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Abstract 

Color and luminance of OLED panel may shift under different 

ambient temperatures. To address this, raw data from touch 

sensors can be used to obtain local temperature information. By 

using this data, the proposed compensation method can be 

employed to solve the effects of temperature-induced color and 

luminance shifts. After compensation, OLED panels can provide 

a more stable and reliable visual experience in diverse ambient 

temperatures. 

Author Keywords 

AMOLED display, temperature, Metal mesh capacitive touch 

sensor, Touch panel, Uniformity, Color Calibration. 

1. Introduction

In recent years, AMOLED displays have been widely used in 

various devices such as TVs, smartphones, and smartwatches. 

These panels may exhibit color and brightness shifts when used in 

diverse environments, such as cold or hot days. Basic examination 

of the phenomenon, we placed an OLED panel on a heat plate set 

to 25°C and 85°C as shown in Figure 1. The color bar represents 

brightness levels, with red indicating higher brightness and blue 

indicating lower brightness. By comparing both sides of Figure 1, 

it can be observed that the brightness of the panel at 80°C is lower 

than that of the panel at 25°C.  

Figure 1. The brightness of OLED TDDI panel at 25℃ 

(left side) and 80℃ (right side). 

To explore the causes of variations at high and low DBV and 

temperature, we reviewed relevant literature and hypothesized that 

temperature might affect the characteristics of the Thin-Film 

Transistor (TFT) in the AMOLED circuit and the recombination 

center in the OLED device [1-4]. Alternatively, under other 

conditions, this may be attributed to the inherent characteristics of 

the OLED device itself [5]. 

2. Experimental Environment

To investigate this phenomenon, we set up an experimental 

environment, as shown in Figure 2, consisting of a display panel, a 

heat plate, a thermal imaging camera (FLIR E6 Pro), and a 

colorimeter CA2500. The heat plate was used to heat the display 

panel locally, while a thermal imaging camera was used to monitor 

the temperature changes of the display panel. The colorimeter 

CA2500 was used to measure the changes in 2D colorimetry and 

luminance. Additionally, we developed an Auto-Measurement 

System that enabled automatic measurement of the data on 

high/low DBV (display brightness value) and grayscale at different 

temperatures. 

Auto-Measurement 
SystemDDIC control

• Panel initial setup
• Different DBV

• Different patterns

Equipment Control
• Measurement
• Read optical data

Colorimeter (CA2500)

Panel
Heat Plate

Heat Plate control
• Variable Temperature

Thermal Imaging Camera (FLIR E6 Pro)

Figure 2. The system to Auto-measure the different 
patterns in different temperature. 

3. Transform Cap. Values to Touch Raw Data

So far, we have observed that the brightness of the OLED panel can 

vary at different temperatures. There are also numerous related 

studies in this field [6-7]. To address this issue, we first need to find 

a way to detect the current temperature on the surface of the OLED 

panel. In traditional methods, the temperature sensor is typically 

positioned on one side of the panel, which means it can only sense 

the adjacent temperature and fails to represent the entire 

temperature distribution across the panel. The temperatures across 

the entire panel are usually not uniform. For example, the 

temperature near the IC tends to be higher than those at the far end 

of the panel, due to the heat generated by IC operation. In this 

paper, we propose using metal mesh capacitive touch sensors to 

measure temperature. Metal mesh capacitive touch sensor covers 

the entire display panel, enabling the detection of temperature 

variations in any region.   

The structure of OLED TDDI panel is shown in Figure 3. TDDI 

can obtain touch raw data from metal mesh capacitive touch sensor 

through TP (Touch Panel) trace. The touch raw data obtained from 

metal mesh capacitive touch sensor represents the parasitic 

capacitance of metal mesh (1). In equation (1), C is presented as the 

parasitic capacitance of metal mesh, ɛ is presented as permittivity, 

A is presented as area of metal mesh, and d is presented as thick of 

insulation layer.  

C = ɛ
𝐴

𝑑
 … (1) 
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Figure 3. The structure of OLED TDDI panel. 

 

4. Transform Touch Raw Data to Temperature  

Within the concept of the transformation algorithm, once the delta 

of the raw data is obtained, which is positively correlated with 

temperature information, these data can be mapped to their 

corresponding temperatures. A lookup table or linear mapping 

functions can be used to achieve this. As shown in Figure 4, at least 

two linear mapping functions are required to transfer the delta of 

raw data into the temperature domain. One function is used for high 

temperatures, while the other is used for low temperatures. This is 

because the relationship between the delta of raw data and 

temperature is non-linear, and a single linear mapping function is 

not sufficient to accurately represent this relationship.  
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Figure 4. Relationship between processed delta  
of touch and surface temperature. 

 

It must be noted that the variation in touch raw data due to 

temperature changes is an order of magnitude smaller than the 

actual touch values. In scenarios where actual touch is not 

considered, we can use the above LUT method for calculation. 

However, in practical applications, it is necessary to consider the 

impact of touch and the temperature of the finger after touching on 

the sensors. This is the direction we will continue to improve in the 

future. 

 

 

Figure 5. 2D heat maps of touch raw data, with x and  
y axes mapping to the physical position of the panel, 
displaying temperature variations across the panel’s 

surface. (a) touch raw data at high temperature heat source 
(b) transformed temperature distribution of high temperature 

source (c) transformed temperature distribution  
of low temperature source. 

 

Figure 5 shows the touch raw data and results of transformed 

absolute temperature. Figure 5(a) presents a 2D color map, where 

the x and y axes represent the corresponding positions of the touch 

sensor on the panel. The different colors represent the raw data 

values sensing by touch sensors. It appears unrelated to 

temperature, as raw data may be influenced by manufacturing 

defects. In contrast, through algorithmic processing, we can obtain 

Figure 5 (b)(c). The different colors represent the absolute 

temperature distribution. It clearly reveals the position of the heat 

source and how the heat expands, making it a more accurate 

representation of temperature changes. 

To verify the accuracy of the transformed local temperature, we use 

a thermal imaging camera to compare the results. The temperature 

difference observed was less than ± 1.5 °C at high temperature and 

±3°C at low temperature. This phenomenon may be attributed to 

variations in each touch sensor. Although there is still room for 

improvement in temperature precision, it is sufficient for our 

subsequent algorithms to perform further compensation. 
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5. Compensation Algorithms  

To compensate the color and luminance shift caused by 

temperature of display, we must consider at least 4 conditions 

(pixel value, DBV, position, temperature). The line charts in Figure 

6 display data related to different positions on a panel, arranged 

from the upper left to the lower right. The heat source is located at 

about 60th position. In Figure 6(a)(b), the y axis represents the 

luminance division of 25 degrees and N degrees, and in Figure 

6(c)(d), the y axis depicts the color difference (delta uv) between 

25 degrees and N degrees. 𝑁 ∈ 05,15,45,65,85. The two figures, 

Figure 6 and Figure 7, illustrate how color and luminance vary 

under different DBV and gray level, separately.  

delta u,v of (N °C , 25 °C) 

Y of N °C  / Y of 25 °C Y of N °C  / Y of 25 °C 

delta u,v of (N °C , 25 °C) 

700 nits 36 nits

(a) (b)

(c) (d)

 

Figure 6. (a) (b) are the luminance shifts under different 
display brightness values. (a) is 700 nits, and (b) is 36nits. 
(c) (d) are the color shifts under different display brightness 
values. (c) is 700 nits, and (d) is 36nits. The heat source is 

located at about 60th position. 

 

According to the observation, we proposed a thermal luminance 

and color compensator to deal with this phenomenon caused by 

temperature variation. Based on [8], we incorporate ambient 

temperature as a critical factor. The process begins with a touch 

sensor that captures ambient temperature, which is then converted 

into 2D temperature information, the temperature readings are 

mapped spatially to create a matrix representing temperatures 

across a surface. As shown in Figure 12, a compensation ratio is 

computed using this 2D temperature data, which takes into account 

panel operational conditions, display brightness values and gray 

levels to adjust for any discrepancies. The next step involves 

interpolating the calibration table to establish sub-pixel-based 

compensation ratios. Finally, the calculated compensation ratio is 

added to the original pixel values of the image, enhancing the visual 

representation by correcting temperature-related variations. This 

process allows color accuracy and consistency, ensuring that the 

AMOLED displays perform optimally in varying environmental 

conditions. Ultimately, the integration of ambient temperature into 

the compensation architecture enhances the overall visual quality 

for users. 

 

delta u,v of (N °C , 25 °C) 

Y of N °C  / Y of 25 °C Y of N °C  / Y of 25 °C 

delta u,v of (N °C , 25 °C) 

GL255 GL64

(a) (b)

(c) (d)

 

Figure 7. (a) (b) are the luminance shifts under different 
gray levels. (a) is GL255, and (b) is GL64. (c) (d) are the 

color shifts under different display brightness values.  
(c) is GL255, and (d) is GL64. The heat source is located  

at about 60th position. 
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Figure 9. Proposed thermal luminance and color 
compensator. 

 

The compensation ratios can be obtained by using a panel model. 

There are multiple methods to obtain a panel model, including 

machine learning techniques like CNN [9] or using a linear matrix, 

each offering different approaches to achieve accurate calibration 

and performance. Refer to [8], we are using a panel model 

represented by a 3x3 linear matrix to demonstrate the compensation 

results. As shown in (2), [𝑋𝑅𝑖 , 𝑋𝐺𝑖 , … , 𝑍𝐺𝑖 , 𝑍𝐵𝑖] represents the panel 

model of specific area of the panel, [𝑋𝑇 , 𝑌𝑇 , 𝑍𝑇 ] represents the 

chrominance of the target area, and [𝑅𝑎𝑡𝑖𝑜𝑅𝑖 , 𝑅𝑎𝑡𝑖𝑜𝐺𝑖, 𝑅𝑎𝑡𝑖𝑜𝐵𝑖 ] 

represents the compensation ratios. The matrix values may vary 

depending on different factors, such as DBV, the gray level, the 

position of the panel, and the ambient temperature. These variations 

occur because the panel's behavior can change based on 

environmental and operational conditions.  

 

Calibrated 

ith area 
[
𝑋𝑇

𝑌𝑇

𝑍𝑇

] = [

𝑋𝑅𝑖 𝑋𝐺𝑖 𝑋𝐵𝑖

𝑌𝑅𝑖 𝑌𝐺𝑖 𝑌𝐵𝑖

𝑍𝑅𝑖 𝑍𝐺𝑖 𝑍𝐵𝑖

] [
𝑅 × 𝑅𝑎𝑡𝑖𝑜𝑅𝑖
𝐺 × 𝑅𝑎𝑡𝑖𝑜𝐺𝑖
𝐵 × 𝑅𝑎𝑡𝑖𝑜𝐵𝑖

]  (2) 
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6. Compensation Results  

To accomplish compensation, we need to collect the optical data by 

measuring panels under different temperature conditions. The 

following results are based on our thermal compensator’s 

performance. In each figure, the x-axis represents the gray level 

under varying temperatures, where temperature increases 

progressively along this axis. The y-axis in Figure 13 shows the 

luminance ratio between 25°C and temperature N°C. In this case, a 

ratio closer to 1 is preferable. In Figure 14, the y-axis displays the 

maximum color difference between 25°C and N°C, and a lower 

difference is more desirable for color stability. The blue bars in both 

figures illustrate the values after applying compensation, and the 

red bars are before applying compensation. 
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Figure 10. The luminance difference before and after 
compensation. 
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Figure 11. The color difference before and after 
compensation. 

 

7. Conclusion  

In this paper, we proposed a compensation architecture that 

successfully solves the color and luminance shift of OLED panels, 

which is caused by ambient temperatures, by using touch raw data 

from touch sensors to obtain absolute temperature information. We 

also provide a method to transfer touch raw data to temperature 

information, since touch raw data cannot be directly used, and 

instead, needs to be transferred into delta of touch raw data and then 

using look up tables or linear mapping functions to transfer to 

temperature information. To develop effective compensation 

architecture that can be used under different conditions, we observe 

the relationship between color difference and luminance difference 

under different display brightness values and gray levels, and take 

these factors as inputs of our compensation system. According to 

our experimental results, the proposed compensation architecture 

can ensure optimal performance across various environmental 

conditions. 
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