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Abstract

Nowadays, screens are very common in our daily life. There are several di�erent

kinds of screens, LCD, LED, OLED, ULED and so on. LCD screens can display

high-resolution pictures while LED has advantages of low energy consumption and

wider color range. This project has two goals. The �rst one is to achieve a seamless

display screen which consists of 9 LED backlit LCD boards. The second goal is to

improve image quality, which is enabled by the combination of LED and LCD. There

are two main problems that need to be solved in this project. The �rst problem is

brightness correction. Because of the projection method and the distance between

lights and �nal screen, there are di�erent kinds of overlapping situations and distinct

lines on screen. The other one is the combination of LED and LCD. The algorithms

need to be developed to ensure that RGB LEDs and LCD panels display the same

picture and to address some problems caused by the LCD module.

iii



Acknowledgements

My deepest gratitude goes �rst and foremost to Dr. Jun Chen, my supervisor, for

his constant encouragement and guidance. He give me many instructive advice and

useful suggestions when I was stuck by some di�cult questions. I am deeply grateful

for his patience and illuminating instruction. Secondly, I would like to express my

gratitude to Professor Adrian Kitai. He always explains patiently to me when I am

not familiar with the hardware part and internal circuit structure. Without his help,

I can not �gure out problems about the internal structure of the LCD board and �nd

reasons for failing to present better results. Finally, I would like to thanks to my

parents. They give great courage to face di�culties and address them. I am indebted

to my parents for their continuous support and encouragement.

iv



Contents

Abstract iii

Acknowledgements iv

1 Introduction 1

1.1 Background of research project . . . . . . . . . . . . . . . . . . . . . 1

1.2 Introduction of project . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.3 Statement of main problems . . . . . . . . . . . . . . . . . . . . . . . 3

2 Brightness correction 8

2.1 Data preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.2 Crop images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.3 Correction of brightness . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.4 Gamma correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3 Combination of LCD and LED 33

3.1 Con�rm the coordinates of LEDs . . . . . . . . . . . . . . . . . . . . 34

3.2 Determination of the color of each LED . . . . . . . . . . . . . . . . . 36

3.3 Determine which LED should be turned on . . . . . . . . . . . . . . . 45

v



3.4 Adjusting LCD picture according to the LEDs . . . . . . . . . . . . . 50

4 Conclusion 58

vi



List of Figures

1.1 System diagram of project . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Arrangement of each LCD panel . . . . . . . . . . . . . . . . . . . . . 3

1.3 The project 
ow diagram . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.4 Result of overlapping . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.5 Calculation of magni�cation . . . . . . . . . . . . . . . . . . . . . . . 9

2.6 Non-overlapping display results . . . . . . . . . . . . . . . . . . . . . 10

2.7 Image displayed by the LCD panel . . . . . . . . . . . . . . . . . . . 11

2.8 Segmentation of the original image . . . . . . . . . . . . . . . . . . . 12

2.9 New image . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.10 Di�erent levels of brightness . . . . . . . . . . . . . . . . . . . . . . . 14

2.11 Variation of brightness after overlapping . . . . . . . . . . . . . . . . 16

2.12 Simulation of brightness on one image . . . . . . . . . . . . . . . . . 17

2.13 Brightness of each image . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.14 Brightness distribution of 9 images . . . . . . . . . . . . . . . . . . . 20

2.15 Two kinds of variation of the brightness . . . . . . . . . . . . . . . . 21

2.16 New distribution of brightness of one image . . . . . . . . . . . . . . 22

2.17 New distribution of brightness of 9 images . . . . . . . . . . . . . . . 23

2.18 Selecting the central part of distribution of brightness of 9 images . . 24

vii



2.19 Distribution of brightness of 9 images after normalization . . . . . . . 25

2.20 Top view of the normalization of brightness . . . . . . . . . . . . . . 27

2.21 Combination of image gamma and display gamma . . . . . . . . . . . 30

2.22 Images before normalization and gamma correction . . . . . . . . . . 31

2.23 Images showed after normalization and gamma correction . . . . . . . 32

3.1 Position of LEDs on the LCD board and LCD images . . . . . . . . . 35

3.2 The range of LED on the LCD screen . . . . . . . . . . . . . . . . . . 38

3.3 Original LCD images and displayed LED images . . . . . . . . . . . . 40

3.4 1931 CIE xyY chromaticity diagram . . . . . . . . . . . . . . . . . . 41

3.5 Chromaticity coordinate systems of the LED and the LCD . . . . . . 42

3.6 LED images after adjustment . . . . . . . . . . . . . . . . . . . . . . 44

3.7 LCD images without LED . . . . . . . . . . . . . . . . . . . . . . . . 45

3.8 the Image of selectively turning on the LEDs . . . . . . . . . . . . . . 48

3.9 Assumed LED spot range and square range . . . . . . . . . . . . . . . 52

3.10 Simulation of LED light spot . . . . . . . . . . . . . . . . . . . . . . . 54

3.11 Top view of the brightness map of LED . . . . . . . . . . . . . . . . . 55

3.12 Brightness map of LEDs . . . . . . . . . . . . . . . . . . . . . . . . . 56

3.13 Subtracted LCD image . . . . . . . . . . . . . . . . . . . . . . . . . . 57

3.14 Combination of LCD and LEDs . . . . . . . . . . . . . . . . . . . . . 57

4.1 the Results of two LCD boards . . . . . . . . . . . . . . . . . . . . . 58

4.2 LCD image without LEDs . . . . . . . . . . . . . . . . . . . . . . . . 60

4.3 Combination of LCD and LED . . . . . . . . . . . . . . . . . . . . . 61

viii



List of Tables

ix



Chapter 1

Introduction

1.1 Background of research project

Display technologies have witnessed a rapid development recently. LCD, LED and

OLED are among the most commonly used ones. LCD is a kind of screen that uses

liquid crystal to control light transmittance. From the perspective of the structure

of the liquid crystal display, the LCD liquid crystal panel is composed of two parallel

glass plates with a thickness of about 1 mm. And two glass plates are separated by

liquid crystal materials. Because the liquid crystal material itself does not emit light,

we use LED as its backlight in the project.

LCD can display gentle color without glare, which can make viewers feel more

comfortable. And it also has an advantage of high-resolution. However, LCD screen

is also restrained by its narrow color range compared with LED's. During the research,

it is found that there are many obvious 
aws at high resolution. So it is necessary to

introduce LED lights as a remedy. This part will be explained in detail in the third

part. Since one of the import goal of this project is to minimize power consumption,
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LED should play a role of increasing brightness while we reducing brightness of LCD.

The reason of it is LED has a big advantage of low-energy-consumption.

1.2 Introduction of project

The internal structure of the system model is shown below. It chooses LED as the

backlight of LCD module. As shown in Figure 1.1, the whole LCD board is composed

of many small panels. Each LCD panel has 4 RGB LEDs located at 4 corners of it.

Figure 1.1: System diagram of project

As said before , LCD board consists of multiple square panels. And this is also

the key of principle of the tiled video wall. By increasing the number of LCD board,

the size of projection screens can become larger and larger. Figure 1.1 demonstrates

there is a �nal screen set at the front of LCD module. Screens speci�cally designed for

use in video walls always have gaps between display areas. So the distance between

�nal screen and LCD board can address the problem of gaps of LCD panels. And the

arrangement of each small panel is shown in the Figure 1.2 below.

2
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Figure 1.2: Arrangement of each LCD panel

1.3 Statement of main problems

This project takes several steps to completion, which includes, among others, the

design of image processing algorithms for LCD panels and the treatment of LED

lights. Figure 1.3 demonstrates the procedure of the whole project. The general idea

of LCD image processing is inspired by (GUO, 2020).

First of all , we need to determine how many pixels every LCD panel has and

calculate the distance between the LCD board and the �nal screen. Next, it is time

to cut the original picture and arrange them in order. And then, we need to generate

a new image that has same arrangement as small LCD panels' on LCD board. The

most important step of image process on LCD is the correction of brightness. And

this is also the �rst problem which must be solved during the project.

Another part is the process of LED. Only if we determine the coordinates of every

LED on �nal picture, we can capture LED spots on this image and get RGB data

inside light spots. After doing these steps, every RGB LED can be judged whether

3
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Figure 1.3: The project 
ow diagram

it should be lit. Finally, there comes the second main problem, the combination of

LCD and LED.

1.3.1 First problem

As said before, the �rst problem is the correction of brightness (Majumderet al.,

2000). One essential purpose is to eliminate gaps between these LCD panels, which

could be achieved by setting distance of LCD board and �nal screen. By increasing

4
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the quantity of LCD panels, the size of display can become in�nite. And this is

also one major advantage of this project. But then again, this kind of set will cause

some problems on brightness of picture shown. Because of the distance between LCD

board and �nal screen, pictures displayed by every LCD panels will be ampli�ed

on �nal screen. And pictures from adjacent LCD panels will overlap on display

screen. Figure 1.4 shows the result when overlapping images are displayed by �nal

screen (Prenta�si�c et al., 2010).

According to this image, we can �nd that some parts of picture are dark and some

parts are bright. The bright part means that this place has been overlapped several

times by pictures from di�erent panels. On the contrary, some parts of �nal screen,

which only have one image on it will look darker. If we change the distance between

LCD board and �nal screen, or the gap between adjacent LCD panels, the result of

overlapping will change obviously.

1.3.2 Remaining problems

We also need to resolve various issues arising from the combination of LDC and LEDs.

Firstly, the the value of each LED should be determined. Because LED spot is much

bigger than that of LCD, the color of the LED should not be limited to one point to

determine. It is important to combine the pixel value of the area around the LED

and the size of range depends on the spot size.

Secondly, according to the meaning of adding front LEDs, we are supposed to set

boundaries to selectively turn on LED lights. The rule of it also depends on LCD

pixel value within the illumination range of the light spot.

After turning on the LEDs in front of LCD panels, there are two main problems

5
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that we should think about. On the �nal glass screen, the image should have smooth

brightness. However, if we add LEDs directly without adjusting the brightness of

LCD image, the brightness of the whole �nal image will look very uneven. Besides,

there will be errors between the measurement results and the actual position of the

LED. The content of the LED light may not correspond to the part of the LCD

picture.

The above problems need to be solved by constantly adjusting parameters through

algorithms.

6
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Figure 1.4: Result of overlapping
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Chapter 2

Brightness correction

2.1 Data preparation

Di�erent structure and arrangement of LCD panels and LED will cause di�erent

result. In order to con�rm the case of image overlapping. We need to prepare data of

instruments �rstly. Every LCD panel is in a square shape and there is a gap between

contiguous panel. After measuring the length of each panel and distance of gap, we

can �gure out the size of LCD panel in pixel. And only if we get data in pixel, we can

match the original picture with LCD board, since they are all calculated by pixels.

The relationship between distance and pixels isDistance� Resolution = size in pixel .

The distance between LCD panel and �nal screen determines the magni�cation of

image, and it in
uences the situation of overlapping as well. After knowing the size

of the object and image, we can calculate the data of magni�cation (Figure 2.5) by

Magnif ication = image size
object size . The object size means the size of LCD panel and image

size means the size of image displayed on �nal screen.

8
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Figure 2.5: Calculation of magni�cation

2.2 Crop images

Every LCD panel will show one part of original image, and di�erent parts will display

on same �nal screen. Our objective is to make di�erent parts of images be stitched

into a complete picture on the �nal screen even if they will overlap on it.

First of all, we need to determine the unique part of every LCD panel. The

unique part means that this part of image will not be overlapped by other pictures

displayed by other LCD panels. If each LCD panel only shows its unique part, then

those parts will just connect seamlessly on screen theoretically. However, because of

the de�ciency in hardware, there are obvious lines between di�erent parts of images

as shown in Figure 2.6. And that is why each LCD panel should show di�erent

images with overlapping part. Overlapping not only can address the gap between

LCD boards, but also can make images look like a complete picture without distinct

lines and point.

9
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Figure 2.6: Non-overlapping display results

10
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So every LCD panel must has its unique part and overlapping part, which is

illustrated in Figure 2.7 below. And an image displayed by the LCD panel also has

its unique part and overlapping part. As it said before, unique parts of the images

Figure 2.7: Image displayed by the LCD panel

from di�erent LCD panels can just form a complete image seamlessly in theory. So

the size of unique part of every LCD panel can be determined by this idea. We can

divide the �nal screen evenly according to the distribution of LCD panels on LCD

board. In other words, dividing �nal screen is dividing original picture. It is because

that original image will be showed on �nal screen. And the amount of pixels of

original image and pixels of the picture on �nal screen is same, including their RGB

data of every pixel. As for overlapping part, it is the rest part of the LCD panel.

11
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After getting the size of unique part and LCD panel, the segmentation of original

image can be started. Each image which is cropped on original image has same size

of the LCD panel. And the stride of every division is determined by the size of unique

size. The diagram below(Figure 2.8) shows the way of segmentation of image.

Figure 2.8: Segmentation of the original image

Since the shape of LCD panel is square, the method of cropping in the horizontal

direction is same as in vertical direction. And the arrangement of cropped images is

same as the arrangement of LCD panels on LCD board.

After �nishing the step of segmentation of image, the next is to form a new image

which looks like a whole LCD board. The gaps between di�erent LCD panels can

not display any pictures. So the same location on the new image should be black,

and only the location of LCD panels on new image can have its RGB data. The
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