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Abstract— Latent fingerprint enhancement method plays an 

important role in identifying and convicting the criminals in 

different security based systems. Latent fingerprints are 

generally of low qualities and unclear separation of ridges. 

There are three types of fingerprints namely plain 

fingerprints, rolled fingerprints and latent fingerprints. There 

are different systems working on plain and rolled fingerprints 

for their automated identification. The area of latent 

fingerprints is still not fully automated due to their poor 

quality. It is still challenging to achieve reliable extraction 

and identification system for latent fingerprints. Feature 

extraction and enhancement of fingerprint are the most 

important operations needed to detect the uniqueness of the 

fingerprint. This paper proposes a latent fingerprint 

enhancement algorithm by combining the total variation 

model and multi scale patch based sparse representation. 

Total Variation model applied to decompose the latent 

fingerprint into cartoon component and texture component. 

Texture components further undergoes with the process of 

enhancement. Multi scale patch based sparse representation 

method used to enhance texture components. Experimental 

results on NIST SD 27 latent fingerprint database are 

presented to show the effectiveness of the proposed 

algorithm. 
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I. INTRODUCTION 

Latent fingerprints are the finger skin impressions found at 

the crime scene by the criminals. Generally those are not 

directly visible to our eyes. Some physical or chemical 

methods were used to capture and process such images [1]. 

Latent fingerprints are used as important proof for to detect 

the criminals in security systems. 

 Latent fingerprints are the poor quality images with 

unclear ridge structure. There are three main types of 

fingerprint images namely plain fingerprints, rolled 

fingerprints and latent fingerprints. The former two plain and 

rolled fingerprints are having automated systems for their 

processing but latent fingerprints are not having automated 

system due to their low quality. 

 
(a)                            (b)                          (c) 

Fig. 1: a) Plain Fingerprint   b) Rolled Fingerprint c) Latent 

Fingerprint 

 Latent images were processing manually by the 

experts. This manual mark up of data results in two or more 

different conclusions when studied by different peoples at 

different places. This confusing situation arises due to manual 

mark up of data. There must have some automated system 

working on it [2]. Proposed system is working for these latent 

images to get the accurate results. 

 Latent images of fingerprints are having their 

background details with some texture features, including 

some structured noises. Structured noises are nothing but the 

some other fingerprint images merged to the main fingerprint 

image. At the time of crime scene investigators took the 

photographs of the thumb impressions left by the criminal 

person[2][3]. In these photographs latent images are not 

understandable clearly for to study and matching these 

fingerprint images with another fingerprint images available 

or the fingerprint images of skeptical persons. There is no 

completely automated system used to match these fingerprint 

samples with the main data sample only manual mark up of 

data is done with the sample fingerprint data[3]. This gives 

confusing results at different times and different peoples 

when studied. First way is manual markup data where the 

second on going way using is AFIS (Automated Fingerprint 

Identification System). The input to the AFIS is latent 

fingerprint image processed with enhancement stage. The 

enhancement stage includes removal of various overlapping 

patterns and connection of broken ridges and separation of 

joined ridges. This system gives the information about 

interleaved ridges and valley flows of the fingerprints in the 

form of sine wave with well-defined frequency and their 

orientation in case of local neighborhood. 

 Numbers of methods were proposed to take the 

advantage of this sinusoidal wave form of image data to 

enhance the latent or the poor quality image data sample [4]. 

Gabor filter is an alternative solution to the enhancement 

process. It is defined as a sinusoidal plane wave monitored by 

a Gaussian. It can capture the periodic, non-stationary nature 

of fingerprint ridge structure. It is widely used. In this method 

local ridge orientation and frequency are first calculated 

based on local neighborhood [5].The Gabor filter is mixed up 

with local orientation and frequency and applied on the image 

and successively on the pixels to minimize the noise and 

improve the clarity of the image ridge structure. This method 

requires the reliable estimate of the local structure of the 

ridges as well as their orientation and frequency, which is 

challenging to the latent or poor quality fingerprints. Another 

new upcoming solution to the Gabor filtering which is Short 

Time Fourier Transform (STFT) analysis[5]. It was designed 

to perform contextual filtering in the Fourier Domain for the 

purpose of fingerprint enhancement. The traditional 1D (one 

dimensional) time-frequency analysis is extended to 2D 

fingerprint images for short (time/space)-frequency analysis. 
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 The near about estimates of the foreground region 

mask, ridge orientation and frequency are simultaneously 

computed in STFT analysis. The full contextual information 

including Local orientation, frequency and angular coherence 

is utilized for the purpose of fingerprint enhancement. These 

two algorithms were worked properly for the rolled and plain 

fingerprints but in case of the latent fingerprints there is no 

proper impressions of ridge structure and therefore these 

algorithms get unsuccessful while identifying the fingerprint 

pattern and its matching. Latent fingerprints are having some 

structured noise patterns which are doing confusion in the 

recognition. As compared to the relatively weak fingerprints 

patterns the structured noises are large in scale present in the 

various forms in fingerprint image and forms dominant image 

pattern. 

 Image enhancement aims to improve the visual 

appearance of an image, in other words we can say that image 

enhancement is technique to provide a better transform 

representation for future automated image processing [6]. 

There are different types of image enhancement .Image 

enhancement techniques can be broadly categorized in to two 

types i.e. Spatial based domain image enhancement and 

frequency based domain image enhancement. Spatial based 

domain image enhancement consists of operation on pixels 

[7]. The main advantage of these techniques is that they are 

easy, conceptually simple for understanding. Another 

advantage is that in case of real time implementations their 

complexity is very low. 

 Frequency based domain image enhancement 

consist of analysis of mathematical functions as well as 

signals with respect to frequency and it operates directly on 

transform coefficients of the image. Some examples of 

frequency based techniques are Fourier transform. The basic 

limitation is that it cannot enhance all the parts of an image 

simultaneously. 

 The existing techniques of image enhancement can 

be again classified into two broad categories.  Point 

processing operation and Spatial filtering Operation. 

 Whereas the Frequency domain methods are 

classified as Image Smoothing, Frequency transforms, Image 

sharpening, periodic noise reduction. 

 Point processing operation consists of five types: 1) 

Image Negative 2)Image Thresholding  3) Log transform and 

Inverse log transform 4)Power law(Gamma) Transform and 

5) Piecewise linear transform(User defined Transform). 

A. Image Negative 

It consist of enhancing of white or grey details embedded in 

dark regions of an image. In other words we can say that 

Image Negative is image processing operation in which gray 

level values of the pixels in an image are inverted to get its 

negative image. 

B. Image Thresholding 

It is the technique in which let’s consider r be the threshold 

value in function f(x,y) .Thresholding can be achieved as in a 

normalized gray scale. As pixel values of threshold images 

are either 0’s or 1’s g(x,y) is also called as “Binary Image”. 

C. Log Transform & Inverse Log Transform 

Log Transformation is a technique which maps a narrow 

range of low gray levels into a wider range of gray levels. 

Whereas an Inverse Log Transform maps wide range of gay 

levels into narrow ranges 

Log transform and Inverse Log Transform operations are 

particularly used when grey level values of an images are 

with extremely large range and extremely small range 

respectively. 

D. Power Law (Gamma) Transformation 

It maps a narrow range of dark pixels into wider range and 

wider range of bright pixels values into narrow range. 

E. Piecewise Linear Transformation (User Defined 

Transformations) 

It is a user defined transformation technique as shown in Fig. 

There are three types of Piecewise Linear transformation 

namely Bit plane slicing, gray level/ intensity level slicing 

and contrast stretching. 

 Whereas the Contrast stretching can be categorized as 

Direct method, Indirect Method, Histogram 

Equalization, Histogram Specification, Tone mapping. 

 Tone Mapping further divided as luminance channel 

only and logarithmic scale. 

 Spatial Filtering Operation consists of two types namely 

linear filtering and Nonlinear Filtering. Linear Filtering 

consist of following types: Window, Kernel, Template. 

 Linear Spatial filter process involves convolving a mask 

with an image. Mask is also referred as window, template 

or kernel. 

 Non Linear Filtering again classified as Max Filter, Min 

Filter and Median Filter. 

 Non Linear spatial filters are those in which enhanced 

image is not linearly related to pixels in the 

neighborhood of original image. Max filter is used to 

locate the brightest point in an image. Min filter is used 

to locate the darkest point in an image. And Median filter 

is a statistical filter used to locate the median values of 

the pixels. 

 Frequency Domain Methods are classified as: Image 

Smoothing, Image Sharpening, Periodic Noise 

Reduction, and Frequency transforms [7], [8]. 

 Frequency Transforms are again classified as 2 

Dimensional   Discrete Fourier Transform (2D 

DFT), 2 Dimenssional Discrete Unitary Transform (2D 

DUT), Orthogonal Transform. 

 Orthogonal Transform classified as discrete Cosine 

transform (DCT), Hartely transform, discrete fourier 

transform (DFT) 
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Fig. 1.1: Image Enhancement Techniques 

We are going to use linear spatial filtering operation. Among 

different methodologies we are using gabor filtering process. 

Only Gabor filtering with fixed orientation and frequency not 

only fails to enhance the region of high ridge curvature with 

abrupt changes, but also cannot work well to restore the ridge 

structure destroyed by heavy structured noises. 

II. PROPOSED SYSTEM 

Latent Fingerprint Enhancement via Multi Scale Patch Based 

Sparse Representation works as follows: 

 
Fig. 2.1: The Flow Chart of Proposed Latent Fingerprint Enhancement Algorithm 

It consists of two main stages: First stage consist of 

TV (Time Variance) model in which the cartoon elements and 

texture elements are separated from one another. The cartoon 

components and the most of the irrelevant contents are 

discarded. Second instead of using Gabor filtering, a set of 

Gabor Elementary functions with various parameters are used 

to build the the basis atom of dictionary [9]. And the texture 

component is reconstructed by means of sparse 

representation.  Here the patch size is an important parameter 

for fingerprint reconstruction. Large patch can suppress the 
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noise better whereas the small patch can preserve the details 

of ridge structure. To achieve both noise robustness and detail 

preserving we propose a multi scale representation by 

gradually increasing patch size and dictionary scale for 

iterative reconstruction of high quality fingerprint[10]. 

A. Algorithm 1 

Fingerprint Enhancement by Multi Scale Patch Based Sparce 

Representation: 

1) Input 

Y: The latent fingerprint 

Ws: Size of Small Patch 

ɸs: Gabor dictionary for small patch selected 

2) First Step 

Initial Fingerprint reconstruction with small patch. 

Go through the image patch y of Y from the upper left corner 

with 8 pixel forward step, and then repeat the following steps: 

Normalize the image patch y to have unit l2 norm. 

Solve the minimization problem to obtain the sparce 

coefficients α 

Reconstruct the image Patch as ү new= ɸs. α 

3) Second Step 

Iterative reconstruction of poor quality fingerprint regions 

through multi scale patches. Given the initial result perform 

the following steps in each iteration: 

1) Set the large patch size w1>ws and construct the 

corresponding gabor dictionary ɸl 

2) Compute the image quality of initial image result and 

separate the poor quality image of latent fingerprint as 

Sp. 

3) For each image patch Sp in region repeat following steps: 

Normalize the small image patch ys to and the large 

image patch y1 to have unit l2 norm 

Solve minimization problem with ɸs, ɸl,Ys, Yl to obtain 

the sparce coefficients α 

Reconstruct the image patch as  ү new= ɸs. α 

4) Output y as Ynew and increase the patch size  w1=w1+4. 

5) Go to step 1 until Sp=Ø   or arriving the maximum 

iteration 

4) Output 

The enhanced Fingerprint Ynew. 

1) Step 1 

In step 1 accept the latent fingerprint and decide the patch size 

to be used. Consider the binary conversion form of the image. 

In first step by applying the Mask of size 16*16 each and 

every pixel of image is studied. Rusultant of first step 

includes the separation of cartoon components and texture 

components. The image is now without any background 

details or any noise. 

2) Step 2 

As the background details are removed now the image 

reconstruction is performed with enhancement stages. Result 

of each figure or the image outcome is then stored into the 

dictionary. 

 When comp aired the entropy of the input image of 

latent fingerprint and its output it is noticed that the entropy 

of the input image is much greater than the output image. 

III. CONCLUSION 

In this paper, we have proposed a latent fingerprint 

enhancement algorithm, which is useful for combining TV 

model and the multi scale patch based sparse representation 

for removing noises and improving the clarity of ridge 

structure. The proposed method not only can remove various 

structured noises but also can restore and enhance the 

corrupted fingerprint ridge structures. Entropies of the Input 

and the output images shows the large difference which 

proves the accuracy of an algorithm. To demonstrate 

Experimental results NIST SD27 database have been 

presented for the effectiveness and superiority of the 

proposed algorithm. 
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