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Abstract
Image processing is widely used in many applications like 
medical imaging, industrial manufacturing, entertainment and 
security system. The size of image is very large. Biometrics 
which use of human physiological characteristics for identifying 
an individual, now a widespread method of identification and 
authentication, uses several image processing techniques. 
Biometric computing offers an effective approach to identify 
personal identity by using individual’s unique, reliable and 
stable behavioural characteristics. Biometric identification 
is a technology which describes the general procedure for 
identification and verification using feature extraction, storage 
and matching from the digitized image of biometric characters 
such as Finger Print, Face, Iris or Palm Print. In this paper we 
present a comparative study and analysis of some palm print 
feature extraction and identification methods. 
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I. Introduction
Any human physiological and behavioural characteristic can 
be used as a biometric characteristic as long as it satisfies 
the requirements of universality, Distinctiveness, Permanence, 
Collectability, Performance, Acceptability and Circumvention. 
Hand geometry measurements are easily collectible from both 
the hands. Palm is the inner surface of a hand between the 
wrist and the fingers. Palm print has been used as a powerful 
means in law enforcement for identification because of its 
stability and uniqueness. A key issue is palm print identification 
involves the search for the best matching of the test sample 
input to the templates stored in the palm print database.

Palm print can be characterized by the geometry of few principal 
lines (Heart, Head and Life Lines) and the presence of several 
wrinkles and ridges in the palm. Principal lines and Datum 
points (end points of principal lines) have been regarded as 
useful palm print features for identification purpose [1, 4].  Line 
feature matching method is reported to be powerful for easy 
computation, tolerance to noise and high accuracy in palm print 
verification [1]. The principal components analysis (PCA) and 
verification on a database images strongly confirm the utility 
of robustly calculating a comprehensive set of scientifically 
selected hand geometry features.

Extracting principal lines and creases in the spatial domain 
could be difficult from palm print images with low resolution. Use 
of Eigen palm features has been suggested to overcome such 
problems [4]. Projecting palm prints from a high-dimensional 
original palm print space to a significantly lower dimensional 
feature space using Fisher palms has been proposed so that 
different palms can be discriminated much more efficiently 
[10].  Another innovative method is to use 2-D Gabor filters to 

extract palm print features [7]. Several issues relating to image 
acquisition, feature extractions and classification have been 
addressed by several researchers [5, 3].
In the first part of this review article, we present an overview 
on some of the major research areas in palm print analysis. To 
set the scene, we first give a brief description of the biometrics 
background required for a proper understanding of the material. 
Next, we describe a very important area in palm print analysis, 
namely, Principal lines and Datum points, Fisher palms, 2-D 
Gabor filters. This has been already research in biometrics.
In the second part of this review article, we present an overview 
of the biometric technology and palm print technique analysis 
and comparison.

II. Palm Print Biometric System
The three major steps in the palm print biometric system are
• Acquisition of Palm Prints of all users in a image database 

as shown in Fig. 1.
• Feature extraction for each class of palm prints and update 

of the database.
• Feature extraction of scanned input image.
• Matching with the stored features for the highest matching 

score to obtain the identification / verification output of 
the system.

PALM TRAINING DATABASE

Fig. 1: Snapshot of the Database

The verification system can be depicted as a block diagram 
as shown in Fig. 2. Hand images of every user can be used to 
extract the palm print. Alternately accurate palm print image 
is captured by a palm print scanner and then the AC signal 
is converted into a digital signal, which is transmitted to a 
computer for further processing. 
Some pre-processing may be necessary to bring the palm print 
images to a common coordinate system based on some hand 
geometry. Also, several well-known pre-processing techniques 
can be used to improve the quality of the images.
After extracting features from the palm print images they need 
to be classified and indexed as several images may belong to 
the same person. In matching process a distance measure is 
used to measure the similarity of two palm prints, the input 
image and the classified images in the database
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Verification in a Palm print biometric system thus refers to 
the comparison of a claimant’s palm print biometrics feature 
against a person’s sample that has been stored in the Biometric 
system. This is regarded as a one-one matching. Identification 
on the other hand is concerned with the search for the best 
match between the input sample and the templates in the 
database, which is also termed as one-many matching.

Block Diagram of Identification Process 

TRAINING
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dataset 

of  palm print
Pre-processing Feature 

extraction Classifier
Classified 
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of  users

Palm print
Dataset for 

identification
Pre -processing Feature 
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Fig. 2: Block-diagram of the Biometric system

III. Feature Extraction 

A. LINE SEGMENT AND DATUM POINT
Dapeng Zhang and Wei Shu have done careful study of anatomy 
of the human hand identifying a large number of features useful 
in palm biometrics [1]. They have applied the Datum Point 
invariant property and the Line Feature matching technique to 
conduct the verification process. Datum points are defined as 
the end points of line segments of principal lines and coarse 
wrinkles. These points are used as a process of registration of 
the palm print images as in Fig. 3. Datum point and Principal 
lines determination are done using directional projection 
algorithm. Principal lines are detected using a tracing method 
as indicated in Fig. 4.

Fig.3: Definitions of a Palm print: Principal lines 
(1-heart line, 2-head line and 3-life line), Regions (I-finger-root 
region, II- inside region and III-outside region) and Datum points 
(a, b-endpoint, o-their midpoint).

Fig. 4: Track of datum point determination by using the 
directional projection algorithm

Certain line geometry features such as slope and intercept 
are also used to match line segments between two palm 
images.
A verification function defined as-
R = 2N/(N1+N2),
Has been used for the final decision, where N is the number of 
those matched line segment pairs, N1 and N2 are number of line 
segments in input image and the database image respectively. 
The database image, which has the highest “R” value for the 
input test image, is the matched image. In their experiment 
they have inked the palm-print on the papers and then scanned 
them to obtain 400×400 images. The 400 x 400 gray-scale 
inked palm-print images were taken with resolution of 200 dpi 
and digitised to 256 gray levels. Out of 100 distinct palm print 
images, 95 have been found to be in excellent agreement with 
the manual estimate. To examine the effect of variations and 
distortions in the image they have chosen 60 special palm 
print images, of which 20 belong to under rotation type, 35 to 
incomplete type  and 5 to those where life line and head line 
flow out the palm at different points. The detection rates for 
these images are shown in Table 1.

Table 1: Accuracy rate of  60 selected images

B. EIGEN PALM
Guangming Lu, David Zhang, Kuanquan Wang have used the 
Eigen vector representation of palm prints as the identification 
features [4]. 

This method uses Eigen space technology for extracting 
principal lines and creases. Because of the two steps needed 
to obtain the palm-print images in the Datum Point approach 
it is not very suitable for many on-line security systems. Lines 
and creases are often difficult to extract from the image with 
low resolution in the spatial domain.  However, transforming the 
palm print images into the Eigen vector domain which gives the 
energy distribution features is found to be more accurate.

Fig. 5: Eigen palm features with a Euclidean distance 
classifier.
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The average palm print image µ is found from training set M, 
and covariance matrix C is computed. The Eigen values and 
eigenvectors are found using Cuκ = λκuκ,
Where uκ  refers to the eigenvector of the matrix C, and  λκ  is 
the correlative Eigen value. Fig. 5 illustrates the Eigen palm 
features. 

Each palm print in the training set can be represented by 
an Eigen vector, the number of the Eigen palms is equal to 
the number of the samples in the training set. Only the M 
 significant eigenvectors (having largest Eigen values) are 
selected to be the components of the Eigen palms

U′( = u′κ,k = 1,…,M′}),

which can span and M’ dimensional subspace of all possible 
palm print images. 
A new Palm print image is transformed into its “Eigen palms” 
components by the following operation:
                        f¡ = U′(x¡ - µ) (¡,...,M),

Where the weight of the projection

 refers to the standard feature vector of 
each person, and M’ is the feature length.

In their experiment a palm print input device with six pillars 
have been used to acquire the palm prints of images with 384 
x 284 pixels in 256 gray levels. Palmprint sub images with a 
fixed resolution of 128 x 128 were then extracted. Images 
has been collected from 191 people for their left and right 
palm prints and treated as palm prints from different people, 
creating 382 classes. The palm print database of 382 classes 
contained 3056 images, with 8 different images of each palm. 
The features are extracted by using the proposed Eigen space 
method with length 50, 100, 150 and 200. A high recognition 
rate of 99.149% has been achieved for the fourth matching 
scheme with feature length of 100 as shown in table 2.

Table 2: Eigen Palm test results of 3056 images

C. 2-D GABOR FILTER
given by Wai Kin Kong, David Zhang, Wenxin Li (2003) considers 
palm print as a piece of texture and uses texture based feature 
extraction techniques [7] . He defined a 2-D Gabor filter is used 
to obtain texture information and two palm print images are 
compared in terms of their Hamming distance. 

In this method the Gabor function is transformed into a discrete 
Gabor filter G[x, y,θ, u,σ]. The Gabor filter is turned to zero DC 
to provide more robustness to brightness using

Where (2n+1)2 is the size of the filter. The sample point in the 
filtered image is coded to two bits (br, bt) by the inequalities

Where I is the sub-image of the palm print. The phase information 
in palm print images is stored in the feature vector and the size 
of the feature is 256 bytes. Each feature vector is considered as 
2-D feature matrices, real and imaginary. Palm print matching 
is based on a normalized Hamming distance. If P and Q are two 
palm print feature matrices, the normalized hamming distance 
is defined as

Where PR(or QR) and PI(or QI) are the real part and imaginary 
part of P(or Q) respectively, the Boolean operator “⊗“ is equal 

to zero if and only if the two bits,     and     
are equal and the size of the feature matrices is N x N. The 
value of “Do” is between 1 and 0. The Hamming distance for 
perfect matching is zero.

In their experiment, they collected 4647 palm print images from 
120 individuals. The central part of each image of resolution 
(128x128) is extracted as shown in Fig. 6 and named DBI 
database.

Fig.6: Captured palm image with central part

12 different sets of parameters are used to test the method 
(see Table 3) . Each of the images in DBI is matched with 
all other palm print images in the same database. The total 
number of matchings for one verification test is 10,794,981. 
After experiments, the false acceptance rate is greater than 
10-2.
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Table 3: The 12 types of filters.
Tested under 4647 special images

D. FISHER PALM
Xiangqian Wu, David Zhang, Kuanquan Wang have used Fisher 
discriminate function to extract algebraic features [10].

He defined an Algebraic features represent intrinsic attributions 
of an image, it can be extracted based on various algebraic 
transforms or matrix decompositions. Projects palm prints from 
this high-dimensional original palm print space to a significantly 
lower dimensional feature space (fisher palm space) so that 
different palms can be discriminated much more efficiently.
Fisher’s linear discriminate is an efficient approach to extract 
the algebraic features that have strong discriminate. 

Each pixel is considered as a coordinate in a high-dimensional 
image space. The N x N images are considered as points in 
the N2 dimensional space called the Original Palm Space 
(OPS). The palm print images are first transformed using K-L 
(Karhunen - Loeve transform) and then the FLD (Fisher’s linear 
discriminate) is employed to project these data from 2D to 
1D space. The Fisher palms reduce the dimensionality to a 
significantly smaller feature space in which the palm prints 
from the different palms can be discriminated much more 
efficiently (Fig 7).

Fig.7: The Fisher palm of two palm print classes 

For experiment they collected 3000 palm prints from 300 
different palms 10 times each with a resolution of 384 x 284 
pixels at 75 dpi. Palm prints are oriented and the central part 
of the image, 128 x 128 is cropped to represent the whole 
palm print. The relationship between the recognition accuracy 
and the resolution of the image is investigated by taking 128 x 
128, 64 x 64 and 32 x 32 resolution images. In this proposed 
method, the palm prints at 64 x 64 resolution perform better 
than those at 128 x 128 resolution 

Table 4: Comparison of different palm print recognition 
methods

Table 6: Comparison of different palm print recognition 
methods:

Feature 
Extraction

Feature type Database 
size

Image 
Size

Result

Datum Point 
Tracking by 
Dapeng Zhang 
et al, Pattern 
Recognition 
33 (4) (1999) 
691-702

Geometric
Feature in 
spatial domain

100 images
(from 60 
palms)

400 x 
400

95% 
accuracy, 
5% false 
detection

Eigen Vector
by David 
Zhang  et 
al, Pattern 
Recognition 
24 (2003) 
1463-1467

Textural 
features in 
Eigen Space 
representation

3056 
images
(from 191 
people)

128 x 
128

99.149% 
accuracy, 
0.851% 
false 
detection

2-d Gabor 
filter by David 
Zhang et 
al, Pattern 
Recognition 
36 (2003) 
2339-2347

Textural 
feature
Using Gabor 
Transforms

4647 
images 
(from 120 
individuals)

128 x 
128 
cropped 
from 
384 x 
284

10-2 %  
or .001% 
false 
detection

Fisher 
Projection in 
K-L Domain by 
David Zhang 
et al, Pattern 
Recognition 
24 (2003) 
2829-2838

Algebraic 
feature using 
statistical 
transforms

3000 
images
(from 300 
palms)

128 x 
128

99.00%

99.20% 
or .08% 
false 
detection

III. Analysis And Conclusion
This article presents a review of applications of image 
processing to the emerging field of biometrics. In this paper 
we have presented some of the early work on palm print as a 
biometric identifier which has set milestones in this area. The 
table 6. Summarizes these methods .

Fig . 8: A two-dimensional right angle palm prints using outer 
boundary direction and end point of principal line.

The results achieved 95 to 99 percent correct recognition. 
Some of the issues in using these methods are –
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1. The principal lines of some persons may be identical. Some 
of the persons may have strong wrinkles and some of them 
have little or no wrinkles.

2. The lighting condition is a major issue for geometrical 
features and texture features.

3. The orientation of the hand while acquiring the palm print 
could pose a problem in feature matching 

4. The computational overhead is high in most of the 
methods [2] have suggested an image registration method 
and defined a coordinate system which will take care of 
alignment for rotation and translation (Fig 8). They have 
used geometrical features of line segment matching and 
their verification function is similar to the Datum point 
method. Poon  [11] have proposed a new method in 
locating and segmenting a Region-of-Interest which varies 
with the size of palm. The Region is divided into sectors of 
elliptical half-rings which are less affected by misalignment 
of feature vectors .Hanna [8] have proposed pre-processing 
module to extract a rectangular Region-of-Interest (ROI) 
from the palm print to ensure invariance of features, and 
used spatial edge operators and morphological transforms 
for feature extraction. Though each method has some 
success not much work has been done on the impact of 
noise, incompleteness, difference in brightness etc. It may 
be required to use multiple feature extraction techniques 
to create a more robust and flexible authentication system 
based on palm prints.  Though some work has been done 
by Jane [3] to define a hierarchical identification using 
multiple features there is scope for further research in 
this area.
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