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ABSTRACT 

Fingerprints are the most widely used human characteristics 
for the purpose of people identification. However, touch-

based fingerprint systems have some drawbacks due to skin 

elasticity, inconsistent finger placement, contact pressure, 

small sensing area, environment conditions and sensor noise. 

In this paper, we present a contactless fingerprint system 

based on a supervised contactless image acquisition and a 
ridge minutiae extraction method based on orientation 

computation. The fingerprint image acquisition method 

requires only an ordinary camera. The ridge orientation 

characteristic extraction is based on a double windowing of 

the ridge ending points and a single windowing of the ridge 

bifurcation points. 

General Terms 
Image Processing, Pattern Recognition. 

Keywords 
Contactless Biometry, Fingerprint characterization.  

1. INTRODUCTION 
Fingerprints are the most widely used human characteristics 

for people identification. A fingerprint pattern is composed by 

ridges and valleys. Ridges present various kinds of 

discontinuities (minutiae), able to capture the invariant and 

discriminatory information, used to recognize fingerprints. 
Ridge bifurcations and ridge endings (figure 1) are commonly 

used minutiae in Automatic Fingerprint Identification Systems 

(AFIS).  

 

Fig 1: fingerprint features  

with ridge ending in ellipse and bifurcation in square 

Fingerprint sensors available today are in general touch-based 

for which acquisition of fingerprint images is performed by 

pressing or rolling fingers on a glass or plastic surface. By 

pressing (flat fingerprints) or rolling (rolled fingerprints) the 

finger, the acquired images are different from one acquisition 

to the other due to skin elasticity. Flat fingerprints are 

designed to acquire the fingertip and rolled fingerprints are 

designed to get more information on the fingertip. Matching 

algorithms are used to establish correspondences, translation 

and rotation between the query and the reference image. In 

general, the durability of a touch-based fingerprint scanner is 

weakened if heavily used. Additionally, problems like 

contagious diseases spreading make the use of touch-based 

scanners not very safe.  

Contactless fingerprint systems are being developed as a 

credible alternative to overcome above problems and others 

related to touch-based fingerprint. The US Department of 

Homeland Security (DHS) considers that the development of 

a Biometric Detector prototype capable of acquiring 

contactless fingerprint for identity management will improve 

fingerprint acquisition quality and recognition and reduce 

false positives [13]. Their contactless fingerprint program is 

designated as a High Impact Technology Solution (HITS). 

 A drawback of contactless fingerprint systems is that images 

cannot be easily processed due to colors and they tend to 

acquire images with a poor contrast in the fingertip area and 

with a complex image background. The quality of images 

depends on the distance of camera to the finger. 

In this paper, we present a method to overcome above 

drawbacks by contactless image acquisition and processing. 

The supervised acquisition method consists in defining a fixed 

template position and distance and a uniform image 

background such that processing is simplified. The processing 

method is based on image characterization using minutiae 

ridges (ending points and bifurcation points) orientation. 

Instead of measuring orientation angle with respect to 

horizontal, we use two concentric windows W1 and W2 to 

define ending point orientation and a window of size W to 

define 3 angles of bifurcation points orientation. 

The paper is structured as follows. In section 2, we present 

our supervised contactless fingerprint system including a state 

of the art of existing contactless fingerprint systems. Section 3 

deals with the minutiae based ridge orientation 

characterization. Results and discussion are presented in 

section 4. Section 5 concludes and presents our future works. 

2. THE SUPERVISED CONTACTLESS 

FINGERPRINT SYSTEM 
Historically, the acquisition of fingerprint images was 

performed by using the so-called “ink-technique”: the 

subject’s fingers were smeared with black ink and pressed or 

rolled on a paper card; the card was then scanned by using a 
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general purpose scanner, producing a digital image. This kind 

of acquisition process is referred to as off-line sensing. 

Nowadays, most civil and criminal AFIS accept live-scan 

digital images acquired by directly sensing the finger surface 

with an electronic fingerprint scanner [1]. We present first the 

live-scan fingerprint systems and then after the existing 

contactless fingerprint systems, followed by our supervised 

contactless system. 

2.1 Touch-based Fingerprint Systems 
The most important part of a live-scan fingerprint scanner is 

the sensor. Existing sensors are optical, thermal, capacitive, 

ultrasound, electric field, piezoelectric etc. To acquire 

fingerprint images with those sensors, the user must press or 

roll his finger on a glass or plastic surface of the sensor. The 

pressure of the finger on the sensor platen causes some 

nonlinear distortions and inconsistencies in the acquired 

images. By the same way, the sizes of fingerprints are 

different from one acquisition to the other. Another drawback 

of the touch-based fingerprint systems is the hygienic one. 

The sensor platen need to be cleaned periodically not only for 

hygiene but also for dust as a dusty platen introduces artifacts 

in the acquired images. 

  

One of the important problems of touch-based systems is that 

they can be deceived by submitting artificial reproductions of 

fingerprints made up of silicon or gelatin to the sensor. In 

these last years this question is the focal point of numerous 

research groups, both academic and industrial [2]. Some 

works showed the possibility of the fingerprint reproduction 

and defrauding of a biometric system by using Play Doh, 

dental impression material, plaster, silicon liquid, wax, gelatin 

etc [3]. 

 

More than the fraudulent use of touch-based systems, 

environment factors such as temperature and humidity can 

have negative effects on the platen of sensors. 

   

 Contactless fingerprint systems can help solving problems 

caused by the drawbacks mentioned above. 

2.2 Contactless Fingerprint Systems 
In order to solve the innate problems of touch-based sensors, 

various types of contactless sensors are being developed. 

Also, a large variety of algorithms have been proposed in 

order to achieve better authentication performance.  [4] said 

that the touch-less fingerprint recognition is regarded as a 

viable alternative to contact-based fingerprint recognition 

technology. They used an 8 megapixel digital camera as input 

device for their system. The finger is not in contact with any 

surface but the scanner may be equipped with mechanical 

support to facilitate the user in presenting the finger at a 

uniform distance. The specified distance in the image 

acquisition experiment is between 4 and 6 cm [5]. 

To overcome the problem of distortions and inconsistencies 

on images due to pressure on live-scan platen, Touch less 

Biometric Systems Inc. has developed the Surround Imager 
TM, a device able to capture a rolled-equivalent fingerprint 

without the need of touching any surface. This multi-camera 

system acquires different finger views that are combined to 

generate a 3D representation of the fingerprint [6].  During the 

capture, the finger is placed on a special support to avoid 

trembling that could create motion blur. The portion of the 

finger that has to be captured does not touch any surface. The 

device is a cluster of 5 cameras located on a semicircle and 

pointing to its center, where the finger has to be placed during 

the acquisition. The size of acquired images is 640x480 

pixels. Since the finger has to be far away from the 5 sensors 

with a distance depending on the sensor size, the lens system 

and the required optical resolution, a distance of 50 mm has 

been fixed. 

The optical system has been designed by authors to ensure a 

resolution of 700dpi in the center and a minimum of 500 dpi 

on the image borders.  

[7] presented a contactless fingerprint system working in 

ambient light at high resolution. The goal of the proposed 

method is to process in real time, each frame from the capture 

system. 

 

The fingertip starts moving from 200mm and stops at 100mm 

before the lens. According to authors, a large portion of the 

finger image can be considered as background, since the real 

biometric information is only related to the ridge structures 

lying on the surface of the fingertip and not to the colors and 

the fingerprint itself. In addition, the presence of strong 

reflections on the skin due to the illumination/environmental 

light is capable to hide the real fingerprint pattern. 

 

To overcome some drawbacks of touch-based systems and 

those of above contactless systems, we present a supervised 

contactless system. 

2.3 The Supervised Contactless 
In order to solve the innate problems of touch-based sensors, 

various types of contactless sensors are being developed. 

Some systems use simply a mobile camera. For those, the 

contrast between the ridges and the valleys in the images is 

lower than that in images obtained with touch-based sensors. 

Because the depth of field of the camera is small, some parts 

of the fingerprint regions are in focus but some parts are out 

of focus [8]. 

Whatever the contactless system is, it may happen that the 

ridge pattern is not sufficiently detailed, due to the fact that 

the finger is too far from the capture system. The obtained 

image can also be blurred if the finger is too close to the 

capture system. Also, if the finger is placed in skewed 

position with respect to the field view of the capture system, 

the important characteristics of the fingerprint are not visible. 

 

3. MATERIAL AND METHOD 

3.1 Experiment Conditions 
The supervised contactless system we are presenting consists 

of a mean resolution camera (Nikon D80) and an illumination 

material as shown in figure 2. 
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Fig 2:  the supervised contacless acquisition system 

 The user is asked to put his finger on a template of fixed 

position. This position depicts the supervision process. The 

template is on a table and the user puts the reverse of his 

finger on the template and the palm faces the camera. 

Distance from camera to the template and resolution of image 

are two important parameters in contactless image acquisition. 

In fact, many distances have been tested and the optimum one 

is at 35cm between the camera and the template. In our 

experiment, the camera ensures a resolution of 200 dpi. For 

comparison, table 1 presents distance values of experiments 

related in [5], [6], [7] and [8]. Let’s denote DCS, the digital 

camera system of [5], SUI, the Surround Imager TM of [6],  

CFS, the contactless fingerprint system of [7], MPS, the 

mobile camera system of [8] and SCS our supervised 

contactless system.  

 

Table 1. Experiment distances comparison 

 

In table 1, distance values are in mm. Let  X  be any distance 

value. The difference is computed as 

SCSXdDiff −=)(  

Various resolutions are registered in table 2 for comparison. 

The reference value for comparison is 500 dpi. This is the 

minimum resolution of scanners for FBI-compliant and is met 

in many commercial devices [1].  

 

Table 2. Experiment resolutions comparison 

 

Contactless Experiment Resolutions 

Experiment DCS SUI CFS MPS SCS 

R 500 600 700 700 200 

Diff(r) 0 100 200 200 300 

 

 

In table 2, resolution values are in dpi. Let Y be any resolution 

value. The difference is computed as 

FBIcYrDiff −=)(  

where FBIc is 500 dpi, the FBI-compliant.  

 

Even though we have 300 dpi differences for SCS compared 

to the FBI-compliant, we notice that the images from our 

experiments are clear enough and sufficiently detailed as 

shown in figure 4c which is a zoomed ROI of figure 3b. The 

acquired images are JPEG format and have a size of 

3872x2592. They are reduced for presentation in the paper. 

 

a) 

 

b) 

 

c) 

Fig 3: images from SCS 

As seen from figure 3, a paramount advantage of contactless 

image acquisition is that a large image area can be captured 

quickly compared touch based systems. By acquiring the 

entire image of the index, we can get more information 

compared to flat and rolled fingerprints. Recall that index and 

thumbs are the most used fingerprints in authentication 

systems.  

3.2 Ridge Orientation Fingerprint 

Processing  
A fingerprint consists of two special direction-oriented parts: 

ridges and valleys, where valleys are the space between ridges 

and vice versa. These directional patterns contain various 

fingerprint features including a small number of singular 

points such as delta and core points and randomly distributed 

local discontinuities called minutiae [9]. Authors propose a 

ridge orientation estimation and verification algorithm that 

can not only generate an orientation of ridge flows but also 

verify its reliability, using directly grey level values. 

In this paper, we are interested to minutiae ridges points 

(ridge ending points and ridge bifurcation points). As it is 

obvious that the contrast between the ridges and valleys of 

images from a contactless system is lower than that of images 

Contactless Experiment Distances 

Experiment DCS SUI CFS MPS SCS 

D 50 50 200 60 350 

Diff(d) 300 300 150 290 0 
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from touch based sensors, we think that the algorithm 

presented in [9] cannot work with the SCS images.  

 

3.2.1 Pre-processing 

Images from SCS experiments are Red-Green-Blue color 

images and they cover the entire finger. The first thing we do 

is to define a ROI on which we want to work. This ROI is 

zoomed to 128x128 or 512x512 to get the appropriate size for 

computation. The zoomed image is converted to grey scale 

image using ImageJ. In order to separate the fingerprint image 

from the background, a photometric adaptive threshold 

method has been developed [10]. Two thresholds are defined 

i.e. 
sS and 

hS corresponding to the mean of a square 

framework and the mean of a hexagonal framework.  

A pixel ),( yxP is deleted or not by comparing its value 

with sS and hS .  The photometric threshold is followed by a 

morphologic threshold to get the ridges in the image.  The 

ridges image is skeletonized in order to get minutiae i.e. the 

ridge ending points and ridge bifurcation points. 

 

3.2.2 Ridge orientation characterization 

In general, a minutia may be described by a number of 

attributes, including its location in the fingerprint image, 

orientation, type (i.e ridge ending or ridge bifurcation), a 

weight based on the quality of fingerprint image in the 

minutia neighborhood, etc. [1]. The most used 

characterization considers each minutia as a triplet 

{ }θ,, yx that indicates the (x, y) minutia location 

coordinates and the minutia orientationθ . [11] and [12] used 

coordinates and orientations of minutiae for their 

characterization. In their methods, orientations are determined 

using horizontal axis. By this way it is clear enough that the 

determined orientations cannot be invariant by rotation.  

 

In our approach, for bifurcation points we define a window 

W of size SxS and of central pixel the minutiae points. We 

count 3 points P1, P2, and P3 around the perimeter of the 

window as shown in figure 4. 

 

Fig 4: orientations of bifurcation points 

S has been defined empirically to 6 pixels as the minimum 

length of bifurcation branches is 8 pixels. 

 For a given bifurcation point Bj, we compute the orientations 

as being: 
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For ridge ending points, we define two concentric windows 

(W1 and W2) of central point the ridge ending point and for 

size S1 and S2. On the perimeter of W1 we have a point P1 

and on the perimeter of W2, we have a point P2 as shown on 

figure 5. For a given ending point Ti, the orientation is 

defined as the angle between vectors 1PTi  and 2PTi . 

S1 has been defined empirically to 3 pixels and S2 to 6 pixels 

as the minimum length of the branch of ridge ending point is 8 

pixels. 

We have: 
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Figure 5:  orientation of ridge ending points 

 

4. RESULTS AND DISCUSSION 
In this section, results are highlighted by illustrating our 

characterization method on 5 selected bifurcation points as 

shown in figure 6 a) and 5 selected ending points as shown in 

figure 6 b) 

       

a) Ridge bifurcation points     b) ridge ending 

points 

Figure 6: selected points for characterization 
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4.1 Characterization of bifurcation points 
For an image having M validated bifurcation points, each 

point j is represented by a quintuplet  

{ }θθθ 321
,,,,

jjj
yx  

the x and y are point j coordinates and the three angles, 1jθ , 

2jθ , and 3jθ  are obtained by the concentric windows 

method. Table 3 presents orientation values of 5 selected 

bifurcation points of figure 6 a). 

 

Table 3: ridge bifurcation points orientation 

values 

 

The orientations can be presented as a hyperbolic cosine 

function
2

)cosh(:
θθ

θθ
−+

=→
ee

f . 

We used cosine of θ  instead of θ itself because the cosine 

is less sensitive to noise [13]. Figure 7 shows angle 

representation of bifurcation points of figure 6a. 

 Figure 7: bifurcation points orientation representation 

  

4.2 Characterization of ridge ending points 
For an image having M validated ending points, each ending 

point i is described by a triplet  { }θ i
yx ,,  where x and y 

are point i coordinates and iθ  the orientation angle. Table 4 

shows orientation values of selected points of figure 6 b). 

 

 

 

 

Table 4 orientation values of selected ending points 

 

X y 
iθ  

266 52 22.52 

280 57 6.48 

173 101 10.19 

93 126 13.74 

173 284 1.33 

  

                                             

Figure 8 shows angle representation of selected ending points 

of figure 6b. 

 
Figure 8: Selected ending points orientation function  

 

Note that the primary aim of our project is double folded. 

First, we wanted to demonstrate that a contactless fingerprint 

system can be used to acquire the entire index image in order 

to have more information on individuals compared to rolled 

fingerprints. This goal is achieved. However, the acquired 

images are too big (3872x2592) and by this way cannot be 

processed in one shot. Secondly, we wanted to find an 

accurate representation of minutiae in contactless images such 

that they can be easily matched during the automatic 

recognition process as for existing touch-based fingerprint 

algorithms. We have then developed a window based ridge 

orientation detection method in which angles are computed 

with respect to crossing points of windows and not with 

respect to horizontal axis. 

5. CONCLUSION AND FUTURE WORK 
Fingerprints are the most widely used human characteristics 

for people identification. However, images from touch-based 

fingerprint systems are different from one acquisition to the 

other. Variations are caused by several factors such as non-

linear geometric distortions due to skin elasticity, inconsistent 

finger placement and contact pressure, small sensing area, 

environment conditions and sensor noise. We have then 

presented a contactless fingerprint system by which, not only 

the acquired area is very large, but also, no distortion can be 

observed. Moreover, we have also presented a method to 

characterize the fingerprint using ridges orientation, extracted 

without contact by a camera. In a future work, the extraction 

X y 
1θ  2θ  3θ  

131 129 174.96 149.35 35.69 

164 149 167.17 148.67 44.16 

164 193 167.17 159.31 32.91 

241 239 164.43 36.76 158.81 

243 313 168.14 34.38 157.48 
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performance can be improved by taking into account the 

invariance with respect to scale.  
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