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Vein biometric system uses the pattern of veins in the human body as a unique 

identification. In this thesis, vein at palm-dorsa has been used as biometric modal. 

Nowadays, many researchers have developed numerous algorithms to enhance vein 

image for biometric purposes with most researchers focusing only on the use of 

software such as MATLAB or C language. The main problem with software 

implementation is that it cannot achieve the high computational speed required in 

specific application such as real time application that requires instant authentication. 

Hardware implementation can provide a solution to achieve real time performance. 

Recent hardware design implementations of vein image enhancement are not fast 

enough due to the inefficient hardware design architecture. The aim of this thesis is to 

develop hardware design for palm-dorsa vein image enhancement algorithm. The 

algorithm is designed in hardware using hardware description language for hardware 

realization. ModelSim-Altera has been used as hardware simulation platform.  First, the 

vein image is applied with resample technique to remove the noise. Then, segmentation 

technique consisting of Difference of Gaussian and threshold are used to segment the 

veins. After that, median filter is used to remove noise introduced from the image 

segmentation. Finally, thinning technique is applied to get single line vein. 

 

 

For hardware design of resample technique, parallel pipeline hardware has been 

developed to improve processing time and high throughput. It is designed to perform 

bicubic computation in parallel pipeline hardware to accommodate fast processing and 

high throughput with less hardware resources. For the interpolation process, instead of 

using multipliers, shifters are used to reduce hardware resources. For hardware design 

of Difference of Gaussian, one dimensional Gaussian technique that operated 

concurrently for first Gaussian filter and second Gaussian filter are implemented. For 

threshold, a simple comparator has been used to design threshold in hardware. 
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For hardware design of median filter, the improved moving windows hardware 

architecture has been developed. In the improved moving windows, instead of 

calculating all the pixels in the window, only certain pixels are calculated. The 

hardware design architecture of resample, segmentation and median filter also feature 

padding capability by reading the same address of memory as before for the padding 

pixel. For hardware design of thinning, parallel pipelined with Concurrent Condition 

Check Unit hardware architecture has been developed to enable the parallelism of the 

thinning algorithm. It contains modules that executed the thinning algorithm function 

simultaneously in hardware to speed up the process. 

 

 

Finally, hardware design architecture of vein image enhancement algorithm has been 

proposed by integrating the hardware designs of resample, segmentation, median filter 

and thinning. The findings show that the proposed hardware design has the percentage 

of correct is about 98%. The proposed hardware design has the execution time of 8.5ms 

to 12.4ms depending on the thinning iterations. This work contributed in efficient 

hardware design architecture for palm-dorsa vein image enhancement for biometric 

purpose. 
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Sistem biometrik pembuluh darah menggunakan imej corak pembuluh darah dalam 

tubuh manusia sebagai pengenalan unik. Dalam tesis ini, imej pembuluh darah pada 

belakang tangan telah digunakan sebagai modal biometrik. Pada masa kini, ramai 

penyelidik telah membangunkan banyak algoritma untuk meningkatkan kualiti imej 

pembuluh darah untuk tujuan biometric dengan kebanyakan penyelidik menumpukan 

kepada penggunaan perisian seperti MATLAB atau bahasa C. Masalah utama dengan 

pelaksanaan perisian adalah ia tidak dapat mencapai kecepatan pengiraan yang tinggi 

yang diperlukan dalam aplikasi tertentu seperti aplikasi waktu nyata yang memerlukan 

pengesahan segera. Pelaksanaan perkakasan dapat memberikan penyelesaian untuk 

mencapai prestasi waktu nyata. Pelaksanaan reka bentuk perkakasan untuk 

penambahbaikan imej urat baru-baru ini tidak cukup pantas kerana seni bina reka 

bentuk perkakasan yang tidak cekap. Objektif tesis ini adalah membangunkan reka 

bentuk perkakasan untuk algoritma penambahbaikan dan pembuluh darah belakang 

tangan. Algoritma ini direka bentuk dalam perkakasan menggunakan bahasa 

penerangan perkakasan untuk realisasi perkakasan. ModelSim-Altera telah digunakan 

sebagai platfom simulasi perkakasan. Permulaannya, imej pembuluh darah diterapkan 

dengan teknik persampelan semula untuk membuang hingar. Seterusnya, teknik 

segmentasi yang terdiri daripada Perbezaan Gaussian dan ambang digunakan untuk 

mensegmentasi pembuluh darah. Selepas itu, penapis median digunakan untuk 

membuang hingar yang dihasilkan daripada segmentasi imej. Akhir sekali, teknik 

penipisan digunakan untuk mendapatkan pembuluh darah garis tunggal. 
 

 

Untuk reka bentuk perkakasan teknik persampelan semula, perkakasan talian paip 

selari telah dibangunkan untuk meningkatkan masa pemprosesan dan daya 

pemprosesan yang tinggi. Ia direka bentuk untuk melaksanakan pengiraan bicubic 

dalam perkakasan talian paip selari untuk memenuhi pemprosesan yang cepat dan daya 

pemprosesan yang tinggi dengan sumber perkakasan yang kurang. Untuk proses 

interpolasi, daripada menggunakan pendarab, penganjak digunakan untuk 

mengurangkan sumber perkakasan. Untuk reka bentuk perkakasan Perbezaan 
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Gaussian, teknik Gaussian satu dimensi yang beroperasi serentak untuk penapis 

Gaussian pertama dan penapis Gaussian kedua dilaksanakan. Untuk ambang, satu 

pembanding mudah telah digunakan untuk reka bentuk ambang dalam perkakasan. 

 

 

Untuk reka bentuk perkakasan penapis median, seni bina perkakasan tingkap bergerak 

yang lebih baik telah dibangunkan. Dalam tingkap bergerak yang lebih baik, daripada 

mengira semua piksel dalam tetingkap, hanya piksel tertentu dikira. Seni bina reka 

bentuk perkakasan persampelan semula, segmentasi dan penapis median juga 

mempunyai keupayaan penebal dengan membaca alamat ingatan yang sama seperti 

sebelumnya untuk piksel penebal. Untuk reka bentuk perkakasan penipisan, seni bina 

perkakasan talian paip selari dengan Unit Semak Syarat Serentak telah dibangunkan 

untuk membolehkan keselarian algoritma penipisan. Ia mempunyai modul yang 

melaksanakan fungsi algoritma penipisan secara serentak dalam perkakasan untuk 

mempercepat proses. 

 

 

Akhirnya, seni bina reka bentuk perkakasan algoritma penambahbaikan imej pembuluh 

darah telah dicadangkan dan dibangunkan dengan mengintegrasikan reka bentuk 

perkakasan persampelan semula, segmentasi, penapis median dan penipisan. Penemuan 

menunjukkan bahawa reka bentuk perkakasan yang dicadangkan mempunyai peratusan 

yang betul adalah kira-kira 98%. Reka bentuk perkakasan yang dicadangkan 

mempunyai masa pelaksanaan 8.5ms hingga 12.4ms bergantung kepada lelaran 

penipisan. Hasil kerja ini menyumbang kepada seni bina reka bentuk perkakasan yang 

cekap untuk penambahbaikan imej pembuluh darah belakang tangan untuk tujuan 

biometrik. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

 

Nowadays, security has become a primary concern for the public. So, biometric system 

is increasingly gain interest because the technology based on the uniqueness 

individual’s physical or behavioural characteristics. Vein biometric is emerging from 

other modality due to its strength and advantages. 

 

 

Consumer devices including smartphones show increased interest in biometric system. 

One of the important things to consider in designing a biometric system for consumer 

electronic handheld devices is speed. Biometric technology uses complex and 

computation intensive image processing algorithms that require them to be 

implemented on powerful computers for acceptable processing time. However, 

handheld devices are usually constrained in resources and performance. 

 

 

Vein biometric uses the vein pattern inside the human body as identification for further 

action such as authentication or access control. Different parts of the human body such 

as hands, palms, fingers and wrists can be used for this technology. Vein biometric uses 

infrared (IR) light generated from light emitting diodes (LED) to penetrate human skin. 

Due to the difference in absorption of blood vessels and other tissues, the reflected or 

transmitted IR light is captured by a sensor. The red blood cells present in the blood 

vessels absorb the IR light and form as darker image than the surrounding structure 

where the surrounding appears to be a brighter image as shown in Figure 1.1. 

 

 

Infrared 

image
Vein imageVein image 

acquisition

Figure 1.1: Vein image example (Palm Vein Recognition). 

 

 

In the palm-dorsa vein biometric, the IR light from LED penetrates the skin, absorbed 

by red blood cell in the blood vessels and reflected to be captured by the sensor. The 
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part where the IR light is absorbed or where the veins are, appear dark as shown in 

Figure 1.2. 

 

 

 
Figure 1.2: Palm-dorsa vein image example (Authentication Technologies). 

 

 

After captured the vein image, it is processed by image processing techniques to extract 

the vein pattern. Various features information of the vein pattern such as branching 

points, thickness and so forth are extracted and stored as a template. The extracted vein 

pattern information is then stored as a template in the database for authentication 

purposes. Figure 1.3 shows the basic principle of the vein biometric.  

 

 

Vein template 

extraction

Vein image 

acquisition

Template 

database

Template 

storage

Vein template 

extraction

Vein template 

matching

Authentication 

result

Enrollement

Authentication
 

Figure 1.3: Vein biometric basic process. 
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Sensor or reader is used to acquire the vein image. Then authentication is processed 

using software on the computer or embedded system. However, software 

implementation of vein biometric cannot achieve high computation performance that is 

needed for real time applications. Hardware can provide solutions for higher 

performance. However, the hardware design of biometric system in hardware is 

challenging. Although few vein biometric hardware design have been proposed, there 

is still room for improvement especially in performance. 

 

 

1.2 Problem Statements and Motivations 

 

Fingerprint is a well-known biometric and is widely used because of the small device 

size. However, fingerprint biometric is less functional for work places such as 

construction sites due to the fact that certain fingerprints can be worn out. Hand 

geometry has excellent performance in usability but unfortunately it also has high false 

acceptance rate. Iris is good because it has low error rates but some users might feel 

psychological uncomfortable with light into their eyes. Furthermore, the iris 

recognition requires accurate eye position, causing the user to experience difficulty in 

providing this requirement every time. Whereas the vein can overcome all these 

weaknesses because the vein will not wear out or changes due to environment factor, 

contactless, offers hygienic and extremely difficult to forge. 

 

 

Nowadays, many researchers have developed many algorithms to enhance veins for 

biometric. However, most researchers only focus on the use of software such as 

MATLAB or C language. The main critical problem of software implementation is that 

it cannot achieve high computation speed that is needed in specific application such as 

real time application that requires instant authentication. Hardware implementation can 

provide a solution to achieve real time performance. The hardware modules can be 

designed to accelerate performance of the vein enhancement algorithm. Pudzs et al 

(2013) and Khalil-Hani and Eng (2011) had implemented hardware design of their vein 

algorithm. However, performance result of 0.8 seconds for Pudzs et al (2013) and 0.5 

seconds for Khalil-Hani and Eng (2011) are not fast enough. This is due to the 

inefficient hardware design architecture proposed by Pudzs et al (2013) and Khalil-

Hani and Eng (2011) where the redundant process and hardware parallelism are not 

properly optimized. To cater for better performance, new hardware design architecture 

is needed to implement the vein image enhancement algorithm processing in hardware 

that is more efficient and faster. 

 

 

For hardware design of bicubic interpolation, most hardware designs are burdensome 

memory with recurring memory access and redundant TIPs calculation. The TIPs have 

been calculated for an interpolation and then discarded. For the next interpolation 

process, the same memory addresses are read and the same TIPs need to be calculated. 

It's a waste of time, power and useless. Mahale et al (2014) had proposed a method to 

avoid repeated memory access and redundant TIPs calculations. However, the TIPs are 

stored in the Intermediate Buffer Bank and use large input buffer bank and output 

buffer bank that use more hardware resources. Therefore, an efficient hardware 

architecture that enables pipelining computation, excludes redundant calculation and 

reduce computation complexity is required. 
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For hardware design of Gaussian filter, Rao et al (2006), Zhang et al (2007), Khalil-

Hani and Eng (2011), Joginipelly et al (2012), Song et al (2014) and Taibi et al (2015) 

have proposed hardware design architecture for Gaussian filter. However, the proposed 

filter size is small with the largest filter size is 15x15. For hardware design of Gaussian 

filter, it involves lot of calculations especially the larger mask filter size. For example, 

to perform a 5x5 Gaussian filter, there are 25 multiplications and 24 additions are 

involved in the calculation for each pixel. While to perform a 31x31 Gaussian filter, 

there are 961 multiplications and 960 additions are involved in the calculation for each 

pixel. The multiplication and addition operations increased drastically when the mask 

filter size increases. This requires large hardware resources to implement the Gaussian 

filter in hardware.  

 

 

The same explanation applies to the hardware design of median filter. The proposed 

median filter size is small with the largest median filter size is 9x9. Larger median filter 

sizes involve many calculations due to the size of the filter. The calculation for small 

filter size is not so much, but for larger filter size a lot of calculations are involved, 

resulting in larger hardware resources required. For example, for 5x5 median filter, 

there are 25 pixels involved to determine the median pixel value. For 15x15 median 

filter, there are 225 pixels involved to determine the median pixel value. For 31x1 

median filter, there are 961 pixels involved to determine the median pixel value. The 

calculations and hardware resources increased dramatically as the mask filter size 

increased. To cater this problem, a new technique and hardware design is needed to 

accommodate larger filter size, but less calculation involved. 

 

 

While biometric as a technology has been around for decades, improvement for 

customer usability in term of speed of recognition is a major need. Ensuring biometric 

performance or customer experience is one way to develop biometric technology in 

line with market demand. In addition to concerns about privacy and security, 

researchers also need to focus on maximising user friendliness and more efficient and 

faster verification process. When developing the algorithm, the processes in the 

algorithm are considered whether can be processed in parallel on hardware due to 

parallelism capability in hardware is the key advantage to improve the performance of 

the algorithm. With the hardware design, faster verification process can be achieved. 

 

 

1.3 Objectives 
 

The aim of this research is to develop hardware design of vein image enhancement 

algorithm. In order to achieve the stated aim, the following objectives are being set as 

follows: 

 To develop vein image enhancement algorithm using MATLAB and hardware 

designs of resample, Difference of Gaussian (DoG), median filter and thinning 

using hardware description language (HDL). 

 To develop hardware design of the proposed vein image enhancement 

algorithm using hardware description language (HDL). 

 To evaluate and to analysis the performance of the proposed hardware 

designs. 
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1.4 Scope of Works 

 

In this thesis, the palm-dorsa vein image enhancement algorithm is developed using 

MATLAB. Then the hardware design of the algorithm is proposed and developed using 

Verilog Hardware Language Description. The hardware designs are developed 

individually for each technique. Designing of hardware is challenging due to hardware 

resource constraints and the complexity of hardware. When developing the hardware 

design, the processes in the algorithm are considered whether can be processed in 

parallel on hardware due to parallelism capability in hardware is the key advantage to 

improve the performance of the algorithm. Then using ModelSim-Altera, the designed 

hardware is simulated to verify the functionality. After that, each hardware designs are 

integrated to produce hardware design for the palm-dorsa vein enhancement algorithm. 

Functional verification is simulated to check the integration function. 

 

 

The proposed hardware designs performance analyses are evaluated to assess the 

characteristics of the proposed hardware design. The proposed hardware designs have 

been compared with other state of the art techniques in hardware implementation for 

comparison compatibility. Furthermore, comparison of the proposed hardware designs 

performance with MATLAB are also evaluated for validity justification. 

 

 

1.5 Thesis Contributions 

 

This section summarizes the main contributions in this thesis. A more detailed 

discussion of the contributions is provided throughout this thesis. The main 

contributions are: 

 A palm-dorsa vein image enhancement algorithm optimized for hardware is 

proposed. The algorithm enhances the vein image by removing noise and 

finally extracts the feature of the palm-dorsa vein image. The processes in the 

algorithm are considered whether can be processed in parallel on hardware 

because the parallelism capability in hardware is a major advantage to 

improve the performance of the algorithm. 

 Hardware design architecture of resample is proposed. The proposed hardware 

design is an efficient architecture that enables pipelining computation with 

less hardware resource that excludes redundant calculation, reduce 

computation complexity and improve the throughput. For the interpolation 

process, instead of using multipliers, shifters are used to reduce hardware 

usage. Shift registers are used as an intermediate buffer between horizontal 

and vertical interpolation so that memory buffer or FIFO is not required. The 

hardware design architecture also features padding capability by reading the 

same address of memory as before for the padding pixel. 

 Novel hardware design architecture of one dimensional Gaussian technique 

that operates concurrently for first Gaussian filter and second Gaussian filter is 

proposed. The hardware design architecture also features padding capability 

that comprises of coherent control unit that allowed the padding operation 

during data access. 

 Novel hardware design architecture of median filter is proposed. The 

improved moving windows technique is proposed to accommodate larger 

median filter size which involves a lot of calculations due to filter size. In the 
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improved moving windows, instead of calculating all the pixels in the 

window, only certain pixels are calculated. The hardware design architecture 

also features padding capability that is implemented by reading the same 

address of memory location as before to provide padding image data. 

 Parallel pipelined of moving window with Concurrent Conditions Check Unit 

(CCCU) hardware architecture is proposed to enable parallelism of the 

thinning algorithm. 

 Novel hardware design architecture of palm-dorsa vein image enhancement 

algorithm is proposed. The main advantage of the proposed hardware design 

over other related works is a significantly faster performance than others. 

Since the proposed hardware design has the execution time of 8.5ms to 

12.4ms, it is suitable for real time operation and handheld devices. 

 

 

These contributions will be of broad use to the biometric system. However, these 

contributions may be applied to other. The contributions can contribute to a better and 

deeper understanding of hardware design architecture. This research provides an 

exciting opportunity to advance our knowledge of hardware design. 

 

 

1.6 Thesis Organizations 

 

This thesis is organized into five chapters including this chapter. Chapter 2 reviews the 

theories and related works to vein biometric technology. Different algorithm 

approaches for vein enhancement are also presented. The advantage and weakness of 

these approaches from prior works are discussed. 

 

 

Chapter 3 presents the methodology behind the developed vein enhancement algorithm. 

First, the algorithm to enhance the vein is described in detail. After that the hardware 

design of the proposed vein enhancement algorithm is explained. 

 

 

Chapter 4 presents the results and discussion of the proposed vein enhancement 

algorithm. These results are found from the experimental work from the MATLAB and 

the proposed hardware design of the vein enhancement algorithm. Then the 

performance evaluation of the proposed hardware design is presented and discussed. 

Chapter 5 concludes this research and discusses the possible future enhancements. 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

140 

 

REFERENCES 

 

Ahmed, M., & Ward, R. (2002). A rotation invariant rule-based thinning algorithm for 

character recognition. IEEE Transactions on Pattern Analysis and Machine 

Intelligence, 24(12), 1672–1678. http://doi.org/10.1109/TPAMI.2002.1114862 

 

Al Ghozali, H. K., Setiawardhana, & Sigit, R. (2016). Vein detection system using 

infrared camera. In 2016 International Electronics Symposium (IES) (pp. 122–

127). IEEE. http://doi.org/10.1109/ELECSYM.2016.7860987 

 

Arakala, A., Hao, H., Davis, S., & Horadam, K. J. (2015). The Palm Vein Graph - 

Feature Extraction and Matching. Proceedings of the 1st International 

Conference on Information Systems Security and Privacy, 295–303. 

http://doi.org/10.5220/0005239102950303 

 

Authentication Technologies. N.d. Retrieved on 10 April 2017 from 

http://biometrics.pbworks.com/w/page/14811351/Authentication%20technologies 

 

Bhilare, S., Kanhangad, V., & Chaudhari, N. (2017). Histogram of oriented gradients 

based presentation attack detection in dorsal hand-vein biometric system. In 2017 

Fifteenth IAPR International Conference on Machine Vision Applications (MVA) 

(pp. 39–42). IEEE. http://doi.org/10.23919/MVA.2017.7986767 

 

Cao, D., Yang, J., Shi, Y., & Xu, C. (2013). Structure Feature Extraction for Finger-

Vein Recognition. 2013 2nd IAPR Asian Conference on Pattern Recognition, 1, 

567–571. http://doi.org/10.1109/ACPR.2013.113 

 

Castro-Pareja, C. R., Jagadeesh, J. M., Venugopal, S., & Shekhar, R. (2004). FPGA-

based 3D median filtering using word-parallel systolic arrays. 2004 IEEE 

International Symposium on Circuits and Systems (IEEE Cat. No.04CH37512), 

3, 1–4. http://doi.org/10.1109/ISCAS.2004.1328707 

 

Chatterjee, S., Ray, A. K., Karim, R., & Biswas, A. (2011). Architecture Design for 

Median Filter. 2011 Third National Conference on Computer Vision, Pattern 

Recognition, Image Processing and Graphics, 1(c), 247–250. 

http://doi.org/10.1109/NCVPRIPG.2011.59 

 

Chen, P. Y., Lien, C. Y., & Lu, C. P. (2009). VLSI implementation of an edge-oriented 

image scaling processor. IEEE Transactions on Very Large Scale Integration 

(VLSI) Systems, 17(9), 1275–1284. http://doi.org/10.1109/TVLSI.2008.2003003 

 

Chunyi, L., Mingzhong, L., & Xiao, S. (2012). A Finger Vein Recognition Algorithm 

Based on Gradient Correlation. AASRI Procedia, 1, 40–45. 

http://doi.org/10.1016/j.aasri.2012.06.008 

 

Crisan, S., Tarnovan, I. G., & Crisan, T. E. (2010). Radiation optimization and image 

processing algorithms in the identification of hand vein patterns. Computer 

Standards & Interfaces, 32(3), 130–140. http://doi.org/10.1016/j.csi.2009.11.008 



© C
OPYRIG

HT U
PM

141 

 

Das, R. K., De, A., Pal, C., & Chakrabarti, A. (2014). DSP hardware design for 

fingerprint binarization and thinning on FPGA. International Conference on 

Control, Instrumentation, Energy and Communication, CIEC 2014, 1(1), 544–

549. http://doi.org/10.1109/CIEC.2014.6959148 

 

Ding, Y., Zhuang, D., & Wang, K. (2005). A study of hand vein recognition method. In 

IEEE International Conference Mechatronics and Automation, 2005 (Vol. 4, pp. 

2106–2110). IEEE. http://doi.org/10.1109/ICMA.2005.1626888 

 

Druva Kumar, L., & Alavalapati, G. R. (2017). Biometric authentication using near 

infrared hand vein pattern with adaptive threshold technique. Proceedings of the 

2016 2nd International Conference on Applied and Theoretical Computing and 

Communication Technology, iCATccT 2016, 229–234. 

http://doi.org/10.1109/ICATCCT.2016.7911998 

 

El-sayed, M. A., Bahgat, S. F., & Abdel-Khalek, S. (2013). New Approach for Identity 

Verification System Using the Vital Features Based on Entropy. International 

Journal of Computer Science Issues, 10(6), 11–17. 

 

Fahmy, S. a., Cheung, P. Y. K., & Luk, W. (2009). High-throughput one-dimensional 

median and weighted median filters on FPGA. IET Computers & Digital 

Techniques, 3(September 2008), 384. http://doi.org/10.1049/iet-cdt.2008.0119 

 

Fu, B., Cui, J., & Xiong, X. (2010). A novel adaptive vein image contrast enhancement 

method based on fuzzy and retinex theory. In The 2010 IEEE International 

Conference on Information and Automation (pp. 2447–2450). IEEE. 

http://doi.org/10.1109/ICINFA.2010.5512278 

 

Gabarda, S., & Cristóbal, G. (2007). Blind image quality assessment through 

anisotropy. Journal of the Optical Society of America. A, Optics, Image Science, 

and Vision, 24(12), B42–B51. http://doi.org/10.1364/JOSAA.24.000B42 

 

Galbally, J., Marcel, S., & Fierrez, J. (2014). Image Quality Assessment for Fake 

Biometric Detection: Application to Iris, Fingerprint, and Face Recognition. 

IEEE Transactions on Image Processing, 23(2), 710–724. 

http://doi.org/10.1109/TIP.2013.2292332 

 

Gu, X. (2011). A method for hand vein recognition based on Curvelet Transform phase 

feature. Proceedings 2011 International Conference on Transportation, 

Mechanical, and Electrical Engineering (TMEE), 1693–1696. 

http://doi.org/10.1109/TMEE.2011.6199537 

 

Guan, F., Wang, K., Mo, H., Ma, H., & Liu, J. (2009). Research of Finger Vein 

Recognition Based on Fusion of Wavelet Moment and Horizontal and Vertical 

2DPCA. In 2009 2nd International Congress on Image and Signal Processing 

(pp. 1–5). IEEE. http://doi.org/10.1109/CISP.2009.5304241 

 

Guan, F., Wang, K., & Yang, Q. (2011). A study of two direction weighted (2D)2LDA 

for finger vein recognition. 2011 4th International Congress on Image and Signal 

Processing, 860–864. http://doi.org/10.1109/CISP.2011.6100257 

 



© C
OPYRIG

HT U
PM

142 

 

Han, W.-Y., & Lee, J.-C. (2012). Palm vein recognition using adaptive Gabor filter. 

Expert Systems with Applications, 39(18), 13225–13234. 

http://doi.org/10.1016/j.eswa.2012.05.079 

 

Hermanto, L., Sudiro, S. A., & Wibowo, E. P. (2010). Hardware implementation of 

fingerprint image thinning algorithm in FPGA device. ICNIT 2010 - 2010 

International Conference on Networking and Information Technology, (c), 187–

191. http://doi.org/10.1109/ICNIT.2010.5508534 

 

Hongxing, S., Wang, L., & Jiayi, W. (2013). Hand vein recognition technology based 

on region code. Proceedings 2013 International Conference on Mechatronic 

Sciences, Electric Engineering and Computer (MEC), 1212–1215. 

http://doi.org/10.1109/MEC.2013.6885251 

 

Hsiao, P., Hua, C., & Lin, C. (2004). a Novel Fpga Architectural Implementation of 

Pipelined Thinning Algorithm. Design, 593–596. 

 

Bukhari Im, S. K., Choi, H. S., & Kim, S.-W. (2003). A Direction-Based Vascular 

Pattern Extraction Algorithm for Hand Vascular Pattern Verification. ETRI 

Journal, 25(2), 101–108. http://doi.org/10.4218/etrij.03.0102.0211 

 

Joginipelly, A., Varela, A., Charalampidis, D., Schott, R., & Fitzsimmons, Z. (2012). 

Efficient FPGA implementation of steerable Gaussian smoothers. Proceedings of 

the Annual Southeastern Symposium on System Theory, 78–82. 

http://doi.org/10.1109/SSST.2012.6195131 

 

Kang, W. (2012). Vein pattern extraction based on vectorgrams of maximal intra-

neighbor difference. Pattern Recognition Letters, 33(14), 1916–1923. 

http://doi.org/10.1016/j.patrec.2012.02.020 

 

Kang, W., Liu, Y., Wu, Q., & Yue, X. (2014). Contact-free palm-vein recognition 

based on local invariant features. PloS One, 9(5), e97548. 

http://doi.org/10.1371/journal.pone.0097548 

 

Kang, W., & Wu, Q. (2014). Contactless Palm Vein Recognition Using a Mutual 

Foreground-Based Local Binary Pattern. IEEE Transactions on Information 

Forensics and Security, 6013(c), 1–1. http://doi.org/10.1109/TIFS.2014.2361020 

 

Kejun, W., Xinyan, X., Zhen, R., & Bin, F. (2009). Gray-scale skeletonization of near-

infrared vein patterns using the improved watershed algorithm in vein pattern 

biometrics. In 2009 4th IEEE Conference on Industrial Electronics and 

Applications (pp. 241–245). IEEE. http://doi.org/10.1109/ICIEA.2009.5138204 

 

Khalil-Hani, M., & Eng, P. C. (2010). FPGA-based embedded system implementation 

of finger vein biometrics. 2010 IEEE Symposium on Industrial Electronics and 

Applications (ISIEA), (Isiea), 700–705. 

http://doi.org/10.1109/ISIEA.2010.5679376 

 

Khalil-Hani, M., & Eng, P. C. (2011). Personal Verification using Finger Vein 

Biometrics in FPGA-based System-on-Chip. In International Conference on 

Electrical and Electronics Engineering (ELECO) (p. II-171-II-176). 



© C
OPYRIG

HT U
PM

143 

 

Khalil-Hani, M., & Lee, Y. H. (2013). FPGA embedded hardware system for finger 

vein biometric recognition. In IECON 2013 - 39th Annual Conference of the 

IEEE Industrial Electronics Society (pp. 2273–2278). IEEE. 

http://doi.org/10.1109/IECON.2013.6699485 

 

Khmag, A., Ramli, A. R., Hashim, S. J., & Noh, Z. M. (2014). Image Denoising 

Algorithm Using Second Generation Wavelet Transformation and Principle 

Component Analysis, 8(3), 367–377. 

 

Kim, K.-H., Xuan, P. D., Thien, P. C., & Jeon, J.-W. (2007). International Conference 

on Control, Automation and Systems 2007 Oct. 17-20, 2007 in COEX, Seoul, 

Korea. International Conference on Control, Automation and Systems, 2154–

2157. 

 

Kim, K. H., Thien, P. C., Jin, H. S., Kim, D. K., & Jeon, J. W. (2008). Dedicated 

parallel thinning architecture based on FPGA. IEEE International Conference on 

Multisensor Fusion and Integration for Intelligent Systems, 2(5), 208–213. 

http://doi.org/10.1109/MFI.2008.4648066 

 

Lee, E. C., Jung, H., & Kim, D. (2011). New finger biometric method using near 

infrared imaging. Sensors, 11(3), 2319–2333. http://doi.org/10.3390/s110302319 

 

Lee, E. C., & Park, K. R. (2009). Restoration method of skin scattering blurred vein 

image for finger vein recognition. Electronics Letters, 45(21), 1074. 

http://doi.org/10.1049/el.2009.1231 

 

Lee, E. C., & Park, K. R. (2011). Image restoration of skin scattering and optical 

blurring for finger vein recognition. Optics and Lasers in Engineering, 49(7), 

816–828. http://doi.org/10.1016/j.optlaseng.2011.03.004 

 

Lee, J.-C. (2012). A novel biometric system based on palm vein image. Pattern 

Recognition Letters, 33(12), 1520–1528. 

http://doi.org/10.1016/j.patrec.2012.04.007 

 

Li, B., Yang, X., & Chen, Z. (2012). Study of Fusion Iterative Enhancement Algorithm 

of Hand Vein Image Based on Wavelet Transfor. 2012 Fifth International 

Symposium on Computational Intelligence and Design, 54–56. 

http://doi.org/10.1109/ISCID.2012.165 

 

Li, X., Zhang, R., & Wang, Y. (2016). HAND DORSAL VEIN RECOGNITION BY 

MATCHING WIDTH SKELETON MODELS State Key Lab . of Software Dev . 

Environ ., Beihang Univ ., Beijing 100191 , China IRIP Lab ., School of 

Computer Science and Engineering , Beihang Univ ., Beijing 100191 , China. 

Image Processing (ICIP), 2016 IEEE International Conference. 

http://doi.org/10.1109/ICIP.2016.7532939 

 

Lin, C. C., Sheu, M. H., Chiang, H. K., Liaw, C., Wu, Z. C., & Tsai, W. K. (2010). An 

Efficient Architecture of Extended Linear Interpolation for Image Processing. 

Journal of Information Science & Engineering, 26(2), 631–648. 

 

 



© C
OPYRIG

HT U
PM

144 

 

Lin, C. C., Sheu, M. H., Chiang, H. K., Tsai, W. K., & Wu, Z. C. (2008). Real-time 

FPGA architecture of extended linear convolution for digital image scaling. 

Proceedings of the 2008 International Conference on Field-Programmable 

Technology, ICFPT 2008, 381–384. http://doi.org/10.1109/FPT.2008.4762423 

 

Lin, C. C., Sheu, M. H., Liaw, C., & Chiang, H. K. (2010). Fast first-order polynomials 

convolution interpolation for real-time digital image reconstruction. IEEE 

Transactions on Circuits and Systems for Video Technology, 20(9), 1260–1264. 

http://doi.org/10.1109/TCSVT.2010.2057017 

 

Liu, C. (2013). A new finger vein feature extraction algorithm. 2013 6th International 

Congress on Image and Signal Processing (CISP), (Cisp), 395–399. 

http://doi.org/10.1109/CISP.2013.6744026 

 

Liu, F., Yang, G., Yin, Y., & Wang, S. (2014). Singular value decomposition based 

minutiae matching method for finger vein recognition. Neurocomputing, 145, 

75–89. http://doi.org/10.1016/j.neucom.2014.05.069 

 

Liu, Z., Qiao, F., Wei, Q., Yang, X., Li, Y., & Yang, H. (2016). An ultra-fast and low-

power design of analog circuit network for DoG pyramid construction of SIFT 

algorithm. Proceedings - International Symposium on Quality Electronic Design, 

ISQED, 2016–May, 392–397. http://doi.org/10.1109/ISQED.2016.7479233 

 

Liu, Z., & Song, S. (2012). An embedded real-time finger-vein recognition system for 

mobile devices. IEEE Transactions on Consumer Electronics, 58(2), 522–527. 

http://doi.org/10.1109/TCE.2012.6227456 

 

Liu, Z., Yin, Y., Wang, H., Song, S., & Li, Q. (2010). Finger vein recognition with 

manifold learning. Journal of Network and Computer Applications, 33(3), 275–

282. http://doi.org/10.1016/j.jnca.2009.12.006 

 

Lu, Y., Dai, M., Jiang, L., & Li, S. (2010). Sort Optimization Algorithm of Median 

Filtering Based on FPGA. Machine Vision and Human-Machine Interface 

(MVHI), 2010 International Conference on, 250–253. 

http://doi.org/10.1109/MVHI.2010.145 

 

Lu, Y., Xie, S. J., Yoon, S., & Park, D. S. (2013). Finger vein identification using 

polydirectional local line binary pattern. In 2013 International Conference on 

ICT Convergence (ICTC) (pp. 61–65). IEEE. 

http://doi.org/10.1109/ICTC.2013.6675307 

 

M. Fischer, M. Rybnicek, S. T. (2012). A NOVEL PALM VEIN RECOGNITION 

APPROACH BASED ON ENHANCED LOCAL GABOR BINARY 

PATTERNS HISTOGRAM SEQUENCE. International Conference on Systems, 

Signals and Image Processing, (April), 11–13. 

 

Ma, Z., Fang, L., Duan, J., Xie, S., & Wang, Z. (2016). Personal identification based on 

finger vein and contour point clouds matching. 2016 IEEE International 

Conference on Mechatronics and Automation, IEEE ICMA 2016, (iii), 1983–

1988. http://doi.org/10.1109/ICMA.2016.7558870 

 



© C
OPYRIG

HT U
PM

145 

 

Mahale, G., Mahale, H., Parimi, R. B., Nandy, S. K., & Bhattacharya, S. (2014). 

Hardware architecture of bi-cubic convolution interpolation for real-time image 

scaling. In 2014 International Conference on Field-Programmable Technology 

(FPT) (pp. 264–267). IEEE. http://doi.org/10.1109/FPT.2014.7082790 

 

Mahri, N., Sundi Suandi, S. A., & Rosdi, B. A. (2010). Finger Vein Recognition 

Algorithm Using Phase Only Correlation. In 2010 International Workshop on 

Emerging Techniques and Challenges for Hand-Based Biometrics (pp. 1–6). 

IEEE. http://doi.org/10.1109/ETCHB.2010.5559283 

 

Mansoor, M., Sravani, S. N., Badshah, I., & Saleem, M. (2013). Real-time low cost 

infrared vein imaging system. In 2013 International Conference on Signal 

Processing , Image Processing & Pattern Recognition (pp. 117–121). IEEE. 

http://doi.org/10.1109/ICSIPR.2013.6497970 

 

Matsubara, T., Moshnyaga, V. G., & Hashimoto, K. (2010). A low-complexity and low 

power median filter design. Intelligent Signal Processing and Communication 

Systems (ISPACS), 2010 International Symposium on, (lSPACS), 6–9. 

http://doi.org/10.1109/ISPACS.2010.5704684 

 

Mekyska, J., Font-Aragones, X., Faundez-Zanuy, M., Hernandez-Mingorance, R., 

Morales, A., & Ferrer-Ballester, M. A. (2011). Thermal hand image segmentation 

for biometric recogniton. In 2011 Carnahan Conference on Security Technology 

(pp. 1–5). IEEE. http://doi.org/10.1109/CCST.2011.6095877 

 

Miura, N., Nagasaka, A., & Miyatake, T. (2004). Feature extraction of finger-vein 

patterns based on repeated line tracking and its application to personal 

identification. Machine Vision and Applications, 15, 194–203. 

http://doi.org/10.1007/s00138-004-0149-2 

 

Miura, N., Nagasaka, A., & Miyatake, T. (2007). Extraction of finger-vein patterns 

using maximum curvature points in image profiles. IEICE Transactions on 

Information and Systems, E90–D, 1185–1194. http://doi.org/10.1093/ietisy/e90-

d.8.1185 

 

Mohd Asaari, M. S., Suandi, S. a., & Rosdi, B. A. (2014). Fusion of Band Limited 

Phase Only Correlation and Width Centroid Contour Distance for finger based 

biometrics. Expert Systems with Applications, 41(7), 3367–3382. 

http://doi.org/10.1016/j.eswa.2013.11.033 

 

Moorthy, A. K., & Bovik, A. C. (2011). Blind image quality assessment: from natural 

scene statistics to perceptual quality. IEEE Transactions on Image Processing : A 

Publication of the IEEE Signal Processing Society, 20(12), 3350–64. 

http://doi.org/10.1109/TIP.2011.2147325 

 

Mukherjee, M., Kamarujjaman, & Maitra, M. (2015). Reconfigurable Architecture of 

Adaptive Median Filter - An FPGA Based Approach for Impulse Noise 

Suppression. International Conference on Computer, Communication, Control 

and Information Technology (C3IT), 1–6. http://doi.org/DOI: 

10.1109/C3IT.2015.7060184 

 



© C
OPYRIG

HT U
PM

146 

 

Mustafa, Z. a., & Kadah, Y. M. (2011). Multi resolution bilateral filter for MR image 

denoising. 2011 1st Middle East Conference on Biomedical Engineering, 

MECBME 2011, 180–184. http://doi.org/10.1109/MECBME.2011.5752095 

 

Nuño-Maganda, M. A., & Arias-Estrada, M. O. (2005). Real-time FPGA-based 

architecture for bicubic interpolation: An application for digital image scaling. 

Proceedings - ReConFig 2005: 2005 International Conference on 

Reconfigurable Computing and FPGAs, 2005(1). 

http://doi.org/10.1109/RECONFIG.2005.34 

 

Pal, M. M., & Jasutkar, R. W. (2012). Implementation of Hand Vein Structure 

Authentication Based System. 2012 International Conference on Communication 

Systems and Network Technologies, 114–118. 

http://doi.org/10.1109/CSNT.2012.34 

 

Palm Vein Recognition. N.d. Retrieved on 10 April 2017 from       

http://www.identytech.com/palm-vein-recognition/ 

 

Park, G.-T., & Kim, S.-W. (2013). Embedded processor optimised for vascular pattern 

recognition. IET Circuits, Devices & Systems, 7(2), 81–92. 

http://doi.org/10.1049/iet-cds.2012.0192 

 

Pavanjeet, S. S., Walter, N., Shahzad, A., & Saad, N. M. (2015). Optimum illuminant 

determination based on multispectral spectroscopy for enhanced vein detection. 

In 2015 IEEE International Conference on Signal and Image Processing 

Applications (ICSIPA) (pp. 174–179). IEEE. 

http://doi.org/10.1109/ICSIPA.2015.7412185 

 

Peiqin, L., Jianbin, X., Tong, L., & Wei, Y. (2014). Finger vein recognition algorithm 

based on optimized GHT. Optik - International Journal for Light and Electron 

Optics, 125(6), 1780–1783. http://doi.org/10.1016/j.ijleo.2013.09.038 

 

Pi, W., Shin, J., & Park, D. (2010). An effective quality improvement approach for low 

quality finger vein image. 2010 International Conference on Electronics and 

Information Engineering, 1(Iceie), V1-424-V1-427. 

http://doi.org/10.1109/ICEIE.2010.5559667 

 

Prabhakar, P., & Thomas, T. (2013). Finger Vein Identification Based on Minutiae 

Feature Extraction with Spurious Minutiae Removal. 2013 Third International 

Conference on Advances in Computing and Communications, 196–199. 

http://doi.org/10.1109/ICACC.2013.45 

 

Prasanna, R. D., Neelamegam, P., Sriram, S., & Raju, N. (2012). Enhancement of Vein 

Patterns in Hand Image for Biometric and Biomedical Application using Various 

Image Enhancement Techniques. Procedia Engineering, 38, 1174–1185. 

http://doi.org/10.1016/j.proeng.2012.06.149 

 

Pudzs, M., Fuksis, R., Ruskuls, R., Barkans, D., Eglitis, T., & Greitans, M. (2013). 

FPGA IMPLEMENTATION OF CMF FOR EMBEDDED PALM BIOMETRIC 

SYSTEM. In Signal Processing Conference (EUSIPCO), 2013 Proceedings of 

the 21st European (pp. 1–5). IEEE. 



© C
OPYRIG

HT U
PM

147 

 

Ramsoful, P., & Heenaye-Mamode Khan, M. (2013). Feature extraction techniques for 

dorsal hand vein pattern. Third International Conference on Innovative 

Computing Technology (INTECH 2013), 49–53. 

http://doi.org/10.1109/INTECH.2013.6653722 

 

Rao, D. V., Patil, S., Babu, N. A., & Muthukumar, V. (2006). Implementation and 

Evaluation of Image Processing Algorithms on Reconfigurable Architecture 

using C-based Hardware Descriptive Languages. International Journal of 

Theoretical and Applied Computer Sciences, 1(1), 9–34. Retrieved from 

http://www.gbspublisher.com/ijtacs/1002.pdf 

 

Raut, S. D., & Humbe, V. T. (2015). A novel approach for palm vein feature extraction 

using Gabor and canny edge detector. In 2015 IEEE International Conference on 

Computational Intelligence and Computing Research (ICCIC) (pp. 1–4). IEEE. 

http://doi.org/10.1109/ICCIC.2015.7435689 

 

Redhouane, L., Sarah, B., & Abdelkader, B. (2014). Dorsal hand vein pattern feature 

extraction with wavelet transforms. The 2014 International Symposium on 

Networks, Computers and Communications, 1–5. 

http://doi.org/10.1109/SNCC.2014.6866521 

 

Rossan, I., & Khan, M. H.-M. (2014). Impact of Changing Parameters when 

Preprocessing Dorsal Hand Vein Pattern. Procedia Computer Science, 32, 513–

520. http://doi.org/10.1016/j.procs.2014.05.455 

 

Saad, M. A., Bovik, A. C., & Charrier, C. (2010). A DCT Statistics-Based Blind Image 

Quality Index. IEEE Signal Processing Letters, 17(6), 583–586. 

http://doi.org/10.1109/LSP.2010.2045550 

 

Saad, M. N., & Kandil, A. H. (2012). A hybrid compression technique for segmented 

hand veins using quad tree decomposition. 2012 Cairo International Biomedical 

Engineering Conference (CIBEC), 162–165. 

http://doi.org/10.1109/CIBEC.2012.6473292 

 

Shahzad, A., Goh, C. M., Saad, N. M., Walter, N., Malik, A. S., & Meriaudeau, F. 

(2015). Subcutaneous veins detection and backprojection method using Frangi 

vesselness filter. ISCAIE 2015 - 2015 IEEE Symposium on Computer 

Applications and Industrial Electronics, 65–68. 

http://doi.org/10.1109/ISCAIE.2015.7298329 

 

Sheng, M.-Y., Zhao, Y., Liu, F.-Q., Hu, Q.-D., Zhang, D.-W., & Zhuang, S.-L. (2011). 

Acquisition and Preprocessing of Hand Vein Image. 2011 Fourth International 

Symposium on Knowledge Acquisition and Modeling, 251–253. 

http://doi.org/10.1109/KAM.2011.74 

 

Shi, Y., & Yang, J. (2012). Image restoration and enhancement for finger-vein 

recognition. 2012 IEEE 11th International Conference on Signal Processing, 10, 

1605–1608. http://doi.org/10.1109/ICoSP.2012.6491887 

 

 

 



© C
OPYRIG

HT U
PM

148 

 

Sikarwar, P., & Manmohan. (2016). Finger vein recognition using local directional 

pattern. In 2016 International Conference on Inventive Computation 

Technologies (ICICT) (pp. 1–5). IEEE. 

http://doi.org/10.1109/INVENTIVE.2016.7823248 

 

Song, S., Lee, S., Ko, J. P., & Jeon, J. W. (2014). A hardware architecture design for 

real-time Gaussian filter. In 2014 IEEE International Conference on Industrial 

Technology (ICIT) (pp. 626–629). IEEE. 

http://doi.org/10.1109/ICIT.2014.6895002 

 

Song, W., Kim, T., Kim, H. C., Choi, J. H., Kong, H.-J., & Lee, S.-R. (2011). A finger-

vein verification system using mean curvature. Pattern Recognition Letters, 

32(11), 1541–1547. http://doi.org/10.1016/j.patrec.2011.04.021 

 

Sun, X., Lin, C.-Y., Li, M.-Z., Lin, H.-W., & Chen, Q.-W. (2011). A DSP-Based 

Finger Vein Authentication System. 2011 Fourth International Conference on 

Intelligent Computation Technology and Automation, 333–336. 

http://doi.org/10.1109/ICICTA.2011.367 

 

Tagkalakis, F., Vlachakis, D., Megalooikonomou, V., & Skodras, A. (2017). A novel 

approach to finger vein authentication. In 2017 IEEE 14th International 

Symposium on Biomedical Imaging (ISBI 2017) (pp. 659–662). IEEE. 

http://doi.org/10.1109/ISBI.2017.7950606 

 

Talbi, F., Alim, F., Seddiki, S., Mezzah, I., & Hachemi, B. (2015). Separable 

convolution Gaussian smoothing filters on a xilinx FPGA platform. 5th 

International Conference on Innovative Computing Technology, INTECH 2015, 

(Intech), 112–117. http://doi.org/10.1109/INTECH.2015.7173372 

 

Uriarte-Antonio, J., Hartung, D., Pascual, J. E. S., & Sanchez-Reillo, R. (2011). 

Vascular biometrics based on a minutiae extraction approach. In 2011 Carnahan 

Conference on Security Technology (pp. 1–7). IEEE. 

http://doi.org/10.1109/CCST.2011.6095927 

 

Vasanth, K., Karthik, S., Nirmal Raj, S., & Preetha Mol, P. (2010). FPGA 

implementation of optimized sorting network algorithm for median filters. 

International Conference on “Emerging Trends in Robotics and Communication 

Technologies”, INTERACT-2010, 224–229. 

http://doi.org/10.1109/INTERACT.2010.5706144 

 

Vasicek, Z., & Sekanina, L. (2008). Novel hardware implementation of adaptive 

median filters. Proceedings - 2008 IEEE Workshop on Design and Diagnostics of 

Electronic Circuits and Systems, DDECS, 110–115. 

http://doi.org/10.1109/DDECS.2008.4538766 

 

Veluchamy, S., & Karlmarx, L. R. (2017). System for multimodal biometric 

recognition based on finger knuckle and finger vein using feature-level fusion 

and k-support vector machine classifier. IET Biometrics, 6(3), 232–242. 

http://doi.org/10.1049/iet-bmt.2016.0112 

 

 



© C
OPYRIG

HT U
PM

149 

 

Wang, H.-B., Tao, L., & Zhou, J. (2012). Novel algorithm for hand vein feature 

extraction and recognition based on vertical integral projection and wavelet 

decomposition. 2012 2nd International Conference on Consumer Electronics, 

Communications and Networks (CECNet), 2, 1928–1931. 

http://doi.org/10.1109/CECNet.2012.6201825 

 

Wang, J.-W., & Chen, T.-H. (2011). Building Palm Vein Capturing System for 

Extraction. 2011 21st International Conference on Systems Engineering, 311–

314. http://doi.org/10.1109/ICSEng.2011.61 

 

Wang, K., Zhang, Y., Yuan, Z., & Zhuang, D. (2006). Hand Vein Recognition Based 

on Multi Supplemental Features of Multi-Classifier Fusion Decision. 2006 

International Conference on Mechatronics and Automation, 1790–1795. 

http://doi.org/10.1109/ICMA.2006.257486 

 

Wang, L., & Leedham, G. (2006). Gray-Scale Skeletonization of Thermal Vein 

Patterns Using the Watershed Algorithm in Vein Pattern Biometrics. 2006 

International Conference on Computational Intelligence and Security, 1597–

1602. http://doi.org/10.1109/ICCIAS.2006.295332 

 

Wang, X., Ding, Y., Liu, M., & Yan, X. (2011). Efficient implementation of a cubic-

convolution based image scaling engine. Journal of Zhejiang University 

SCIENCE C, 12(9), 743–753. http://doi.org/10.1631/jzus.C1100040 

 

Wang, Y., Fan, Y., Liao, W., Li, K., Shark, L.-K., & Varley, M. R. (2012). Hand vein 

recognition based on multiple keypoints sets. 2012 5th IAPR International 

Conference on Biometrics (ICB), 367–371. 

http://doi.org/10.1109/ICB.2012.6199778 

 

Wang, Y., Li, K., & Cui, J. (2010). Hand-dorsa vein recognition based on partition 

Local Binary Pattern. IEEE 10th INTERNATIONAL CONFERENCE ON SIGNAL 

PROCESSING PROCEEDINGS, 1671–1674. 

http://doi.org/10.1109/ICOSP.2010.5656717 

 

Wang, Z., Zhang, B., Chen, W., & Gao, Y. (2008). A Performance Evaluation of Shape 

and Texture Based Methods for Vein Recognition. 2008 Congress on Image and 

Signal Processing, (1), 659–661. http://doi.org/10.1109/CISP.2008.106 

 

Wirayuda, T. A. B. (2015). Palm vein recognition based-on minutiae feature and 

feature matching. Proceedings - 5th International Conference on Electrical 

Engineering and Informatics: Bridging the Knowledge between Academic, 

Industry,  and Community, ICEEI 2015, 350–355. 

http://doi.org/10.1109/ICEEI.2015.7352525 

 

Wu, J.-D., & Ye, S.-H. (2009). Driver identification using finger-vein patterns with 

Radon transform and neural network. Expert Systems with Applications, 36(3), 

5793–5799. http://doi.org/10.1016/j.eswa.2008.07.042 

 

Wu, W., Lu, F., Cheng, G., & Shi, C. (2012). A Vein Based Biometric Experiment and 

Some New Developments. 2012 Third Global Congress on Intelligent Systems, 

(c), 131–135. http://doi.org/10.1109/GCIS.2012.74 



© C
OPYRIG

HT U
PM

150 

 

Wu, Z., Zhou, Y., Hu, X., Zhou, M., Dai, X., Li, X., & Wang, D. (2013). A vein image 

enhancement algorithm for the multi-spectral illumination. 2013 IEEE 

International Conference on Imaging Systems and Techniques (IST), 332–336. 

http://doi.org/10.1109/IST.2013.6729716 

 

Xie, S. J., Yu, L., & Park, D. S. (2012). Guided Gabor Filter for Finger Vein Pattern 

Extraction. 2012 Eighth International Conference on Signal Image Technology 

and Internet Based Systems, 118–123. http://doi.org/10.1109/SITIS.2012.151 

 

Xu, H., Qu, Y., Zhang, Y., & Zhao, F. (2009). FPGA based parallel thinning for binary 

fingerprint image. Proceedings of the 2009 Chinese Conference on Pattern 

Recognition, CCPR 2009, and the 1st CJK Joint Workshop on Pattern 

Recognition, CJKPR, 874–877. http://doi.org/10.1109/CCPR.2009.5343964 

 

Yakno, M., Saleh, J. M., & Rosdi, B. A. (2011). Low contrast hand vein image 

enhancement. 2011 IEEE International Conference on Signal and Image 

Processing Applications (ICSIPA), 390–392. 

http://doi.org/10.1109/ICSIPA.2011.6144135 

 

Yang, J., & Shi, Y. (2012). Finger–vein ROI localization and vein ridge enhancement. 

Pattern Recognition Letters, 33(12), 1569–1579. 

http://doi.org/10.1016/j.patrec.2012.04.018 

 

Yang, J., & Shi, Y. (2014). Towards finger-vein image restoration and enhancement for 

finger-vein recognition. Information Sciences, 268(7), 33–52. 

http://doi.org/10.1016/j.ins.2013.10.009 

 

Yang, J., Shi, Y., & Yang, J. (2011). Personal identification based on finger-vein 

features. Computers in Human Behavior, 27(5), 1565–1570. 

http://doi.org/10.1016/j.chb.2010.10.029 

 

Yang, J., Shi, Y., Yang, J., & Jiang, L. (2009). A novel finger-vein recognition method 

with feature combination. In Proceedings - International Conference on Image 

Processing, ICIP (pp. 2709–2712). IEEE. 

http://doi.org/10.1109/ICIP.2009.5414165 

 

Yang, J., & Zhang, B. (2011). Scattering Removal for Finger-Vein Image 

Enhancement. 2011 International Conference on Hand-Based Biometrics, 1–5. 

http://doi.org/10.1109/ICHB.2011.6094321 

 

Yang, J., & Zhang, X. (2010). Feature-level fusion of global and local features for 

finger-vein recognition. IEEE 10th INTERNATIONAL CONFERENCE ON 

SIGNAL PROCESSING PROCEEDINGS, 1702–1705. 

http://doi.org/10.1109/ICOSP.2010.5656858 

 

Yang, W., Huang, X., & Liao, Q. (2012). Fusion of finger vein and finger dorsal 

texture for personal identification based on Comparative Competitive Coding. In 

2012 19th IEEE International Conference on Image Processing (pp. 1141–1144). 

IEEE. http://doi.org/10.1109/ICIP.2012.6467066 

 

 



© C
OPYRIG

HT U
PM

151 

 

Yang, W., Huang, X., Zhou, F., & Liao, Q. (2014). Comparative competitive coding 

for personal identification by using finger vein and finger dorsal texture fusion. 

Information Sciences, 268, 20–32. http://doi.org/10.1016/j.ins.2013.10.010 

 

Yang, W., Rao, Q., & Liao, Q. (2011). Personal Identification for Single Sample Using 

Finger Vein Location and Direction Coding. 2011 International Conference on 

Hand-Based Biometrics, 1–6. http://doi.org/10.1109/ICHB.2011.6094318 

 

Yilin Wang, Qiang Zhang, & Baoxin Li. (2015). Structure-preserving Image Quality 

Assessment. In 2015 IEEE International Conference on Multimedia and Expo 

(ICME) (pp. 1–6). IEEE. http://doi.org/10.1109/ICME.2015.7177436 

 

You, L., Li, X., Sun, L., & Li, F. (2014). Finger Vein Recognition Method Based on 

Gaussian Low-Pass Filter and Direction Detection. 2014 International 

Conference on Information and Communications Technologies (ICT 2014), 

2.055-2.055. http://doi.org/10.1049/cp.2014.0598 

 

Yu, C.-B., Qin, H.-F., Zhang, L., & Cui, Y.-Z. (2009). Finger-vein image recognition 

combining modified hausdorff distance with minutiae feature matching. Journal 

of Biomedical Science and Engineering, 2(4), 261–272. 

http://doi.org/10.4236/jbise.2009.24040 

 

Yu, C., & Qin, H. (2008). A research on extracting human finger vein pattern 

characteristics. Proceedings of the World Congress on Intelligent Control and 

Automation (WCICA), 3783–3788. http://doi.org/10.1109/WCICA.2008.4593533 

 

Yueli, H., & Huijie, J. (2009). Research on image median filtering algorithm and its 

FPGA implementation. Proceedings of the 2009 WRI Global Congress on 

Intelligent Systems, GCIS 2009, 3, 226–230. 

http://doi.org/10.1109/GCIS.2009.130 

 

Yun-peng, H., Zhi-yong, W., Xiao-ping, Y., & Yu-ming, X. (2014). Hand vein 

recognition based on the connection lines of reference point and feature point. 

Infrared Physics & Technology, 62, 110–114. 

http://doi.org/10.1016/j.infrared.2013.10.004 

 

Yusoff, S., Ramli, A. R., Saripan, M. I., & Mashohor, S. (2009). Palm-Dorsa Vein 

Detection Using Webcam. In International Advanced of Technology Congress 

(ATCi) (pp. 1–6). 

 

Zhang, H., & Hu, D. (2010). A Palm Vein Recognition System. In 2010 International 

Conference on Intelligent Computation Technology and Automation (pp. 285–

288). IEEE. http://doi.org/10.1109/ICICTA.2010.425 

 

Zhang, H., Xia, M., & Hu, G. (2007). A multiwindow partial buffering scheme for 

FPGA-based 2-D convolvers. IEEE Transactions on Circuits and Systems II: 

Express Briefs, 54(2), 200–204. http://doi.org/10.1109/TCSII.2006.886898 

 

Zhang, J., Tan, T., & Ma, L. (2002). Invariant texture segmentation via circular Gabor 

filters. 2002 16th International Conference on Pattern Recognition, 2(2), 901–

904. http://doi.org/10.1109/ICPR.2002.1048450 



© C
OPYRIG

HT U
PM

152 

 

Zhang, R., Huang, D., & Wang, Y. (2016). Textured detailed graph model for dorsal 

hand vein recognition: A holistic approach. 2016 International Conference on 

Biometrics, ICB 2016. http://doi.org/10.1109/ICB.2016.7550047 

 

Zhang, T. Y., & Suen, C. Y. (1984). A fast parallel algorithm for thinning digital 

patterns. Communications of the ACM, 27(3), 236–239. 

http://doi.org/10.1145/357994.358023 

 

Zhang, Y., Li, Y., Zhen, J., Li, J., & Xie, R. (2010). The hardware realization of the 

bicubic interpolation enlargement algorithm based on FPGA. Proceedings - 3rd 

International Symposium on Information Processing, ISIP 2010, 277–281. 

http://doi.org/10.1109/ISIP.2010.82 

 

Zhang, Z. B., Wu, D. Y., Ma, S. L., & Ma, J. (2005). Multiscale Feature Extraction of 

Finger-Vein Patterns Based on Wavelet and Local Interconnection Structure 

Neural Network. 2005 International Conference on Neural Networks and Brain, 

2, 1081–1084. http://doi.org/10.1109/ICNNB.2005.1614805 

 

Zhao, S., Wang, Y. D., & Wang, Y. H. (2008). Biometric identification based on low-

quality hand vein pattern images. Proceedings of the 7th International 

Conference on Machine Learning and Cybernetics, ICMLC, 2(July), 1172–1177. 

http://doi.org/10.1109/ICMLC.2008.4620581 

 

Zhao, S., Wang, Y., & Wang, Y. (2007). Extracting hand vein patterns from low-

quality images: A new biometric technique using low-cost devices. Proceedings 

of the 4th International Conference on Image and Graphics, ICIG 2007, 667–

671. http://doi.org/10.1109/ICIG.2007.97 

 

Zhou, Y., & Kumar, A. (2011). Human Identification Using Palm-Vein Images. IEEE 

Transactions on Information Forensics and Security, 6(4), 1259–1274. 

http://doi.org/10.1109/TIFS.2011.2158423 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




