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Abstract— For hair detection of wild endangered animal species of feline family viz. Panthera leo persica, Panthera
pradus fusca and Panthera tigris tigris, a fast pattern matching algorithm (FPMA) named as Dahiya and Yadav (DnY-
FPMA) has been developed based on normalized cross correlation (NCC) and convolution techniques. The scanning
electron microscopic (SEM) images were used for current forensic evaluation. FPMA method applied to recognize and/or
locate specific objects in an image using correlation and convolution techniques. To improve the accuracy of the FPMA
model, multiple reference templates were used for identification of unknown images. In this model, the best correlations
of test SEM images at various magnifications have been made for getting clarity in results. The test images of above
species were compared with standard images, which have proved that the correlation method found to be more accurate
for evaluation than of the convolution method. FPMA method oriented the images properly and made them noiseless by
rotating the inclined images with radon function having reference orientation. The obtained results revealed that the
matching pattern for leopard, lion and tiger were up to a maximum of 99.64%,99.50% and 99.60% with convolution
while 99.58%, 99.68% and 98.87% with NCC respectively.

Index Terms— Convolution, Direction Estimation, Fourier Transform, Normalized Cross-correlation, Pattern Matching,

Radon Transform and Template Matching.

1. INTRODUCTION

The selection of control region for comparison with the
standard images is the basic problem in forensic hair pattern
investigation technique (FHPIT), which is a thrust of forensic
researcher. For this purpose, the template matching method is
often used which is basic approach. The template matching
represents the object as we expect to find it in the image
where the object can indeed be scaled or rotated which
requires a separate template for each scale and orientation. In
this method, the position of the given pattern is determined by
the pixel-wise comparison of the images with the given
template that contains desired pattern. Consequently, the
template image is shifted u-step in the x-direction and v-step
in the y-direction of the sample image, and then the
comparison is calculated over the template area of each
position (u, v) in percentage pixel. The popularity of template
matching methods for applications of signal or image
processing is mainly due to its ease of implementation with
many fast algorithms and speed up the matching process for
various applications [3], [8], [10], [13], [16].

On the other hand, there are already many methods for
speeding up the process of template matching which are being
used for the last decade [1], [7], [8], [9]. In this context, the
normalized form of correlation (correlation coefficient)
method is preferred for matching of templates which lacks
efficient frequency domain expression as its drawback. To
avoid this problem NCC method has been computed in the
spatial domain. Due to high computational cost of NCC
spatial domain convolution, several spatial domain matching
methods have been developed but those are not that much
accurate [9], [10]. Therefore, aim of this study was to develop
a fast, accurate and precise identification tool for the
investigation of the unknown hair samples using standard
multiple-templates of SEM images.

Thus, to overcome the drawback of previously reported or
applied methods for FPMA, a new algorithm of NCC from
transform domain convolution (DnY-FPMA) has been
developed and reported in this study. The newly developed
algorithm of FPMA has been found to be speedier in
computational approach for spatial domain of NCC. The

DnY-FPMA has template matching inherently rely on a
matching cost that, once minimized (or maximized, in case a
similarity measure is deployed) allows locating the position of
the template in the search space, which is its merit over the
other FPMAs. Most significant feature of DnY-FPMA is that
it stores the uploaded digitized images into database
automatically obtained from the sample analysis which can be
further used for the comparison of wildlife artifacts. To prove
the validity and accuracy of the DnY-FPMA, the SEM images
of three different wildlife species of feline family from
Gujarat state viz. lion, leopard and tigers from three different
regions were investigated which confirmed the validity of the
developed DnY-FPMA.

Thus, our newly developed DnY-FPMA for NCC will be of
great importance in wildlife crime investigation and this study
also reported the first hair database of feline family for the
wildlife crime investigation.

2. METHODS

2.1 Image Conversion
2.1.1 The Radon Transformation

The 2-D Radon transform is the projection of the image
intensity along a radial line oriented at a specific angle. This
transform is not by itself a tool for rotation estimation in an
image; it may be used by some other tools to capture the
directional information of an image which is necessary for
rotation-invariant image analysis. Specifically, if we define
the principle direction for an image as the direction along
which the image has more straight lines, the Radon transform
along this direction is usually expected to have larger
variations, especially if we filter out the low frequency
information from the image before applying the Radon
transform. The Radon Transformation is a fundamental tool
which is used in various applications [14] such as radar
imaging, geophysical imaging, nondestructive testing and
medical imaging.

Suppose a 2-D digital image have a function f (x,y) (Fig. 3).

Integrating along the line, whose normal vector is in @
direction, results in the R(p,0) function which is the
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projection of the 2D function f(x,y) on the axis pof @
direction. When p is zero, the R function has the value
R(0,0) which is obtained by the integration along the line
passing the origin of (x, y)-coordinate. The points on the ling
whose normal vector is in @ direction from x-axis and passes
the origin of (x, y)-coordinate satisfy the equation:
Xcosé@+ysind =0 1)
The integration along the line whose normal vector is in@
direction and that passes the origin of (x,y)-coordinate
means the integration of f (x,y) only at the points satisfying

the equation (1). With the help of the Dirac “function” s,
which is zero for every argument except to 0 and its integral is
one, R(0,8) is expressed as:

R(0,6) = ” f(x,y) S(xcos@+ ysin@)dxdy (2

Similarly, p is the smallest distance from the origin and @ is

its angle with the x-axis. In this form, a line is defined as the
following equation:

(x—p-cosé)-cosf+(y—p-sind)-sind=0
= xcos@+ysind—p=0 @)

So the general equation of the Radon transformation is
acquired. From equation (2) and (3) is combined as:

R(p,6) :jj f(x,y)-5(xcos@+ ysin@— p)dxdy  (4)

There are two distinct Radon transforms. The source can
either be a single point (not shown) or it can be an array of
sources (as shown in Figure 1). The method are used in this
project uses an array of sources.

These radon transform values (as using equation 4) are
computed by fast Fourier transform (FFT) algorithm which is
produced frequency term in each index of radon function. The
FFT of the test image is defined by:

1 M-1 N-1 ,jz,,(@Jrﬂ)
Fi(U,V)=WZ ZR(Pﬁ)-e M)
m=0 n=

Where 0<u,m<M -1 and 0<v,n<N-1
andR(p,#) radon transform of the input image I (x,y) is

the projection of the image intensity along a radial line
oriented at a specific angle. F (u,v) Spatial frequency of the
radon transforms of test image. The spatial frequency of the
reference image F, (u,v)is defined in a similar way (same
equation 5).

The zero mean value of spatial frequency of test image is
defined as:

fi (% y) =R (X y) - u(F) (®)
Where 4(F,) is the mean of the spatial frequency of the test

image. However, the zero mean value of the spatial frequency
of the reference image F, (x,y)is defined in a similar way

(same equation 6).

projection o)

R(0,0) y

f(x.y)
object

S ,

Figure 1: The source and sensor is rotated about the
center of the object. For each angle 0 the density of the
matter the rays from the source passes through is
accumulated at the sensor. This is repeated for a given set
of angels, usually from 6 € [0:179).

R(p,6) 0

Finally, calculated the cross correlation between zero mean
value of test image and reference image which is given the
maximum correlation index value. This index value is
subtracted from length of the reference image has obtained the
rotation angle. This angle is used for proper orientation of the
test image as shown in figure 4.

2.2 Template Matching using Normalized

Cross-correlation

The NCC method is a simple template matching method that
determines the location of a desired pattern represented by a
template function, T, inside a two dimensional image function
I, the template image is scanned across the image forming a
correlation plane that provides information of where the
template best matches the image. Highest correlation value
will indicate the location of the targeted object. To search the
template in the image | (x, y) of size m, x mypixels where | at

the intensity (x,y) where xe{l..,m} and ye{l..m}.
Similarly the template T(x,y) of size n,xn, pixels where
n,<m, and n <m .NCCis evaluated at every point(u,v)

for I and T, which has been shifted over the original
image | (x,y) by u- steps in the x - direction and v - steps in
the y - direction. All the NCC coefficients are stored in a
correlation matrix »(u,v) can be written as:

}/(U,V)Z
22106 Y) = (1 U )LT (x =,y =v) = u(T)]

\/ZZ[l[(ny)—ﬂ(l(U,V)]Z-ZZ [T(x=u,y-v) - u(T)*
)

Where uefl,..,m —n +3and v efl...m,-n, +1}and
(1 (u,v)) is the mean value of |(x,y) within the template T
shifted by (u,v) steps and can be defined as:

aIU) =TT 1%y ®
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Similarly (T) is the average value of the template image T

is calculated. The denominator in equation (7) is the variance
of the zero mean image function |I(x,y)— x(I(u,v))and

shifted zero mean template function T(x—u,y-v) - u(T)
due to this normalization, 7(u,v) is independent to changes in
the brightness or contrast of the image, which are related to
the mean value and standard deviation.

For the denominator, which normalized the cross-correlation
coefficient, at every point (u,v),
uefl...m, —n, +andvefl..,m —n +1}of the image,
at which y(u,v) is determined, energy of the zero mean image
is defined as:

&uv)=> > Iy -u(uw)l  ©

And the zero mean e (u,v) of the image within the area of the
template function 4(1(u,v)) have to be recalculated. The
energy of the zero mean template function is defined as:

e (V)= > IT(x-u,y-u)-u(MF @

And the zero mean e (u,v) of the template function
4(T) have to be pre-calculated only once. The value of this
coefficient »(u,v) (from equation 7) falls into the range [-1.0,
1.0]; a value of 1.0 corresponds to a perfect match. Where it is

found maximum, a rectangle is drawn around it to show
detected area.

2.3 Template Matching using Convolution
This method includes a simple but fast correlation based
template matching algorithm. The correlation coefficient
calculation is implemented with convolution technique. In this
technique for template matching purpose is only
considerations on controlling the boundary and selecting
region of interest on the frame image. However, by using
convolution technique, the template matching speed has been
accelerated and run-time has reduced to a reasonable value.

2.3.1 Calculation of the denominator

To simplify the calculation of the denominator of the
normalized cross correlation coefficient (from equation 7), the
key idea is to use two standard deviation of image function
I(x,y) and standard deviation of the template function

T(u,v)is calculated over the template image. The standard
deviation of the image function can be defined by:

DX Y) = u(1 (U, v =

DN NF =20 u,v) DD TI(X, )
+> > u(l(x,y))* (12)

And all equation are used in this model the double sum is
evaluated over the region of the template which means
u<x<u+n, -1 and y < y<v+n, —1. The third term of

the equation (11) is written as:

> Ll )F = nxn b3 S
X oy X y Xy (

12)
Can be simplified as the equation (12) is defined as:

26 Y) = (1 (U V)T =
ZZ['(X VI - [ZZI(X ) GEE)

Equatlon (13) is used for caIcuIatlng the standard deviation of
the image function over the template is simply written as:

o.(u,v) = ZZ[I(X y)I° ZZ:]();::)]
(14)

The standard deviation o, (u,v) of the image function have to

be recalculated at each points of u and v. Similarly the
standard deviation of the template function can be written as:

ZZU(I J)-uM1

n><n

o i, ])= (15)

Where j e{l...,n} and i e{l,...,ny} is same as the template
size; this standard deviation o, (u,v) of the template function

have to be pre-calculated only once. Moreover, both equation
(14) and (15) have to be used for calculating the correlation
coefficient.

2.3.2 Calculation of the Numerator

A significantly more efficient way of calculating the NCC is
by computing the numerator of Equation (7) via convolution.
Application of the algorithm presented in the last subsection
allows efficient calculation of the denominator, but the
number of computations required to calculate the numerator
of the NCC- coefficient is still comparatively high, even if it
is done by convolution of two functions. Therefore, further
simplification of this calculation has to be required. The
numerator has to be written as:

N (W) = Y 3106 Y) — (1 @ )IT (x—u,y -v)

(16)
Where f(x —Uu,y-V)is a zero mean template function has to
be defined by:

T(x=u,y-v)=T(x=u,y-v)-p(T) 7

For simplifying the equation (16) can be written as:

N(u,v) = ZZl(X V)T (x—u,y—v)—
ﬂ('(U V)ZZT(X u,y—Vv) (18)

Since f(x_u,y_v) has zero mean value of the template
function and thus also their summation is zero, the term

a(l (u,v)ZZT(x—u, y —V) is zero as well. So we
Xy

can be neglected this term in equation (17), therefore the
numerator term can be written as:

N(U,V)=> > 1 y)T(x-u,y-v) @9
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The numerator term N (u,v) of the equation (19) is calculated

simply shifted the zeros mean template over the image
function |(x,y)by u -step in x-direction and v-shift in y-
direction.

By using equation (14), (15) and (19) are to be modified the
equation (7) for normalized convolution calculation, then the
approximated cross correlation function can be defined by:

N (u,v)

y(u,v) = (20)
n,xN, xo; X o,

Where u e {L,...,.mx—nx+1}and v e{fl,...,my—ny +1}
The template T (x—u,y—V) is moved across image |(x,y)
in (u,v) plane and the correlation for each point is calculated.

After complete scanning the related area, the highest
correlation value representing the location of the target is
obtained. Thus, position of the targeted template is known and
its will be displayed. The range for the Correlation coefficient
(from equation 20) y(u,v)is between -1 and 1. It is

independent of scale changes in the amplitude of [(x,y)
andT(x—u,y-v). The Value of 1 to show the maximum
correlation of I(x,y) andT(x—u,y-v), a rectangle is
drawn around it to show detected area. .

3. EXPERIMENTAL RESULTS

3.1 Image Conversion

In this section, the test image is used for pattern matching is
stored in different data set of different species. However, this
test image is firstly converted into a grayscale image. Later,
this grayscale image is rotated automatically as per reference
image because it is required for the large set of data. In this
model pattern matching is based on the cross correlation,
therefore it is necessary for proper orientation of image for
finding best correlation. Figure (2) is shown the reference
image at desired orientation as per template image. Figure (3)
is shown the test image which is not desired orientation,
therefore, it is rotated same as reference image automatically
as shown in figure 4.

Figure 2: Reference image

Figure 3: Test image

Figure 4: Rotated test image is same as reference image

3.2 NCC and Convolution Results

The method has been tested with several image and template.
The goal of this experiment was mainly concerned with
enhancing the performance of pattern matching system which
is focused on two algorithm matching methods namely NCC
and Convolution. In this experiment mainly three types of
animal species were used. The pattern matching did not show
proper result when the images are of degraded quality like
zoom-in, zoom-out, different orientation etc. The
investigations were based on three samples of source images
and their templates in clean and noiseless data conditions.The
template matching system to determine the best position for a
template in a source image. Figure (5) is shown the template
image and figure (6) is shown the correct matching of
template over the test image is shown in the rectangle.

Figure 5: Template image

Figure 6: Detected area in test image

3.3 Pattern Matching Accuracy

Table 1-3 provides the experimental result obtained with three
data set of Leopard, Lion and Tiger species. The table report,
for the template of three species, the measured accuracy in
term of percentage based on NCC and Convolution method.

The table 1 shows the data set of Leopard species that are
matched with Leopard, Lion and Tiger species template. The
results were obtained with maximum correlation of test image
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and template. Similarly results that are shown in table 2 and
table 3 are of Lion and Tiger species respectively. Table 4
shows the average experimental result of three species.

Table 1: Pattern matching for Leopard hair species

S Leopard Lion Tiger
r.
no. | Ncc | SO | nce | SoMvOr | nce | Gomve
: o ution o lution o lution
(%) (%) (%) (%) (%) (%)
1 92.09 95.45 65.87 62.52 58.28 57.27
2 91.56 93.67 62.57 64.31 59.36 56.98
3 95.24 98.99 69.47 66.98 61.57 58.01
4 99.58 99.64 67.45 65.28 64.24 57.32
5 97.58 99.34 61.89 59.03 56.52 57.20
Table 2: Pattern matching for Lion hair species
S Leopard Lion Tiger
r.
no. | NCC (I:‘;.”"' NCC ?Ot'?"o' NCC ?Ot'?"o'
(%) ution (%) ution (%) ution
(%) (%) (%)
1 63.58 64.20 98.24 98.58 48.26 50.45
2 68.24 65.45 96.14 98.86 49.24 42.26
3 62.29 69.23 93.54 95.02 43.54 48.26
4 59.48 69.28 99.68 99.50 49.65 48.78
5 64..4 67.98 94.65 96.76 45.89 49.57
Table 3: Pattern matching for Tiger hair species
S leopard Lion Tiger
r.
no. | Ncc | SO | nce | SOMvOr | nce | Gomve
o ution o lution o lution
) | ) | | e | |
1 51.36 57.27 49.35 50.45 96.01 98.78
2 59.33 56.98 43.20 42.26 95.68 97.15
3 53.25 58.01 39.58 48.26 98.87 99.60
4 53.25 57.32 49.05 48.78 94.21 98.02
5 68.87 59.20 59.56 49.57 97.68 98.34
Table 4: Total Accuracy for three species
leopard Lion Tiger
nee | SO | Nee | SRen | nee | Soey
0, 0, 0,
(%) (%) (%) (%) (%) (%)
95.21 97.41 96.45 97.74 96.49 98.26

4. CONCLUSION

A novel pattern matching algorithm has been developed
named as DnY-FPMA of NCC, which will be used in
investigation of wildlife crime using hair as evidence. The
newly developed DnY-FPMA is time saving approach with
better accuracy. Using this DnY-FPMA a new data base of
hair of feline family has been generated which will provide a
hassel free reference database for further investigations.

In the current research model, it was explored that automatic
hair pattern matching algorithm has revealed significant
results in identification of hair images based on SEM
micrographs of the hair samples thus it can be incorporated in
wildlife crime investigation. The accuracy, reliability, time
taken by processing, current digitalized method is significant
and rapid over conventionally used identification techniques.
This algorithm will be an useful aid for wildlife crime

investigation. in addition to this human species can also be
identified because of the presence of hair as most common
evidence in cases of poaching, burglary, murder etc.

5. ACKNOWLEDGMENTS

The authors would like to thank Bhaskaracharya Institute for
Space  Applications and Geo-Informatics  (BISAG),
Gandhinagar and Ministry of Environment and Forest, Aranya
Bhawan, Gandhinagar for providing variety of data set for our
research work.

6. REFERENCES

[1] Mikhail J. Atallah (2001) “Faster Image Template
Matching in the Sum of the Absolute Value of
Differences Measure” IEEE Transactions On Image
Processing, Vol. 10, No. 4, Pp. 663-659.

[2] Luigi Di Stefano, Stefano Mattoccia and Federico
Tombari (2005) "ZNCC-based template matching using
bounded partial correlation” Elsevier, Pattern
Recognition Letters 26 pp. 2129-2134.

[3] T. B. Moeslund, A. Hilton, and V. Krger, “A survey of
advances in vision-based human motion capture and
analysis,” Computer Vision and Image Understanding,
vol. 104, pp. 90-126, 2006.

[4] Gonzalez R.C., and Woods R.E. (2002) “Digital Image
Processing” (Second Ed), Prentice Hall, ISBN-10:
0201180758.

[5] Mahmoud R. Hejazi, Georgy Shevlyakov, Yo-Sung Ho
(2006) “Modified Discrete Radon Transforms and Their
Application to Rotation-Invariant Image Analysis”
Department of Information & Communications (GIST)
Gwangju, South Korea, IEEE, 0-7803-9752-5/06, pp.
429-434.

[6] K.Jafari-Khouzani and H.Soltanianzadeh, *“Radon
transform orientation estimation for rotation invariant
texture Analysis,” IEEE Trans. On Pattern Analysis and
Machine Intelligence, vol. 27 (6), pp.1004-1008, Jun
2005.

[7] Di Stefano, L., Mattoccia, S., (2003) a. Fast template
matching using bounded partial correlation. Mach. Vis.
Appl. 13 (4), 213-221.

[8] D. M. Tsai, C. T. Lin, (2003). Fast normalized cross
correlation for defect detection. Pattern Recognition.
Letter. 24 (15), 2625-2631.

[9] Jiun-Hung Chen, Chu-Song Chen, and Yong-Sheng
Chen (2003) “Fast Algorithm for Robust Template
Matching With M-Estimators” IEEE Transactions On
Signal Processing, Vol. 51, No. 1, pp - 230-243.

[10] R. Harini and C. Chandrasekar (2012) “Efficient Pattern
Matching Algorithm For Classified Brain Image”
International Journal of Computer Applications (0975 —
8887) Volume 57— No.4.

[11] Raju Bhukya, DVLN Somayajulu (2011) “An Index
Based Sequential Multiple Pattern Matching Algorithm
Using Least Count”, International Conference on Life
Science and Technology IPCBEE vol.3, IACSIT Press,
Singapore, pp 109-113.

[12] Federico Tombari, Stefano Mattoccia, Luigi Di Stefano,
Fabio Regoli, and Riccardo Viti (2009), “A Template
Analysis Methodology to Improve the Efficiency of Fast

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 4, Issue 6, June-2013 1956
ISSN 2229-5518

Matching  Algorithms”  Springer-Verlag  Berlin Application to Rotation-Invariant Image Analysis” IEEE,
Heidelberg, pp 100-108. 0-7803-9752-5, pp 429-434.

[13] Lim Huey Charn, Liyana Nuraini Rasid, Shahrel A. [15] Kai Briechle and Uwe D. Hanebeck, “Template
Suandi  (2010) “A Study on the Effectiveness of Matching using Fast Normalized Cross Correlation”,
Different Patch Size and Shape for Eyes and Mouth Institute of the automatic control Engineering, 80290
Detection” International Journal on Computer Science Munchen, Germany.

and Engineering Vol. 02, No. 03, pp. 424-432. [16] Yong-Sheng Chen, Yi-Ping Hung, and Chiou-Shann Fuh

[14] Mahmoud R. Hejazi, Georgy Shevlyakov, Yo-Sung Ho (2001), “Fast block matching algorithm based on the
(2006) “Modified Discrete Radon Transforms and Their winner-update strategy,” IEEE Trans. Image Processing,
vol. 10, pp- 1212-1222.

IJSER © 2013

http://www.ijser.org


http://www.ijser.org/

	1. INTRODUCTION
	2. METHODS
	2.1  Image Conversion
	2.1.1 The Radon Transformation

	2.2 Template Matching using Normalized Cross-correlation 
	2.3 Template Matching using Convolution
	2.3.1 Calculation of the denominator
	2.3.2 Calculation of the Numerator 


	3. EXPERIMENTAL RESULTS
	3.1 Image Conversion
	3.2 NCC and Convolution Results 
	3.3 Pattern Matching Accuracy

	Table 1-3 provides the experimental result obtained with three data set of Leopard, Lion and Tiger species. The table report, for the template of three species, the measured accuracy in term of percentage based on NCC and Convolution method. 
	The table 1 shows the data set of Leopard species that are matched with Leopard, Lion and Tiger species template. The results were obtained with maximum correlation of test image and template. Similarly results that are shown in table 2 and table 3 are of Lion and Tiger species respectively. Table 4 shows the average experimental result of three species.
	4. CONCLUSION
	A novel pattern matching algorithm has been developed named as DnY-FPMA of NCC, which will be used in investigation of wildlife crime using hair as evidence. The newly developed DnY-FPMA is time saving approach with better accuracy. Using this DnY-FPMA a new data base of hair of feline family has been generated which will provide a hassel free reference database for further investigations.   
	In the current research model, it was explored that automatic hair pattern matching algorithm has revealed significant results in identification of hair images based on SEM micrographs of the hair samples thus it can be incorporated in wildlife crime investigation. The accuracy, reliability, time taken by processing, current digitalized method is significant and rapid over conventionally used identification techniques. This algorithm will  be an useful aid for wildlife crime investigation. in addition to this human species can also be identified because of the presence of hair as most common evidence in cases of poaching, burglary, murder etc. 
	5. ACKNOWLEDGMENTS
	6. REFERENCES



