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1. Introduction 

In surgery, minimally invasive techniques (MIT) are generally safer than open surgery and typically faster recovery. 

This biological photographic surgery has increased interest in LED-based treatments. LEDs have now become essential 

in medical and dental technology. But the demands placed on these devices are extreme. Minimal size, large and 

application-specific colour rendering index, efficient temperature control, usability, and excellent disinfection 

opportunities are all important. 

An endoscopy is a process where the doctor uses specialized instruments to look and operate on the body's internal 

parts like organs and vessels. It allows experts to view disease within the body without making a large body cut. 

Endoscopy surgery requires an average of 45 minutes. It involves the use of an external illumination source. Considering 

intense illuminance and colour rendering index (Ra) greater than 95, Xenon, Halogen, and Metal halide lamps are recently 

used as an illumination source in minimally invasive techniques. These sources emit a broad visible frequency spectrum, 

Abstract: The minimally invasive surgery uses a small instrument with camera and light to fit the tiny cut in the 

skin. The selection of the light depends on the power and driving current of the circuit. It can also help in the 

standardization of the camera and capture the tissues' true-colour image. This paper presents the LED source analysis 

used in the clinical endoscopes for surgery and the human body's medical examination. Initially, a LED source 

selection mechanism generating intense illuminance in a visible band is proposed. A low-cost prototype model is 

developed to analyze the wavelength and illuminance of three different LEDs types. An effect on variation in LED 

illumination is investigated by changing the distance between the Borescope and LED source. True-colour image 

generation and tissue contrast are more important in medical diagnostics. Therefore, a sigmoid function improving 

the whole contrast ratio of the captured image in real-time is presented. The results of spectrum and wavelength for 

a current variation are presented. Type 3 LED produces higher illumination (i.e., 395 Klux) and peak wavelength 

(i.e., 622.05 nm) than other LEDs, while type-2 LED has better FWHM for the blue colour spectrum. The 

modification in the sigmoid function enhances the image with 34.25 peak PSNR producing a true-colour image. 

 

Keywords: Light emitting diode, spectrum analysis, endoscopy, contrast enhancement 

http://penerbit.uthm.edu.my/ojs/index.php/ijie


Hiren Mewada et al., International Journal of Integrated Engineering Vol. 14 No. 4 (2022) p. 262-275 

263 
 

producing natural colours like daylight. Sometimes, filters are also incorporated to keep the desired wavelength from the 

source. However, a traditional lighting system generates heat, resulting in energy wastage and a short lifespan. 

Nowadays, LEDs are replacing the Xenon lamps in medical devices due to their inherent advantages like small in 

size, less in cost, energy efficiency, robustness, and can be calibrated in the visible range for their spectral emission [1].  

Wehby et al. [2] presented a design of 100 watts LED source for medical endoscopy. They simulated their model in 

MATLAB, but physical implementation is not done yet. Traditional endoscopy is costlier, and the high cost of endoscopy 

may limit its use in under-development countries. Therefore, a portable, self-contained LED source is designed [3]. They 

distributed this device among urologists, and from the feedback of the urologist, an analysis is presented to use low-cost 

portable equipment in surgery. Furthermore, efficacy comparison of blue light imaging using an LED light source and 

LASER light source for early gastric cancer diagnostic was presented in [4]. They concluded that imaging obtained using 

blue light of LED provided better visualization and was not inferior to LASER.  

A laparoscopic system was developed by Mueller et al. [5]. They evaluated this system using traditional imaging 

systems. They replaced the expensive fiber optic with the small size of LED, and the CMOS detector is used for imaging. 

They performed thermal testing and image quality evaluation. The thermal testing was done at the interval of 10 min over 

a 90 min period, and they observed that it does not exceed 48oC of temperature. Siqueira et al. [6] presented an integrated 

approach for light control in video laparoscopy. They developed a device controlling the LED light where up to 450 lm 

intensity was obtained with daylight LED and up to 672 lm intensity was obtained using white light LED.   

An algorithm using encoded LED light to display ureter position was presented in [7]. The image was captured using 

an encoded LED and processed further using the monochrome channel filtering method to make it more precise and 

succeeded with 92.04% region. The LED endoscope was compared with the LASER endoscope in [8]. They used 

ELUXEO, BL-7000 and VP-7000 LED sources in the experiment. They observed that LED is better than LASER for 

colour difference value, and LED without image magnification performed better than LASER without magnification. 

McCallum and Iyer [9] studied the effect of light intensity in endoscopic image quality. They experimented using L9000 

LED light source and X800 Xenon Light source to capture ear images. They varied the light intensities in the range of 

10%, 30%, 50% and 100% and captured images of the same operative region for 20 patients. They observed that image 

quality is less concerned with intensity, but reducing the diameter of the light source can reduce the tip temperature. 

Therefore, a change of light source can help to reduce the temperature.    

Natural colour generation in the captured image/video is crucial for medical surgery. The study suggests that LED 

light is more prominent than LASER light. However, the thermal effect and imaging quality highly depend on the efficacy 

of the LED source. Therefore, the selection of light plays a critical role in the diagnostic process. This paper presents the 

study of three different LED sources (a) Type 1 LED: SBM-40 LED [10] (b) Type 2 LED: Cree XLamp®XP-L® Colour 

LED [11] (c) Type 3 LED: OSRAM OSLON® SSL 80 [12]. Later, an image processing algorithm is presented to increase 

the contrast of an image. The sigmoid function is used prominently in the image processing area to enhance the scene, 

image, or object of interest. The least computation cost with better enhancement makes real-time image processing 

requirements favourable. Therefore, the proposed method enhances global contrast in real-time using a sigmoid function. 

 

2. Materials and Experimental Method 

The basic requirements for the MIT are as follows: It requires a small distal tip diameter as far as possible. The end 

tip should be flexible to cover the large area inside the body. Light sources should consume low power and have high 

illumination with low heat dissipation. The initial challenge for the LED light source in the endoscopy was the LED light 

coupling to fiber optic cable. A collimating lens was inserted between the LED source and the fiber to increase the light 

coupling efficiency [13]. If LED is integrated into the endoscope's tip, the whole luminous flux is available for 

illumination. However, the LED's petite size does not provide the thermal dissipation of heat, and it is necessary to 

prevent the heating of the tip. Therefore, heat pipes were incorporated by Brugemann [14] with LED to lower the 

temperature. This section presents the study on LED sources and camera sensors used in the endoscopy. Initially, the 

requirement from the LED sources in connection with an endoscope is introduced. Then for the selected LEDs, the 

detailed experimental method is described. 

Generally, narrowband imaging (NBI) is preferred in MIT. Narrowband Imaging increases blood vessel visibility 

and epithelial tissue structures. Before entering the tissue, NBI light travels through a specific narrow band filter. The 

filter allows frequencies that match the haemoglobin's absorption spectrum in the blood. Thus, the NBI source selection 

depends on the wavelength, colour, and Full width half maximum (FWHM) range. According to the NBI system of The 

Industrial Technology Research Institute of Taiwan, three wavelengths, i.e., Blue, Green, and white, are used in 

endoscopy. White colour LED allows us to work in bright mode, and endoscope uses typically bright mode [15]. 

Another mode blends blue and green light to achieve the same effect as the Olympus NBI system. These different 

imaging modes are shown in figure 1. Figure 1(c) shows four chips, specifically designed for LED sources are assembled 

on a die. The brightness of each LED can be tuned independently. LEDs are powered using the pulse width modulation 

(PWM) technique. An analysis of colour rendering from the LED illuminators was presented in [16] to observe the inner 

surface of the body on the natural colour. The authors used 13 LEDs with different spectral characteristics and analyzed 

various quality mixing issues of LEDs' colours. 
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Fig. 1 - (a) NBI LED source PR650; (b) white LED light in the left side and blue/green (mix) LED light in 

the right side; (c) closed view of blue/green (mix) LED source} 

 

  According to the standard defined for NBI, 415 nm and 540 nm centred wavelength was selected for blue and green 

colour, respectively. The allowed band is 390 nm to 430nm for the blue colour and 520 nm to 560 nm for the blue colour. 

The presence of chromophores in the Hemoglobin absorbs both blue and green light. This sample light penetration into 

the tissue for blood vessel identification is shown in figure 2. The blood vessels can seem dark, giving their improved 

visibility and the enhanced identification of different surface structures. 

With this consideration, three manufacturing brands, i.e. Luminous, XLamp, OSRAM OSLON, are identified 

initially. Cree | Wolfspeed is a semiconductor company working on semiconductor technologies for 30 years. Cree 

XLamp® LEDs are the best easy-to-use, energy-efficient, and long-lasting LED. For the experiment, the selection of the 

LED source is essential. Therefore, a comparison of parameters for the various LEDs for each brand is established. The 

following table 1 presents the LED sources matching with the NBI standard. The drive current and power required for 

the LED are essential parameters in selecting the light source. Therefore, the XP-L LED source from the Cree is selected 

in the proposed experiment. 

 

 
 

Fig. 2 - Penetration of light into tissues and blood vessels visibility (Image courtesy of Olympus R & D, 

Japan, adopted from [17]) 

 

Table 1 - LED sources from Cree XLamp and their comparison 

Type / 

Model No 

Size (mm) Max 
Illuminance (lm) 

Viewing 
angle  

Forward 
Voltage  

Max Power 

(W) 

Max Drive 
Current (A) 

XHP50.2 5  X 5 2654 120 5.6@1400 mA 18  3 

XP-L2 3.45 X 3.45 1175 125 2.82 @1050 mA 10 3 

XP-L 3.45 X 3.45 1150 125 2.95 @1.05 A 10 3 

XHP35 3.45 X 3.45 1833 125 11.3 @350 mA 13 1.05 

XHP50 5  X 5 2546 120 5.75 @1400 mA 19 3 

 

Similarly, the ILS PowerStar brand uses the OSLON LEDs with different viewing angles, i.e., 80 degrees, 150 

degrees. Their performance is consistent even at maximum drive current and offers low thermal resistance. And 

Luminous brand's LEDs are high thermal conductivity and can be operated in the range of 0.1 A to 1.0 A driving current. 

The comparison for both brands is listed in table 2. SSL-80 and SBM-40 are selected from OSLON and Luminous in the 

proposed experiment. 
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Table 2 - OSLON and Luminous LED Sources 

Model No Colour Wavelength (nm) Current(A) FWHM (nm) 

  
Blue Green 

 
Blue Green 

Luminous SBM-40-LC RGBW 452-457 524-529 1 21 32 

Luminous SBT-70 GB 435-455 520-540 10.5 19 32 

Luminous SBM-40 RGBW 449-457 521-533 2 21 32 

OSLON 80 SSL Power-Star RGBW 470 528 1 - - 

OSLON 150 RGBW 470 528 1 - - 

 

2.1 Measurement Procedure  

A borescope is used to examine the LED's illuminance. There are two types of borescope: flexible and rigid. A rigid 

borescope is suitable for the applications requiring straight-line access in the target inspection. However, they don't fit 

well to inspect objects with unusual internal cavities. A flexible borescope has a movable and adjustable shaft. This shaft 

can quickly enter hard-to-reach places inside the body. Compared to rigid borescopes, flexible borescopes send images 

by compact, lightweight fiber bundles [18]. Therefore, the proposed experiment uses a borescope with a flexible tip to 

quantify the illuminance. The block diagram for the LED test setup is shown in figure 3. 

 

 
Fig. 3 - Block diagram for LED illuminance measurement 

 

A steady voltage and current are generated using the external power supply. LEDs are intended to keep running at 

low voltage. An LED driver rectifies a higher voltage to the voltage sustained by the LED. LED driver circuit additionally 

shields LEDs from a voltage or current vacillations. The variation in the supply voltage causes the change in the LED's 

current, and the LED emits the light according to the supplied current. As a precaution, LEDs are evaluated to work 

within a specific current range according to the specifications provided by the brands (estimated in amps). The light meter 

is utilized to estimate the light force of the borescope at various separations.  

 

(a) The LED's illuminance measurement:  

For testing LEDs, an optical bench is prepared with two stands. One stand is fixed in the position, and the second stand 

is movable to change the distance and measure the light's illuminance in the variance of the length. To prevent the 

insertion of the surrounding external light, LED and lux meters are covered with paper cones. Further, the inefficient 

semiconductor process also produces heat within the device while producing light. To dissipate heat, mounting the heat 

sink is essential. Kells et al. [19] used a 12V DC fan and a heat sink to dissipate heat and increase the airflow. In the 

proposed prototype, heat sinks are mounted with LED. Figure 4 shows the developed prototype model. 

 

The LED's illuminance measurement procedure is as follows: 

• Remove the protective cap from the sensor to expose the white-domed light sensor to the light. 

• Press the LUX button to select lux units or the Fc button to select foot candle units. 

• Press the RANGE button to select the range that provides the maximum resolution. 

• Put the 3D fixture on a white-domed light sensor and insert the borescope's distal end into the 3D fixture hole. 

• Set borescope at maximum distance and measure the reading. Then measure changes in the illuminance with changes 

in the current. 

• Similarly, study the changes in the LED's illuminance by varying the current range (i.e., in the proposed setup, the 

used current range is 50 mA to 800 mA). 

 

LED Driver  External power 

supply 

LED Source Light meter  
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Fig. 4 - Proposed test setup for LED illuminance 
 

 (b) Wavelength measurement of LED source: 

Further, the wavelength is analyzed for each LED. The reflection properties of the tissues or organs play an essential 

role to discriminate the suspicious tissues from the normal tissues. Therefore, the reflection property is used for light 

source selection. Shen et al. [20] presented the benefits of spectral reflectance. The objective was to find the wavelength 

producing the highest contrast between background tissues and blood vessels. The blue and green colours are the vital 

spectrum as per NBI guidelines. Aligned wavelengths with the human eye's sensitivity can improve the Luminous 

Efficacy of Radiation [21]. Therefore, the experiment measures the LED's wavelength and FWHM (in nm) using the 

wavelength meter. The wavelength meter has two ports: one input port senses the light through the fiber cable from the 

integrated sphere. The second output port connects the wavelength meter to the computer using a USB cable to record it. 

The designed test setup used in the experiment is shown in figure 5. 

 
 

Fig. 5 - Test setup to analyze the wavelength and FWHM of LED 

 

The wavelength measurement procedure is as follows: 

• Setup the optical bench, as shown in figure 5. Fix the light meter at one end and fix the portable LED at the second 

end of the bench. 

• Connect the fiber cable from the integrated sphere to the wavelength meter and from the wavelength meter to the 

computer. 

• Heat sinks are mounted with LED to prevent the dissipation of the heat from the LED. 

Light 

meter 

External power source 
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• Fixed the input voltage and measured the wavelength by varying the current (i.e., from 50 mA to 800 mA) 

 

In endoscopy, imaging algorithm also plays an important role. Imaging applications include three chips: a picture sensor, 

a simple front-end (AFE), and an advanced ASIC. The picture sensor captures images, and the AFE module is an interface 

for the digital and analogue sensor. AFE enables the picture to break down and its improvement. Overall, digital image 

formation in the endoscopy is shown in figure 6. 

 

 
 

Fig. 6 - Camera's image processing (adapted from [22]) 

 

In figure 6, the image sensor captures images at a specific rate and acts as input to AFE. AFE conditions the sensor's 

electrical signal and converts an analogue image into a digital image. AFE gives Digital output (voltages) with dark 

current cancellation, reset level variations, defective pixel correction, and DC offset variations. The image processing 

unit processes the digital image using various filtering approaches to correct the colour information according to the 

human visual system. 

The most widely recognized sensors are the charge-coupled device (CCD) and complementary metal-oxide-

semiconductor (CMOS). Every pixel has its particular charge-to-voltage transformation in the CMOS sensor, and the 

sensor also incorporates amplifiers, clamour rectification, and digitization circuits. These features permit the rapid 

transfer of high aggregate data. 

CCDs utilize a worldwide shade, which uncovered the whole picture simultaneously. As a result, CCD has better 

light sensitivity and can generate low-noise and high-quality images at the cost of considerable power and high cost [23]. 

On the other hand, compared with CCD, CMOS sensor cost less and consumes less power with lower light sensitivity 

and less resolution. Table 3 shows an overall comparison of the CCD and CMOS. 

Table 3 - Parameter comparison between CCD and CMOS 

Parameter CCD CMOS 

Pixel signal Electron packet  Voltage 

Chip signal  Analog  Digital  

Noise level  Low  Moderate - High  

Uniformity High Low 

Speed Moderate- High High 

Power consumption Moderate- High High 

Circuit Complexity  Low  Moderate 

Cost  Moderate  Low-moderate 

 

CMOS sensor is better than the CCD sensor for endoscope application due to less power requirement (less heating) 

and high-speed data transmission rate. However, due to low resolution, it requires post-processing of the captured image. 

Two types of systems are used to generate NBI images. Firstly, the RGB illumination [24], where a narrow spectrum of 

three primary colours discussed in section 2 is used to obtain true colour tissue images. Secondly, the AFI system where 

a rotating wheel of the colour filter is placed in front of the light source generating blue and green colour sequentially 

[25]. However, both these systems increase the complexity of hardware and power consumption. Therefore, various 

researchers also proposed global and self-adaptive image processing algorithms to enhance the image's contrast in real-

time. Histogram equalization and its run-time modification [26-27], high boost filtering [28], and fuzzy method based 

histogram equalization [29] are a few examples of these real-time algorithms. These adaptive methods process image 

pixels in the local region or block of the image and use neighbouring pixels to remove the artefact in that region. However, 

it may lead to boosting noise too in the smooth areas. 

Moreover, the high boost filtering boosts the high-frequency components, i.e., edge inclusive of low-frequency 

components, i.e., smooth regions causing distortion. This paper proposed real-time image enhancement without 

Optic 

CCD 
Amplifier 
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Digital  

converter 

Timing 

Generator 

Image  

Processing  
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incorporating additional hardware and memory complexity. The block diagram of the image enhancement algorithm, 

which works in real-time, is presented in figure 7. 

 
Fig. 7 - Block diagram of the image enhancement algorithm 

 

The first step is converting the RGB colour map to the HSV colour map. Next, the luminance component (Y) of YCbCr 

is used to enhance the image pixel, and the chrominance component maintains the colour map of the RGB image. Then 

all image components' range is normalized to [0, 1] using equation 1. 

𝑌𝑛𝑜𝑟𝑚 =
𝑌−𝑌𝑚𝑖𝑛

𝑌𝑚𝑎𝑥−𝑌𝑚𝑖𝑛
   (1) 

Where Ymin and Ymax are minimum and maximum intensity values within the image plane. After this process, a modified 

sigmoid function proposed in [30] is used to manipulate the pixel's intensity and enhance an image. The standard sigmoid 

function for an image Ynorm is given by 

                                           
)),(exp(1

1
),(

yxY
yxSig

norm−+
=     (2) 

Enhancing the specific region containing mucosa structure requires the controlling of exponent function. Therefore, gain 

(g) and threshold factor (T) are introduced in the modified sigmoid function as follows: 

                                   
))),((exp(1

1
),(

TyxYg
yxSig

norm −−+
=                                 (3) 

Two parameters, g and T, control the brightness and contrast of an image. Several combinations of g and T are used to 

obtain the optimum value, and corresponding PSNR values are calculated. Finally, the optimum value-generating 

maximum PSNR is selected to enhance the image. The following section presents the testing of LEDs and image 

processing algorithm, and corresponding results are discussed. 

 

3. Results analysis 

This section presents the illuminance and wavelength analysis of LED. 

 

3.1 Illuminance measurement and analysis  

In the test setup, distance is varied manually from the light source, and the corresponding illuminance is measured using 

the borescope. The illuminance is measured at every 2 mm step, shown in figure 8. Figure 8 shows that the illuminance 

is inversely proportional to the distance. And the maximum illuminance of 5.85 Klux is obtained from the measurement.  

 

 
Fig. 8 - Light source illuminance vs distance for type 1 LED 

 

A second analysis of LED is to observe the effect of driving current on the LED's illuminance. The distance between 

the light source and the borescope has been fixed, and the effect is analyzed by measuring the LED's illuminance at 

different driving currents. Figure 9 shows the white colour illuminance variation of type 1 LED with variation in the 
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driving current. The increment in the driving current causes an increment in the illuminance. With this measurement, the 

comparative analysis for the white, green, and blue colour's illuminance comparison between selected brands are 

presented in figure 10. 

 

 

Fig. 9 - White colour illuminance versus the driving current for type 1 LED 

\ 

Fig. 10 - White colour illuminance comparison amongst three types of LED 

3.2 Spectrum analysis and wavelength measurement 

The test setup described in figure 5 is used to measure the wavelength of each LED. This spectral composition 

differentiates the region of interest (i.e., the appearance of suspicious tissues) from the surrounding area (i.e., normal 

tissues can be considered background). Tissues usually reflect the wavelength of 450 nm to 550 nm generating high 

contrast grey colour images [31]. By varying the integration time, green and blue colour illuminance is measured for each 

LED type. The recorded values are presented in table 4. Spectrum comparison of all three LEDs is shown in figure 11. 

Figure 11 shows that all LEDs fulfil the requirement of the NBI standard for each colour spectrum. Utilizing a digital 

filter in AFE (i.e., figure 7) can improve the obtained spectrum. Looking at the requirement of endoscopy, type 3 LED is 

better than the other two types. 
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Table 4 - Blue and Green colour wavelength analysis for three LEDs 

Parameter Luminosity (Klux) FWHM (nm) Peak wave length(nm) 

LED Type Type 1 Type 2 Type 3 Type 1 Type 2 Type 3 Type 1 Type 2 Type 3 

Blue Colour 1.6 0.2 1.2 17.8 22.9 18 461.38 461.76 446.83 

Green Colour  1.3 0.6 1.5 31.62 29.64 33.68 517.7 522.77 622.05 

 

 
Fig. 11 - Spectrum comparison for Green and Blue colour wavelength 

 

4. Contrast Enhancement and True Colour Image Generation 

The image processing algorithm's observation is shown in figure 12. A reference image shown in figure 12 represents 

the inner surface of mucosa where actually disease is occurring, and it is captured during the endoscopy procedure. 

  

Fig. 12 - Reference images: the inner surface of the mucosa  

The image is converted to a YCbCr in the first step to reduce the computation cost. The luminance component Y is 

very similar to the grey colour version of the colour image. CbCr represents colour information with a small volume of 

data compared to RGB colour space. Then to accomplish consistency in the image plane, all components are normalized 

using equation 1. Later a modified sigmoid function is applied to the luminance component to enhance an image. The 

following figure 13 compares the original sigmoid function (i.e., using equation 2) and modified sigmoid function using 

(i.e., using equation 3). 

 

In medical images, mucosa and tissues enhancement is required since the experts require an investigation. Therefore, 

the endoscopy image in the YCbCr domain is applied to this modified sigmoid function adjusting its contrast and 

brightness for better characterization. After using the modified sigmoid function, the original colour is reproduced by 

converting the YCbCr's colour map to RGB. 
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Fig. 13 - (a) Original sigmoid function using equation 2 (b) modified sigmoid function using equation 2  

 

  

   

  

Fig. 14 - Results obtained for various combination of g and T from figure 13 (a) T= 0.5, g = 2 (b)T= 0.5, g = 5 

(c) T= 0.5, g = 7 (d) T= 0.5, g = 10 (e)T= 0.4, g = 5 (f)T= 0.6, g = 5  

Figure 14 represent the enhanced images after using the various combination of g and T. The right combination of 

T and g is vital for better image enhancement, i.e., enhancing mucosa structure and keeping true colour to rest tissues. 

Therefore, as suggested, the sigmoid function is analyzed using peak signal to noise ratio (PSNR). The camera sensor's 

noise and illuminance obtained from the LED source produce a different dynamic range, changing the image quality. 
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PSNR is the ratio of the maximum power of an image to the power of noise affecting the image quality. Thus, the image 

is quantified as better enhanced if higher PSNR is obtained. The PSNR value analysis is carried out by changing the 

values of g, and T. Figure 15 represents the obtained PSNR for a few combinations of g, and T. Figure 15 suggests that 

for g = 5 and T = 0.5, maximum PSNR is obtained for the mucosa image. The corresponding image is shown in figure 

14e, which is more similar to true images with mucosa structure enhancement. Thus, a better-enhanced image can be 

obtained compared to other combinations using this combination. 

 

 

Fig. 15 - Calculated PSNR of enhanced image for various combinations of g and T in sigmoid function (X-

axis: g and Y-axis: PSNR in dB) 

Further analysis of proposed image enhancement using various combinations of g and T is performed in different 

endoscopy images obtained from Gastolab [36]. The samples images and enhanced images are shown in figure 16.  

 

  

(a) Ulcertic gastric image and its enhancement (PSNR = 33.39 dB) 

  
(b) Ulcertic Mucosa image and its enhancement (PSNR = 34.12 dB) 

Fig. 16 Sample endoscopy images and their enhancement using the proper combination of g and T  

Figure 16 shows that the adaptive sigmoid function makes images visually better and does not generate new colours in 

the image. The ulcerative region in both sample images is enhanced with a better PSNR value. To establish comparative 
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analysis, a mean value of PSNR of all images is calculated and compared with previous literature presenting real-time 

endoscopic image enhancement. The following table 5 shows this comparison. In [32], a deep learning framework was 

presented to classify six types of artefacts and to enhance endoscopic images. Their model successfully obtained 25.72 

dB mean PSNR, and the average computation time was 88 ms. Zhang et al. [33] presented a weighted guided filtering 

framework for image enhancement in terms of brightness and contrast. For enhancement, they extracted the base layer 

from R, G, and B components using weighted filtering and obtained a details layer by substracting this base layer from 

three colour components. Later they enhanced these details layers and merged them back to colour components. A 

wireless camera is used for capsule endoscopy in [34] for 30 images. They presented a stochastic sampling and edge-

based smoothing framework to enhance the image details and texture of tissues in this paper. However, this method is 

not fast enough for real-time execution. Gomez Pablo et al. [35] presented a low-light image enhancement using HSV 

components. They used  Perlin noise to darken images, and U-Net architecture was demonstrated to enhance these dark 

images. However, they succeed to achieve PSNR 23.79 dB. The comparison states that the proposed framework offers 

the least computation and performs better PSNR.   

 

Table 5 A comparative analysis of real-time endoscopic image enhancement using mean PSNR 

 

Method Average PSNR 

Deep Learning [32] 25.72 

Wighted Guided filtering [33] 32.60 

Capsule endoscopy [34] 32.45 

U-Net [35] 23.79 

Proposed method 34.25 

5.  Conclusion 

An endoscope is the most effective and safe tool in diagnosing the inner body region. The effectiveness of the endoscopy 

depends on the acquisition of images/videos inside the body region. LEDs offer many advantages over incandescent and 

fluorescent lights, including compact, highly efficient and digitally controlled. However, selecting an LED light source 

and camera plays an essential role in endoscopy. This paper presented a study on the parameters of LED light sources 

playing a vital role in capturing inner body region images. Initially, a comparative study on various LED sources from 

three popular brands are presented, and three LEDs based on the driving current and power requirement is selected for 

experimentation. The appropriate LED spectrum provides a colour gamut of displays. The driving current and ambient 

temperature can cause a change in the spectrum. A low-cost prototype model testing these LED sources is developed and 

presented in this paper to select an appropriate LED. Rigorous analysis of LEDs is carried out using their spectrum 

analysis. A comparative study is presented measuring source illuminance over the distance, white colour illuminance 

over the driving current, and a blue-green colour wavelength analysis. The experiment study showed that type 3 LED 

was better to satisfy the NBI standards and produce higher illuminance with less heating. Later, a comparative study 

between the camera sensor, i.e., CCD and CMOS, is established, and it is found that CCD produces high contrast images 

compared to CMOS. However, CMOS has the advantages of being low-cost and high-speed. A simple image processing 

algorithm is also proposed to enhance the image's contrast in real-time. A sigmoid function is modified to enhance the 

colour. The algorithm is applied to enhance the mucosa's inner structure. An appropriate selection of the controlling 

parameters in adaptive sigmoid function provided a mean PSNR of 34.25 dB. The proposed framework does not add 

colour to the true image and generates an enhanced image without any computation cost.  
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