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Building a good Time Series classifier necessarily requires a large amount of
labeled data. However labeled training data are difficult to obtain, while unlabeled data
are largely available, Many typically researchers have proposed Semi-Supervised
learning with Self-Training methods, which can build satisfactory classifiers by using only
a small amount of labeled data. However, the main limitation of the previous method is
the way to determine an optimal stopping criterion. This work proposes a novel stopping
criterion for Semi-Supervised Time Series classification, and Dynamic Time Warping
technique is used to improve selection data performance during Self Training. The
experimental results on 10 different datasets show that this approach can build a better
classifier that achieves higher classification accuracy than the previous approach. In
addition, the extended proposed work is also shown to have satisfactory result for multi-

class semi-supervised time series classifier.
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Abstract

Building a good time series classifier necessarily
requires a large amount of labeled data. In reality,

labeled training data may be difficult to obtain and

unlabeled data is plentiful. Many researchers
proposed Semi-Supervised learning Methods with
Self training, which can build satisfactory classifiers
by using only small amount of labeled data.
However, the main limitation of the current method is
the way to determine optimal stopping criterion. In
this work, we propose a novel stopping criterion for
semi-supervised time series classification. The
experimental results show that our approach can
build a better classifier that has higher classification

accuracy than the current approach.
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Abstract. Biometric authentication based on human physical traits has recently
been heavily studied; these biometric sources include face, hand geometry,
voice, fingerprint, iris, retina, etc. The hand geometry is one of the most
conventional biometric since it is fairly easy to implement and acquire the data,
comparing to other biometrics such as retina, iris, or DNA sequences. In this
work, we propose a novel time series representation for hand geometry system
by converting raw images into time series data, where this representation can
gracefully handle variability of hand's position, translation, and rotation,
especially in a peg-free system with the help of a Dynamic Time Warping
similarity measure. ~ We demonstrate the utility of our approach by
implementing the real hand geometry verification/identification system, and it
has proven to work effectively and competitively with low false acceptance and
false rejection rates.

Keywords: Biometric, Hand geometry, Verification System, Time Series

1 Introduction

At present, biometric authentication has been widely accepted and used in place of
well-known traditional methods, such as password authentication and a use of key
because passwords can be forgotten and keys can be misplaced or stolen. Therefore,
many biometric authentication systems have been implemented [1], e.g., face, retina,
DNA, voice, iris, fingerprint, hand geometry, etc. Each_biometric has different
strengths and weaknesses with characteristics. categorized into seven categories [3],
i.e., universality, uniqueness, permanence, collectability, performance, acceptability,
and circumvention. Uniqueness is perhaps one of the most. important factorsin.a good
verification -and -identification-system; however,it-also-comes with-a cost. Hand
geometry, on the other hand, may not achieve the highest score on uniqueness, but its
strong advantages include the ease to acquire data, low-cost hardware, and
convenience.

In general, most hand geometry verification systems have been designed and
proposed to work in either one of the two environments:- a peg-fixed system [9][13]
and a peg-free system [5][6][7]1[11][12]. The main difference between the peg-fixed
system and the peg-free system is that in the peg-fixed system, users have to align
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their hand to abut against pins that are fixed on a plate, but in the peg-free system,
users can place their hand freely on a surface. These systems usually utilize extracted
geometric features from the hand, e.g., hand width, finger width, finger length, and
fingertip regions [6][7][9]1[12] (shown in Figure 1).

In this paper, we propose a new representation of hand geometry; instead of several
extracted features. We consider two techniques in converting shapes to time series, an
angle-based technique [2] and a centroid-based technique [4]. To compare the
similarity of two time series, we use Dynamic Time Warping distance measure with
global constraint to control the warping path.

The rest of the paper is organized as follows. Section 2 describes our approach of
converting raw images into time series data, and describes our similarity measurement
and verification method. Section 3 discusses our evaluation method and shows the
experimental results. Finally, in Section 4, we conclude our work and provide some
suggestions.
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Fig. 1. (@) An image acquired from the peg-fixed system, and (b) an image acquired from the
peg-free system.

2 Methodology

This section will first describe techniques we use to transform raw hand images into
time series representation, and then discuss our authentication process.

2.1 Time Series Conversion

To convert an image to time series data, we need three main pre-processing steps, i.e.,
brightness and contrast adjustment, binarization, and edge extraction, before time
series data can be achieved. Figure 2 shows the block diagram describing the
processes and the output in each stage.
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Raw hand image

Fig. 2. A diagram describes process steps which converting raw images to time series.

Brightness and Contrast Adjustment. After an original color raw image is obtained,
it will be transformed into a grayscale image. Then, the system will adjust its
brightness and contrast to the quality that is suitable for the binarization step.

Binarization. After brightness and contrast adjustment, some image pixels may not
be pure black or white. So, we binarize each pixel into solid black or white,
represented by ‘0’ and ‘1’, respectively. The binarization function is defined as
follows

1 if 1, >t
{ ’ (1)

B(x,y)= 5

where |,y is the intensity, which ranges from 0 to 1, at pixel (X, y) and t is the specific
threshold for binarization. The default threshold value is set to 0.5.

Edge Extraction. The goal in this step is to find an edge sequence from a binarized
hand image by using boundary extraction algorithm [2]. We consider two different
approaches in this work. The traditional algorithm precisely starts the scanning of
each pixel from the top left of the image to the ‘bottom right of the image. Once it
finds a first black pixel, it stops scanning, and then traces along the edge in a
clockwise direction until it returns to the starting pixel. An example of an extracted
edge is shown in Figure 3(a). Unlike the traditional algorithm, our proposed algorithm
will not include the edge of the wrist at the bottom border of the image; our scanning
starts from the bottom left to the right. After it has found the first pixel, it travels
along the edge in a clockwise direction, and the algorithm stops when it touches the
image boundaries again. Figure 3(b) shows an example of our extracted edge.
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Fig. 3. Examples of extracted edge using (a) the original algorithm and (b) our proposal
algorithm.

Time Series Conversion. In this step, we calculate the edge sequence, and transform
hand’s shape into time series data by using two techniques, i.e., an angle-based
technique [2] and a centroid-based technique [4]. In the angle-based technique, for
each pixel index i, we create two tangent lines — forward and backward tangents. The
forward line is created by drawing the straight line from the pixel index i to the pixel
index i+d, and the backward line is create by drawing the straight line from the pixel
index i to the pixel index i-d. Note that the ¢ value depends on the size of the image;
the larger the ¢ value the smoother the time series, and vice versa. In our experiment,
the default value of ¢ is set to 10. After that we record the angle formed by these two
lines as time series amplitude, as shown in Figure 4 (a). In the centroid-based
technique, we first locate the hand’s centroid. Once the centroid is obtained, we
slightly plot the Euclidean distance from each pixel position to the centroid position.
The general idea of centroid-based conversion is shown in Figure 4 (b).

o et

Fig. 4. The images show the general idea of (a) angle-based" conversion technique and (b)
controid-based conversion technique.

2.2 Finding User’s Threshold and Making Decision for Authentication

Finding User’s Threshold (Training Phase). To set the threshold parameter to
accept or reject a new hand image inquiry, we start collecting several hand images
from a user. The Dynamic Time Warping distance measure is used to calculate the
distance between the new hand image inquiry and every possible pairing of the user’s
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templates. Once all the distance calculation is completed, the maximum value will be
stored as the user’s threshold.

Making Decision (Testing Phase). In verification step, once the system obtains a
new hand image, it will transform the input image to time series, and will retrieve a
set of that particular user’s templates that he/she claims to be. After that, it will
calculate the best distance between the converted time series and the set of time series
templates. If this best distance is smaller than the weighted user’s threshold, the
access will be granted, or rejected otherwise.

Dynamic Time Warping. The Dynamic Time Warping (DTW) distance measure is
used to determine the distance between two time series. Unlike the Minkowski
distance function, DTW breaks the limitation of one-to-one alignment. It first finds all
possible paths, and then selects the one that yields a minimum distance between the
two time series using a distance matrix, where each element in the matrix is a
cumulative distance of the minimum of the three surrounding neighbors. Suppose we
have two time series, a sequence Q = s, da, .-, Gi, --., gn @and a sequence C = ¢y, C;,
.os, Gj, ..., Cm. We first create an n-by-m matrix where every (i, j) element of the matrix
is the cumulative distance of the distance at (i, j) and the minimum of the three
elements neighboring the (i, j) element, where 0<i<n and 0<j<m. We can define the (i,
j) element as:

& =i +Min{ei_1)j-1),€&G-1)jCij-nt )

where dij = (cj - qj)2 and ejj is (i, j) element of the matrix which is the summation
between the squared distance of ¢; and c;, and the minimum cumulative distance of
three elements surrounding the (i, j) element. Then, to find an optimal path, we have
to choose the path that gives minimum cumulative distance at (n, m). The distance is

defined as:
K
Donw (Q.C) = min. 1> d,, (3)
k=1

where P is a set of all possible warping paths, and wy is (i, j) at k" element of a
warping path and K is the length of the warping path. Due to space limitations, we
refer interest readers to consult [8] for more details on DTW.

In reality, DTW may not give the best alignment that fits our purpose because it
will try its best to find the minimum distance, and may generate unwanted paths. We
can. resolve this problem by limiting the warping path using a global constraint.. A
large number of researches have been adopting the Sakoe-Chiba Band [10] for the
global “constraint with the 10% warping window size (percentage of time series
length) as a typical value. However, recent work has demonstrated that it is not
always the case that using 10% band will result in best accuracies [8]. In this work,
we allow the warping window size to vary from 0% to 100%.
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3 Experimental Evaluation

To evaluate our proposed system, we collect hand images by using a color scanner
from 22 people with 6 to 7 images for each person. The image resolution is set to 120
dpi, and its size is 1,200%1,200 pixels, as shown in Figure 5. After that, we transform
all images to four time series types, i.e., two extraction methods and two conversion
techniques. The length of the transformed data is between 3,000-5,000 data points,
which appears to be quite oversampled. To reduce the processing time while
maintaining the crucial verification features, we could downsample our time series to
as short as 50 data points. Figure 6 shows examples of different combinations of
transformation methods.

- 20 2 l
(@) (b) (©)
Fig. 6. Examples of four different combinations of time series transformation methods
(downsampled to 50 data points) (a) traditional edge extraction with centroid-based conversion
technique (b) traditional edge extraction with angle-based conversion technique (c) our
proposed edge extraction with centroid-based conversion technique (d) our proposed edge
extraction with angle-based conversion technique.

To evaluate the performance, we use three following error measures criteria:- False
Acceptance Rate (FAR), False Rejection Rate (FRR), and Total Success Rate (TSR).

_ #RejectGenuineClaims
Total#GenuineAccess

x100% (4)

__ #AcceptimposterClaims
Total# ImposterAccess

x100% )

(6)

TSR = [1 FAR+FRR }100%

* Total#Access
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To evaluate this system, we vary three parameters, i.e., the time series
transformation method, the width of the global constraint, and the weighted user’s
threshold. Table 1 shows the performance among four transforming combinations at
EER point (Equal Error Rate - FAR=FRR) and at the point where TSR is maximum.
To further illustrate our overall system performance, we also show their ROC
(Receiver Operating Characteristics) curves (shown in Figure 7.)

Table 1. The comparison of FAR, FRR, and TSR among several approaches.

Window Weighted user’s FAR FRR TSR
size (%) threshold (%) (%) (%)
Traditional Extraction + Centroid-
based Technique (EER) 2 — 17.08 1641 | 98.76
Traditional Extraction + Centroid-
based Technique (max TSR 14 0.55 5.39 21.09 | 99.01
Proposed Extraction + Centroid-
based Technique (EER) f % 24.65 2891 98.25
Proposed Extraction + Centroid-
based Technigue (max TSR) g N 539 4141 ) 9826
Traditional Extraction + Angle-
based Technique (EER) é D3 26.45 3125 | 98.25
Traditional Extraction + Angle-
based Technique (max TSR) R (R 0.78 99.22 97.85
Proposed Extraction + Angle-based
Technique (EER) 8 0.7 29.14 30.47 | 97.78
Proposed Extraction + Angle-based
Technique (max TSR) 0 0.6 25.23 2891 | 97.99
100, __ 100 100 _ 100
S S g IS
@ 80 = 80 = 80 = 80
0:; 60“ ng: 60 ?:o: 60 E 60 \
g 4| ) 2 a0 8 a0 \\
& & & & \
3 3 20 3 3 20
2 20 3 < 2 20 2 \\ )
g 50 10 50 100 % 50 100 0 50
False Acceptance Rate (%) False Acceptance Rate (%) False Acceptance Rate (%) False Acceptance Rate (%)
(a) (b) (© (d)

Fig. 7. ROC of (a) traditional edge extraction. with centroid-based. conversion technique (b)
traditional edged extraction with angle-based conversion technique (c) our proposed edge
extraction with centroid-based conversion technique (d)-our proposed extraction with angle-
based conversion technique.

For the best TSR, our system achieves 99.01% by using the traditional edge
extraction and the centroid-based technique with 2% warping window and a weighted
user’s threshold of 0.55. An EER, the best FAR and FRR is approximately 16.50% by
using the traditional edge extraction and the centroid-based technique with 2%
warping window and a weighted user’s threshold of 0.6. Note that the weighted user’s
threshold and the warping window size depends on the system environments such as
image resolution, image size, and hand shapes in the database.
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4 Conclusion

In this paper, we have demonstrated the utility of our novel time series representation
for hand geometry system by converting raw images into time series data, where this
representation can gracefully handle variability of hand’s position, translation, and
rotation, especially in a peg-free system with the help of a Dynamic Time Warping
similarity measure. We implement the real hand geometry verification system, and it
has proven to work effectively and competitively with low false acceptance and false
rejection rate.

We do hope that this work will be a good motivation for exploiting time series
representation in a much wider range in biometric authentication such as face
recognition, fingerprinting, and especially hand geometry which allows a large
reduction in computational effort and storage space.
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