
 

 

 
Abstract 

 
One common way to reduce power consumption of 

display devices is to reduce the liquid crystal displays 
(LCD) backlight intensity since the main light source of 
LCD consumes 20~50% of the total system power. In this 
paper, we propose a novel method of reducing LCD 
backlight power which maximizes the power reduction ratio 
and minimizes the visual image quality degradation based 
on the human visual system (HVS).  The proposed method 
uses histogram to minimize the number of clipped pixels 
and keep the perceptual quality and the characteristics of 
image. In contrast to previous approach, the proposed 
method uses no look-up table and preserves the hue values 
and the perceptual white brightness. Experimental results 
show that 41.35% of backlight power is reduced on average 
without severe perceptual distortion. 
 

1. Introduction 
Reducing power consumption is important in any type of 

consumer electronic devices. Especially, the power 
consumption in display devices is getting more and more 
important as TVs are getting bigger and mobile display 
devices are getting popular since power consumption 
determines energy efficiency and battery life time. One of 
the efficient methods for saving system power is to reduce 
the LCD backlight intensity since the main light source of 
LCD consumes 20~50% of the total system power [1] and 
backlight power consumption depends on the backlight 
intensity. As reduced power is applied to the backlights of 
an LCD system, overall brightness of displayed image is 
reduced. One obvious way to compensate the brightness 
reduction is to increase the image pixel values. However, 
we have constraint to increase the pixel values due to the 
hardware limitation. For example, the values that are greater 
than 255 are clipped to 255 in 8 bits system which uses 8 
bits for representing the gray value of each pixel. Therefore, 
the method of increasing pixel value for compensating 
darkened backlight intensity under the hardware constraint 
is focused. 

To compensate darkened backlight intensity, Lai et al. 
[2] proposed the method of multiplying constant value to 
red(R), green(G), blue(B). With this method, the hue value 
can be changed when each pixel value of RGB is clipped 
differently. To enhance the local contrast in image, a 
look-up table is used in [2], but this increases the 
complexity of hardware. Tsai et al. [3] proposed a pixel 
value transfer function using the average pixel value of an 
image to enhance the image. However, when the overall 
image is dark, some relatively dark pixels can be boosted 
too much and the sharpness of the image is worsened with 
this scheme. 

In this paper, a method to reduce the backlight power 
consumption without severe visual distortion is proposed. 
Proposed method finds an image factor that can increase the 
pixel values as much as possible while minimizing 
perceptual distortion. After that, the proposed method finds 
pixel transformation function to minimize the number of 
clipped pixels and to improve the local contrast of the image 
using HVS. Finally, the factor for controlling the backlight 
intensity is calculated using the inverse of the image factor.  

The paper is organized as follows. In section 2, we 
introduce the relation between the backlight intensity and a 
pixel’s gray value, perceptual contrast and the characteristic 
of Cold Cathode Fluorescent Lamp (CCFL). In section 3, 
we describe our method. In section 4, experimental results 
are presented. Finally, the summary is given in Section 5.  

2. BACKGROUND 
In this section, the principles and characteristics which 

compose our method are introduced. 

2.1. The brightness of displayed image 
The brightness can be expressed by multiplying pixel’s 

value and backlight intensity [3][4][5] as 

 = ,bli�L( ) V( )z z  (1) 

where L(z) is the brightness of a pixel z which is displayed 
on screen, V(z) is the pixel value of a pixel z, and ibl is the 
backlight intensity. When a factor for controlling the 
backlight intensity and a factor for compensating the 
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controlled backlight intensity are considered, the equation 
(1) can be extended as 

 = ,gain ctrl blmaxg f i� � �srcL( ) V ( )z z  (2) 

where ggain is a gain for compensating controlled backlight, 
Vsrc(z) is the pixel value of the pixel z in original image, fctrl 
is a factor for controlling backlight and iblmax is the 
maximum intensity of backlight. When the backlight 
intensity is controlled by fctrl, power consumption ratio (pprr) 
of backlight can be calculated as 

 = (1 ) 100%.prr ctrlp f� �  (3) 

According to equation (2), the brightness of displayed 
image can be preserved after reduction of backlight power 
consumption when ggain and fctrl satisfy 

1 ,ctrl
gain

f
g

�  (4) 

while backlight power consumption is reduced as (3). 
However, we have constraint in increasing ggain due to 
limitation of hardware. If ggain is too large, a lot of pixels 
might have values greater than 255. Those pixel values are 
clipped to 255 due to the hardware limitation (In this paper, 
we suppose the gray value of each pixels is represented by 
8bits) and the image quality is worsened. 

2.2. Perceptual contrast 
Figure 1 shows perceptual sensitivity to brightness of 

light [6]. It shows that white color in relatively dark image 
(dark white) is perceived to be the same as a white color in 
relatively bright image (bright white). It means that when 
the average brightness of an image is low enough, further 
reduction in power can be achieved since lowered 
brightness of pixel values will not be detected by human eye 
due to the Human Visual Characteristics [7].  

2.3. The characteristics of CCFL 
CCFL is used as white light sources to backlight for LCD. 

Therefore, power reduction ratio is determined mainly by 
the relation between CCFL illuminance and power 
consumption. Figure 2 shows that increasing the power 
consumption increases the brightness. The relation between 
CCFL illuminance and the power consumption is estimated 
roughly through an experiment in [4]. Note that this relation 
is not linear. The CCFL illumination increases linearly as 
the driving power increases from 0 to 82% of the full 
driving power. For values of driving power higher than this 
threshold, the CCFL illumination starts to saturate. It can be 
described by a two-piece linear function as 
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Figure 1: Perceptual contrast. 
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Figure 2: The characteristics of CCFL [4]. 
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 (5)

where alin= 1.96, clin= -0.237, asat= 6.944, csat= -4.32, cs = 
0.82 and iCCFL is the illuminance of CCFL. 

In case of using LED instead of CCFL, refer to [8]. 

3. Proposed Method 
The goal of our method is to reduce power consumption 

of LCD backlight with minimizing perceptual distortion in 
image. 

The first step of our method is to determine the image 
factor that can increase V(z) as much as possible while the 
visual distortion is minimized. The inverse of this image 
factor becomes a variable for controlling backlight intensity. 
The second step of the method is to find the pixel 
transformation function to minimize the number of clipped 
pixels and to improve the local contrast of the image. In the 
third step, the backlight factor (iCCFL) for controlling 
backlight intensity is calculated with equation (4). 

3.1. Image factor 
Image factor fi is calculated by 

,i histo meanf = f f�  (6) 

where fhisto is the factor for increasing V(z) as much as 
possible while minimizing the number of clipped pixel and 
fmean is the factor for further reduction in power. The 
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perceptual contrast which is described in section 2.2 enables 
the further reduction by fmean possible. 

The factor fhisto is determined by the pixel value such that 
pdf(ibl) is not greater than threshold th1 and Q(V(z)) is not 
greater than threshold th2. This can be formulated as 

255= ,
max( , )histo

pdf cdf
f

m m
 (7) 

where mPDF  and mCDF  are 

1

2

      max  subject to pdf( ) > ,

      max  subject to Q( ) > .
pdf bl

cdf bl

m i th

m i th

�

�

V( )

V( )

z

z
 (8) 

The maximum values among the values which are greater 
than threshold th1 and th2 are mPDF and mCDF each. The 
function pdf(V(z)) denoting PDF of V(z) and Q(V(z)) is   

0
      Q( )= pdf ( ) ,

i
w h i

�

� �
� � � �

� �
�

V( )
V( )

z
z  (9) 

where the w and h stand for the width and height of image. 
Further reduction in power can be achieved if the average 

brightness of an image is low enough as follows: 

4
4 3

3

-1
-

      = ,
1

frame frame
mean

th M th M th
thf

otherwise

� � ��
�
�



 (10) 

where Mframe is the average brightness of an image. The 
inverse value of fi is used for controlling backlight intensity.  

3.2. Pixel transformation function 
Pixels with high intensity are clipped to 255 after 

multiplying V(z) and fi if they exceed 255. It causes the loss 
of details in high intensity regions. To prevent this, we 
propose pixel transformation function which is based on 
CDF of pixel values. It improves the contrast of the part 
where the density is high in PDF, because the gradient of 
CDF is the density of gray value in PDF. However, lots of 
problems might occur if CDF is used without any 
processing. Figure 3 shows one of those problems. Figure 
4(a) shows PDF of original image in Figure 3(a). In figure 
4(a), the density of the PDF between gray level 50 and 70 is 
unusually higher than others. In this case, the gradient of 
CDF corresponding to this area increases sharply. These 
results in image distortions such as contour error, saturation, 
high density in PDF can disappear. 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 3: (a) Original image. (b) Transformed image by original 
CDF. (c) Transformed image by reconstructed CDF. 
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Figure 4: Normalized PDF: (a) Original (Figure 3(a)), (b) 
Reconstructed. 
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Figure 5. Normalized CDF: (a) Original (Figure 3(a)), (b) 
Reconstructed, (c) 1:1 linear function.  
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Figure 4(b) shows reconstructed CDF. First, gray level is 
divided into  5 regions. The size of the regions ‘a’, ‘b’, ‘d’ 
and ‘e’ is set to 10% of maximum gray level respectively, 
and 60% is set to region ‘c’. Each region has different upper 

thresholds and lower thresholds. The relation between fi and 
the lower thresholds in region ‘d’ and ‘e’ should be inverse 
proportion to minimize the number of clipping pixels. PDF 
is adjusted to the upper threshold when PDF is greater than 

Video Sequence Size Power 
Reduction Ratio 

PSNR (dB) 
Proposed Method Previous Method [3] 

Akiyo QCIF (176 x 144) 52.30% 38.89 37.16 
CrowRun Full HD 1080p (1920 x 1080) 33.05% 35.12 39.34 
ParkJoy Full HD 1080p (1920 x 1080) 42.43% 36.37 33.84 

DMB stream QVGA (320 x 240) 37.64% 39.09 37.93 
Average - 41.35% 38.11 36.31 

Table 1: Power reduction ratio with proposed method. 
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Figure 6: Result Images and Transformation functions: (a) Akiyo under 52% backlight, (b) CrowRun under 35% backlight, (c) DMB 
steam under 38% backlight. 
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upper threshold and PDF is adjusted to the lower threshold 
when PDF is less than lower threshold. Figure 5 shows the 
CDFs from the original PDF and the reconstructed PDF.  

When reconstructed CDF is used as a pixel transformation 
function, the dynamic range near the gray level with high 
density in PDF is expanded. Therefore, contrast of the 
image can be enhanced. Figure 3(c) shows the image 
obtained by applying reconstructed CDF.  

3.3. Reduce the backlight intensity 
To reduce the backlight intensity, pprr is calculated using 

Equation (3), (4), (6) and iCCFL is calculated from Equation 
(5) with using pprr, where iCCFL is the variable to control 
driving current. The brightness of CCFL is greatly affected 
by the current driving the lamp and that is only controllable  

for adjusting brightness [4].  

4. EXPERIMENTAL RESULTS 
We implemented and simulated the proposed method and 

the previous method [3] on personal computer. We 
decreased the pixel gray value instead of decreasing 
brightness of monitor backlight. We could not implement 
the previous method [2] since the exact transformation 
curve was not offered.  

Four different types of images are used. One image is 
Akiyo which is used for testing skin-tone and relatively dark 
image. Other two images are ParkJoy and CrowRun which  

are used for testing HD contents. In which, CrowRun is used 
for testing the details of the object that has high luminance 
like cloud in the sky. The other image is Digital Multimedia 
Broadcasting (DMB) which is used for testing real world 
broadcasting signals. DMB is a digital radio transmission 
technology developed by South Korea as part of the 
national IT project for sending multimedia such as TV and 
radio to mobile devices such as mobile phones. 

Table 1 shows the experimental results of proposed 
method and previous method [3] under same power 
reduction ratio. The experimental results show that the 
proposed method reduces the backlight power by 41.35% 
on average without the severe perceptual distortion. Also, 
PSNR of the proposed method is higher than PSNR of the 
previous method.  

Figure 6 shows the result images to compare with 
proposed images against the images with the approach in 
previous method [3]. Figure 6(a) is Akiyo under 52% 
backlight, figure 6(b) is CrowRun under 35% backlight and 
figure 6(c) is DMB steam under 38% backlight. As shown 
in Figure 6, the result images with the proposed method 
have more sharpness than the result images with the 
previous method [3]. The transfer function in our method 
attenuates the pixel values in low intensity region so that the 
dark pixels in the image are not boosted while the previous 
method boosted the dark pixels too much. Figure 6(b) 

shows the shape of high luminance object is well preserved 
compared to previous method. The gradient at high 
luminance part of the transfer function in our method is 
higher than that of previous method[3] so the shape of high 
luminance object can be seen in more detail.  

5. CONCLUSIONS AND FUTURE WORK 
In this paper, a power reduction method with minimal 

image quality degradation based on Human Visual 
Characteristics was proposed. With this approach, average 
of 41.35% power reduction of backlight was achieved while 
solving problems presented in previous approaches. As a 
future work, the feature which describes the characteristic 
of the input video needs to be adaptively applied to reduce 
the backlight power. 

References 
[1] L. Cheng, S. Mohapatra, M. E. Zarki, N. Dutt, and N. 

Venkatasubramantan, “A backlight optimization scheme for 
video playback on mobile devices,” in Proc. CCNC, Vol. 2, 
pp. 833–837, 2006.  

[2] Chih-Chang Lai, Ching-Chih Tsai, “Backlight Power 
Reduction and Image Contrast Enhancement Using Adaptive 
Dimming for Global Backlight Applications,” IEEE 
Transactions on Consumer Electronics, Vol. 54, No.2, May 
2008.  

[3] Pei-Shan Tsai, Chia-Kai Liang, Tai-Hsiang Huang, and 
Homer H. Chen, “Image Enhancement for Backlight-Scaled 
TFT-LCD Displays,” IEEE Transactions on Circuits and 
Systems for Video Technology, Vol. 19, No. 4, April 2009.  

[4] Ali Iranli, Hanif Fatemi, and Massoud pedram, “HEBS: 
Histogram Equalization for Backlight Scaling,” Design, 
Automation and Test in Europe, Vol. 1, pp. 346-351, 2005. 

[5] Wei-Chung Cheng, M. Pedram, “Power Minimization in a 
Backlit TFT-LCD Display by Concurrent Brightness and 
Contrast Scaling,” IEEE Transactions on Consumer 
Electronics, Vol. 50, No.1, February 2004. 

[6] Mark D. Fairchild, “Color Appearance Models,” John Wiley 
& Sons, 2005. 

[7] Robert L. Myers, Display Interfaces: fundamentals and 
standards, Wiley-SID Series in Display Technology, 2002. 

[8] Hyunsuk Cho, Oh-Kyong Kwon, “A backlight dimming 
algorithm for low power and high image quality LCD 
applications,” IEEE Transactions on Consumer Electronics, 
Vol. 55, No. 2, MAY 2009 
 
 

136136


