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REAL-TIME DYNAMIC DESIGN OF LIQUID
CRYSTAL DISPLAY (LCD) PANEL POWER
MANAGEMENT THROUGH BRIGHTNESS

CONTROL

COPYRIGHT NOTICE

[0001] Contained herein is material that is subject to
copyright protection. The copyright owner has no objection
to the facsimile reproduction of the patent disclosure by any
person as it appears in the Patent and Trademark Office
patent files or records, but otherwise reserves all rights to the
copyright whatsoever.

FIELD OF THE INVENTION

[0002] The present invention generally relates to the field
of electronic displays. More particularly, an embodiment of
the present invention relates to real-time dynamic design of
liquid crystal display (LCD) panel power management
through brightness control.

BACKGROUND

[0003] Notebook (also called laptop) computers are light-
weight personal computers, which are quickly gaining popu-
larity. The popularity of the notebook computers has espe-
cially increased since their prices have been dropping
steadily, while maintaining similar performance as their
larger siblings (i.c., desktop computers or workstations).
One clear advantage of notebook computers is their ease of
portability. The lighter weight restrictions require the mobile
platform manufacturers to produce images that compete
with the desktop models, while marinating an increased
battery life.

[0004] As more functionality is integrated within mobile
computing platforms, the need to reduce power consumption
becomes increasingly important. Furthermore, users expect
increasingly longer battery life in mobile computing plat-
forms, furthering the need for creative power conservation
solutions. Mobile computer designers have responded by
implementing power management solutions such as, reduc-
ing processor and chipset clock speeds, intermittently dis-
abling unused components, and reducing power required by
display devices, such as an LCD or “flat panel” display.

[0005] Generally, power consumption in flat-panel display
monitors increases with flat panel display backlight bright-
ness. In some computer systems, flat panel display backlight
power consumption can soar as high as six Watts when the
backlight is at maximum luminance. In a mobile computing
system, such as a laptop computer system, this can signifi-
cantly shorten battery life. In order to reduce flat panel
power consumption and thereby increase battery life, mobile
computing system designers have designed power manage-
ment systems to reduce the flat-panel display backlight
brightness while the system is in battery-powered mode.
However, in reducing backlight brightness in a flat panel
display, the user is often left with a display image that is of
lower quality than when the mobile computing platform is
operating on alternating current (AC) power. This reduction
in image quality results from a reduction in color and
brightness contrast when backlight brightness is reduced.

[0006] Image quality can be further affected by ambient
light surrounding the display. This reduces the number of
environments in which a user can use a mobile computing
system comfortably.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is illustrated by way of example and
not limitation in the figures of the accompanying drawings,
in which like references indicate similar or identical ele-
ments, and in which:

[0008] FIG. 1 illustrates an exemplary block diagram of a
computer system 100 in accordance with an embodiment of
the present invention;

[0009] FIG. 2 illustrates an exemplary cross-section of a
flat-panel display monitor 200 in accordance with an
embodiment of the present invention;

[0010] FIG. 3 illustrates a group of pixels within a flat-
panel monitor screen in accordance with one embodiment;

[0011] FIG. 4 illustrates a light emitting diode (LED)
backlight for a notebook computer display system, accord-
ing to one embodiment of the invention;

[0012] FIG. Sillustrates a display system according to one
embodiment; and

[0013] FIG. 6 illustrates an exemplary block diagram of a
backlight modulation circuit 600 in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION

[0014] In the following detailed description of the present
invention numerous specific details are set forth in order to
provide a thorough understanding of the present invention.
However, it will be apparent to one skilled in the art that the
present invention may be practiced without these specific
details. In other instances, well-known structures and
devices are shown in block diagram form, rather than in
detail, in order to avoid obscuring the present invention.

[0015] Reference in the specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the
invention. The appearances of the phrase “in one embodi-
ment” in various places in the specification are not neces-
sarily all referring to the same embodiment.

[0016] FIG. 1 illustrates an exemplary block diagram of a
computer system 100 in accordance with an embodiment of
the present invention. The computer system 100 includes a
central processing unit (CPU) 102 coupled to a bus 105. In
one embodiment, the CPU 102 is a processor in the Pen-
tium® family of processors including the Pentium® II
processor family, Pentium® III processors, Pentium® IV
processors available from Intel Corporation of Santa Clara,
Calif. Alternatively, other CPUs may be used, such as Intel’s
XScale processor, Intel’s Banias Processors, ARM proces-
sors available from ARM Ltd. of Cambridge, the United
Kingdom, or OMAP processor (an enhanced ARM-based
processor) available from Texas Instruments, Inc., of Dallas,
Tex.

[0017] A chipset 107 is also coupled to the bus 105. The
chipset 107 includes a memory control hub (MCH) 110. The
MCH 110 may include a memory controller 112 that is
coupled to a main system memory 115. Main system
memory 115 stores data and sequences of instructions that
are executed by the CPU 102 or any other device included
in the system 100. In one embodiment, main system memory
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115 includes dynamic random access memory (DRAM);
however, main system memory 115 may be implemented
using other memory types. Additional devices may also be
coupled to the bus 105, such as multiple CPUs and/or
multiple system memories.

[0018] The MCH 110 may also include a graphics inter-
face 113 coupled to a graphics accelerator 130. In one
embodiment, graphics interface 113 is coupled to graphics
accelerator 130 via an accelerated graphics port (AGP) that
operates according to an AGP Specification Revision 2.0
interface developed by Intel Corporation of Santa Clara,
Calif. In an embodiment of the present invention, a flat panel
display may be coupled to the graphics interface 113
through, for example, a signal converter that translates a
digital representation of an image stored in a storage device
such as video memory or system memory into display
signals that are interpreted and displayed by the flat-panel
screen. It is envisioned that the display signals produced by
the display device may pass through various control devices
before being interpreted by and subsequently displayed on
the flat-panel display monitor.

[0019] In addition, the hub interface couples the MCH 110
to an input/output control hub (ICH) 140 via a hub interface.
The ICH 140 provides an interface to input/output (I/O)
devices within the computer system 100. The ICH 140 may
be coupled to a Peripheral Component Interconnect (PCI)
bus adhering to a Specification Revision 2.1 bus developed
by the PCI Special Interest Group of Portland, Oregon.
Thus, the ICH 140 includes a PCI bridge 146 that provides
an interface to a PCI bus 142. The PCI bridge 146 provides
a data path between the CPU 102 and peripheral devices.

[0020] The PCI bus 142 includes an audio device 150 and
a disk drive 155. However, one of ordinary skill in the art
will appreciate that other devices may be coupled to the PCI
bus 142. In addition, one of ordinary skill in the art will
recognize that the CPU 102 and MCH 110 could be com-
bined to form a single chip. Furthermore, graphics accel-
erator 130 may be included within MCH 110 in other
embodiments.

[0021] In addition, other peripherals may also be coupled
to the ICH 140 in various embodiments. For example, such
peripherals may include integrated drive electronics (IDE)
or small computer system interface (SCSI) hard drive(s),
universal serial bus (USB) porl(s), a keyboard, a mouse,
parallel port(s), serial port(s), floppy disk drive(s), digital
output support (e.g., digital video interface (DVI)), and the
like. Moreover, the computer system 100 is envisioned to
receive electrical power from one or more of the following
sources for its operation: a battery, alternating current (AC)
outlet (e.g., through a transformer and/or adaptor), automo-
tive power supplies, airplane power supplies, and the like.

[0022] FIG. 2 illustrates an exemplary cross-section of a
flat-panel display monitor 200 in accordance with an
embodiment of the present invention. In one embodiment,
display signals 205 generated by a display device, such as a
graphics accelerator, are interpreted by a flat-panel monitor
control device 210 and subsequently displayed by enabling
pixels within a flat-panel monitor screen 2185. The pixels are
illuminated by a backlight 220, the brightness of which
effects the brightness of the pixels and therefore the bright-
ness of the displayed image.

[0023] FIG. 3 illustrates a group of pixels within a flat-
panel monitor screen in accordance with one embodiment.
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In one embodiment, the pixels are formed using thin film
transistor (TFT) technology, and each pixel is composed of
three sub-pixels 302 that, when enabled, cause a red, green,
and blue (RGB) color to be displayed, respectively. Each
sub-pixel is controlled by a TFT 304. A TFT enables light
from a display backlight to pass through a sub-pixel, thereby
illuminating the sub-pixel to a particular color. Each sub-
pixel color may vary according to a combination of bits
representing each sub-pixel. The number of bits representing
a sub-pixel determines the number of colors, or color depth,
that may be displayed by a sub-pixel.

[0024] Accordingly, by increasing the number of bits that
are used to represent each sub-pixel, the number of colors
that each sub-pixel represents increases by a factor of 2N,
where “N” is the color depth of a sub-pixel. For example, a
sub-pixel represented digitally by 8 bits may display 28 or
256 colors. A brighter or dimmer shade of a color being
displayed by a pixel can be achieved by scaling the binary
value representing each sub-pixel color (red, green, and
blue, respectively) within the pixel. The particular binary
values used to represent different colors depends upon the
color-coding scheme, or color space, used by the particular
display device. By modifying the color shade of the sub-
pixels (by scaling the binary values representing sub-pixel
colors) the brightness of the display image may be modified
on a pixel-by-pixel basis. Furthermore, by modifying the
color shade of each pixel, the amount of backlight necessary
to create a display image of a particular display image
quality can be reduced accordingly.

[0025] FIG. 4 illustrates a light emitting diode (LED)
backlight for a notebook computer display system, accord-
ing to one embodiment of the invention. According to an
embodiment of the invention, the LED backlight 400
includes a modulator 402, and an LED stick 404. The LED
stick 404 includes a number of LEDs 406. For example,
according to an embodiment of the invention, the LED stick
404 includes 36 LEDs. In an alternative embodiment of the
invention, the LED stick 404 includes 18 LEDs. According
to other embodiments of the invention, the LED stick 404
includes a greater or lesser number of LEDs (e.g., 1 LED or
48 LEDs.). The LEDs 406 are blue LEDs, according to one
embodiment of the invention. However, according to an
alternative embodiment of the invention, the LEDs 406 are
ultraviolet LEDs.

[0026] The modulator 402 receives power from a battery
(e.g., a 12 Volt battery), according to an embodiment of the
invention. According to an alternative embodiment of the
invention, the modulator 402 receives power from a rectified
AC power source (e.g., through a plug-in AC to DC adapter).

[0027] Typically, when non-white light is used to illumi-
nate LCD systems, the non-white light is converted into light
that may be used to display an image. For example, colored
light is converted into light usable by the red, green, and blue
color masks of an LCD matrix (ie., the light is converted
into red, green and blue light).

[0028] FIG. 5illustrates a display system according to one
embodiment. In one embodiment, the direction of arrows
shown in FIG. 5 indicates the direction of the data/signal
flow between different components. In an embodiment, a
display device 500 generates display signals 505, which
enable an LCD timing controller 510 to activate appropriate
column and row drivers 515 to display an image on a
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flat-panel display monitor 520. In an embodiment of the
present invention, the display 520 may be an LCD or plasma
display. A power supply 517 may provide power to the
drivers 515 and other large-scale integration (LSI) circuits.

[0029] In one embodiment, the display device includes a
panel power sequencer (PWM) 525, a blender unit 530, and
a graphics gamma unit 545. The PWM may control lumi-
nance (brightness) of a backlight 540 within the flat-panel
display monitor. As illustrated in FIG. 5, the PWM may be
incorporated with other signals (e.g., analog dimming input
(B), variable resister dimming (C), and/or remote on/off
control (D)) through an integrated inverter 542. In one
embodiment, the integrated inverter 542 may be a industry
Siemens flat panel display technology (I-SFT) inverter for
the backlight 540.

[0030] In an embodiment, the blender unit 530 creates an
image to be displayed on the display monitor by combining
a display image with other display data, such as texture(s),
lighting, and/or filtering data.

[0031] In one embodiment of the present invention, the
display image from the blender unit 530 and the output of
the gamma unit 545 can be combined to create a low voltage
display signal (LVDS) 505, which is transmitted to a flat-
panel display device. The LVDS signal 505 may be further
translated into other signal types in order to traverse a
greater physical distance before being translated to an appro-
priate display format and subsequently displayed on monitor
such as a flat-panel display.

[0032] In a further embodiment, the graphics gamma unit
545 effects the brightness of an image to be displayed on the
display monitor by scaling each sub-pixel color. In one
embodiment, the graphics gamma unit 545 can be pro-
grammed to scale the sub-pixel color on a per-pixel basis in
order to achieve greater brightness in some areas of the
display image, while reducing the brightness in other areas
of the display image.

[0033] FIG. S further illustrates one embodiment in which
a unit 550 containing image brightness indicators samples
the display image prior to it being translated to the LVDS
format. The display image brightness indicators detect a
display image brightness by monitoring and accumulating
pixel color within the display image. The display image
brightness indicators can then indicate to a software program
(555) the brightness of certain features within the display
image, such as display image character and background
brightness. In an embodiment, the software program 555
receives ambient light sensor information to determine the
environment the display is being used in to, for example,
adjust the display characteristics (such as brightness and/or
contrast) accordingly.

[0034] FIG. 6 illustrates an exemplary block diagram of a
backlight modulation circuit 600 in accordance with an
embodiment of the present invention. In one embodiment,
the backlight modulation circuit 600 illustrates the internal
operation of the image brightness indicators unit 550 of
FIG. 5. In an embodiment, the backlight modulation circuit
600 is envisioned to define a way of increasing image
brightness and reducing back light brightness thus scaling
down the LCD back light power consumption by about
30-70% in battery mode.

[0035] In one embodiment, the backlight modulation can
be performed in singlewide display mode using the original
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image data. In singlewide display mode (ie., 1 pixel per
clock cyele), when back light modulation is enabled, the
original image data may be used to calculate the brightness
indicators and the interrupt which is in turn used by the
software (such as the software unit 555 of FIG. 5) to modify
the displayed image. The output of a gamma correction
block (not shown), which also receives the original image
data can be used by a panel fitter to perform panel fitting. In
a further embodiment of the present invention, the back light
modulation may be disabled in dual-display mode.

[0036] In one embodiment, the gamma correction block,
which may be implemented by three lookup table (LUT)
random access memories (RAMS), one for each color com-
ponent. Essentially, each of the LUT RAMs may act the
same way, but with different data inputs. There may be three
modes of operation. Data can go straight through without
gamma correction, a straight look-up can occur providing an
8-bit precision output, or a combination look-up and math-
ematical operation can yield 10-bits of accuracy.

[0037] The circuit 600 includes a red, green, and blue
(RGB) adjustment block 602. In an embodiment of the
present invention, the output of the RGB block is eight bits
wide. The RGB block 602 receives image data after gamma
correction (or otherwise as described above) and manipu-
lates the RGB data for each set of pixel data to calculate a
Y function. This is done for all the pixel data until the end
of the frame is reached. In an embodiment of the present
invention, the end of the frame may be indicated by a video
blank (VBlank) signal. In an embodiment, the Y function is
calculated by the following formula:

¥=0.299*R+0.587*G+0.114*B

[0038] where R represents the value of red, G represents
the value of green, and B represents the value of blue.

[0039]
Y=(Yat+ a2+ V64) " R4(Yort Viet+Yoat Vizs) * G+ (%) * B
[0040]
Y=0.296875*R+0.5859375*G+0.125*B

[0041] Accordingly, the binary implementation may result
in an error of about 0.0021 for R, 0.0010 for G, and 0.011
for B.

[0042] The circuit 600 further includes a segment mode
register 604. In an embodiment of the present invention, the
mode value may be 0 for selection of bits 0 to 7 and 1 for
selection of bits 0 to 15 (i.e., 8 pixels per bit for mode 0 and
16 pixels per bit for mode 1). The output of the RGB block
602 and the segment mode register 604 (as a selection
control, e.g., one-bit wide) are provided to a bank of
comparators 608. The segment mode register 604 stores the
mode value for the segment being processed by the circuit
600. In an embodiment of the present invention, the Y[9:2]
can take values from 0 to 255. Part of 255 spectrum consist
of eight segments, with two modes for segment definition
(lower 16,16,16,16, and upper 16,16,16,16) and (lower
16,16,32,32, and upper 32,32,16,16). There are 16-bit accu-
mulators for each of the segments (610) and the segment
corresponding to the value of Y[9:2]will be incremented
(i.e., the corresponding counter 610).

[0043] The circuit 600 further includes a threshold register
612 to store desired threshold values. In an embodiment of
the present invention, the output of the threshold register 612

The Y function may be implemented as follows:

which in turn results in:
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is 16 bits wide. The output of the comparators 608 and the
threshold register 612 are provided to a bank of comparators
614. Accordingly, depending on the segment mode select bit
(e.g., stored in the segment mode register 604), the accu-
mulated values in the (12x16 bits) segment accumulation
registers (¢.g., the counters 610) are compared against the
threshold register (612).

[0044] In an embodiment, based on the interrupt mask
(e.g., stored in a mask register 616) and interrupt enable bits
(e.g., stored in an enable register 618), an interrupt is
generated by an image brightness comparator block 620. In
one embodiment of the present invention, the interrupt is an
OR function of all the interrupt enabled segments. In a
further embodiment of the present invention, the output of
the enable register 618 and the mask register 616 are 12 bits
wide each. In an embodiment of the present invention, the
enable register 618 stores enable bit information base on
which bit is to be enabled for the interrupt generation (e.g.,
as determined by the controlling software module such as
the software unit 555 of FIG. 5).

[0045] The circuit 600 further includes a status register
622, which receives its input from the counters 610 and
provides the data to the controlling software module (e.g.,
the software unit 555 of FIG. 5). In an embodiment of the
present invention, the status register 622 is updated at the
end of each frame. In one embodiment of the present
invention, based on the backlight PWM signal (such as that
discussed with respect to the panel power sequencer 525 of
FIG. 5), PWM clock is generated. In an embodiment, the
PWM cycle is programmable from 1K to 10k and the duty
cycle is programmable to 64K levels, The PWM cycle may
be utilized to indicate the percentage brightness of all
turned-on pixels.

[0046] In one embodiment, the PWM implementation
includes two counters; counter 1 is initialized to back light
PWM register bits [15:0]and counter 2 is initialized to back
light PWM register bits [31:16]on reset. Each of these
counters decrement at each clock cycle. PWM signal is
asserted (e.g., high) until counter 2 reaches 0 and then PWM
signal is deasserted (e.g., low) until counter 1 reaches 0.
When counter 1 reaches 0, both the counters are reset to
values from the registers.

[0047] In a further embodiment, the controlling software
module (e.g., the software unit 555 of FIG. 5) loads the LUT
unit with appropriate values when the threshold interrupt is
generated by the image brightness comparator block 620.
Any change in values is not envisioned to cause noticeable
tearing, however, in such situations the software may load
intermediate values to smooth out the transition.

[0048] In accordance with some embodiments, the back-
light brightness of a flat-panel display monitor controlled
from a computer system may be adjusted to satisfy a
computer system power consumption target when the com-
puter system is operating on either battery power or AC
power. In order to maintain a pre-determined display image
quality, a display image brightness may then be detected and
adjusted in response to adjusting the flat-panel display
monitor backlight brightness. In one embodiment, the dis-
play image brightness is detected by display image detectors
that indicate display image brightness to a software pro-
gram. The software program may then configure a device,
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such as a graphics gamma unit, to adjust the display image
brightness, while the power consumption target is achieved
or maintained.

[0049] 1In accordance with an embodiment of the present
invention, in order to maintain a display image quality, a
display image should be illuminated within an acceptable
range. Display image luminance may be effected by either
increasing display image brightness (by varying the color
shade of individual pixels) or increasing backlight bright-
ness. In one embodiment of the present invention, the latter
is undesirable in mobile computer systems that rely on
battery power to operate, as the backlight tends to consume
a significant amount of power.

[0050] In accordance with another embodiment of the
present invention, the backlight brightness in a flat-panel
display monitor is decreased while maintaining the dis-
played image quality. Furthermore, the display image bright-
ness may be adjusted in order to achieve or maintain a
display image quality regardless of variances in backlight
brightness of a flat-panel display or ambient light brightness
surrounding a flat-panel display.

[0051] Whereas many alterations and modifications of the
present invention will no doubt become apparent to a person
of ordinary skill in the art after having read the foregoing
description, it is to be understood that any particular embodi-
ment shown and described by way of illustration is in no
way intended to be considered limiting. For example, the
techniques described herein may be equally beneficial in
non-mobile platforms (such as desktop or workstation com-
puter systems) to reduce power consumption. Also, even
though embodiments of the present invention discuss RGB
images, similar techniques may be applied to luminance-
bandwidth-chrominance (YUV) images. Therefore, refer-
ences to details of various embodiments are not intended to
limit the scope of the claims which in themselves recite only
those features regarded as essential to the invention.

What is claimed is:
1. A power management method comprising:

receiving image data;
determining a segment mode for the received image data,

selecting a portion of the received image data correspond-
ing to the determined segment mode;

accumulating a value of the selected portion of the
received image data,

comparing the accumulated value to a threshold value;
and

generating an interrupt signal if the accumulated value

exceeds the threshold value.

2. The method of claim 1 further including providing the
interrupt signal to a software module to control a brightness
of a display.

3. The method of claim 2 wherein the software module
controls the brightness of the display based on ambient light
sensor information.

4. The method of claim 2 wherein the display is selected
from a group comprising an LCD, a flat panel display, and
a plasma screen.

5. The method of claim 1 wherein the image data is in a
format selected from a group comprising RGB and YUV.
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6. The method of claim 1 further including calculating a
Y function of the received image data prior to the selecting
act.

7. The method of claim 6 wherein the Y function for an
RGB formatted image data is calculated by:

0.299*R+0.587*G+0.114*B.

8. The method of claim 6 wherein the Y function for an

RGB formatted image data is calculated by:
(Vat+ Y2+ Vea)* R+ (Yot VietYeat Vizs)* G+(¥5) *B.

9. The method of claim 1 further including updating a
status register at an end of each frame of the received image
data.

10. The method of claim 1 wherein the accumulating act
is performed by a bank of counters.

11. The method of claim 1 wherein the portion of the
received image data encompasses the entire received image
data.

12. A computer system comprising:

a central processing unit (CPU);
a chipset coupled to the CPU;
a flat panel display to display an image;

a backlight modulation circuit coupled to the flat panel
display and the chipset to increase image brightness
and reducing backlight brightness to reduce power
consumption of the flat panel display.

13. The computer system of claim 11 wherein the back-
light brightness is reduced to achieve a power consumption
reduction of about 30% 1o about 70%.

14. The computer system of claim 12 wherein the back-
light modulation circuit includes:

a bank of comparators;

a threshold register and a bank of accumulators coupled to
the bank of comparators, the bank of comparators
generating an interrupt signal if a value provided by the
bank of accumulators exceeds a threshold value pro-
vided by the threshold register.

15. The computer system of claim 14 further including a
segment mode register to select a portion of received image
data to be displayed on the flat panel display.

16. The computer system of claim 12 further including an
enable register to enable a generation of an interrupt signal.

17. The computer system of claim 12 further including a
mask register to enable a generation of an interrupt signal.

18. The computer system of claim 12 further including a
status register to indicate an end of a frame of image data
being processed by the backlight modulation circuit.
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19. An article of manufacture comprising:

a machine readable medium that provides instructions
that, if executed by a machine, will cause the machine
to perform operations including:

receiving image data;

determining a segment mode for the received image
data;

selecting a portion of the received image data corre-
sponding to the determined segment mode;

accumulating a value of the selected portion of the
received image data;

comparing the accumulated value to a threshold value;
and

generating an interrupt signal if the accumulated value
exceeds the threshold value.

20. The article of claim 19 wherein the operations further
include providing the interrupt signal to a software module
to control a brightness of a display.

21. The article of claim 20 wherein the software module
controls the brightness of the display based on ambient light
sensor information.

22. The article of claim 20 wherein the display is selected
from a group comprising an LCD, a flat panel display, and
a plasma screen.

23. The article of claim 19 wherein the image data is in a
format selected from a group comprising RGB and YUV.

24. The article of claim 19 wherein the operations further
include calculating a Y function of the received image data
prior to the selecting operation.

25. The article of claim 24 wherein the Y function for an
RGB formatted image data is calculated by:

0.299*R+0.587*G+0.114*B.

26. The article of claim 24 wherein the Y function for an

RGB formatted image data is calculated by:
(Yot Yoo+ Yea) * R (Vi VietVbat V128) * G+(V6) *B.

27. The article of claim 19 wherein the operations further
include updating a status register at an end of each frame of
the received image data.

28. The article of claim 19 wherein the accumulating
operation is performed by a bank of counters.

29. The article of claim 19 wherein the portion of the

received image data encompasses the entire received image
data.
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