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(57) ABSTRACT 

A method and apparatus for encoding, illustratively, a video 
information stream to produce an encoded information 
stream according to a group of frames (GOF) information 
structure Where the GOP structure and, optionally, a bit 
budget are modi?ed in response to, respectively, information 
discontinuities and the presence of redundant information in 
the video information stream (due to, e.g., 3:2 pull-down 
processing). 



Patent Application Publication May 30, 2002 Sheet 1 0f 13 US 2002/0064228 A1 

I I5} :illllllvllliglili, ~ \ 
16:23.9 @EK wwjhug 

Q03. mtDOEO lEOnEDw 
v.03 EOwmwOOWEOEQE 

3 

mwjOmPzOO WEE 

{Siam 



Patent Application Publication May 30, 2002 Sheet 2 0f 13 US 2002/0064228 A1 

05 

'\ 
RSLACK = O 210 

n30 = 0 
- / 

n20 = o \212 
GOPBITS = 0 

220 f‘ 225 ~ . /' 

FRAMERATE = 30 FRAMERATE = 24 

. l t | 

RZRSLACK +(1+Np +NB)*BiTRATE \ 
FRAMERATE ‘ 230 

_ 2 *BITRATE 

r“ FRAMERATE 

RGOPSTART = R 

FIG. 2 



Patent Application Publication May 30, 2002 Sheet 3 0f 13 US 2002/0064228 A1 

23s 

‘ MODE 30 TO 24 

CHANGE 
24 TO 30 

K 236 f 237 

CALCULATE CALCULATE 
nP-u, "Bu, HBO nPu, nBu, nBo 

/ 240 ' $ ‘ f 250 

- n30+nPu +nBu n20 nBO [n30+nBo n20 nPu +nBu] = ——-_- -_ __ R=BITRATE* -___- __ ____ 

R BITRATE*( 30 + 20 + .24 30 + 20 + 24 

+RSLACK T GOPBITS +RSLACK T GOPBITS 

4 rm 4 
2*BITRATE * 

r: T R = RGoPsTART ' GOPBITS r = w 
24 

245 j i + T I K 255 

COMPUTE QUANTIZATION PARAMETER “260 

2%’ 

30 

r 267 ,- 268 

n30 = n30+1 » nzd = n2o+1 

I + | 
\ 

ADJUST GOPBITS 270 

f‘ 280 

RSLACK = R 



Patent Application Publication May 30, 2002 Sheet 4 0f 13 US 2002/0064228 A1 

26 2- 2 

* 87/7167’ / 262 ' y 

mm # _ I-KXWWU f. S‘Cp S’C/L/ WM 

J“ LI/ 262% 

TM 353-15’ 2- ,1 

Mm 

636g G5!’ 57;? we" um: I _ v m 7 5 
M: f 

FM 28' , 







Patent Application Publication May 30, 2002 Sheet 7 0f 13 US 2002/0064228 A1 

570 

03/6! 

I 





Patent Application Publication May 30, 2002 Sheet 9 0f 13 US 2002/0064228 A1 

H@/ W x X 33 5L #8/ 
X R] R x >< R7 ,5< >< 

j - 1212:2152. 
ICE} m E 
E X X 

H81 . ' M: 

X >< y: aw: F/Y?z. Hnuwcm~§rmes 

M, We FE“ 7:1: 



Patent Application Publication May 30, 2002 Sheet 10 0f 13 US 2002/0064228 A1 

F/GT m 

I #82. H52 ><><//< XKAA‘ XXXKX XXXXX XXXXX XXXXK 
E ‘p’ 1162 we: 113K,‘ H. 

‘mxxxx 
kxix‘xixxxX F/GH 

#8 / 115/ 

H82 H62 

w "m m w 



Patent Application Publication May 30, 2002 Sheet 11 0f 13 

12oz 

" IQ?‘ RIXEL 5 

IL 

LOAD ZERO SEARCH VECTOR 
DATA INTO REGISTERS 

12 06} L 

COMPUTE ERROR BETWEEN 
120g 

CURRENT BLOCK AND SEARCH BLOCK 

US 2002/0064228 A1 

1214 

DETERMINE MOTION 
VECTOR 

SHIFT SEARCH 
WINDOW HORIZONTALLY 

SHIFT SEARCH 
WINDOW VERTICALLY 

122g 

SELECT LOWEST STORED 
ERROR AS MATCH _ 

FIG. 12 



Patent Application Publication May 30, 2002 Sheet 12 0f 13 US 2002/0064228 A1 

i //3” 
k 

“mi, _. WWW W 



Patent Application Publication May 30, 2002 Sheet 13 0f 13 US 2002/0064228 A1 

140w 

14/09 '2 

Wag-w 



US 2002/0064228 A1 

METHOD AND APPARATUS FOR ENCODING 
VIDEO INFORMATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/080,536, ?led Apr. 3, 1998 (Attor 
ney Docket No. 12414P) and incorporated herein by refer 
ence in its entirety. 

[0002] This application is a continuation-in-part of US. 
patent application Ser. No. 09/105,730, ?led Jun. 26, 1998 
(Attorney Docket No. 12411), Ser. No. 09/151,425, ?led 
Sep. 11, 1998 (Attorney Docket No. 12414), and Ser. No. 
09/196,072, ?led Nov. 19, 1998 (Attorney Docket No. 
12626A), all of Which are incorporated herein be reference 
in their entireties. 

[0003] The invention relates to information compression 
systems generally and, more particularly, the invention 
relates to a method and apparatus for adapting a video 
information encoding system according to video source 
formatting and content parameters and encoded video for 
matting parameters. 

BACKGROUND OF THE DISCLOSURE 

[0004] In several communications systems the data to be 
transmitted is compressed so that the available bandWidth is 
used more ef?ciently. For example, the Moving Pictures 
Experts Group (MPEG) has promulgated several standards 
relating to digital data delivery systems. The ?rst, knoWn as 
MPEG-1 refers to ISO/IEC standards 11172 and is incor 
porated herein by reference. The second, knoWn as MPEG 
2, refers to ISO/IEC standards 13818 and is incorporated 
herein by reference. A compressed digital video system is 
described in the Advanced Television Systems Committee 
(AT SC) digital television standard document A/53, and is 
incorporated herein by reference. 

[0005] The above-referenced standards describe data pro 
cessing and manipulation techniques that are Well suited to 
the compression and delivery of video, audio and other 
information using ?xed or variable length data structures 
Within digital communications systems. In particular, the 
above-referenced standards, and other “MPEG-like” stan 
dards and techniques, compress, illustratively, video infor 
mation using intra-frame coding techniques (such as run 
length coding, Huffman coding and the like) and inter-frame 
coding techniques (such as forWard and backWard predictive 
coding, motion compensation and the like). Speci?cally, in 
the case of video processing systems, MPEG and MPEG 
like video processing systems are characteriZed by predic 
tion-based compression encoding of video frames With or 
Without intra- and/or inter-frame motion compensation 
encoding. 
[0006] When encoding video information it is seen to be 
desirable to adapt the encoding process to video source 
formatting parameters and encoded video formatting param 
eters. Unfortunately, such adaptation of the video encoding 
process tends to be extremely expensive in terms of both 
processing poWer and memory requirements. As such, 
designers of video encoders typically utiliZe approximations 
of various parameters to ease computational and memory 
overhead to a “reasonable” level, as de?ned by a particular 
application (e.g., professional use or consumer use). 

[0007] Therefore, it is seen to be desirable to address the 
above-described problems by providing a robust and com 
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putationally ef?cient method and apparatus for adapting 
and/or enhancing the behavior of a video encoding process 
to video source formatting parameters and encoded video 
formatting parameters. Speci?cally, it is seen to be desirable 
to provide a video encoding method and apparatus, such as 
an MPEG-2 video encoding method and apparatus, that 
provides relatively loW computational complexity and 
reduced memory bandWidth requirements, along With grace 
ful and robust video quality scalability across a Wide range 
of encoding bitrates. 

SUMMARY OF THE INVENTION 

[0008] The invention comprises a method and apparatus 
for encoding, illustratively, a video information stream to 
produce an encoded information stream according to a group 
of frames (GOF) information structure. In various embodi 
ments of the invention, modi?cations are made to the GOP 
structure and a bit budget in response to, respectively, 
information discontinuities and the presence of redundant 
information in the video information stream (due to, e.g., 3:2 
pull-doWn processing). Additional embodiments of the 
invention ef?ciently utiliZe pyramid processing techniques, 
packed data representations and other methods to achieve 
highly ef?cient utiliZation of memory and/or processing 
resources Within the encoding environment. 

[0009] Speci?cally, an encoding system according to the 
invention comprises: an encoder, for encoding each of a 
plurality of pre-processed information frames substantially 
in accordance With a group of frames (GOF) information 
structure; a controller, for adapting the GOP information 
structure in response to an inter-frame information discon 
tinuity Within the plurality of information frames; and a 
pre-processor, for receiving and processing a plurality of 
information frames to produce the plurality of pre-processed 
information frames, the pre-processor identifying and gen 
erating an indicium of the inter-frame information discon 
tinuity Within the plurality of information frames. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The teachings of the present invention can be 
readily understood by considering the folloWing detailed 
description in conjunction With the accompanying draWings, 
in Which: 

[0011] FIG. 1 depicts a high level block diagram of an 
MPEG-like encoding system; 

[0012] FIG. 2 depicts a How diagram of an adaptive rate 
control method suitable for use in the MPEG-like encoding 
system of FIG. 1; 

[0013] FIG. 3 depicts a How diagram of a method suitable 
for use in the MPEG-like encoding system of FIG. 1; 

[0014] FIG. 4 depicts a How diagram of a method for 
processing a macroblock in a pipelined processing architec 
ture; 

[0015] FIG. 5 illustrates a portion of a computing device 
useful in understanding the invention; 

[0016] FIG. 6 illustrates a How diagram of a method for 
reducing the computational complexity in determining 
motion vectors for block-based motion estimation; 

[0017] FIG. 7 is a graphical representation of the quanti 
Zation process used to generate mean pyramid; 
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[0018] FIG. 8 is a graphical representation of the quanti 
Zation process used to generate a ternary pyramid, Where M 
equals three; 
[0019] FIGS. 9-11 illustrate packed or blocked data rep 
resentations of pixel information useful in understanding the 
present invention; 

[0020] FIG. 13 illustrates a ?owchart of a method of 
searching for a pixel block match according to the present 
invention; 
[0021] FIG. 14A depicts a pipelined processing architec 
ture suitable for use in the MPEG-like encoder of FIG. 1; 
and 

[0022] FIG. 14B depicts an embodiment of a processing 
element suitable for use in the pipelined processing archi 
tecture of FIG. 14A. 

[0023] To facilitate understanding, identical reference 
numerals have been used, Where possible, to designate 
identical elements that are common to the ?gures. 

DETAILED DESCRIPTION 

[0024] After considering the folloWing description, those 
skilled in the art Will clearly realiZe that the teachings of the 
invention can be readily utiliZed in information encoding 
systems, especially video information encoding systems. 

[0025] FIG. 1 depicts a high level block diagram of an 
MPEG-like encoding system. The MPEG-like encoding 
system 100 of FIG. 1 receives and encodes an input infor 
mation stream IN comprising a plurality of uncompressed 
information frames, illustratively a sequence of images 
forming a video information stream, to produce an encoded 
output information stream OUT that nominally conforms to 
a group of frames (GOF) or group of pictures (GOP) data 
structure. Each GOF/GOP data structure comprises N 
frames arranged as a plurality of sub-GOF or sub-GOP data 
structures having a maximal siZe of M frames. Each sub 
GOF/GOP comprises a respective anchor frame (e.g., an 
I-frame or a P-frame) and, optionally, one or more non 
anchor frames (e.g., B-frames). 

[0026] Speci?cally, the MPEG-like encoding system 100 
of FIG. 1 comprises a ?rst pre-processor 101, a second 
pre-processor 102, a controller 140, an encoding module 104 
and an output buffer 160. 

[0027] The ?rst pre-processor 101 receives and processes 
the input information stream IN to produce a pre-processed 
input video information stream IN‘. The ?rst pre-processor 
101 includes the folloWing functional components: a 3:2 
pull-doWn processor 181, a scene change detector 182, a 
noise reduction pre-?lter 183 and a sub-GOP buffer 184. The 
method of operation of the ?rst pre-processor 101 Will be 
described in more detail beloW With respect to FIG. 2. 

[0028] The 3:2 pull-doWn processor 181 processes, on a 
frame by frame basis, the input video information stream IN 
and responsively produces, in one embodiment of the inven 
tion, a control signal PD indicative of the presence (e.g., 
native 24 fps) or absence (e.g., native 30 fps) of 3:2 
pull-doWn processed video information Within the input 
video information stream IN. The 3:2 pull-doWn indicative 
control signal PD is coupled to the controller 140. The 3:2 
pull-doWn processor 181 is used to effect a reduction in the 

May 30, 2002 

amount of information to be encoded by assisting in the 
identi?cation and removal of the “extra” video information 
Within the input video information stream IN. That is, the 
pull-doWn is undone such that the resulting information 
frames may be coded in a progressive (i.e., non-interlaced) 
manner by the encoding module 104. The output of the 3:2 
pull-doWn processor 181 is coupled to the scene change 
detector 182. 

[0029] In one embodiment of the invention, the 3:2 pull 
doWn processor 181 utiliZes a “?eld differencing” method in 
Which consecutive ?elds Within the input video information 
stream IN are compared to determine if the ?elds are 
repeated in a manner indicative of 3:2 pull-doWn processing 
of the underlying video information. In this embodiment the 
3:2 pull-doWn processor 181 produces a control signal 
R_TOP and a control signal R_BOT. The control signal 
R_TOP is used to indicate Whether the video information 
Within the top ?eld of a video frame is substantially the same 
as the video information Within the top ?eld of an immedi 
ately preceding video frame. Similarly, the control signal 
R_BOT is used to indicate Whether the video information 
Within the bottom ?eld of the video frame is substantially the 
same as the video information Within the bottom ?eld of the 
immediately preceding video frame. 

[0030] An exemplary 3:2 pull-doWn processor and control 
functionality is disclosed in US. patent application Ser. No. 
09/151,425, ?led Sep. 11, 1998 (Attorney Docket No. 
12414), and incorporated herein by reference in its entirety. 
It should be noted that a reduction in the amount of com 
putation required to perform a ?eld to ?eld comparison is 
optionally provided by using a sum of absolute differences 
(SAD) method to perform only a partial ?eld comparison of 
the ?elds (top or bottom) of successive information frames. 

[0031] The scene change detector 182 is used to identify 
information discontinuities, such as scene changes or scene 
cuts Within the input video information stream IN (or 3:2 
pull-doWn processed input video information stream IN). In 
response to the detection of an information discontinuity, the 
scene change detector 182 produces a ?rst control signal 
SCN and a second control signal SCP indicative of the 
discontinuity. Speci?cally, the ?rst and second scene change 
indicative control signals SCN and SCP are coupled to the 
controller 140 and used to indicate, respectively, a scene 
change in a next (i.e., not yet encoded) sub-GOP (SCN) and 
a scene change in a current (i.e., presently being encoded) 
sub-GOP (SCP). That is, the scene change detector operates 
is look-ahead based in that tWo information frames are 
compared to determine if a difference betWeen the tWo 
frames is such that a scene change has occurred Within the 
underlying video. 

[0032] The noise reduction pre-?lter 183 comprises an 
adaptive, non-linear noise reduction ?lter that reduces dif 
ferent types of noise such as Gaussian noise, shot noise, and 
tape noise While preserving high frequency information such 
as, in the case of video information, edges and other high 
contrast details With high ?delity. The noise reduction pre 
?lter 183 may operate on a frame by frame basis or on an 
entire sub-GOP stored Within the sub-GOP buffer 184. 
Those skilled in the art Will be readily able to successfully 
adapt one or more of the knoWn non-linear noise-reduction 
?lters to the present invention. For example, ?nite impulse 
response median hybrid (FMH) ?lters may be used to 
implement the noise reduction pre-?lter 183 of FIG. 1. 
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[0033] The sub-GOP buffer 184 is capable of storing an 
anchor frame and any associated non-anchor frames forming 
a sub-GOP, as previously described. Upon completion of the 
various ?rst pre-processing steps (i.e., 3:2 pull-doWn pro 
cessing, scene change detection and ?ltering), the processed 
sub-GOP is coupled to the second pre-processor 102 and the 
encoding module 104 as the pre-processed input video 
information stream IN‘. 

[0034] The controller 140 receives and processes the input 
information stream IN, 3:2 pull-doWn indicative control 
signals PD, R_TOP and R_BOT and scene change indicative 
control signals SCN and SCP to produce various control 
signals that are used to control the operation of the encoding 
module 104. Speci?cally, the controller 140 produces the 
folloWing control signals: Apicture type control signal PT is 
used to indicate a desired frame type (i.e., P-Frame or 
I-Frame) of the anchor frame of the sub-GOP being encoded. 
A GOP structure control signal GS is used to indicate any 
changes to the GOP structure (e.g., the variables nPu, nBu, 
nBo and the like as described beloW With respect to FIG. 2). 
Aprogressive frame control signal PF is used to indicate the 
progressive coding of an information frame. A “top ?eld 
?rst/repeat ?rst ?eld” control signal RBF is used to indicate 
that a frame to be encoded includes repeated material and, 
therefore, may be encoded Without the repeated material. A 
frame rate control signal FR indicates a desired frame rate 
(i.e., frames per second) of an encoded video information 
stream. Additionally, a quantization module control signal 
CO and a discrete cosine transform module control signal 
CD are produced by the controller 140. 

[0035] In response to an inter-frame information discon 
tinuity Within the input information stream IN (as indicated 
by one or more of the control signals SCN and SCP), the 
controller 140 adapts the encoded output information stream 
OUT such that the ?rst anchor frame folloWing the infor 
mation discontinuity comprises an I-frame, While the ?rst 
anchor frame preceding the information discontinuity com 
prises a P-frame. In this manner, bits Within the bit budget 
allocated to each GOF/GOP structure are not “Wasted” by 
intra-coding a frame immediately prior to the beginning of 
a neW GOF/GOP. 

[0036] In response to the presence of 3:2 pull-doWn pro 
cessed video material in the input information stream IN (as 
indicated by one or more of the control signals PD, R_TOP 
and R_BOT), the controller 140 removes “excess” or dupli 
cate video information from the input information stream 
IN, thereby increasing the number of bits able to be used in 
encoding the remaining portion of the information stream 
IN. 

[0037] Thus, the controller 140, in conjunction With the 
3:2 pull-doWn processor 181 and scene change detector 182, 
causes the encoding module 104 to encode across a scene 

change (With or Without 3:2 pull-doWn processed material) 
in a smooth, high quality manner. In this manner post scene 
change visual artifacts in the encoded video stream OUT are 
greatly reduced, even at relatively loW bit-rates. Addition 
ally, pulled-doWn material is coded at a higher quality by 
exploiting the loWer actual frame rate. 

[0038] The encoding module 104 receives and encodes the 
pre-processed input information stream IN‘ to produce an 
encoded information stream S104 that substantially con 
forms to a group of frames (GOF) or group of pictures 
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(GOP) data structure. The encoded information stream S104 
is coupled to the output buffer 160. The encoding module 
104, in response to the control signal C1 produced by the 
controller 140 and a rate control signal RC produced by the 
output buffer 160, adapts the GOF or GOP data structure, bit 
allocation, quantization scale and other parameters of the 
encoding process. The encoding module 104 optionally 
produces an mode decision signal MD indicative of the 
encoding mode (i.e., intra-coded or inter-coded) selected for 
a macroblock being processed. Additionally, a motion esti 
mation module 150 Within the encoding module 104 is 
responsive to several control signals produced by the second 
pre-processor 102. 

[0039] The encoding module 104 comprises an subtractor 
155, a mode decision module 105, a discrete cosine trans 
form (DCT) module 110, a quantiZer (Q) module 115, a 
variable length coding (VLC) module 120, an inverse quan 
tiZer (Q_1) 125, an inverse discrete cosine transform (DCT 
L) module 130, an optional data packer 132, a subtractor 
156, a motion compensation module 145, a motion estima 
tion module 150, and an anchor frame storage module 170. 
The rate control function is performed by rate controller 140. 

[0040] Subtractor 155 generates a residual signal (also 
referred to in the art as simply the residual or the residual 
macroblock) by subtracting a predicted macroblock on the 
signal path PF from an input macroblock on the signal path 
IN‘. 

[0041] The mode decision module 105 receives the 
residual macroblock (i.e., the predicted macroblock) from 
the subtractor 155 and the input macroblock from the signal 
path IN‘. If the predicted macroblock is substantially similar 
to the input macroblock (i.e., the residuals are relatively 
small and are easily coded using very feW bits), then the 
mode decision module 105 selects the residual signal from 
the subtractor 155 for inter-coding. That is, the macroblock 
Will be encoded as a motion compensated macroblock, i.e., 
motion vector(s) and associated residual(s). HoWever, if the 
difference betWeen the predicted macroblock and the input 
macroblock is substantial, the residuals are costly to code. 
Consequently, the system operates more ef?ciently by 
directly coding the input macroblock rather than coding the 
motion compensated residual macroblock. 

[0042] The above selection process is knoWn as a selection 
of the coding mode. Coding the input macroblock is referred 
to as intra-coding, While coding the residuals is referred to 
as inter-coding. The selection betWeen these tWo modes is 
knoWn as the Intra-Inter-Decision (IID). The IID is typically 
computed by ?rst computing the variance of the residual 
macroblock (Var R) and the variance of the input macrob 
lock (Var I). The coding decision is based on these values. 
There are several functions that can be used to make this 
decision. For eXample, using the simplest function, if Var R 
is less than Var I, the IID selects the Inter-mode. Conversely, 
if Var I is less than Var R, the IID selects the Intra-mode. 

[0043] Alternatively, a mode decision method suitable for 
use in the MPEG-like encoder 100 of FIG. 1 is disclosed in 
US. patent application Ser. No. 08/547,741 (Attorney 
Docket No. 11819), ?led Oct. 26, 1995 and incorporated 
herein by reference in its entirety. Brie?y, the Ser. No. 
08/547,741 application notes that the total number of bits 
needed to code each macroblock consists of tWo parts, bits 
needed for coding motion vectors and bits needed for coding 
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the predictive residual. The number of bits for coding the 
motion vectors is generally obtained from a look-up table. 
The number of bits for coding the predictive residual is 
obtained by an estimation Which assumes that the number of 
bits for encoding the predictive residuals is directly propor 
tional to the value of its variance and inversely proportional 
to the value of quantizer steps (quantization scale). Using 
this estimation, the total number of bits necessary to code a 
macroblock is calculated and compared for each coding 
mode. By selecting the coding mode With the least number 
of bits, the invention attains a near-optimal solution of loW 
complexity for practical implementation. 

[0044] The selected block (i.e., pre-processed input mac 
roblock or residual macroblock) is then coupled to the DCT 
module 110. The DCT module 110, in response to the 
control signal CD produced by the rate controller 140, 
processes the selected block to produce a set of, illustra 
tively, eight (8) by eight (8) blocks of DCT coefficients. The 
DCT coefficients produced by the DCT module 110 are 
coupled to the quantizer module 115. 

[0045] The quantizer module 115, in response to the 
control signal CQ produced by the rate controller 140, 
quantizes the received DCT coefficients to produce a quan 
tized output block. The process of quantization reduces the 
accuracy With Which the DCT coef?cients are represented by 
dividing the DCT coef?cients by a set of quantization values 
With appropriate rounding to form integer values. The quan 
tized DCT coef?cients are coupled to the variable length 
coding (VLC) module 120 and the inverse DCT module 125. 

[0046] The VLC module 120 then encodes the received 
quantized DCT coef?cients (e.g., an 8x8 block of quantized 
DCT coef?cients) and any side-information for the macrob 
lock using knoWn variable length coding and run-length 
coding techniques. 

[0047] To perform motion prediction and compensation, 
the encoding module 104 regenerates encoded anchor 
frames for use as reference frames. This function is per 
formed by the inverse quantizing module 125, inverse DCT 
module 130 and, optionally, data packer 132. 

[0048] Speci?cally, the inverse quantizing (Q_1) module 
125 processes the quantized DCT coef?cients (e.g., an 8x8 
block of quantized DCT coef?cients) to produce respective 
DCT coef?cients. The inverse DCT module 130 processes 
the respective DCT coef?cients to produce a decoded error 
signal. The error signal produced by the DCT“1 module 130 
is coupled to an input of adder 156. The DCT-1 module 130 
also functions to regenerate I-frames and P-frames of the 
input image sequence by decoding the data so that they are 
used as reference frames for subsequent encoding. This 
reference information is coupled to the anchor frame 
memory 170 as information stream AIN. Optionally, data 
packer 132 is used to pack the reference information stream 
AIN prior to storing the information in the anchor frame 
memory 170. 

[0049] Motion estimation module 150 receives the pre 
processed input information stream IN‘ and a stored anchor 
frame information stream AOUT. The stored anchor frame 
information stream AOUT is provided by the anchor frame 
storage module 170, Which stores an input anchor frame 
information stream AIN that is provided by the inverse DCT 
module 130. Brie?y, the stored anchor frame information 
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stream AOUT represents a decoded version of the intra 
coded anchor frame of a GOP or GOP presently being 
encoded by the encoding module 104. 

[0050] The motion estimation module 150 estimates 
motion vectors using the pre-processed input information 
stream IN‘ and the stored anchor frame information stream 
AOUT. A motion vector is a tWo-dimensional vector Which 
is used by motion compensation to provide an offset from 
the coordinate position of a block in the current picture to the 
coordinates in a reference frame. The reference frames can 
be forWard predicted coded frames (P-frames) or bidirec 
tional (i.e., forWard and backward) predicted frames 
(B-frames). The motion vectors are coupled to the motion 
compensation module 145 and the VLC module 120. 

[0051] The motion estimation module 150 is optionally 
implemented to include a full pel motion estimator 151 and 
a half pel motion estimator 152. The full pel motion esti 
mator 151 responsively produce a full pel motion vector 
FPMV and a full pel distortion signal (i.e., a measure of the 
dissimilarity betWeen tWo piXel blocks) FPD. The half pel 
motion estimator 152 utilizes the full pel motion vector 
FPMV and a full pel distortion signal FPD to responsively 
produce a half pel motion vector HPMV and a half pel 
distortion signal HPD. The optional half pel motion vector 
HPMV and a half pel distortion signal HPD are depicted as 
being coupled to the mode decision module 105, Where they 
are advantageously utilized to increase the accuracy of the 
mode decision. 

[0052] The motion compensation module 145 utilizes the 
received motion vectors to improve the ef?ciency of the 
prediction of sample values. Motion compensation involves 
a prediction that uses motion vectors to provide offsets into 
the past and/or future reference frames containing previ 
ously decoded sample values that are used to form the 
prediction error. Speci?cally, the motion compensation 
module 150 uses previously decoded anchor frame(s) and 
the motion vectors to construct an estimate of the current 
frame. Furthermore, those skilled in the art Will realize that 
the functions performed by the motion estimation module 
and the motion compensation module can be implemented in 
a combined module, e.g., a single block motion compensa 
tor. 

[0053] Prior to performing motion compensation predic 
tion for a given macroblock, a coding mode must be 
selected. In the area of coding mode decision, the MPEG and 
MPEG-like standards provide a plurality of different mac 
roblock coding modes. Speci?cally, MPEG-2 provides mac 
roblock coding modes Which include intra mode, no motion 
compensation mode (No MC), forWard/backWard/average 
inter mode and ?eld/frame DCT mode. 

[0054] Once a coding mode is selected, motion compen 
sation module 145 generates a motion compensated predic 
tion frame (e.g., a predicted image) on path PF of the 
contents of the block based on past and/or future reference 
pictures. This motion compensated prediction frame on path 
PF is subtracted, via subtractor 155, from the input infor 
mation frame IN‘ (e.g., a video image) in the current 
macroblock to form an error signal or predictive residual 
signal. the formation of the predictive residual signal effec 
tively removes redundant information in the input video 
image. As previously discussed, the predictive residual 
signal is coupled to the mode decision module 105 for 
further processing. 
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[0055] The VLC data stream produced by the VLC 
encoder 120 is received into the buffer 160, illustratively a 
“First In-First Out” (FIFO) buffer capable of holding at least 
one encoded sub-GOP according to the GOP data structure. 
The output buffer 160 produces a rate control signal RC 
indicative of a utiliZation level of the output buffer 160. 

[0056] A consequence of using different picture types and 
variable length coding is that the overall bit rate into the 
output buffer 160 is variable. Namely, the number of bits 
used to code each frame can be different. In applications that 
involve a ?Xed-rate channel for coupling the output infor 
mation stream OUT to, e.g., a storage medium or telecom 
munication channel, the output buffer 160 is used to match 
the encoder output to the channel for smoothing the bit rate. 
Thus, the output signal OUT of output buffer 160 is a 
compressed representation of the pre-processed input infor 
mation stream IN‘. 

[0057] The rate control module 140 depicted in FIG. 1 
comprises a microprocessor 140-4 as Well as memory 140-8 
for storing a simultaneous encoding, adaptive frame sWitch 
ing method 200 and/or an “on demand” encoding, adaptive 
frame sWitching method 400. The microprocessor 140-4 
cooperates With conventional support circuitry 140-6 such as 
poWer supplies, clock circuits, cache memory and the like as 
Well as circuits that assist in executing the softWare methods. 
As such, it is contemplated that some of the process steps 
discussed herein as softWare processes may be implemented 
Within hardWare, e.g., as circuitry that cooperates With the 
microprocessor 140-4 to perform various steps. The con 
troller 140 also contains input/output circuitry 140-2 that 
forms an interface betWeen the various encoding modules 
(104 and 102) and the selector (104). Although the controller 
140 is depicted as a general purpose computer that is 
programmed to perform various control functions in accor 
dance With the present invention, the invention can also be 
implemented in hardWare as an application speci?c inte 
grated circuit (ASIC). As such, any process or method steps 
described herein (e.g., With respect to FIGS. 2A-2C) are 
intended to be broadly interpreted as being equivalently 
performed by softWare, hardWare, or a combination thereof. 

[0058] The primary task of the rate control module 140 is 
to manage the fullness or utiliZation level of the output 
buffer 160, from Which a constant output bit rate is provided 
to a transmission channel. The constant bit rate must be 
maintained even though the encoding rate may vary signi? 
cantly, depending on the content of each image and the 
sequence of images. The output buffer 160 produces a rate 
control signal RC indicative of a utiliZation level of the 
output buffer 160. 

[0059] The rate control module 140 utiliZes the rate con 
trol signal RC to adapt various parameters of the encoding 
process, such as the quantiZation scale (step siZe) used to 
quantiZe the DCT coef?cients (via control signal CO) and/or 
the number of DCT coefficients via control signal CD) that 
are coded by the system. That is, a quantiZer scale is selected 
for each frame such that a target bit rate for a picture is 
achieved While maintaining a uniform visual quality over an 
entire sequence of pictures. In this manner, the rate control 
module 140 controls the bit rate of the output information 
stream produced by the VLC 120, thereby maintaining an 
appropriate utiliZation level of the output buffer 160. 

[0060] In one embodiment of the invention, the rate con 
trol module 140 operates according to a frame level target 
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determination method utiliZing a quadratic rate-distortion 
model, as described in US. patent application Ser. No. 
08/738,228 (Attorney Docket No. 11835), ?led on Oct. 23, 
1996 and incorporated herein by reference in its entirety. 
Brie?y, the disclosed quadratic rate distortion model pro 
vides for a second order model in Q to model the number of 
bits used, Whereas the standard TM-S rate control model 
utiliZes a ?rst order model. That is, rate control is improved 
by the rate controller eXamining the number of bits allocated 
to a previously encoded information frame portion (e.g., a 
frame, slice or macroblock) to broadly determining a com 
pleXity level of the previously encoded portion and, thereby, 
responsively predict a complexity level of a current or 
subsequent portion to be encoded. Thus, greater accuracy in 
managing the bit budget is provided by the more accurate 
model of bit utiliZation. 

[0061] Another important task of the rate control module 
140 is to insure that the bit stream produced by the encoder 
does not over?oW or under?oW an input buffer in a decoder 
(e.g., Within a receiver or target storage device, not shoWn) 
receiving a transmission comprising the output information 
stream OUT. Over?oW and under?oW control is accom 
plished by maintaining and monitoring a virtual buffer 
Within the encoder. The virtual buffer is knoWn as the video 
buffering veri?er (VBV). To ensure proper decoder input 
buffer bit control, the encoder’s rate control process estab 
lishes for each picture, and also for each macroblock of 
piXels comprising each picture, a bit quota (also referred to 
herein as a bit budget). By coding the blocks and the overall 
picture using respective numbers of bits that are Within the 
respective bit budgets, the VBV does not over?oW or 
under?oW. Since the VBV mirrors the operation of the 
decoder’s input buffer, if the VBV does not under?oW or 
over?oW, then the decoder’s input buffer Will not under?oW 
or over?oW. 

[0062] FIG. 2A and FIG. 2B together depict a How 
diagram of an adaptive rate control method 200 suitable for 
use in the MPEG-like encoding system of FIG. 1. FIG. 2A 
and FIG. 2B are intended to be arranged in the manner 
diagrammatically depicted in FIG. 2A, such that the entire 
method 200 may be vieWed together. The folloWing discus 
sion generally assumes that, irrespective of frame rate, the 
MPEG-like encoding system 100 operates to encode a 
received video information stream IN according to a prede 
termined group of pictures (GOP) information structure, 
Where each GOP is allocated a predetermined number of bits 
(R) such that a constant bitrate output stream OUT is 
produced by the output buffer 160. That is, a distance N 
betWeen tWo I-frames and a distance M betWeen tWo con 
secutive reference frames remains the same throughout the 
encoding process. It is also assumed that a maXimum of one 
mode change occurs betWeen any tWo consecutive reference 
frames. 

[0063] The rate control method 200 of FIGS. 2A and 2B 
modi?es, in response to the detection of a change in mode 
(i.e., 24 fpse—>30 fps) in the received video information 
stream IN, a rate control parameter (R) that is used by the 
TM-S rate control algorithm to indicate the number of bits 
remaining in a GOP bit allocation. In this manner, a TM-S 
rate control algorithm may be made to function properly in 
the presence of such a change in mode. 

[0064] The method 200 is entered at step 205 When, e.g., 
the MPEG-like encoding system 100 of FIG. 1 receives a 
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video information stream IN for encoding. The method 200 
then proceeds to step 210, Where a variable RSLACK is 
initialized to Zero prior to processing the ?rst GOP of a 
sequence of GOPs. The variable RSLACK is used to indicate 
a bit over/under run of the previously encoded GOP. That is, 
RSLACK indicates that a previous GOP Was encoded With 
feWer bits (under-run) or more bits (over run) than allocated. 
As such, the presently processed GOP is encoded in a 
manner tending to correct (though not necessarily correct 
ing) the previous over/under run. The method 200 then 
proceeds to step 212. 

[0065] At step 212 three variables (n20, n30 and GOP 
BITS) are initialiZed to Zero. The ?rst variable n20 is used to 
indicate the number of frames Within a GOP being processed 
that are encoded during a 24 fps mode of operation. The 
second variable n30 is used to indicate the number of frames 
Within a GOP being processed that are encoded during a 30 
fps mode of operation. The third variable GOPBITS repre 
sents the total number of bits used thus far to encode video 
frames Within the GOP being processed. This information 
Will be utiliZed to dynamically update the duration of a GOP 
during a transition betWeen modes of operation caused by a 
change in format of the video stream being encoded. The 
method 200 then proceeds to step 215. 

[0066] At step 215 a query is made as to the mode of the 
received video information stream IN. That is, a query is 
made as to Whether the input video stream IN presently 
comprises a native 30 fps video stream (e.g., a “standard” 
NTSC stream) or a native 24 fps video stream (e.g., a 24 fps 
movie processed according to the 3:2 pull-doWn process to 
form a 30 fps stream). An exemplary method for identifying 
the mode of the received information stream Will be 
described beloW With respect to FIGS. 3, 4 and 5. 

[0067] If the query at step 215 indicates that the received 
video information stream IN comprises 30 fps video mate 
rial, then the method 200 proceeds to step 225, Where a 
variable FRAMERATE is initialiZed to 30. The method 200 
then proceeds to step 230. If the query at step 215 indicates 
that the received video information stream IN comprises 24 
fps video material, then the method 200 proceeds to step 
220, Where the variable FRAMERATE is initialiZed to 24. 
The method 200 then proceeds to step 230. 

[0068] At step 230 the number of bits (R) remaining in a 
group of pictures (GOP) to be processed is calculated 
according to equation 1 (beloW), and the TM-S reaction 
parameter (r) is calculated according to equation 2 (beloW), 
Where: 

[0069] “R” is the number of bits remaining in the bit 
allocation for the current GOP; 

[0070] “RSLACK” is the bit over/under run of the 
previously encoded GOP; 

[0071] “NP” is the number of P-frames remaining in 
the present GOP; 

[0072] “NB” is the number of B-frames remaining in 
the present GOP; 

[0073] “BITRATE” is the bitrate of the resulting 
encoded bitstream; 

[0074] “FRAMERATE” is 24 or 30 per steps 215 
225; and 
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[0075] “r” is a reaction parameter used in a TM-S rate 
control algorithm. 

(1 + Np + NB)BI1"RATE 
FRAMERATE 

R : RSLACK + (equation I) 

2 X BITRATE 
: i (equation 2) 
FRAMERATE 

[0076] After calculating the number of bits remaining in 
the bit allocation for the current GOP (R) and the reaction 
parameter (r), a variable GOPSTART is set equal to the 
calculated value of R, and the method 200 proceeds to step 
235, Where a query is made as to Whether a change in mode 
has occurred (i.e., 24 fps—>30 fps or 30 fps—>24 fps). If the 
query at step 235 indicates that a mode change from 24 fps 
mode to 30 fps mode has occurred, then the method 200 
proceeds to step 236. If the query at step 235 indicates that 
a mode change from 30 fps mode to 24 fps mode has 
occurred, then the method 200 proceeds to step 237. If the 
query at step 235 indicates that a mode change has not 
occurred, then the method 200 proceeds to step 238. 

[0077] At step 238 the variable R is set equal to GOP 
START—GOPBITS. That is, the number of bits remaining in the 
GOP bit allocation (R) is set equal to the initial bit allocation 
(GOPSTART) minus the number of bits used (GOPBITS). The 
method 200 then proceeds to step 260. 

[0078] At step 260, a quantiZation parameter(s) is com 
puted for each of the macroblocks forming the presently 
processed video frame Within presently processed GOP. The 
method 200 then proceeds to step 262. 

[0079] At step 262 the frame is encoded according to, e.g., 
the TM-S rate control algorithm. Optionally, the group of 
pictures (GOP) structure used to determine the type of frame 
to be encoded is modi?ed according to the method of FIG. 
2C, Which Will be described in more detail beloW. 

[0080] The method 200 then proceeds to step 265, Where 
the value of variables NP (the number of P-frames remaining 
in the present GOP) and NB (the number of B-frames 
remaining in the present GOP) are adjusted as necessary. 
The method 200 then proceeds to step 266. 

[0081] At step 266 a query is made as to the present 
encoding mode, i.e., Was the frame encoded at step 262 a 24 
fps or 30 fps native mode frame?. If the ansWer to the query 
at step 266 indicates that the frame encoded at step 262 Was 
a 30 fps frame, then the method 200 proceeds to step 267, 
Where the variable n30 is incremented by one. The method 
200 then proceeds to step 270. If the ansWer to the query at 
step 266 indicates that the frame encoded at step 262 Was a 
24 fps frame, then the method 200 proceeds to step 268, 
Where the variable n20 is incremented by one. The method 
200 then proceeds to step 270. 

[0082] At step 270, the variable GOPBITS is adjusted. The 
variable GOPBITS represents the total number of bits used 
thus far to encode video frames Within the GOP being 
processed. Thus, the value of GOPBITS is increased by the 
amount of bits (including header information and other bit 
consuming information) used to process the most recent 
frame in the GOP being processed. The method 200 the 
proceeds to step 275. 


































