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Abstract 

Background/Objectives: The ultra-high-speed camera captures even the slightest changes in ambient lighting as 

an image. Therefore, research is needed to correct the effect of lighting that is non-uniformly included in the image. 

Methods/Statistical analysis: This paper proposes an algorithm that corrects irregular lighting from high-speed 

color images continuously input with a slight time interval, and then obtains an exposed skin region, which is a 

region of interest, from the corrected image. In this study, the non-uniform lighting effect is first corrected using a 

frame blending technique. Then, a region of interest is obtained from the image by applying an elliptical skin 

model. 

Findings: Experimental results show that the proposed approach corrects the illumination from the input image 

and then accurately acquires the region of interest. In this study, the performance of the proposed method of 

acquiring skin pixels using illumination correction of images input at high speed was quantitatively compared and 

measured in terms of accuracy. In this study, a measure described as the relative ratio between the number of skin 

regions correctly acquired in the received images and the number of skin regions originally included in all images 

was used. In the conventional approach, the process of correcting irregular lighting in images was not normally 

performed. In addition, since a fixedly generated skin color distribution model is used, it is difficult to accurately 

extract skin pixels. On the other hand, the algorithm proposed in this paper effectively corrects the uneven lighting 

effect reflected in the image through frame blending between successive images, and then acquires the region of 

interest, allowing it to obtain skin color regions more robustly than conventional approaches. 

Improvements/Applications: The proposed algorithm is expected to be useful in various kinds of practical 

application programs related to image recognition such as face recognition, lighting correction and removal, video 

indexing, etc. 
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1. Introduction 

With the development of high-performance and small-sized image capture sensors, ultra-high-speed 

cameras, which are relatively inexpensive, have begun to spread [1]. Accordingly, smartphones and digital camera 

camcorders have begun to be equipped with functions that support semi-high-speed shooting. Such a high-speed 

camera can be very useful for object recognition and modeling in various practical application fields that perform 

image processing [2-4]. 

In general, ultra-high-speed cameras can shoot hundreds to thousands of frames per second. In other words, 

even scenes that are difficult to discern with the human eye can be detected even a minute movement of the scene 

when photographed with a high-speed camera. On the other hand, a high-speed camera also has a disadvantage that 

it may cause difficulty in image processing because it captures even too small changes in ambient lighting as an 

image. 

Therefore, a study is needed to correctly compensate for the effects of lighting irregularly or non-uniformly 

included in the ultra-high-speed color image that is continuously photographed at a high speed under general 

indoor and outdoor environmental conditions, and to robustly acquire major areas of interest [5] such as human 

skin color distribution areas from light-corrected ultra-fast images. 

Existing studies conducted to compensate for the lighting effects present in the image from the color image 

data taken or to obtain areas of interest can be found in relevant references. The method described in the study [6] 

proposes a lighting recovery model that converts severely changing lighting into weaker lighting. In the study [7], 

inspired by the visual adaptation system of the human retina, they proposed a lighting adjustment mechanism that 

mimics retinal processing to reduce changes in lighting. In the study [8], the effect of the lighting normalization 

technique to reduce the deformation caused by makeup in the face recognition system was studied. In the study [9], 

a very simple deep learning-based image lighting correction architecture that operates on the color image of a 

picture is presented regardless of whether the lighting is insufficient or excessively illuminated. In addition to the 

above-described approach, algorithms for correcting illumination in an image or accurately acquiring a region of 

interest are continuously emerging [10]. 

However, the existing methods described previously mainly target general flat-speed images, but not high-

speed images. Therefore, the existing methods still have problems and drawbacks for various environmental 

changes that exist in methods for targeting flat-speed images. In addition, since research on ultra-high-speed image 

processing has just begun in earnest, there are many issues to be resolved. 

Therefore, in this paper, we propose a technique to effectively correct illumination using a frame blending 

technique from the color image continuously input with a slight time interval, and then accurately acquire human 

skin regions, which are of interest, from images whose illumination is corrected with an elliptical color distribution 

model. Fig. 1 shows an overview of the approach to acquiring a region of interest using illumination correction in 

continuous images presented in this paper. 
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Figure 1. Overall flow of the suggested approach 

As can be seen in Fig. 1, the technique introduced in this paper first corrects the lighting effects that are 

irregularly present in the image through frame blending from continuously input color images. A region of interest, 

which is a skin color region representing the exposed personal information of a person, is then obtained from the 

color image corrected for illumination. 

In Chapter 1, the general introduction and outline of this study were explained. Chapter 2 describes a 

technique for correcting lighting using frame blending from a received color image. In Chapter 3, a method of 

acquiring a skin area, which is an area of interest including personal information exposed from an image, is 

described. In Chapter 4, we describe the experimental results performed to measure the performance of the 

technique for acquiring a region of interest using illumination correction introduced in this paper. Finally, Chapter 

5 explains the conclusion and future research directions. 

 

2. Illumination Correction 

In general, it is desirable to ensure sufficient illumination by arranging multiple high-power spot lights for 

high-speed cameras, but there is a disadvantage in that it is difficult to provide uniform intensity of illumination to 

the entire target object due to the characteristics of spot illumination. In other words, even if a lighting environment 

having a high illuminance is configured, a problem arises that it may be difficult to accurately confirm the shape of 

the target object since the actual photographing result is not uniform in illuminance. In recent years, due to the 

development of small image sensor elements of ultra-high-speed cameras, environmental dependence such as 

brightness and direction of lighting is getting better, but in order to obtain clearer images, an effective lighting 

device is also required according to the situation. 

When an image is taken indoors using a high-speed camera, flickering occurs in the image. In fact, if you 

check the pixel values inside the ultra-high-speed image shot indoors, different illuminance values are applied even 

though they are almost the same scene every frame. The cause of this flickering phenomenon is related to the 

voltage and current specifications. Most countries typically use voltages and currents of 110V to 115V, 230V to 

240V, and 50Hz or 60Hz. That is, since the electrical waves between 50 and 60 times per second are repeated, 

indoor incandescent lamps or LEDs flicker as much as the ratio of the waves. However, since the ultra-high-speed 

camera can capture about 10,000 frames per second or more, it can detect repeated light waves, so the flickering 
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phenomenon is naturally included in the image. Usually, when there is a flickering phenomenon in the image, the 

value of the lighting changes, so the color value representing the target object is also partially changed. Therefore, 

if the color value is not constant, there is a possibility that unwanted results may be derived by using an incorrect 

feature value when analyzing an image. Therefore, it is necessary to correct the uneven illuminance included in the 

image. 

In this study, a frame blending technique is used to effectively compensate for such non-uniform luminance 

changes included in high-speed images [9]. In general, frame blending is an operation that generates a new image 

by multiplying the pixel values at the same location by a certain ratio in two images of the same size and then 

adding them, and is defined as Equation (1). In Equation (1), α and β are weighting factors used to blend an image, 

and can have a value between 0 and 1, and the sum of the values of the two weighting factors [12-14] is 1. In this 

paper, α and β are set equally to 0.5, which is commonly used. This weight can be adaptively adjusted through 

repetitive learning according to the indoor or outdoor situation located around the image being usually 

photographed. In addition, fa(x, y) and fb(x, y) denote two different input images, and fr(x, y) denote a result image 

generated through frame blending. 

 

),(),(),( yxfyxfyxf bar +=         (1) 

1,1,0 =+ where   

 

In this paper, first, the RGB color space of the input high-speed image is converted to the YCbCr color space 

[15-16], and frame blending is then applied only to the Y channel corresponding to the brightness value in the 

converted YCbCr color space to compensate for changes in lighting. In the YCbCr color space, Cb and Cr mean 

color values. Equation (2) shows an equation for converting RGB color space to YCbCr color space. 

 

BGRY ++= 114.0587.0299.0        (2) 

BGRCb +−−= 5.033126.016874.0   

BGRCr −−= 08131.041869.05.0   

 

As a result, in this paper, the (R, G, B) color value of the input image is changed to the (Y, Cb, Cr) value 

using the color model conversion equation. Then, by substituting only the Y value corresponding to the 

illumination into Equation (1), a new Y’ whose illumination of the input image is corrected is obtained. Finally, an 

image based on the original RGB color model can be obtained in reverse by applying the illumination-corrected 

(Y’, Cb, Cr) values to Equation (3). 

 

rCYR += 402.1'          (3) 

rb CCYG −−= 71414.034414.0'   
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bCYB += 772.1'   

When looking at the resulting image of the frame blending used in this paper, it can be seen that the contrast 

is clearly displayed than before the frame blending was applied, and this can be visually confirmed through the 

histogram. That is, in the contrast histogram of the image to which the frame blending is applied, the contrast value 

is expressed non-uniformly as a whole due to the flickering phenomenon before the frame blending is applied. 

However, if frame blending is applied to properly correct the difference in lighting values between frames, since 

the lighting values in the image become relatively uniform, it can be confirmed that the histogram is normally 

displayed. 

3. Acquisition of skin areas 

In this paper, from the input image obtained in the previous step and corrected for non-uniform lighting 

using frame blending, the skin color distribution region, which is the region of interest representing the personal 

information of the exposed person, is extracted. 

In general, the skin color feature provides very useful information for simple and effective detection of 

exposed body components such as human faces, necks, arms, and legs from an image. However, the task of 

accurately detecting the color area of the skin according to the surrounding environment in which the image is 

photographed, the fundamental difference in skin color existing between different races, noise, and color makeup is 

still one of the difficult problems to solve. 

A search for related references suggests many existing algorithms for extracting human skin color. However, 

most of these methods detect skin color pixels from all input color images using a fixed single skin color 

distribution model created through learning for an image database of a certain size, so many false detections occur. 

In contrast, in this paper, a skin sample is obtained for each input image, a skin model is created, and then skin 

pixels are extracted, so that a more robust skin region can be extracted. In this paper, an eye is extracted from an 

input image, and a skin color distribution model is adaptively generated by automatically extracting the sample 

pixels around the extracted eye. 

In this paper, the input color image is first changed to the YCbCr color model, which is widely known to be 

more suitable for skin pixel detection. The skin sample is then extracted and, through learning, an elliptical skin 

color model [17-18] that is standardized as shown in Equation (4) is generated. The generated skin model is then 

applied to the input image to separate human skin color pixels and non-skin color pixels. 

 

1
)()(

2

2

2

2


−

+
−

b

ecy

a

ecx yx
        (4) 

In Equation (4), x and y represent the corresponding x and y coordinates of the two-dimensional elliptical 

equation. a and b mean the length of the major axis and minor axis of the ellipse. In addition, ecx and ecy are 

parameters for correcting the rotation error of the ellipse. The parameters used in this paper are empirically 

adjusted through repeated experiments. 

In this paper, after detecting human skin pixels from the received test color image, we adopt an opening 

morphological operation in order to easily remove relatively small noise pixels that were erroneously detected [19-

21]. Usually, the opening morphological operator is an operation that performs an erosion operation and then a 
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dilation operation. The opening operation SB   of the binary image B by the structuring element S is expressed as 

Equation (5). 

SSBSB = )(          (5) 

In Equation (5),  denotes the expansion operation, and  denotes the erosion operation. In general, the 

expansion operation is performed by scanning a binary image with the structured element S as shown in Equation 

(6). When at least one element of S overlaps the object area B of the binary image, the pixel value located at the 

origin of the structured element is set to 1, otherwise it is assigned to 0. 





=
otherwise0

overlapsif1 BS
SB         (6) 

 

On the other hand, the erosion operation scans the binary image with the structured element S as shown in 

Equation (7), and when all the pixels of S are included in the object area B of the binary image, the value of the 

pixel located at the origin of the structured element S is assigned to 1. In other cases, the pixel value is assigned to 

0. 



 

=
otherwise0

if1 BS
SB          (7) 

In the opening operation, the target object becomes smaller due to the erosion operation, and the object is 

enlarged again by the expansion operation, so it may be considered that the same result as the original image will 

be produced, but this is not the case. In other words, the target object is reduced by the erosion operation and the 

convexly protruding area disappears. In addition, if there is noise, the noise disappears, but when the dilation 

operation is performed, the object becomes large in its original state, but the disappeared convex area does not 

appear convexly or the disappeared noise does not appear again. 

Finally, after the opening morphological operation is applied, labeling for connecting adjacent pixels is 

applied to obtain the detected individual pixels as a skin area in units of separate areas. 

 

4. Results and Discussion 

The computer used for the purpose of developing the algorithm proposed in this paper is composed of an 

Intel Core(TM) i7-6700 3.4 GHz CPU, 16 GB main memory, 256 GB SSD, and a Galaxy Geforce GTX 1080 Ti 

graphics card. In the system development computer, Microsoft Windows 10 was used as the operating system. In 

addition, Microsoft’s Visual Studio 2017 was used as a development tool for the introduced lighting correction-

based skin detection method. The OpenCV computer vision library was also used to efficiently implement the 

algorithm proposed in this study. 

 

(%)100=
total

nacquisitio

accuracy
SKIN

SKIN
       (8) 
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In this study, the performance of the introduced method of acquiring skin pixels using illumination 

correction of high-speed input color images was quantitatively compared and measured in terms of accuracy. In 

this study, a measure such as Equation (8) described as the relative ratio of the number of skin regions correctly 

acquired in the received high-speed images and the number of skin regions originally included in all high-speed 

images was used. In Equation (8), SKINacquisition means the number of skin regions correctly acquired using the 

proposed algorithm. SKINtotal means the total number of skin areas included in the entire high-speed image used in 

the test. The quantitative accuracy equation used in this study is expressed as a percentage. 

 

 

Figure 2. Performance comparison 

 

Fig. 2 shows the performance of the method of acquiring a human skin area through illumination correction 

in terms of accuracy by comparing it with a bar graph. As can be seen in Fig. 2, the algorithm introduced in this 

paper uses the frame blending technique to more accurately obtain the area of interest, the exposed skin area. 

In the conventional approach, the process of correcting irregular lighting in high-speed images was not 

normally performed. In addition, since a fixedly generated skin color distribution model is used, it is difficult to 

accurately extract skin pixels. 

On the other hand, the algorithm introduced in this paper effectively corrects the uneven lighting effect 

reflected within the high-speed image through frame blending between successive images, and then acquires 

regions of interest, allowing it to obtain human skin color distribution regions more robustly than conventional 

approaches. 

 

5. Conclusion 

Ultra-high-speed cameras that can shoot images at very high speeds are becoming more and more common 

as their prices become relatively inexpensive in recent years, but related research has just entered the beginning 

stage. In particular, a high-speed camera that continuously accepts a large number of frames per second tends to 

reflect the lighting effect non-uniformly in a color image photographed according to changes in the surrounding 

environment. Therefore, there is a need for a study to effectively correct irregular illumination of ultra-high-speed 

images. 

In this paper, we propose an algorithm that corrects lighting from ultra-high-speed color images that are 
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continuously input with a slight time interval, and robustly acquires the skin region, which is an area of interest, 

from the image corrected for lighting. In the proposed algorithm, non-uniform illumination is effectively corrected 

by using the frame blending technique from the ultra-fast color image received first. Then, using the elliptical color 

distribution model generated through learning, the exposed skin region, which is the region of interest, was 

robustly obtained from the color image corrected for illumination. In the experimental results, it was described that 

the algorithm introduced in this study corrects the lighting from the input high-speed color image, and then 

robustly acquires the skin color region from the image data that the lighting is corrected. 

In the future, we plan to reinforce the stability of the algorithms established so far by repeatedly applying 

the method of acquiring the region of interest through correction of lighting introduced in this paper to more 

diverse types of test images. In addition, the proposed method will be tested not only in the general lighting 

environment during the day, but also in the harsher environments such as dawn, evening, and dense fog to increase 

the scalability of the system. 
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