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1.  Introduction

The Spherical Harmonics (SPH) is a function, which is 
defined mostly on the surface of sphere. It is mostly used 
to solve Partial Differential Equation’s (PDE). The 
spherical harmonics are the orthogonal functions on the 
surface of sphere, Spherical harmonics obeys Laplace’s 
Equation, and the functions which satisfy Laplace 
Equation called Harmonic and hence got the name 
spherical harmonics. In this paper we employ Spherical 
Texture Mapping, Which Texture the gray scale image to 
Spherical co-ordinates on the unit sphere and then 
employ Spherical harmonics method to reconstruct the 
image by different values of spherical harmonics 
coefficients “ ml

C  “.

2.  Unit Sphere 

The unit Sphere mean’s that it has radius of one i.e. r=1 

and centered at the origin” o” as shown in Figure 1. 
Mathematically 
x2+y2=1						     (1)
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Figure 1.    Unit sphere.

3.  Grey Scale Image 

The grey scale image is also called a black in white image, 
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which consist of two colors string’s Black and white. The 
black color strings are represented by strings of zero’s (0’s), 
while the White color are represented by strings of one’s 
(1’s) as shown in Figure 2. The grey scale image carries 
intensity information consists of shades of grey.
	

Figure 2.    Grey scale image matrix.

4.  Spherical Texture Mapping

In Spherical Texture mapping ,we mapped the grey scale 
image which is the Stings of zero’s and one’s into the unit 
sphere of radius one r=1. As Mathematically mapping is 
f: A  B. So the grey scale image co-ordinates are changed 
to spherical co-ordinates on the unit sphere. The spherical 
co-ordinates is a co-ordinate system for three dimensional 
space, which determines the position of point by three 
numbers (r, Ѳ, Φ). Where "r" is the radius “Ѳ” is the polar 
angle and “Φ” is the azimuthal angle Figure 31.

Mathematically

r = 2 2 2x y z+ +  				    (2)
Ѳ = arccos z/r					     (3)
Φ = arc tan y/x					     (4)

5.  PSNR

PSNR is the Parameter used to find the image quality. It 
is a measure of peak error. The higher values of PSNR 
means that the image quality of reconstructed image 
is better and if the PSNR value is less it means that the 
image quality or reconstructed image is not good. PSNR 
is measured in decibel (dB). 

Mathematically
PSNR=10 log10 (maxi2/Mean square error)		  (5) 

Where in equation (5) the” maxi2 “is the maximum 
number of pixel’s in grey scale image. When the image is 
of 8 bits then the maxi2 is equal to 255.

 maxi2= 2b-1. Where “b” is the numbers of bits per 
sample. In this paper we increases or decreases the PSNR 
value by increasing or decreasing the coefficient “ ml

C ” 
value of spherical harmonic. which will increase or 
decrease the number’s of pixel’s to unit sphere and the      

reconstructed image quality will increase or decrease by 
varying the spherical harmonic coefficient values “ ml

C ”2.

Figure 3.    Spherical harmonics texture mapping.

6.  MSE

MSE is a another parameter to find image quality, which  
shows the cumulative error between original grey scale  
image and the reconstruction image, higher the value 
of MSE lower will be the PSNR and poor will be the 
image quality. While lower the value of MSE higher will 
be the PSNR and the image resolution or quality will 
improved. In this paper the MSE value will increase if the 
spherical harmonics coefficients “ ml

C ” have minimum 
value, because less number of pixels are mapped to a unit 
sphere and PSNR will decrease and the image quality is 
not good. But when the spherical harmonics  coefficient 
“ ml

C ” have maximum values maximum numbers of 
pixels are mapped to a unit sphere, while in this case the 
Mean square error is minimum and  PSNR is maximum 
and the image quality will improved, when we increase 
the spherical harmonics coefficients “

ml
C ” to maximum 

values. 
Mathematically

MSE= 		  (6)

Where in equation (6) the m, n are row’s and column’s 
of m*n grey scale image, while i, j shows the position 
of pixel’s in grey scale image. The “I” shows the original 
image and “h” is the reconstructed image2,3.      
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7.  Euclidean Distance (ED)

The Euclidean Distance (ED) shows the distance 
between pixels. If the Euclidean Distance (ED) between 
pixels is high, PSNR will be minimum and MSE will be 
high and the image quality will be not too good, but if 
Euclidean Distance (ED) between the pixels is less the 
PSNR will be maximum and MSE will be minimum and 
the picture quality improved. In this paper we increases 
or decreases the spherical harmonics coefficient’s “ ml

C ” to 
increase or decrease the Euclidean Distance (ED) between 
pixels of grey scale image. As we increase spherical 
harmonics coefficient’s “ ml

C ” the Euclidean Distance 
(ED) between pixels of grey scale image will be minimum 
on a unit sphere and the PSNR will be high and MSE 
will be minimum and the picture quality will improve, 
while decreases spherical harmonics coefficient’s “ ml

C
”the Euclidean Distance (ED) between pixels of grey scale 
image will be maximum on a unit sphere and PSNR will 
be low and MSE will be maximum and the image quality 
will be not too good. 

Mathematically
2 2 n

1 1 2 2 n n(Ed)d(h, j) (h j ) (h j ) ... (h j )= - + - + + -  	 (7)

where “h” and “j” in equation (7) are the position’s of 
pixels on unit sphere. It’s unit is meter denoted by “m”4. 

8.  Spherical Harmonics (SPH)

It is the orthogonal basis function on the surface of unit 
sphere, orthogonal means that they also pull in every 
direction. The Spherical Harmonics (SPH) is a function, 
which is defined mostly on the surface of sphere. The 
spherical harmonics are the orthogonal functions on 
the sphere, which is mostly used to define functions 
defined on the surface of sphere. Spherical harmonics 
obeys Laplace’s Equation, which is the second ordered  
partial differential equation, the main solution of Laplace 
equation is harmonic functions, and the functions which 
satisfy Laplace Equation called Harmonic and hence got 
the name spherical harmonics,

Mathematically
Laplace equation
		  2 =0				    (8)

Where in equation (8) the “ ” is the Laplace operator 
and  is the scalar function. The Laplace’s equations 
are mostly called the steady state heat equation. Spherical 
harmonics,

Mathematically
		  Yl

m(Ѳ,Φ)=Nl
m Pl

m cosѲ eimΦ	 (9)

 Where in equation (9) “ Yl
m(Ѳ,Φ)” is the basis 

function with polar angle “Ѳ”  from 0  and  
is the azimuthal angle from  0 .The “Nl

m ” is 
the normalization coefficient and “Pl

m” is the associated 
Legendre Polynomial’s,” cos Ѳ eimΦ are cosine component 
and Euler’s formula. The associated Legendre Polynomials 

Mathematically
m m 2 m 1 m 2 1

1P (x) ( 1) (1 ) /2!!!(d/dx) (x 1)+= - - -x 	  (10)

where in equation(10) have range” l” 0
 and 0 . Any function on the surface 

of unit sphere can be represented mathematically in terms 
of spherical harmonics

                                f(Ѳ,Φ)=
¥

åå
m=l

l,m
l=0 l=0

(Ѳ,Φ)                   (11)

where in equation (11) “
ml

C ” is the spherical harmonic 
coefficient’s and “Yl

m” is the basis function. In this paper 
we use the spherical harmonic coefficient “

ml
C ” for 

reconstruction of image from unit sphere to check image 
resolution by PSNR, MSE values of the grey scale image. 
Spherical harmonic coefficient “ 

ml
C ”

Mathematically
2

0 0

p p

= ò òmlc f (Ѳ,Φ)Yl
m(  sinѲ dѲ dΦ 	 (12)

where in equation  (12) the “ f(Ѳ,Φ)” is the function on 
the surface of unit sphere in terms of spherical harmonics 
while “Yl

m” is the basis function of spherical harmonics5.

9.  Matlab Simulation Results  

Original grey scale image: The original image as shown 
in figure is a grey scale image, which is also called 
monochrome image as shown in Figure 4.       
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Figure 4.    Original grey scale image.

	

Figure 4(a).     ml
C  =15.

	

Figure 4(b).     ml
C  =20.

	

Figure 4(c).     ml
C  =25.

	

Figure 4(d).     ml
C  =30.

In this paper we use matlab as a simulation tool. So we 
analyzed that as, we in increase’s the spherical harmonic 
coefficients “ ml

C ”
 the PSNR value increase’s and the MSE 

value decrease’s and the picture quality improved. So as 
we in decrease’s the spherical harmonic coefficient’s ml

C
” the PSNR value decrease’s and the MSE value increase’s 
and the picture quality is not good as show in Figure 4. 
In the first two cases in Figure 4 (a), (b) the ml

C  
value is 

less so the picture quality and, the PSNR  value is not 
too good, while the MSE value is high, because in this 
two cases the numbers of pixels of grey scale image are 
less mapped to the unit sphere. While in figure 4 (c), (d) 
the ml

C
 

value is high so the picture quality and the PSNR 
value is too good, while the MSE value is less , because in 
this two cases the numbers of pixels of grey scale image 
are mapped more to unit sphere. So we concluded as we 
increases or decrease the spherical harmonics coefficient’s 

ml
C

 the picture quality increases or decreases6-9.
Figure 5 are the real life picture which mapped to 

sphere and apply spherical harmonics coefficient’s of  
ml

C =40 so the picture quality improved, and look like 
original grey scale image.

As shown in Table 1 comparisons of PSNR, MSE, 
Spherical harmonics coefficients. ml

C  

Table 1.    Comparison of PSNR,MSE, Spherical 
harmonics coefficients and image quality
S. NO.

ml
C (PSNR) dB (MSE) Image quality

1 15 33.2550 4.7260 Very bad
2 20 33.9417 4.0349 Not good
3 25 34.3244 3.6945 Medium
4 30 34.3959 3.6342 Good
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Figure 5(a).     

Figure 5(b).      Original grey scale image’s.

Figure 5(c).      Reconstructed image ml
C  = 40.

Figure 5(d).      Reconstructed image ml
C  = 40.

Graph 1.    Comparison of PSNR,MSE, Spherical harmonics 
coefficients .

10.  Conclusion Remarks 

In this paper we use a Spherical harmonic method, in 
which we increased or decreased the spherical harmonic 
Coefficients “ ml

C ”. So we concluded that by increasing the 
Spherical Harmonics coefficients “ ml

C ” the PSNR value 
increases, while the MSE value decreases, and the picture 
quality will improve, because in this case more numbers 
of pixels are mapped to the unit sphere. While decreases 
the Spherical harmonics coefficients “ ml

C ” the PSNR value 
decreases and the MSE value increase’s and the picture 
quality are not good, while in this case the numbers of 
pixels are less mapped to the unit sphere.
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