
TELKOMNIKA, Vol.17, No.5, October 2019, pp.2554~2560 
ISSN: 1693-6930, accredited First Grade by Kemenristekdikti, Decree No: 21/E/KPT/2018 
DOI: 10.12928/TELKOMNIKA.v17i5.12799 ◼  2554 

  

Received October 5, 2018; Revised March 28, 2019; Accepted April 12, 2019 

A novel elementary spatial expanding scheme form on 
SISR method with modifying Geman&McClure function 

 
 

Darun Kesrarat*1, Kornkamol Thakulsukanant2, Vorapoj Patanavijit3 
Assumption University of Thailand (AU), Thailand 

*Corresponding author, e-mail: darunksr@gmail.com1, kthakulsukanant@yahoo.com2, 
patanavijit@yahoo.com3 

 
 

Abstract 
Because of the feasible and impressive fallout, the classical Super-Resolution Reconstruction (SRR) 

is the contemporary algorithm for improving spatial information and reducing noise and SISR (Single-Image 
Super-Resolution) method, which is form on the classical SRR, is solely developed for improving spatial 
information. Disastrously, deficiency of the classical SISR method is conceptually computed from three 
specifications (b, h, k) and the simulating calculation of the optimized specifications for interpolating the better 
and higher spatial information images with highest PSNR is so burdersome. For figuring out this issue, the 
Geman&McClure function is proposed to replace with the ordinary SISR function because this function is 
conceptually computed from only one specification (T), contrary to three specifications similar to classical 
SISR method hence this analytic article focuses to offer a novel elementary spatial expanding scheme form 
on SISR method with modifying Geman&McClure function. Therefore, the fallout of a proposed spatial 
expanding scheme approximately matches to classical SISR method. From these reason, a novel elementary 
spatial expanding scheme is easily implemented for real works. 

 
Keywords: digital image interpolation, digital image processing, Geman&McClure function, single-image 
super resolution (SSIR), super-resolution reconstruction (SSR) 
 

Copyright © 2019 Universitas Ahmad Dahlan. All rights reserved. 
 
 

1. Comprementary Investigation 
Because of great requirement of contemporary computer vision and image  

processing [1-5] for more than one and half decades, images with better and higher spatial 
information is dramatically required however almost recorded images is usually lower spatial 
information, which are recorded by marketing build-in CCTV or camera. Therefore, the regular 
digital image interpolation is conceptual idea in order to creating an image with higher spatial 
information from one image with lower spatial information. The dominant aspiration of spatial 
expanding scheme form on SISR method, which is developed from the worldwide famous 
Super-Resolution Reconstruction (SRR) [6-17], is for solely improving spatial information. 
Conceptually, both SRR and SISR are an ill-posed inversed issue [10, 16] from the reason that 
copious higher spatial information images can be constituted from only one recorded image with 
lower spatial information under the identical recording process. In the SISR inquiring in the last 
two and half decades, one of the most feasible and impressive spatial expanding scheme is the 
SISR method using boundary constructing techniques, which is originally invented by Bo-Won 
Jeon [18] in 2006. This method can constitute better and higher spatial information images and, 
moreover, has low complexity. This SISR method is incorporated by two dominant sub-systems: 
the boundary constructing sub-system and the regularized function. In the first sub-system, the 
boundary constructing sub-system is conceptually computed from Laplacian pyramid  
method [19-23] for constructing boundary and line of the higher spatial information image. In the 
second sub-system, the regularized function C (x, y) [18] is conceptually computed from three 
specifications (b, h, k) and the simulating calculation of the optimized specifications [24, 25] for 
interpolating the better and higher spatial information images with highest PSNR. For figuring 
out this issue, the Geman&McClure function [26], which has been mathematically guarantee 
and investigated for more than thirty years thereby the Geman&McClure function has  
an exhaustive inquiring, is conceptually computed from only one specification (T), contrary to 
three specifications similar to classical SISR method. Therefore, this analytic article focuses to 
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offer a novel elementary spatial expanding scheme form on SISR method and modifying 
Geman&McClure function. 

The analytic article can be adjusted as ensuing. The first organized content is the 
complementary investigation of the SSR method and SISR method. Next, the second organized 
content is the classical spatial expanding scheme form on SISR method. Subsequently, the third 
organized content is the novel spatial expanding scheme form on proposed Geman&McClure 
SISR method. Later, the forth organized content is computer computation substantiation, which 
are comparatively assessed to three ordinary spatial expanding schemes: nearest, bilinear and 
bicubic, on bountiful images. Finally, the fifth organized content is the theatrical concision. 
 
 
2. The Classical Spatial Expanding Scheme form on SISR Method 

This organized content rapidly expounds the algorithmic apprehension of ordinary SISR 
method [18] using boundary constructing techniques, which is computed from boundary 
constructing procedure (as exhibit in Figure 1) and Geman&McClure regularization procedure. 

 
2.1. Boundary Constructing Procedure 

The vital target of this boundary constructing procedure [18] is for constructing  
the boundary, detail and edge of the better and higher spatial information images with  
highest PSNR. 

At first, the recorded low spatial information image ( ( )0 ,G x y  at m n ) spatially scales 

down to constructing a class of low spatial information images as ( )1 ,G x y  at 
2 2
m n , ( )2 ,G x y  at 

4 4
m n , ( )3 ,G x y  at 

8 8
m n  and ( )4 ,G x y  at 

16 16
m n . 

At second, operating a ordinary spatial expanding scheme, a class of more spatial 
information images are constructed from each low spatial information images (from  
first procedure) as ( )0 ,L x y  at m n  from ( )1 ,G x y  at 

2 2
m n , ( )1 ,L x y  at 

2 2
m n  from ( )2 ,G x y   

at 
4 4
m n , ( )2 ,L x y  at 

4 4
m n  from ( )3 ,G x y  at 

8 8
m n  and ( )3 ,L x y  at 

8 8
m n  from ( )4 ,G x y  at 

16 16
m n . 

At third, operating Laplacian histogram computation and Gaussian statistical analysis, 
the first and second moment statistic fallout at each spatial level of the boundary, detail and 
edge images are constructed as ( )0 0,   at m n , ( )1 1,   at 

2 2
m n , ( )2 2,   at 

4 4
m n  and ( )3 3,   

at 
8 8
m n . 

At fourth, for rapid counting and ramification reduction by using Laplacian statistical 
analysis, the first and second moment statistic fallouts ( ,  ) are reduced to be one statistic 

fallout ( ) as 
0  at m n , 

1  at 
2 2
m n , 

2  at 
4 4
m n  and 

3  at 
4 4
m n . 

At fifth, by operating the least square interporating scheme, the boundary, detail and 
edge image of the higher spatial information images ( )1 ,L x y−

%  at 2 2m n  is reconstructed. 

 
2.2. Ordinary Regularization Procedure 

The vital target of this boundary constructing procedure is for forceing the upper 
limitation of the detail and edge image of the higher spatial information ( ( ),C x y  ) that is 

constructed by the boundary constructing procedure with the ordinary regularization procedure 
as ensuing: 

 

( )
( )( )

( ) ( )( )( )

,

, ,
,

M x y b

k M x y M x y h
C x y

+

+
=

 
(1) 

 

where b , k  and h  are fix specifications 

At final, the high spatial information image can be constructed by addng of the 
boundary, detail and edge image of the higher spatial information images, which are multiypled 

with the fallout of the regularization procedure ( ( ) ( ) ( )1 1
ˆ , , ,L x y C x y L x y− −=   % ) and the higher 

spatial information image ( ( )1 ,−
%G x y ) at 2 2m n , which is constructed by operating a ordinary 

spatial expanding scheme. 
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3. The Novel Elementary Spatial Expanding Scheme form on SISR Method with Modifying 
Geman&McClure Function 

As expounds in the prevous orgianzied content, the ordinary regularization  
procedure [18], which is defined in (1), conceptually computed from three specifications (b, h, k) 
thereby the simulating calculation of the optimized specifications for interpolating the better and 
higher spatial information images with highest PSNR is so burdersome. For figuring out this 
issue, the Geman&McClure function [26] is conceptually computed from only one  
specification (T), contrary to three specifications similar to classical SISR method. 

The Geman&McClure function and its gradient is defined as ensuing (2) and (3), 
respectively: 

 

( )
( )( )

( )( )

2

2

22

,
,

,
GM GM

GM

M x y
C x y T

T M x y

 
 =
 + 

 (2) 

 

( )
( )

( )( )( )
4

2
24

2 ,
,

,
GM GM

GM

M x y
C x y T

T M x y

 =

+

 (3) 

 

where 
GMT is Geman&McClure specification, which is computed by full search method. 

 
 
4. Computer Computation Substatntiation 

This organized content exhaustively expounds substantiation from computer 
computation, which are covered bountiful images such as Cameraman, Tree, House, Resolution 
chart, Stream and bridge, Sailboat, Peppers, Tiffany, Baboon, Lena, F-16, Mobile Frame10, 
Pentagon, Aerial [24, 25] as expound in Table 1 and are computing by MATLAB software.  
At first, each ordinary image is scaled down and combined with noise for reconstruction  
the recorded image. Next, the novel elementary spatial expanding SISR scheme, the ordinary 
spatial expanding SISR scheme, spatial expanding nearest scheme, spatial expanding bilinear 
scheme and spatial expanding bicubic scheme are operated on each recorded image  
for comparatively assessing the feasible and impressive fallout of the proposed spatial 
expanding scheme. 

 
 

Table 1. The Computer Computation Substantiation 
Image Name Resolution Image Name Resolution 

Cameraman 256 x 256 Tiffany 512 x 512 

Tree 256 x 256 Baboon 512 x 512 

House 256 x 256 Lena 512 x 512 

Resolution chart 256 x 256 F-16 512 x 512 

Steam & bridge 512 x 512 Mobile Frame10 704 x 480 

Sailboat 512 x 512 Pentagon 1024 x 1024 

Peppers 512 x 512 Aerial 1024 x 1024 

 
 

4.1. No Outlier 
At first, the organized sub-content expounds the optimization of Geman&McClure 

specification (
GMT ) that is modified during 0 to 2000 for interpolating the better and higher spatial 

information images with highest PSNR. The computer computation substantiation of no outlier is 
expounded in the Figure 2. From this substantiation in this figure, it can be firmed that the 
Geman&McClure specification is fix to be optimized at 900-1050 for normal images and the 
Geman&McClure specification is fix to be optimized at 1250-1450 for image with bountiful 
boundary, detail and edge information. The global computation substantiation in PSNR is 
expounded in Table 2 for no outlier. The feasible and impressive fallout of the novel elementary 
spatial expanding scheme approximately matches to classical SISR method nevertheless the 
simulating calculation of the optimized specification is so readily and rapidly compared with 
classical SISR method (with three specification). 
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Figure 1. A novel elementary spatial expanding scheme form on SISR method with boundary 
 
 

 
 

Figure 2. The computer computation substantiation of the Geman&McClure specification and 
the feasible fallout of a novel elementary spatial expanding scheme at no outlier 

 
 

Table 2. The Global Computation Substantiation in PSNR of No Outlier 

PSNR 
(in dB) 

Classical Spatial Expanding Scheme Spatial Expanding Scheme Using SISR 

nearest bilinear bicubic Ordinary G&M 

Lena 256 30.7847 31.0305 31.8281 32.0759 32.1160 

Girl 256 30.9354 31.4602 31.9997 32.7268 32.4405 

Baboon 256 23.2556 23.0546 23.6142 23.8215 23.8227 

House 128 29.5053 30.1135 30.8944 31.0975 31.3119 

Resolution chart 19.5643 20.0143 20.9699 21.4676 21.1320 

Peppers 256 30.9254 31.7835 32.6814 32.9623 33.4568 

Airplane 256 30.2861 31.0802 31.8515 32.7594 32.6160 

Pentagon 512 28.8039 28.8569 29.6345 29.8987 29.9707 

Aerial 512 25.6730 26.2025 27.4839 27.8944 27.9815 

Tree 128 25.5058 26.2121 27.3201 27.9077 27.8771 

Sailboat on lake 28.7881 29.3006 30.3990 30.7170 30.8227 

Cameraman 25.4884 25.6590 26.5267 26.8735 26.9472 

Steam & bridge 25.6787 25.8533 26.6535 26.9202 26.9655 

Mobilcal Frame 22.0863 22.1223 23.0333 23.3324 23.4334 
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4.2. Gaussian Outlier 
At first, for Gaussian outlier at 35 dB, the vital target of this computation substantiation 

is the calculation of the optimized specifications which is modified during 0 to 2000 for 
interpolating the better and higher spatial information images with highest PSNR as expounded 
in the Figure 3. From this substantiation in this figure, it can be firmed that the Geman&McClure 
specification is fix to be optimized at 1050-1250 for normal images and the Geman&McClure 
specification is fix to be optimized at 1400-1600 for image with bountiful boundary, detail and 
edge information. The global computation substantiation in PSNR is expounded in Table 3 for 
35dB Gaussian outlier. The feasible and impressive fallout of the novel elementary spatial 
expanding scheme approximately matches to classical SISR method nevertheless the 
simulating calculation of the optimized specification is so readily and rapidly compared with 
classical SISR method (with three specification). 

 
 

 
 

Figure 3. The computer computation substantiation of the Geman&McClure specification and 
the feasible fallout of a novel elementary spatial expanding scheme at 35dB Gaussian outlier 

 
 

Table 3. The Global Computation Substantiation in PSNR of 35dB Gaussian Outlier 

PSNR 
(in dB) 

Classical Spatial Expanding Scheme Spatial Expanding Scheme Using SISR 

nearest bilinear bicubic Ordinary G&M 

Lena 256 30.7847 31.0305 31.8281 31.7766 31.7998 

Girl 256 30.9354 31.4602 31.9997 31.6288 31.3811 

Baboon 256 23.2556 23.0546 23.6142 23.7324 23.7284 

House 128 29.5053 30.1135 30.8944 30.6766 30.8621 

Resolution chart 19.5643 20.0143 20.9699 21.3702 21.0833 

Peppers 256 30.9254 31.7835 32.6814 32.2512 32.6705 

Airplane 256 30.2861 31.0802 31.8515 31.7989 31.6775 

Pentagon 512 28.8039 28.8569 29.6345 29.5919 29.6356 

Aerial 512 25.6730 26.2025 27.4839 27.5565 27.6348 

Tree 128 25.5058 26.2121 27.3201 27.6981 27.6617 

Sailboat on lake 28.7881 29.3006 30.3990 30.3552 30.4563 

Cameraman 25.4884 25.6590 26.5267 26.7378 26.8038 

Steam & bridge 25.6787 25.8533 26.6535 26.7787 26.8259 

Mobilcal Frame 22.0863 22.1223 23.0333 23.2646 23.3630 

 
 

At second, for Gaussian outlier at 30 dB, the vital target of this computation 
substantiation is the calculation of the optimized specifications which is modified during  
0 to 2000 for interpolating the better and higher spatial information images with highest PSNR 
as expounded in the Figure 4. From this substantiation in this figure, it can be firmed that the 
Geman&McClure specification is fix to be optimized at 1600-1650 for normal images and  



TELKOMNIKA  ISSN: 1693-6930 ◼ 

 

A novel elementary spatial expanding scheme form on SISR method... (Darun Kesrarat) 

2559 

the Geman&McClure specification is fix to be optimized at 1900-2000 for image with bountiful 
boundary, detail and edge information. The global computation substantiation in PSNR is 
expounded in Table 4 for 30 dB Gaussian outlier. The feasible and impressive fallout of the 
novel elementary spatial expanding scheme approximately matches to classical SISR method 
nevertheless the simulating calculation of the optimized specification is so readily and rapidly 
compared with classical SISR method (with three specification). 

 
 

 
 

Figure 4. The computer computation substantiation of the Geman&McClure specification and 
the feasible fallout of a novel elementary spatial expanding scheme at 30dB Gaussian outlier 

 
 

Table 4. The Global Computation Substantiation in PSNR of 30dB Gaussian Outlier 

PSNR 
(in dB) 

Classical Spatial Expanding Scheme Spatial Expanding Scheme Using SISR 

nearest bilinear bicubic Ordinary G&M 

Lena 256 29.8834 30.6228 31.0558 31.1859 31.1858 

Girl 256 28.3650 29.9100 29.6382 29.7120 29.6869 

Baboon 256 22.9560 22.9394 23.3984 23.5359 23.5360 

House 128 28.3219 29.5568 29.8302 30.0055 30.0063 

Resolution chart 19.3609 19.8073 20.7091 21.2386 20.9155 

Peppers 256 29.2480 30.8899 31.0236 31.3112 31.3134 

Airplane 256 28.2036 29.9570 29.8565 30.0975 30.0955 

Pentagon 512 27.8858 28.4586 28.8821 29.0009 29.0008 

Aerial 512 24.8993 25.8372 26.7127 26.9680 26.9405 

Tree 128 25.0357 25.9789 26.8435 27.2191 27.2192 

Sailboat on lake 27.9077 28.8840 29.5562 29.7565 29.7561 

Cameraman 25.0797 25.4869 26.1808 26.5104 26.4952 

Steam & bridge 25.3003 25.6880 26.3351 26.5466 26.5465 

Mobilcal Frame 21.8914 22.0470 22.8758 23.2144 23.2130 

 
 

5. Conclusion 
In this analytic assessing, this analytic article focuses to offer a novel elementary spatial 

expanding scheme form on SISR method with modifying Geman&McClure function that is 
conceptually computed from only one specification (T), contrary to three specifications (b, h, k) 
similar to classical SISR method. By examining on bountiful images, which are debased by 
copious outlier patterns, in analytical observation section, the impressive fallout of a novel 
elementary spatial expanding scheme approximately matches to classical SISR method 
nevertheless the simulating calculation of the optimized specification (which is based on 2x103 
search points) is so readily and rapidly compared with classical SISR method (which is based 
on 8x109 search points). From these reason, a novel elementary spatial expanding scheme is 
easily implemented for real works. 

 



           ◼          ISSN: 1693-6930 

TELKOMNIKA  Vol. 17, No. 5, October 2019:  2554-2560 

2560 

Acknowledgements  
The research project was funded by Assumption University. 
 
 

References  
[1] Jain AK. Fundamentals of Digital Image Processing. Englewood Cliffs: Prentice-Hall. 1989. 
[2] Gonzalez RC, Woods RE. Digital Image Processing. 2nd ed. Upper Saddle River: Prentice-Hall. 2002. 
[3] Abdulwahed MN, Ahmed AK, Underwater Image De-nosing using Discrete Wavelet Transform and 

Pre-whitening Filter. TELKOMNIKA Telecommunication Computing Electronics and Control. 2018; 
16(6): 2622-2629. 

[4] Ramadan ZM. Optimum Image Filters for Various Types of Noise. TELKOMNIKA Telecommunication 
Computing Electronics and Control. 2018; 16(5): 2458-2464. 

[5] Hendrawan Y, Sakti IM, Wibisono Y, Rachmawati M, Sutan SM. Image Analysis using Color  
Co-occurrence Matrix Textural Features for Predicting Nitrogen Content in Spinach. TELKOMNIKA 
Telecommunication Computing Electronics and Control. 2018; 16(6): 2712-2724. 

[6] Kang MG, Chaudhuri S. Super-Resolution Image Reconstruction. IEEE Signal Processing Magazine. 
2003; 20(3): 19–20. 

[7] Park SC, Park MK, Kang MG. Super-Resolution Image Reconstruction: A Technical Overview. IEEE 
Signal Processing Magazine. 2003; 20(3): 21–36. 

[8] Segall CA, Molina R, Katsaggelos AK. High-resolution Images from Low-Resolution Compressed 
Video. IEEE Signal Processing Magazine. 2003; 20(3): 37-48. 

[9] Rajan D, Chaudhuri S, Joshi MV. Multi-Objective Super Resolution Concepts and Examples. IEEE 
Signal Processing Magazine. 2003; 20(3): 49-61. 

[10] Ng MK, Bose NK. Mathematical analysis of super-resolution methodology. IEEE Signal Processing 
Magazine. 2003; 20(3): 62–74. 

[11] Park SC, Park MK, Kang MG. Super-resolution image reconstruction: a technical overview. IEEE 
Signal Processing Magazine. 2003; 20(3): 21-36. 

[12] Chaudhuri S, Taur DR. High-resolution slow-motion sequencing: how to generate a slow-motion 
sequence from a bit stream. IEEE Signal Processing Magazine. 2005; 22(2): 16-24. 

[13] Chen HM, Lee S, Rao RM, Slamani MA, Varshney PK. Imaging for concealed weapon detection: a 
tutorial overview of development in imaging sensors and processing. IEEE Signal Processing 
Magazine. 2005; 22(5): 16-24. 

[14] Patanavijit V. Tutorial of Image Reconstruction Based on Weighted Sum (WS) Filter Approach: From 
Single Image to Multi-Frame Image. AU Journal of Technology (AU J.T.). 2009; 13(2) : 75–86.  

[15] Patanavijit V. Super-Resolution Reconstruction and its Future Research Direction. AU Journal of 
Technology (AU J.T.). 2009; 12(3): 149–163. 

[16] Patanavijit V. Mathematical Analysis of Stochastic Regularization Approach for Super-Resolution 
Reconstruction. AU Journal of Technology (AU J.T.). 2009; 12(4): 235–244.  

[17] Patanavijit V. Computational Tutorial of Steepest Descent Method and Its Implementation in Digital 
Image Processing. ECTI E-magazine. 2013; 7(1). 

[18] Jeon BW, et al. Resolution Enhancement by Prediction of the High-Frequency Image Based on the 
Laplacian Pyramid. EURASIP Journal on Advances in Signal Processing (JASP). 2006: 1-11.  

[19] Burt P, Adelson E. The Laplacian pyramid as a compact image code. IEEE Transactions on 
Communication. 1983; 31(4): 532–540. 

[20] Li X, Orchard MT. New edge-directed interpolation. IEEE Transactions on Image Processing. 2001; 
10(10) : 1521–1527. 

[21] Biancardi A, Cinque L, Lombardi L. Improvements to image magnification. Pattern Recognition. 2002; 
35(3): 677–687. 

[22] Leu JG. Sharpness preserving image enlargement based on a ramp edge model. Pattern Recognition. 
2001; 34(10): 1927–1938. 

[23] Wang Q, Ward R. A contour-preserving image interpolation method. Proceedings 2003 International 
Conference on Image Processing (ICIP ’03). Barcelona. 2003; 3: 673–676. 

[24] Patanavijit V, Pirak C, Ascheid G. Experimental Performance Analysis of Image High-frequency image 
prediction reconstruction Based on the High-Frequency Image Prediction under Several Blurred and 
Noisy Environments. The IEEE International Symposium on Communications and Information 
Technologies (ISCIT 2013). Thailand. 2013. 

[25] Patanavijit V, Pirak C, Ascheid G. A Performance Impact of An Edge Kernel for The High-Frequency 
Image Prediction Reconstruction. The IEEE International Symposium on Communications and 
Information Technologies (ISCIT 2014). Incheon. 2014.  

[26] Black MJ, Rangarajan A. On the unification of line processes, outlier rejection, and robust statistics 
with applications in early vision. International Journal of Computer Vision. 1996; 19(1): 57-91.  


