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MOTION ESTIMATION AND 
COMPENSATION OF VIDEO OBJECT 
PLANES FOR INTERLACED DIGITAL 

VIDEO 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a divisional of co-pending US. patent 
application Ser. No. 08/897,847, ?led on Jul. 21, 1997 now 
pending, and claims the bene?t of US. Provisional Appli 
cation No. 60/040,120, ?led Mar. 7, 1997, and US. Provi 
sional Application No. 60/042,245, ?led Mar. 31, 1997. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and apparatus 
for coding of digital video images such as video object 
planes (VOPs), and, in particular, to motion estimation and 
compensation techniques for interlaced digital video. A 
padding technique for extending the area of an interlaced 
coded reference VOP is also disclosed. 

The invention is particularly suitable for use with various 
multimedia applications, and is compatible with the 
MPEG-4 Veri?cation Model (VM) standard described in 
document ISO/IEC/JTC1/SC29/WG11 N1642, entitled 
“MPEG-4 Video Veri?cation Model Version 7.0”, April 
1997, incorporated herein by reference. The MPEG-2 stan 
dard is a precursor to the MPEG-4 standard, and is described 
in document ISO/IEC 13818-2, entitled “Information 
Technology—Generic Coding of Moving Pictures and Asso 
ciated Audio, Recommendation H.262,” Mar. 25, 1994, 
incorporated herein by reference. 
MPEG-4 is a new coding standard which provides a 

?exible framework and an open set of coding tools for 
communication, access, and manipulation of digital audio 
visual data. These tools support a wide range of features. 
The ?exible framework of MPEG-4 supports various com 
binations of coding tools and their corresponding function 
alities for applications required by the computer, 
telecommunication, and entertainment (i.e., TV and ?lm) 
industries, such as database browsing, information retrieval, 
and interactive communications. 
MPEG-4 provides standardized core technologies allow 

ing ef?cient storage, transmission and manipulation of video 
data in multimedia environments. MPEG-4 achieves ef? 
cient compression, object scalability, spatial and temporal 
scalability, and error resilience. 

The MPEG-4 video VM coder/decoder (codec) is a block 
and object-based hybrid coder with motion compensation. 
Texture is encoded with an 8><8 Discrete Cosine Transfor 
mation (DCT) utilizing overlapped block-motion compen 
sation. Object shapes are represented as alpha maps and 
encoded using a Content-based Arithmetic Encoding (CAE) 
algorithm or a modi?ed DCT coder, both using temporal 
prediction. The coder can handle sprites as they are known 
from computer graphics. Other coding methods, such as 
wavelet and sprite coding, may also be used for special 
applications. 

Motion compensated texture coding is a well known 
approach for video coding, and can be modeled as a three 
stage process. The ?rst stage is signal processing which 
includes motion estimation and compensation (ME/MC) and 
a two-dimensional (2-D) spatial transformation. The objec 
tive of ME/MC and the spatial transformation is to take 
advantage of temporal and spatial correlations in a video 
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2 
sequence to optimize the rate-distortion performance of 
quantization and entropy coding under a complexity con 
straint. The most common technique for ME/MC has been 
block matching, and the most common spatial transforma 
tion has been the DCT. 

However, special concerns arise for ME/MC of VOPs, 
particularly when the VOP is itself interlaced coded, and/or 
uses reference images which are interlaced coded. 
Moreover, for arbitrarily shaped VOPs which are interlaced 
coded, special attention must be paid to the area of the 
reference image used for motion prediction. 

Accordingly, it would be desirable to have an ef?cient 
technique for ME/MC coding of a VOP which is itself 
interlaced coded, and/or uses reference images which are 
interlaced coded. The technique should provide differential 
encoding of the motion vectors of a block or macroblock of 
the VOP using motion vectors of neighboring blocks or 
macroblocks. A corresponding decoder should be provided. 
It would further be desirable to have an ef?cient technique 
for padding the area of a reference image for coding of 
interlaced VOPs. The present invention provides a system 
having the above and other advantages. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method and 
apparatus are presented for motion estimation and motion 
compensation coding of a video object plane (VOP) or 
similar video image which is itself interlaced coded, and/or 
uses reference images which are interlaced coded. 
A ?rst method provides horizontal and vertical motion 

vector components for use in differentially encoding respec 
tive horizontal and vertical motion vector components of 
?rst and second ?elds of a current ?eld coded macroblock of 
a digital video image. Candidate ?rst, second and third 
blocks near the current macroblock have associated hori 
zontal and vertical motion vector components which can be 
used for predicting the motion vectors of the current mac 
roblock. The ?rst block immediately precedes the current 
macroblock of a current row, the second block is immedi 
ately above the current macroblock in a preceding row, and 
the third block immediately follows the second block in the 
preceding row. Thus, the candidate blocks are in a spatial 
neighborhood of the current macroblock. 
A horizontal motion vector component is selected for use 

in differentially encoding the horizontal motion vector com 
ponents of the ?rst and second ?elds of the current ?eld 
coded macroblock according to the median of the horizontal 
motion vector components of the ?rst, second and third 
candidate blocks. Alternatively, an average or some other 
weighted function may be used. A vertical motion vector 
component is determined similarly. 
When one of the candidate blocks is a subset of a 

macroblock, the block which is closest to the upper left-hand 
portion of the current macroblock is used as the candidate 
block of that particular macroblock. For example, the can 
didate block may be an 8><8 block in a 16x16 macroblock. 

A second method provides horizontal and vertical motion 
vector components for use in differentially encoding hori 
zontal and vertical motion vector components, respectively, 
of a current progressive-predicted or advanced-predicted 
block of a digital video image. Aprogressive predicted block 
may be a 16x16 macroblock. An advanced prediction block 
uses a combination of 8x8 motion compensation and over 
lapped block motion compensation. In either case, the 
current block is not interlaced coded. 

Candidate ?rst, second and third blocks have associated 
horizontal and vertical motion vector components. If at least 
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one of the candidate blocks is a ?eld coded candidate 
rnacroblock having ?rst and second ?elds, then the ?rst and 
second ?elds each have corresponding horiZontal and ver 
tical motion vector components. A horiZontal motion vector 
component is selected for use in differentially encoding the 
horiZontal motion vector component of the current block 
according to a value derived from the horiZontal motion 
vector components of the ?rst, second and third candidate 
blocks. 

In particular, the selected horiZontal motion vector corn 
ponent may be determined according to a median of the 
horiZontal motion vector components of the candidate 
blocks, including the corresponding horiZontal rnotion vec 
tor components of the ?rst and second ?elds of the at least 
one ?eld coded candidate rnacroblock. 

Alternatively, the respective ?rst and second ?eld hori 
Zontal motion vector components of the at least one ?eld 
coded candidate rnacroblock may be averaged to obtain at 
least one corresponding averaged horiZontal motion vector 
component. The selected horiZontal motion vector compo 
nents is then determined according to a median of the 
horiZontal motion vector components of the candidate 
blocks other than the at least one ?eld coded candidate 
rnacroblock, if any, and the at least one corresponding 
averaged horiZontal motion vector cornponent. 

For example, if all three candidate rnacroblocks are ?eld 
(i.e., interlaced) predicted, the horiZontal motion vector 
components of the ?rst and second ?elds of each candidate 
rnacroblock are averaged to obtain three averaged horiZontal 
motion vector components. The selected horiZontal motion 
vector component for differentially encoding the horiZontal 
motion vector component of the current block is then the 
median of the three averaged motion vector components. A 
vertical motion vector component is similarly selected. 
When ?rst and second ?eld motion vectors of the at least 

one ?eld coded candidate rnacroblock are averaged, all 
fractional pixel offsets are mapped to a half-pixel displace 
rnent to provide a better prediction. 

In a third method, the current rnacroblock is ?eld pre 
dicted and at least one of the candidate blocks is a ?eld 
coded rnacroblock. The selected horiZontal motion vector 
component for use in differentially encoding the horiZontal 
motion vector component of the ?rst ?eld of the current 
rnacroblock is determined according to a value derived from 
(i) the horiZontal motion vector components of the candidate 
blocks other than the at least one ?eld coded candidate 
rnacroblock, if any, and (ii) the horiZontal motion vector 
components of the ?rst ?eld of the at least one ?eld coded 
candidate rnacroblock. For example, the median may be 
used. Thus, only the ?rst ?eld of the ?eld predicted candi 
date rnacroblock(s) is used. Alternatively, only the second 
?eld of the ?eld predicted candidate rnacroblock(s) can be 
used to predict the second ?eld of the current rnacroblock. 

In another alternative, the respective ?rst and second ?eld 
horiZontal motion vector components of the at least one ?eld 
coded candidate rnacroblock are averaged to obtain at least 
one corresponding averaged horiZontal motion vector corn 
ponent. The selected horiZontal motion vector component 
for use in differentially encoding the horiZontal motion 
vector cornponent(s) of at least one of the ?rst and second 
?elds of the current rnacroblock is determined according to 
a median of the horiZontal motion vectors of the candi 
date blocks other than the at least one ?eld coded candidate 
rnacroblock, if any, and (ii) the at least one corresponding 
averaged horiZontal motion vector component. A vertical 
motion vector component is similarly selected. 
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4 
When the ?rst and second ?eld horiZontal motion vector 

components of the at least one ?eld coded candidate rnac 
roblock are averaged, all fractional pixel offsets are mapped 
to a half-pixel displacernent. 
A corresponding decoder method and apparatus are also 

presented. 
A method and apparatus are also presented for padding a 

digital video image Which includes a ?eld coded VOP 
cornprising interleaved top and bottom ?eld pixel lines to 
provide a padded reference VOP. By padding the VOP, the 
image area is extended. The VOP is carried, at least in part, 
in a region Which includes pixels Which are exterior to 
boundary pixels of said VOP. The top and bottom ?eld pixel 
lines are reordered from the interleaved order to provide a 
top ?eld block comprising the top ?eld pixel lines, and a 
bottom ?eld block comprising the bottom ?eld pixel lines. 
The exterior pixels are padded separately Within the respec 
tive top and bottom ?eld blocks. 

After the exterior pixels have been padded, the top and 
bottom ?eld pixel lines comprising the padded exterior 
pixels are reordered back to the interleaved order to provide 
the padded reference image. 

During padding, When a particular one of the exterior 
pixels is located betWeen tWo of the boundary pixels of the 
VOP in the corresponding top or bottom ?eld block, the 
exterior pixel is assigned a value according to an average of 
the tWo boundary pixels. When a particular one of the 
exterior pixels is located betWeen one of the boundary pixels 
of said VOP and an edge of the region in the corresponding 
?eld block, but not betWeen tWo VOP boundary pixels in the 
corresponding ?eld block, the exterior pixel is assigned a 
value according to one of the boundary pixels. The term 
“between” means bounded by interior pixels along a hori 
Zontal or vertical pixel grid line. For example, the region 
may be a 16x16 rnacroblock. 

When a particular exterior pixel is located betWeen tWo 
edges of the region in the corresponding ?eld block, but not 
betWeen a VOP boundary pixel and an edge of the region, 
and not betWeen tWo of the VOP boundary pixels, the 
particular exterior pixel is assigned a value according to at 
least one of: (a) a padded exterior pixel Which is closest to 
the particular exterior pixel rnoving horiZontally in the 
region; and (b) a padded exterior pixel Which is closest to the 
particular exterior pixel rnoving vertically in the region. For 
example, When padded exterior pixels are available rnoving 
both horiZontally and vertically from the particular exterior 
pixel in the region, the average may be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a video object plane (VOP) 
coding and decoding process in accordance With the present 
invention. 

FIG. 2 is a block diagram of an encoder in accordance 
With the present invention. 

FIG. 3 illustrates an interpolation scheme for a half-pixel 
search. 

FIG. 4 illustrates a scheme for motion estimation With a 
restricted motion vector in accordance With the present 
invention. 

FIG. 5 illustrates a scheme for motion estimation With an 
unrestricted motion vector in accordance With the present 
invention. 

FIG. 6 illustrates reordering of pixel lines in an adaptive 
frarne/?eld prediction scheme in accordance With the present 
invention. 
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FIG. 7 illustrates a current ?eld mode macroblock With 
neighboring frame mode block having associated candidate 
motion vector predictors in accordance With the present 
invention. 

FIG. 8 illustrates a current ?eld mode macroblock With 
neighboring frame mode blocks and ?eld mode macroblock 
having associated candidate motion vector predictors in 
accordance With the present invention. 

FIG. 9 illustrates a current advanced prediction mode 
block With neighboring frame mode blocks and ?eld mode 
macroblock having associated candidate motion vector pre 
dictors in accordance With the present invention. 

FIG. 10 illustrates macroblock-based VOP padding for 
motion prediction in accordance With the present invention. 

FIG. 11 illustrates repetitive padding Within a macroblock 
for motion prediction in accordance With the present inven 
tion. 

FIG. 12 illustrates repetitive padding Within a macroblock 
for motion prediction after grouping same-?eld pixel lines in 
accordance With the present invention. 

FIG. 13 is a block diagram of a decoder in accordance 
With the present invention. 

FIG. 14 illustrates a macroblock layer structure in accor 
dance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Amethod and apparatus are presented for ME/MC coding 
of a VOP Which is itself interlaced coded, and/or uses 
reference images Which are interlaced coded, and for pad 
ding of the area of a reference image for coding of interlaced 
VOPs. 

FIG. 1 is an illustration of a video object plane (VOP) 
coding and decoding process in accordance With the present 
invention. Frame 105 includes three pictorial elements, 
including a square foreground element 107, an oblong 
foreground element 108, and a landscape backdrop element 
109. In frame 115, the elements are designated VOPs using 
a segmentation mask such that VOP 117 represents the 
square foreground element 107, VOP 118 represents the 
oblong foreground element 108, and VOP 119 represents the 
landscape backdrop element 109. A VOP can have an 
arbitrary shape, and a succession of VOPs is knoWn as a 
video object. A full rectangular video frame may also be 
considered to be a VOP. Thus, the term “VOP” Will be used 
herein to indicate both arbitrary and non-arbitrary (e.g., 
rectangular) image area shapes. A segmentation mask is 
obtained using knoWn techniques, and has a format similar 
to that of ITU-R 601 luminance data. Each pixel is identi?ed 
as belonging to a certain region in the video frame. 

The frame 105 and VOP data from frame 115 are supplied 
to separate encoding functions. In particular, VOPs 117, 118 
and 119 undergo shape, motion and texture encoding at 
encoders 137, 138 and 139, respectively. With shape coding, 
binary and gray scale shape information is encoded. With 
motion coding, the shape information is coded using motion 
estimation Within a frame. With texture coding, a spatial 
transformation such as the DCT is performed to obtain 
transform coef?cients Which can variable-length coded for 
compression. 

The coded VOP data is then combined at a multiplexer 
(MUX) 140 for transmission over a channel 145. 
Alternatively, the data may be stored on a recording 
medium. The received coded VOP data is separated by a 
demultiplexer (DEMUX) 150 so that the separate VOPs 
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6 
117—119 are decoded and recovered. Frames 155, 165 and 
175 shoW that VOPs 117, 118 and 119, respectively, have 
been decoded and recovered and can therefore be individu 
ally manipulated using a compositor 160 Which interfaces 
With a video library 170, for example. 

The compositor may be a device such as a personal 
computer Which is located at user’s home to alloW the user 
to edit the received data to provide a customiZed image. For 
example, the user’s personal video library 170 may include 
a previously stored VOP 178 (e.g., a circle) Which is 
different than the received VOPs. The user may compose a 
frame 185 Where the circular VOP 178 replaces the square 
VOP 117. The frame 185 thus includes the received VOPs 
118 and 119 and the locally stored VOP 178. 

In another example, the background VOP 109 may be 
replaced by a background of the user’s choosing. For 
example, When vieWing a television neWs broadcast, the 
announcer may be coded as a VOP Which is separate from 
the background, such as a neWs studio. The user may select 
a background from the library 170 or from another television 
program, such as a channel With stock price or Weather 
information. The user can therefore act as a video editor. 

The video library 170 may also store VOPs Which are 
received via the channel 145, and may access VOPs and 
other image elements via a netWork such as the Internet. 
Generally, a video session comprises a single VOP, or a 
sequence of VOPs. 
The video object coding and decoding process of FIG. 1 

enables many entertainment, business and educational 
applications, including personal computer games, virtual 
environments, graphical user interfaces, videoconferencing, 
Internet applications and the like. In particular, the capability 
for ME/MC With interlaced coded (e.g., ?eld mode) VOPs in 
accordance With the present invention provides even greater 
capabilities. 

FIG. 2 is a block diagram of an encoder in accordance 
With the present invention. The encoder is suitable for use 
With both predictive-coded VOPs (P-VOPs) and 
bi-directionally coded VOPs (B-VOPs). 
P-VOPs may include a number of macroblocks Which 

may be coded individually using an intra-frame mode or an 
inter-frame mode. With intra-frame (INTRA) coding, the 
macroblock is coded Without reference to another macrob 
lock. With inter-frame (INTER) coding, the macroblock is 
differentially coded With respect to a temporally subsequent 
frame in a mode knoWn as forWard prediction. The tempo 
rally subsequent frame is knoWn as an anchor frame or 
reference frame. The anchor frame (e.g., VOP) must be a 
P-VOP, not a B-VOP. 
With forWard prediction, the current macroblock is com 

pared to a search area of macroblocks in the anchor frame to 
determine the best match. A corresponding motion vector 
describes the relative displacement of the current macrob 
lock relative to the best match macroblock. Additionally, an 
advanced prediction mode for P-VOPs may be used, Where 
motion compensation is performed on 8x8 blocks rather 
than 16x16 macroblocks. Moreover, both intra-frame and 
inter-frame coded P-VOP macroblocks can be coded in a 
frame mode or a ?eld mode. 

B-VOPs can use the forWard prediction mode as 
described above in connection With P-VOPs as Well as 
backWard prediction, bi-directional prediction, and direct 
mode, Which are all inter-frame techniques. B-VOPs do not 
currently use intra-frame coded macroblocks under the 
MPEG-4 Video Veri?cation Model Version 7.0 referred to 
previously, although this is subject to change. The anchor 
frame (e.g., VOP) must be a P-VOP, not a B-VOP. 
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With backward prediction of B-VOPs, the current mac 
roblock is compared to a search area of macroblocks in a 
temporally previous anchor frame to determine the best 
match. A corresponding motion vector describes the relative 
displacement of the current macroblock relative to the best 
match macroblock. With bidirectional prediction of 
B-VOPs, the current macroblock is compared to a search 
area of macroblocks in both a temporally previous anchor 
frame and a temporally subsequent anchor frame to deter 
mine the best match. ForWard and backWard motion vectors 
describes the relative displacement of the current macrob 
lock relative to the best match macroblocks. 

With direct mode prediction of B-VOPs, a motion vector 
is derived for an 8x8 block When the collocated macroblock 
in the folloWing P-VOP uses the 8x8 advanced prediction 
mode. The motion vector of the 8x8 block in the P-VOP is 
linearly scaled to derive a motion vector for the block in the 
B-VOP Without the need for searching to ?nd a best match 
block. 

The encoder, shoWn generally at 200, includes a shape 
coder 210, a motion estimation function 220, a motion 
compensation function 230, and a texture coder 240, Which 
each receive video pixel data input at terminal 205. The 
motion estimation function 220, motion compensation func 
tion 230, texture coder 240, and shape coder 210 also receive 
VOP shape information input at terminal 207, such as the 
MPEG-4 parameter VOPiofiarbitraryishape. When this 
parameter is Zero, the VOP has a rectangular shape, and the 
shape coder 210 therefore is not used. 
A reconstructed anchor VOP function 250 provides a 

reconstructed anchor VOP for use by the motion estimation 
function 220 and motion compensation function 230. For 
P-VOPs, the anchor VOP occurs after the current VOP in 
presentation order, and may be separated from the current 
VOP by one or more intermediate images. The current VOP 
is subtracted from a motion compensated anchor VOP at 
subtractor 260 to provide a residue Which is encoded at the 
texture coder 240. The texture coder 240 performs the DCT 
to provide texture information (e.g., transform coef?cients) 
to a multiplexer (MUX) 280. The texture coder 240 also 
provides information Which is summed With the output from 
the motion compensator 230 at a summer 270 for input to the 
reconstructed anchor VOP function 250. 

Motion information (e.g., motion vectors) is provided 
from the motion estimation function 220 to the MUX 280, 
While shape information Which indicates the shape of the 
VOP is provided from the shape coding function 210 to the 
MUX 280. The MUX 280 provides a corresponding multi 
plexed data stream to a buffer 290 for subsequent commu 
nication over a data channel. 

The pixel data Which is input to the encoder may have a 
YUV 412:0 format. The VOP is represented by means of a 
bounding rectangle. The top left coordinate of the bounding 
rectangle is rounded to the nearest even number not greater 
than the top left coordinates of the tightest rectangle. 
Accordingly, the top left coordinate of the bounding rect 
angle in the chrominance component is one-half that of the 
luminance component. 

FIG. 3 illustrates an interpolation scheme for a half-pixel 
search. Motion estimation and motion compensation (ME/ 
MC) generally involve matching a block of a current video 
frame (e.g., a current block) With a block in a search area of 
a reference frame (e.g., a predicted block or reference 
block). The reference frame(s) may be separated from the 
current frame by one or more intermediate images. The 
displacement of the reference block relative to the current 
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8 
block is the motion vector (MV), Which has horiZontal and vertical (y) components. Positive values of the MV 

components indicate that the predicted block is to the right 
of, and beloW, the current block. 
A motion compensated difference block is formed by 

subtracting the pixel values of the predicted block from 
those of the current block point by point. Texture coding is 
then performed on the difference block. The coded MV and 
the coded texture information of the difference block are 
transmitted to the decoder. The decoder can then reconstruct 
an approximated current block by adding the quantiZed 
difference block to the predicted block according to the MV. 
The block for ME/MC can be a 16x16 frame block 
(macroblock), an 8x8 frame block or a 16x8 ?eld block. 

In ME/MC, it is generally desirable to have small residue 
values for the difference block, use feW bits for the motion 
vectors, and have a loW computational complexity. Due to its 
loWer computational complexity relative to other difference 
measures, the Sum of Absolute Difference (SAD) is com 
monly used to select the motion vector Which meets these 
criteria, as folloWs. Let {c(i,j),i,j=0,1, . . . , N-1} be the 

pixels of the current block and {p(m,n),m,n=—R,-R+1, . . . , 

1,0,1, . . . ,R+N—1} be the pixels in the search range of the 
reference frame. Then, 

positive constants. 
The (x, y) pair resulting in the minimum SAD value is the 

optimum full-pixel motion vector (MV) having horiZontal 
and vertical components, e.g., (MVx,MVy). Note that a MV 
of (0,0) is favored because a positive constant C is sub 
tracted from the SAD When (x, y)=(0,0). For example, for a 
16x16 block, C=128. Accordingly, the distribution of MVs 
can be concentrated near (0, 0) so that entropy coding of the 
MVs is more ef?cient. 

Accuracy of (MVx,MVy) is set at half-pixel. Interpolation 
must be used on the anchor frame so that p(i+x,j+y) is 
de?ned for x or y being half of an integer. Interpolation is 
performed as shoWn in FIG. 3. Integer pixel positions are 
represented by the symbol “+”, as shoWn at A, B, C and D. 
Half-pixel positions are indicated by circles, as shoWn at a, 
b, c and d. As seen, a=A, b=(A+B)//2 c=(A+C)//2, and 
d=(A+B+C+D)//4, Where “//” denotes rounded division, as 
discussed beloW in connection With Tables 2 and 3. 
A motion compensated difference block is de?ned as 

d(i,j)=c(i,j)—p(i+MVx,j+MVy)i,j=0,1, . . . , N-1. The differ 

ence block d(i,j) is transformed, quantized, and entropy 
coded. At a decoder, the motion vector (MVX, MVy) and 
quantiZed difference block {d(i,j)} are available to recon 
struct the current frame as folloWs: 

For a color format ofY:U:V=4:2:0, the macroblock siZe is 
16x16 pixels for the Y (luminance) component, and 8x8 
pixels for the U/V (chrominance) components. The search 
range R (in half-pixel units) can be selected by the user and 
is signi?ed by a parameter called ficode, Where 
R={(xy):—2f*wde+3éxy<2ficode+3}, as shoWn in Table 1, 
beloW. For example, for ficode=1, the motion vector com 
ponents can 
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assume values from —16 to +155, in half-pixel increments. 
For ficode=2, the motion vector components can assume 
values from —32 to +315 in half-pixel increments. 

TABLE 1 

ficode R 

1 32 
2 64 
3 128 
4 25 6 

Motion vectors for the chrominance blocks are derived 
from those of the luminance blocks. Since one pixel in a 
chrominance block corresponds to tWo pixels in each direc 
tion in the corresponding luminance block, i.e., the chromi 
nance component is at half the resolution of the luminance, 
the MV for the chrominance block is one-half the MV of the 
luminance block. Moreover, since the MV of the luminance 
block may have half-pixel values, the MV for the chromi 
nance block may consequently have quarter pixel values. 
But, since only half-pixel interpolation is used for MC of the 
chrominance block, the quarter pixel values have to be 
rounded into half-pixel values. Table 2, beloW, shoWs hoW to 
perform the required rounding operation. For example, 1A is 
rounded to 1/2, 2A1 is the same as 1/2 and 3A1 is rounded to 1/2. 

TABLE 2 

‘A pixel value 0 1 2 3 
1/2 pixel value 0 1 1 1 

Although only the reconstructed previous frame is avail 
able at the decoder for MC, there is a choice at the encoder 
for ME to use either the reconstructed previous frame or the 
original previous frame. It is advantageous to use the origi 
nal previous frame in ME, but not MC, since the complexity 
is loWer, and the MV may represent true motion more 
closely so that the chrominance components may be more 
accurately predicted. 

For some video sequences, such as Where there is fast 
motion or a scene change, coding the difference block may 
require more bits than direct DCT coding of the actual 
intensity values of the current block. Accordingly, it is 
desirable to have a decision criteria for adaptively choosing 
to code the current block directly (e.g., INTRA mode) or 
differentially (e.g., INTER mode). The folloWing parameters 
are calculated to make the INTRA/INTER decision: 

Nil Nil 

mean: Zc?, j) and A: 
Nil Nil 

2M1. j>- meant. 

Where N is the siZe of the block (e.g., N=16). The INTRA 
mode is chosen if A<(SADl-m er(MVx,MVy)—2*NC) 
otherWise, the INTER mode is used. Note that the MV in 
SADl-mer(MVx,MVy) for this decision is at integer pixel 
resolution. If the INTRA mode is chosen, no further opera 
tions are necessary for the motion search. If the INTER 
mode is chosen, the motion search continues for the half 
pixel MV. 

FIG. 4 illustrates a scheme for motion estimation With a 
restricted motion vector in accordance With the present 
invention. Advanced ME/MC techniques include unre 
stricted motion vector, advanced prediction, and bidirec 
tional ME/MC. In the basic ME/MC technique, the predicted 
block is a block in the previous frame. HoWever, if the 
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10 
current block is at a corner or border of the current frame, 
the range of the MV is restricted. An advanced technique is 
to alloW unrestricted MVs for such corner and border blocks. 

With this technique, the previous frame is extended in all 
four directions (e.g., left, top, right, and bottom) by repeat 
ing (e.g., padding) the border pixels a number of times 
according to a code Word (e.g., ficode, described above in 
Table 1) Which indicates the relative range of motion. With 
a larger range of motion, a correspondingly larger search 
area is required. The difference block is generated by apply 
ing ME/MC against the extended previous frame and taking 
the difference of the current block and the predicted block 
that may be partially out of the frame boundary. This 
technique improves the coding ef?ciency of the boundary 
blocks and can result in an improved image. 

For example, With the basic ME/MC technique, a previ 
ous frame 400 includes a predicted block 410 Which is in a 
search range 420. The relative macroblock (MB) position of 
the current frame is shoWn With a dashed line 430. The 
corresponding motion vector may be, for example, (MVx, 
MVy)=(8,0) if the predicted block is displaced eight pixels 
horiZontally to the right and Zero pixels vertically. 

FIG. 5 illustrates a scheme for motion estimation With an 
unrestricted motion vector in accordance With the present 
invention. Like-numbered elements correspond to the ele 
ments in FIG. 4. With this advanced ME/MC technique, the 
search range 520 can cross over the boundary of the previous 
frame 400 into an extended previous frame 500. The corre 
sponding motion vector may be, for example, (MVx, MVy)= 
(8, —10) if the predicted block is displaced eight pixels 
horiZontally to the right and ten pixels vertically upWard, 
Where vertically doWnWard is take as the positive direction. 

FIG. 6 illustrates reordering of pixel lines in an adaptive 
frame/?eld prediction scheme in accordance With the present 
invention. In a ?rst aspect of the advanced prediction 
technique, an adaptive technique is used to decide Whether 
a current macroblock of 16x16 pixels should be ME/MC 
coded as is, or divided into four blocks of 8x8 pixels each, 
Where each 8x8 block is ME/MC coded separately, or 
Whether ?eld based motion estimation should be used, 
Where pixel lines of the macroblock are reordered to group 
the same-?eld lines in tWo 16x8 ?eld blocks, and each 16x8 
block is separately ME/MC coded. 
A ?eld mode image, e.g., a 16x16 macroblock, is shoWn 

generally at 600. The macroblock includes even-numbered 
lines 602, 604, 606, 608, 610, 612, 614 and 616, and 
odd-numbered lines 603, 605, 607, 609, 611, 613, 615 and 
617. The even and odd lines are thus interleaved, and form 
top and bottom (or ?rst and second) ?elds, respectively. 
When the pixel lines in image 600 are permuted to form 

same-?eld luminance blocks, the macroblock shoWn gener 
ally at 650 is formed. ArroWs, shoWn generally at 645, 
indicate the reordering of the lines 602—617. For example, 
the even line 602, Which is the ?rst line of macroblock 600, 
is also the ?rst line of macroblock 650. The even line 604 is 
reordered as the second line in macroblock 650. Similarly, 
the even lines 606, 608, 610, 612, 614 and 616 are reordered 
as the third through eighth lines, respectively, of macroblock 
650. Thus, a 16x8 luminance region 680 With even 
numbered lines is formed. Similarly, the odd-numbered lines 
603, 605, 607, 609, 611, 613, 615 and 617 form a 16x8 
region 685. 
The decision process for choosing the MC mode for 

P-VOPs is as folloWs. For frame mode video, ?rst obtain the 
Sum of Absolute Differences (SAD) for a single 16x16 
block, e.g., SAD16(MVx,MVy); and for four 8x8 blocks, 
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e.g., SAD8(MVX1,MV y 
4). If 

2), SAD8 

choose 8x8 prediction; otherwise, choose 16><16 prediction. 
For interlaced video, obtain SAD,OP(MV JOP, MVyJOP), 

SADb0tt0m(MVxib0tt0m> Mvyibottom)’ Where (MVxit0p> 
MVyJOP) and (MVxibonom, MVyibonom) are the motion 
vector for both top (even) and bottom (odd) ?elds. Then, 
choose the reference ?eld Which has the smallest SAD (e.g., 
for SAD and SADbOUOm) from the ?eld half sample 
search. 

The overall prediction mode decision is based on choos 
ing the minimum of: 

(a) SAD16(MVx, MVy). 

top 

and (c) SAD,0P(MVx,MVy)(MV Jop, VyJOP)+SADbOUOm 
(MVxibonom, MV ibonom)+64. If term (a) is the minimum, 
16><16 prediction is used. If term (b) is the minimum, 8x8 
motion compensation (advanced prediction mode) is used. If 
term (c) is the minimum, ?eld based motion estimation is 
used. 

If 8x8 prediction is chosen, there are four MVs for the 
four 8x8 luminance blocks, i.e., one MV for each 8x8 block. 
The MV for the tWo chrominance blocks is then obtained by 
taking an average of these four MVs and dividing the 
average value by tWo. Since each MV for the 8x8 luminance 
block has a half-pixel accuracy, the MV for the chrominance 
blocks may have a sixteenth pixel value. Table 3, beloW, 
speci?es the conversion of a sixteenth pixel value to a 
half-pixel value for chrominance MVs. For example, 0 
through 2/16 are rounded to 0, 3/16 through 13/16 are 
rounded to 1/2, and 14/16 and 15/16 are rounded to 2/2=1. 

TABLE 3 

15 

3O 

12 
integer. Note that the odd integral values denote vertical 
interpolation betWeen lines of the same ?eld. 
The second aspect of the advanced prediction technique is 

overlapped MC for luminance blocks. In the folloWing 
discussion, four MVs are alWays assumed for a 16x16 
luminance block. The case of one 16><16 MV can be 
considered as having four identical 8x8 MVs. Each pixel is 
an 8x8 luminance predicted block is a Weighted sum of three 
prediction values speci?ed in the folloWing equation: 

Where division by eight is With rounding off to the nearest 
half-pixel, With rounding aWay from Zero. The Weighting 
matrices for Ho(i,j), H1(i,j) and H2(i,j) are speci?ed in Tables 
4—6, respectively, beloW. (i,j)=(0,0) is the upper left hand 
value in each table, and (i,j)=(7,7) is the loWer right hand 
corner value. 

In Table 5, the top four roWs indicate the top neighbor 
motion vector Weights, While the bottom four roWs indicate 
the bottom neighbor motion vector Weights. In Table 6, the 
four left-hand columns indicate the left-hand neighbor 
motion vector Weights, While the four right-hand columns 
indicate the right-hand neighbor motion vector Weights. 

‘A pixel value 0 1 2 3 4 5 6 7 8 9 1O 11 
1/2 pixel value 0 O O 1 1 1 1 1 1 1 1 1 

12 

With ?eld prediction, there are tWo MVs for the tWo 16x8 
blocks. The luminance prediction is generated as folloWs. 
The even lines of the macroblock (e.g., lines 602, 604, 606, 
608, 610, 612, 614 and 616) are de?ned by the top ?eld 
motion vector using the reference ?eld speci?ed. The motion 
vector is speci?ed in frame coordinates such that full pixel 
vertical displacements correspond to even integral values of 
the vertical motion vector coordinate, and a half-pixel ver 
tical displacement is denoted by odd integral values. When 
a half-pixel vertical offset is speci?ed, only pixels from lines 
Within the same reference ?eld are combined. 

The MV for the tWo chrominance blocks is derived from 
the (luminance) motion vector by dividing each component 
by 2, then rounding as folloWs. The horiZontal component is 
rounded by mapping all fractional values into a half-pixel 
offset. This is the same procedure as described in Table 2. 
The vertical motion vector component is an integer and the 
resulting chrominance motion vector vertical component is 
rounded to an integer. If the result of dividing by tWo yields 
a non-integral value, it is rounded to the adjacent odd 
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TABLE 4 

4 5 5 5 5 5 5 4 
5 5 5 5 5 5 5 5 
5 5 6 6 6 6 5 5 
5 5 6 6 6 6 5 5 
5 5 6 6 6 6 5 5 
5 5 5 5 5 5 5 5 
4 5 5 5 5 5 5 4 

TABLE 5 

2 2 2 2 2 2 2 2 
1 1 2 2 2 2 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 

13 14 15 
1 2 2 

TABLE 5-continued 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 2 2 2 2 1 1 

2 2 2 2 2 2 2 2 

TABLE 6 

2 1 1 1 1 1 1 2 
2 2 1 1 1 1 2 2 
2 2 1 1 1 1 2 2 
2 2 1 1 1 1 2 2 
2 2 1 1 1 1 2 2 
2 2 1 1 1 1 2 2 
2 2 1 1 1 1 2 2 
2 1 1 1 1 1 1 2 
















