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MotivationMotivation
• Mobile handheld devices run on batteries

- Batteries have limited lifetimes

• Several factors such as CPU, hard disk and 
network interface consume power

- Significant research has been done in these areas

• Backlight Intensity is the most significant
contributor to handheld power consumption

- Upto 40% of total power!

• However, reducing power consumed by the 
backlight is not straightforward

- Even a slight change in backlight level is perceptible to 
the user as it affects quality

Due to the challenging nature of the problem, very little research 
has been done on reducing power consumed by the backlight



Research on Reducing Backlight Research on Reducing Backlight 
Power ConsumptionPower Consumption

• Choi et al proposed reducing backlight level
(Table 1) to save power while 

• simultaneously increasing the brightness
of still images

• enhancing contrast of image

• However, their approach distorted the color
of the original image

• limits practical application of approach

• Moreover their approach is limited to still
images and fails to address streaming
multimedia content which is increasingly
becoming part of the mobile user experience

1.72Power Save

2.16Low Bright

2.32Medium Bright

2.51High Bright

2.80Super Bright

Power  Consumed
(in Watts)

Backlight Modes

Power consumed at various backlight levels dur ing 
streaming multimedia playback on the Compaq iPAQ
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Proposed System ArchitectureProposed System Architecture

Client has an application layer with a video decoder and a middleware layer  that intercepts 
application requests, records and modifies system parameters (like backlight level)

Requests from the client are received by a Proxy which maintains a database of information 
about videos available on the video server  and character istics of different handheld devices.  

The middleware layer at the proxy dynamically transcodes the video stream.



Compensation ConceptsCompensation Concepts
If P(n) is power dissipated in the handheld device at backlight level n, then power saved on switching to 
backlight level n-k :

Psave= P(Psave= P(nn) ) -- P(P(nn--kk)) …(1)…(1)

If � is the transmittance of the LCD panel, L is the backlight luminance and Yfr is the average luminance value 
of the frame, then perceived Intensity I of the image :

I  = LYfrI  = LYfr ...(2)...(2)

If we reduce backlight level from n to n-k then in order to preserve video quality we need to compensate pixel 
luminance. Let the luminance of the backlight at level n be given by L and the luminance at level n-k be given 
by L’ . Then the new luminance value Ypix` for each pixel in the frame :

(Ypix`) =  min(1, (Ypix`) =  min(1, (Ypix) + L)(Ypix) + L) …(3)…(3)

where (Ypix`) gives the normalized value of Ypix`, and

L = ( 1 L  = ( 1 –– LÁ/L ). LÁ/L  ). ¼ (4)¼ (4)

However simply compensating for luminosity is not enough. Saturation in pixels with high luminosity values 
can result in loss of contrast and degrade video quality. To overcome this, we pass the luminosity compensated 
frame through a high pass filter which performs spatial convolution on it. This convolution step sharpens the 
edges and makes objects in the frame more recognizable.



More Compensation ConceptsMore Compensation Concepts
· GOS (Group Of Scenes)

A GOS is defined as a group of contiguous frames in a video stream such that the variance 
of average luminosity values of each frame in a group is less than a threshold . The 
number of frames in a GOS must be >  to prevent frequent switching of backlight (which 
dissipates power)

· Backlight Level Compensation Factor  

((kiki ,,, , , , YgosYgos) = kÁ ) = kÁ ¼ (5)¼ (5)

where ki is the current backlight level,   is the type of the handheld and Ygos is the 
average luminosity of the GOS being considered. 

– function returns the optimal backlight level to be set for the GOS (k`). 

· Video Luminosity Compensation Factor

((kiki , , , , ((kiki ,, , , YgosYgos)) = cÁ = )) = cÁ = L L ¼ (6)¼ (6)

where  ki,  and  are the same as described above. 
– function returns the brightness compensation value for the GOS being considered.
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Proxy based Middleware Proxy based Middleware 
AdaptationAdaptation



·· Simple Backlight Compensation (SBC)Simple Backlight Compensation (SBC)
In this approach power is saved by identifying GOS entities with high Ygos values and 
reducing backlight level for these entities. This scheme involves no video stream 
compensation and may slightly degrade video quality. It is however attractive because of its 
simplicity.

·· Constant Backlight with Video Luminosity Compensation (CBVLC)Constant Backlight with Video Luminosity Compensation (CBVLC)
In this approach the backlight is set just once, at the beginning of the video stream, and after 
that the GOS entities are dynamically compensated by the proxy based on their Ygos values. 
The backlight level has to be chosen conservatively so that video quality is not affected 
adversely with dramatic variation in luminous intensity for consecutive GOS entities.

·· Dual Compensation Approach (DCA)Dual Compensation Approach (DCA)
In this approach we simultaneously compensate the video stream and backlight levels for 
different GOS entities. The proxy dynamically compensates the GOS entities in the video 
stream and begins streaming the video to the client, simultaneously directing the client to 
change its backlight level through the control stream. The client middleware sets the 
appropriate backlight intensity levels for the video playback. This approach provides more 
flexibility for aggressive optimizations.

Proposed ApproachesProposed Approaches



Colorful, 2D animationHigh2730192 x 144simpsons.mpg

Flashy, TV show clipVery High5930160 x 120intro.mpg

Bright, 3D animationModerate5930240 x 136iceegg.mpg

Dark, 3D animationLittle4130320 x 240bipolar.mpg

Video TypeLuminosity 
Var iation

Duration 
(sec)

FPSResolutionMPEG Video

Character istics of video streams used in experiment

bipolar.mpg iceegg.mpg                                       intro.mpg simpsons.mpg

Snapshots of MPEG-1 video streams used in exper iments

Experimental SetupExperimental Setup
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-Convolution kernel used in 
high pass filter

�

k

220Threshold level for SBC
scheme

�

40Variance threshold for YGOS

�

60Minimum number of frames 
in GOS

�

ValueDescr iptionParameter

Parameter  values for  compensation algor ithm used in exper iments

(k0) = k0 ; (k0) =   0 ;    for all YGOS
(k1) = k1 ; (k1) =   0 ;   for all YGOS
(k2) = k1 ; (k2) =  30;  for YGOS < 140
(k3) = k2 ; (k3) =  30; for 80 < YGOS < 190

= k1 ; (k3) =  55; for 190 < YGOS < 220
(k4) = k3 ; (k4) =  30; for 190 < YGOS < 220

= k2 ; (k4) =  55; for 60 < YGOS < 190
= k1 ; (k4) =  65; for YGOS < 60

Rule base for  determining 

�

(kx) and �(kx) for  the five backlight levels 
(k0, k1, k2, k3 and k4) for  the Compaq iPAQ
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Power saving for initial reference point = super bright

0

50

100

150

200

250

300

350

400

450

500

iceegg simpsons intro bipolar

P
o

w
er

 S
av

in
g

 (
in

 m
W

at
ts

)

CBVLC

SBC

DCA

0

50

100

150

200

250

300

350

400

450

500

iceegg simpsons intro bipolar

P
o

w
er

 S
av

in
g

 (
in

 m
W

at
ts

)

CBVLC

SBC

DCA

Power saving for initial reference point = high bright

0

20

40

60

80

100

120

140

160

180

iceegg simpsons intro bipolar

P
o

w
er

 S
av

in
g

 (
in

 m
W

at
ts

)

CBVLC

SBC

DCA

0

20

40

60

80

100

120

140

160

180

iceegg simpsons intro bipolar

P
o

w
er

 S
av

in
g

 (
in

 m
W

at
ts

)

CBVLC

SBC

DCA

Power saving for initial reference point = medium bright

ResultsResults

Power savings for the DCA scheme range 
from 100 mW to 625 mW depending on 
the type of video being played and the 
initial backlight setting. This corresponds 
to roughly 9% to 60% reduction in 
power consumed by the backlight on the 
mobile handheld client.

ConclusionConclusion


