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INTRODUCTION

CONTRIBUTION

Sign language is the basic alternative communication method
between deaf people and several dictionaries of signs have been
defined to make this communication possible. The goal of the
project consists of developing an automatic sign language
translator so that a computer will output the corresponding word
to a sign executed by a user in front of a camera. Other works
have been proposed previously and they mostly make use of
probabilistic models such as Hidden Markov Models or Artificial
Neural Networks classifiers. In this thesis, the Microsoft Kinect
XBOX 360™ is proposed to solve the sign language translation
problem with the combination of much simpler descriptors and
classifiers.

By using the tracking capability of the Kinect camera, a meaningful 8-dimensional descriptor for every
frame is introduced here. In addition, an efficient Nearest Neighbor Dynamic Time Warping (DTW)
and Nearest Group DTW classifiers are developed for fast comparison between signs. With the
proposed descriptors and classifiers combined with the use of the Microsoft Kinect XBOX 360™, the
system has the potential to provide a computationally efficient design without sacrificing the
recognition accuracy compared to other similar projects. The project does not focus on a particular
official dictionary of signs due to limited time. In addition, the project intends to be a feasibility study
where proof-of-concept is the main goal. A default dictionary of 14 homemade signs is defined. This
dictionary contains basic words such as “are”, “doctor”, “have”, “hello”, “hot”, “hungry”, “I”, “love”,
“phone”, “play”, “question”, “sick”, “want”, “you”, “sleep”, and “play”. By combining these words, a
wide list of basic sentences can tell about the need of the user (e.g. “I want to see a doctor”, “I am
sick”, etc).

METHODOLOGY
OBTAIN JOINTS OF INTEREST:
The system makes use of the six joints of
interest shown in Figure 2. These joints
are both hands (LH,RH), both elbows
(LE,RE), the torso (T), and the head (H),
where the last two are only used for
normalization purpose. A weight is
applied to give more importance to the
joints that are more meaningful.
Figure 2:
Used joints.

Figure 1: Flux diagram of the system.

Figure 1 shows the flux diagram for each frame
that is captured by the camera. For this frame, the
joints of interest are obtained, normalized, and
finally the frame descriptor is created. The current
working mode (TESTING/TRAINING) will define in
which dataset the sign that the current frame
belongs to can be found. If the current mode is
TESTING and once the last frame of the sign is
added to the test gesture, the classifier will output
the correspondent word in the output display.

DESCRIPTOR:
After evaluating the importance of each of one of
the features d, θ, and ϕ, only d and ϕ result to be
meaningful. Hence, the 8-dimensional descriptor
from Figure 5 is built by storing the values of these
features for all the joints along the frames.

NORMALIZE DATA:
Invariant to user’s position:
All the joints are expressed with respect to the
torso (T) joint to make the system robust to
user’s position.
Invariant to user’s size:
The joints are expressed in spherical coordinates
(Figure 3), and the distances d are normalized
by the factor of the distance dHT from Figure 4
to make the system robust to user’s size.

The first proposed classifier is named as Nearest Group Dynamic Time
Warping (NG-DTW). The DTW is an algorithm that can tell about the
similarity between two sequences of data that differ in length. By
computing the similarities between a given test sign and the ones from
the dictionary, the test sign is labeled as the group of signs whose mean
DTW value is the lowest. In the case of the second classifier (Nearest
Neigbor DTW), the test is labeled with the closest sign from the
dictionary instead of with the group with the smallest average value.

Figure 5: 8-dimensional descriptor.
Figure 7: NN-DTW classifier.

RESULTS & CONCLUSIONS

THE SYSTEM
Two modes are available:

TEST MODE:
The user executes a sign and the corresponding word is shown in the output window. The output
can be 1-to-1 (one sign, one output word, as in Figure 7), or can be an output sentence once a
combination of established signs is done (Figure 8, where the user executes “I”,+“want”+”doctor”).
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The training set contains a total of 70 different samples,
which is the result after adding five samples for each of the
14 signs from the default dictionary. These training samples
are executed by the same user at the same position.
A set of test samples executed by four different users that
differs in size is built to find the accuracy of the system. For
every user, three different samples are collected which results
in a total of 168 test samples.
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Figure 7: Testing the sign doctor.

Figure 4: Normalization factor.

USED CLASSIFIERS:

Figure 6: NG-DTW classifier.
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Figure 3: Spherical coordinates.

Figure 10: Different users used for the evaluation of the system.

Figure 8: Testing the sentence “I want to see a doctor”
(“I” + “want” + “doctor”).

TRAINING MODE:
The user inputs a username and a sign name in
order to run the TRAINING mode (Figure 9).
After the sign is executed, it is added to the
default dictionary. This option makes the
system more interactive since the user can add
as many signs as wished.
Figure 9: Adding the sign “toilet” to the dictionary.

After testing the system for its different configurations and
approaches (i.e. which are the most meaningful futures to
describe a joint, weight applied to each of the four used
joints, and which is the used classifier), the results show that
the best configuration of the system reaches an accuracy of
95.24%.
The initial goal has been satisfied since the use of the
Microsoft Kinect XBOX 360™ with the combination of the
developed descriptor and classifiers has been shown as an
efficient way to solve the sign language translation problem.
As a future work, it will be interesting to track the finger
positions so that the signs from the dictionary will belong to
one of the existing official sign languages.
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