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SYSTEM AND METHOD FOR DISPLAYING A ROTATED

IMAGE IN A DISPLAY DEVICE

[0001] This application claims priority to Provisional Application Nos. 60/969,825
filed September 4, 2007, 61/012,832 filed December 11, 2007 and 61/043,490 filed April 9,

2008 whose entire disclosures are incorporated herein by reference.

FIELD

[0002] One or more embodiments described herein relate to the processing of

images for presentation on a display device.

BACKGROUND

[0003] When viewing an image on a display device, it may be desirable to rotate or
change the orientation of the image to obtain a more pleasing viewing experience or for a
variety of other reasons. While systems have been developed to rotate an image on a display,
these systems have significant drawbacks. For example, different code is used to perform
different degrees of image rotation. This substantially increases the cost and complexity of
the application software for driving the display. Also, many systems have prolonged

processing times and other inefficiencies which make them undesirable, especially from the

BRIEF DESCRIPTION

[0004] FIG. 1(a) is a diagram showing a source image, and FIGS. 1(b)-(d) show
different examples of how the orientation of the source image may be changed in accordance

with one or more embodiments described herein.
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[0005] FIG. 2 is a diagram showing one embodiment of a system for changing an
orientation of a source image to generate a display image.

[0006] FIG. 3 is a diagram showing steps included in one embodiment of a method
for changing an orientation of a source image to generate a display image.

[0007] FIG. 4 is a flow diagram showing steps included in another embodiment of a
method for changing the orientation of a source image.

[0008] FIG. 5 is a flow diagram showing one way in which a plurality of variables
may be initialized for changing the orientation of a source image.

[0009] FIG. 6 is a flow diagram showing an embodiment for rotating a source image
at a first angle of rotation.

[0010] FIG. 7 is a flow diagram showing an embodiment for rotating a source image
at a second angle of rotation.

[0011] FIG. 8 is a flow diagram showing an embodiment for rotating a source image
at a third angle of rotation.

[0012] FIG. 9 is a flow diagram showing an embodiment for rotating a source image
at a fourth angle of rotation.

[0013] FIG. 10 shows a different arrangement of blocks in a source image.

[0014] FIG. 11 shows another arrangement of blocks in a source image.

[0015] FIG. 12 shows various ways in which the orientation of a source image may
be changed in accordance with one or more additional embodiments disclosed herein.

[0016] FIG. 13 shows one embodiment of a system for changing the orientation of a
source image.

[0017] FIG. 14 is a diagram showing how one embodiment may be implemented for

rotating a source image by 180 degrees.
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[0018] FIG. 15 is a diagram showing how one embodiment may be implemented for
rotating a source image by 90 degrees.

[0019] FIG. 16 is a diagram showing how one embodiment may be implemented for
rotating a source image by 270 degrees.

[0020] FIGS. 17A and 17B are flow diagrams showing steps included in a method for
displaying a source image having a changed orientation according to one or more
embodiments herein.

[0021] FIGS. 18A and 18B are flow diagrams showing an algorithm for rotating a
source image at the angle of 180 degrees.

[0022] FIGS. 19A and 19B are flow diagrams showing an algorithm for rotating a

source image at the angle of 90 degrees or 270 degrees.

DETAILED DESCRIPTION

[0023] FIG. 1(a) shows a source image 100 formed from a plurality of pixels. The
source image may include text, graphics, video, or other information capable of being viewed
on a display device, which, for example, may be a television or monitor, the latter of which
may be provided alone or within a processing device such as a notebook or desktop
computer. More specific examples of the display device include but are not limited to a
Liquid Crystal Display (LCD), Thin Film Transistor (TFT) LCD, a plasma display panel
(PDP), and an electroluminescent display (organic or inorganic).

[0024] Under normal conditions, the source image is displayed in a predetermined
orientation. However, in certain circumstances (e.g., for improved viewing or convenience to
the user), it may be desirable to change the orientation of the source image. The source image

may have its orientation changed through rotation, by flipping it to produce a mirror image,

or in accordance with any one of a variety of other techniques.
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[0025] For illustrative purposes, FIGS. 1(b)-(c) show how the source image 100 may
be rotated by various angles to produce corresponding display images. When the source
image is rotated by 90°, display image 1106 in FIG. 1(b) is produced. When the source image
is rotated by 180°, display image 1108 shown in FIG. 1(c) is produced. And, when the source
image is rotated by 270°, display image 1110 shown in FIG. 1(d) is produced.

[0026] FIG. 2 shows one embodiment of a system that may be used to rotate or
otherwise change the orientation of the source image to produce a display image for
presentation on a display device. The system includes a source memory 10 or other storage
device for storing the source image. The orientation of the image may be changed by
translating the pixels in the source image to different locations in a display memory 20. The
source and display memories may correspond to different sections of a common memory unit
or, for example, may be located on different integrated circuit chips. In order to perform the
orientation change, a processor 30 may be included to control the translation of pixels from
the source memory to the display memory. The pixels may be translated to locations in the
display memory based on the change in orientation desired, and various memory pointers
may be controlled to perform the translation. The image in the display memory is then output
for viewing on display device 40.

[0027] FIG. 3 shows steps included in one embodiment of a method for changing the
orientation of a source image for display. In accordance with this embodiment, the pixels in
the source image are transferred from the source memory to the display memory on a block-
by-block basis, in accordance with the change in orientation to be made. As with all
embodiments disclosed herein, the method may be implemented using the system shown in
FIG. 2 or another system may be used. The method of FIG. 3 may be understood with
reference to examples of how orientation of the source image may be changed as shown in

FIGS. 1(b)-(d).
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[0028] To perform an orientation change, an initial step includes dividing source
image 100 into a plurality of blocks 101. (Block 110). Preferably, the source image is divided
into M x N blocks, where each block has 2 < M < total number of lines (rows) in the source
image, and where each line has N pixels with 2 < N < the total number of pixels in each
image line. In alternative embodiments, the source image may be divided into blocks of
different sizes.

[0029] In a second step, the change in orientation of the source image is determined.
(Block 120). This change may, for example, involve rotation of the source image by some
selected or designated angle. The angle of rotation may be manually input into the systém by
a user or designated automatically, for example, by changing the orientation of a rotatable
screen of the display device.

[0030] In a third step, a first block 102 (which may be referred to as a source
rectangle) is selected for transfer into the display memory. (Block 130). This block may be a
predetermined one of the blocks in the source image (e.g., an upper left corner block) or may
be selected on some other predetermined basis or randomly. This block is selected for
transfer into a location in the display memory that corresponds to the designated change in
orientation. For example, if the change in orientation corresponds to a 90° rotation, then block
102 will be transferred into a memory location in the display memory that corresponds to this
angle of rotation.

[0031] In a fourth step, the coordinates of the first rectangle are determined based on
the change in orientation. (Block 140). This step includes determining the location (e.g.,
coordinates) of the first rectangle in the source image. This location corresponds to a set of
memory addresses in the source memory in which data values for the pixels in the first block

are stored. A memory pointer of the source memory is adjusted to correspond to these
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addresses, and preferably initially to the memory address that corresponds to a first pixel in

the first block.

[0032] In a fifth step, the location that corresponds to the changed orientation in the
display image is then determined. (Block 150). This location corresponds to the coordinates
of the first block as transferred into the display image. These coordinates correspond to a set
of memory addresses in the display memory in which the data values for the pixels in the first
block are stored. A memory pointer of the display memory is adjusted to correspond to these
addresses. The positions of the memory pointers are automatically updated as the pixels in
the first block are transferred from the source memory to the display memory in accordance
with the selected orientation.

[0033] By way of illustration, when the designated change in orientation is a 90°
rotation, first block 102 is rotated to the position shown in FIG. 1(b). When the designated
change in orientation is a 180° rotation, first block 102 is rotated to the position shown in
FIG. 1(c). And, when the designated change in orientation is 270°, first block 102 is rotated to
the position shown in FIG. 1(d).

[0034] In a sixth step, the position of the first pixel in the first block in the source
image is determined. (Block 160). This position may correspond to the pixel located in an
upper left corner of the first biock or some other pixel position. For illustrative purposes, the
first pixel position may correspond to the starting point of the arrow 124 that corresponds to
the first image line in the first block shown in FIG. 1(a).

[0035] In a seventh step, the position of the first pixel in the first block as translated
into the display image is determined. This pixel position is determined based on the

designated change in orientation (Block 170) and, for example, may correspond to the
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starting point of arrow 124 shown in FIG. 1(b) for a 90° rotation. The memory pointers in the

source and display memories are respectively controlled to correspond to these positions.

[0036] In an eighth step, all the pixels in image line 124 contained within the first
block are transferred from the source memory to correspond locations in the display memory
based on the designated change in orientation. (Block 180). The transfer of pixels in this
image line may be performed sequentially and the memory pointers of the source and display
memories are controlled (e.g., incremented) in order to effect this transfer. Then, the
remaining lines in the first block are transferred in a similar manner. This line-by-line transfer
continues until all pixels in the first block are transferred into the display memory according
to the designated change in orientation.

[0037] After the first block in the source image has been transferred, the remaining
portions of the source image are transferred to the display memory, on a block-by-block
basis, in accordance with the designated orientation. This may involve predetermined (e.g.,
sequential) selection of blocks after the first block transfer takes place, with the image
lines/pixels in each block being transferred, for example, based on an analogous application
of the steps corresponding Blocks 140-180.

[0038] At the conclusion of these steps, the source image will be transferred in its
entirety into the display memory. The resulting image is then displayed on a screen of the
display device in the changed orientation. Thus, the foregoing embodiment transfers only M
tmage lines containing N pixels per line to the display memory in each block. The values of
M and N are selected to be less than all the image lines and less than all the pixels in each
image line respectively. As a result, within each block, pixels in one image line are

transferred before all pixels in a preceding image line are transferred to the display memory;



WO 2009/031055 PCT/IB2008/003524

that is, the foregoing embodiment does not step seriatim through all pixels in an image line

before pixels in a succeeding image line are transferred to the display memory.

[0039] FIG. 4 shows steps included in another embodiment of a method for changing
the orientation of a source image. The method is initiated at step 200 when a request for
displaying the source image on the display device is received by driver program code. The
request for displaying the source image on the display screen can be sent by an application
program, an operating system, or a user defined program interface.

[0040] The driver program code processes the request for displaying the source
image, by taking into account the angle of rotation of the image and by initializing a plurality
of variables. Thereafter, the variables are updated based on the angle of rotation of the source
image, and the updated variables are then used to display the rotated image in the display
device.

[0041] At step 202, the driver program code divides the source image into a plurality
of blocks (e.g., rectangles). Each block preferably has the same predetermined dimension and
includes a plurality of pixels, arranged in respectively lines. For example, block 102 in FIG.
1(a) includes lines 124 and 126. Moreover, each block preferably has more than one but less
than all of the lines in the source image, and each line in the block preferably has more than
one but less than the total number of pixels in any given image line in the source image.

[0042] At step 204, the angle of rotation of the source image is determined by the
driver program code. At step 206, the source image is transferred to the display memory, on a
block-by-block basis, according to the angle of rotation. This may be accomplished by
sequentially transferring the lines in each block from the source memory to the display

memory based on the angle of rotation. The pixels in each line may also be sequentially
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transferred. That is, the pixels in image line 124 in first block 102 may be sequentially

transferred, following by the pixels in image line 126 in the first block. (See FIG. 1(a)).

[0043] Transfer of the pixels in each line, and the lines in each block is preferably
performed under control of the driver program code. In accordance with one embodiment, if
all the pixels in the source image are not fully covered by the blocks (e.g., see FIG. 10 where
an example of a source image 136 is shown to have a length of 10 units and width of 9 units
and each block has a predefined size equal to a length of 3 units and width of 2 units), then
blocks 138, 139, 142, 144, 146, 148, 149, 152, 154, 156, 158 and 159 may be transferred
sequentially. Thereafter, the remaining area 162 of the image 136 is transferred pixel-by-pixel
to the display memory.

[0044] In another embodiment, shown in FIG. 11, initially blocks 138, 139 and 142
may be transferred to the display memory. Thereafter, remaining area 164 of the image 136
(i.e. area (10*3 — 3*(3*2)) may be transferred. Thereafter, blocks 144, 146 and 148 are
transferred to the display memory. Thereafter, remaining area 166 of the image 136 (i.e. arca
(10*3 — 3*(3*2)) is transferred. Thereafter, blocks 149, 152 and 154 are transferred to the
display memory. Thereafter, remaining area 168 of the image 136 (i.e. area (10*3 — 3*(3*2))
is transferred. Thereafter, blocks 156, 158 and 160 are transferred to the display memory.
Thereafter, remaining area 169 of the image 136 (i.e. area (10*3 — 3*(3*2)) is transferred.
Thereafter, remaining area (i.e. 10*1) 172 is transferred pixel by pixel to the display memory.

[0045] At step 208, a plurality of variables are updated by the driver program code
after each pixel of the plurality of pixels of the source image is transferred to the display
memory, these variables will be described in greater detail below. At step 210, the driver
program code displays the source image rotated at the angle of rotation on the display device.

The method terminates at step 212.



WO 2009/031055 PCT/IB2008/003524

[0046] An algorithm implemented in the driver program code may be used for
dividing the source image in to a plurality of blocks and for transferring the pixels in the lines
of each block to the display memory. In order to accomplish this transfer, multiple variables
may be updated by the algorithm in the display memory of the display device for displaying
the image in the display device.

[0047] FIG. 5 shows how a plurality of variables may be initialized for rotating a
source image according to one or more embodiments. These variables include PIXEL SIZE,
PHYSICAL SCREEN WIDTH, PHYSICL SCREEN HEIGHT,
PHYSICAL BYTE WIDTH, LOGICAL SCREEN WIDTH,
LOGICAL SCREEN HEIGHT, LOGICAL BYTE WIDTH, SRC, DST, MEMORY PTR,
SCREEN_PTR, SRCRECT, DSTRECT, m _ileft, m_itop, m_iright and m_ibottom.

[0048] The method initiates, at step 302, when a request for displaying the source
image on the display device with a changed orientation is received by the driver program
code. At step 304, a size of the pixels in each line of the plurality of blocks of the source
image is determined, and information indicative of the size of the pixels is stored in the
PIXEL SIZE variable.

[0049] The number of bits used to represent each pixel determines how many colors
or shades of gray can be displayed. For example, in 8-bit color mode, 8 bits are assigned for
each pixel of the plurality of pixels, thereby making it possible to display 2 to the 8th power
(256) different colors or shades of gray of the source image. The size of the pixel can be
selected by a user of the display screen, the application program, or the operation system. The
size of each of the plurality of pixels can be set to one of a 1 byte per pixel (Palette Mode), 2
bytes per pixel ( High color Mode), 3 bytes per pixel ( True color Packaged Mode), or 4 bytes

per pixel (True color aligned Mode).

10
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[0050] Further, at step 304, the PHYSICAL _SCREEN_ WIDTH is set equal to width
in pixels of the source image in the source memory, for example if breadth of the source
image is equal to 10 pixels, then the PHYSICAL SCREEN WIDTH variable is set to 10.
Furthermore, at step 304, the PHYSICAL_SCREEN_HEIGHT variable is set equal to a
height in pixels of the source image in the source memory, for example if height of the source
image is 10 pixels, then the PHYSICAL_SCREEN_HEIGHT variable is set equal to 10.

[0051] Also, at step 304, the PHYSICAL BYTE_WIDTH variable is set equal to a
product of the PHYSICAL_SCREEN_WIDTH variable and the PIXEL_SIZE variable, for
example if the PIXEL_SIZE variable is set equal to 1 byte and the
PHYSICAL_SCREEN_WIDTH variable is set to 10. then the PHYSICAL BYTE WIDTH
variable will be equal to 10 bytes.

[0052] Further, at step 304, a LOGICAL_SCREEN_WIDTH variable is set equal to
the width in pixels of the source image after rotations. Furthermore, the
LOGICAL_SCREEN_HEIGHT is set equal to the height in pixels of the source image after
rotation. Also, the LOGICAL BYTE WIDTH is set equal to a product of
LOGICAL_SCREEN_WIDTH variable and the PIXEL _SIZE variable.

[0053] Further at step 304, the SRC, DST, MEMORY PTR, SCREEN PTR,
SRCRECT, DSTRECT, m_ileft, m_itop, m_iright and m_ibottom variables are initialized.
The SRC variable is a pointer variable for traversing through the plurality of pixels in the
source memory. The DST variable is a pointer variable for traversing the plurality of pixels in
the display memory.

[0054] The MEMORY _PTR is a working pointer variable for traversing through each
of the plurality of pixels in the source memory. The SCREEN PTR is a working pointer
variable for traversing through each of the plurality of pixels in the display memory. The

SRCRECT defines the coordinates of a block in the source image in the source memory.

11
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[0055] The DSTRECT defines the coordinates of each block of the plurality of blocks
of the source image rotated at the angle of rotation in the display memory. The variables
m_ileft, m_itop, m_iright and m_ibottom denote the coordinates of the source image.

[0056] At step 306, it is determined whether the angle of rotation of the image is 90°
or 270° If the angle of rotation of the source image is 90° or 270°, then, at step 308, the
LOGICAL_SCREEN_WIDTH variable is set equal to the PHYSCIAL SCREEN_HEIGHT
variable and the LOGICAL SCREEN HEIGHT variable is set equal to the
PHYSICAL_SCREEN_WIDTH variable. The control goes to 312 after the step 308.

[0057] If the angle of rotation of the source image is not 900° or 2700°, control goes
to step 310, where the LOGICAL_SCREEN WIDTH variable is set equal to the
PHYSICAL_SCREEN_WIDTH variable and the LOGICAL SCREEN_HEIGHT variable is
set equal to the PHYSCIAL SCREEN HEIGHT variable.

[0058] Control then goes to step 312, where the LOGICAL BYTE WIDTH variable
is set equal to a product of LOGICAL _SCREEN_WIDTH variable and the PIXEL SIZE
variable and the control goes to 314. At 314, it is determined whether the angle of the rotation
of the source image is 0°, 90°, 180°, or 270°. If the angle of the rotation of the image is 0°,
control goes to a step 402, in a flow diagram which will be described in conjunction with
FIG. 6. If the angle of the rotation of the image is 90°, control goes to a step 502, in a flow
diagram which will be described in conjunction with FIG. 7. If the angle of the rotation of the
mmage is 180° control goes to a step 602 in a flow diagram which will be described in
conjunction with FIG. 8. If the angle of the rotation of the image is 270°, control goes to a
step 702, in a flow diagram which will be described in conjunction with FIG. 9.

[0059] FIG. 6 is a flow diagram illustrating an algorithm for rotation of the source

image 102 at the angle of rotation of 0°. If the angle of the rotation is 0°, control goes to step

12
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402 from the step 314. At step 402, the variables are set according to the change in

orientation of the source image, e.g., after at angle of rotation of 0°.

(0060} Here, the DSTRECT.m_ileft variable is set equal to SRCRECT.m_ileft
variable, the DSTRECT.m_itop variable is set equal to SRCRECT.m_itop variable, the
DSTRECT.m_iright variable is set equal to SRCRECT.m iright variable and the
DSTRECT.m_ibottom variable is set equal to SRCRECT.m_ibottom variable. Further, a
WIDTH variable is set equal to DSTRECT.M_IRIGHT - DSTRECT.m_ileft + 1, the
MEMORY_PTR variable is set equal to SRC variable, and the SCREEN PTR variable is set
equal to DST + LOGICAL_BYTE_WIDTH*(DSTRECT.m_itop) +
DSTRECT.m_ileft*PIXEL SIZE. The said operation is used for determining the start
position of each of the plurality of pixels of each of the plurality of lines of each of the
plurality of rectangles of the source image.

[0061] Thereafter, an I_COUNTER variable is set equal to SRCRECT.m_itop
variable at step 404. Thereafter at step 406, the MEMORY PTR variable is set equal to
SRC+PHYSICAL_BYTE_WIDTH*I_COUNTER + SRCRECT.m ileft *PIXEL SIZE.
Thereafter at step 408, the plurality of pixels equal to the WIDTH, starting from the address
location pointed by the MEMORY PTR is transferred to a location pointed by the
SCREEN_PTR in the display memory. At step 410, the SCREEN PTR variable is updated
and set equal to a sum of a previous value of SCREEN PTR and LOGICAL BYTE WIDTH
variable, thereby transferring each of the plurality of pixels of each of the plurality of lines of
each of the plurality of rectangles of the source image 102.

[0062] Further, at step 410, the I COUNTER variable is incremented by 1. At step
412, it is determined, whether the I COUNTER variable is greater than or equal to

SRCRECT.m_ibottom variable. If the I COUNTER variable is greater than or equal to

13
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SRCRECT.m_ibottom than, the method terminates at step 414. If the I COUNTER variable
is less than the SRCRECT.m ibottom variable, then the control goes to step 406. The
updated plurality of variables is used for displaying the image 102 in the display device.

[0063] FIG. 7 is a flow diagram illustrating an algorithm for rotation of the source
image at a 90° angle. If the rotation angle is 90°, control goes to step 502 from the step 314.
At step 502, variables are set according to the change in orientation designated for the source
image, e.g., after 90° rotation. The DSTRECT.m ileft variable is set equal to
SRCRECT.m itop variable, the DSTRECT.m itop variable is set equal to
LOGICAL SCREEN HEIGHT - SRCRECT.m_ileft — 1. The said operation is used for
determining the start position of each of the plurality of pixels of each of the plurality of lines
of each of the plurality of rectangles of the source image.

[0064] Further, the WIDTH variable is set equal to SRCRECT.m iright -
SRCRECT.m ileft and a HEIGHT variable is set equal to SRCRECT.m_ibottom variable -
SRCRECT.m_itop. The said operation leads to an orientation of each of the plurality of
rectangles of the source image 102 shown with reference to the rotated image 1106.

[0065] Further, at step 502, the SCREEN PTR variable is set equal to DST +
LOGICAL BYTE WIDTH*DSTRECT.m ibottom + DSTRECT.m_ileft*PIXEL _ SIZE.
Furthermore, the MEMORY PTR is set equal to SRC +
PHYSCIAL BYTE WIDTH*SRCRECT.m itop + SRCRECT.m_ileft*PIXEL SIZE. At
step 504, the | COUNTER variable is set equal to the HEIGHT variable. Thereafter, at step
506 a TEMP_PTR variable is set equal to the SCREEN PTR variable. The TEMP_ PTR
variable is a temporary pointer variable used for transferring each of the plurality of pixels in
the source memory to the display memory. At step 508, a J COUNTER variable is set equal
to the WIDTH variable and thereafter, at step 510, a pixel of the plurality of pixels pointed by

the MEMORY _ PTR is transferred to the location pointed by the SCREEN PTR.
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[0066] At step 512, the MEMORY PTR variable is updated and set equal to a sum
of previous value of MEMORY PTR and PIXEL SIZE, thereby pointing to a subsequent
pixel in the source memory. Further, the SCREEN PTR variable is updated and set equal to a
difference between the previous value of SCREEN PTR variable and the
LOGICAL BYTE WIDTH variable, thereby pointing to a subsequent location in the display
memory according to the 90° rotation.

[0067] Further, the ] COUNTER variable is decremented by 1, since a pixel of the
plurality of pixels is transferred to the display memory. At step 514, it is determined whether
the J COUNTER variable is equal to 0, if the ] COUNTER variable is equal to 0, then this
indicates that the plurality of pixels in a particular line of the plurality of lines of a rectangle
of the plurality of rectangles is transferred from the source memory to the display memory
and control goes to step 516. If the ] COUNTER variable is not equal to 0, control goes to
step 510.

[0068] At step 516, the SCREEN PTR variable is updated and set equal to a sum of
TEMP PTR wvariable and the PIXEL SIZE wvariable. Further, at step 516, the
MEMORY PTR variable is updated and set equal to a sum of previous value of
MEMORY PTR  and a  difference of PHYSICAL BYTE WIDTH and
WIDTH*PIXEL SIZE. Further, the I COUNTER variable is decremented by 1, since a
complete line of the plurality of line of the rectangle of the plurality of rectangles is
transferred to the display memory from the source memory.

[0069] Thereafter, at step 518, it is determined, whether the I COUNTER variable is
equal to 0, then this indicates that the complete rectangle of the plurality of rectangle is
transferred to the display memory from the source memory and the method terminates at step

520. If the I COUNTER variable is not equal to zero, then the control goes to step 506. The
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source image rotated at 90° takes up an orientation as shown with reference to the rotated

image 1106.

[0070] FIG. 8 is a flow diagram illustrating an algorithm for rotation of the source
image at the angle of rotation of 180°. If the angle of the rotation of the source image is 180°,
control goes to step 602 from the step 314. At step 602, the plurality of variables is set
according to the orientation of the source image after rotation at the angle of rotation of 180°.
The DSTRECT.m ileft variable is set equal to LOGICAL SCREEN WIDTH -
SRCRECT.m iright — 1, the DSTRECT.m itop variable is set equal to
LOGICAL _SCREEN HEIGHT - SRCRECT.m ibottom - 1, the DSTRECT.m_iright
variable is set equal to LOGICAL SCREEN WIDTH - SRCRECT.m ileft — 1, the
DSTRECT.m ibottom variable is set equal to LOGICAL SCREEN HEIGHT -
SRCRECT.m_itop ~ 1.

[0071] The said operation is used for determining the start position of each of the
plurality of pixels of each of the plurality of lines of each of the plurality of rectangles of the
source image. Further, the WIDTH variable is set equal to DSTRECT.M IRIGHT -~
DSTRECT.m ileft + 1, the MEMORY PTR variable is set equal to SRC variable, and the
SCREEN PTR variable 18 set equal to DST +
LOGICAL BYTE_WIDTH*(DSTRECT.m_ibottom)*DSTRECT.m _iright*PIXEL_SIZE.
Thereafter, the I COUNTER variable is set equal to SRCRECT.m_itop variable at step 604.
At step 606, the MEMORY PTR variable is set equal to SRC +
PHYSICAL BYTE WIDTH*I COUNTER +  SRCRECT.m ileft  *PIXEL SIZE.
Thereafter at step 608, the ] COUNTER variable is set equal to 0.

[0072] At step 610, a pixel pointed by the MEMORY PTR in the source memory is

transferred to a location in display memory pointed by SCREEN PTR and the control goes to
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step 612. At step 612, the MEMORY_PTR variable is incremented by the PIXEL SIZE,
thereby pointing to the next pixel of the plurality of pixel in the source memory. Further, at
step 612, the SCREEN_PTR is decremented by the PIXEL _SIZE, thereby pointing to a next
location in the display memory. Furthermore, the ] COUNTER is incremented by 1.

[0073] At step 614, it is determined whether, the ] COUNTER variable is less than
the WIDTH variable. If the ] COUNTER variable is less than the WIDTH variable, then this
indicates that the particular line of the plurality of lines of the rectangle of the plurality of
rectangle is not transferred to the display memory and therefore the control goes to step 610.
If at step 614, it is determined that the ] COUNTER variable is more than or equal to the
WIDTH variable, then this indicates that the line of the plurality of lines of the rectangle of
the plurality of rectangle is transferred to the display memory, for example the line 124 of
block 102 and control goes to step 616.

[0074] At step 616, the SCREEN_PTR is updated and set equal to SCREEN PTR —
LOGICAL_BYTE _WIDTH + WIDTH*PIXEL_SIZE. Thereafter, the control goes to step
618, and at step 618, it is determined whether, the I COUNTER is greater than or equal to
SRCRECT.m_ibottom. The I COUNTER variable is greater than or equal to
SRCRECT.m_ibottom when the complete rectangle of the plurality of rectangles is
transferred to the display memory from the source memory and the method terminates at step
620. If the I COUNTER is not greater than or equal to SRCRECT.m_ibottom, then this
indicates that the rectangle of the plurality of rectangle is not transferred completely (i.e.
some lines of the plurality of lines are left to be transferred to the display memory) to the
display memory from the source memory and the control goes to step 606. The source image
rotated at the angle of rotation of 180° takes up an orientation as shown with reference to the

rotated image 1108.
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[0075] FIG. 9 is a flow diagram illustrating an algorithm for rotation of the source
image at the angle of rotation of 270°. If the angle of the rotation of the source image is 270°,
control goes to step 702 from the step 314. At step 702, variables are set according to the
orientation of the source image after 270°. The DSTRECT.m _ileft variable is set equal to
LOGICAL SCREEN WIDTH - SRCRECT.m_ibottom - 1, the DSTRECT.m_itop variable
is set equal to SRCRECT.m ileft variable, the DSTRECT.m iright is set equal to
LOGICAL_SCREEN WIDTH - SRCRECT.m itop — 1, and the DSTRECT.m_ibottom
variable is set equal to SRCRECT.m iright. The said operation is used for determining the
start position of each of the plurality of pixels of each of the plurality of lines of each of the
plurality of rectangles of the source image.

[0076] Further, the WIDTH wvariable is set equal to SRCRECT.m iright -
SRCRECT.m _ileft and a HEIGHT variable is set equal to SRCRECT.m_ibottom variable -
SRCRECT.m_itop. The said operation leads to an orientation of each of the blocks of the
source image shown with reference to the rotated image 1110.

[0077] Further at step 702, the SCREEN PTR variable is set equal to DST +
LOGICAL BYTE WIDTH*DSTRECT.m itop +  DSTRECT.m iright*PIXEL SIZE.
Furthermore, the MEMORY PTR 1S set equal to SRC +
PHYSCIAL BYTE WIDTH*SRCRECT.m itop + SRCRECT.m_ileft*PIXEL_SIZE. At
step 704, the I COUNTER variable is set equal to the HEIGHT variable. Thereafter, at step
706 a TEMP_PTR variable is set equal to the SCREEN PTR variable. The TEMP PTR
variable 1s a temporary pointer variable used for transferring each of the plurality of pixels in
the source memory to the display memory. At step 708, a ] COUNTER variable is set equal
to the WIDTH variable and thereafter, at step 710, a pixel of the plurality of pixels pointed by

the MEMORY_PTR is transferred to the location pointed by the SCREEN_PTR.
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[0078] At step 712, the MEMORY PTR variable is updated and set equal to a sum of
previous value of MEMORY PTR and PIXEL SIZE, thereby pointing to a subsequent pixel
in the source memory. Further, the SCREEN PTR variable is updated and set equal to a sum
of previous value of SCREEN PTR variable and the LOGICAL BYTE WIDTH variable,
thereby pointing to a subsequent location in the display memory according to the angle of
rotation of 270°. Further, the J_COUNTER variable is decremented by 1, since a pixel of the
plurality of pixels is transferred to the display memory.

[0079] At step 714, it is determined whether the ] COUNTER variable is equal to 0,
if the ] COUNTER variable is equal to 0, then this indicates that the plurality of pixels in a
particular line of the plurality of lines of a rectangle of the plurality of rectangles is
transferred from the source memory to the display memory and control goes to step 716. If
the ] COUNTER variable is not equal to O then control goes to step 710. At step 716, the
SCREEN_PTR variable is updated and set equal to a difference of TEMP_PTR variable and
the PIXEL SIZE variable. Further, at step 716, the MEMORY PTR variable is updated and
set equal to a sum of previous value of MEMORY PTR and a difference of
PHYSICAL BYTE WIDTH and WIDTH*PIXEL SIZE.

[0080] Further, the I COUNTER variable is decremented by 1, since a complete line
of the plurality of lines of the block is copied to the display memory from the source memory.
Thereafter, at step 718, it is determined, whether the I COUNTER variable is equal to 0, then
this indicates that the complete rectangle of the plurality of rectangle is transferred to the
display memory from the source memory and the method terminates at step 720. If the
I_COUNTER variable is not equal to zero, then the control goes to step 706. The source
1mage rotated at the angle of rotation of 270° takes up an orientation as shown with reference

to the rotated image 1110.
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[0081] The algorithms described with reference to FIGS. 6-9 are implemented by
driver program code on each of the plurality of blocks of the source image 102. Once the said
algorithms are performed on each of the said rectangles, then the source image is converted
into an orientation according to the angle of rotation in the display device.

[0082] An additional embodiment may be embodied in the form of computer-
implemented processes and apparatuses for practicing those processes. Embodiments of the
invention may also be embodied in the form of computer program code containing
instructions embodied in tangible media, such as floppy diskettes, CD-ROMs, hard drives, or
any other computer-readable storage medium, wherein, when the computer program code is
loaded into and executed by a computer, the computer becomes an apparatus for practicing
the invention.

[0083] An additional embodiment may be implemented in the form of computer
program code, for example, whether stored in a storage medium, loaded into and/or executed
by a computer, or transmitted over some transmission medium, such as over electrical wiring
or cabling, through fiber optics, or via electromagnetic radiation, wherein, when the computer
program code is loaded into and executed by a computer, the computer becomes an apparatus
for practicing the invention. When implemented on a general-purpose microprocessor, the
computer program code segments configure the microprocessor to create specific logic
circuits.

[0084] While the change of orientation in accordance with the foregoing
embodiments has been described as corresponding to an angular rotation of the source image,
those skilled in the art can appreciate that the embodiments may be implemented to perform
other types of orientation changes such as generating a mirror image or inverse of the source

image, as well as other changes affecting image appearance or presentation.
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[0085] In accordance with one or more additional embodiments disclosed herein, a
source image may include text, graphics, video, or other information capable of being viewed
on a display device, which, for example, may be a television or monitor, the letter of which
may be provided alone or within a processing device such as a notebook or desktop
computer. More specific examples of the display device include but are not limited to a
Liquid Crystal Display (LCD), Thin Film Transistor (TFT) LCD, a plasma display panel
(PDP), and an electroluminescent display (organic or inorganic).

[0086] Under normal conditions, the source image is displayed in a predetermined
orientation. However, in certain circumstances, it may be desirable to change the orientation
of the source image prior to display.

[0087] FIG. 12 shows various ways in which the orientation of a source image 1102
may be changed for display. In these examples, the orientation change involves rotating the
mmage by some angle, e.g., image 1108 represents a 90 degree rotation of the source image,
image 1104 represents a 180 degree rotation of the source image, and image 1106 represents
a 270 degree rotation of the source image. In other embodiments, different orientation
changes (e.g., mirror image, etc.) may be performed. The image whose orientation has been
changed may be referred to as a display image.

[0088] As shown in FIG. 13, the source image may initially be stored in a source
memory 1110. The orientation of the source image may be changed by translating pixels in
the source image to different locations in a display memory 1120. According to one
embodiment or for some angles of rotation, the translation of these pixels is performed with
the assistance of buffer 1115. In other embodiments of for other angles of rotation, the
translation of pixels may be performed without using this buffer. The source and display
memories and the buffer may correspond to different sections of a common memory unit or,

for example, may be located on different integrated circuit chips. In order to perform the
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orientation change, a processor 1130 may be included to control the translation of pixels
among the source memory, display memory, and buffer where necessary. The image in the

display memory is then output for viewing on display device 1140.

[0089] The source image includes a plurality of lines, each line having a plurality of
pixels. The size of each pixel depends, for example, on the resolution of the display device. If
the resolution of the display device is set to a maximum value, pixel size may be equal to a
physical size of a dot pitch of the display device. If, however, the resolution is set to a value
less than the maximum value, pixel size may be larger than the physical size of the dot pitch
or the pixel will use more than one dot on the display device.

[0090] The source image can be rotated by any desired angle. When rotated by an
angle of 180 degrees, the source image A request for displaying the source image at some
angle of rotation can be sent by an application program, an operating system, or a user
defined program interface. The driver program code processes the request for displaying the
rotated source image by, first, initializing a first set of plurality of variables and a second set
of plurality of variables and then using those variables to control transfer of pixels from the
source memory into translation positions in the display memory according to the change of
orientation to be performed.

[0091] FIG. 14 conceptually shows how one embodiment may be implemented for
rotating a source image at the angle of 180 degrees. Initially, driver program code processes a
request for displaying the source image 1102 at the 180 degree angle of rotation. For
purposes of illustration, the source image is shown to include three lines 1202, 1204, and
1206,each line having four pixels. Line 1202 comprises pixels numbered as 0, 1, 2, and 3,
line 1204 includes pixels numbered as 4, 5, 6 and 7, and line 1206 includes pixels numbered

as 8,9,10and 11.
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[0092] The driver program code copies each of lines 1202, 1204 and 1206 to a
memory buffer. This memory buffer is an intermediate memory for performing an operation
of rotating image 1102 at the angle of rotation of 180 degrees. Initially, line 1202 is copied to
the memory buffer, thereafter line 1204 is copied to the memory buffer and after that the line
206 1s copied to the memory buffer.

[0093] After line 1202 is copied to the memory buffer, driver program code reverses a
position of each of the pixels 0, 1, 2, and 3 and preferably stores the result in the buffer. Line
1208 corresponds to line 1202 rotated at a 180 degree angle of rotation and, accordingly,
shows that the positions of pixels 0, 1, 2 and 3 are reversed. With the positions of pixels 0, 1,
2 and 3 reversed, line 1208 is transferred to the display memory as shown in image 722.

[0094] Next, line 1204 is copied from the source memory to the buffer and the driver
program code reverses positions of pixels 4, 5, 6 and 7. Line 1210 corresponds to line 1204
rotated by 180 degrees. The positions of pixels 4, 5, 6 and 7 are reversed using the buffer, and
the reversed pixels are transferred to the display memory as shown in image 1724.

[0095] Next, line 1206 is copied to the buffer and driver program code reverses
positions of pixels 8, 9, 10 and 11. Line 1212 corresponds to line 1206 rotated by 180
degrees. The positions of pixels 8, 9, 10 and 12 are reversed in line 1212 using the buffer.
With the positions of pixels 8, 9, 19 and 11 reversed, line 1212 is transferred to the display
memory, as shown in image 726. The rotated image 1104 is formed after all the lines in the
source image are reversed and transferred into the display memory using the memory buffer.
The change in positions of the pixels from the source image may be performed differently for
other angles of rotation, or not at all. The angle of orientation (or otherwise the change in
orientation to be implemented) is therefore used as a basis for determining how the pixels are
translated for storage into the display memory. The driver program code may store or

otherwise obtained access to this translation information in predetermined form.
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[0096] More specifically, for a 180 degree rotation, an algorithm implemented in the
driver program code is used for reversing the positions of the pixels in each source image line
and for transferring the reversed pixels to the display memory. In order to accomplish these
steps, a first set of a plurality of variables is updated by an algorithm (discussed below) in the
display memory of the display device for displaying the image in the display device.

[0097] FIG. 15 is a diagram conceptually showing how one embodiment may be
implemented for rotating a source image by 90 degrees. As in the foregoing embodiment,
driver program code processes a request for displaying the image at a rotated angle of 90
degrees. A width of the source image may be equal to a number of pixels in each line of the
source image. For example, image 1102 may have a width of 4 pixe]s. A height of the image
may be equal to a number of lines in the image. For example, the image may have a height of
3 pixels.

[0098] Each pixel in each line of the source image may be treated sequentially for
transfer to the display memory. The width of the source image 1102 rotated by 90 degrees
may be equal to the height of the source image and the height of the source image rotated by
90 degrees may be equal to the width of the source image. For example, the width of image
102 rotated at the angle of 90 degrees is 3 pixels and the height of image 1102 rotated at the
angle of rotation of 90 degrees is 4 pixels.

[0099] Initially, each of the plurality of pixels of the line 1202 of the image 1102 may
be transferred sequentially. For example, initially, pixel 0 may be transferred. The result of
this transfer is shown in image 1302. Thereafter, pixel 1 may be transferred, and so on. After
each of line 1202 is transferred to the display memory, each of the plurality of pixels 4, 5, 6
and 7 of line 1204 may be transferred. The rotated image after transfer of pixels 0, 1, 2, 3, 4
and 5 is shown with reference to an image 1304. Thereafter, each of pixels 8, 9, 10 and 11 of

line 1206 may be transferred to the display memory and the rotated image 1106 is formed.

24



WO 2009/031055 PCT/IB2008/003524

[00100] An algorithm implemented in the driver program code is used for
transferring each of the plurality of pixels of each of the plurality of lines 1202, 1204 and
1206 sequentially to the display memory. Further, a second set of a plurality of variables
(discussed below) are updated by the algorithm in the display memory of the display device
for displaying the image in the display device.

[00101] FIG. 16 shows how one embodiment may be implemented for rotating a
source image by 270 degrees. The driver program code processes the request for displaying
the source image 1102 at the 270 degree angle. A width of the image may be equal to a
number of pixels in a line of each of the plurality of lines of the image. For example, the
image 1102 may have a width of 4 pixels. A height of the image may be equal to a number of
lines in the image. For example, the source image may have a height of 3 pixels.

[00102] Each pixel in each of the lines of the image 1102 is treated sequentially and
transferred to the display memory. The width of the image rotated at the angle of rotation of
270 degree is e(jual to the height of the image 102 and the height of the image 1102 rotated at
the angle of rotation of 270 degree is equal to the width of the image 1102, for example the
width of the image 1102 rotated at the angle of 270 degree is 3 pixels and the height of the
image 1102 rotated at the angle of rotation of 270 degree is 4 pixels.

[00103] Initially each of the plurality of pixels of the line 1202 of the image 1102 is
transferred, each of the plurality of pixels of are transferred sequentially, for example initially
the pixel O is transferred, a image after the transfer of the pixel 0 is shown with reference to
an 1mage 1402, thereafter the pixel 1 is transferred, and so on. Once, each of the plurality of
pixels of the line 1202 are transferred to the display memory, then each of the plurality of
pixels 4, 5, 6 and 7 of the line 1204 are transferred, the rotated image after the transfer of the

pixels 0, 1, 2, 3, 4, 5 and 6 is shown with reference to an image 1404. Thereafter each of the
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plurality of pixels 8, 9, 10 and 11 of the line 1206 are transferred to the display memory and

the rotated image 1108 is formed.

[00104] FIG. 6A and 6B is a flow diagram showing steps included in a method for
displaying the image on the display device. The method is initiated at step 1502 when a
request for displaying the image 1102 on the display device is received by the driver program
code. The request for displaying the image 1102 on the display device can be send by an
application program, an operating system, or a user defined program interface. The request
for displaying the image 1102 in rotated format is processed by the driver program code. At
step 1504, an angle of rotation of the image 1102 is determined by the driver program code.
At step 1506, the driver program code performs one of a first operation or a second operation
after determining the angle of rotation. At step 1508 it is determined whether the first
operation is to be performed or the second operation is to be performed.

[00105] The first operation is performed when the angle of rotation is the 180 degree
and the second operation is performed when the angle of rotation is one of the 90 degree and
the 270 degree. If the driver program code determines that the angle of rotation is 90, then the
first operation is performed. The first operation includes, at step 1510 allocating a memory
buffer for storing each of the plurality of lines 1202, 1204 and 1206 of the image 1102 in the
memory buffer, the memory bufter is allocated for temporarily storing and processing each of
the plurality of lines 1202, 1204 and 1206 of the image 1102. Each of the plurality of lines
1202, 1204 and 1206 are processed in the memory buffer, the processing of each of the
plurality of lines includes reversing position of each of the plurality of pixels of each of the
plurality of lines 1202, 1204 and 1206 at step 1512. For example the line 1202 is stored in the
memory buffer and a position of each of the plurality of pixels 0, 1, 2, and 3 of the line 1202

1s reversed and the line 1208 is formed.
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[00106] Thereafter at step 1514, each of the plurality of lines are transferred pixel by
pixel to the display memory, for example initially the line 1208 is transferred, pixel by pixel,
initially pixel O is transferred, thereafter pixel 1 is transferred and so on. Thereafter, the line
1210 is transferred pixel by pixel, initially pixel 4 is transferred, and thereafter pixel 5 is
transferred and so on. After transferring the line 1210, the line 1212 is transferred pixel by
pixel, initially pixel 8 is transferred, and thereafter pixel 9 is transferred as so on. The image
1102 rotated at the angle of rotation of 180 degree takes up an orientation shown with
reference to the rotated image 1104. If at step 1508 it is determined that the angle of rotation
1s on of the 90 degree and the 270 degree, then the second operation is performed.

[00107] The second operation includes at step 1516, orienting each of the plurality of
pixels of each of the plurality of lines based on the angle of rotation of the image 1102. If the
angle of rotation of the image is 90 degree, then each of the plurality of pixels of each of the
plurality of lines 1202, 1204 and 1206 of the image 1102 are oriented as described earlier in
FIG. 14. Thereafter at step 1518, each of the plurality of pixels of each of the plurality of
lines 1202, 1204 and 1206 are transferred sequentially to the display memory of the display
device. The image 1102 rotated at the angle of rotation of 90 degree takes up an orientation
shown with reference to the rotated image 1106. If the angle of rotation of the image is 270
degree, then at step 1516 each of the plurality of pixels of each of the plurality of lines 1202,
1204 and 1206 of the image 1102 are oriented as described earlier in FIG. 15.

[00108] Thereafter at step 1518, each of the plurality of pixels of each of the plurality
of lines 1202, 1204 and 1206 are transferred sequentially to the display memory of the
display device. The image 1102 rotated at the angle of rotation of 270 degree takes up an
orientation shown with reference to the rotated image 1108. The rotated image 1104, 1106,
1108 are displayed on the display device, according to the angle of rotation of the image

1102. The method terminates at step 1520.
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[00109] FIG.18A and 18B is a flow diagram illustrating an algorithm for rotation of
the image at the angle of rotation of 180, according to an embodiment of the present
invention. The method is initiated at step 1602. At step 1604, a size of each of the plurality of
pixels of each of the plurality of lines 1202, 1204, 1206 of the image 1102 is determined and
the size of each of the plurality of pixels is stored in the PIXEL SIZE variable by the driver
program code. The number of bits used to represent each of the plurality of pixels determines
how many colors or shades of gray can be displayed. For example, in 8-bit color mode, 8 bits
are assigned for each of the plurality of pixels, thereby making it possible to display up to 8th
power of 2 (256) different colors or shades of gray of the image 1102. The size of the pixel
can be selected by a user of the display device, the application program, or the operating
system. The size of each of the plurality of pixels can be set to one of a 1 byte per pixel
(Palette Mode), 2 bytes per pixel ( High color Mode), 3 bytes per pixel ( True color Packaged
Mode), or 4 bytes per pixel (True color aligned Mode).

[00110] At step 1606, an IMAGE HEIGHT variable is set equal to a height in pixels
of the image 1102, for example the IMAGE HEIGHT variable is set equal to the height 3.
Further, at step 1606, an IMAGE WIDTH variable is set equal to a width in pixels of the
image 1102, for example the IMAGE WIDTH variable is set equal to the width 4.
Furthermore, at step 1606 a PSCANO variable is initialized, the PSCANO variable includes a
data of the image 1102 in the source memory and the data includes a start address of the
image 1102 in the source memory. Since the image 1102 is stored in the source memory in a
contagious memory location, that is the pixel 0, pixel 1, pixel 2, pixel 3, pixel 4, pixel 5, pixel
6, pixel 7, pixel 8, pixel 9, pixel 10 and pixel 11 are stored in a contagious memory location,
for example if the pixel 0 is stored at the memory address of x, then pixel 1 will be stored at

the memory address x+1 and so on.
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[00111] The PSCANO variable will include the start address of the image 1102, i.e.
the PSCANO variable will include the memory address of pixel 0. Also, at step 1606,
PRotatedSCANO variable is initialized, the PRotatedSCANO variable includes a data of the
image 1102 rotated at the angle of rotation in the display memory of the display device. The
PRotatedSCANO will include the start address of the image 1102 rotated at the angle of
rotation in the display memory. The start address of the image 1102 specifies the memory
address in the display memory from where the image 1102 is stored after the rotation at the
angle of rotation of the image 1102.

[00112] At step 1608, it is determined by the driver program code, whether the angle
of rotation of the image 1102 is 90 degree or 270 degree. If the angle of rotation is one of 90
degree or 270 degree, then control goes to step 1610, otherwise, the control goes to step 1612.
At step 1612, the driver program code determines whether, the angle of rotation of the image
is 180, if the angle of rotation of the image is 180 degree, then the control goes to step 1614,
otherwise the method is terminated at step 1630. If the angle of rotation of the image 1102 is
180 degree, then a first set of a plurality of variables are initialized, the first set of the
plurality of variables are a ROW BYTES, a Y wvariable, PTEMP variable, a
RESULT _HEIGHT variable, a RESULT WIDTH variable, a DEST Y variable, a PDST
variable and a PSRC variable. At step 1614, the ROW _BYTES variable is set equal to a
product of the IMAGE WIDTH variable and the PIXEL_ SIZE variable, for example if the
PIXEL SIZE variable is set equal to 1 byte and the IMAGE WIDTH variable is set to 4,
then the PHYSICAL BYTE WIDTH variable will be equal to 4bytes.

[00113] Also, at step 1614, the Y variable is set equal to zero. The Y variable is set
equal to zero and points to a first line of the plurality of lines of the image 1102, for example
mitially the line 1202 is pointed by the Y variable. Further, the memory buffer for

temporarily storing each of the plurality of lines 1202, 1204 and 1206 and reversing position
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of each of the plurality of pixels is set. The memory buffer is set for each of the plurality of
lines 1202, 1204, 1206. The starting address of the memory buffer for storing each of the
plurality of lines 1202, 1204 and 1206 is stored in a PTEMP variable.

[00114] Further the memory buffer is allocated with a memory equal to the
ROW _BYTES variable, i.e. for each of the plurality of lines 1202, 1204 and 1206, the
memory buffer is set equal to the memory required for storing each of the plurality of lines
1202, 1204 and 1206. At step 1616, the DEST Y variable is set equal to the
IMAGE HEIGHT-Y-1. At step 1618, the PDST wvariable is set equal to the sum of
PRotatedSCANO and a product of ROW_BYTES variable and DEST Y variable. Further, at
step 1618, the PSRC variable is set equal to the sum of the PSCANO variable and the product
of the ROW_BYTES variable and the Y variable. The PDST is a pointer variable for a line of
the plurality of lines of the image formed after rotating the image 1102 at the angle of
rotation of 180 degree.

[00115] The PSRC is a pointer variable for a line of the plurality of lines of the
image 1102 stored in the source memory. Thereafter, at step 1620, each of the plurality of
lines 1202, 1204 and 1206 of the image 1102 is transferred from the source memory to the
memory buffer. At step 1622, each of the plurality of pixels of each of the plurality of lines is
reversed as described earlier in conjunction with FIG. 14.

[00116] At step 1624, each of the plurality of lines is copied to the display memory
from the memory buffer. At step 1626, the Y variable is incremented by 1 and points to a
next line of each of the plurality of lines, i.e. Y=1 and points to the line 1204 of the image
1102. At step 1628, it is determined whether, the variable Y is less than the
IMAGE_HEIGHT variable. If the variable Y is less than the IMAGE HEIGHT variable, then
the control goes to step 1614 and each of the first set of plurality of variables are updated. If

at step 1628, it is determined, that the Y is greater than the IMAGE HEIGHT variable, and
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then the method is terminated at step 1630. If Y is greater than the IMAGE HEIGHT
variable, then it specifies, that each of the plurality of lines of the image 1102 rotated at the
angle of rotation of 180 degree is transferred to the display memory. The image 102 rotated at
the angle of rotation of 180 degree is oriented as shown with reference to the rotated image
1104.

[00117] The method will be described below with reference to the image 1102. For
example the PIXEL SIZE of each of the plurality of pixels of the image 1102 is 32 bits per
pixel (or 4 bytes per pixel) and the image 1102 is stored starting from an address of 0x1000 in
the source memory. The image 1102 has the IMAGE WIDTH of 4 and the
IMAGE_HEIGHT of 3. The image 1102 is to be rotated by the angle of rotation of 180
degrees and stored in the display memory of the display device starting from a memory
address of 0x5000. Since, the image 1102 rotated at the angle of rotation of 180 degree is to
be stored from the memory address of 0x5000 in the display memory. Therefore, the
PRotatedSCANO variable is set equal to 0x5000 and the PSCANO variable is set equal to
0x1000.

[00118] Therafter, the ROW_BYTES variable is set equal to a product of the
IMAGE_WIDTH variable and the PIXEL_SIZE variable. The ROW_BYTES variable will
be set equal to 16 (4*4) and the Y variable is set equal to 0. The Y=0 points to the line 1202
of the image 1102. The Y variable is incremented after each of the plurality of pixels of the
line 1202 are reversed and transferred to the display memory. Further, the
RESULT_HEIGHT variable will be set equal to the IMAGE HEIGHT variable and the
RESULT_WIDTH variable will be set equal to the IMAGE WIDTH variable as the angle of
rotation of the image is 180. Therefore, the RESULT HEIGHT variable is set equal to 3 and

the RESULT WIDTH variable is set equal to 4.
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[00119] Thereafter, the DEST Y variable is set equal to IMAGE HEIGHT-Y-1,
which is equal to 2 (3 — 0 — 1). The PDST variable is set equal to the sum of
PRotatedSCANO and a product of the ROW_BYTES variable and the DEST Y variable, the
PDST variable is set equal to (0x5000 + 16*2), and which is set equal to 0x5020. Further, the
PSRC variable is set equal to the sum of PSCANO variable and a product of the
ROW_BYTES variable and the Y variable, the PSRC variable is set equal to (0x1000 +
16*0), and which is set equal to 0x1000. Thereafter, the 16 bytes of memory is copied from
the memory address starting with the PSRC variable and the 16 bytes of memory is copied to
the memory buffer starting from a memory address pointed by the PTEMP variable.

[00120] Thereafter, each of the plurality of pixels of the line 1202 is reversed in the
memory buffer and the line 1208 reversed is transferred to the display memory starting.
Thereafter, the Y variable is incremented by 1, and the control goes back to the step of setting
the DEST Y variable. The DEST Y variable is set equal to IMAGE _HEIGHT-Y-1, which is
equalto1 3-1-1).

[00121] The PDST variable is set equal to the sum of PRotatedSCANO and a
product of the ROW_BYTES variable and the DEST Y variable, for example the PDST
variable is set equal to (0x5000 + 16*1), and which is set equal to 0x5010. Further, the PSRC
variable is set equal to the sum of PSCANO variable and a product of the ROW_BYTES
variable and the Y variable, the PSRC variable is set equal to (0x1000 + 16*1), and which is
set equal to 0x1010. Thereafter, the 16 bytes of memory is copied from the memory address
starting with the PSRC variable and the 16 bytes of memory is copied to the memory buffer
starting from a memory address pointed by the PTEMP variable. Thereafter, each of the
plurality of pixels of the line 1204 is reversed in the memory buffer and the line 1210

reversed is transferred to the display memory.
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[00122] Thereafter, the Y variable is incremented by 1, and the control goes back to
the step of setting the DEST Y variable. The DEST Y variable is set equal to
IMAGE_HEIGHT-Y-1, which is equal to 1 (3 —2 — 1). The PDST variable is set equal to the
sum of PRotatedSCANO and a product of the ROW_BYTES variable and the DEST Y
variable, for example the PDST variable is set equal to (0x5000 + 16*0), and which is set
equal to 0x5000.

[00123] Further, the PSRC variable is set equal to the sum of PSCANO variable and
a product of the ROW_BYTES variable and the Y variable, the PSRC variable is set equal to
(0x1000 + 16*2), and which is set equal to 0x1020. Thereafter, the 16 bytes of memory is
copied from the memory address starting with the PSRC variable and the 16 bytes of memory
i1s copied to the memory buffer starting from a memory address pointed by the PTEMP
variable. Thereafter, each of the plurality of pixels of the line 1206 is reversed in the memory
buffer and the line 1212 reversed is transferred to the display memory.

[00124] FIG. 19A and 19B is a flow diagram illustrating an algorithm for rotation of
the image 1102 at the angle of rotation of 90 degree or at the angle of rotation of 270 degree,
according to an embodiment of the present invention. If at step 1608, it is determined by the
driver program code that the angle of rotation of the image 1102 is 90 degree or 270 degree,
then the control goes to step 1610. The control goes from step 1610 to a step 1702. A second
set of plurality of variables are initialized. The image 1102 is oriented according to the angle
of rotation of the image 1102 and by updating the second set of plurality of variables. The
second set of plurality of variables include, the RESULT HEIGHT variable, the
RESULT WIDTH variable, a RESULT ROW_ BYTES variable, a PResultPixel variable, the
PSRC variable, the PRotatedSCANO variable, an X variable and the Y variable.

[00125] At step 1702, the RESULT HEIGHT variable is set equal to the

IMAGE WIDTH variable and the RESULT WIDTH wvariable is set equal to the
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IMAGE HEIGHT variable. Since, when the image 1102 is rotated at the angle of rotation of
90 degree or 270 degree, then the image 1102 takes up an orientation in which the height of
the rotated image is set equal to the width of the image 1102 and the width of the rotated
image is set equal to the height of the image 1102. The RESULT_HEIGHT variable will be
set equal to 4 and the RESULT WIDTH is set equal to 3.

[00126] Further, at step 1702, a RESULT ROW_BYETS variable is set equal to the
product of RESULT WIDTH variable and the PIXEL SIZE variable. At step 1704, the
PSCRC variable is set equal to the PSCANO variable and the variable Y and the variable X
are initialized to zero. The (X, Y) corresponds to a coordinate of the image 102.At step 1706,
it is determined whether the angle of rotation of the image 1102 is 90 degree or 270 degree. If
the angel of rotation of the image is 90 degree, then the control goes to step 1710. If the angle
of rotation of the image is 270 degree, then the control goes to step 1708.

[00127] At step 1710, the PResultPixel variable is set equal to the PRotatedSCANO+
(RESULT HEIGHT-1-X)* RESULT ROW BYTES + Y*PIXEL SIZE and the control
goes to step 1712. The step 1710 is used for setting the memory address of the rotated image
in the display memory. The PResultPixel is a pointer to a pixel of the plurality of pixels of
each of the plurality of lines in the rotated image. If at step 1706 it is determined that the
angle of rotation of the image 1102 is 270 degree, then at step 1708, the PResultPixe] variable
1s set equal to the PResultPixel = PRotatedSCANO + X*RESULT ROW_BYTES +
RESULT ROW BYTES — (Y+1)*PIXEL SIZE and the control goes to step 1712. At step
712, each of the plurality of pixels of each of the plurality of lines 1202, 1204 and 1206 of the
image 1102 are copied to the display memory.

[00128] The said operation is done by copying the PIXEL SIZE bytes corresponding
to each of the plurality of pixels from the PSRC variable to the PResultPixel variable. At step

1714, the PSRC variable is updated and is set equal to the sum of the PSRC variable and the
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PIXEL_SIZE variable. Further, at step 1714, the variable X is incremented by 1, thereby
pointing to a next pixel of each of the plurality of pixels.

[00129] At step 1716, it is determined, whether the X variable is less than the
IMAGE_WIDTH variable. If the variable X is less than the IMAGE WIDTH variable, then
the control goes to step 1706. If X variable is less than the image width, then it shows that
each of the plurality of pixels of a line of each of the plurality of lines is not copied to the
display memory and the control goes to step 1706. If at step 1716, it is determined that X is
greater than or equal to IMAGE WIDTH, then the control goes to step 1718. If X is greater
than or equal to the IMAGE WIDTH, then it shows that each of t he plurality of pixels
corresponding to a line of the plurality of lines is transferred to the display memory.

[00130] At step 1718, the Y variable is incremented by 1, the Y variable now points
to a next line of the plurality of lines of the image 1102. At step 1720, it is determined
whether, the Y variable is less than the IMAGE HEIGHT. If the variable Y is less than the
IMAGE HEIGHT, this shows that each of the plurality of lines is not transferred to the
display memory, therefore the control goes to step 1706. If the variable Y is greater than or
equal to the IMAGE_HEIGHT variable, then it shows that each of the plurality of lines is
transferred sequentially to the display memory and therefore, the method gets terminated at
step 1722.

[00131] The said method will be described below with reference to the image 1102.
For example the PIXEL SIZE of each of the plurality of pixels of the image 1102 is 32 bits
per pixel (or 4 bytes per pixel) and the image 1102 is stored starting from an address of
0x1000 in the source memory. The image 1102 has the IMAGE WIDTH of 4 and the
IMAGE_HEIGHT of 3. The image 1102 is to be rotated by the angle of rotation of 90 degree
or 270 degree and stored in the display memory of the display device starting from a memory

address of 0x5000. Since, the image 1102 rotated at the angle of rotation of one of 90degree
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or 270 degree is to be stored from the memory address of 0x5000 in the display memory,
therefore the PRotatedSCANO variable is set equal to 0x5000 and the PSCANO variable is set
equal to 0x1000.

[00132] Thereafter, the RESULT HEIGHT variable will be set equal to the
IMAGE_WIDTH variable and the RESULT WIDTH variable will be set equal to the
IMAGE_HEIGHT variable as the angle of rotation of the image is one of 90 degree or 270
degree. Therefore, the RESULT HEIGHT variable is set equal to 4 and the
RESULT_WIDTH variable is set equal to 3. The RESULT ROW_BYTES variable is set
equal to a product of the RESULT WIDTH variable and the PIXEL SIZE variable. The
RESULT ROW _ BYTES variable will be set equal to 12 (3*4). Further, the PSRC variable is
set equal to the PSCANO variable and therefore, the PSRC variable is set equal to 0X1000.
Also, the X variable and the Y variable are set equal to 0.

[00133] Thereafter, it is determined, whether the angle of rotation of the image 1102
1s 90 degree or 270 degree. If the angle of rotation of the image 1102 is 90 degree, then the
PResultPixel wvariable is set equal to PRotatedSCANO+ (RESULT HEIGHT-1-X)*
RESULT ROW_BYTES + Y*PIXEL SIZE, which is set equal to (0x5000 + (4-1-0)*12
+0*4), that is equal to 0x5024. In case the angle of rotation of the image 1102 is 270 degree,
then the PResultPixel is set equal to PRotatedSCANO + X*RESULT ROW BYTES +
RESULT_ROW_BYTES — (Y+1)*PIXEL SIZE, which is set equal to (0x5000 + 0*12 + 12
— (0+1)*4), that is equal to 0x5008. Thereafter a pixel of the plurality of pixels of the image
1102 is copied from the memory address pointed by the PSRC variable (0x1000) to the
memory address pointed by the PResultPixel (0x5008) in the display memory.

[00134] Thereafter, the PSRC variable is updated and set equal to the PSRC +
PIXEL_SIZE, which is equal to (0x1000 + 4), that is equal to 0x1004. Further, the X variable

1s incremented by 1. Thereafter, it is checked if the X variable is less than the
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IMAGE_WIDTH variable, which is X-0 is less than the IMAGE WIDTH variable, which is
equal to 4, therefore the said steps of updating the PResultPixel are performed, till the value
of X becomes more than IMAGE WIDTH variable, that is till all the pixel of the line 1202
are copied to the display memory. Thereafter, if the X variable is more than or equal to
IMAGE_WIDTH, then the X Variable is set equal to 0, and the Y variable is incremented by
1.

[00135] Thereafter, it is determined whether, the Y wvariable is less than the
IMAGE HEIGHT variable, if the Y variable is less than the IMAGE HEIGHT variable, then
the PResultPixel is updated and each of the plurality of pixels of the line 1204, and line 1206
are copied to the display memory, as described earlier for copying each of the plurality of
pixels of the line 1202.

[00136] The embodiments described herein may be embodied in a computer program
product for displaying an image on a display device. In case of the angle of rotation of 180
degrees, this embodiment transfers stores each of the plurality of lines of the source image in
one or more memory buffers. The positions of pixels in these lines is then reversed, and then
each of the reversed lines are transferred to the display memory based on the desired change
in orientation, e.g., rotation.. Further, in case of the angle of rotation of 90 degree, each of the
pixels in each line is transferred sequentially to the display memory.

[00137] The driver program code changes the orientation of the image in a plurality
of modes, and does way with a need of having a different program code for each of the
plurality of modes, therefore leading to a decreased usage of memory space in the display
memory.

[00138] Additional embodiments correspond to computer program code containing
instructions for implementing the method steps disclosed herein. The code may be stored in

tangible media, such as floppy diskettes, CD-ROMs, hard drives, or any other computer-
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readable storage medium, wherein, when the computer program code is loaded into and
executed by a computer, the computer becomes an apparatus for practicing the invention.

[00139] Additional embodiments correspond to computer program code, for
example, whether stored in a storage medium, loaded into and/or executed by a computer, or
transmitted over some transmission medium, such as over electrical wiring or cabling,
through fiber optics, or via electromagnetic radiation, wherein, when the computer program
code is loaded into and executed by a computer, the computer becomes an apparatus for
practicing the invention. When implemented on a general-purpose microprocessor, the
computer program code segments configure the microprocessor to create specific logic
circuits.

[00140] The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, and obviously many
modifications and variations are possible in light of the above teaching. The embodiments
were chosen and described in order to best explain the principles of the invention and its
practical application, to thereby enable others skilled in the art to best utilize the invention
and various embodiments with various modifications as are suited to the particular use
contemplated. It is understood that various omissions, substitutions of equivalents are
contemplated as circumstance may suggest or render expedient, but is intended to cover the
application or implementation without departing from the spirit or scope of the claims of the

present invention.
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‘What is claimed is:

1. A method for controlling display of an image, comprising:

(a) dividing a source image into a plurality of M x N blocks of pixels;

(b) selecting a first one of the blocks;

(c) transferring the pixels in the first block from a source memory to a
display memory, the pixels in the first block transferred based on orientation change
information; and

(d) repeating steps (b) and (c) to transfer pixels in remaining ones of the
blocks to the display memory, wherein 2 <M < total number of lines in the source image and

wherein 2 <N < total number of pixels in any image line in the source image.

2. The method of claim 1, wherein all the divided blocks of the source image

have a same size.

3. The method of claim 1, sequentially transferring each line of pixels in the first

block to the display memory based on said orientation change information.

4. The method of claim 1, wherein said orientation change information provides

an indication of an angle of rotation of the source image.

5. The method of claim 1, wherein the blocks are transferred sequentially to the

display memory.
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6. The method of claim 1, wherein the pixels in each block are transferred to the
display memory before all pixels in a preceding line of the source image are transferred to the

source memory.

7. The method of claim 1, wherein (c) includes:
controlling pointers of the source and display memories to transfer the pixels

in each block from the source memory to the display memory.

8. The method of claim 8, further comprising:
displaying the source image with an orientation that corresponds to said
orientation change information based on the blocks of pixels transferred to the display

memory.

9. A system for controlling display of an image, comprising:

a display memory;

a source memory to store a source image; and

a controller to control transfer of the source image from the source memory
into the display memory based on orientation change information, the controller transferring
the source image by:

(a) dividing the source image into a plurality of M x N blocks of pixels;

(b) selecting a first one of the blocks;

(©) transferring the pixels in the first block from a source memory to a

display memory based said on orientation change information; and
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(d) repeating steps (b) and (c) to transfer pixels in remaining ones of the
blocks to the display memory, wherein 2 <M < total number of lines in the source image and

wherein 2 <N < total number of pixels in any image line in the source image.

10.  The system of claim 9, wherein all the divided blocks of the source image

have a same size.

11. The system of claim 9, wherein the controller sequentially transfers each line
of pixels in the first block to the display memory based on said orientation change

information.

12. The system of claim 9, wherein said orientation change information provides

an indication of an angle of rotation of the source image.

13. The system of claim 9, wherein the controller transfers the blocks sequentially

to the display memory.

14. The system of claim 9, wherein the controller transfers the pixels in each block
to the display memory before all pixels in a preceding line of the source image are transferred

to the source memory.

15. The system of claim 9, wherein, in (c), the controller controls pointers of the

source and display memories to transfer the pixels in each block from the source memory to

the display memory.
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16.  The system of claim 15, wherein the controller controls display of the source
image with an orientation that corresponds to said orientation change information based on

the blocks of pixels transferred to the display memory.

7. A method for displaying an image on a display device, comprising:

receiving information designating an angle of rotation for a source image; and

performing a first operation or a second operation based upon the angle of
rotation designated in said information, the first operation performed for a first range of
angles and the second operation performed for a second range of angles,

wherein the first operation includes rearranging order of pixels in the source
image in a buffer according to the designated angle of rotation and transferring the pixels in
said rearranged order from the buffer to a display memory, and

wherein the second operation includes transferring pixels in the source image
to the display memory without using the buffer, the pixels in the source image transferred to

the display memory based on an order determined by the designated angle of rotation.

18. The method of claim 17, wherein the first range of angles includes 180°.

19. The method of claim 18, wherein the second range of angles includes at least
one of 90° or 270°.
20.  The method of claim 17, wherein the first operation includes:

reversing the order of the pixels in the source image using the buffer; and

transferring the pixels in said reversed order to the display memory.
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21. The method of claim 20, wherein the first operation includes:
sequentially transferring the pixels of the source image from the buffer to the

display memory.

22, The method of claim 17, wherein the second operation includes:
changing an order of pixels in the source image without using the buffer; and

storing the pixels in said changed order in the display memory.

23. A system for displaying an image on a display device, comprising:

a processor;

a display memory;

a source memory to store a source image; and

a buffer coupled between the source memory and the display memory,

wherein the processor performs a first operation or second operation based on
information designating an angle of rotation for the source image, the first operation
performed for a first range of angles and the second operation performed for a second range
of angles, and

wherein the first operation includes rearranging order of pixels in the source
image in a buffer according to the designated angle of rotation and transferring the pixels in
said rearranged order from the buffer to a display memory, and

wherein the second operation includes transferring pixels in the source image
to the display memory without using the buffer, the pixels in the source image transferred to

the display memory based on an order determined by the designated angle of rotation.

43



WO 2009/031055 PCT/IB2008/003524

24. The system of claim 23, wherein the first range of angles includes 180°.

25.  The system of claim 24, wherein the second range of angles includes at least
one of 90° or 270°.

26. The system of claim 23, wherein the first operation includes:

reversing the order of the pixels in the source image using the buffer; and

transferring the pixels in said reversed order to the display memory.

27.  The system of claim 26, wherein the first operation includes:

sequentially transferring the pixels of the source image from the buffer to the

display memory.

28.  The system of claim 23, wherein the second operation includes:
changing an order of pixels in the source image without using the buffer; and

storing the pixels in said changed order in the display memory.
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