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Abstract. 

Introduction. The modern technologies of virtual chromoendoscopy provide significant increase of diagnostic value 

of images considered by a doctor. The analysis of existing technologies shows that the existing solutions have signifi-

cant disadvantages. Some of them require a complex preliminary calibration of the equipment for operation. Others 

use global transformations, making impossible consideration of local tissues characteristics and so on. In general, 

nowadays the technology of virtual chromoendoscopy, which suits the majority of potential users – doctors, does not 

exists, and, therefore, there it is a field for research.  

Objective. Development of the method for virtual chromoendoscopy, with regard to disadvantages identified within 

the frames of carried out analysis of similar methods.  

Methods and materials. For implementation of the research were used open endoscopic image data-bases, by the instru-

mentality of which, as a result of modeling and experiment, were evaluated quality characteristics of the proposed method.  

Results. The new method of virtual chromoendoscopy. The main feature of the method is usage of nonlinear local 

transformation functions in transformation of RGB channels, as well as absence of calibration procedure for obtain-

ing the effect of virtual chromoendoscopy. The proposed method is completely based on the technology of digital im-

age processing and includes image brightness correction, which provides the possibility to obtain the necessary visual 

information both from very dark and overexposed fragments; image sharpening, contrasting small details and vessels.  

Conclusion. The expert assessment of the obtained results shows that the visual effect of the proposed method corre-

sponds, or in some cases, exceeds the visual effect of proprietary technologies of virtual endoscopy I-Scan and FICE. 
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ИССЛЕДОВАНИЕ И РАЗРАБОТКА МЕТОДОВ УЛУЧШЕНИЯ ЭНДОСКОПИЧЕСКИХ 

(МЕДИЦИНСКИХ) ИЗОБРАЖЕНИЙ 

Аннотация. 

Введение. Современные технологии виртуальной хромоэндоскопии призваны существенно повысить диа-

гностическую ценность предъявляемых врачу изображений. Анализ существующих технологий показыва-

ет, что имеющиеся решения не лишены значительных недостатков. Одни требуют для работы проведе-

ния сложной предварительной аппаратной калибровки, другие используют глобальные преобразования, не 

позволяющие учесть локальные особенности тканей, и т. д. В целом сейчас не существует технологии 

виртуальной хромоэндоскопии, устраивающей большинство потенциальных пользователей – врачей, а 

следовательно, есть поле для исследования.  

Цель работы. Разработка метода для виртуальной хромоэндоскопии с учетом недостатков, выявленных 

у аналогов в результате анализа.  

Методы и материалы. Для проведения исследований были использованы открытые базы данных эндо-

скопических изображений, с помощью которых в результате моделирования и эксперимента были оценены 

качественные характеристики предложенного метода.  

Результаты. Новый метод виртуальной хромоэндоскопии, главная особенность которого – использова-

ние нелинейных локальных функций трансформации при преобразовании RGB-каналов, а также отсут-

ствие процедуры калибровки для получения эффекта виртуальной хромоэндоскопии. Предложенный метод 

полностью основан на технологии цифровой обработки изображений, включает коррекцию яркости 

изображения, обеспечивающую возможность получения необходимой визуальной информации как из очень 

темных, так и из переэкспонированных фрагментов; повышение резкости изображения, подчеркивающее 

мелкие детали и сосуды.  

Заключение. Экспертная оценка полученных результатов показывает, что визуальный эффект предло-

женного метода соответствует, а в отдельных случаях и превосходит визуальный эффект проприетар-

ных технологий виртуальной эндоскопии I-Scan и FICE. 

Ключевые слова: виртуальная хромоэндоскопия, цифровая обработка медицинских изображений, не-

линейное контрастирование 
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Introduction. General information. Modern en-

doscopes play a significant role in diagnostics of gas-

trointestinal tract (GIT) diseases.  

The demand to ensure high accuracy of differen-

tiation of malignant tumors and manifestations of in-

flammatory processes during endoscopic examina-

tion stimulates development of new types of Image-

Enhanced Endoscopy (IEE) systems on the basis of 

modern optical and digital technologies [1], [2]. IEE 

provides the higher specificity of the lesion mor-

phology assessment by emphasizing the mucous 

membrane and capillaries microstructure. 

The leading technology of the IEE direction is 

chromoendoscopy, which includes the dye-based 

chromoendoscopy and the electronic chromoendos-

copy. 

Chromoendoscopy based on the use of dying so-

lutions is a technique that involves spraying of dyes 

harmless to human on the mucous surface of inter-

est. Application of the dye enhances visualization of 
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the microstructure and vascular formations of the ex-

amined tissue.  

Implementation of this technology requires only 

an aerosol catheter, which provides a relatively sim-

ple and economical method for the dye application. 

Despite these advantages, the use of solution-based 

chromoendoscopy for screening programs remains 

limited due to the lack of standardized research 

methods and techniques for the obtained images 

analysis. This limitation leads to the uncertainty in 

identification of the affected tissue. 

The electronic chromoendoscopy implements the 

increase of medical images diagnostic value by em-

phasizing by color of the features of the analyzed tis-

sues, mucous membranes or vessels based on optical 

and digital technologies. Nowadays, the electronic 

chromoendoscopy is implemented by the equipment 

for Narrow Band Imaging (NBI) [3] and Auto-

fluorescence Images (AFI) [4]. 

NBI technology is developed by the company 

"Olympus". The equipment for illumination "Olym-

pus" uses a backlight with a wavelength of 415 ± 15 

nm and 540 ± 15 nm. The choice of wavelength is 

stipulated with the absorption spectrum of hemoglo-

bin contained in the blood, due to which the vessels 

acquire a dark color against the background of pale 

surrounding tissue.  

AFI technology is based on detection of natural tis-

sue fluorescence stipulated by the presence of endoge-

nous fluorophores in them. After excitation with the 

short-wave light source the fluorophores emit light with 

a longer wavelength, causing differences in the auto-

fluorescence spectra of normal and affected tissues. 

The application of optical filters required for the 

implementation of these technologies increases the 

complexity of the hardware and power consumption 

of the endoscopic system [5]. The alternative direc-

tion is post-processing of images obtained in white 

light, with the aim of modeling by the using optical 

filter digital methods – virtual chromoendoscopy. 

The most well-known virtual chromoendoscopy 

technologies are: FICE (Fuji) [6], i-scan (PENTAX) [7], 

[8], SPICE SPECTRA (STOLZ) [9] and tri-scan [10]. 

The principle of FICE technology operation is 

based on the reconstruction of an image with a given 

wavelength from the RGB-coordinate values ob-

tained by the sensor in white light. The synthesis of 

the reconstructed image is carried out using a linear 

transformation matrix of color spaces. FICE can cre-

ate 300 types of spectral images with five different 

brightness and 60 different wavelengths in the range 

of visible light from 400 to 695 nm with a step of 

5 nm. The basis of this technology is a complex cali-

bration procedure using a spectrometer. The purpose 

of the calibration procedure is to identify the coeffi-

cients of color space transformation matrices. 

The i-scan technology uses a three-step proce-

dure of the image quality enhancement being 

formed: Surface Enhancement (SE), Contrast En-

hancement (CE) and Tone Enhancement (TE). In SE 

mode, the brightness of the pixels at the edges of the 

objects is changed. CE enhances the blue component 

of the color in the dark fragments of the endoscopic 

image to emphasize the thin vessels and the hetero-

geneity of the mucous membrane. In TE mode, the 

RGB image obtained in white light is decomposed 

into separate R, G and B channels. Each channel is 

modified using a non-linear global transformation, 

followed by tonal curves, after which a three-

component image is reconstructed. 

Similar to i-scan, tri-scan technology includes three 

steps: Tissue and Surface Enhancement (TSE), Mucosa 

Layer Enhancement (MLE) and Color Tone Enhance-

ment (CTE). TSE step uses a modified linear unsharp 

masking algorithm; in MLE step, the R-channel is con-

verted using the sigmoid function. In CTE step, the in-

tensity values of the pixels in each channel are distrib-

uted evenly to increase the color contrast. 

The well-known company in the field of televi-

sion endoscopic systems Karl Storz has developed 

the IMAGE1 S 4U hardware and software system, 

which includes elements of virtual chromoendoscopy 

[11]. The CLARA and CHROMA technologies in-

cluded in the complex are used for leveling the illu-

mination and enhancing the images contrast. In the 

SPIES SPECTRA B technology to increase the color 

contrast is used the color tone shift. 

The implemented analysis of the existing tech-

nologies of virtual chromoendoscopy shows that: 

– i-scan, tri-scan and SPIES SPECTRA B tech-

nologies use global transformations making impossi-

ble to consider the characteristics of each fragment of 

the image; 

– FICE and SPIES SPECTRA A technologies re-

quire a complicated procedure of preliminary equip-

ment calibration for selection of coefficients of the 

linear transformation matrix of color spaces. 

Additionally, it is important to note that i-scan, 

FICE and SPIES SPECTRA technologies are propri-

etary technologies of major manufacturing compa-

nies of the endoscopic equipment, which makes dif-

ficult to conduct a comparative study of the effec-
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tiveness and evaluation of the characteristics of the 

algorithms used. 

The two-step method of virtual chromoendos-

copy. Below is considered the method of virtual 

chromoendoscopy developed by the authors of the 

article, the features of which are the following: 

1. The possibility to process each channel of the 

original image obtained in white light by separate 

procedures, the main feature of which is the use of 

adaptive (local) nonlinear contrasting technology, 

while all known solutions use global transformations. 

Global transformation means transformation, the 

type and parameters of which are constant for all im-

age elements. In proposed local transformations, the 

parameters are set for each fragment of the image, 

depending on its features. Application of local algo-

rithms for endoscopic images is more effective in 

contrast to global ones. This fact is determined by the 

important feature of endoscopic images – the simul-

taneous presence of significant dark and light areas 

stipulated by difficult conditions for obtaining of en-

doscopic images. 

2. The absence of the calibration procedure to 

obtain the effect of virtual chromoendoscopy. 

The proposed method is completely based on 

digital image processing technology. 

In the image formed by the endoscopic camera, 

the R, G, B channels contain diverse in their spec-

trum responses from tissues located at different 

depths of the observed object. These responses de-

pend on the spectral sensitivity curves of the sensor. 

Experiments have shown that the mentioned diversi-

ty of the sensitivity provides displaying different spa-

tial elements [6]. Channel R contains exhaustive in-

formation about deep blood vessels and micro ves-

sels, including ones located in deep layers of the mu-

cous membrane. In channels G and B this infor-

mation is almost completely absent. Thus, the fea-

tures that are hardly noticeable in a white light image 

can be distinguished by improving the spatial charac-

teristics separately in each channel. The proposed 

method implements the separate processing of each 

channel, which provides selection of fine structures 

and enables to study the characteristics of tissues, 

features of the mucosa and anomalous structures 

with greater efficiency in contrast to study of original 

image obtained in white light. 

The developed method in the first step includes 

the contouring of vascular structures; in the second 

step – the tone correction, coloring of structural fea-

tures in the areas of tissues to be examined by a doc-

tor. Fig. 1 shows the structural scheme of the method. 

Visualization of blood vessels. At the first step of 

the virtual chromoendoscopy method, the R channel 

is modified using the multi-scale image contrast en-

hancement procedure (MSICE) [12]. 

The algorithm implements the contrast enhance-

ment based on the following nonlinear transfor-

mation functions: 

  
 

;
B A x

G x
A x





 (1) 

   ,
Ax

H x
A B x


 

 (2) 

0,  ,x B  ,  ,A B  

where х – input data; В – the maximum value of х (for 

images with a color representation of 8 bits per channel 

255 ;B   А – coefficient, regulating the type of 

transformation function;  – a set of real numbers. 

Varying of А provides obtaining of different non-linear 

curves and controls the conversion between the input 

value of х and the out-put value of the transformation 

function  G x  or  .Н x  The function  G x  in-

creases the value of the input data in accordance with 

the coefficient A, while the function  ,Н x  on contra-

ry, reduces the value of the input data. 

The basic idea of the transformation is the follow-

ing: for each pixel with the coordinates  ,  i j  of the 

original image, the difference between the value of 

its brightness ijY  and the average brightness of its 

surroundings ijS  should be increased. If the condi-

tion ,ij ijY S  is true, in order to increase the pixel 

 

Fig. 1. Block diagram of a two-step method  

of virtual chromoendoscopy 
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brightness and thus the difference between its bright-

ness and the average brightness of the cross-section 

area, is used the function  .G x  If ,ij ijY S  by func-

tion  Н x , the pixel brightness is reduced, also in-

creasing the difference between its brightness and the 

average brightness of the cross-section area. 

The average brightness value of the cross section of 

the pixel 
kijS

 
in the selected averaging zone with the 

diameter of k pixels is calculated as following: 

 
 2

1
.

2 1
k

j ki k

ij xy

y i k x j k

S Y
k



   




   (3) 

The value of the coefficient A determines the degree 

of the initial pixel brightness ijY
 
value change depending 

on the difference between ijY  and .
kijS  The small dif-

ference value should lead to a sharp change in the pixel 

brightness being processed to increase the local contrast. 

On the contrary, large values of the initial difference be-

tween the pixel brightness and the average brightness of 

a cross-section area cause slight changes, since the con-

trast in these cases is already sufficient. 

A nonlinear change of the coefficient A, as well as a 

combination of equations (1), (2) and (3), lead to the fol-

lowing resultant transformation function for nonlinear 

contrasting: 

 

 

 
 

 

, ;

Out ,  

, ;

k

k

k
k

K

k

K

ij ij ij

ij ij
ij ij ij

ij
ij ij ij

ij ij
ij ij ij

B A Y S Y
Y S

A Y S Y
Y S

A S Y Y
Y S

A S Y B Y

  
  

  
 




  

 

 
,  0;

,  1,  ,

M x
A x

M x x B


 
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where Out
kij  is the corrected brightness value of a 

pixel with coordinates  ,  i j  for the averaging zone 

of the diameter k; М is a constant that determines the 

degree of contrast. Small values of M lead to a ex-

pressed contrast, larger - to moderate one. Recom-

mended by the authors value for fluorescent images 

obtained from the experiments performed is 

5000.M   

The described procedure is implemented for the 

vicinity of three different cross-section areas; the fi-

nal result is obtained by averaging: 

1 2 3
Out Out Out

Out ,
3

k k kij ij ij
ij

 
  

where Outij  is the brightness value for a pixel with co-

ordinates  ,  .i j  The vicinity cross-sections are deter-

mined by the properties of the processed images. 

Three chosen spatial scales enable the influence 

on the lower, middle, and high image frequencies. 

Experimental studies have shown that for an image 

of 1024 × 768 size the reference point of pix-

els 1 110.k   The choice of this value as a reference 

point provides the opportunity to calculate the size of 

the averaging cross-section for other scales: 

2 1 2;k k  3 2 2.k k  

Tone correction. The second step of the proposed 

method involves a separate procedure for brightness and 

contrast characteristics correcting for each channel. At 

this step, authors propose to use Contrast Limited Adap-

tive Histogram Equalization (CLAHE) [13], [14]. 

The CLAHE algorithm is a development of His-

togram Equalization (HE) and Adaptive Histogram 

Equalization (AHE) equalization methods of the his-

togram. НЕ is a global method that implements the 

recalculation of the distribution of pixels brightness 

values for the entire image. The method increases the 

contrast over the entire image area, "stretching" from 

each other the most common brightness values in the 

histogram. Based on the method was proposed a lo-

cal AHE method. AHE generates a histogram and re-

distributes the brightness values for the fragments in-

to which the original image is pre-divided. 

The CLAHE algorithm differs from the usual 

AHE one by the histogram constraint on a predeter-

mined value found before calculating the distribution 

function. It has two key parameters: block size and 

histogram restriction level. 

In the proposed virtual chromoendoscopy method, 

the following CLAHE implementation is used. 

The original image is divided into non-overlapping 

blocks. Then each block is processed separately. 

Step 1. A luminance histogram of the block is 

formed and a restriction level CLN  is determined:  

CL clip avg ,N N N  

где clipN  – coefficient; 

 avg grayrx ryN N N N  
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where ,rxN  ryN  – the number of pixels horizontally 

and vertically, respectively; grayN  – the number of 

brightness levels in the analyzed fragment. 

If the number  regN i of block pixels in the 

brightness histogram, which have a brightness level 

i, is greater than CL ,N  the excess pixels are removed 

from this level and redistributed to other levels of the 

histogram. 

Step 2. Limitation of the luminance histogram. This 

step is represented by pseudo code, in which clN


 is 

the total number of pixels to be distributed; 

 reg_clH i is the number of pixels with the i-th level of 

brightness in the limited brightness histogram: 

 

 

 

   
 
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gray

reg CL
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cl cl reg CL

avg_gray cl gray

gray
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for 0,  ...,  1
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;

;
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;

N
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 

 
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 
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 

ay

reg CL
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;

else if  then

;

end if

end for;

H i N

H i N

H H N H i
 




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Step 3. The remaining after the step 2 pixels of a 

number of clH


 are iteratively redistributed accord-

ing to the brightness levels. The pseudo code corre-

sponding to this procedure is: 

 

   

cl

gray

reg_cl CL

reg_cl reg_cl

cl cl

while 0

for 0,  ...,  1

if  then

1;

1;

end if end for end while;

N

i N

H i N

H i H i

H H



 



 



 

 

 

Step 4. Transformation of the cumulative distri-

bution function of the limited brightness histogram 

of the block being processed according to the HE 

histogram equalization algorithm. 

After processing all the blocks, bilinear interpo-

lation is used to eliminate the boundary effect. 

The results of the experiment. Experimental 

verification of the proposed method was carried out 

using our own database of colposcopic images (more 

than 100) and the open Kvasir endoscopic image da-

tabase [15]. The Kvasir data set consists of 4000 im-

ages with different resolutions from 720 × 576 to 

1920 × 1072 pixels. 

The images are divided into eight classes repre-

senting different cases of pathology. The expressed 

representativeness of the original images (several 

types of endoscopic examinations and pathologies, 

various types of sensors with the help of which im-

ages were obtained, as well as several resolution op-

tions) made it possible to carry out an in-depth study 

of the proposed method, to evaluate its effectiveness 

under different conditions. Examples of image pro-

cessing using the proposed method are shown in 

comparison with the results of tri-scan, FICE and i-

scan processing in Fig. 2–4 respectively. 

To assess the image quality enhancement is used 

the Focus Value (FV) metric [16], representing the ra-

tio of discrete-cosine transformations corresponding to 

the energy of the constant component and the energy 

of the other components of the image. 

 

 a b c 

Fig. 2. Image processing by algorism tri-scan and proposed algorism: 

a – the original image; b – the result of processing by tri-scan algorithm; c – the result of processing by the proposed algorithm 
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Conclusion. The table below shows the results of 

the FV metric calculation, averaged for various classes 

of endoscopic images. According to the obtained esti-

mates it can be concluded that in all classes of images 

with different diagnoses from the Kvasir database, as 

well as on all images of the colposcopic image data-

base, the FV metric obtained after the application of the 

described algorithm increases at least twice in compari-

son with the original image. 

Experiments show that the proposed method im-

plements: 

– Correction of image brightness, providing the 

ability to obtain the required visual information from 

both very dark and overexposed fragments; 

– Sharpening the image, emphasizing small de-

tails and vessels. 

The expert evaluation of images obtained shows 

that the visual effect of the proposed method exceeds 

the result of tone correction using tri-scan, and also 

corresponds to or in some cases exceeds the visual 

effect of proprietary virtual endoscopy technologies 

i-scan and FICE. 
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