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Abstract--- Biometrics is the science and technology of 

recognizing individuals based on physiological, behavioral 

or morphological characteristics. This includes fingerprint, 

face, gait, iris, hand geometry, signature etc. By using 

biometric techniques it is possible to establish one’s identity. 

Biometric system has four main modules i.e. sensor module, 

feature extraction module, matching module and decision 

module. Sensor module is the first module so it is very 

important to have accurate acquisition of data. In this paper 

classification of fingerprint, iris and facial sensors are 

discussed. There are some parameters (Area, resolution, SN 

ratio, motion blur etc.) of these sensors which is also 

included. Sensors also encounter some challenges 

(interoperability, noisy data, spoof attacks etc). Finally list 

of most deployed sensors in market are given along with 

parameters. 

Keywords: - sensor, optical, infrared wave, multispectral. 

I. INTRODUCTION 

 Biometric sensor: It is a device that integrates unique A.

physical and behavioral traits and digital technology for 

recognition of person with high accuracy. Sensor module is 

the very first stage in biometric system so if the sample 

taken by this is not of good quality then processing at all 

other levels will be affected [1]. Features of a good 

biometric sensor are given as follows: 

- It should correctly convert analog input data into digital 

data for processing. 

- The sensor should be easy to operate and use. 

- The sensor should be non-intrusive i.e. spoof attacks 

should not be possible on it. 

- It should not accommodate any such hardware which 

physically affects user. 

- Error rates should be low. 

- Biometric sensor should be of reasonable cost. 

 Issues affecting biometric sensors: Sensor module B.

confronts with many problem which is given as follows [2] 

[3]: 

1. Noisy data: Noisy data occurs due to improper 

placement of sensor. For example in case of fingerprint 

sensor residue of previous fingers and dirt can produce 

noisy data. In case of face and iris unfavorable focus of 

camera can make the image blur. Due to noisy data 

accuracy of sample is compromised. 

2. Intra class variations: This can occur due to improper 

user interactions. If there are some rotational and 

translational movements then also there can occur 

variations. For example if user applies additional 

pressure on sensor surface or swiftly moving its finger. 

In case of iris if user is moving its head and in case of 

face if user gives different emotions these variation can 

be introduced. 

3. Spoof attacks: It is the submission of replica of a 

person’s biometric to gain illicit advantage. For instance 

gummy fingers can be easily made with wax, in case of 

face makeup can be used to fool the system. To avoid 

these sensors should have liveness detection system. 

4. Non-universality: Not every person is having the 

required biometric trait. For example some person may 

not have fingers. Some people have very dry or oily 

fingers which can give the impression of non-

universality because their sample is of poor quality. 

Non-universality leads to failure to enroll (FTE) and 

failure to capture (FTA) error rates, which degrades the 

performance. 

5. Error rates: Sensor may encounter with various error 

rates. This includes false match rate(FMR),false non 

match rate(FNMR),failure to enroll rate(FTE),failure to 

capture error (FTA) ,receiver capture Characteristics 

(ROC).Value of all these rates should be low for good 

performance. 

6. Size: A balanced size is required i.e. not very big not 

too small. If size is very large it would be difficult to 

incorporate them into small devices for example in 

mobile phones and laptops. If the device is very small 

correct biometric data can’t be obtained. 

The rest of paper is organized as follows: 

Fingerprint sensors are discussed in section II, iris sensors 

are classified in section III, facial senor detail is given in 

section IV, conclusions in section V and finally references 

are given. 

II. FINGERPRINT SENSORS 

  Classification of fingerprint sensors: A.

1) Fingerprint sensors: These sensors detect pattern of 

ridges and valleys. Uniqueness is determined by ridges, 

furrows and minutiae points [4]. For this user places its 

finger on the sensing surface and sensor reads the unique 

information. Fingerprint sensors are basically categorized 

into two main categories offline and online fingerprint 

sensors [5]. This is shown in figure 1. 
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Fig. 1: classification of fingerprint sensors 

2) Offline fingerprint sensors: In this type of sensors image 

acquisition and further processing is done separately. 

3)  Ink technique: In this finger area is spread with ink and 

then pressed against paper. This will print the pattern of 

ridges and valleys on paper which is then converted into 

digital format. This conversion is done with the help of 

paper scanner or high quality CCD cameras [5]. Its 

advantages include simplicity but problem lies with 

smudges and ink stains and also this is slow method. 

a. Online fingerprint sensors: These sensors directly 

sense the finger without the need of ink and paper. 

Online fingerprint sensor can be classified into four 

main categories i.e. optical, solid state, ultrasound 

and multispectral sensors. 

4) Optical sensors: Optical fingerprint sensors are of 

following main types: 

5) Frustrated total internal reflection (FTIR): It is based on 

the principle of total internal reflection [6]. Hardware 

needed includes, glass platen, a laser light source and a 

charged coupled device (CCD camera) [7].Firstly the finger 

is placed on the upper side of glass platen. Ridges will have 

contact with surface while valleys don’t. Laser light source 

used is aimed towards the glass platen. The light will 

scattered at ridges and reflected from valleys. As a result of 

scattering ridges look dark while due to total internal 

reflection valleys seem bright. Now the light will exit from 

the other side of glass prism and the lens will focus it into 

the CCD camera. This procedure is shown in figure 2. 

 
Fig. 2 frustrated total internal reflection [2] 

1. Surface Enhanced Irregular Reflection (SEIR): Its 

working principle is scattering fused with optical 

design. In this arrangement light is scattered from 

ridges but no light is scattered through valleys. Now the 

scattered light is collected in the camera so valleys 

appear dark and ridges seems bright. It generates very 

high contrasts excellent fingerprint images [8]. 

2. FTIR with sheet prism: In these kinds of sensors sheet 

prism is used instead of glass prism. Sheet prism is 

made up of number of adjacent ‘prismlets’. Advantages 

of using these sensors are cutting in cost. Size of sheet 

prism sensors is also smaller. These sensors have 

reduced mechanical assembly [5]. 

3. Electro-Optical sensors: These are the devices that 

convert light or change in light into electrical signals. It 

consists of two main layers one is light emitting 

polymer and other is photodiode array. Ridges touch the 

polymer surface while valleys don’t therefore different 

amount of light gets emitted. This difference in light is 

arrested by photodiode array [5][9]. The sensor 

arrangement is shown in figure 3. 

 
Fig. 3 electro-optical sensor 

Advantages of optical sensors: 

 Not susceptible to electrostatic discharge 

 Most widely used 

 Less expensive 

 Can withstand some temperature fluctuations 

Problems: 

 Compact arrangement is difficult 

 Latent prints can cause problems 

 Sensor coating easily wear with age 

 

6) Solid state sensors: These are also known as silicon 

sensors. These sensors implement DC capacitance. This 

category includes four main types of sensors i.e. capacitive, 

pyro-electric, piezoelectric and electric field sensors [6]. 

1. Capacitive sensor: Capacitive sensor is two dimensional 

arrays of tens of thousands of capacitance plates 

embedded in a chip. Finger area acts as another plate 

for capacitance. When finger is positioned on sensing 

area small electrical charges are generated between the 

two plates i.e. finger area and plate area. Magnitude of 

this charge is different for ridges and valleys, because it 

depends on distance between the capacitors. As a result 

different pattern are produced by ridges and valleys [10] 

[11]. The arrangement is shown in figure 4. 
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Fig. 4:  Capacitive sensor 

Advantages: 

- Compact size 

- Ease of embedding 

- Don’t produce geometric distortions 

Problems: 

- Electrostatic discharge from the tip of the finger 

greatly affects sensor 

- Noise from within sensor affects sensor 

- Can be affected from 60hz power line 

2. Pyro-electric sensor: These sensors are also known 

as thermal or temperature differential sensors. The 

sensor is made up of pyro-electrical material which 

generates current based on difference in 

temperature that is generated when two surfaces are 

brought into contact with each other. As ridges are 

in direct contact with surface but valleys are away 

so different temperature is produced [6] [7] [9] 

[12]. Sensors are electrically heated up to provide 

high temperature. These sensors have to be 

sweeping type because image generated by contact 

disappear soon as equilibrium is reached. Therefore 

sweeping sensors provide relatively stable image. 

Advantages: 

- Don’t introduced geometric distortions 

- Low cost 

- Small size 

- Artificial fingerprints are impossible 

Problems: 

- Susceptible to humid and dry conditions 

- Susceptible to environmental temperature 

- Introduce distortions typical to swipe sensors 

3. Piezoelectric sensors: These are pressure sensitive 

sensors i.e. current is generated when mechanical 

stress is applied on sensor surface. This mechanism 

is known as piezoelectric effect. The sensor surface 

is made of a non-conducting dielectric material. As 

ridges and valleys are present at different distance 

they apply different amount of pressure on the 

sensor surface. Strength of current depends on 

pressure applied. As a result different amount of 

current is produced by ridges and valleys so they 

appear different [6] [7] [9] [12]. 

Advantages: 

- Low cost 

- Easily incorporated in other devices 

Problems: 

- Doesn’t capture fingerprint relief accurately 

- High FMR and FNMR 

- Sensor coating is less durable 

 

4. Electric field sensor: This sensor consists of two 

main components, one is a sensor that consists of 

drive ring and another is matrix of active antennas. 

These sensors generate radio frequency (RF) 

signals. The finger skin modulates these signals 

and then RF signals are received by active sensors. 

The finger must lie very close to both sensor and 

the drive rings. The magnitude of RF signals is 

used to image the fingerprint [5] . 

Advantages: 

- Less susceptible to damaged fingerprints 

- Dry fingers doesn’t cause problem 

Problems: 

- Large post image processing required 

1. Ultrasound sensors: These sensors works on the 

acoustic signals. Two main components include 

sender and receiver. Sender sends the acoustic 

signals towards the fingertip and receiver detects 

the echo when the signals bounce back of finger. 

So in this kind of sensing no skin contact is 

requisite. The echo signals are used to compute the 

image of finger so structure of ridges and valleys 

can be differentiated. It measures the distance 

based on the impedance of the finger, the platen, 

and air [5] [7] [13]. 

Advantages: 

- Images obtained are of high quality 

- Not affected by dirt and oil accumulations 

- Highly accurate 

Problems: 

- Expensive as compared to other sensors. 

- Not suited for large scale productions 

- Scanner consists of large mechanical parts 

2. Multispectral sensor: These sensors take multiple 

images of fingerprint under varying conditions. 

These could be different illumination angles, 

wavelengths and polarizing conditions. Then these 

multiple images are fused together to produced 

single equivalent fingerprint image [12].These 

sensors are also able to take information from 

below the fingerprint surface i.e. from both surface 

and subsurface. So produce more accurate images. 

Advantages: 

- Wet or dry fingers pose little problem 

- Backward compatible with all other fingerprint 

sensors 

- More accurate images 

Problems: 

- Complex  background technology 

- High cost 

  List of sensors deployed in market: B.

Some of the most commonly deployed fingerprint sensors in 

market are given in table 1 [2]. 
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Table 1: fingerprint sensors deployed in market 

Sensor Cost Temp. Acquisition 

area 

Resolution Recognition 

speed 

FAR% FRR% 

CMA S20 $10 20 to 55ºC 18mm×20mm 500 dpi 250 ms 0.0001 <=1 

FPR-100 $15 25 to 85ºC 9.6mm×0.4mm 508 dpi <100 ms <0.0001 <0.1 

ZJ12 $35 -20 to 25ºC 18mm ×22mm 500 dpi 250ms 0.001 0.01 

U.ARE.U4500 $66 0 to 40°C 14.6 mm x 

18.1 mm 

512 dpi 140 ms 0.001 1 

WG 

Reader208 

Model 

$80 -10 to 75°C 19 mm x 12.8 

mm 

450 dpi <200 ms <0.0001 <0.01 

UPEK Eikon 

500 

$100 0 to 40°C 12.8 mm x 18 

mm 

508 dpi 500ms 0.001 1 

AET65 $115 0 to 50°C 9.6 mm x 0.2 

mm 

508dpi <500ms d”0.001 d”0.001 

Marks 175 bio $600 -10 to 50°C 15 mm x 18.1 

mm 

500dpi 100ms 0.001 0.1 

Rflogics 

FINGER006 

Slave 

$840 -10 to 40°C 13 mm x 15.2 

mm 

500dpi 30ms 0.001 0.1 

  Basic parameters of fingerprint scanner: C.

 It is difficult to define quality parameters but application 

requires some minimum quality need to specify some range 

of values. There are two standards for fingerprints i.e. EFTS 

and PIV [6]. According to these values are given below [5] 

[14]: 

1. Resolution: Resolution is defined as pixels per inch or 

dots per inch (dpi).maximum and minimum allowed 

resolution is 500dpi±10%. 

2. Acquisition area: Rectangular area that the fingerprint 

senses and it is given as height*width. More the sensing 

area more good quality sensor it is because more ridges 

and valleys are captured. But more sensing area poses 

problem of incorporation in small devices and also 

increases cost of sensor. Typical area for correct 

capturing is 1*1 square inches. 

3. Signal to noise ratio: It is defined as ratio of signal 

power to noise power. Typical SN ratio is 500±2%. 

4. Geometrical accuracy: Maximum geometric distortion 

introduced by acquisition device is known as 

geometrical accuracy. It is expressed in the form of 

percentage with respect to x and y direction. Its typical 

value is max {0.0007’’, 0.01’’}. 

5. Gray scale range: Value of gray scale range should be 

greater than equal to 128. 

6. Dynamic range (depth): It is defined as the no of bits 

used to encode the intensity value of each pixel. Its 

value is generally taken as 8. 

7. No. of pixels: No of pixel is derived from the value of 

resolution and acquisition area. Let resolution is 

denoted by r dpi and area as height (h)*width (w) then 

no. of pixels is given by rh*rw pixels. 

  Challenges in design of fingerprint sensors [6]: D.

1. Interoperability: Different sensors at the time of 

enrollment and verification may cause problem. To 

resolve this issue calibration can be used also some 

new matching algorithms can be designed.  

2. Durability: It is defined as duration of time 

fingerprint sensor work fine. The main problem of 

durability lies with the sensing surface because it 

gets wear with age. Optical sensors having glass or 

plastic surface is reasonably durable but silicon 

sensors are less durable.  

3. Dry finger: If the finger is extremely dry it will not 

make proper contact with the sensing area. Proper 

image of ridges and valleys can’t be obtained so it 

results in poor quality fingerprint image. Solution 

to this can be rubbing moisturizer on fingers. 

Heating the surface can produce sweat on fingers 

thus can make them less dry but it increases power 

consumption. 

4. Wet finger: If there is some amount of water 

content on fingers then on applying finger on 

sensing area water gets filled in valleys. So sensor 

can’t distinguish ridges and valleys separately. 

Solution to this problem can be drying of fingers 

with towel or cloth. Also some temperature can be 

applied on sensors for drying. 

5. Electrostatic discharge: There can be some 

electrostatic discharge from fingers due to which 

good quality image can’t be obtained. This problem 

is more with solid state sensors than in optical 

sensors. This problem can be mitigated by surface 

coating, grounding. 

6. Motion blur: If the finger moving on the surface 

then a clear image can’t be obtained this problem is 

known as motion blur. 

7. Spoofing: Fingerprint sensor can be fooled with 

artificial fingers which can easily be made from 

gelatin and wax. So there should be some 

mechanism to differentiate between live and 

artificial finger 
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III. IRIS SENSORS 

  Classification of Iris sensors: A.

1) Iris sensors: The iris is the elastic, pigmented, 

connective tissue that controls the pupil. The iris of the eye 

has a unique pattern, from eye to eye and person to person. 

Iris sensor detects the detail-rich, intricate structures of the 

iris [15]. The iris sensors can be grouped into two categories 

based on distance and wavelength as shown in figure 5. 

a. Distance based: The iris sensors deployed in market are 

basically of three types based on the distance at which 

the person is giving its sample [6]. These are very close, 

medium and long distance cameras. 
Fig. 5 Classification of Iris sensors 

1. Very close iris camera: In this type scanner is 

placed very close to a person’s eyes to take its iris 

sample. It is mostly used with help of an operator 

but self-use is also possible.  

2. Medium distance iris camera: The distance 

between scanner and the person is about 50-100 

cm. These can be mounted on a wall or tripod 

therefore can be used very easily in unattended 

applications. But for unattended applications 

correct user interactions are very much required. If 

user don’t stand at required distance or don’t focus 

properly towards camera, correct and high quality 

images can’t be obtained.  

3. Long distance iris camera: The distance between 

scanner and the person is up to 2 meters. These are 

implemented as portal. These involve using more 

than one camera for image acquisition. One camera 

locates the face and eyes and other camera take 

zoom pictures of iris. This type of cameras is 

relatively new in the field of iris recognition. These 

arrangements are shown in figure 6. 

 
Fig. 5:  Classification of Iris sensors 

1. Very close iris camera: In this type scanner is 

placed very close to a person’s eyes to take its iris 

sample. It is mostly used with help of an operator 

but self-use is also possible.  

2. Medium distance iris camera: The distance 

between scanner and the person is about 50-100 

cm. These can be mounted on a wall or tripod 

therefore can be used very easily in unattended 

applications. But for unattended applications 

correct user interactions are very much required. If 

user don’t stand at required distance or don’t focus 

properly towards camera, correct and high quality 

images can’t be obtained.  

3. Long distance iris camera: The distance between 

scanner and the person is up to 2 meters. These are 

implemented as portal. These involve using more 

than one camera for image acquisition. One camera 

locates the face and eyes and other camera take 

zoom pictures of iris. This type of cameras is 

relatively new in the field of iris recognition. These 

arrangements are shown in figure 6. 

 
Fig. 6: distance based classification of iris cameras 

b. Based on wavelength iris sensors are of following two 

types: 

1. Visible wavelength sensors: Wavelength range is 

400nm-700nrm.It can distinguish colored pigment 

called melanin so give more detailed pictures of iris. 

But some problem is also there like reflections. 

2. Near infrared sensors: wavelength range is 700nm-

900nm.It can penetrate dark colored texture also. It also 

reduces corneal reflections. But problem is it can’t 

distinguish colored pigment melanin. 
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  Basic parameters of iris sensors [6]:  B.

1. Illumination amount: Wavelength between 700nm-

900nm is generally used for iris recognition. Light 

used can be near infrared or visible light of 

electromagnetic spectrum. 

2. Signal to noise ratio: Typical SN ratio for iris 

recognition is 40 db. 

3. Motion blur: If a person’s eyes are not constant for 

e.g. in case of head movement, so a focused image 

can’t be obtained. This can also be possible if there 

is moving camera but eyes are not moving 

according to it. The problem of motion blur can be 

addressed by using visor. It helps in reducing head 

movement by touching the forehead. 

4. Pupil size requirement: size of pupil depends on 

amount of light entering into the eye. According to 

ISO Pupil size should be less than or equal to7 mm. 

This can be achieved by adding additional visible 

light source with infra-red light. Due to excess light 

iris size increases and size of pupil will contract. 

5. Optical resolution: It is defined as pixels per inch. 

Typical optical resolution in case of iris recognition 

is 16.7 pixels per mm. Iris diameter should be 200 

pixels. 

6. Contrast: contrast is function of lens design. 

Typical values specified by ISO say that there 

should be minimum separation of 70 gray levels 

between iris and sclera and 50 gray levels between 

iris and pupil. 

7. Occlusion: It is obstruction of the iris. It is caused 

by eyelids. Maximum 30% occlusion can be there 

that means 70% of iris should be clearly visible. 

Occlusion is determined more by acquisition 

process that camera. 

8. Ambient light and reflections: strong reflection on 

iris and camera reduces image quality so this 

should be avoided. To avoid this visor or hood is 

used to avoid strong lights. Narrow band pass 

filters can also be used. 

  Challenges in design of iris sensors [2] [6]: C.

a. Cost: cost of iris cameras is relatively high as 

compared to other sensors. This can limit its use in 

applications. Also these visors and hoods can 

further increase the cost. 

b. Usability: Relationship between depth of field and 

maximum achievable optical resolution is the main 

factor affecting usability. Usability should be high. 

c. Height adjustment: If iris camera is mounted then it 

would be difficult for person with different heights 

to give their samples. Height of camera has to be 

adjusted according to the height of the person. So 

there will be wastage of time and also user can get 

irritated. 

d. Single capture ability: Most iris sensors are capable 

of taking only one picture at a time and also it has 

to manually enter whether it is of left or right iris. 

So it slows down data collection process. 

e. Spoofing: Iris sensors can be fooled with very high 

resolution, detailed image of iris. To overcome this 

iris sensor should have some mechanism for e.g. by 

changing amount of illumination. 

  List of most deployed iris sensors: D.

Some of the most commonly deployed iris sensors in market 

are given in table 2 [2]. 

Table 2. Iris sensors deployed in market 

Sensor Cost Temp. resolution Recognition 

speed 

FAR% FRR% 

IG-AD100 $1,945 0 to 40°C 800 x 600 <4 sec 0 0 

Iris Pass-M $3,000 0 to 40°C 300dpi <1 sec 0.000083 0.01 

Iris ROU 2200 $316.25 0 to 40°C 800 x 600 1-2sec 0 0.00001 

BM-ET330 $2,137.5 0 to 40°C 1024 x 768 1.5 sec 0.001 0.01 

Iris ID iCAM 

TD100 

$2,699 0 to 50°C 1600 x 1200 <2 sec <0.0001 <0.01 

IV. FACIAL SENSORS 

  Classification of facial sensors: A.

Facial sensors: Facial sensors are based on both the shape 

and location of the eyes, eyebrows, nose, lips and chin. It is 

non-intrusive method and very popular also. Facial sensors 

can be classified as shown in figure 7. 

a. Visible wavelength sensors: Wavelength range is 

400nm-700nm Advantage is that it captures more 

variation in faces. A major problem with this is that 

system is affected with change in illumination and cost 

of hardware is high [16] [17]. 

b. Near infrared sensors: Wavelength range is 700nm-

900nm. Advantage of this sensor is its low cost, high 

speed and it is highly accurate sensor [18].  
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Fig. 7: classification of facial sensors 

c. Thermal infrared sensors: Wavelength range is 8μ–

12μ.It represent the heat patterns emitted from an 

object. Advantages of this type of sensor are high 

resolution, less noise, invariant to change in 

illuminations. Problem is that error rates are significant 

[16] [17]. 

d. Multispectral sensors: In this type of sensing various 

wavelengths can be combined for e.g. by combining 

visible and thermal images. This will give more 

information about surface and also subsurface of face. 

So this method is high quality images. But it is more 

complex and also cost is high. 

e. 2D sensors: In this sensor only the surface of face is 

taken i.e. 2D image [19] [20]. These sensors are less 

complex and less costly. Quality of image is not so high 

because of two dimensions only. 

f. 3D sensors: In 3D sensors image of whole head is 

considered [19] [20]. It reduces the problems caused 

due to changes in amount of illuminations. It produces 

better results than other cameras. Problem with 3D 

sensors are they are too costly and high computation. 

  Parameters of facial sensors:  B.

As facial recognition also uses cameras so it has same 

parameters as discussed in case of iris sensors. 

  Challenges in facial sensors: C.

a. Spoofing: Facial sensors can be fooled for e.g. by 

makeup a person can look similar to other. To 

overcome this proper liveness detection scheme is 

required. 

b. Intra-class variations: This occurs due to poor user 

interaction. For e.g. if at the time of enrollment front 

face is captured but at identification time left or right 

face is presented. 

c. Expressions: If user is presenting some emotions like 

laughing, anger etc the captured image will not match 

with enrolled image. 

d. Accessories: If person is wearing some extra things like 

that, specs, jewelry the image will not be recognized. 

  List of commonly deployed facial sensors: D.

Some of the most commonly deployed face sensors in 

market are given in table 3 [2]. 

Table 3 facial cameras deployed in market 

Sensor Cost Temp. Resolution Recognition 

speed 

FAR% FRR% 

Face IDF710 $807 0 to 40°C 320 x 240 <1 sec <0.001 <1 

Wiface 300 $507 0 to 45°C 320 x 240 <=2 sec <=0.0001 <=1 

iface201 $268 0 to 45°C 512 dpi <2 sec <0.0001 <1 

Zks-f20 $127 -30 to 

55°C 

640 x 480 <=2 sec <0.01 <1 

HF-FR213 $359 -20 to 

45°C 

320 x 240 <=1 sec 0.01 <=1 

Comet-

face4000 

$120 -20 to 

55°C 

640 x 480 <=1 sec <=1 <=0.1 

C-FK605 $220 0 to 40°C 800 x 600 <=1 sec <0.0001 <=1 

V. CONCLUSIONS 

 Many biometric traits can be used to identify an individual 

like fingerprint, iris, and face, hand geometry, voice etc. 

Biometric is successfully deployed in many areas like 

forensic, military, security etc. There are various sensors 

available in market based on these traits. Some parameters 

of these sensors are specified and some minimum values of 

these parameters are given according to standards. The 

parameters include SN ratio, resolution, area, gray scale 

range etc. The decision to use which one depends on many 

factors like type of application, cost, usability, user 

acceptance etc. These sensors also encounter some 

challenges. The biggest challenge is of interoperability i.e. if 

sensors at the time of enrollment and authentication are 

different then the system would not work fine. So in future 

this problem can be resolved so that we can use any sensor 

at any time. 
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