angle between the
time interval when music starts and ends. Let the time of
the start of music is7 and time of end of music is T,.,-
The angle transition é(l) from@® ,t0®,,,is given below

6)=6, + =0 {1- oof =L ,,]} @

The angular velocity is,
ot)= 0.0, 7 sin| T4 @
2 7:”! - Tn y:wl - Tn

The angular velocity at the terminals of the time
interval (=T, ,¢t=T,,,) wil be zero to maintain the
continuity in the angular velocity pattern. Hence the
angular velocity for one complete tune will be continuous.

4. Formation of dancing

motion rule
Generating the dancing motions for a CCA having many
DOFs synchronized with the rhythm of music is a
complicated task. In this paper, our emphasis is to extract
some basic motions or rules that governs the overall
dancing motions of a dancer.

4.1 Extraction of dancing motion rule

In the section, method of extraction of the dancing rule

from the dancing motion data taught by an expert dancer
is explained.
In the start, the dancing motion data that is taught by an
expert ballet dancer to the CCA is analyzed. Our aim is to
generate the dancing motions for the CCA using some
basic dancing motion rules for ballet dance music. During
the dancing motion of the CCA, motion of every joint can
be expressed as a combination of many basic motions.
When we analyze the motion data, we find that most of the
time &l joints do not move simultaneously. Moticn of some
joints is significant than others on certain times and vice
versa. Hence to form a dancing motion, it is important to
know that which joint moves when and what is the order of
motion. Based on these observations, three indices are
defined: The domination of joints motion, synchronization
of the motion and the correlation between joints motions.

H Domination Ratio

It is an index that gives the ratio of the motion of a
particular joint during the whole time span of a certain
wusic note. The index is described below,

wel
D o2 @
! N

Here ! describes the motion of joint in time and will be
equal to 1 when the joint is moving and 0 when joint is not
moving. N is the number time steps in one musical note.
Hence this index will have large value for the joint, which
is moving more frequently showing the significance of the
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joint in the dancing motion.

W Synchronization Ratio

It is the index, which displays the ratio of time when two
joints iand j are in motion simultaneously and the time
when either of them is in motion. The following relation
deacribes the index,

=Tz:°'(n:-n")/$:(n,'+n") (4)

" »

Where “+” represents a logical “AND” and “+
represents a logical “OR”. Higher value of index indicates
the synchronization of two joints motion.

B  Chain Retio

In a certain one music note, when the joint angular
velocity returns to zero, we consider it as a single motion.
In addition, it arranges the motion of all joints in the time
series. It sets the time section 7, (k=01,2, - K) for
the combined motions. It is the index of chain ratio of all
motions of joint j when the joint { was in inotion one
time section before the motion of joint j. The index is

given 8,
e K
Cum 3 i n) /3 ®
Where “+” represents a logical “AND”. ™ represents the

motion of joint j in the time section T, . H will be equal to
1 when joint is in motion and will be 0 when joint is
stopped. Higher value of the index shows that the motion
of joint § followed by the motion of joint j is happening
more frequently.
The above three indices are given in Table 1~3 for
dancing motions taught by an expert dancer.
We can verify following kind of features from the Tables,
Arm and revolution joints moves more frequently.
O Motion of both arm joints is more freguent in the
same time period.
® Both arms and waist joints moves in alternate
more often (refer ta the C; ;0f arms and waist).

Table 1:Domination Ratio for the Music “March”
J| e 1 2| 3 4

D} 0.46 ] 0.17 | 0.19 | 0.69 | 0.45

Table 2:Synchronization Ratio for the Music “March”
ot O 1 2 3 4

0 0.28 | 0.12 | 6.38 | 0.28
1 — 0 |023] 0386
2 |—) — 1 0.12 | 0.03
3 -1 — e 0.50
4

Table 3:Chain Ratio for the Music “March”™
| o 1 2 8 4
0.30 | 0.17 | 0.43 | 0.22 | 0,22
0.50 | 0.50 [1] 1.0 1.0
0.17 D 0.70 | 0.37 | 0.13
0.6 | 0.20 | 0.02 | 0.77 | 0.55
0.16 1 0.18 | 0.04 | 0.47 | 0.84

e N0 I o 15
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Hence we can extract some rules for dancing motion based
on above indices. We can decide the combination and order
of the motions of joints according to these rules.

Next, size of motion of the joint and extraction of the rule,
which decides direction, are done. Here other than locking
at the movement of the joint angle in the motion data
taught by expert dancer, the CCA was moved in real-time
and features of motion were extracted by observing the
motions. The features, which are obtained, are listed
below,

®  The size of motion of a joint in a single time step is
almost fixed.
®  Arms and waist joints move frequently in forward
and backward directions.
By utilizing these features, we can decide the motion of
joint angles within the movable and angular velocity
limits.

4.2 Generation of dancing motion by

using dancing rules

By using the features as dancing motion rules
mentioned in the previous section, it is possible to generate
a continuous dancing motion. The dancing motion
generation by our proposed technique is shown in Figure 3.
Motion decision for a time step is done in two steps. In the
first step the wor condition of each joint is decided.
The function F.” k‘(]g) gives the working condition of the
motion of joint j when motion of joint i and me
joint j are in the same time. The function F, Mmﬁ
defined as the chain of the motion of all joints in the

m—1 time step when the jaint f is in motion. The
functions F7, .\ /) and F, c,mm(:,l are given in equations
(6) and (7).

Fo )= 2P+ PP B, ©
Fai)y=nst B 4o PG 4ny B w0y B +mp B, D
Where “+” represents a logical “AND” and “+"

represents a logical "OR". p,° , P‘.. P, PS arethe
random variables which take the valtes of 1 and 0
according to  certain probability distribution. The
probability distributions are defined based on the three
indices defined in section 4.1. The variable n, is the
state of jointf in m* time where 1 corresponds to moving
state of the joint and O corresponds to not moving state of
the joint. In equation (6), if the joint i become the
standard joint during the dance motion, the equation (6)
can be replaced by the following equation,

Fe()=R2, PS5, +B2_.P} ®
comd i of

F" (_]) is the function which decides the state of a joint
j inthe m' time step is given as follows

F()= FL U+ Fiu () ©

Where “-” represents a logical “AND. If F™ (]) 1.
joint j will move and fo"(J)- 0, it will not move. In
the next step, motion of the joint is designed. Let the initial
angle of joint j at the start of m's time step Ty is
A7 (J) and the fina] angle of the joint J at the end of mte
tlme step T, , when music stops, is Af (_])



ForF"” ( j) =1, A7 (j)wi]l move and change its position.
The motion of joint angles will be decided according to the
rules mentioned in Table 4. The change of joint angles can

be described by the folowing set of equations,
474)= 4;()+ 4 ()
A5 ()= 45 (/)- 47 ()

Here, it is necessary to consider the angular limit and the

angular velocity limit of a particular joint. Let th
limit of joint in the motion towards forward

Table 4: Rules for the size and direction of angles

j=0 [ j=1234

Size -~

The size A"(j) is selected from four patterns.

40) 400" 40) 4,()

Qo
11

e angular
direction

Direction

If the joint angle is | If the angle s at initial
below + 60[deg] .the | position, the direction of
direction is considered to | next motion will be
be facing the subject. oppoaite of the previous
maotion.

If the joint angle is more | If the angle is near

is d,,,, () and the limit of angular velocity is¥,,,, (7). than 60[deg) . the | initial position, the
the motion of joint angle will follows the following rule, direction of CCA is | direction of motion will
considered to be facing | be  same previoua
ol e (J) < A; (j) <Ay (J) (12) apposite of the subject. motion.
If the angle is far from
. . - ™ initial position then the
Aa° (J)S V prar (J) (TE -1y ) (13) direction will be back
From the above rule, the joint angle A7 (/)is decided. towards  the initial
position.
I Note number m¢ I
» Table 5: Synchrounization Ratio
Y
Gst the angle of sach joint to the previous sots J | AR =11 | AR, =1] | AFE, =1
A4 U)=l 4°0) 0| — 0.5 0.2
1 — 0 0.5
+ & 2 — D 0.5
Deocide the state of the base juint 55, Get the stats of tha jeint i the previous nots n} 3 p— 1 0
Ducide ths stats of tha joint Ducide the stats of tha joint 4 .25 1 0
besod on Synchroncus rate g2 (1Y based oo Comin rate F2(j)

Decide the state of the jint J
Fr5)= Bl Lik+ Flali)

(=0

Decids the rangs
where the jeint mxwes

- A U)s 45 ()5 A ()
AU} Vo) (17 -73)

Hence using the information from the music,
it can generate the motion of a particular
joint following the above mentioned rules.

4.3 Example of dance motion
generation

In Figure 4, an example of dance motion
generated by our proposed technique is
shown. Dancing motion is generated for the
same MIDI file of ballet dancer used in the
extraction of the mles, In forming the rules,
the values of the indices mentioned in section

£ 0)= 4307+ 470)
40)= 4()-420)

|Beak for the applviag rules
kA
i Docide the sgle
Decido the angls of the joint of tha Joint

£0)=450)

4.1 were calculated from the dante motion
data taught by an expert ballet dancer. First
the left arm is set as reference with

Fig.3 Dancing Motion generation by proposed rules
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probability P2 =1 and P = as given in
Table 5. Hence when thé standard joint
moves or stops, the probabilities of motion of
joint J will decide the value of F 7, (7). In
the same way, when p ‘} =] , the
probabilities are given in Tebld 6, When the
joint moves, the probabilities of joints motion
will decide the value of F 7 ().

Figure 4 shows the automatic motion
generation for the muaic of “Waltz of Flower”,
Continuity of motion is visible. Left and right



Table 6:Chain Ratio

i | Az =u| agg o | e =0 | A=) A =n |
0 0.5 4] 0.2 ]
1 [1] 0 4 0.2 0.2
2 0.2 [1] 0.6 0.2 0.2
3 0.2 0 [1} 0.2 0.5
4 0.2 )] 1] 0.6 0.2
-
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Fig.4 Example of joint angles generated by dancing rules.

arms performing motion in the same time period and arms
moves after the motion of waist.

5. Subjective evaluation of
motion generation

The dancing motions are generated by the technique
mentioned in the previous section. In this section,
subjective evaluation of the dancing motioned generated
by basic rules is described. The CCA performs the dancing
motions on computer screen and a subject watches these
motions and evaluates the dancing motion.

Data type 1is the motion data taught to the CCA by an
expert ballet dancer. Other three data types are the motion
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Fig.5 Subjective rating results

data generated automatically by dancing motion rules. The
difference among the data types 2-4 is the different
synchronization ratio. We have used four types of ballet
music patterns and four types of basic dancing motion
rules. Hence the total numbers of patterns are sixteen. All
these motions are shown to the subject randomly on the
computer graphic screen. The subjective rating includes
Activity, Interest, Beauty, Rhythmical, Affinity and
According to music. A subject has to evaluate the dancing
motion on a five-point scale. The subjects are ten young
students in the age of early twenties. Subjective evaluation
results are shown in Figure 5 for four data types. It can be
observed from the figure that all the subjecte gave high
ranking to the dancing motions taught by ballet dancer.
But the subjective rating of the four data types are almost
equal as far as rhythmical and aceording to music motions
are concern. Hence the generation of dancing motions
according to the music is very effective by using our
proposed dancing motion rules. The subjective rating is
low in the cases of activity, interest and affinity. Hence it is
necessary to define further dancing rules that address

these impressions,

6. Conclusions

In this paper, we have extracted some basic dancing
motion rules from the dancing motion data taught to the
CCA by an expert ballet dancer. These dancing rules are
used to generate dancing motions automatically according
to the ballet music. In addition, the timing information is
extracted from the M]IDI file of music and the dancing
motion is synchronized with the timing of the music notes.



Subjective evaluation of the dancing motions confirms the
effectiveness of our proposed technique. We can achieve
good synchronization with the music although the rating
for beauty and interest is still low.

The main advantage of this technique is that we can
generate various dancing motions automatically in
synchronization with the music. In our future work, we
will try to create or modify more basic dancing rules to
improve the beauty of the dancing motion and to make it
more interesting.
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