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(57) ABSTRACT 

A digital image processor includes an input buffer for Storing 
raster-Scanned data. A Slice-buffer memory is coupled to the 
input buffer to Store a portion of a vertical Slice of Said 
raster-Scanned data. The vertical slice is processed by a 
Vertical Slice processor having an input coupled to the 
Slice-buffer memory. The vertical Slice processor reas 
Sembles the vertical Slices into processed raster-Scanned data 
in an output buffer that is coupled to the output of the vertical 
Slice processor. The digital image processor preferably uti 
lizes multiple Sequential processing Stages and processes the 

Continuation of application No. 09/359,530, filed on raster-Scanned data along the horizontal axis of the vertical 
Slices. 
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METHOD AND APPARATUS FOR REDUCING 
ON-CHIP MEMORY IN VERTICAL VIDEO 

PROCESSING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefits of co-pending 
U.S. Patent Provisional Application No. 60/093,815 filed on 
Jul. 23, 1998, and is related to U.S. patent application Ser. 
No. 09/167,527 filed on Oct. 6, 1998, both of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to video 
processing and, more particularly, to techniques for Vertical 
processing of horizontally Scanned Video images. 
0004 2. Description of the Related Art 
0005 FIG. 1 shows an illustration of a rectangular pic 
ture area 10 with a horizontal full row Scanning Sequence. 
The rectangular picture area 10 is divided into a number of 
rows of data 12 which are scanned from left to right, with 
rows being traversed from the top of the image to the 
bottom. Video data is generally produced in this type of 
horizontal raster-Scanned format. Video data is also provided 
in this fashion from a wide variety of data Sources (e.g., 
broadcast, video tape, video disc) and used in the same 
Sequence for display purposes (e.g., television, computer 
monitors, LCD displays). 
0006 FIG. 2 is a diagram of a prior art video processor 
14, which processes Video data before displaying or Storing 
the data. The video processor 14 typically receives data 16 
in a raster-Scan format. The Video processor 14 must deliver 
the processed video data 18 in the same or similar format. 
Examples of common types of processing include image 
Size reduction/enlargement (or “scaling'), filtering to 
remove high frequencies, filtering to enhance detail in the 
image, or format conversion from one video data type to 
another (e.g., deinterlacing). 
0007 Many types of processing only utilize data from 
horizontally adjacent pixel locations. This naturally fits with 
the existing data ordering of the raster-Scanned format and 
is relatively economical to implement. In addition, the row 
ordering of the Video data naturally aligns with the current 
dynamic random access memory (DRAM) row/column chip 
organization which provides significantly reduced acceSS 
times for in-row (or horizontal) accesses. 
0008 However, when video data must be processed in 
the vertical direction, particularly when multiple vertically 
adjacent pixel locations are Simultaneously needed for pro 
cessing, the raster-Scanned format no longer provides the 
data needed in the correct or appropriate order. FIG. 3 is a 
diagram of a horizontal raster-Scanned Video image 20 
divided into a number of scan lines 22 and pixels 24. In order 
to Vertically process the data, multiple pixels are needed 
which come from different scan lines 22. 

0009 Since the pixel data is presented in a horizontally 
ordered Sequence, multiple lines of Video data must be 
available in order to have simultaneous access to multiple 
Vertically aligned pixels. This requires Storing or buffering 

Mar. 24, 2005 

of those multiple lines in order to make the data available for 
processing. In the past, this has either not been done at all 
due to implementation cost reasons, or has been done by 
using multiple on-chip line memories to Store a number of 
horizontal lines of pixel data. If nothing is done, the result 
is nonexistent or poor quality processing due to lack of 
Vertical pixel data being available. 
0010. The main problem with using on-chip line memo 
ries for vertical processing of horizontal raster-Scanned 
Video is that they are extremely large, thus requiring a 
Significant increase in die area (and therefore chip cost). This 
is particularly true if a large number of line memories are 
needed for high-quality processing. A Single line memory 
for the ITU-R BT.601 standard digital video formats typi 
cally contains 720 16-bit pixels, or 11520 memory bits. 
0011 Because multiple line memories are needed for 
quality vertical processing, and Since Some Video processing 
implementations require multiple Serial processing Stages, 
each with its own Set of line memories, the required amount 
of on-chip memory can be very large in many different 
Scenarios. For instance, with 6 line memories per processing 
Stage, and with 3 Serial processing Stages the number of 
required memory bits would be over 200 kbits. 
0012 External memories have not been often utilized due 
to the fact that accessing vertically adjacent data results in 
the crossing of DRAM row (or page) boundaries, with the 
attendant Severe reduction in available memory bandwidth. 
The implementation cost issue is compounded by the fact 
that high quality processing typically requires more data, 
i.e., better vertical processing requires a larger number of 
Simultaneously available vertically aligned pixels. 
0013. On-chip memory requirements of this order sig 
nificantly reduce the available implementation options (e.g., 
prototyping with field programmable gate arrays (FPGA) or 
most gate-arrays is not viable) and increase the chip die area 
and cost. While these expensive line memories for vertical 
Video processing cannot be eliminated completely, any 
reduction of the memory requirements would be valuable. 
0014. In view of the foregoing, it is desirable to have a 
method that provides for high quality vertical processing of 
horizontally Scanned Video while minimizing cost and 
reducing the number of full line memories required. 

SUMMARY OF THE INVENTION 

0015 The present invention fills these needs by providing 
an efficient and economical method and apparatus for high 
quality vertical Video processing utilizing off-chip commod 
ity memory and an alternative Scan Sequence for vertical 
processing. It should be appreciated that the present inven 
tion can be implemented in numerous ways, including as a 
process, an apparatus, a System, a device or a method. 
Several inventive embodiments of the present invention are 
described below. 

0016. In one embodiment of the present invention, a 
digital image processor is provided. The digital image 
processor includes an input buffer for Storing raster-Scanned 
data. A slice-buffer memory is coupled to the input buffer to 
Store a portion of a vertical Slice of Said raster-Scanned data. 
The vertical Slice is processed by a vertical Slice processor 
having an input coupled to the Slice-buffer memory. The 
Vertical slice processor reassembles the vertical Slices into 
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processed raster-Scanned data in an output buffer that is 
coupled to the output of the Vertical Slice processor. The 
digital image processor preferably utilizes multiple Sequen 
tial processing Stages and processes the raster-Scanned data 
along the horizontal axis of the Vertical Slices. 
0.017. In another embodiment of the present invention, a 
method of processing image data is provided. The method 
includes buffering a block of raster-Scanned data in an input 
buffer. Vertical slices of the raster-Scanned data are Sequen 
tially retrieved and processed, forming processed vertical 
Slices. The processed vertical slices are then Stored in an 
output buffer to form a processed block of raster-Scanned 
data. The vertical Slices are preferably comprised of a Slice 
core and at least one pair of wings, which overlap the Slice 
core of horizontally adjacent vertical slices. The width of the 
processed block of raster-Scanned data is preferably equal to 
the width of the slice core. 

0.018. An advantage of the present invention is that the 
on-chip-memory requirements for high quality vertical pro 
cessing are significantly reduced. By dividing the rectangu 
lar video field or frame into Smaller portions, the memory 
requirements of the System can be reduced by an order of 
magnitude. Therefore, the image processing chip is not 
limited by the constraints of having only a small number of 
on-chip line memories. In addition, by not having to use the 
line memories, costs are dramatically reduced. 
0019. Other aspects and advantages of the invention will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The present invention will be readily understood by 
the following detailed description in conjunction with the 
accompanying drawings. To facilitate this description, like 
reference numerals designate like Structural elements. 
0021 FIG. 1 illustrates a rectangular picture area with a 
full row Scanning Sequence of the prior art. 
0022 FIG. 2 is a diagram of a prior art video processor. 
0023 FIG. 3 is a diagram of a prior art horizontal 
raster-Scanned Video image divided into a number of Scan 
lines and pixels. 
0024 FIG. 4 illustrates a video frame in accordance with 
the present invention which is subdivided into a number of 
Vertical slices for a slice Scanning Sequence exemplified by 
a corresponding number of Scan lines. 
0.025 FIG. 5 illustrates an example of an initial slice core 
that has a problem with unavailable data on its left edge and 
right edge. 

0.026 FIG. 6 illustrates a slice that has added wings along 
the initial Slice core's left and right edges. 
0027 FIG. 7 illustrates an overall structure of overlap 
ping Slice/wing combinations. 
0028 FIG. 8 is a flow chart illustrating a method of 
processing video in accordance with the present invention. 
FIG. 9 illustrates a system diagram for a slice based video 
processor of the present invention. 
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0029 FIG. 10 illustrates a system diagram of a video 
processing chip architecture of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0030. An invention for a method and apparatus for reduc 
ing on-chip memory in Vertical Video processing is dis 
closed. In the following description, numerous specific 
details are Set forth in order to provide a thorough under 
Standing of the present invention. It will be understood, 
however, to one skilled in the art, that the present invention 
may be practiced without Some or all of these specific 
details. In other instances, well known process operations 
have not been described in detail in order not to unneces 
Sarily obscure the present invention. 
0031 FIGS. 1-3 were described in terms of the prior art. 
FIG. 4 illustrates a video frame 25 of the present invention 
Subdivided into a number of vertical slices 26 for a slice 
Scanning Sequence exemplified by a corresponding number 
of Scan lines 28. Each slice 26 is Scanned in a format Similar 
to that used in a conventional raster-Scanned Sequence, with 
the Scanning Sequence proceeding to the Subsequent Slice 
when the end of a given slice is reached. The advantage of 
this format is that the length of the line memories is reduced 
by a factor roughly equal to the number of Vertical Slices 
used. Line memories are still necessary, but they are now 
much shorter than before, resulting in a much reduced 
on-chip memory requirement. For instance, if the number of 
Slices were Set to 10, the reduction in on-chip memory would 
be by an entire order of magnitude. 
0032. However, difficulties do arise from utilizing this 
"slice' Scan organization. First, it is often the case that 
processing must Simultaneously be done in both the hori 
Zontal and vertical directions. This results in a problem on 
the left most and right most Slice boundaries where hori 
Zontal pixel data outside the Slice may not be available. 
Second, the conventional raster-Scan Sequencing has been 
changed, resulting in a potential incompatibility with com 
mon Video Sources and display/storage devices. Both of 
these problems will be addressed in the following Sections as 
solved by the present invention. 
0033 FIG. 5 illustrates an example of a slice core 30 that 
has a problem with unavailable data on its left edge 32 and 
right edge 34. Video processing requires that data Surround 
ing a given pixel be available in both the horizontal and 
vertical directions (in this case 5x5 matrices 36 and 38 
centered on the pixel). Processing matrix 36 resides in the 
center of the slice core 30, so there is no problem with 
availability of data because it is available in both horizontal 
and vertical directions on all sides of processing matrix 36. 
0034. It should be noted that the situation at the top edge 
42 and bottom edge 44 of the slice core 30, where data above 
the top-most pixel and data below the bottom-most pixel is 
not available, is identical to that with the conventional 
raster-Scanned format. This can be Solved in a number of 
ways, Such as Substituting Zero data for the nonexistent 
upper/lower pixel data. Therefore, the top and bottom edges 
42 and 44 of the slice core 30 will not cause problems with 
unavailable data. In contrast, processing matrix 38 is on the 
left edge 32 of the slice core 30, and is missing horizontally 
adjacent data. Two columns of pixel data 40 are missing 
because they are outside the left edge 32 of the slice core 30. 
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0035) To resolve this situation, data for these columns are 
provided from the slice immediately to the left of the slice 
being processed. FIG. 6 illustrates a slice 46 that has added 
a pair of thin vertical slices or “wings'48 and 50 along the 
left and right edges 32 and 34. Wing 48 must be added to the 
slice core 30 to provide the pixel data needed for the 
processing matrix. Wing 50 must be added to the right edge 
34 of the slice core 30. Because wing 48 has been added to 
Slice 46, processing matrix 38 no longer Suffers from the 
lack of data outside of the left edge 32 of slice 46. 
0036 FIG. 7 illustrates an overall structure of overlap 
ping slice/wing combinations 52. Slice 46 from FIG. 6 is 
shown as an exemplary slice. Wings 48 and 50 of slice 46 
are composed of data from a pair of adjacent Slices, one to 
the left and one to the right of slice 46. More specifically, the 
missing two left columns of pixels in wing 48 are Supplied 
from the two right most columns 54 of a slice 56 immedi 
ately to the left of slice 46. So in a sequence of slices 58, the 
left-most wing of slice N overlaps the core of slice N-1, 
while the right-most wing of slice N-1 overlaps the core of 
slice N. 

0037 FIG. 8 is a flow chart illustrating a method 60 of 
processing Video. The input to a Video processing block is 
therefore the slice 46 with slice core 30, left wing 48 and 
right wings 50. The left wing 48 is divided into a left outer 
wing 62 and a left inner wing 64. The right wing 50 is 
divided into a right outer wing 68 and a right inner wing 66. 
In this example, the video processing block has multiple 
processing Stages, each with its own requirement for hori 
Zontal pixels on each side of the center. 
0.038. The method 60 utilizes a first processing stage 70 
and a Second processing Stage 74. The first processing Stage 
70 utilizes and then removes the outer wings 62 and 68 
leaving an output slice 72 consisting of the Slice core 30 and 
the inner wings 64 and 66. The Second processing Stage 74 
utilizes and then removes the inner wings 64 and 66. 
Therefore, the wings 48 and 50 are effectively removed in 
the processing and the output of the processing block is a 
slice 76 with the width equal to the original slice core 30. 

0039. One effect of the wings 48 and 50, is to increase the 
on-chip Slice-line memory requirements by the width of the 
wings 48 and 50. However, the wing width is typically small 
relative to the overall slice width. The actual slice and wing 
width is implementation dependent and will depend on 
processing requirements and available external memory 
bandwidth. 

0040. A preferred embodiment of the present invention 
utilizes three vertical Video processing blocks. The first 
processing Stage 70 requires a pair of outer wingS 62 and 68 
having a width of 2 pixels; the Second processing Stage 74 
requires a pair of inner wings 64 and 66 with a width of 4 
pixels, and the third processing Stage 77 requires no wings 
as the Specific processing algorithm used does not require 
data horizontal to the Vertical data being processed. The Slice 
core width chosen was 36 pixels, resulting in an initial input 
Slice width of 48 pixels. (Core--left-inner-wing+right-inner 
wing+left-outer-wing+right-outer-wing=36+4+4+2+2=48.) 
0041. Unfortunately, the data inputs and outputs of the 
Vertical processing blocks are not in the raster-Scan video 
format, which is Standard to virtually all Video input Sources 
and Video output display and Storage devices. The present 
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invention includes a Standardized input/output format con 
version, which is accomplished via the use of a memory 
external to the video processing device. A commodity 
DRAM memory device is used for reasons of cost and 
availability. 
0042. Depending on the type of video processing to be 
done, a field or frame size buffer(s) serves other necessary 
purposes other than conversion between full field/frame 
raster-Scan and Slice-Scan formats. For instance, the dein 
terlacing process typically requires one (Sometimes Several) 
field buffers to store multiple fields of video data for 
temporal processing. Buffers are also needed in frame rate 
conversion, where the output frame rate is different than the 
input rate; in this case multiple output field or frame buffers 
may be required for the frame rate conversion process. 
0043 FIG. 9 illustrates an example of a system diagram 
for a slice based video processor 78. A first input buffer 80, 
a second input buffer 82, a first output buffer 84 and a second 
output buffer 86 are utilized for the slice conversion process. 
Because Video applications typically Specify real-time input 
and output, and because the Scanning process for a conven 
tional raster-Scan and a slice-Scan are different, the first input 
buffer 80 is used to store the video input data stream from 
the input data formatter 88. The second input buffer 82 
(filled in the previous field/frame period) is used to provide 
data to the Vertical video processing Section 90 in a Slice 
Scan format. 

0044. A similar process is used for output. The Second 
output buffer 86 receives processed data in Slice-Scan format 
from the vertical video processing section 90, while the first 
output buffer 84 (filled in the previous field/frame period) is 
used to output data in the conventional raster-Scan format to 
the output data formatter 92. The output data stream may 
actually provide data to additional Video processing Stages 
that process data in the horizontal direction only (e.g. 
horizontal Scaling and color space conversion). 
004.5 FIG. 10 illustrates a system diagram of one 
example of a Video processing chip architecture 94. The 
Video processing chip architecture includes a video proces 
sor 96 and an external memory source 98. In this particular 
Video processing implementation, multiple input field Stor 
age (for temporal processing) is required. Video data is 
provided to an input stage 100 in the video processor 96 that 
adds the redundant wing data directly into the Video data 
Stream. The data is then written (wings included) in a 
raster-scan sequence to a first field memory buffer 102 in the 
external memory source 98 by the memory controller 104 
which is located inside the video processor 96. In subsequent 
field periods, data is written to a second field memory buffer 
106, a third field memory buffer 108, and fourth 110 field 
memory buffers in Sequence. 
0046. During the period in which data is written to the 

first field memory buffer 102, data is read in vertical slice 
Scan Sequence from the Second, third and fourth field 
memory buffers 106, 108 and 110, all of which are in the 
external memory source. The field buffers 106, 108 and 110 
feed the Vertical Video processing Section 112 that is located 
inside the video processor 96. The data is processed in the 
Vertical Video processing Section 112, which removes the 
Wings. 
0047 Data is written from the vertical video processing 
Section 112 in a slice-Scan format back to a first frame buffer 
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area 114 in the external memory source 98. Data is read from 
a second frame buffer area 116 in the external memory 
Source 98 in a conventional raster-Scan Sequence for input to 
a horizontal processing block 118 located in the video 
processor 96. The output of the horizontal processing block 
118 is in raster-scan format and is the output of the video 
processor 96. 

0.048. In one preferred embodiment of the present inven 
tion, Video input data is provided as interlaced fields of data 
in a 720x240 pixel field format. Each video field is concep 
tually broken into 20 slices of width 36 pixels, each having 
left and right wings of 6 pixels each (outer wings of 2 pixels 
each and inner wings of 4 pixels each). The wings are added 
at the appropriate points in the Video input data Stream, and 
the resulting data Stream is written in raster-Scan Sequence 
into a first field buffer in an external SDRAM. 

0049. Three fields of data are read from the SDRAM 
simultaneously. The data for these fields is sourced by 
Second, third and fourth field buffers and is read in vertical 
slices of 48 pixel wide (slice core and wings) by 240 rows. 
The data is processed by a first vertical processing Stage that 
provides Slice-Scan format data at twice the input rate of a 
Single field to a Second Stage. Slice data input to the Second 
stage is formatted in slices of 44 pixels wide by 480 rows 
(due to the rate-doubling action of the first stage). The 
Second vertical processing Stage processes the data and 
provides 36 pixel wide Slice-Scan format data at the same 
rate as the input to that Stage to a third Vertical processing 
Stage. 

0050. The third stage is a vertical scaler and performs no 
horizontal processing, and So does not require wings on the 
Slice format data. Data is output from the third processing 
Stage in a 36 pixel wide slice-Scan format to a first frame 
buffer area in the SDRAM. The number of rows in each slice 
is dependent on the Specific vertical Scaling ratio chosen. 
Data is input to a horizontal-only processing Stage in con 
ventional raster-scan format of 720x480*M pixels, where M 
is the vertical Scaling factor in the third vertical processing 
Stage. This data is processed by the horizontal processor 
(which includes a horizontal Scaler) and is output in a 
conventional raster-scan format at a resolution of 720*Nx 
480°N, where N is the horizontal scaling factor. 
0051. Overall, this implementation results in a greater 
than 10x reduction in on-chip memory requirements due to 
the Slice-Scan architecture. This expense Saved with the 
reduction in on-chip memory requirements more than offsets 
the additional required external memory, and provides a 
variety of prototyping and production options. 

0.052 It will therefore be appreciated that the present 
invention provides a method and apparatus of reducing 
on-chip memory requirements by processing a digital image 
along a vertical axis by Sequencing the image in Vertical 
slices. The invention has been described herein in terms of 
several preferred embodiments. Other embodiments of the 
invention will be apparent to those skilled in the art from 
consideration of the Specification and practice of the inven 
tion. Furthermore, certain terminology has been used for the 
purposes of descriptive clarity, and not to limit the present 
invention. The embodiments and preferred features 
described above should be considered exemplary, with the 
invention being defined by the appended claims. 
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What is claimed is: 
1. A digital image processor, comprising: 
an input buffer Storing raster-Scanned data; 
a slice buffer memory coupled to said input buffer to store 

a portion of a vertical slice of Said raster-Scanned data; 
a vertical Slice processor having an input coupled to Said 

slice buffer memory; and 
an output buffer coupled to an output of Said vertical Slice 

processor Such that Said vertical slices are reassembled 
into processed raster-Scanned data in Said output buffer. 

2. A digital image processor as recited in claim 1, wherein 
the Vertical Slice processor processes vertical Slices of the 
raster-Scanned data along a horizontal axis. 

3. A digital image processor as recited in claim 1, wherein 
the vertical slices are comprised of a slice core and at least 
one pair of wings. 
4 (Canceled) 
5A digital image processor as recited in claim 1, wherein 

the digital image processor processes the raster-Scanned data 
in multiple Sequential processing Stages. 

6. A digital image processor as recited in claim 5, wherein 
the multiple Sequential processing Stages individually pro 
ceSS along the vertical and horizontal axes. 

7. (Canceled) 
8. (Canceled) 
9. (Canceled) 
10. A method of processing image data, comprising: 
buffering a block of raster-Scanned data in an input buffer; 
Sequentially retrieving and processing vertical Slices of 

Said raster-Scanned data from Said input buffer to form 
processed vertical Slices, and 

Storing Said processed vertical slices in an output buffer to 
form a processed block of raster-Scanned data. 

11. A method of processing image data as recited in claim 
10, including processing vertical Slices of the raster-Scanned 
data from the input buffer along a horizontal axis to form 
horizontally processed raster-Scanned data. 

12. A method of processing image data as recited in claim 
10, wherein the vertical Slices are comprised of a slice core 
and at least one pair of wings. 

13. A method of processing image data as recited in claim 
12, wherein the pair of wings each overlap the Slice core of 
horizontally adjacent vertical Slices. 

14. A method of processing image data as recited in claim 
10, further including removing at least one of the pair of 
Wings. 

15. (Canceled) 
16. A method of processing image data, comprising: 
means for buffering a block of raster-Scanned data in an 

input buffer; 
means for Sequentially retrieving and processing vertical 

Slices of Said raster-Scanned data from Said input buffer 
to form processed vertical Slices, and 

means for Storing Said processed vertical Slices in an 
output buffer to form a processed block of raster 
Scanned data. 

17. A method of processing image data as recited in claim 
16, including means for processing vertical slices of the 
raster-Scanned data from the input buffer along a horizontal 
axis to form horizontally processed raster-Scanned data. 
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18. A method of processing image data as recited in claim 
16, wherein the vertical Slices are comprised of a slice core 
and at least one pair of wings. 

19. (Canceled) 
20. A method of processing image data as recited in claim 

16, further including removing at least one of the pair of 
Wings. 

21. A method of processing image data as recited in claim 
20, wherein the width of the processed block of raster 
Scanned data is equal to the width of the Slice core. 

22. A digital image processing System comprising: 
a Video processor that processes a digital image along a 

Vertical axis by Sequencing an image in Vertical Slices 
wherein the vertical Slices are comprised of a slice core 
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of horizontally adjacent vertical Slices and at least one 
pair of wings, and wherein the at least one pair of wings 
each overlap the slice core of horizontally adjacent 
Vertical Slices, and 

an external memory, coupled to the Video processor, for 
buffering frame data. 

23. A digital image processing System as recited in claim 
22 wherein an Video input data is provided as interlaced 
fields of data in a 720x240 pixel field format. 

24. A digital image processing System as recited in claim 
22 wherein the Video processor is contained on a chip. 


