








robot via USB to measure the patient’s blood pressure
(shown in Fig. 3). Dialogues are designed for the robot
to instruct the patient to use the blood pressure monitor
and the result is then recorded and communicated to the
patient.

Figure 3: Left: iRobiQ; Right: blood pressure monitor

We have tested different empathetic speech for a nurs-
ing assistant. It is relatively difficult to express differ-
ent emotions just by altering the global speech features,
which can cause side effects. For example, increasing the
pitch and decreasing the duration can express a “happy”
emotion but it is hard for people to hear the command
clearly.

We notice that by improving the intonation model,
the speech becomes more empathetic, and the differences
in the emotions are more apparent. Therefore, we im-
plement an empathetic voice with two methods for the
user experiments: manually annotated with ToBI mark-
ers and automatically annotated with the CART model.
Two expressions are used with the CART model: Happy
and Neutral. In Fig. 4 we compare the pitch contours
under different conditions with the New Zealand voice
for the sentence: “I am very happy to meet you.”

The pitch contour is a graphical representation of
the fundamental frequency of voiced speech (Hz), as it
changes throughout the duration (seconds) of the ut-
terance. The top-most plot (Fig. 4a) shows the pitch
contour of a Festival utterance without any intonation
modelling. The next plot (Fig. 4b) shows the pitch con-
tour of the utterance with manual ToBI annotations (I
((accent H*))) (am ((accent L*))) (very ((accent H*)))
(happy ((accent L*))) (to ()) (meet ((accent H*))) (you
((tone L-H%))).

Fig. 4c shows the pitch contour of the utterance with
“Neutral” expression and the bottom-most plot (Fig. 4d)
shows the pitch contour of the utterance with “Happy”
expression. Both were created by applying the modified
CART intonation model.

The no-intonation modelling case is characterised by
the flatness of the pitch contour, producing a very mono-
tonic utterance. Manually applying the ToBI annota-

tions produces a more dynamic contour, in which the
pitch rises occur during the words marked with (H*),
and the falls occur during (L*) marked words.

In the two automatic intonation generating cases:
“Neutral” and “Happy”; the pitch contours are similar in
the shape (the time in the utterance that the rises and
falls occur), but differ in the mean value of the pitch,
and in the amount of pitch deviation around the mean.
The “Happy” utterance has a larger pitch range and an
increased pitch mean, compared to the “Neutral” case.
This follows the findings in psychological studies focus-
ing on acoustic properties, in the vocal portrayal of emo-
tion, of which [17] is a good review. Note both Fig. 4b
and d are pitch contours for “Happy” speech, but in the
case of Fig. 4d this contour will create more empathetic
speech than the simple intonation model, without the
overhead of hand annotation required when implement-
ing the ToBI model.

Eleven people are asked to listen to the sample
speeches in Fig. 4, all of them can tell the difference
between the “Neutral” expression and “Happy” expres-
sion. However, we need further study to figure out the
proper speech voice in a healthcare scenario.

The virtual face can display nine different expressions
smoothly, however, due to insufficient CPU speed, there
exist a small delay in lip synchronization with the speech.
For each of the sentences, there is a time difference (av-
erage 0.15 seconds, maximum 0.5 seconds) between the
audio voice and the visual display. For most users, this
is acceptable. The same application on a desktop with
Intel Pentium 2.3 GHz processor runs very smoothly and
the lip synchronization is clear and satisfying. Since
the CPU speed is comparable to a normal PC machine
for most service and social robots, we believe that our
expressive facial speech synthesis system can be used
smoothly. Fig. 5 shows the virtual face with Neutral
and Happy expression during speech. Similarly, eleven
people are asked to look to the sample videos and all of
them can tell the difference between the “Neutral” facial
expression and “Happy” facial expression.

Now that the expressive talking face model has been
developed and tested, a professional study will be con-
ducted under the direction of a psychologist in the near
future. That test will involve different voice parame-
ters, ToBI marks, different speech emotions, face models
with different age, sex and race group. Through the test,
we will discover what kind of voice/face model is most
acceptable for our target user group in a healthcare sce-
nario.

5 Conclusion

This paper introduces our expressive facial speech syn-
thesis system which can be used by social and service
robots. The focus is on the robot’s ability to produce
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Figure 4: The Pitch contour obtained from four different
intonation models: (a) Pitch contour of the utterance
without any intonation modelling, (b) Pitch contour of
the utterance with ToBI annotations, (c) Pitch contour
of the utterance with Neutral expression (CART model),
(d) Pitch contour of the utterance with Happy expression
(CART model).

expressive facial speech so that clear help and commands
will be delivered to users. The empathetic speech, ex-
pressive virtual face and the association between them
are presented; in particular how to synthesize emotional
speech with the Festival Speech Synthesis system and
integrate the speech with face animation provided by
Xface. The system is implemented and tested on a phys-
ical robot with experimental scenario, we believe that it
can be used in a general service or social robot, or other
applications that require human robot interaction.
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