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Abstract

This paper presents the implementation of a method for image samples in-
terpolation based on a physical scanning model. It uses the theory to take 
digital image samples and to perform an implementation of such mecha-
nism through software. This allows us to get the appropriate parameters for 
²æØやıß̶ºØ±や̶ ß¬œıRª̶²ı©-や³±ı-ºや̶ や²°³-ª̶²ØŁや±̶ß¬œØ°や̶ °°̶-ºØßØ-²╆や5æØや±æ©¹-や
process copies the physical model of image acquisition in order to incorpo-
°̶²Øや²æØや°Ø®³ı°ØŁや±̶ß¬œØ±やŒ©°や²æØや̶ß¬œıRª̶²ı©-╆や5æı±や¬°©ªØ±±やı±や³±ØŒ³œやı-や²æØや
reconstruction of details in low resolution images and for images compres-
sion. The proposed method studies the conservation of high frequency in the 
æıºæや°Ø±©œ³²ı©-や¬œ̶-ØやŒ©°や²æØやºØ-Ø°̶²ı©-や©Œや²æØや̶ß¬œıRª̶²ı©-やøØ°-Øœ╆や"や-Ø¹や
way of direct application of the physical model for scanning images in 

analytic mode is presented.

Resumen 

Este trabajo muestra la aplicación de un método para la interpolación de muestras 
sobre una imagen basado en un modelo físico de digitalización de las mismas. Se 
utiliza la fundamentación teórica de muestreo de la imagen digital y se realiza una 
implementación de dicho mecanismo a través de un software. Esto permite obtener 
œ©±や ¬̶°ÀßØ²°©±や ̶ŁØª³̶Ł©±や ¬̶°̶や ̶ß¬œıRª̶°や œ̶±や ıßÀºØ-Ø±や ³²ıœı¾̶-Ł©や Øœや ̶°°Øºœ©や ŁØや
muestreo truncado. Se imita el procedimiento físico de obtención de la imagen y se 
ı-ª©°¬©°̶-やœ̶±やß³Ø±²°̶±や°Ø®³Ø°ıŁ̶±や¬̶°̶やœ̶や̶ß¬œıRª̶ªıŸ-╆や&±²Øや¬°©ªØ±©やØ±や1²ıœやØ-やœ̶や
reconstrucción de detalles de imágenes de baja resolución y para la compresión de las 
mismas. El método propuesto estudia la conservación de las altas frecuencias en el 
¬œ̶-©やŁØやß̶½©°や°Ø±©œ³ªıŸ-や¬̶°̶やœ̶やºØ-Ø°̶ªıŸ-やŁØœや-1ªœØ©やŁØや̶ß¬œıRª̶ªıŸ-や½や¬°Ø±Ø-²̶や
una nueva forma de aplicar directamente el modelo físico de escaneo de la imagen en 
modo analítico.

Descriptores: 

̋ interpolación

̋ reconstrucción de imágenes

̋ ampliación

̋ muestreo

̋ digitalización
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Introduction

This paper proposes a method for the construction of a 

¬³œ±Øやı-²Ø°¬©œ̶²ı©-やRœ²Ø°や¹ı²æやß̶¼ıß³ßや°Ø±¬©-±Øや̶ß-

¬œı²³ŁØや̶²やæıºæや±¬̶²ı̶œやŒ°Ø®³Ø-ªıØ±╆や5æı±や̶œœ©¹±や̶やÆØmØ°や
reconstruction of the details including the use of the 

ªæ̶°̶ª²Ø°ı±²ıª±や©Œや²æı±や²½¬Øや©Œや̶ß¬œıRª̶²ı©-やı-や©°ŁØ°や²©や
achieve linear phase response in the edge transitions of 

the high resolution image. The preservation of edge in-

formation in an accurate frequency range gives a har-

ß©-ı©³±や µı±³̶œや ØTØª²や ²©や ²æØや ıß̶ºØや ̶-Łや ¬°ØµØ-²±や ²æØや
Œ©°ß̶²ı©-や©ŒやÆœ©ªø±╆や5æı±や²½¬Øや©ŒやRœ²Ø°やı±や³±ØŁやı-や²æØや̶ ß-

¬œıRª̶²ı©-╇や ıß̶ºØや °Øª©-±²°³ª²ı©-や ̶-Łや ±ıß³œ²̶-Ø©³±œ½や
facilitates the compression process.

*-や ±©ßØや ̶¬¬œıª̶²ı©-±╇や ̶±や ̶-や ıß̶ºı-ºや ̶ß¬œıRØ°や Œ©°や
4¬̶ªØま.³œ²ı¬œØ¼ØŁや0¬²ıª̶œや5°̶-±ßı±±ı©-や〉0¾Ł³°やet al╆╇や
2012) it is necessary to focus/collimate the light beam to 

²æØやªØ-²Ø°や©Œや²æØやÆ³œøや̶ß¬œıRØ°やŒ°©ßや²æØやıß̶ºı-ºや±½±-
²Øß±や〉*4やｱや̶-Łや*4やｲ《や©Œや'ıº³°Øやｱや̶-Łや²æØ-や²©やª©³¬œØやÆ̶ªøや
²©や²æØや©³²¬³²やRÆØ°╆や5æØや̶ß¬œıRª̶²ı©-やØTØª²や©Œや²æØやÆ³œøや
could be seeing as the electrical output of a more dense 

̶-Łや±Ø-±ıÆœØや¬æ©²©やŁØ²Øª²©°や¾©-Øやı-²Øº°̶²ØŁや©µØ°や̶や¬Ø-

riod of time. During this period the light beam activates 

²æØや°Ø±©œ³²ı©-やªØœœ±╇や̶-Łや²æØ-や²æØや±ıß³œ̶²ı©-や©Œや̶や¬æ©²©や
ŁØ²Øª²©°や±̶ß¬œı-ºや¾©-Øやı±や³±ØŒ³œや²©や±ıß³œ̶²Øや²æØや̶ß¬œı-
Rª̶²ı©-やØTØª²±╆

The medical-image analysis requires an understan-

Łı-ºや©Œや±©¬æı±²ıª̶²ØŁや±ª̶--ı-ºやß©Ł̶œı²ıØ±╇やª©-±²°³ª²ı-ºや
ºØ©ßØ²°ıªや ß©ŁØœ±╇や Æ³ıœŁı-ºや ßØ±æØ±や ²©や °Ø¬°Ø±Ø-²や Ł©-

ß̶ı-±╇や ̶-Łや Ł©¹-±²°Ø̶ßı-ºや Æı©œ©ºıª̶œや ̶¬¬œıª̶²ı©-±╆や
5æØ±ØやŒ©³°や±²Ø¬±やŒ©°ßや̶-やıß̶ºØま²©まßØ±æや¬ı¬Øœı-Øや〉-Øµı-
ne et al╆╇やｲｰｱｲ《╆

The proposed method could be used as an edge-

preserving interpolation method after the denoise pro-

ªØ±±やŒ©°や-©ı±½やıß̶ºØ±╆や*-や±©ßØやª̶±Ø±や²æØやıß̶ºØやı±やR°±²や
ŁØª©ß¬©±ØŁや³±ı-ºや²æØやÆıœ̶²Ø°̶œやRœ²Ø°やı-²©や²æØやŁØ²̶ıœや̶-Łや
base layers which represent the small and large scale 

ŒØ̶²³°Ø±╇や °Ø±¬Øª²ıµØœ½╆や 5æØや ŁØ²̶ıœや œ̶½Ø°や ı±や ̶Ł̶¬²ıµØœ½や
smoothed to suppress the noise before interpolation 

and an edge-preserving interpolation method is applied 

²©やÆ©²æやœ̶½Ø°±╇やı²やı±やØTØª²ıµØや²©やØß¬œ©½やŁØ-©ı±ı-ºや¬°ı©°や
²©や²æØやı-²Ø°¬©œ̶²ı©-や〉+©-ºやet al╆╇やｲｰｱｰ《╆

4©ßØやßØ²æ©Ł±や ©Œや ı-²Ø°¬©œ̶²ı©-╇や œıøØや ²æØや ª³°µ̶²³°Øや
ı-²Ø°¬©œ̶²ı©-やßØ²æ©Łや〉$*.《╇や±²³Ł½や²æØやØŁºØやª©ß¬©±ı-
tion of the low resolution image to interpolate the cur-

µ̶²³°Øや²©や²æØやæıºæま°Ø±©œ³²ı©-やıß̶ºØやŁ©ß̶ı-╆や5æØや$*.や
constructs the high-resolution image by solving a linea-

°ı¾ØŁやª³°µ̶²³°ØやØ®³̶²ı©-╇や ı-ª©°¬©°̶²ı-ºや ²æØや ı-²Ø°¬©œ̶-

²ØŁやª³°µ̶²³°Øや̶±や̶-やØ¼¬œıªı²やŁ°ıµı-ºやŒ©°ªØや〉)̶ø°̶-やet al╆╇や
ｲｰｱｱ《╆や 0²æØ°や °Øº°Ø±±ı©-まÆ̶±ØŁや ıß̶ºØや ı-²Ø°¬©œ̶²ı©-や ̶œ-
º©°ı²æß±やæ̶µØやÆØØ-や¬°©¬©±ØŁやı-や²æØやœı²Ø°̶²³°Ø╇やı-や¹æıªæや
²æØや©ÆłØª²ıµØやŒ³-ª²ı©-±や̶°Øや©¬²ıßı¾ØŁやÆ½や©°Łı-̶°½やœØ̶±²や
±®³̶°Ø±や〉0-4《╆や)©¹ØµØ°╇やı²やæ̶±やÆØØ-や±æ©¹-や²æ̶²やı-²Ø°-
¬©œ̶²ı©-や¹ı²æや0-4やß̶½やæ̶µØや±©ßØや³-ŁØ±ı°̶ÆœØや¬°©¬Ø°-
ties from a robustness point of view: even small 

̶ß©³-²±や©Œや̶²½¬ıª̶œやµ̶œ³Ø±やª̶-やŁ°̶ß̶²ıª̶œœ½や̶TØª²や²æØや
Ø±²ıß̶²Ø±や〉-ı³やet al╆╇やｲｰｱｱ《╆

5æı±やı-µØ±²ıº̶²ı©-や²°ıØ±や²©やR-Łや²æØやœıßı²±や©Œや®³̶œı²½やı-や
the high resolution image. The curvature content in the 

high-resolution image domain is studied using classical 

²æØ©°½や °Ø±©³°ªØ±╆や"や °Ø±²°ıª²ØŁや ı-²Ø°¬©œ̶²ı©-や ±½±²Øßや ı±や
ß̶ŁØや¹ı²æや ±¬̶²ı̶œや ̶-Łや¹ı-Ł©¹やRœ²Ø°±や ı-や ©°ŁØ°や ²©や ı--

crease the high frequency content. The proposed me- 

thod constructs an interpolation kernel using the high 

frequency content at high-resolution image domain as 

̶-やØ¼¬œıªı²やŁ°ıµı-ºやŒ©°ªØやŒ©°や²æØやµ̶°ı̶²ı©-や©Œや²æØや̶ß¬œıR-

ª̶²ı©-やøØ°-Øœや¬̶°̶ßØ²Ø°±╆や8ı²æや²æı±や¬°©ªØ±±╇や²æØや©¬²ıß̶œや
œ©¹まæıºæや°Ø±©œ³²ı©-や¬̶ı°やı±やŒ©³-Łや³±ı-ºや²æØや̶ß¬œıRª̶-

²ı©-やøØ°-ØœやºıµØ-やÆ½や²æØや'©³°ıØ°や²°̶-±Œ©°ßや©Œや²æØや²°³--

ª̶²ØŁや ±̶ß¬œı-ºや ̶°°̶-ºØßØ-²や 〉1̶¬©³œı±╇や ｱｹｶｶ《╆や *-や ²æØや
¬°©ªØ±±やRœ²Ø°±や̶±や#³mØ°¹©°²æや 〉1°̶m╇やｲｰｰｱ《や̶-Łや$̶--½や
〉ｱｹｸｶ《や̶°Øや³±ØŁやı-や©°ŁØ°や²©やº³ıŁØや²æØやª©-±²°³ª²ı©-や©Œや²æØや
interpolation kernel and to raise the high frequency 

content in the high resolution image.

Image sampling system

In a physical image sampling system the sampling 

̶°°̶-ºØßØ-²や ±æ©³œŁやÆØや©ŒやR-ı²Øや Ø¼²Ø-²╆や5æØや ±̶ß¬œı-ºや
¬³œ±Ø±や̶ °Øや©ŒやR-ı²Øや¹ıŁ²æや̶ -Łや²æØやıß̶ºØやª̶-やÆØや±³Æや±̶ß-

¬œØŁや¹ı²æや±¬Øª²°̶œや©µØ°œ̶¬╆や#Øª̶³±Øや©Œや²æØ±Ø╇や±¬³°ı©³±や
spatial frequency components will be introduced into 

²æØや °Øª©-±²°³ª²ı©-╆や 5æı±や ØTØª²や ı±や ª̶œœØŁや ̶œı̶±ı-ºや Ø°°©° 
〉#°©¹-╇やｱｹｶｹ╉や)Øœß±や̶-Łや5æ©ß̶±╇やｱｹｶｲ《や̶-Łや²æØ°ØŒ©°Øや
ı²やı±や-ØªØ±±̶°½や²©やØ¼¬œ©°Øや²æØやª©-±Ø®³Ø-ªØ±や©Œや²æØや-©-ま
ideal sampling.

*-や²æØやØ¼̶ß¬œØや©Œや'ıº³°Øやｲ╇や̶や²æı-やÆØ̶ßや©Œやœıºæ²やº©Ø±や
through a photographic transparency of an ideal ima-

ºØ╆や1̶±±ı-ºやœıºæ²やı±やª©œœØª²ØŁやı-や̶やª©-ŁØ-±Ø°やœØ-±や̶-Łやı±や
sent directly to a photo detector. The electrical output 

from the photo detector is integrated over a period of 

time during which the light beam activates a resolution 

cell. In this type of system is considered that even lens 
Hkiwtg"30""Igpgtcn"uejgocvke"qh"vjg"kocikpi"cornkhkgt0"*OEH"cpf"
OOH"ctg"vjg"ownvkeqtg"cpf"ownvkoqfg"hkdgtu="KU"ku"vjg"kocikpi"
u{uvgo
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with perfect focus produces some blurring because of 

²æØやŁıT°̶ª²ı©-やœıßı²や©Œやı²±や©¬Ø-ı-ºや〉0‒/Øıœœ╇やｱｹｶｳ《╆
The sampled image is

* + * + * +, , ,? ©p IF x y F x y S x y やや や や 〉ｱ《

where the arrangement of samples is

( , ) ( , )
?/ ?/

? / F / FÂ ÂJ K

j J k K

S x y P x j x y k y やや や 〉ｲ《

̶-Łや ı±や ª©ß¬°ı±ØŁや ©Œや 〉ｲJや ┏や ｱ《や 〉ｲK + 1) identical pulses 

P〉x╇やy《や̶°°̶-ºØŁやı-や̶やº°ıŁや±¬̶ªı-ºや〉Łx╇やŁy). Symmetrical 

œıßı²±や©Œや±³ßß̶²ı©-や̶°Øやªæ©±Ø-╇やŒ©°や-©²̶²ı©-̶œや±ıß¬œıªı-
²½╇や¹Øや̶±±³ßØや²æ̶²や²æØや±̶ß¬œı-ºや¬©ı-²±や̶°Øや±ª̶œØŁ╆

 ( , ) 1
¢ ¢
/¢ /¢ ?Ð Ð P x y dxdy や や や 〉ｳ《

'©°や ¬³°¬©±Ø±や ©Œや ̶-̶œ½±ı±や ı²や ı±や ̶±±³ßØŁや ²æ̶²や ²æØや ±̶ß-

¬œı-ºや Œ³-ª²ı©-や ı±や ºØ-Ø°̶²ØŁや Æ½や ̶や R-ı²Øや ̶°°̶½や ©Œや%ı°̶ªや
deltas DT〉x╇やy《や¬̶±±ı-ºや²æ°©³ºæや̶やœı-Ø̶°やRœ²Ø°や¹ı²æやıß-

pulse response P〉x╇やy) then

( , ) ( , ) ( , )? ,TS x y D x y P x y や や や 〉ｴ《

 

( , ) ( , )f
?/ ?/

? / F / FÂ ÂJ K

T

j J k K

D x y x j x y k y やや 〉ｵ《

Taking Equations 1 and 2 yields

* +( , ) , ( , )
?/ ?/

? F F / F / FÂ ÂJ K

P I

j J k K

F x y F j x k y P x j x y k y や や 〉ｶ《

The spectrum of the sampled image is given by

2

1
( , ) ( , ) ( , ) ( , )

4r
Ã Ô Ç ×? , ©Ä Õ É ÚÅ ÖP x y x y T x y x yF w w F w w D w w P w w や 〉ｷ《

where P〉wx╇やwy《やı±や²æØや'©³°ıØ°や²°̶-±Œ©°ßや©ŒやP〉x╇やy).

5æØや'©³°ıØ°や²°̶-±Œ©°ßや©Œや²æØや²°³-ª̶²ØŁや±̶ß¬œı-ºや̶°°̶--

ºØßØ-²や〉1̶¬©³œı±╇やｱｹｶｶ《やı±

1 1
sin sin

2 2
( , )

sin .sin
2 2

Ê Û Ê ÛÃ Ô Ã Ô- ©F © - © FË Ü Ë ÜÄ Õ Ä ÕÅ Ö Å ÖÌ Ý Ì Ý? F FÊ Û Ê Û© ©Ë Ü Ë ÜÌ Ý Ì Ý

x y

T x y

x y

w j x w k y

D w w
x y

w w

や 〉ｸ《

5æı±やŒ³-ª²ı©-╇やØµ̶œ³̶²ØŁや̶²や²æØやœıßı²やŒ©°やœ̶°ºØやµ̶œ³Ø±や©ŒやJ 
and K╇やı±やª©-µØ°²ØŁやı-²©や̶-や̶°°̶½や©Œや%ı°̶ªやŁØœ²̶±╆

*-や̶-やıß̶ºØや°Øª©-±²°³ª²ı©-や±½±²Øß╇や̶-やıß̶ºØやı±や°Ø-

constructed by interpolation of their samples. The in-

terpolation waveforms selected as Sine function or 

#Ø±±ØœやºØ-Ø°̶œœ½やØ¼²Ø-Łや©µØ°や²æØやØ-²ı°ØやRØœŁや©Œや²æØやıß̶-

ºØや〉1°̶m╇やｲｰｰｱ《╆や *Œや ²æØや̶°°̶-ºØßØ-²やı±や̶やŁı±ª©-²ı-³©³±や
±̶ß¬œı-º╇や ²æØや °Øª©-±²°³ª²ØŁや ıß̶ºØや¹ıœœや Œ̶ıœや-Ø̶°や ²æØı°や
ØŁºØ±╆や )©¹ØµØ°╇や ²æØや Łı±²̶-ªØや Ø°°©°や ı±や -ØºœıºıÆœØや ı-や
̶Æ©³²やｸや²©やｱｰや±̶ß¬œØ±や©Œや/½®³ı±²や〉"Æ°̶ß̶²ıªや̶-Łや'̶³-

ºØ°̶±╇やｱｹｸｲ《╆

Modeling the interpolation system

In modeling the system a test image is taken for ampli-

Rª̶²ı©-やÆ½や¬³œ±Ø±やı-²Ø°¬©œ̶²ı©-╆や5æØや̶ıßやı±や²©や̶ªæıØµØや̶や
-Ø¹やæıºæØ°や°Ø±©œ³²ı©-やıß̶ºØやª©-²̶ı-ı-ºや²æØやæıºæØ±²やR-

delity with the original image. The process does not 

ª̶³±Øや¬ı¼Øœ±やÆœ©ªøやØTØª²や̶-Łやß̶ı-²̶ı-±や ²æØやª©-²ı-³ı²½や
©Œや ¬æ̶±Øや ı-や ²æØや '©³°ıØ°や ²°̶-±Œ©°ßや ©Œや ²æØや °Ø±³œ²╆や 5æı±や
allows a smooth visual path. It contains the details in 

œ©¹まŒ°Ø®³Ø-ª½や̶°Ø̶±や̶-ŁやŒ̶ªıœı²̶²Ø±や²æØやª©ß¬°Ø±±ı©-╆や"や
ª©-µ©œ³²ı©-や øØ°-Øœや 〉"Æ°̶ß̶²ıªや ̶-Łや '̶³ºØ°̶±╇や ｱｹｷｸ╉や
1°̶mやet al╆╇やｱｹｸｲ╉や"Æ°̶ß̶²ıªや̶-Łや'̶³ºØ°̶±╇やｱｹｸｲ《やı±やºØ-Ø-

°̶²ØŁや Æ½や ²æØや '©³°ıØ°や ²°̶-±Œ©°ßや©Œや ²æØや ²°³-ª̶²ØŁや ±̶ß-

¬œı-ºや̶°°̶-ºØßØ-²や〉ｸ《╆
The space of the band limited functions in the fre-

quency range              is ±¬̶--ØŁやÆ½や²æØやı-R-ı²Øや〉½Ø²や
countable) set of sine functions shifted by integers. 

5æ³±や̶-½や±³ªæやÆ̶-Łやœıßı²ØŁやŒ³-ª²ı©-やº〉²《やª̶-やÆØや°Øª©-±-
tructed from its samples at integer spacing.

] _,y r rŒ /

Hkiwtg"50""Uejgog"qh"vjg"kpvgtrqncvkqp"hwpevkqp."qpn{"qpg"
eqqtfkpcvg

Hkiwtg"40""Uejgog"qh"vjg"rj{ukecn"oqfgn"uecppkpi"cp"kocig."
vcmgp"htqo"*Rtcvv."4223+
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( ) ( ) sin ( )
?¢

?/¢
? © /Ân
n

g t g n c t n や や や 〉ｹ《

&®³̶²ı©-±や〉ｷ《や̶-Łや〉ｹ《や½ıØœŁ

やややややや〉ｱｰ《

/©¹やª©-±ıŁØ°や̶や±¬̶²ı̶œやœı-Ø̶°や©¬Ø°̶²©°や }’O © that produ-

ces an output image array

* + * +} ’1 2 1 2, ,?Q m m O F m m や や や 〉ｱｱ《
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'ıº³°Ø±やｷや̶-Łやｱｰや±æ©¹やæ©¹や̶やœ©±±や©Œや²æØやæıºæやŒ°Ø®³Ø-ª½や
content occurs. The application of the interpolation ker-

-Øœや ¹ı²æや ²æØや #³mØ°¹©°²æや Rœ²Ø°や º³ıŁØや ¬°©Ł³ªØ±や ²æı±や
ØTØª²╆や5æı±やRœ²Ø°やŁ©Ø±や-©²やºıµØや²æØやß̶¼ıß³ßやµ̶œ³Ø±や©Œや
frequency of contour information. 

5æØや$̶--½やßØ²æ©ŁやR-Ł±やØŁºØ±やÆ½や œ©©øı-ºや Œ©°や ²æØや
œ©ª̶œやß̶¼ıß³ßや©Œや²æØやıß̶ºØやº°̶ŁıØ-²╆や5æØやº°̶ŁıØ-²やı±や
ª̶œª³œ̶²ØŁや³±ı-ºや²æØやŁØ°ıµ̶²ıµØや©Œや̶や(̶³±±ı̶-やRœ²Ø°╆や5æØや
method uses two thresholds to detect strong and weak 

ØŁºØ±╇や̶-Łやı-ªœ³ŁØ±や²æØや¹Ø̶øやØŁºØ±やı-や²æØや©³²¬³²や©-œ½や
if they are connected to strong edges. This method is 

therefore less likely than the others to be deceived by 

-©ı±Ø╇や̶-Łやß©°ØやœıøØœ½や²©やŁØ²Øª²や²°³Øや¹Ø̶øやØŁºØ±╆

や や や や や ややややややややややややややや〉ｳｰ《
 

The classical separable sine impulse response function 

̶°°̶½や〉1°̶m╇やｲｰｰｱ《やı±
$©ß¬̶°Ø╇やı-や'ıº³°Øやｱｳ╇や²æØや°Ø±³œ²±や©Œや²æØや±ı-Øや±Ø¬̶°̶-

ÆœØやı-²Ø°¬©œ̶²ı©-や〉ｳｰ《や̶ -Łや²æØや̶ ¬¬œıª̶²ı©-や©Œや²æØやıß¬³œ±Øや
°Ø±¬©-±ØやŒ³-ª²ı©-や̶°°̶½や〉ｲｰ《や°Ø±²°ıª²ØŁやÆ½や²æØや$̶--½やRœ-
²Ø°や©µØ°や²æØやR°±²やª©œ³ß-や©Œや²æØやæıºæや°Ø±©œ³²ı©-やıß̶ºØ╆
'ıº³°Øやｱｱや ±æ©¹±や ²æØや¬Ø°ı©Łıªı²½や ̶-Łや ²æØや¬Ø̶ø±や³±ØŒ³œや
Œ©°や²æØや̶ ß¬œıRª̶²ı©-╆や5æØやß̶¬や©ŒやRº³°Øやｱｲやæ̶±やœ©ª̶œı¾ØŁや
̶や¾©-Øや¹æØ°ØやØ¼ı±²や̶やß̶¼ıß³ßやµ̶œ³Øや©Æ²̶ı-ØŁやŒ°©ßや²æØや
5̶ÆœØやｲ╇や¹ı²æやco = 10 and incや└やｰ╆ｵ╆や'ıº³°Øやｱｴや±æ©¹±やæ©¹や
the high resolution image maintains the original con-

²°̶±²╆や5æı±やRº³°Øやæ̶±やÆØmØ°やª©-±Ø°µØŁやª©-²©³°やı-Œ©°ß̶-

tion than the one obtained with the classic interpolation 

³±ı-ºや²æØやıß¬³œ±Øや°Ø±¬©-±ØやŒ³-ª²ı©-や̶°°̶½や〉ｳｰ《╆
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*-や'ıº³°Øやｱｵ╇や̶-やı-²ØºØ°や-³ßÆØ°やß³œ²ı¬œıØ°やı±や³±ØŁやı-や
order to construct a more dense mesh of the interpola-

²ı©-やøØ°-Øœや〉ｲｰ《╆や5æØや¬̶°̶ßØ²Ø°±やı-や5̶ÆœØやｲやŒ©°や²æØやß̶¼ı-
mum high frequency response in the high resolution 

image are used.

*-や²æØやª̶±Øや©Œや'ıº³°Øやｱｵ╇やŒ°©ßやØ®³̶²ı©-や〉ｱｵ《

13 (1.1 ' 0.5 10)? © © - ©xL J

"-ŁやŒ°©ßやØ®³̶²ı©-や〉ｱｶ《

13 (1.1 ' 0.5 10)? © © - ©yL K

Discussion and analysis of results

The investigation shows the main aspects of the inter-

¬©œ̶²ı©-や¹ı²æや°Ø±²°ıª²ı©-やŒ©°や²æØや̶ß¬œıRª̶²ı©-╆や'©°やı-±-
²̶-ªØ╇や¹æıªæや ı±や ²æØや º©̶œや ı-や ²æØや ̶ß¬œıRª̶²ı©-や¬°©ªØ±±′や
8æ̶²やRœ²Ø°やª©³œŁやÆØや²æØやº³ıŁØやŒ©°や²æØや¬̶°̶ßØ²Ø°±やı-や²æØや
construction of the response impulse function or ampli-

Rª̶²ı©-やøØ°-Øœ′や5æØや#³mØ°¹©°²æやRœ²Ø°や²̶øØ±やı-やª©-±ıŁØ-

°̶²ı©-や ̶や °̶-ºØや ©Œや æıºæや Œ°Ø®³Ø-ªıØ±╇や ı-や ²æØや ª̶±Øや Œ©° 
Fxや└やｵや¬ı¼Øœ±╇やÆ³²や²æØやß̶ı-や²°©³ÆœØやı-や²æØやı-²Ø°¬©œ̶²ı©-やı±や
²æØやª©-²©³°やª©-±Ø°µ̶²ı©-や©°やæıºæやŒ°Ø®³Ø-ªıØ±╇や ²æ̶²や̶°Øや
just over r╆や5æØや°Ø±³œ²±や©Œや̶ß¬œıRª̶²ı©-やº³ıŁØやÆ½や#³²-
terworth give possible combination of parameters for 

Ø®³̶²ı©-±や〉ｱｵ《や̶-Łや〉ｱｶ《やı-や̶や°̶-ºØや©ŒやŒ°Ø®³Ø-ªıØ±╆や*-や©°-
ŁØ°や²©やæ̶µØやÆØmØ°や°Ø±³œ²±や ı²や ı±や-ØªØ±±̶°½や²©や³±Øや̶やRœ²Ø°や
directly related with the contour information of the 

image. The edge detectors are developed with a robust 

ª̶¬̶ªı²½やŒ©°や ²æØやŁØ²Øª²ı©-╆や0-ØやŒ̶ß©³±やŁØ²Øª²©°や ı±や ²æØや
$̶--½やRœ²Ø°や〉$̶--½╇やｱｹｸｶ《╆5æØ-や²æØやæıºæやŒ°Ø®³Ø-ªıØ±や©Œや
the interpolation output are related to the impulse res-

¬©-±ØやŒ³-ª²ı©-や̶°°̶½や³±ı-ºや²æØや$̶--½やRœ²Ø°╆や8ØやŒ©³-Łや
the adequate parameters inc and co in order to make the 

ı-²Ø°¬©œ̶²ı©-やøØ°-Øœ╇や ı-ª°Ø̶±Øや ²æØやæıºæや Œ°Ø®³Ø-ª½やª©--

tent in the high resolution image.

0²æØ°や̶±¬Øª²やı±や²æØやª©-²°©œや©Œや²æØやª©©°Łı-̶²Ø±や©Œや̶ß-

¬œıRª̶²ı©-や©Œや²æØやRœ²Ø°╆や*²やı±や±æ©¹-やı-や'ıº³°Ø±やｶや©°やｸやæ©¹や
¬Ø°ı©Łıªı²ıØ±やØ¼ı±²やı-やØ̶ªæやinc row. The argument of the 

sine components of the impulse response function 

̶°°̶½やı-やŒ³-ª²ı©-や〉ｲｰ《や̶°Øや-Ø̶°やrのｲや¹ı²æや²æØやØ¼¬œ©°̶²ı©-や
parameters incや└やｰ╆ｴや̶-Łやco = co0 + n ゃやｵやŒ©°や²æØやª©-²©³°や
ı-²Ø°¬©œ̶²ı©-╆5æØや̶ß¬œıRª̶²ı©-や±³ı²ØŁや³-ŁØ°や ²æı±や ª©--

Łı²ı©-や²̶øØ±や²æØやŁıßØ-±ı©-±やŁØ±ı°ØŁや³±ı-ºや〉ｱｵ《や̶-Łや〉ｱｶ《╆や
'ıº³°Øやｱｰやı±や̶-やØ¼̶ª²や̶ß¬œıRª̶²ı©-や²©や²æØや¬°Øªı±Øやª©©°Łı-
-̶²Ø±╆や#³²や²æı±や¬°©ªØ±±やºıµØ±やœ©±±Ø±や¹ı²æや²æØやº³ıŁØや©Œや²æØや
#³mØ°¹©°²æやRœ²Ø°╆や8æØ-やª©-²°©œœı-ºや²æØや̶ ß¬œıRª̶²ı©-やı²や
ı±や ¬°ØŒØ°̶ÆœØ╇や Œ©°や ²æØや ª©-±Ø°µ̶²ı©-や ©Œや æıºæや Œ°Ø®³Ø-ª½や
ª©-²Ø-²や ı-や ²æØや æıºæや °Ø±©œ³²ı©-や ¬œ̶-Ø╇や ²©や R-Łや ̶や œ©ª̶œや
ß̶¼ıß³ßや³±ı-ºや ²æØや$̶--½やRœ²Ø°╆や"や¹æ©œØや-³ßÆØ°や ı±や
used as multiplier to increase the interpolation kernel 

ŁıßØ-±ı©-±╆や"-©²æØ°やıß¬©°²̶-²や²©¬ıªやı±や²æØやª©ß¬̶°ı±©-や
applying the classical separable sine impulse response 

Œ³-ª²ı©-や ̶°°̶½や 〉ｳｰ《や ̶-Łや ²æØや ı-²Ø°¬©œ̶²ı©-や °Ø±³œ²±や¹ı²æや
²æØやıß¬³œ±Øや°Ø±¬©-±ØやŒ³-ª²ı©-や̶ °°̶½や〉ｲｰ《やª©-±²°̶ı-ØŁやÆ½や
²æØや -ØıºæÆ©°や ŁØ²Øª²©°や Rœ²Ø°や $̶--½や ²½¬Ø╆や *²や ı±や ±æ©¹-や
æ©¹や²æØや°Ø±²°ıª²ı©-やı-ª°Ø̶±Ø±や²æØや°̶-ºØや©Œや²æØや¬ı¼Øœ±やµ̶-

lues doing a contribution to the high frequency conser-

vation in the high resolution plane. In the last case it is 

̶-̶œ½¾ØŁやæ©¹や²æØやº³ıŁØや©Œや$̶--½やı±や³±ØŒ³œや²©やª©-±²°³ª²や
an interpolation kernel in order to obtain a very high 

°Ø±©œ³²ı©-やıß̶ºØや²̶øı-ºや©-œ½やß̶¼ıß³ßやœ©ª̶œやµ̶œ³Ø±やı-や
̶や°̶-ºØ╆や5æØや¬̶°̶ßØ²Ø°±╇や¹æØ-や²æØやæıºæやŒ°Ø®³Ø-ª½やª©--

²Ø-²やı-ª°Ø̶±Ø±╇や°Ø¬°Ø±Ø-²や²æØや̶ŁØ®³̶²Øや̶ß©³-²や©Œや±̶ß-

pler components in the impulse response array S〉x╇やy) 

©ŒやØ®³̶²ı©-や〉ｱ《やŒ©°や²æØやı-²Ø°¬©œ̶²ı©-╆や5æØや±̶ß¬œØ°やª©ß-

ponents are more numerous than the samples of the 

©°ıºı-̶œやıß̶ºØやŒ©°や²æØやı-²Ø°¬©œ̶²ı©-╇やÆ³²や²æØや¬©±ı²ı©-や©Œや
²æØ±Øや̶°Øやı-や²æØや̶ª²ıµØや¾©-Øや©Œや²æØや°Ø±©œ³²ı©-やªØœœや©Œや²æØや
physical scan model and consequently over the valid 

µ̶œ³Ø±や©Œや²æØや¬ı¼Øœ±やı-や²æØや©°ıºı-̶œやıß̶ºØや̶-Łや-©²やÆØ²-
ween. Then the interpolation kernel increases by a 

whole number multiplier for the adequate parameters 

Amp╇やinc and coやºıµı-ºや̶やæıºæやŒ°Ø®³Ø-ª½やß̶¼ıß³ßやı-や̶-や
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co inc=0.1 inc=0.2 ı-ª└ｰ╆ｳ ı-ª└ｰ╆ｴ ı-ª└ｰ╆ｵ
  1 ｱｲｰｶｵ ｱｲｶｳｶ ｱｱｳｳｵ   1002 ｱｱｶｸｷ
  2 ｱｲｵｶｱ やややｹｴｶ ｱｳｰｸｴ ややｱｳｸｲ ｱｲｸｶｴ
ややｳ ｱｱｰｹｱ ｱｲｹｰｱ ｱｱｸｶｱ ｱｲｴｶｶ ｱｲｲｷｳ
ややｴ ややややｹｴｸ ｱｱｶｸ ｱｲｲｰｶ ｱｲｳｲｰ ｱｲｴｲｱ
ややｵ ｱｱｲｶｷ ｱｲｶｳｵ ｱｲｱｳｸ ｱｲｴｲｱ ｱｱｴｷｹ
ややｶ ｱｱｷｲｸ ｱｲｲｲｶ ｱｱｹｲｴ ややややｹｱｸ ｱｲｷｶｶ
ややｷ ｱｱｹｰｸ ｱｱｷｶｶ ｱｲｲｶｷ ｱｱｶｶ ｱｲｲｵｵ
ややｸ ややｱｰｵｸ ｱｲｱｲｷ ややややｹｴｳ ｱｲｴｴｵ ｱｲｴｳｸ
ややｹ ｱｱｷｸｴ ｱｱｸｵｶ ｱｲｱｶｳ ｱｲｳｲｳ ｱｱｵｴｱ
10 ｱｲｴｱｴ ｱｲｲｲｵ ｱｲｶｵｴ ｱｲｴｱｶ ｱｲｸｷｱ
11 ｱｱｹｸｴ ｱｲｶｱｰ ｱｲｱｲｴ ややややｹｷｱ ｱｲｳｱｴ
12 ｱｲｰｹｷ やややｹｳｰ ｱｲｲｰｸ ｱｱｴｷ ｱｲｴｵｷ
ｱｳ ｱｱｹｸｶ ｱｲｸｷｱ ｱｲｲｳｲ ｱｲｵｱｱ ｱｱｵｷｸ
ｱｴ ｱｱｷｲｰ ｱｰｵｷ ｱｲｵｹｴ ｱｲｳｵｰ ｱｲｸｲｴ
ｱｵ ｱｲｰｱｷ ｱｲｶｰｳ ｱｱｳｷｶ ｱｲｴｲｵ ｱｲｴｰｲ
ｱｶ ｱｲｰｷｴ ｱｲｱｳｰ ややｱｰｷｶ ややややｹｲｵ ｱｲｴｲｲ
ｱｷ ｱｱｹｴｹ ｱｱｷｲｹ ｱｲｱｸｶ ややｱｰｶｳ ｱｱｶｰｸ
ｱｸ ｱｱｸｵｶ ｱｲｱｰｳ ｱｱｸｱｶ ｱｲｲｵｲ ｱｲｸｵｲ
ｱｹ ｱｲｱｷｱ ｱｱｸｳｶ ｱｲｱｷｸ ｱｲｳｵｴ ｱｲｲｷｳ
20 ｱｲｲｲｵ ｱｲｲｶｶ ｱｲｴｲｵ ｱｲｴｲｲ ｱｲｴｲｸ
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initial range. Using this mode we obtained a very high 

resolution image. The high frequency content in the 
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