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ABSTRACT 
 

 

A simultaneous latent fingerprint (SLF) image consists of multi-print of individual 

fingerprints that is lifted from a surface, typically at the crime scenes. Due to the nature 

and the poor quality of latent fingerprint image, segmentation becomes an important and 

very challenging task. This thesis presents an algorithm to segment individual 

fingerprints for SLF image. The algorithm aim to separate the fingerprint region of 

interest from image background, which identifies the distal phalanx portion of each 

finger that appears in SLF image. The algorithm utilizes ridge orientation and frequency 

features based on block-wise pixels. A combination of Gabor Filter and Fourier 

transform is implemented in the normalization stage. In the pre-processing stage, a 

modified version of Histogram equalization is proposed known as Alteration Histogram 

Equalization (AltHE). Sliding windows are applied to create bounding boxes in order to 

find out the distal phalanges region at the segmentation stage. To verify the capability of 

the proposed segmentation algorithm, the segmentation results is evaluated in two 

aspects: a comparison with the ground truth foreground and matching performance 

based on segmented region. The ground truth foreground refers to the manual mark up 

region of interest area. In order to evaluate the performance of this method, experiments 

are performed on the Indian Institute of Information Technology Database- 

Simultaneous Latent Fingerprint (IIITD-SLF). Using the proposed algorithm, the 

segmented images were supplied as the input image for the matching process via a state 

art of matcher, VeriFinger SDK. Segmentation of 240 images is performed and 

compared with manual segmentation methods. The results show that the proposed 

algorithm achieves a correct segmentation of 77.5% of the SLF images under test.  
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ABSTRAK 

 

Cap jari pendam serentak (SLF) terdiri daripada pelbagai imej cap jari seseorang 

individu yang diambil dari sesuatu permukaan kebiasaannya di tempat kejadian jenayah. 

Oleh kerana sifat dan kekurangan kualiti cap jari pendam tersebut, segmentasi menjadi 

tugas yang penting dan begitu sukar. Thesis ini membentangkan algoritma untuk segmen 

imej SLF seseorang individu. Tujuan algoritma ini adalah untuk mengasingkan bahagian 

cap jari dari latarbelakang imej dengan mengenalpasti bahagian ruas distal bagi setiap 

hujung jari yang hadir di dalam imej SLF tersebut.  Algoritma ini menggunakan 

orientasi rabung dan kekerapan ciri berdasarkan blok piksel. Kombinasi Gabor Filter  

dan Fourier transform dilaksanakan di dalam peringkat normalisasi. Dalam peringkat 

pra-pemprosesan, perubahan versi Histogram equalization dikenali sebagai Alteration 

Histogram Equalization (AltHE) digunakan. Sliding windows diguna untuk membentuk 

bounding boxes bagi mengenalpasti bahagian ruas distal di peringkat segmentasi. Bagi 

mengesahkan keupayaan algoritma segmentasi yang dicadangkan, keputusan segmentasi 

dinilai melalui dua aspek: perbandingan dengan ground truth dan pemadanan 

berdasarkan bahagian segmentasi. Ground truth merujuk kepada bahagian yang diingini 

ditanda secara manual. Bagi menilai perlaksanaan kaedah ini, eksperimen telah 

dijalankan keatas pangkalan data  Institusi Maklumat Dan Teknologi India- cap jari 

pendam serentak (IIITD-SLF). Menggunakan algoritma yang dicadangkan, kawasan-

kawasan cap jari yang telah dikenalpasti dibekalkan sebagai imej input untuk proses 

perbandingan melalui pemadanan menerusi pemadan, VeriFinger SDK. Sebanyak 240 

imej segmentasi dihasilkan dan dibandingkan dengan kaedah segmentasi secara manual. 

Keputusan eksperimen menunjukkan bahawa algoritma yang dicadangkan mencapai 

77% segmentasi yang betul di bawah pengujian imej SLF.   



 

 

REFERENCES 

 

 

 

A. Almansa and T. Lindeberg. 2000. Fingerprint Enhancement by ShapeAdaptation of Scale-

Space Operatorswith Automatic Scale Selection. Proceeding onIEEE Transaction on 

Image Processing. Vol. 9, No. 12, pp. 2027-2042. 

A. R. Patil and M. A. Zaveri. 2010. A Novel Approach for Fingerprint Matching using Minutiae. 

Proceeding on International Conference on Mathematical / Analytical Modeling and 

Computer Simulation (AMS). Pp. 317-322. 

A. Sankaran, T. I. Dhamecha, M. Vatsa and Richa S. 2012. On Matching Latent to Latent 

Fingerprints. IIITD-TR-2012-002 

A.A. Paulino, A.K. Jain, J. Feng. 2010.Latent Fingerprint Matching Fusion of Manually Marked 

and Derived Minutiae.Proceedings ofthe 23rd SIBGRAPI Conference on Graphics, 

Pattern and Images. 

A. A. Paulino, J. Feng, and A. K. Jain. 2011. Latent Fingerprint Matching using Descriptor 

BasedHough Transform. Proceeding onInternational Joint Conference on Biometrics 

(IJCB), Washington, DC. 

A.K. Jain, L. Hong, S. Pankanti. 1997. An Identity-Authentication System using 

Fingerprints.Proceeding on the IEEE. Vol. 85, no. 9. 

A. K. Jain, A. Nagar, and K. Nandakumar. 2007a. Latent Fingerprint Matching. Proceeding 

onThe MSU Technical Report. MSU-CSE-07-203. 

A. K. Jain, Y. Chen, and M. Demirkus. 2007b. Pores and Ridges: High-Resolution Fingerprint 

Matching using Level 3 Features. Proceedings on IEEE Transaction on Pattern Analysis 

and Machine Intelligence. Vol. 29, no. 1, pp. 15–27. 



58 

 

A. K. Jain, J. Feng, A. Nagar, and K. Nandakumar. 2008. On Matching Latent Fingerprints. 

Proceedings onComputer Vision and Pattern Recogniton Workshops on Biometrics, 

pages 1–8. 

A. K. Jain and J. Feng. 2009. Latent Fingerprint Matching. Proceeding on IEEE Transaction on 

Pattern Analysis and Machine Intelligence (PAMI). 

A. K. Jain and J. Feng. 2011. Latent Fingerprint Matching. Proceeding onIEEE Transaction on 

Pattern Analysis and Machine Intelligence (PAMI). Vol.33, no.1, pp. 88-100. 

A. M. Bazen and S. H. Gerez. 2001. Segmentation of Fingerprint Images. Proceeding on 

ProRISC 2001 Workshop on Circuits, Systems and Signal Processing.Pp. 276–280. 

Antonio R. C. Paiva and Tolga Tasdizen. 2012. Fingerprint Image Segmentation using Data 

Manifold Characteristic Features. Proceeding on International Journal of Pattern 

Recognition and Articial Intelligence. Vol. 26, No. 4. 

B. G Sherlock and D. M. Monro. 1993. A Model for Interpreting Fingerprint Topology. 

Proceeding onPattern Recognition. Vol. 26, no. 7, p.p.1047-1055. 

B. G. Sherlock, D.M.Monro and K.Millard. 1994. Fingerprint enhancement by directional 

Fourier filtering. Proceeding onVisual Image Signal Processing (VISP). Vol. 141, p.p. 

87–94. 

B. M. Mehtre, N. N. Murthy, and S. Kapoor. 1987. Segmentation of Fingerprint Images using 

The Directional Image. Proceeding on Pattern Recognition. 20(4), p.p 429–435. 

Bazen, A.M. and Gerez, S.H. 2003. Fingerprint Matching by Thin-Plate Spline Modelling 

ofElastic Deformations.Proceeding onPattern Recognition. Vol. 36, no. 8, p.p. 1859-

1867. 

Bazen, A.M., Verwaaijen, G.T.B., Gerez, S.H., Veelenturf, L.P.J. and Van der Zwaag, B.J. 

2000.A Correlation-Based Fingerprint Verification System, Proc. Proceeding on11th 

Annual Workshop Circuits Systems and Signal Processing. pp. 205-213. 



59 

 

J. Black. 2006. Pilot study: The Application of ACE-V to Simultaneous(Cluster) Impressions. 

Proceeding onJournal of FI. P.p 933–971. 

D. Maio and D. Maltoni. 1998. Neural Network based Minutiae Filtering in Fingerprints. 

Proceeding on the 14th International Conference on Pattern Recognition.Vol. 2, pp. 

1654–1658.  

D. Miao, Qingshi T., and Wenjie F. 2007. Fingerprint Minutiae Extraction based on Principal 

Cures. Proceeding onthe Journal of the Pattern Recognition Letters. Vol. 28, pp. 2184-

2189. 

D. Maltoni, D. Maio, A. K. Jain and S. Prabhakar. 2009. Handbook of Fingerprint Recognition, 

2nd Editions,Proceeding on Springer-Verlag. 

D. Shout.2004. Report Faults F.B.I.'s Fingerprint Scrutiny in Arrest of Lawyer. The New York 

Times. 

Online:http://www.nytimes.com/2004/11/17/politics/17fbi.html?_r=1&ref=brandonmayfi

eld(April 17, 2012). 

D. A. Rojas and J. L. Aching S. 2006. An Improved Method for Segmentation of Fingerprint 

Images. Proceeding on Electronics, Robotics and Automotive Mechanics Conference. P.p 

20-23. 

Derek M. Johnson. 2010. Segmentation of Slap Fingerprints. Thesis Master of Science in 

Computer Science. 

Eric P. K., Christine R. Blomeke, Shimon K. Modi, and Tephen J. Elliott. 2008. Effect of 

HumanInteraction on Fingerprint Matching Performance, Image Quality, and Minutiae 

Count.Proceedings onInternational Conference on Information Technology and 

Applications. Pp. 771-776. 

E. Chouinard. 2011. Gazette - Big Impression, Celebrating 100 Years of Fingerprint 

Identification in Canada. Proceedings onThe Gazette. Vol. 73, no. 1, pp.18-19. 



60 

 

E.-K. Yun and S.B. Cho. 2006.Adaptive Fingerprint Image Enhancement with Fingerprint Image 

Quality Analysis. Proceedings onInternational conference of Image and Vision 

Computing. Vol. 24, pp. 101–110. 

Feng, J., Ouyang, Z. and Cai, A. 2006. Fingerprint Matching using Ridges. Proceedings 

onPattern Recognition. Vol. 39, no. 11, pp. 2131-2140. 

Feng, J and A. K. Jain. 2009. FM Model Based Fingerprint reconstruction from Minutiae 

Template.Proceeding onInternational Conference Biometric (ICB). 

F. Zhao and X. Tang. 2007. Preprocessing and Postprocessing for Skeleton-based Fingerprint 

Minutiae Extraction. Proceeding onPattern Recognition.  Vol.40, pp. 1270-1281. 

G.Saunders. 2011. 75th Anniversary of Fingerprinting in Canada. RCMP Gazette. Online: 

http://www.rcmp-grc.gc.ca/cr-cj/anni/gazette-eng.htm (February 13, 2012) 

G. Langenburg.2009. Friction Ridge Skin: Comparison and Identification. Proceedings onWiley 

Encyclopedia Forensic Science.Editions. Jamieson, A; Moenssens, A. John Wiley & 

Sons, Ltd, U.K. 

G. Aguilar, G.Sánchez, K. Toscano, M. N. Miyatake, and H. P. Meana. 2008.Automatic 

Fingerprint Recognition Systemusing Fast Fourier Transform andGabor Filters. 

Proceeding onScientifica.Vol. 12, no. 1, pp. 9-16. 

H. Fleyeh, D. Jomaa, and M. Dougherty. 2010. Segmentation of low quality fingerprint 

images.Proceeding on International Conference on Multimedia Computing and 

Information Technology (MCIT-2010).Vol. March 2-4, 2010. 

H. L. Moses. 2003. A Critical Comparison of Black Fingerprint Powder Formulations to 

Improve Latent Fingerprint Clarity and Contrast on Common Substrates. Thesis, B.S 

Genetics, University of California, Davis. 

Hara, M. and Toyama, H. 2007. Method and Apparatus for Matching Streaked Pattern 

Image.Proceeding on US Patent. No. 7,295,688. 



61 

 

Helfroush, M. and Mohammadpour, M. 2008. Fingerprint Segmentation. Proceedings onThe 3rd 

International Conference on Information and Communication Technologies: From 

Theory to Applications. Damascus, Syria. 

Indovina, M., Hicklin, R. A., and Kiebuzinski, G. I. 2010. ELFT-EFS Evaluation of Latent 

Fingerprint Technologies: Extended Feature [Sets Evaluation #1]. Proceeding onU.S. 

Department of Commerce, National Institute of Standards and Technology, Washington 

DC. NISTIR 7775. 

J. D. Stosz, L.A. Alyea. 1994. Automatic System for Fingerprint Authentication using Pores and 

Ridge Structure. Proceedings on SPIE Automatic Systems for the Identification and 

Inspection of Humans.Vol. 2277, pp. 210–223. 

J. Feng. 2008. Combining Minutiae Descriptors for Fingerprint Matching. Proceedings 

onPattern Recognition. Vol. 41, no. 1, pp. 342–352. 

J. Feng, S. Yoon, and A. K. Jain. 2009. Latent Fingerprint Matching:Fusion of Rolled and Plain 

Fingerprints.The proceedings ofAdvances in Biometrics, Springer. 

J. F. Ramirez Rochac, L. Liang, B. Yu, and Z. Lu. 2010.  An Adaptive Fuzzy Classifier 

Approach to Edge Detection in Latent Fingerprint Images.Proceedings on22th 

International Conference on Tools with Artificial Intelligence. P.p 27−29. 

J. Gu, J. Zhou, and C. Yang. 2006. Fingerprint Recognition by Combining Global Structure and 

Local Cues.Proceedings onIEEE Transaction on Image Processing.Vol. 15, no. 7, pp. 

1952–1964. 

J. Xudong and Y, Wei-Yun. 2000. Fingerprint Minutiae Matching Based on the Local and 

Global Structures. Proceedings on International Conference on Pattern Recognition 

(ICPR). Vol. 2, pp. 1038-1041. 

J. Zhou and J. Gu. 2004. Modeling Orientation Fields of Fingerprints with Rational Complex 

Functions. Proceeding on Pattern Recognition. Vol. 37, pp. 389-391. 

K. Moses. 2009. Automatic Fingerprint Identification Systems (AFIS). In Fingerprint 

Sourcebook: InternationalAssociation for Identification. National Institute of Justice 



62 

 

(NIJ), Washington DC.Online: http://www.ncjrs.gov/pdffilesl/nij/225326.pdf(April 17, 

2012). 

K. Teddy. 2002. Fingerprint Enhancement by Spectral Analysis Technique.Proceedings 

on31st Applied Imagery PatternRecognition Workshop. Washington D.C. 

L. Shen, A.Kot, and W. Koo. 2001. Quality Measures of Fingerprint Image. Proceeding on 

Audio Video-based Person Authentication.Pp. 266–271. 

L. Hong, Y. Wang, A. K. Jain. 1998. Fingerprint Image Enhancement: Algorithm and 

Performance Evaluation. Proceeding on IEEE Transaction on Pattern Analysis and 

Machine Intelligence (PAMI). Vol. 21, No. 4, p.p. 777–789. 

L.Hong, A.K Jain, S Pankanti, and Ruud Bolle. 1996. Fingerprint Enhancement. Proceeding on 

IEEE. P.p 202-207 

M. Hara and H. Toyama. 2007. Method and Apparatus for Matching Streaked. Proceeding 

onPattern Image.  US Patent No. 7,295,688. 

M. U. Akram, A. Tariq, and S. A. Khan. 2008. Fingerprint Image: Pre and Post Processing. 

Proceeding on International Journal of Biometrics (IJB). Vol. 1, no.1. 

Maria P.C., 2011. Probability of Random Correspondence for Forensic Fingerprint based on 

Statistical Models of the Feature Space.Master thesis of Computer Science and 

Telecommunication Engineering, Universidad Autonoma De Madrid. 

Marius Tico and Pauli Kuosmanen. 2000. An Algorithm for Fingerprint Image 

Processing.Proceeding onPacific Grove. California, USA.Vol. 2, p.p. 1735-1739. 

M. Tico and P. Kuosmanen. 2003. Fingerprint Matching Using an Orientation-based Minutia 

Descriptor.Proceeding onIEEE Transaction on PatternAnalysis and Machine 

Intelligence. Vol. 25, no. 8, p.p. 1009–1014. 

Mary, L. R. and Dushyant, K. 2010. Fingerprint Identification in Biometric SecuritySystems. 

Proceeding on International Journal of Computer and Electrical Engineering (IJCEE). 

Vol. 2, no. 5, p.p. 1793-8163. 



63 

 

M. Vatsa, R. Singh, A. Noore and K. Morris. 2009. Simultaneous Latent Fingerprint 

Recognition: A Preliminary Study. Proceedings on IEEE Transaction on Pattern 

Analysis and Machine Intelligence (PAMI).ISBN: 978-1-4244-5020-6. 

Michael J. Saks and Jonathan J. Koehler. 2007. The Individualization Fallacy in Forensic 

Science Evidence. Online: http://works.bepress.com/michael_saks/1 (April 18, 2012). 

Michael E. Newman. 2012. Expert RecommendsMeasure to Reduce Human Error in Fingerprint 

Analysis. National Institue of Standards and Technology (NIST). Online: 

http://www.eurekalert.org/pub_releases/2012-02/nios-erm022312.php (June 20, 2011). 

Mississippi Department of Public Safety (MDPS). 2012. Automated Fingerprint Identification 

System (AFIS) section.MDPS website:http://www.dps.state.ms.us/resources/support-

services/automated-fingerprint-identification-system-afis-section/ (November 2, 2011) 

M. R. Girgisa, A. A. Sewisyb and R. F. Mansourc. 2007. Employing Generic Algorithms for 

PreciseFingerprint Matching Based on Line Extraction. Proceeding onGraphics, Vision 

and Image Procession Journal. Vol. 7, pp. 51-59. 

Mohamed. S. M and Nyongesa.H. 2002. Automatic Fingerprint Classification System using 

Fuzzy Neural techniques. Proceeding onIEEE International Conference on Artificial 

Neural Networks. Vol. 1, pp. 358-362. 

Mohammed S. Khalil, Dzulkifli, M, and Qais, A.N.  2009. Fingerprint Verification using the 

texture of Fingerprint Image. Proceeding onSecond International Conference on Machine 

Vision (ICMV). ISBN: 978-0-7695-3944-7/10. 

N. Short, M. Hsiao, A. Abbott, and E. Fox. 2011. Latent Fingerprint Segmentation using Ridge 

Template Correlation. Proceedings on the International Conference on Imaging for 

Crime Detection and Prevention.London, UK: IEEE. 

NIST. 2012. Latent Print AFIS Interoperability.Working Group, U.S. Department of Commerce. 

Online: http://www.nist.gov/oles/afis_interoperability.cfm (August 20, 2011) 

Otsu, N. 1979. A Threshold Selection Method from Gray Level Histogram. Proceedings on The 

IEEE Trans. Syst.Man Cybern. Vol. SMC-9, pp. 62 - 66. 



64 

 

P.Balakumar and R.Venkatesan. 2010. Biometric Based File Transmission using RSA 

Cryptosystem.Proceeding onInternational Journal of Computer and Network Security 

(IJCNS).Vol. 2, no.4. 

P. Komarinski. 2005. Automated Fingerprint Identification System (AFIS). Proceedings 

onElsevier Academic Press. 

P. Lo and G. Yu. 2008. Print Matching Method and System Using Direction Images. Proceeding 

on US Patent Application. Publication No.2008/0273769A1. 

Q. Zhao and A. K. Jain. 2010. On the Utility of Extended Fingerprint Features: A Study on 

Pores.Proceedings onIEEE.978-1-4244-7030-3/10 

Q. Xiao and H. Rafaat. 1995. Fingerprint image Postprocessing: A Combined Statistical and 

Structural Approach. Proceedings onIEEE Transaction on Pattern Recognition. Vol. 28, 

no. 11, pp. 1657-1672. 

R. Bansal, P. Sehgal, and P. Bedi. 2010. Effective Morphological Extraction of True Minutiae 

Based on Hit or Miss Transform. Proceeding on International Journal of Computer 

Science Issues (IJCSI). Vol 8, Issues 5, No. 3. ISSN (Online): 1694-0814. 

R. Bansal, P. Sehgal, and P. Bedi. 2011. Minutiae Extraction from Fingerprint Images – A 

Review. Proceeding on International Journal of Computer Science Issues (IJCSI). Vol 8, 

Issues 5, No. 3. ISSN (Online): 1694-0814. 

R. Hastings. 2007. Ridge Enhancement in Fingerprint Images using Oriented Diffusion. 

Proceedings onIEEE Computer Society on Digital Image Computing Techniques and 

Applications. Pp. 245-252. 

R. Rajkumar and K. Hemachandran. 2011. A Review on Image Enhancement of Fingerprint 

using Directional Filters. Proceedings on Assam University Journal of Science & 

Technology: physical Sciences and Technology. Vol. 7, no. 2, p.p. 52-57.  

Ratha, N.K., Bolle, R.M., Pandit, V.D. and Vaish, V. 2000. Robust Fingerprint 

AuthenticationUsing Local Structural Similarity.  Proceedings onFifth IEEE Workshop 

Applications of ComputerVision.P.p. 29-34. 



65 

 

Ravi, J., K.B. Raja, and Veugopal K. R. 2009. Fingerprint Recognition using Minutia Score 

Matching. Proceedings on International Journal of Engineering Science and Technology. 

Vol. 1(2), p.p. 35-42. 

Robert H, Surinder Ram, Horst Bischof, and Josef A. Birchbauer, 2009, Slap fingerprint 

segmentation, Proceeding onComputer Vision Winter Workshop 2009, Adrian Ion and 

Walter G. Kropatsch (eds.) 

Roumen Kountchev, Vladimir Todorov, and Roumiana Kountcheva. 2008. Adaptive Histogram 

Modification for Enhancement. Proceedings onMathematical Methods and 

Computational Techniques in Electrical Engineering (MMACTEE'08). P.p.28-33. 

Rozita, M.Y and Norrozila, S. 2011. A Review on Minutiae Extraction of Fingerprint. 

Proceeding on Second World Conference on Information Technology (WCIT 2011).  

SWGFAST. 2008. Standard for simultaneous impression examination,ver. 1.0. www.swgfast.org. 

P.p 1–20. 

S. Huckemann, T. Hotz, and Munk, 2008. Global Models for the Orientation Field of 

Fingerprints: An Approach Based on Quadratic Differentials. Proceedings on IEEE 

Transaction on Pattern Analysis and Machine Intelligence (PAMI). Vol. 30, no. 9, p.p. 

1507-1519. 

S. Karimi-Ashtiani and C. C. J. Kuo. 2008. A robust Technique for Latent Fingerprint Image 

Segmentation and Enhancement. Proceedings on the International Conference on Image 

Processing. IEEE. P.p.1492–1495. 

S. Qian and D. Chen. 1996. Joint Time-Frequency Analysis. Proceeding on Methods and 

Applications, Prentice Hall. 

S. Yoon, J. Feng, and A. K. Jain. 2010. On Latent Fingerprint Enhancement. Proceedings 

onSPIE. Vol. 7667. 

S. Yoon, J. Feng, and A. K. Jain. 2011.Latent Fingerprint Enhancement via Robust Orientation 

Field Estimation.Proceedings onInternational Joint Conference on Biometrics (IJCB). 



66 

 

S. Kim, D. Lee, J. Kim. 2001. Algorithm for Detection and Elimination of False Minutiae in 

Fingerprint Images. Proceedings on the Third International Conference on Audio- and 

Video-based Biometric Person Authentication (AVBPA’01).  Pp. 235–240. 

S. Li, M. Wei, H. Tang, T. Zhuang, and Buonocore, M.H. 2005. Image Enhancement Method for 

Fingerprint Recognition System. Proceedings on the 27th Annual International 

Conference of Enginnering in Medicine and Biology Science. 

Stephen B. Meagher. 2009. Defining AFIS Latent Print Lights-Out. Proceedings onNational 

Institute Standard and Technology,Evaluation of latent Fingerprint Technologies 

Workshop. 

S. Mahadik, K. Narayan, D.V. Bhoir, and Darshana, S. 2009. Access Control System using 

Fingerprint Recognition. Proceedings on International Conference on Advances in 

Computing, Communication and Control (ICAC3). ACM 978-1-60558-351-8. 

S. Malathi and C. Meena. 2010. Partial Fingerprint Matching based on SIFT Features. 

Proceedings on International Journal on Computer Science and Engineering. Vol. 2, no. 

4, p.p. 1411-1414. 

S. S. Chikkerur. 2005. Online Fingerprint Verification. Master’s Thesis, University at Buffalo, 

The State University of New York. 

S. Zorita, D., Ortega-Garcia, J., Cruz-Li, S., and Gonzalez-Rodriguez. 2001. Minutiae Extraction 

Scheme for Fingerprint Recognition System. Proceedings on International Conference 

on Image Processing (ICIP 2001). Vol. 3. 

Sri Suwarno, Subnar, Agus Harjoko, Sri Hartati. 2013.Fingerprint Image Segmentation using 

Haar Waavelet and Self Organizing Map. Proceeding on International Journal of 

Advanced Computer Science and Applications. Vol 4, no. 9. 

Sozan A. M. 2011. Fingerprint Identification Based on Skeleton Minutiae Extraction. 

Proceedings on InternationalConference on Artificial Intelligence and Machine 

Learning. Dubai, United Arab Emirates.ISSN: 1687-4854. 



67 

 

V. N. Dvornychenko and M. D. Garris. 2006. Summary of NIST Latent Fingerprint Testing 

Workshop. Proceedings on National Institute of Standards and Technology on the Latent 

Testing Workshop. NISTIR 7377. 

VeriFinger. www.neurotechnology.com/verifinger.html. 

Watson CI, GT Candela and PJ Grother. 1994.Comparison of FFT Fingerprint FilteringMethods 

for Neural Network Classification. Proceeding on NISTIR 5493. 

W. C.Thompson, F.Taroni,and G. G. A. Colin. 2003. How the Probability of a False Positive 

Affects the Value of DNA Evidence. Proceedings onJournalon Forensic Science. Vol. 

48, No. 1 Paper ID: JFS2001171_481. 

Xiaolong Zheng, Yangsheng Wang and Xuying Zhao. 2007. Fingerprint Image Segmentation 

Using Active Contour Model. Proceedings on Fourth International Conference on Image 

and Graphics(ICIG 2007). 

Xiao Yang; Jianjiang Feng; Jie Zhou. 2014. Localized Dictionaries Based Orientation Field 

Estimation for Latent Fingerprints. Published in: IEEE Pattern Analysis and Machine 

Intelligence. Volume:36 ,  Issue: 5, p.p 955-969. 

Z. Shi, Y. Wang, J. Qi, and K. Xu. 2004. A new segmentation algorithm for low quality 

fingerprint image. Proceedings on the Third International Conference on Image and 

Graphics (ICIG ’04). Washington, DC,USA. pp. 314–317. 

Zhang and Jiangyang. 2014. Advanced Visual Processing Techniques for Latent Fingerprint 

Detection and Video Retargeting. Publication on digitallibrary.usc.edu. Record id, 

oai:usc:3:382016:453. 

Zhixin, S. and Venu, G. 2006. A Chaincode based Scheme for Fingerprint Feature Extraction. The 

proceedings of Pattern Recognition Letters. Vol. 27, pp. 462-468. 

 


