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Abstract

This paper presents a singing robot system realized by collabo-
ration of the singing synthesis technology “VOCALOID” (de-
veloped by YAMAHA) and the novel biped humanoid robot
HRP-4C named “Miim” (developed by AIST). One of the ad-
vantages of the cybernetic human HRP-4C is is found on its ca-
pacity to perform a variety of body motions and realistic facial
expressions. To achieve a realistic robot-singing performance,
facial motions such as lip-sync, eyes blinking and facial ges-
tures are required. We developed a demonstration system for
VOCALOID and HRP-4C, mainly consisting of singing data
and the corresponding facial motions. We report in this work
the technical overview of the system and the results of an exhi-
bition presented at CEATEC JAPAN 2009.

Index Terms: singing synthesis, speech synthesis,
VOCALOID, humanoid robot, cybernetic human HRP-4C

1. Introduction

VOCALOID[1] is a commercial singing synthesis software de-
veloped by Yamaha Corporation. The system perform singing
voice synthesis based exclusively on the musical score and
lyrics (as well as some available expressive settings) provided
by the user. In the VOCALOID system, the “Synthesis Engine”
selects samples (mostly diphones) from “Singer Database” ex-
tracted from real people’s singing recordings and concatenates
them in the frequency domain. Many products have been
released, e.g., “Hatsune Miku” from Crypton Future Media,
INC[2], is one of the products of the Character Vocal Series
software and “Gackpoid” from INTERNET Co., Ltd[3] whose
voice was provided by Japanese international singer “Gackt”.
Especially in Japan, a lot of music using VOCALOID are posted
on popular websites such as video sharing sites. Many people
are enjoying not only creating their original music but also col-
laborating with making computer graphics (CG) movies.
“HRP-4C” is a novel biped humanoid robot developed by
AIST, with a body shape and face appearance similar to those
of female humans[4, 5]. The dimensions of HRP-4C match the
average values of young Japanese females (158 [cm] tall and
weighting 43 [kg] including batteries). One of the major fea-
tures of HRP-4C is found on its capacity to combine whole body
motion and real facial expressions. Then, it is assumed that the
current primal applications of HRP-4C are related to the enter-
tainment considering that is able to perform the robot does var-
ious performances using whole body and facial motions, hand
gestures, and speech tasks (recognition and talking). The HRP-
4C appeared on the stage of a fashion show, the 8th Japan Fash-
ion Week in Tokyo (JFW in Tokyo) on March 23 (2009). The
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Figure 1: Original VOCALOID System.

HRP-4C performed the role of “host” in the special stage named
“SHINMAI Creator’s Project”.

In the context of this event we aimed the HRP-4C per-
forms realistic singing-voice. By doing this, we extend the
possibilities of VOCALOID to the virtual world and the field
of applicability of the HRP-4C to the entertainment one. Note
some existing products and related works concerning the abil-
ity of “singing” to robots, such as PaPeRo from NEC[6], ifbot
from Business Design Laboratory Co., Ltd. and QRIO from
SONY[7]. However, since HRP-4C has a realistic human-like
face, we can create more human like movement including lip-
sync and facial expressions. In this paper, we describe the tech-
nical overview of the developed system, and show the results of
our work presented at CEATEC JAPAN 2009.

2. Demo System

2.1. Overview of Our Demo System

The original VOCALOID software[1] is composed of three ma-
jor blocks: (A) Score Editor, (B) Singer Database, and (C) Syn-
thesis Engine (see Fig. 1). In the score editor, users input notes
and lyrics. According to the input score, the synthesis engine
selects optimal samples from a singer database and concatenate
them in the frequency domain.

On the other hand, our developed system has not only the
VOCALOID synthesis engine and singer database but also mes-
sage transmission functions to control the HRP-4C and an auto-
matic piano player. It is also possible to send data, which is not
just the preset data prepared in advance, but created automati-
cally on the spot. Although the protocol of the synchronization
control of VOCALOID, HRP-4C, and the piano player differs
each other, the demo system can appropriately control each pro-
tocol in an integrated control manner. Note that the synthetic
sound of VOCALOID is not the stored WAVE data except for
backing chorus, and that the VOCALOID synthesis engine syn-
thesize singing and speech voice as needed.

Figure 2 shows an overview of the demo system. The sys-
tem consists of two parts, the template-based processing part
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Figure 2: Overview of the Demo System.

and the automatic generation part. We use the template-based
part to process the user’s requested song and the automatic gen-
eration part to make the system synthesize the user’s name.

In the template-based processing part, according to the
identification number of the requested song, The VOCALOID
sequence file, the WAVE files for the chorus part, the Standard
Midi Files (SMF) for the accompaniment, and the pose con-
trol files for the HRP-4C are loaded and transmitted to each
output in synchronized timing. Then, the synthesized sound
by VOCALOID and WAVE data are transmitted to the output
sound device. The SMF is sent to a piano player “Disklavier
E3” by using MIDI protocol. To control the HRP-4C, a time
sequence of key poses described in CSV format is sent to its
control system via local area network.

In the automatic generation part, a human operator inputs
user’s name in Japanese Kana text (the accent mark is included).
According to the input text, prosodic information (pitch and
phoneme duration) is generated for each phoneme. To gener-
ate the prosodic information we implemented a simple prosody
generator based on a command-response model for fundamen-
tal frequency (FO) contour generation[8]. Then, the lip-sync
control parameter of HRP-4C can be determined straightfor-
wardly from the generated prosody data including duration of
each vowel and consonant. Finally, the generated prosody and
lip-sync control parameter are transmitted to the VOCALOID
synthesis engine and HRP-4C.

2.2. VOCALOID-flex

In the original synthesis engine of VOCALOID[1], the received
score information such as note and syllables are converted to
internal synthesis score. Then the prosodic parameters (each
phoneme duration and pitch curve of each note) are generated.
Although this internal score is important and essential function
to synthesize natural singing voice, the control of the prosody
on the synthetic voice is not straightforward. In some cases, as
for example, expressive speech,synthesis, a prosodic control at
the synthesis stage appears to be useful.

For this purpose, we developed a new synthesis engine
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Figure 3: The Synthesis Engine of VOCALOID-flex.

named “VOCALOID-flex”. Figure 3 shows an outline of the
synthesis engine of the VOCALOID-flex. The VOCALOID-
flex synthesis engine accepts not only VOCALOID score data
(note and syllables) but also prosodic parameters including du-
ration, pitch, and dynamics of each phoneme. Accordingly,
we can control the synthesized pitch by preparing directly the
corresponding prosodic parameters for each vowel and conso-
nant. Furthermore, this synthesis provides additional processing
functionalities such as vowel reduction, vowel devoicing and
consonant length adjustment using VOCALOID databases.

3. Moation Synthesisfor Expressive Singing

Although it would be expected a singing robot with whole body
motions, we focused our interest as first step on creating head
motion and facial expressions including lip-sync, neck motion,
and eyelids motion.

3.1. TheHead of HRP-4C

We show in Fig. 4 a closeup of HRP-4C’s head. Note that
to avoid the problem of the so-called “uncanny valley[9]”, the
shapes of the facial parts and the skin’s surface are slightly sim-
plified from those of the human model.

The facial parts can be moved by using the eight degrees of
freedom (DOF) joints inside the head and the head attitude can
be changed by using the three DOF joints inside the neck. The
internal joint structure is shown in Fig. 5. The pairs of the eye-
brows, eyelids, cheeks, as well as the upper and lower lip and
mouth (chin) are driven by one-DOF pitch joints labeled EYE-
BROW, EYELID_P, CHEEK P, UPPER LIP P, LOWER LIP P
and MOUTH_P respectively. The pan and tilt of the eye pair are
driven by the joints labeled EYE_Y and EYE_P. The one-DOF
joints can not operate right and left part independently, note also
that it is not possible to create a motion such as winking. Fi-
nally, the roll, pitch and yaw of the head are driven by the joints
labeled NECK_R, NECK_P and NECK_Y respectively.

All the joints are rotational, and the joints that move facial
parts on the skin have a rigid arm which end-section is attached
to the corresponding skin area. The actuator of each joint is
composed of a servo motor and a planetary gear.
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Figure 5: Internal Joint Structure of HRP-4C’s.

3.2. Moation Control Using Key Pose Sequence

A key pose is an arbitrary facial pose and a time sequence of
key poses represents a facial motion which trajectories are gen-
erated as the transition between the key poses. A key pose is
represented by joint angles of a set of face joints, and the joint
angles are automatically interpolated in between two different
key poses. Our strategy is based on the well-known “key frame
animation” one. However, our proposition is more structured
and flexible. In particular, the representative key poses can be
reused by specifying the name of them. Then we can create
patterned or repeating motions effectively, generally well recog-
nized in facial motions. Furthermore, a key pose can cover ei-
ther the whole face or a subset of the facial parts, since it affects
exclusively the corresponding target joints and the interpolation
is done independently for each joint. This feature enables mul-
tiple key poses that target different facial parts to be overlapped.
In addition, as long as the target joints are not overlapped, the
key pose sequence and the overdub trajectory can be mixed for
the same period.

Table 1: Transition rates to the maximum displacement of the
joint angles; MOUTH_P, UPPER_LIP_P, LOWER_LIP P, and
CHEEK_P, in each key pose.

| key pose | transition rate |
a 0.8, 0, 0, 0
a(s) 04, 0, 0 O
i 0.2, 0, 0, 07
i (s) 01, 0 0 05
u 0, 08, 0.2 0
u (s) 0, 04, 02, O
e 0.5, 0, 0, 02
e (s) 03, 0, 0 02
0 0.8, 0.8, 0.6, 0
0(s) 04, 03, 03, 0
n 0, 0, 0, 03

The key pose names and their joint angles for all perfor-
mance are taken from a common set. Moreover, the whole head
movement is divided into three sub-sequences: lip-sync, eye-
blink, and neck motion.

3.3. Lip-sync Motion Generation

To make the HRP-4C perform realistic singing and speaking, it
is required lip-sync with synthesized singing and speech voice.
We used 11 key poses, corresponding to the five basic vowels of
Japanese language (a, i, u, €, 0), their slightly closed versions,
as well as a full-closed one for the “n” case. Each key pose
covers the joints of UPPER_LIP_P, LOWER_LIP P, MOUTH._
P and CHEEK_P. Figure 6 shows the examples of mouth shapes
of each key pose (“(s)” represents slightly closed vowels). Ta-
ble 1 shows transition rates to the maximum displacement of
joint angles; MOUTH_P, UPPER_LIP_P, LOWER_LIP P, and
CHEEK_P, for each key pose. The movement range in de-
grees of each joint is MOUTH_ P: from 0.0 to 10.0, UPPER
LIP_P: from -25.0 to 0.0, LOWER LIP_P: from 0.0 to 25.0, and
CHEEK_P: from -3.3 to 0.0, respectively.

The timing is determined from the sequence data of
VOCALOID, in which the timing of the each phoneme is de-
scribed. More in detail, the synthesis engine of VOCALOID
has an internal synthesis score, in which the starting point of
the note is adjusted to the beginning of the vowel in a syllable.
By using this internal synthesis score information, the key pose
timing is set to the beginning of each syllable. Moreover, when
the syllable includes a bilabial consonant, the key pose “n” is
inserted at the beginning of the consonant and the timing of the
key pose corresponding to the vowel is moved to the beginning
of the vowel in the synthesis score.

Further more, to make lip-sync motion more natural, the
duration of each vowel is considered. A slightly closing key
pose is inserted between the same key poses when the following
syllables contain the same vowel and the duration of the former
vowel is longer than the predetermined threshold. This makes
the mouth to get close a little and then it re-open again. Figure 7
shows the example of the relationship between the VOCALOID
score and generated key pose of lip-sync.

3.4. Eye-Blink Motion Generation

HRP-4C has a function to blink the eyelids at random intervals
automatically. In this function, we specify maximum interval
between blinks and the speed of a blink. Since the automatic
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Figure 7: An example of the VOCALOID score and generated
lip-sync key pose.

blinking only overrides the control of the eyelid joint during the
blinking, it can coexist with conscious eyelid motions created
by using the key pose sequence function.

In addition, to show singing motion more natural and ex-
pressive, we also control the eyelid motion using the key pose
sequence. To make key pose sequence automatically, we in-
troduce a simple probability model. In this probability model,
the eyelid motions are generated according to lyrics and note
information of the target song. More specifically, we assumed
the probability of closing eyes in each note P(eyelid = close)
depends on the note length and the type of vowel, and given by

[ 1 (voweltype="i",T >k x Ty)
P= { 0 (else) @

where k is a random value between 1.0 and 1.5, T' is the note
length normalized by BPM (Beats Per Minute), and T is a cer-
tain threshold value manually fixed. By introducing the ran-
dom parameter &, we can avoid similar eyelid closing at similar
phrases in a song. Although a more complex probability model
(e.g., considering proceeding and succeeding phrase or pitch of
each note) should be required to model eyelid motion in actual
human singing, surprisingly, this very simple strategy can gen-
erate natural eyelid motions to some extent.

Further more, we manually made the key pose to close eyes
when the song is finished.

3.5. Neck Motion Generation

The neck motion synchronization is important to make the
singing performance to be realistic. Several techniques to au-
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Figure 8: An example of the hand labeled points and waveform
of a song.

tomatically generate motions using the acoustic features of the
song are proposed [10, 11]. Moreover, the motion which syn-
chronized song’s beat would able to be obtained automatically
by using the tempo of the song. However, it is not easy to
control the motions in some of such full automatic techniques.
In the singing motion, using specific motions in some parts
or phrases in song is effective to characterize singing expres-
sions. Then we used semiautomatic motion generation tech-
nique. Specifically, we set the annotation points by hand while
listening to the song. The length between the points were clas-
sified into three classes, and different movement was generated
for each of them. Figure 8 shows the relation between the hand
labeled points and the waveform of the song. The three classes
(arrowed lines) are color coded.

First, we made 27 key poses combining three types in ro-
tation, up and down, and from side to side, respectively to
utilize 3 DOFs of the neck joints; NECK_R, NECK_P, and
NECK_Y. We introduced a state transition model controlled by
one-dimensional parameter. In this model, each state corre-
sponds to a certain key pose of the neck motion having as out-
puts its timing and key pose symbol.

As the most basic motion, the neck up and down movement
is generated in medium length interval (green arrows in Fig-
ures). This length corresponds approximately to the song’s beat.
The transverse variation was randomly chosen. To avoid sudden
movements, when the neck swing right or left, it can not directly
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Figure 9: State transition diagram for the long and medium in-
tervals

Figure 10: State transition diagram for the short intervals

swing in an opposite side. This constraint can be expressed us-
ing the state transition model. Figure 9 shows the state tran-
sition diagram to generate motions corresponding to the long
and medium intervals. In this figure, “L”,“C”,and “R” indicate
Left, Center, and Right, respectively, and “U” and “D” indicate
Up and Down, respectively. The arrows between states indi-
cate that a state can transit to other states. When the state has
multiple transitions, a certain transition is randomly selected.
The colored arrows are transition condition and their color cor-
responds to the interval class described above. For example,
when starting from center ”C”, the state transition such as “C”
— “C_D” — “C” is done in the time of the arrow length and the
neck down motion is generated.

Moreover, the movement that the neck slowly looks up and
returns to the horizontal center is done between the long inter-
val class (red arrow). The motion duration for looking up is
changed according to the tempo of the song.

Furthermore, the movement tilting the head slightly to the
right or left is done at the short intervals at some specific parts
or phrases in song. The state transition model for this motion
is shown in Fig. 10. We assume that the rotated state can be
reached from any state of Fig. 9. For example, when the state
is “R_U (Right and Up)”, the rotated states become R_U with
rotation R or R_U with rotation L.

Figure 11 shows an example of generated neck motion se-
quence.

4., Demonstration
4.1. Outline of Demonstration

We presented this demonstration in CEATEC JAPAN 2009. In
each stage of the demonstration, from 2 to 4 were performed
by the HRP-4C and VOCALOID. Moreover, we changed not
only the VOCALOID singer DB but also the wearing costume
matching to the character of the singer DB in each stage. For the

usual HRP-4C style, the singer database “CV-4C3” provided
by Crypton Future Media, INC, Japan was used. For “Miku”
and “GUMI” style, the singe DB “Hatsune Miku” from Cryp-
ton Future Media, INC and “Megpoid” from INTERNET Co.,
Ltd were used respectively. Figure 12 shows a customized ver-
sion of the HRP-4C (as it was presented at the event) and the
corresponding singer DB

4.2. Flow of Demonstration
A flow of the demonstration is as follows;

1. Receive the requested song name and the name of the
person who requested the song.

2. Announce the song name and the user’s name.

3. Sing the requested song with the accompaniment of au-
tomatic piano player “Disklavier E3”.

The announcement is generated combining the templates
and automatic prosody and lip-sync generation system. For ex-
ample, in a announcement “Thank you for the request Mr. Sato,
1 would like to sing world is mine™, the prosody and lip-sync of
Mr. Sato is automatically generated given Japanese Kana text,
and concatenate them to other templates of prosody and lip-
sync. Moreover several templates were prepared and randomly
selected to have a variation in on the announcement.

5. Conclusions

We have proposed demonstration system for VOCALOID and
HRP-4C and shown some techniques to create singing data and
their facial motions. The CEATEC demo turned out to be suc-
cessful. The performance of the singing robot was distributed
around the world on TV and Internet.

Future tasks include the motion generation using whole
body parts as well as head motion. Moreover, to realize more
human like motions by reflecting the appearance of a real hu-
man singer is also considered in our future work. Concerning
the VOCALOID synthesis system, we will focus on realizing
more natural and expressive synthesis and broaden the field of
application.
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