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Abstract ganic Light Emitting Diode (OLED) displays, the pixels it-
self generate light [2] [3].

Today’s handheld devices become more and more mul-  With the removal of the backlight, other parameters be-
timedia capable. One subsystem of a multimedia terminalcome important when determining the power consumption
that accounts for a considerable amount of the total power of a display unit. One of the more important factors is the
consumption is the display unit. The backlight is the ma- number of memory accesses that are performed to put data
jor culprit there. As new display units without backlights on the screen. This is explained in the next paragraphs.
emerge, the data transfers required to put data on the screen  |n nowadays systems, the display unit is seen as a sepa-
start using up an increasingly important part of the plat- rate building block of a multimedia terminal. From the ap-
form’s power. plication point of view, the display is considered to be a

We have examined a novel system view that allows forplack box. To put an image on the display, typically data
power savings by decreasing the required number of mems-s first written into a so-called video buffer or frame buffer.
ory accesses to put a frame on the screen. A two-step op-This buffer is located in the main memory of the platform
timization method for existing platforms is presented. Mea- [4] [5] or in a memory unit contained within the LCD con-
surements on a multimedia application show that, on aver- troller [6]. The frame buffer is used as the data source for the
age, power savings of 72% can be obtained on the displaydisplay driver unit. The driver unit scans the frame buffer
related memory accesses. and generates the control signals for the display panel.

For the proposed optimizations methods to work, itisim-  The memory accesses and bus traffic involved in the
portant that both hardware and software deSignerS becomedisp|ay update process consume a considerable amount of
aware of the impact their design-time decisions have on thepower. For every frame update, the complete content of the
final power consumption of a system. frame buffer is transferred from the frame buffer through a
bus to the display unit. In a typical system where the frame
buffer is located in main memory, this part of the system ac-
counts for 28% of the total power [1].

Using a frame buffer allows designers to make abstrac-

Th ket for handheld devi h tinued t tion of the display unit. In such a system view, the LCD con-
€ market for handheld devices has continued to grow 101 takes care of the hardware specific actions required

ever since _the breakthrough of _Cellular phones. Personalto put an image on the screen. As long as energy consump-
D'g't.al A§S|stants (PDA,S)’ mobile phones and portable tion or memory footprint are not an issue, this allows for a

multlmed_la players are JUSt.a few exgmples C.)f bat.tery pow- simpler design procedure. But in battery powered embed-
ered devices that have a display unit as their main user iN-4ed systems, the overhead incurred is quite large. In such
terface. applications designers can obtain important energy savings

On platforms equipped with standard color Liquid Crys- by using a power optimized display solution.
tal Displays (LCD's), the backlight unit consumes a large

part of the total power budget (typically around 30% [1]). bu
Recent developments in displaying techniques give rise to
displays that can do without a backlight. In so-called Or-

1. Introduction

We have applied a two-step optimization method for
ilding a multimedia terminal that eliminates redundant
memory accesses when interfacing to the display unit. In
the first step, the frame buffer access is optimized. Only
parts of the screen that are modified between frames are
*  Also professor at K.U.Leuven, Belgium written to the frame buffer. This optimization reduces the
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number of memory accesses between processor and frampower consumption of the platform. The advantage of us-
buffer. Hence, the power consumption of the system is re-ing a processor-integrated LCD controller is the reduction
duced. In a second step, a new hardware architecture thaof the chip count of a system, an important factor in the de-
eliminates the frame buffer is presented. This second stepsign of portable devices. Disadvantages are the load on the
enables a further reduction of the power consumption. In main memory bus and the power consumption caused by
the most optimal case of a static image between consecuthe bus accesses.

tive frames, all memory accesses are eliminated.

The proposed setups are evaluated on a test platform of Other systems use an LCD controller with integrated
which the power consumption can be measured. Both dedframe buffer [6]. In such a system, the LCD controller is
icated test software and an existing compressed video de@ Separate building block containing a frame buffer that is
coder application are used to evaluate the impact of the op-2ccessible to the processor. This setup removes the load in-
timizations. volved in refreshing the LCD panel from the main memory

This paper is further organized as follows: first, in Sec- and system bus, since the data traffic is routed from the in-

tion 2, the commonly used architectures are presented andemnal frame buffer to the LCD through a separate bus. The
optimizations are proposed. Section 3 shows the measure@dvantage of this way of working is that the main mem-

ment setup and the results. In Section 4, the software op-°"Y bus is free for other subparts of the system and that the

timization of a compressed video decoding client is pre- POWer consumption of the bus accesses, required to refresh
sented. Section 5, finally, concludes the paper. the LCD panel, is reduced. The dedicated bus is shorter and

less complex than the system bus and hence, it will pose a
_ smaller load on the system’s power consumption.
2. Architecture study and proposal

A handheld multimedia terminal is a portable, battery
powered device with a display as main user interface. This
section first presents the existing interface methods between processor FRAME BUFFER
a system and its display. Then, it describes a two-step opti- A
mization method to obtain a maximal power gain.

»
Lglf

LCD
2.1. Exploration of existing systems controller
LCD panel
In traditional systems, the memory accesses cause a c
significant power consumption, both in the memory chips anel bus
themselves as in the busses that have to be driven to trans- P

fer the data between the chips. However, both hardware de-
signers and software programmers are still not concerned
enough about the implications that memory accesses have
on the power budget.

An application that generates screen data writes its out-
put in the so-called frame buffer (Figure 1, transfer A). This
buffer is located in main memory of the platform or inside
the LCD controller unit.

On systems where the LCD controller is located in the
processor (e.g. StrongARM and XScale processor based Various methods of reducing the power consump-
systems), the frame buffer is integrated in main memory. tion caused by frame buffer related memory accesses have
Refreshing the LCD panel requires transferring the databeen proposed, such as variable-duty-ratio refresh and dy-
from the main memory buffer through the memory bus to namic color depth control [1]. Those methods reduce
the display controller (Figure 1, transfers B and C). This is the power consumption by exploiting specific charac-
done using a dedicated Direct Memory Access (DMA) con- teristics of LCD’s with relation to the human eye. They
troller contained within the display controller. The content leave the frame buffer present as a double or some-
of the frame buffer has to be transferred to the LCD con- times even triple buffered scheme. We present a method for
troller at a speed that is determined by the refresh rate ofreducing the number of memory accesses that is taking ad-
the LCD (e.g. 60 Hz [7] or 75 Hz [6]). This traffic places vantage of the content of the data that is displayed on the
a heavy burden on the processor bus, and hence, on thecreen. This is explained in the next section.

Figure 1. Block scheme of a traditional sys-
tem with LCD display




2.2. Content dependent optimizations determined by the value that is written in a memory cell. In
this way, the only video related memory that is required is
It seldom occurs that, between two frames, every pixel the memory that exists on the display panel itself. Switch-
of the new frame differs from the pixel at the same position ing a pixel on or off occurs by writing a certain value to the
in the previous frame. If the system can only update thosecorresponding memory location on the OLED panel. In this
pixels that have changed when comparing the new frame toway, the frame buffer can be avoided and the refreshing of
the current frame, it can avoid many unnecessary memorythe pixels required for LCD panels is eliminated. This al-
accesses. lows for important power savings. The high throughput bus
A broad range of applications can take advantage of se-between the frame buffer and the LCD panel is not required
lective screen updating. Video decoding applications can beany more, and the frame buffer does not need to be allo-
optimized to only update those parts of the screen that havecated in main memory. Using less memory will become im-
changed. Applications requiring user input, such as calen-portant in future systems, when the power required to keep
dars, spreadsheets, and word processors can take advantaganemory chip active will start to be dominant.

of the fact that user input is most of the time limited to a By combining the content dependent optimizations dis-
small part of the screen area. cussed earlier, with a pixel-level memory display, maxi-
In the first optimization step, we propose a modification ma| power savings can be obtained. Not only are the frame
to the software that generates the data for the frame bufferyyffer and the related memory access eliminated, but also
Instead of writing the entire buffer from the application, the the memory transfers to the on-display memory are reduced
software should only update the pixels that have changedig the minimum, depending on the content of the screen.
This approach yields a substantial reduction of the numbergnjy this systemwide approach allows to achieve the abso-

of memory operations. lute minimum number of data transfers.
In order to apply this optimization to existing systems,

it has to be taken into account that it will only work cor-

rectly on systems that use a single frame buffer. Systems

that use a double frame buffer to avoid display artifacts on 3. Measurements
the LCD first will have to be modified so that a single frame

buffer can be used. This requires some kind of synchroniza-  ysing a readily available prototyping platform, we were
tion between the application and the controller that gener- aple to measure on real hardware the impact of our proposed
ates the signals for the LCD panel. In practice the produc- gptimizations. Although the proposed OLED display is not
tion of new data in the data source should never be slowergyaijlable to us, we were able to draw conclusions on the
than the read by the display controller to the display unit. gptained measurement results by extrapolating them. This
A detailed description of processor to display synchroniza- section describes the hardware and software involved in the
tion solutions is out of the scope of this paper. measurement setup and presents the results of our measure-
ments.

2.3. Integrating a pixel-level memory display

The second step of the optimization focuses on the actual
hardware architecture. In existing video interface methods,
the refresh of the display generates a large part of the total
memory traffic and bus usage. Refreshing a 640 x 480 pixel, The test platform is an XSCALE PXA250-based proto-
60 Hz display that uses 18 bits to represent one pixel, gen-typing platform with 64 MB of SDRAM and a Tvia Cy-
erates a 316 Mbits per second load in the memory units andP€rPro 5205G-50 video processor. The video buffer of the
bus between the frame buffer and the LCD panel. The con-Tvia is mapped in the memory space of the processor. This
sequences in power consumption are considerable: 6% ofllows us to emulate an OLED display if we consider the
the total system power is needed to drive the LCD panel TVia video processor to be a display unit. The operating sys-
bus, the frame buffer accounts for 19% of the total power tem of the setup is Linux. The Tvia video processor gener-
[1]. ates a PAL video output signal. We have used this signal to

For disp'ays that do not need such refreshing, an impor-display the Output of the test Setup on a standard TV screen.
tant power saving can be obtained. This is where the OLED  To determine the power consumption of the display re-
displays can provide a solution. lated memory accesses, we have monitored the current

Using novel integration techniques, researchers have dedrained by the entire platform at the power supply. The
veloped OLED displays where memory is integrated at power required by the actual display unit (the TV screen)
pixel level [8]. The status of pixels in the OLED panel is is not taken into account.

3.1. Hardware setup



3.2. Test software the Tvia video processor. Again, the impact of the display
related memory accesses on the power usage is evaluated in

Three different software applications are used. The first five different cases, ranging from a full screen update to do-
two are dedicated test applications. The third application ising no update at all. The block scheme of the test software
an MPEG-4 video decoder that has been developed in ourshows that the only display related transfer is the one from
research group. This decoder allowed us to verify the pre-the CPU to the Tvia video processor (Figure 3).
dicted gain in a real-life application and is described in de-
tail in Section 4.

The test applications are written to be able to measure CPU
the impact of every step of the proposed optimization. In a
first test case, the influence of optimizing the frame buffer
access is measured. The second test case allowed us to ver-
ify the direct video memory access optimization.

In the first test case, we measured the influence of the
content dependent optimizations with the following setup.
An application running on the processor of the test plat-
form generates screen data. This data is written into a frame
buffer that is allocated in main memory of the system (Fig-
ure 2, transfer A). To emulate the frame buffer to LCD panel
transfers, the application copies the frame buffer content
to the Tvia video controller (Figure 2, transfers B and C).
Eight frames per second are generated and written to the
frame buffer (640 x 480 pixels, 16 bits per pixel). The frame
rate has been selected in order not to overload any hardware
system limits, such as bus capacity or processor load. The
transfers from the frame buffer to the Tvia also occur eight
times per second.' The impact .of 'Fhe memory transfers ON3 3 Test results
the power usage is evaluated in five different cases, rang-
ing from updating the entire display to doing no update at
all.

DISPLAY

Y

Figure 3. Block scheme of the test setup with
per-pixel memory display emulation

A comparison of the measurement results between the
non-optimized setup (with frame buffer and full screen up-
date) and the setup where the per-pixel memory is emulated
(no frame buffer and a static image) shows a difference in
CPU FRAME BUFFER power consumption of 770 mW. As an indication, the idle
A power consumption of the platform is 5.3 W. It is impor-

B g tant to understand that, as low power design techniques get
more and more accepted, the CPU and its peripherals will
start consuming a smaller amount of the total power. The
DISPLAY memory relgted power consumption is not expected to drop
C that fast. This means that the impact of the memory opera-
tions on the power consumption will even become larger in
future systems.

In order to represent the measurement results, all further
figures are expressed as a percentage of the maximal differ-
ence in power consumption, 770 mW.

Figure 2. Block scheme of the test setup with For the first test case, using the optimized frame buffer

frame buffer access, the possible gain in power consumption ranges be-

tween 0% (when all pixels are updated) and 71% (when no
pixels are updated) compared to the original power con-
sumption of the display related memory accesses. On av-

In the second test case, the possible energy savings by inerage, 36% power is saved. (Figure 4).
tegrating an OLED display with per-pixel memory are eval-  The second test case, with per-pixel memory display and
uated on the same hardware setup. The frame buffer is elim-optimized access, allows for power savings between 45%
inated and the test application writes its data immediately to (the entire screen is updated) and 100% (in case of a static
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image). On average, a platform based on this architecture

uses 72% less power for the display related memory ac- bitrate blocks (%)
cesses. (Figure 4). (kbps) | intra | inter inter
sequence coded| skipped

mother & daughter; 101 1.0 215 77.5
mother & daughter, 287 1.0 30.4 68.6
foreman 334 1.4 69.3 29.3
foreman 935 1.4 79.9 18.8
calendar & mobile| 1641 1.0 92.9 6.0
calendar & mobile| 3998 1.0 95.5 35

3.4. Interpretation of the test results

For the interpretation of the results considering existing
LCDs, it has to be taken into account that the refresh rate
of our “display unit” (the Tvia) is lower than what is used
in current systems. The effect of that is that the absolute
measured gain by introducing the new display will be even
larger in existing systems. The high throughput on the LCD
panel bus due to the high refresh rate will cause a higher
power drain than the energy consumption that occurs in our
test setup. The absolute value of the power saving in a de
vice also depends on the frame size, the frame rate and the ) )
system architecture (e.g. the type of RAM, the length of the S€duence taalendar and mobilea highly complex se-
system busses, ...). guence with multiple, heterogeneous motion.

Assuming that on average 50% of the pixels need to be _ Al sequences are compressed using an MPEG-4 Simple

refreshed between two frames, the obtained power savingd Tofile [9] coder which uses a hybrid video block-based al-
are 277 mW (36%) for the content dependent optimization gorithm exploiting temporal and spatial redundancy in sub-

(first test case) and 554 mW (72%) for the version with the Séduent frames. Three types of 8x8 blocks can occur in a
per-pixel memory display (the second test case). frame: (i) intra blocks contain only independent texture in-
formation, (i) inter blocks use motion compensated predic-

tion and (iii) skipped blocks, a special kind of inter blocks,

in which none of the pixels change compared to the previ-
ous frame. Hence these last blocks do not need a screen up-
date and can exploit the two proposed optimizations.

Table 1 lists the relative amount of intra, inter and
skipped 8x8 blocks in the MPEG-4 Simple Profile video se-
guences. The amount of skipped blocks varies from virtu-
ally zero for highly complex to almost 80 % for low mo-
tion video. For an average sequenEerémar), around 75
% of the image is updated. According to Figure 4, this leads
to respectively 18 % and 59 % power saving for the two op-
timizations.

Table 1. The amount of blocks requiring a
screen update varies with the complexity of
the video sequence
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Display related memory accesses consume an important
part of the power budget on portable devices. In future sys-
tems, their influence is only expected to increase.

The proposed two-step optimization enables valuable en-
ergy savings, increasing the battery autonomy. The mea-
surements show that, using this optimization, average en-
ergy savings can be obtained up to 72% of the power that is
4. Optimization of a video decoder used in traditional setups for the display related memory ac-

cesses. Applications on handheld devices that require user

Measurements on a realistic MPEG-4 video decoder ap-input are expected to allow for even better results. In such
plication that we have run on the XScale platform confirm an application, only a fraction of the screen is updated be-
the above results. The proposed testbed (Table 1) containgween frames.
video at different bitrates and with varying degrees of mo-  Elimination of the frame buffer also reduces the required
tion: from mother and daughtea head and shoulders type main memory size of a platform. This enables designers

Figure 4. Power gained in the display related
memory accesses




to switch off memory banks that are not in use, which re- [3]
duces the required memory footprint and further optimizes
the power consumption.

New display types with per-pixel memory will enable in-
tegration of the discussed techniques in future multimedia
terminals. Careful design of both the hardware architecturel
of a system and the software that runs on the platform is re-
quired to benefit from the proposed optimizations. [
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