














collapses after the location is changed. This is be-
cause the rotation of the wrist is linked to changes
in the posture of the arms.

Therefore, we developed a new method to repro-
duce the original hand configuration represented in
citation form after the location change. This method
offsets the rotation value of the wrists by rotating
the wrists in the opposite direction after movement
in accordance with the amount of rotation of the
joints of the arms, thereby reproducing the configu-
ration of the signs before editing. Figure 7 shows
before and after images of applying the wrist offset
method.

Figure 7: Before and after applying wrist offset
method. Left: Citation form. Middle: No offset.
Right: Offset.

By incorporating FABRIK and the wrist offset
method, the range of contextual modifications
of signs that can be reproduced by the location
change function has been expanded. Figure 8
shows the location GUI and an example of con-
textual modification of a JSL motion [HOUSE 1] by
changing its location using the proposed method.
The operator can change the location of signs by
choosing the illustration of the location relative to
the avatar’s body and face.

HOUSE 1 (JSL) HOUSE 1 - Left (JSL)

Figure 8: Location change function.

4.5. Example of motion editing by
proposed system

An example of contextual motion modifications is
shown in Figure 9. The GUI of the motion edit-

ing tool has a function to visually connect isolated
motion data as nodes and edit the parameters of
each motion data, and we also added a node ded-
icated to HamNoSys editing. By connecting the
HamNoSys editing node to the motion data to be
edited, each of the three components—handshape,
hand orientation, and location—can be edited inde-
pendently.

Using the proposed method, we replaced the
right handshape of JSL [GO 4] and rotated the wrist
in the translated JSL gloss sequence to produce a
more natural JSL animation that clearly expresses
the means of going and the number of people.

This usage is linguistically called a classifier (CL)
predicate, and is one of the contextual modifica-
tions that can be reproduced using the proposed
method. Some researchers have also worked on
reproducing this CL predicate in avatar animation
(Huenerfauth, 2006; Filhol and McDonald, 2020;
Naert et al., 2021). Since our method is based on
MoCap data, it is possible to reproduce more real-
istic CL predicate motions in JSL translation results
than a method that uses only a phonological-based
generation technique.

Figure 9: Example of contextual motion modifica-
tions for CL predicate.

An example of generating a German Sign Lan-
guage (DGS) motion from JSL motion using our
proposed method is shown in Figure 10. The upper
part of the figure is an example of generating DGS
motion [WICHTIG 1] by replacing only handshape
from a JSL motion [STUDY 2], and the lower part
is an example of generating DGS motion [SAGEN
1] by changing only hand orientation from a JSL
motion [SAY 1]. As demonstrated in this example,
it is also possible to generate new motions in other
sign languages from JSL motions.

5. Evaluation

5.1.

We conducted an evaluation experiment on JSL
avatar animations generated by our JSL translation

Design of the evaluation
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Figure 10: Example of DGS motion generation from
JSL motion.

system implemented using the proposed editing
method based on HamNoSys. We recruited four
participants, three men and one woman, for this
experiment. Two of the participants were born Deaf,
one was hard of hearing, and one was a child of
Deaf adults (CODA).

To investigate the effect of modifying that com-
bines two functions, namely, handshape and hand
orientation, we prepared and compared JSL avatar
animations with and without modifying for JSL sen-
tences containing CL predicates. To generate
the videos used for evaluation, we selected ten
Japanese news sentences that include CL pred-
icate expressions from our Japanese-JSL news
corpus. We prepared a total of 20 avatar animation
videos: ten that were automatically generated by in-
putting the ten selected Japanese news sentences
into our translation system, and ten that were man-
ually modified using our proposed method after
being automatically generated. The modification
was carried out by replacing only the handshape
and changing the hand orientation for the citation
form motion of the word corresponding to the CL
predicate. An example of modification is to change
the handshape and hand orientation for the motion
data of CL predicates such as [GO 4] (as shown in
Figure 9), [MEET 7], [HELPED 1], and [PROTECT
1]. By modifying the JSL expressions to match
the means and number of people in the original
Japanese context, we aimed to clarify the subject
in the JSL sentences and improve understanding
of the content.

All participants evaluated all 20 avatar animation
videos in the experiment. The number of video
views was unlimited. The videos were presented
in random order, regardless of whether they were
modified by the proposed method.

Participants answered three questions after
watching each video: a question testing the intelli-
gibility of the JSL sentence, a question on the accu-
racy of the JSL expression, and a question about

the realism of the utterance synthesis produced.
All questions and answers were conducted through
JSL by a JSL interpreter for Deaf and hard of hear-
ing persons, and directly in spoken Japanese for
the CODA person.

First, to check the intelligibility of the JSL sen-
tences, we asked the subjects: “Please tell us what
you were able to know by watching the animation.”
This was done to determine whether they under-
stood the JSL expressions related to CL predicates
correctly in context. The second and third ques-
tions were based on questions used in the evalua-
tion of previous studies (Naert, 2020). The second
question concerned the accuracy of the JSL: “Do
you think that the sign was done correctly?”, and
the third question evaluated the naturalness of the
movement: “Do you think that the sentence in JSL
is natural/realistic/spontaneous (does it seem like
the movement of a real person)?”. Both questions
were answered on a 5-point Likert scale ranging
from 1 (most negative) to 5 (most positive), as in
previous studies.

5.2. Results

We defined the recognition rate as the percentage
of people who correctly understood the meaning of
the CL predicate part in each JSL sentence accord-
ing to the context, and is the average value of the
four participants. Figure 11 shows the recognition
rate of the CL predicate part for each JSL sentence.
Out of a total of ten sentences, the recognition rate
of four sentences was improved after modifying
by the proposed method (SL3, SL4, SL6, SL9), 3
sentences remained unchanged (SL1, SL5, SL10),
and the remaining three sentences could be recog-
nized correctly with or without modifying (SL2, SL7,
SL8).

For example, in SL3, the handshape with the
thumb up in the JSL for [GO 4] automatically gen-
erated by the translation system was manually re-
placed with a handshape with two fingers raised,
making it more clear that two people are going.
Similarly, in SL4, the handshape with the index fin-
ger raised in the JSL for [GO 2] was replaced with
a handshape with three fingers raised, making it
more clear that three people are going. Also, in
SL9, the handshape representing the CL of the air-
plane in the JSL for [LANDING 1] was replaced with
the handshape of the CL representing the train, and
the participants could understand that the person
arrived by train instead of by plane.

Table 2 lists the average accuracy and realism
scores for each JSL sentence. Note that, the scores
in Table 2 are not limited to the CL predicate part
of the JSL sentence shown in Figure 11, but are
scores for the entire JSL sentence. Regarding both
accuracy and realism, there was no significant dif-
ference between whether or not the sentence had
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Figure 11: Recognition rate of the CL predicate
part for each JSL sentence.

been modified by our proposed method. In other
words, it was shown that by editing the MoCap
data modified by the proposed method, contextual
modifications can be reproduced without adversely
affecting the quality of the data. Regarding SL10,
there was no difference in recognition rate between
original and modified sentence, but both accuracy
and realism were improved. This is presumably
due to the effect of modifying the handshape for
JSL, which was expressed in the translation result
as the handshape representing the CL of the car,
to a handshape representing the CL of the bicycle
to match the context. Also, interviews with partici-
pants revealed that three out of four were able to
understand from the context that the car’'s CL was
incorrect in the original video during the experiment.

Accuracy Realism
SL Original | Modified || Original | Modified
SL1 2.50 2.75 3.25 3.00
SL2 3.50 3.50 3.75 3.50
SL3 3.0 2.75 3.00 2.75
SL4 3.75 3.00 3.75 3.50
SL5 3.50 3.00 3.50 3.50
SL6 3.50 3.00 3.00 3.00
SL7 3.50 3.50 3.00 3.50
SL8 3.00 3.50 3.25 3.50
SL9 3.50 3.00 2.75 3.25
SL10 2.75 3.25 2.75 3.25
Mean | 3.25 | 3.3 | 320 | 328

Table 2: Average accuracy and realism scores for
each JSL sentence.

These evaluation results demonstrate that our
method achieves the flexibility to generate con-
textual modifications and new movements while
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preserving the quality of natural human-like move-
ments without the need for additional MoCap pro-
cesses. Inour experiment, there were no significant
differences in the evaluation results between the
Deaf, hard of hearing, and CODA persons, but as
a future challenge, we need to confirm the repro-
ducibility of the proposed method’s effectiveness
by increasing the number of participants.

6. Conclusion

In this paper, we presented our HamNoSys-based
sign language motion data editing method. This
method is a hybrid that combines two utterance
synthesis methods: a MoCap data-driven method
and a phonological-based generation method. We
implemented this method in the motion editing tool
of our JSL translation system and confirmed that
it is possible to edit the citation form of signs in-
cluded in the JSL gloss string of the translation re-
sults as CL predicates. Our evaluation experiment
revealed that by applying motion modification to
the translation results using the proposed method,
the intelligibility of the JSL avatar animation was
improved. The proposed method achieved both
natural human-like movements and the flexibility to
generate contextual modifications and new move-
ments without any additional MoCap processes.
Additionally, since HamNoSys supports the tran-
scription of all sign languages, it is also possible to
create motions for other sign languages by using
our JSL motion data.

In future work, we plan to investigate ways of
supporting other contextual modifications such as
directional verbs by considering the action compo-
nent of HamNoSys. We will also explore support-
ing NMMs such as facial expressions and mouth
gestures, which are semantically important compo-
nents of SL.
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