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Abstract—Sign language is an important communication tool for
the deaf. In this paper, we build a dynamic hand gesture
translation system with video caption without prior hand region
segmentation. In particular, we utilize the upright speed-up
robust feature (U-SURF) and the fuzzy C-means (FCM) to find a
matched word. We compared the result with that from string
grammar hard C-means (sgHCM). This Thai sign language
translation system was tested on 42 words. The total number of
video sequences used in the experiment is 1470. The best correct
classification rate on the signer-dependent blind test set using the
FCM is approximately 47 to 73%, whereas that of signer-semi-
independent set is around 30 to 40%. The best blind test result
for the signer-independent experiment is around 24 to 30%.
However, the correct classification rate from the sgHCM is
higher than that from the FCM. The best result for the signer-
dependent experiment is around 97 to 99%, whereas that of the
signer-semi-independent is around 64 to 65%. The correct
classification rate of the signer-independent experiment is around
53 to 54%.

Keywords- Upright speed-up robust featute (U-SURF); Fuzzy C-
Means (FCM); String Grammar Hard C-Means (sgHCM)

I. INTRODUCTION

Sign language is a solution to get over the communication
difficulty between normal and deaf people. Several research
works on sign language translation system have been done
with the help of cyber-glove or position tracking
[1]-[9].Although, these approaches provide good recognition
rates, it is more natural to recognize hand gesture without
using a special hardware or device. There are some other
research works that propose techniques in recognizing static
hand gestures with image caption or dynamic hand gestures
with video caption [10]-[20]. However, these methods need to
either automatically or manually segment hand regions before
performing any recognition. Although, the work done by
Phitakwinai et. al. does not need any segmentation, the correct
classification rate is not very good, i.e., 60 to 80% for signer-
dependent experiment and 20 to 40% for signer-independent
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experiment [20].

In this paper, we build a dynamic hand gesture translation
system with video caption without prior hand region
segmentation. In particular, we apply the upright speed-up
robust features (U-SURF) [21] to match an image frame with
that in the signature library. We then utilize the fuzzy C-means
[22] to find a matched sign word. We also compare the result
with the string grammar hard C-means [23,24]. We implement
this system with 42 Thai sign language words (words signed

i dea(two)”, “aw(three)”,
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with one hand only), i.e., “nils(one)”,

“d(four)”, “w(five)”, “wn(six)”, “ia(seven)”, “ula(eight)”,
“i(nine)”, “Fu(ten)”, “$wou(amount)”’, “wen(aromatic)”’,
“ln(chicken)”, “dhurdeu(rice crispy  crackers)”,“dnlm(fish
sauce)”, “ewns(food)”, “wea(fry)”, “W(give)”, “li-ndu(go-
back)”, “d(good)”, “ﬁa(grill)”, “fi(have)”, “do(hold)”,
“wi(hungry)”, “uia(ice)”, “fou(little)”, “li(no)”,

“Frnlden(paddy)”, “ni(putrid)”, “dn(rice)”, “dnas(wholegrain
rice)”, ‘““du(salty)”, “dhamilea(sticky rice)”, “miu(stink)”,
2 “wa

“nau(sweet)”, “Fu(taste)”, “esos(tasty)”, “1#(use)”, “ﬁyw(water)”,
“o¢l3(what)”, “@lnu(where)” and “ls(yes)”.

II. SYSTEM OVERVIEW

Although, this system recognizes 42 words of the Thai sign
language, there are actually 72 hand gestures (examples of
hand gesture are shown in figure 1). We assign a number
ranging from 1 to72 to represent each hand gesture randomly.
We collected these hand gestures from subject no. 1 who wore
a black shirt with long sleeves and stood in front of a
background. Each video was recorded at different times of day
for several days. However, people tend to make slightly
difference in each time they perform the signs. We collected
each Thai sign language several times to be our signature
library in the form of video files. Representative frames
(Rframes) of each video file in each Thai sign language were
then selected manually. The region of interest in each frame
(only hand part) was selected with the size of 190x190. We call



each image in the signature library a keyframe. There are
approximately 30 to 50 keyframes for each hand gesture, hence
there are 2543 keyframes in total.

Figure 1. Examples of hand gesture numbers 15, 18, and 26 in the signature
library.

After we collected all keyframes in the signature library, we
computed keypoint descriptors of each keyframe using the
upright speed-up robust feature (U-SURF) [21]. We kept all
keypoint descriptors in the signature library database. In order
to translate hand gesture, we need a system that grabs an image
through a camera and analyzes it. The features are obtained
from the luminance (Y) [25] extracted from each video
sequence. The image size from a video sequence is 800x600
pixels. Each image sequence is decimated so that only 14
image frames are achieved for each video file. Then a matched
keyframe can be found from the U-SURF. These matched
keyframes represent numbers used as a vector in fuzzy C-
means (FCM) [22]. These numbers are primitives in string
grammar hard C-means (sgHCM) [23, 24].

Now let us briefly describe the U-SURF. The U-SURF is the
speed-up robust feature (SURF) [21] without orientation
assignment step. In our application, we do not need an
orientation invariant feature because some hand gestures with
different angles will represent different words. The examples of
the hand gestures for the words “$wou (@mount)” and “wow

(aromatic)” are shown in figure 2. These two words share
similar hand gestures but they are in different angles.

(b)

Figure 2. Hand gestures for (a) “§wau (amount)” and (b) “wen (aromatic)”.

Therefore, there are only 2 steps in the U-SUREF, i.e., finding
interesting points (keypoints) and computing keypoint
descriptors. The U-SURF finds keypoints by first convolving
the second-order derivatives of a Gaussian of a given scale o
with the input image to produce the Hessian matrix. The box
filters shown in figure 3 are approximation of the second-order

Gaussian (with o= 1.2) partial derivatives in x-direction (D,,),
y-direction (D,,), and xy-direction (D,,), respectively.
The integral image (/5) defined on an input image (/),

i<x jSy

Iy = I(x,y) (1)

i=0 j=0

o

is used to speed up the calculation. To create a scale-space, a
number of different filter sizes are applied to the input image as
shown in figure 4. The Hessian determinant defined by

det (H

approx

)=D.D, -(09D,) @)

is computed on each pixel on every plane in the scale-space.
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Figure 3. An approximation of the second-order Gaussian partial derivatives
in (a) x-direction, (b) y-direction, (c) xy-direction.

Figure 4. SURF approach scale-space with unchanged input image but
varying the filter size.

A non-maximum suppression [26] in a 3x3%3 is applied to
find a set of keypoints. The location x, of each keypoint is then

interpolated [26] by
0°H \oH
X = — _ 3
=% [axz J ox ®)

where X¢=[x¢,)0,00]. The example of found keypoints is shown
in figure 5. To generate a keypoint descriptor, a rectangular
region with 20s (s=0) length is set with the keypoint as a center
of the region. This region is divided into 4x4 regular
subregions. The Haar wavelet transformation with size 2s is
calculated in each subregion. Then the vector (V) is
computed by

Vo = [ 2 e, 2y, e, 2y ] )

where dx and dy are the wavelet responses in x-direction and y-
direction, respectively. Finally, these vectors are normalized to
provide contrast invariance. Hence, a keypoint descriptor is a
64-dimensional feature vector.



Figure 5. Example of found keypoints.

In our application, we need to find a match around the hand.
Therefore, we screen out any keypoints with the original
intensity more than 120 as shown in figure 6. This process is
done for the keyframes in the signature library as well.

(2) (b)

Figure 6. Keypoints (a) from U-SURF and (b) after screeing out the points
where their intensities are greater than 120.

Matching is obtained by selecting the keypoint descriptors in
the signature library database that have Euclidean distance to
the current keypoint descriptor less than a given threshold.
However, if there is more than one keypoint descriptor in a
test frame that is matched with the same signature library
keypoint descriptor, we will keep only the pair that has
smallest distance. The threshold in matching process is varied
from 0.05, 0.1, 0.15, and 0.2. An example of matching
keypoint process is shown in figure 7. Since the number of
keyframes in each hand gesture may be different, the number
of keypoints in each keyframe may also be different. We
determine that the test image belongs to which hand gesture
(symbol) using [20,27]

No. of matched keypoints from symbol i

avg _sym; = (5)

Total no. of keyframes from symbol i

c
if avg _sym; =max (avg _sym,)
i=1

(6)

then test image will be assigned to symbol j.

After a symbol is assigned to each test image frame, we will
get a vector of number representing that video sequence. Now
we are ready to translate this video sequence into word using
the FCM. Let X = { xj, Xp,..., Xy} be a set of vectors, where
each vector is a p-dimensional. In our case, p = 14.

The update equation for FCM is as follows [22]

1

c /—1

w =1 X (dz[x,,c_j/dz(x,,c D BT
i k=1 Joi Jk

¢; =,g1(“y')m"j/,g1(”y')m ®)

In the above equation, u; is the membership value of vector x;
belonging to cluster i, ¢;, is the center of cluster i, and m € [1,
oc) is the fuzzifier. The algorithm for FCM is:

Fix number of clusters C;

Fix the fuzzifier m;

Initialize centers

Do {
Update memberships using equation (7)
Update centers using equation (8)

} Until (centers stabilize)

Figure 7. Example of matching keypoint process.

To make more sense, after each prototype is computed, we
select the closest vector in the cluster to be our prototype for
that cluster.

We also compare our result with that from sgHCM. Let us
briefly describe the sgHCM algorithm. The algorithm of the
sgHCM [23, 24] is

Store n unlabeled finite strings X = {¢4; k =1,...,n}
Initial string prototypes for all C classes
Do {

Compute Levenshtein distance (D) [1] (a smallest number
of transformations needed to derive one string from the other)
between input string i and cluster prototype k&

Update membership using

B 1; Dy <Dy for j#i
Ui =
0; otherwise

Update center string of each cluster & (af; ) where

Vlk D
g = argmin cj? :Z( ”J

i n
I<j<nj ) k

and n; is number of strings classified in cluster &

+ Until (center strings stabilize)

We can use the calculated prototypes directly, since the
sgHCM gives prototype in terms of a sequence of primitives
already.

Again, the length of a string representing a test image
sequence is 14. To match a test image sequence in FCM, the
test vector generated from U-SURF will be assigned to a word




that the closest prototype belongs to according to the
Euclidean distance. In sgHCM, the test string is assigned to a
word the closest prototype belongs to according to the
Levenshtein distance.

III. EXPERIMENTAL RESULTS

The testing video data sets were recorded at different time of
day for several days from 4 subjects. The subject no. 1 is the
same person who was recorded for the keyframes in the
signature library. In testing video, subjects were asked to wear
a black shirt with long sleeves and stood in front of a
background while they were performing Thai sign language.
We only utilize the data set from subject 1 to 3 to be our
training data set. Each subject was asked to perform each word
10 times, 5 for training and the other 5 for testing. We call the
training sets from subject no. 1, 2, and 3, the data sets la, 2a,
and 3a, respectively. We also call the test sets from subject no.
1, 2, and 3, the data sets 1b, 2b, and 3b, respectively. For
subject no. 4, we asked him to perform each word 5 times and
we utilized this data set as our blind signer-independent. We
call this data set as the data set 4. Each data set contains 210
video sequences. In both FCM and sgHCM experiments, we
cluster each word separately and set C = 2. Hence, there are 84
prototypes in total. In the FCM experiment, we set m = 2.

The correct classification rate using the data set la as the
training set in FCM is shown in table 1. We found that the best
blind test result for the signer-dependent (same subjects in train
set) experiment (1b) is 72.9% at 0.1 U-SURF threshold. The
blind test results for the signer-independent (different subjects
in train set) experiment (2b and 3b) are 23.65%, 34.10%,
17.90% and 31% at 0.05, 0.1, 0.15 and 0.2 U-SURF thresholds,
respectively. For the blind signer-independent experiment (4),
the best result is at 29.6% at 0.1 U-SURF threshold. Table 2
shows the correct classification rate when using la and 2a as a
training set. We found that the best blind test result for signer-
dependent experiment (1b) is 51.5% at 0.1 U-SURF threshold,
whereas, that for signer-semi-independent (same subjects in
classifier train set but different subjects from the one in the
signature library) experiment (2b) is 39.6% at the same
threshold. The best blind test result for the signer-independent
experiment (3b) is 27.2% at 0.1 U-SURF threshold. At the
same U-SURF threshold, the result from the blind signer-
independent experiment (4) is 25.3% that is also the best result.
Finally, we utilize 1a, 2a, and 3a as our training set and the
correct classification rate is shown in table 3. We found that the
best blind test result for signer-dependent experiment is 49.1%
at 0.1 U-SURF threshold, the blind-test results for signer-semi-
independent experiment (2b, 3b) are 17.65%, 30.55%, 20.3%
and 30.05% at 0.05, 0.1, 0.15 and 0.2 U-SURF thresholds,
respectively. The best result for the blind signer-independent
experiment (4) is 24.4% at 0.1 U-SURF threshold. We can see
that the classification rate for signer-dependent experiment is
always the highest, although, it decreases when we include
more subjects into the training data set. The blind signer-
independent experiment gives the correct classification rate
approximately 24 to 30 %. Again, the classification rate is also
decreasing when there are more subjects in the training data set.
This might be because different persons might have different
ways of making the same sign. One might suspect that this type
of data set is not a good data set for FCM clustering method.

Because this data set might have some characteristics similar to
the time-series data set, we compare the results with that from
the sgHCM.

TABLE L. CLASSIFICATION RATE FROM FCM USING DATA SET 1A AS
TRAINING SET.
Data set U-SUREF threshold
0.05 0.1 0.15 0.2
la 79.1 85.8 54.8 77.7
1b 62.0 72.9 29.6 61.0
2a 253 36.7 20.5 29.6
2b 25.8 343 20.0 30.5
3a 21.0 329 17.2 30.0
3b 21.5 33.9 15.8 31.5
4 16.7 29.6 19.2 27.2

Tables 4, 5 and 6 show the results from the sgHCM with
data sets la; 1a and 2a; and 1la, 2a, and 3a. We found out that
training with 1 subject, the best blind test classification rate for
signer-dependent experiment (1b) is 99.1% at 0.05 U-SURF
threshold. The blind test classification rate for signer-
independent experiment (2b and 3b) are 41.5%, 65.35%,
39.8%, and 53.4% for 0.05, 0.1, 0.15, and 0.2 U-SURF
thresholds, respectively. The best result of the blind signer-
independent experiment (4) is 52.9% at 0.1 U-SURF threshold.
When we train the system with 2 subjects, the best blind test
result for signer-dependent experiment (1b) is 98.6% at 0.05 U-
SURF threshold, whereas that for signer-semi-independent
experiment (2b) is 63.4% at 0.1 U-SURF threshold. The best
blind test classification rate for the signer-independent
experiment (3b) is 67.7% at 0.1 U-SURF threshold, while that
of the blind signer-independent experiment (4) is 53.9% at 0.1
U-SUREF threshold.

TABLE II. CLASSIFICATION RATE FROM FCM USING DATA SETS 1A AND
2A AS TRAINING SET.
Data set U-SUREF threshold

0.05 0.1 0.15 0.2
la 31.5 51.5 32.9 39.1
1b 28.6 46.7 24.3 36.2
2a 32.9 50.0 353 434
2b 21.0 39.6 22.0 334
3a 16.7 27.2 16.7 23.9
3b 16.7 272 18.6 248
4 18.6 253 22.0 253

The best blind test correct classification rate for signer-
dependent experiment (1b) when we train the system with 3
subjects is 97.2% at 0.05 U-SURF threshold. For the blind test
for signer-semi-independent experiment (2b and 3b), the
correct classification rates are 45.05%, 65.05%, 40.3%, and
50.55% for 0.05, 0.1, 0.15, and 0.2 U-SURF thresholds,
respectively. The best result of the blind signer-independent
experiment (4) is 54.3% at 0.1 U-SURF threshold. We can see
that the result from sgHCM is better than that from FCM. The
correct classification rate of the signer-dependent experiment
from sgHCM is around 97 to 99%, whereas that of the signer-
semi-independent experiment is around 64 to 65%. The correct
classification rate of the signer-independent experiment is




around 53 to 54%. When we include more subjects into the
training data set, the result of the signer-dependent experiment
becomes worse a little bit. However, the performance of the
signer-independent experiment increases when there are more
subjects in the training data set.

TABLE IIL.

CLASSIFICATION RATE FROM FCM USING DATA SETS 1A, 2A
AND 3A AS TRAINING SET.

TABLE IV. CLASSIFICATION RATE FROM SGHCM USING DATA SET 1A AS

TRAINING SET.

TABLE V. CLASSIFICATION RATE FROM SGHCM USING DATA SETS 1A

AND 2A AS TRAINING SET.

TABLE VI CLASSIFICATION RATE FROM SGHCM USING DATA SETS 1A,

2A AND 3A AS TRAINING SET.

IV. CONCLUSION

In this work, we build an automatic Thai sign language
translation system for 42 words using the upright speed-up
robust feature (U-SURF) and the fuzzy C-means (FCM)
algorithm. We compare the result with the string grammar hard

C-means (sgHCM) as well. In particular, we find a matched
hand gesture from keypoint descriptors in the signature library
database collected from 1 subject at a different time of day for
several days using the U-SURF. Then we utilize the FCM or
sgHCM to find the matched word from the training sequence
data set from subject(s). From the results, we found that the
best correct classification rate for signer-dependent experiment
is approximately 47 to 73% whereas that for signer-semi-
independent experiment is around 30 to 40%. The best correct
classification rate for the signer-independent experiment is
around 24 to 30%. However, the result from the sgHCM is
better than that from FCM because of the property of the data
set. The best result for the signer-dependent experiment is
around 97 to 99%, whereas that for the signer-semi-
independent experiment is around 64 to 65%. The correct
classification rate for the signer-independent experiment is
around 53 to 54%. The result of the signer-independent
experiment is increasing when there are more subjects in the
training data set.
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