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1 

PROGRAMMABLE ARCHITECTURE AND 
METHODS FOR MOTION ESTIMATION 

2 
SUMMARY OF THE INVENTION 

The present invention is advantageous in many respects. 

BACKGROUND 

I. Field of the Invention 
The present invention relates generally to motion estima­

tion, and more specifically to a programmable architecture 
and methods for motion vector and/or prediction error 
determination. 

For example, the programmability aspect of the present 

5 
invention enables support of future algorithms, and allows 
the addition of customer-proprietary optimizations and algo­
rithms. 

These and other advantages arc achieved in the present 
invention, which in one embodiment is an apparatus for 

2. Description of Related Art 

10 performing an arithmetic operation on groups of pixels 
under program control having two memories and an arith­
metic unit. One of the memories has a plurality of addres­
sable locations N pixels in width and a read port, and N 
pixels from any one of the addressable locations are acces-

Applications such as video telephone, digital television, 
and interactive multimedia using such digital storage tech­
nology as CD-ROM, digital audio tape, and magnetic disk 
require digital video coding, or video compression, to 
achieve the necessary high data transfer rates over relatively 
low bandwidth channels. Various standards have been pro­
posed for video coding. A standard for the storage and 
transmission of still images has been adopted by the Inter­
national Standards Organization ("ISO"), Joint Photo­
graphic Expert Group ("JPEG"); see "JPEG Technical 
Specification, Revision 5," JPEG-8-R5, January 1980. A 
standard for digital television broadcast coding at 30/45 
Mb/sis under consideration; see CCIR-CMTT/2, "Digital 

25 
Transmission of Component-Coded Television Signals al 
30-34 Mb/s and 45 Mb/s Using the Discrete Cosine Trans­
form," Document CMTT/2-55. A standard for video tele­
phony and video conferencing al 64 to I 920 kb/s has been 
adopted by the International Consultative Committee for 30 
Telephone and Telegraph ("CCITT"); see "Draft Revision of 
Recommendation H.261," Document 572, CCITT SG XV, 
Working Party XV/1, Spec. Grp. on Coding for Visual 
Telephony. A standard for storage applications below 1.5 
Mb/s, which are similar to the applications targeted by the 

35 
CCITT standard, is under consideration by the Moving 
Picture Experts Group ("MPEG") of the ISO. Video coding 
algorithms have been proposed as contributions to the 
standardization activity of JSO/MPEG; see Wong et al., 
"MCPIC: A Video Coding Algorithm for Transmission and 

40 
Storage Applications," IEEE Communications Magazine, 
November 1990, pp. 24--32. 

Many video coding techniques include a predictive mode 
that realizes data compression between two different video 
frames by identifying how a frame is unlike a preceding 
frame. In predictive mode, the frame is represented in terms 
of a set of vectors of the displacement of respective groups 

15 sible in parallel on the read port during an address cycle. The 
other memory has a plurality of addressable locations 
greater than N pixels in width and a read port, and any N 
contiguous pixels from any one of the addressable locations 
are accessible in parallel on the read port during an address 

20 cycle. The arithmetic unit is connected to the two memory 
ports. 

In another embodiment, a memory is included that has a 
plurality of addressable locations greater than N pixels in 
width and two read ports, and any N contiguous pixels from 
any one of the addressable locations are accessible in 
parallel on each of the read ports during an address cycle. 
The arithmetic unit is connected to the two ports. 

In an embodiment of a pixel-group random access 
memory, a memory array has a plurality of addressable 
locations N pixels in width and a read port, and N pixels 
from any one of the addressable locations and N pixels from 
an adjacent addressable location are accessible in parallel on 
the read port during an address cycle. A shifter has its input 
coupled to the read port, and provides N pixels on its output. 

In several method embodiments, groups of pixels are read 
from two memory ports, at least one of which is pixel-group 
random addressable, and used to determine sums of absolute 
differences, pixel differences, and pixel averages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the Figures, where like reference numerals indicate like 
parts, 

FIG. 1 is a schematic diagram showing the relationship 
45 between an image block and search blocks within a search 

window; 

of pixels in the frame relative to their position in the 
preceding frame, known as motion vectors; and difference 
information representing the degree of difference between 50 
the displaced pixels and the corresponding pixels in the 
preceding frame. Because the amount of data in the set of 
motion vectors and difference information tends to be con­
siderably less than the amount of data in the frame itself, the 
two frames arc adequately represented by the considerably 55 
less data present in the preceding frame plus the motion 
vectors and difference information. When the frame is 
required in uncompressed form, it is reconstructed by apply-

FIG. 2 is a block diagram showing a motion estimation 
architecture in accordance with the present invention; 

FIG. 3A is a block diagram representing a memory 
arrangement for full pixel motion estimation; 

FIG. 3B is a block diagram representing a memory 
arrangement for one-half and one-quarter pixel interpola­
tion; 

FIGS. 4 and S are pictorial representations of full pixel 
positions of a search matrix and their relationship to inter­
polated pixels at one-half and one-quarter pixel displace­
ments; 

ing the motion vectors and differenc.e information to the 
preceding frame. 

Because effective video coding requires the intimate 
integration of digital video compression technology, inte­
grated circuit technology, and digital storage media, and as 
various standards for digital video compression exist and are 
proposed, a need has arisen for a flexible, high performance, 
low implementation cost programmable architecture for 
motion estimation. 

FIGS. 6 and 7 are schematic representations of the con-
60 figuration of various memories in the architecture of FIG. 2; 

FIG. 8 is a block diagram of an address generator; 
FIG. 9 is a block schematic diagram of a pixel-group 

random access memory useful in the datapath of the archi-
65 tecture of FIG. 2; 

FIGS. lOA and 10B are a schematic representation of a 
portion of the pixel-group random access memory of FIG. 9; 
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where Q5,.,c=(X,,c+ 1 +A,,,)/2 (9) 

(5) 

Consider, for example, the interpolation of the Q2 pixel to 
the upper left of pixel A10 10. A collection of pixels contain­
ing the pixel group B9 ,8-89 _15 in row nine of the B block 74 

The interpolation of the Q5 pixel to the right of the pixel 
Aio,io is done essentially as described above with respect Lo 

5 
the Ql pixel, but in accordance with expression (9). 

The sixth quarter pixel estimation search block of Q6 
pixels is generated from a vertical interpolation of the Q5 
pixels with the results of a horizontal interpolation of the 
data in the B block 74 and the C block 76, with the results 
being stored in the A block 72 (the Q6 pixels progressively 

is addressed on, say, port A of the DPCM memory 130 and 
the pixel group B9 _8-B9 ,15 is selected by shifter 140 and 
presented through the multiplexer 152 to the A port of the 
ALU 154. At about the same time, a collection of pixels 
containing the pixel group C9,8-C9,15 in row nine of the C 
block 76 is addressed on, say, port B of the DPCM memory 
130 and the pixel group C9,8- C9, 15 is selected by shifter 144 
and presented through the multiplexer 152 to the B port of 

IO overwriting the QS pixels) for the absolute displaced block 
difference calculation, in accordance with the following 

the ALU 154. The ALU 154 sums the pixel groups, divides 15 

by two, and rounds the result. An eight pixel result at the 
output of the ALU 154 is routed to the DP memory 124, 
where it is stored as pixels 119 _8-119, 15 in the ninth row of I 
block 84, a free 16xl6 block of memory in the DP memory 
124. Next, the pixel group ll9 ,8- Il9 , 15 in row nine of the I 20 

block 84 is addressed on, say, port A of the DP memory 124 
and presented through the multiplexer 152 to the A port of 
the ALU 154. At about the same time, a collection of pixels 
containing the pixel group Q1 10,8-Qlio,15 in row Len of the 
A block 72 is addressed on, say, port A of the DPCM 25 
memory 130 and the pixel group Ql10,8-Q10, 15 is selected 
by shifter 140 and presented through the multiplexer 152 to 
the B port of the ALU 154. The ALU 154 sums the pixel 
groups, divides by two, and rounds the result. An eight pixel 
result at the output of the ALU 154 is routed back to the 30 

DPCM memory, where it is stored as pixels Q2io,s-Oio.15 in 
the tenth row of the A block 72. 

The third quarter pixel estimation search block of Q3 
pixels is generated from a vertical interpolation of the data 
in the C block 76 and the D block 82 (which contains data 35 

previously copied from the A block 72), and stored in the A 
block 72 for the absolute displaced block difference calcu­
lation, in accordance with the following expression. 

(6) 40 

The interpolation of the Q3 pixel above pixel A10,10 is done 
essentially as described above with respect to the Ql pixel, 
but in accordance with expression (6). 

The fourth quarter pixel estimation search block of Q4 45 
pixels is generated from a horizontal interpolation of the Q3 
pixels with the results of a vertical interpolation of the data 
in the B block 74 and the X block 70, with the results being 
stored in the A block 72 (the Q4 pixels progressively 
overwriting the Q3 pixels) for the absolute displaced block 50 
difference calculation, in accordance with the following 
expression. 

(7) 

expression. 

Q6,.c=(Q5,.,+13,,,)12 (10) 

where 

(11) 

The interpolation of the Q6 pixel to the lower right of the 
pixel Arn 10 is done essentially as described above with 
respect to' the Q2 pixel, but in accordance with expression 
(IO). 

The seventh quarter pixel estimation search block of Q7 
pixels is generated from a vertical interpolation of the data 
in the C block 76 and the D block 82, and stored in the A 
block 72 for the absolute displaced block difference calcu­
lation, in accordance with the following expression. 

(12) 

The interpolation of the Q7 pixel below pixel Aio,io is done 
essentially as described above with respect to the Ql pixel, 
but in accordance with expression (12). 

The eighth quarter pixel estimation search block of Q8 
pixels is generated from a horizontal interpolation of the Q7 
pixels with the results of a vertical interpolation of the data 
in the B block 74 and the X block 70, with the results being 
stored in the A block 72 (the Q8 pixels progressively 
overwriting the Q7 pixels) for the absolute displaced block 
difference calculation, in accordance with the following 
expression. 

Q8, .c=f..Q7 r,c +/4,,,)/2 (13) 

where 

(14) 

The interpolation of the Q8 pixel to the lower left of the pixel 
Aio,io is done essentially as described above with respect to 
the Q2 pixel, but in accordance with expression (13). 

It will be appreciated that a great many permutations of 
the order of derivation of pixels Ql-Q8 may be practiced, if 
desired. For example, the Q2 pixels may be derived from a 
horizontal interpolation of the Q3 pixels with the results of Q4,.c=(Q3,,,+n,,,)12 

where 

(8) 

The interpolation of the Q4 pixel to the upper right of the 
pixel Arn,io is done essentially as described above with 
respect to the Q2 pixel, but in accordance with expression 
(7). 

55 a vertical interpolation of the data in the B block 74 and the 
X block 70. As a further example, the Q2 pixels may be 
derived from a diagonal interpolation of the data in the A 
block 72 and the B block 74. 

The fifth quarter pixel estimation search block of QS 
pixels is generated from a horizontal interpolation of the 
data in the X block 70 and the D block 82, and stored in the 
A block 72 for the absolute displaced block difference 
calculation, in accordance with the following expression. 

It will also be appreciated that a variety of search tech-
60 niques may be used to search through the search window 24. 

For example, in the full search described above, the image 
block 12 is compared with every search block in the search 
window 24. Given a search block of 16x16 pixels and a 
search window of 31 x3 l pixels, 256 comparisons are 

65 required. The "jump" search is a faster although less accu­
rate type of search, in which some of the search blocks are 
regularly jumped over so that the image block 12 is com-
















