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Abstract: Biometrics is the study of estimating human qualities to confirm or recognize the
personality of a person. Palmprint is one of the human physiological attributes acquiring
consideration among analysts as the mean of security. The Chinese Academy of Sciences
Institute of Automation (CASIA) database is used for investigations. Lines or boundaries carry
vital information for object recognition. Principal lines, Wrinkles and Ridges are categorized as
line features. Competent Line-based feature extraction methods used for various object
recognition are selected and discussed. The palmprint line features are extracted using Prewitt
Edge Detector, Sobel operator, Canny Edge Detector, Kirsch Operator and Multiscale Edge
Detector. In which Kirsch Operator performs good and achieves 94.95% accuracy for 1% of
FAR and 94.85% accuracy for 2% of FAR.
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1 Introduction

Biometrics is obtained from the Greek words “Bio” signifes life and “Metrics” signifies to
measure. Biometrics is the study of estimating human qualities to confirm or recognize the
personality of a person. It is additionally used to recognize people in bunches that are under
reconnaissance. Biometrics are mainly classified as physiological and behavioral characteristics.

2 Palmprint

Palmprint is one of the human physiological attributes. It is special in light of the fact that
each palmprint is unique in relation to other people. It is demonstrated that palmprint contains rich
hereditarily disconnected highlights for ordering indistinguishable twins. Palmprint is lasting or
indivisible from the individual contrasted with recognizable proof things. Palmprint is not difficult
to gather and steady since it doesn't change essentially after some time [1,2,3,4,5]. It can be used
to compare digitally with other individuals. Due to its size and features rich it is hard to imitate. It
consists of various features such as geometry, point, line, texture, and statistical.

3 Line-Based Operators

Principal lines, wrinkles and ridges are the three line features of palmprint. Heart line, life
line and head line are the three major types of principal lines. The coarse lines are called as
wrinkles and the fine lines are called as ridges. The palmprint line features are shown in Fig 1. To
accurately extract the line features is the main challenge in line based feature extraction. The
direction of lines on Palmprint is difficult to predict.
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Fig 1. Palmprint Line Features

Lines or boundaries carry vital information for object recognition. There are many line detection
methods applied widely for object recognition system. Some of the established line detection
methods and certain emerging methods are investigated as feature extraction for palmprint. For
remote sensing application Canny edge detector is used for feature extraction the result was robust
[8]. Prewitt edge detector is used as aedge detection algorithm in mammographic images.
Parametes such as tumor location, brest boundary and pectoral region are viewed clearly. This was
used specifically for enhancing the tumor area in mammographic images [9]. Sobel operator is
used in applications involving observation framework and clinical determination under low
illumination or lack of visible light or medical requirements, thermal imaging [10]. The adaptation
and optimization of Sobel and Canny edge detector algorithms are used in various applications
such as augmented reality, computer vision & mobile phone videos processing softwares.

The proposed solution was robust and can be efficiently used in power device which use very
low power [11]. Sobel Edge Detection was used to detect vehicle number plates [12]. Various
sourrses of noise currupt the real images. Multi Scale edge Detector is used to preserve the
quality of the image comparing to linear filters [13]. Multiscale Edge Detection is used in medical
ultrasound signals [14].

The Kirsch Edge Detector and Prewitt edge Detector also showed good results in
mammographic images [15]. These operators are not investigated for feature rich object like
palmprint However these entire operators have demonstrated high efficiency for various computer
vision and biomedical applications.

4 Line Detection for Palmprint

Palmprint line features can be extracted using Prewitt Edge Detector, Sobel operator,
Canny Edge Detector, Kirsch Operator and Multiscale Edge Detector.

4.1 Prewitt Edge Detector

Edge detection is found out by differentiating the changes in image intensity. It is
important to implement averaging within the edge detection process. The Prewitt edge detection
method consist of two templates, Mx & My, over the three columns. The length of the vector is M
and @ is the angle of the vector.

The rate of change of brightness is illustrated in Fig 2. The appropriate quadrant for the
edge direction is determined using the signs of Mx and My.

M = Mx(x, y)? +My(x, y)? 1)
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Fig 2. Edge Detection in Vectorial Format

Person 1 Sample 1 Person 1 Sample 2 Person 2 Sample 1

Person 2 Sample 2

Fig 3. Results for Prewitt Edge Detector

Table 1. FAR, FRR and Accuracy Table for Prewitt Edge Detector

Threshold FAR FRR Accuracy
0.25 0.29 0.22 74.49
0.5 0.25 0.20 77.33
0.75 0.22 0.19 79.44

1 0.18 0.18 81.99
1.25 0.15 0.23 80.99
1.5 0.11 0.26 81.47
1.75 0.08 0.29 81.5

2 0.075 | 0.32 80.25
2.25 0.068 | 0.35 79.1
2.5 0.057 | 0.39 77.65
2.75 0.042 | 041 77.4

3 0.037 | 0.42 77.15
3.25 0.022 | 0.47 75.4
3.5 0.015 | 0.48 75.25
3.75 0.006 | 0.51 74.2
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Fig 4. Accuracy plot for Prewitt edge detector

Prewitt Edge Detector results on palmprint images are given in Fig 3. From Table 1 it is
observed the accuracy at approximate Equal Error rate is 81.995% and corresponding FAR and
FRR values are 18% and 18.01% respectively. Prewitt Edge Detector achieves 77.65% accuracy
for 5% of FAR and 81.5% accuracy for 10% of FAR. In Fig 4 Variations for FAR and FRR Vs
Threshold and Receiver Operating Curve for Prewitt Edge Detector have been plotted
respectively.

4.2 Sobel Operator

The sobel operator is popular because of its overall performance over further edge
detection operators. Conventional (3 x 3) Sobel operators are used to detect horizontal and vertical
lines.

Person 1 Sample 1 Person 1 Sample 2 Person 2 Sample 1 Person 2 Sample 2
Fig 5. Results for Sobel Operator

The results for Sobel Operator on Palmprint images are shown in Fig 5. From Table 2 it
is observed the accuracy at approximate Equal Error rate is 84.8% and corresponding FAR and
FRR values are 15.2% and 15.2% respectively. It also achieves 79.01% accuracy for 5% of FAR
and 84.385% accuracy for 10% of FAR. In Fig 6 Variations for FAR and FRR Vs Threshold and
Receiver Operating Curve for Sobel Operator have been plotted respectively.



Table 2. FAR, FRR and Accuracy table for Sobel Operator

Threshold FAR FRR | Accuracy
0.01 0.20 0.16 81.55
0.02 0.19 0.15 82.6
0.03 0.18 0.15 83.1
0.04 0.17 0.14 84.25
0.055 0.15 0.15 84.8
0.06 0.13 0.18 84.35
0.075 0.11 0.19 84.54
0.08 0.09 0.22 84.38
0.09 0.07 0.28 82.20
0.1 0.05 0.37 79.01
0.25 0.03 0.39 78.51
0.55 0.02 0.41 78.08
0.75 0.011 0.42 78.38
11 0.01 0.45 77.27
1.5 0.004 0.48 75.68
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Fig 6. Accuracy plot for Sobel edge detector

4.3 Canny Edge Detector

The main objectives of Canny edge detector are Optimal detection, good localisation and
true edge position. The signal to noise ratio is over come by Non linier suppression. It concerns
location of a single edge point in response to a change in brightness. To detect the wide range of
images multi stage algorithm is used. The maximum value of the edge is detected using gradient
intensity matrix.
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Fig 7. Results using Canny Edge Detector

Table 3: FAR, FRR and Accuracy Table for Canny Edge Detector

Threshold FAR | FRR | Accuracy
0.25 0.14 0.11 87.51
0.5 0.14 0.11 87.12
0.75 0.12 0.12 87.84

1 0.11 0.14 87.63
1.25 0.10 0.15 87.72
15 0.10 0.15 87.51
1.75 0.09 0.16 87.69

2 0.08 0.17 87.70
2.25 0.07 0.18 87.55
2.5 0.06 0.19 87.62
2.75 0.05 0.20 87.78

3 0.04 0.21 87.7
3.25 0.03 0.22 87.72
3.5 0.01 0.24 87.39
3.75 0.01 0.25 87.69
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Fig 8: Accuracy plot for Canny edge detector



The results for Canny Edge Detector on palmprint images are shown in Fig 7. From the
Table 3 it is observed the accuracy at approximate Equal Error rate is 87.84% and corresponding
FAR and FRR values are 12.11% and 12.21% respectively. It also achieves 87.715% accuracy for
2% of FAR and 87.785% accuracy for 10% of FAR. In Fig 8. Variations for FAR and FRR Vs
Threshold and Receiver Operating Curve for Canny Edge Detector have been plotted respectively.

4.4 Kirsch Operator

The Kirsch operator is an edge detection method that can find the maximum edge
strength in eight predetermined directions or say using eight compass filters. The eight major
compass orientations are respectively, N, NW, W, SW, S, SE, E, and NE. These filters are applied
to the image with the maximum being retained for the final image.

Person 1 Sample 1 Person 1 Sample 2 Person 2 Sample 1 Person 2 Sample 2
Fig 9. Results using Kirsch Operator

Table 4:FAR, FRR and Accuracy Plot for Kirsch Operator

Threshold FAR FRR | Accuracy
1.3 0.085 0.021 94.69
1.7 0.079 0.028 94.64
2.1 0.073 0.031 94.82
2.5 0.07 0.037 94.7
2.9 0.06 0.041 94.89
3.3 0.05 0.049 94.95
3.7 0.05 0.052 94.85
4.1 0.05 0.057 94.74
4.5 0.04 0.061 94.85
4.9 0.037 0.065 94.89
5.3 0.03 0.073 94.74
5.7 0.028 0.078 94.69
6.1 0.02 0.084 94.85
6.5 0.01 0.089 94.95
6.9 0.01 0.099 94.75
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Fig 10. Accuracy plot for Kirsch edge detector

The results for Krisch Operator on Palmprint images are shown in Fig 9. From the Table
4 it is observed the accuracy at approximate Equal Error rate is 94.945% and corresponding FAR
and FRR values are 5.21% and 4.9% respectively. It also achieves 94.945% accuracy for 1% of
FAR and 94.845% accuracy for 2% of FAR. In Fig 10. Variations for FAR and FRR Vs Threshold
and Receiver Operating Curve for Kirsch Operator have been plotted respectively.

4.5 Multiscale Edge Detector

In Multiscale Edge Detection method the aim is to simultaneously extract edges of all
lengths, in both natural and noisy images. In order to minimize the amount of data edge detection
is used. It is used to find the boundaries inside an image. It works by detecting disjointedness in
brightness. The brightness of the image varies sharply are called the edges. Convolution
techniques are used to to process high resulation images.
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Fig 11: Results using Multiscale Edge Detector

The results for Multiscale Edge Detector on Palmprint images are shown in Fig 11. From
Table 5 it is observed the accuracy at approximate Equal Error rate is 93.8% and corresponding
FAR and FRR values are 6.4% and 6% respectively. It also achieves 93.28% accuracy for 1% of
FAR and 94.045% accuracy for 2% of FAR. In Fig 12 Variations for FAR and FRR Vs Threshold
and Receiver Operating Curve for Multiscale Edge Detector have been plotted respectively.



Table 5: FAR, FRR and Accuracy Table for Multiscale Edge Detector

Threshold FAR FRR Accuracy
0.05 0.095 0.029 93.8
0.08 0.081 0.0309 94.405
0.1 0.078 0.041 94.05
0.13 0.075 0.048 93.85
0.16 0.07 0.052 93.9
0.17 0.064 0.06 93.8
0.18 0.062 0.06 93.9
0.19 0.059 0.063 93.9
0.21 0.046 0.072 94.1
0.23 0.038 0.087 93.75
0.24 0.032 0.08 94.4
0.26 0.021 0.093 94.3
0.29 0.0201 0.099 94.045
0.33 0.0124 0.122 93.28
0.35 0.005 0.14 92.75
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Fig 12: Accuracy plot for Multi-Scale edge detector

5 Result & Discussion

The line-based feature extraction method is applied on Palmprint extracted in the pre-
processing stage. The graphs and tables corresponding to various line feature extraction methods
such as Prewitt Edge Detector, Sobel Operator, Canny Edge Detector, Kirsch Operator and
Multiscale Edge Detector are discussed. Table 6. presents the comparison of FAR, FRR and
Accuracy of various Line based methods analysed. Based on the analysis Kirsch Operator shows
better results than other line based methods. It achieves 94.945% accuracy for 1% of FAR
and 94.845% accuracy for 2% of FAR.



Table 6: Comparison of FAR, FRR and Accuracy of various Line Based Methods

Method Name | AU, | Aesuray for | Aceracyfor
PREWITT 81.995 77.65 (5%) 81.5 (10%)
SOBEL 84.8 79.01 (5%) | 84.385 (10%)
CANNY 87.84 87.715 (2%) | 87.785 (10%)
MUTISCALE 93.8 93.28 (1%) | 94.045 (2%)
KIRSCH 94.945 94.945 (1%) | 94.845 (2%)
6 Conclusion

Individual verification utilizing palmprint is acquiring fame as a result of palmprint being
a component rich and carefully designed biometric. The line based methods are scrutinized with
MATLAB programming. The increase in FAR prompts to less security or legitimate verification
leads to accept any person as genuine. Various performance measures such as FAR, FRR, ERR
and Accuracy used to evaluate the performance of a biometric systems are discussed. Efficient
line-based feature extraction methods used for various object recognition are selected and those
methods are implemented on palmprint and their efficiency is analyzed. Based on the analysis
Kirsch Operator shows better results than other line based methods. It achieves 94.945% accuracy
for 1% of FAR and 94.845% accuracy for 2% of FAR.
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