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Abstract— Enhancement of Latent fingerprint is very important task in forensic and criminal investigation in law 
enforcement agencies. To improve the inferior quality of smudgy, blurry latent fingerprint we used adaptive filter. Using 
adaptive filter, the latent fingerprint gets de-noise and we get more clear local ridge characteristics. In this paper, we are 
more focused on filtering subpart in all the previous enhancement algorithms. Our aim is to study different filters and its 
characteristics. Also studied different previous techniques using filters on latent fingerprints Experimental results show more 
clearly that the previous enhancement method is not giving good result on Latent fingerprint from NIST 27A database as 
compared to normal fingerprint from FVC 2000 DB 1_B.Therefore, we propose new technique which consist of adaptive 
hybrid filter that is combination of modified Gabor filter along with directional median filter and band pass filter for singular 
points. 
 
Keywords— Latent Fingerprint Enhancement, Adaptive Hybrid Filters. 
 
I. INTRODUCTION 
 
Automated Fingerprint Identification Systems (AFIS) 
consist of several steps for recognition of fingerprints. 
They are Fingerprint Image Enhancement, Minutiae 
Detection and Extraction, Core Points (Singularity) 
Detection, Fingerprint Matching, Fingerprint 
Classification and Indexing, Fingerprint Image 
Compression (WSQ, JPEG 2000, PNG etc.), 
Fingerprint Quality Assessment, AFIS Performance 
Evaluation, Fingerprint Image Reconstruction, 
System’s Immunity to Fake Fingers, and Lightweight 
Encryption Scheme. Out of this, Fingerprint 
enhancement plays an important role in law 
enforcement agencies and forensic science for 
applications like criminal investigation, terrorist 
identification and crime scene investigation. There 
are three types of fingerprints: (a)Pain fingerprints, 
(b)Rolled fingerprints and (c)Latent fingerprints as 
shown in Fig.1 [9][10]. Quality of Pain fingerprints 
and Rolled fingerprints are good as compared to 
Latent fingerprints. Latent fingerprints are simply 
lifted from surfaces of different object touched or 
handled by a criminal which is an extremely 
important source of evidence in crime scene 
investigation. Latent fingerprints captured from very 
small area depending on criminal situations. Due to 
this ridge and valley structure of Latent fingerprint 
images are not clearly visible. Also lifted Latent 
fingerprints containing more background noise and 
non-linear distortion due to pressure variations as 
compared to plain and rolled fingerprint images[10] 
In this era, improve the quality of Latent fingerprint is 
the need of law enforcement agencies. Enhancement 
of Latent fingerprint is critical task because of its 
poor quality. There are many enhancement 

algorithms have been performed on plain and rolled 
fingerprint images. But there is still improvement 
need for algorithms of Latent fingerprints 
enhancement.Till now Automated Fingerprint 
Identification Systems (AFIS) have been successfully 
used in forensics and law enforcement applications. 
But it works only on plain and rolled ten-prints. It 
does not work well on Latent fingerprints. 
 

 
Fig. 1 Types of Fingerprints 

 
In the following sections, we will compare different 
filtering techniques working on fingerprint database 
(section 2). Review on filters working on Latent 
fingerprints database. (section 3). Experimental result 
of fingerprint enhancement methods on plain, rolled 
and latent fingerprints (section 4) and our proposed 
algorithm for latent fingerprint enhancement using 
adaptive hybrid filter. 

 
II. FINGERPRINT ENHANCEMENT 
ALGORITHM 

 
Fingerprint image enhancement algorithm consist of 
normalization, Local orientation estimation, Local 
frequency estimation, Region mask estimation and 
filtering. Normalization is used to reduce the 
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variations in gray-level values along ridges and 
valleys of fingerprint. Normalization is of two ways, 
Histogram based normalization and Statistical based 
normalization. Local orientation estimation gives 
proper ridge flow direction. It has two approach, one 
is Gradient based approach and another is Statistical 
analysis based approach. Local frequency estimation 
measure number of ridges per unit area. It based on 
X-signature, Sinusoidal wave, Hybrid methods and 
Core or reference point. Region mask estimation is 
also called as region of interest (ROI). It is under the 
part of segmentation. ROI separate the foreground 
part from background noisy part of fingerprint image. 
ROI can be manually or automatic. Filters are used to 
removed unwanted noisy part from the area of 
interest. [1] There are different types of filters work 
on fingerprint images. They are Basic Gabor filter, 
Modified Gabor filter, Separable Gabor filter, CNN 
Gabor filter, Anisotropic filter, Directional median 
filter.Directional filter bank and Bandpass filter. 
 
We are comparatively studied all filters and tabulate 
the comparisons in Table1 and Table2 
 

Table1: Comparisons between types of Gabor 
filters 

 

Table2: Comparisons between other filters 

 
 

III. LATENT FINGERPRINT ENHANCEMENT 
METHOD USING FILTERS 
 
The above enhancement filtering methods are only 
focused on normal fingerprint database such as FVC 
(Fingerprint Verification Competition) and NIST 
(National Institute of Standard and Technology) 
database. There are some papers which focused on 
enhancement of Latent fingerprints. 
 
3.1 On Latent Fingerprint Enhancement (Soweon 
Yoon, Jianjiang Feng, and Anil K. Jain)[2010] 
Because of poor quality of Latent fingerprints 
automatic feature extraction become very difficult 
problem. To make it easy author proposed [9] 
enhancement algorithm which require manually 
marked region of interest (ROI) and singular points. 
Study is more focused only on ridge orientation 
estimation in 2-D Gabor filter as the range of possible 
ridge frequency values is small for adult fingerprints. 
To overcome this limitation in regularization author, 
estimate a coarse orientation field from skeleton 
image generated by a commercial SDK. Flowchart of 
proposed enhancement algorithm is shown in Fig. 2. 
Experimental results on NIST SD27 indicate that 
using singular points is beneficial to minutiae 
extraction, leading to improved matching accuracy.       
                     

 
Fig. 2 Flowchart of the proposed latent       enhancement 

algorithm. 
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3.2 Latent Fingerprint Enhancement in 
Preprocessing Stage (Raju Rajkumar and K. 
Hemachandran) [2011]    
Author proposed[10] combination of different 
preprocessing stages to produce a better enhanced 
Latent fingerprint image. Author developed algorithm 
which is combination of FFT and Gaussian filter. 
Flowchart of proposed algorithm is shown in Fig.3. 
After normalization, primary enhancement is done 
through Fourier transformation. For secondary 
enhancement author used a Gaussian filter with a two 
dimensional Gaussian function. Binarization is to 
transform the8-bit gray fingerprint images to a 1-bit 
image with 0 value for ridges and 1 value for furrows. 
Experimental result performed on Latent fingerprints 
collected from Bureau, Forensic Science, Manipur. 
The FFT used to connect some falsely broken points 
on ridges and to remove some spurious connections 
between ridges whereas Gaussian filter used to 
reduce the “hairy” (spikes) structures which lead to 
spurious ridge bifurcations and endings and remove 
the mismatch or alignment of the blocks in FFT. 
 

 
Fig.3 Algorithm for Latent Fingerprint Enhancement 

 
3.3 Latent Fingerprint Image Enhancement 
Techniques (R.Kausalya, A.Ramya) [2014] 
In this paper [11] authors give an idea about latent 
fingerprint image enhancement technique in order to 
extract the features in the latent image. In this they 
apply histogram to expand the pixel value distribution 
of an image so as to increase the perceptional 
information. After that fast Fourier 
transform is used as a mathematical method for 
transforming a function of time into a function of 
frequency. Binarization is performed along with 
Ridge Orientation Flow Estimation and Minutiae 
Extraction. Experiment result is done on bad quality 
FVC 2002 database.  
 
IV. EXPERIMENTAL RESULTS 

 
We implement enhancement algorithm which consist 
normalization, Local orientation estimation, Local 
frequency estimation, enhanced image using Gabor 
filter and binarized it. Experimental result on plain 
and rolled fingerprint is shown in Fig. 4 and Fig. 5. 
The same algorithm is applying on latent fingerprint 
database asshown in Fig.6.Algorithm is executed in 
MATLAB 7.10.0. Time required for each fingerprint 
is noted in Table 3. 

 
Fig.4 Enhancement algorithm on Plain fingerprint 

 

 
Fig.5 Enhancement algorithm on Rolled fingerprint 

 

 
Fig.6 Enhancement algorithm on Latent fingerprint 

 
Table3: Execution time for plain, rolled and latent 

fingerprints 

 
 

V. PROPOSED ALGORITHM 
 
From executing enhancement algorithm using basic 
Gabor filter on different fingerprint database, we can 
say that plain and rolled fingerprint give better result 
as compared to latent fingerprint from NIST 27A. 
Also, from literature review it is found that there are 
only few enhancement algorithms on Latent 
fingerprint and most of they used Gabor filter in 
filtering part of enhancement algorithm. As we 
studied different filters on normal fingerprints we get 
modified Gabor filter have good performance and 
efficiency on fingerprint. Along with that directional 
median filter remove the smudge in normal 
fingerprint and bandpass filter is very effective for 
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singular point area like core and delta point. Latent 
fingerprints have more smudgy and need to give 
separate attention on singular point area. So idea is to 
used modified Gabor filter along with directional 
median filter and bandpass filter.  Propose algorithm 
is shown in Fig.7. 
 

 
Figure. 3 Flowchart of Latent fingerprint enhancement 

algorithm 
 
CONCLUSION AND FUTURE WORK 

 
We studied in detail about different types of filters on 
filtering part in enhancement of fingerprint. From 
review on literatures of fingerprints and latent 
fingerprints algorithm it is clear that there is no much 
studied done on latent fingerprint enhancement using 
adaptive filters. Also previous enhancement work on 
fingerprint is not give better result on latent 

fingerprint database. Time required for enhancement 
of latent fingerprint is more than plain and rolled 
fingerprints. In future we implement our proposed 
algorithm for better result on latent fingerprint.  
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