APPARATUS CONTROLLI NG QUANTI
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Video signal compression apparatus typically include
circuitry to quantize codewords of partially compressed signal,
-causing many of the quantized codewords to have similar values,
‘which condition is conducive to run length encoding. Thereafter
the quantized codewords are typically run and variable length
‘encoded to provide the signal in compressed format. The term
"partially compressed signal” refers to signal provided by, for
example, a discrete cosine transform, or DCT, processor. Video
data provided by DCT processors occurs in blocks of, for example,
8 x 8 coefficients representing a matrix of 8 x 8 contiguous pixels.
Typically the respective coefficients in a block are quantized by
different amounts depending upon the relative importance of the
respective coefficients. In quantizing a block of such coefficients a
quantization matrix is utilized. This quantization matrix includes
the quantizing values to be applied to the respective coefficients:
in a block. Quantization of the video data may be performed by
applying the same matrix or table of quantization values to all
blocks of coefficients (codewords). This is referred to herein as
fixed quantization, even though the quantizing values in the
matrix may be different. Since different frames of video signal
represent different images, it will be readily appreciated that the
amount of compressed video data resulting from fixed
quantization will be variable from frame to frame, giving rise to
variable bit rate, VBR, compression. ‘

Certain signal transmission systems cannot efficiently
accommodate VBR compressed signal, hence constant bit rate, CBR,
compression systems have been developed. In the CBR systems
the quantization of codewords is made adaptive to control the
number of compressed data, Typically the volume of compressed
data is monitored and the quantization values are changed in
inverse proportion to the volume of compressed data in order to
render the number of compressed bits per frame substantially
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constant. Adaptive quantizing systems also utilize tables of
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CBR compression systems tend to cause the image
quality from frame to frame to vary, but constant bit rate is
advantageous if the compressed signal is to be multiplexed with
other signals for transmission. Alternatively, VBR compressed
signal tends to provide substantially uniform image quality from
frame to frame, but is more difficult to transmit in a multiplexed
signal situation..

The present invention is a quantizing system which
provides limits to the amount of data, but substantially retains
image quality uniformity from frame to frame. This system
includes a quantizer for quantizing coded video data and further
apparatus for monitoring the amount of output data. Dependent
upon the amount of output data being lesser or greater than a '
predetermined value, the quantizer is conditioned to operate in
different modes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURES 1 and 2 are block diagrams of alternative
video signal compression systems including quantization
apparatus embodying the present invention.

FIGURE 3 is a flow chart of -the operation of the
FORWARD ANALYSER shown in FIGURE 2.

FIGURE 4, 5 and 6 are tables of representatlve
quantizétion values for frames of video signal compressed
according to intraframe processing, forward interframe processing
and bidirectiorial interframe processing respectively. '

FIGURE 7 is a pictorial representation of a quantizing
system.

FIGURE 8 is a flow diagram of an adaptive quantization
system wherein the threshold value is changed on a frame/field
basis. e
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anount” -of conpressed video data resulting fromfixed guantization wll be
variable fromfrane to frane, giving ri se-Bo vari abl eﬂgﬁ L IAY ¢ VBR,
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standard developed by the Moving Picture Experts Committee of
the International Organization for Standardization. An example of
an MPEG-like system may be found in United States Patent No.
5,122,875. The MPEG-like systems perform motion compensated
10 predictive compression on respective successive groups of frames,
GOP's. Within a compressed GOP the frames are designated I, P or
B depending upon whether they are compressed by intraframe
processing, forward interframe processing and bidirectional
interframe processing respectively. Because the different frame
15 types are compressed differently, the volume of compressed data
for the different frame types may be different, even for the same
image, hence different quantization values are appropriate for the
different compressed frame types. .
Compressed image data in an MPEG-like system is
20 arranged in macroblocks which represent a matrix of e.g., 16 x 16
contiguous pixels. Respective macroblocks are configured of four
8 x 8 blocks of luminance data and two 8 x 8 blocks of
chrominance data. Each 8 x 8 block of chrominance data
represents the entire 16 x 16 matrix of pixels. The macroblocks
"25 are arranged in slices, with each slice representing , for example,
16 horizontal lines of video signal. One frame of 496 active lines
can therefor be represented by 31 slices. MPEG-like systems
typically quantize data on a macroblock basis.
Quantization in the present invention is nominally
30 performed using fixed quantization values as long as the total
coded data does not exceed a predetermined amount. In one
embodiment, if it does then only the macroblocks of data that
exceed certain limits are adaptively quantized, with all other
macroblocks undergoing fixed quantization. In an MPEG-like
35 compression environment, a maximum codeword target value is
established for a GOP. This maximum target Rgop is distributed
amongst the respective frames in the GOP according to the
compression process utilized for the respective frames. The Rgop
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N N
R=r1+(-ﬁ- l)rp-t»(N-ﬁ)rB n

where 1y, 1p, rg are the average nominal bit rates for VBR
. encoding intraframe, forward and bidirectional interframe
10 predicted frames respectively, N is the number of frames in a GOP,

and M is the number of B frames between two P frames. At
system start up nominal values may be used for rj, rp, rg in the
first GOP, and thereafter the values from the prior GOP may be
utilized until the first I, P and B frames are encoded for the

15 current GOP. If the estimate R is less than Rggp, the GOP is

quantized with fixed quantization selected to produce a
predetermined image quality. If it is not, a target bit allocation R;

is computed for each frame type as;

Rgop . '

where
1+(%)-1)‘1(1—1'+(N~%)kiz' forj=1I

W = k1+(%-1)+(N-%)% for j=P A3)

| k2+.(%-1)%+(N-%)_ forj=B |

25 and

SO I
=L =ik @

Each frame is first compressed using fixed quantization, and the
total number of coded bits, rj for the frame is counted. After this

30 first compression pass an excess rate fraction, xs-frac, is computed
according to the equation; -

‘ r: - R.
xs-frac =——* j=I, Por B (5)
T
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FI GURES 1 findwhetee BImbk, df 491 ees avbrape! auniiervef compressed bits per
macroblock in the frame and StD[mbsj,.] is the standard deviation
in the number of bits per macroblock. The value ThV may be
computed using the volume of data in respective macroblocks
either prior to or after quantization. That is ThV may be a

10 function of unquantized data or quantized data.

If the value of xs-frac is less than zero, the number of
coded bits is within the set limits, and the frame is coded in
normal VBR mode with the fixed quantization used in the first
compression pass. If it is not, a second compression pass is

15 invoked. In the second pass, fixed quantization is used for all
macroblocks whose size is less than ThV. For the remaining
macroblocks a larger quantization factor is selected. This larger
quantization factor may be selected according to a formula and/or
dependent upon, for example, the difference between mbygize(i)

20 and ThV. In this instance the possible difference values may be
divided into ranges, and a quantization factor increment assigned
to each range. Assume that the potential difference values are
divided into three ranges which encompass 50, 30 and 20 percent
of the possible values, with the 50, 30 and 20 percent ranges

"25 including the lowest to the highest values respectively. The 50,
30 and 20 percent ranges may be assigned increment values of 1,
2 and 3 respectively. Thus if a mbgjze(i) exceeds ThV by an
amount represented by the second range, the current quantization
factor for that block is incremented by 2.

30 Alternatively the use of empirical lookup tables of
quantization factors for macroblocks exceeding the threshold has
been found to produce good results. FIGURES 6, 7, and 8
represent such empirical lookup tables. In selecting a larger
quantization factor two quantities are used to enter the empirical

35 table. These two quantities are the current Quantization factor
and the variable xs-frac. The output from the table is an updated
quantization factor which is used to quantize the current
macroblock. Different tables are used for the different encoded
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5 will be used for such I-type macroblocks found in P or B frames.
In these tables the values labelled OLD qi are thé current
quantization factors (used to address the tai)lc), the values .
labelled NEW i are the new quantization factors output from the
table, and the values shown internal to the table are the values

10 xs-frac multiplied by a predetermined amount, e.g. one hundred,
which xs-frac values are also used to address the respective
tables.

It has been found to be beneficial to update the
threshold value ThV on a macroblock by macroblock basis. To
15 this end a running variable o is computed as respective
macroblocks are processed. - Successive threshold values ThV, are
calculated according to:

ThV, = ay(ThV) (6)
_ The variable o, is calculated from the equation:
20 ®g+1 = op - YoKn _ (7)

Successive values of o are reduced by the quantity y,K,. The
factor vy, is utilized to insure that the quantity y,K, does not grow
too rapidly, that is to insure that a is not reduced too rapidly.
Both factors are a function of the accumulated number of bits

25 occurring in the preceding macroblocks. The factor K, is given by:

xs-frac - Cut-fracy
n =S xs-frac

(8)

where s is a constant such as 0.1 and the variable Cut-frac is
30 computed from;

n
Y bits-cut(i)

Cut-frac, = l=n1 (9
Zmbsizc(i)
=t
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REPLACEMENT SHEET 3 The present invention will be described in the
environment of a video signal conpressor affthe type RAIAM7ZI083 bl ock or
macrobl ock type of signal conpression/handling, such as, 5 for exanpl e, an
MPEG- | i ke conpression system MPEG is a system standard devel oped by the
Movi ng Picture Experts 'ﬂ:cmten‘mebmf-cuha‘efersetmahconamhargaﬁ| edorbltsor

St andar di zat i Uni t
St andar i 2at | . wadfh SR YrEcdljnd pHRRFDIoEKS, BYSE AP koL d 1 Lnitec
conpensat ed result of adaptlve quantization of the macroblocks exceeding ThV.

The variable ¥, is computed using the equation;

5

n
Zmbsizc(i)
i=1
=N (10)

zmbsize(i)
i=1

and bears a very small value until a significant number of the
busier macroblocks in a frame have been processed.
Alternatively y, may be assigned fixed values for different
10 groupings of macroblocks. This value may be zero, 0.1 and 0.25
for the first occurring one third of the macroblocks, the second
occurring one third of the macroblocks and the third occurring one
third of the macroblocks respectively. Note that the values
calculated in equations (6) through (10), after processing the nth
15 macroblock, are applied in proccssing' the n + 1th macroblock.

The foregoing: process may be iterated several times
before the total coded bits satisfy equation (5). For successive
iterations the variable xs-frac is weighted in a direction to provide
larger quantization factors from the empirical tables. A working

.20 table of quantization factors is kept, in which the quantization
factor for each macroblock is stored. As quantization factors for
respective macroblocks are changed the corresponding
quantization factor in the table is updated. After the necessary
iterations are completed the respective- frame is recoded using the

25 quantization factors stored in the table for quantizing the
respective macroblocks. .

| FIGURE 1 illustrates a general form of a system for

practicing the invention. This particular system assumes MPEG
encoding, but it will be recognized that any encoder which

30 operates on a block basis may incorporate the invention. Video
signal to be encoded i s applied to a bus 2, which is coupled to the
input of an MPEG encoder 4 and a memory device 7. The encoder
4 is coupled to a forward analyzer 6, and commupnicates thereto

| information related to the encoding process. This information
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10 predictive conpression on respective successive groups of frames,
GOP's. .Wthin a conpressed GOP the franmes_gre desi gngted 187,63»r B
dependlng upon whether they are conpressed by intrafrane proce55|ng,
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x 8 bl ocks ofthe aforementioned working table. The forward analyzer 6 forces
sufficient coding iterations of each frame to adapt the quantization
factors such that equation (5) is satisfied.

The video data stored in the memory 7 is coupled to a
‘10 second MPEG encoder 8, a frame at a time, after quantization
factors for the corresponding frame have been determined by the
forward analyzer. Concurrently with the stored frame being
coupled to the second MPEG encoder the forward analyzer couples
the quantization factors from the working table of quantization
15 factors selected for that corresponding frame. The MPEG encoder
8 uses these quantization factors for encoding the corresponding
frame of video data.
A system like that illustrated in FIGURE 1 can process
more data pef unit time but tends to be hardware intensive. A
20 less hardware intensive system is illustrated in FIGURE 2, wherein
certain parts of the apparatus are operated in time division
multiplexed fashion to perform the respective operations of
forward analysis and encoding.

] In FIGURE 2 the elements 10 to 22 comprise a typical
25 motion compensated predictive encoder. There are three parallel
processing paths shown, respective ones of which process the

luminance and two chrominance video components. The motion
compensation apparatus 20 operates on ‘the luminance signal to
generate motion vectors, which vectors are used in the three

30 processmg paths. A common controller 21 communicates with the
respective processmg circuitry and directs the general operation
of the encoder. The operation of motion compensated predictive
encoders is well known and will not be described in detail herein.

The apparatus of FIGURE 2 also includes a forward

35 analyzer 25 including a storage element 26, a processor 27, and a
counter 28. The processor 27 controls the storage element 26, the
counter 28, and communicates with the conatroller 21 to interrupt
processing to aliow_y_._ iteration of quantization adaption. In FIGURE
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chrom nance data. Each 8 x 8 block of chrom nance data represents the
entire 16 x 16 matrix of pixels. The macreBl-ocks 25 R€A &T@3Yed in
stices, with each slice representing , for exanple, 16 horizontal |ines of
video signal. One frame of 496 active lines can therefor be represented by.
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quantized data from the quantizing element 14, is applied to a
run-length and variable length encoder 15. Run and variable
length encoded data from the encoder 15 and motion vectors from
element 20 are coupled to a formatter 22. The formatter 22
10 generates header data and arranges the blocks of data from the
encoder 15, the motion vectors, and the header data into
macroblocks, slices, frames and GOP’s etc.
Coded data from either the encoder 15 or the
formatter 22 is counted by the counter 28 to determine the data
15 rjfor the encoded frame. Whether the data from-the formatter 22
or the encoder 15 is counted depends upon whether the amount
of data corresponding to motion vectors andfor header data is
relatively constant and predictable for the respective frame types.
If it is, then data may be counted at the output of either device,
20 and if it is not then the data to be counted must be derived from
the output of the formatter 22.
The processor 27 is programmed to communicate with
the system controller 21 to acquire the bit rate Rgop, and at the
' end of each encoding pass to acquire the count of encoded bits
25 from the counter 28. Using this data the processor 27 performs
the quantization factor adaption. This process will be described
with the aid of the flowchart of FIGURE 3. The system is initialized
[50] by applying user parameters to the system controller 21,
which parameters indicate for example the type of video source
30 material, the desired coding resolution, the desired image quality
etc. The system controller is substantially a state machine and
these parameters establish the starting and selected states. If
such user parameters are not entered, the system controller loads
a set of default parameters, one of which is Rgop. The Rdop value
35 is communicated to the processor 27, and nominal values for i,
rp, 13 are accessed from, for example, read only memory. Using
these values the processor 27 calculates the respective R; values.
Next the System controller accesses [51] the first frame
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established for a GOP. This maxinumtarget [err] is distributed anongst the
respective frames in the GOP according to -tlfe- conpresRGA B7dB&ss utilized
for the respective frames. The [err] 4 is reflected in global
qguantization factors [err] used to nodify the quantizatjon values in the

respective quahtdatati ckharaespessive framesniase drsignatediLpP: B by theed to code
a GOP at a selghrirdficr MPCadibiingy toS tRS trelRiwd Jdstivn N fthe aédquence bf

N input frames that pafticular frames occur. The frame is encoded
{52] using a quantization table and a global quantization factor Q;
5 selected to provide a predetermined image quality. During this
process the blocks of data provided from the DCT apparatus are
stored in the memory 26. As respective macroblocks are encoded,
a count value from the counter 28 associated with the macroblock
is also stored. This count value may be the cumulative count from

10 the beginning of the frame, or a value indicating the amount of
coded data for the respective macroblock. The latter value may
be obtained by storing the output from the counter for one
macroblock period and subtracting the respective stored count
value from the cumulative count value associated with the next

15 successive macroblock. '

After the frame is compressed, the total data, rj, for
the encoded frame is acquired from the counter 28 and the
variable xs-frac is calculated [53] according to equation (5). In
addition the threshold value ThV is also calculated. The variable .

20 xs-frac is tested [54] to determine if it is positive. If it is positive,
the encoded data for the frame are less than the R;j, and no
quantization adjustments are required. The global quantization
factor is loaded {55] into all of the locations of a working
quantization table (¢ MEM) within the processor 27.

25 At this point there are at least two system
alternatives. The system can be instructed to re-encode the frame
using the global quantization factor, and to output the encoded
data to further circuitry such as a rate_buffer (not shown). In this
instance such further circuitry would be inhibited from accepting

30 data from the formatter until after the decision made in step [54].
In an alternative system, the formatter may be coupled to a
memory which stores the lastmost frame of encoded data. Then if
the condition of step [54] is true the encoded data in such memory
is output, obviating re-encoding the frame.

35 If xs-frac is not less than zero [54], the quantization
adaption process is initiated [56]. Variables o and B are set [57]
to 1, and the variable xs-frac is scaled [60] by B. In the first
iterative pass, since B is equal to 1, xs-frac is unchanged. However
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[err] where [err] are the average nom nal bit rates for VBR encodi ng
intraframe, forward and bidirectional intedfirame 1 0 RQAeRYTO3 franes
respectively, Nis the nunber of frames in a GOP, and Mis the nunber of B
franes between two P frames. At .systemstart up nomi nal values may be used
for [err] in lmesﬁoqessw&meramms r&rsaﬁmmmdmedahm xsefrac his pncrras&dP

cur ront "acp,  Profiihe BUT iRy, ¢ Tie 3T ?ﬁ%‘eﬁuﬁ’h&z’&?@?diﬁ&&gﬁtfiidlw5th
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is not, a targeit Bié valriale@t&oRvillechingé mOr®Utapadliyor each frame type as;
Lerr] 5 After xs-frac is scaled, the first macroblock in the

frame is accessed [66] from the memory 26, and the macroblock is
tested [67] to determine if the amount of coded data for that
macroblock exceeds the current threshold value., The current
threshold value is the original threshold value ThV scaléd by the

10 variable oy. If the amount of coded data for the current
macroblock exceeds the current threshold value, the appropriate
empirical table is addressed [68] using the current quantization
factor and the value xs-frac to secure a new quantization factor
for that specific macroblock. That quantization factor is loaded

15 [77] in the working quantization table (@ MEM in the processor
27) , at an address location associated with the respective
macroblock. The variable bits-cut is updated [69] and the
variable Cut-frac is updated [70] from data stored in the memory

_ 26 and data provided from the counter 28.. The variables v,G,

20 . and o, are updated according to equations (7, 8 and 10) at step
[71]. A check is made [72] to determine if the last macroblock -has
been processed. If mot, the macroblock address is incremented
[73] and the next macroblock of data is accessed from the memory

. 26. .

25 If the last macroblock has been processed [72] the
variable xs-frac is tested [74] against the variable Cut-frac to
determine if sufficient data reduction has been attained. If it has,
then the system is instructed to re-encode the frame with the
quantization factors in the working quantization table, and then to

30 get the' next frame [51].

- If one or more iterations are required to establish the
requisite quantization factors, it is necessary to re-encode the
corresponding frame of data because varying the quantization
factors will affect the predicted frames provided by the predictor

35 19. During re-encoding of the frame, however it is not necessary
to recalculate the motion vectors, since they should not be
affected. This presumes that the formatter 22 includes sufficient
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Each frame is first conpressed using fixed quantization, and the total
nunber- of coded bits, rj for the frame islédbunted. ARGA 8RS80 first
conpressi on pass an excess rate fraction, xs-frac, is conputed according to
t he equation; [err] 5 1In addition a threshold value, ThV, is_ cal cul ated
from [err] Snemahgrt® [store] thes mAHORY ¥eel@ss nithitbat dhey ongrdnatdbpi ts per
macr obl ock i 'i'eEB?nﬁﬁfUH% and [err] is the standard deviation

Returning to step [67], if the test is not true, no action
need be taken regarding the tested macroblocks, and the process

5 jumps to step [70] to update Cut-frac in preparation for examining
the next macroblock. At step {74] if the test is true a further
iteration is initiated. B is incremented {75] (by a small amount,
for example 0.1), and the macroblock address is reset [76] to the
first macroblock of a frame and a is reset to 1.

10 During each quantization iteration it is not necessary
to re-encode the frame of data. The only data necessary for these
calculations is the macroblock data from the first encoding pass,
which data is stored in the memory 26. It is possible however to
dispense with an extra memory 26 and re-encode all of the data

15 each iteration if time and power constraints permit.

The actual quantization process is elucidated with
respect to FIGURE 7. In FIGURE 7 the block 83 represents a block
of coefficient data from a given macroblock. The respective
coefficients C; (corresponding to discrete cosine transform

20 coefficients for example) are arranged in a predetermined order
such as according to the ascending index i. The block designated
80 represents a matrix of quantization values g;.. These
quantization values are selected so as to provide greater and
lesser quantization to coefficients in the block 83 which are of

25 lesser and greater importance, respectively, to image
reproduction. Thus when coefficients cl, c2, ...c8 etc. are applied
to the quantizer 81, quantization values ql, q2, ...q8 etc. aré
concurrently accessed and applied to perform the quantization.
However the values qi are indirectly applied to the quantizer 81

30 via a variable scaling circuit 82. The respective quantization
values are scaled by weighting factors stored in the working
quantization memory 84.

The respective blocks in the memory 84 correspond to
the quantization factor to be applied to a particular macroblock in

35 a frame. For fixed quantization the memory 84 is loaded with one
value which is equal to a global quantization factor related to the
particular frame type i.e. Qp, Qp or Qg. The Q's in the blocks of the
memory 84 represent the global quantization factor. The X's
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In the-nunber of bits per macrobl ock. The value ThV may be conputed using
the volume of data in respective nmacrobl ock§-either pRCHA §R0%2 after
guanti zation. That is ThV may be a | 0 function of unquantlzed data or
gquanti zed data. If the value of xs-frac is |less than zero, the nunber of
ﬁgg:d b![LSt Lsre?y&&%mt dpdated Guantizatiomdfadters rwesultisg c fctad ithe nor mal  VBR
Wi e. fixed quant i in rs '
is not, a secf;?ﬁa r%‘é@%ﬁgp a'iﬁ@gifnr) ptngegsl fl‘hiéggpﬁéaéﬂgggn passI '
fixed quanti zaei msemdum mmemﬂ 8hast étﬁlbc{ﬂ MOELC‘QI% 3s less than ThV.

For the remaini ng macr oRlsOpfiekd bﬁrc%ffzeiéﬁiﬁ igBak® ppiid ol ﬁxeSE| ect ed.
This | arger quanti zati on factor sel ected accogdin % or nul a
and/ or defenddantigsan 810 Fh"e%ﬁﬁ/o“[dﬁ%gdﬂp?%?%%n btq g (i)

memory 84 is applied to the scaling circuit 82 to produce
quantization values Qj(q;) or X(q;), which are coupled to the.
quantizer 81. The quantizer 81 may be of the form which
quantizes the respective coefficients according to the functions:

10
QCi=(16*c; + 8)//2 *Xq); «¢ci>0
QCi=(16 *c; - 8)//(2 *Xq)): ¢i<O
QCi=0; ci=0

15 where QCi is the quantized coefficient, Xq; represent the
quantization values provided from the scaling circuit 82, the
asterisk * denotes multiplication and // specifies inter division.

In the discussion above the variable xs-frac was
changed or updated on a frame basis. This variable may be

20 updated on a shorter basis such as every slice or every W
macroblocks.

FIGURE 8 illustrates a flowchart for a simplified
adaptive quantizing system. In this system the threshold value
’ ThV, is changed on a frame basis rather than a macroblock basis.

25 Changing the threshold on a frame basis requires a more accurate
estimate of the initial threshold value, but provides -more uniform
image quality. Note the system of FIGURE 8 does not require the
calculation of the variables defined in .equations (8) and (10). In
this instance o is decremented by a constant each iteration. In

30 FIGURE 8 the value of BITS-CUT is given by

BITS-CUT = Zblts-cut(l)
_ i=1
where bits-cut(i) is equal to the number of bits a particular
macroblock is reduced from the initial encoding pass.
A major feature of this invention is that adaptive
35 quantization is performed on only certain blocks (macroblocks) in
each frame. These blocks tend to be blocks which contain a |
greater amount of image detail then average blocks within a

T



20 and ThV. In this instance the possible difference val ues may be

divided into ranges, and a quantization fagtpr mcrerrq{% ags d to each
range. Assune that the potential difference values are dividéd Tnto three
ranges whi ch enconpass 50, 30 and 20 percent of the possible values, with

1513 g i iyl b s
Gg% iﬁa J"ge%ﬂ’@ ragg'ﬁ'écﬂ‘v 93°Tﬂﬁ§h§3g ge’[’%glrﬂ“%é%'é‘é s ThV by

i ncrement val
an amount repigfaget qdaﬁyytﬁsensecsxrhkmmméy affecedr bgnitheuprocesst i on factor

for that block is mcrqutn&)?gsémaa% g‘gl#FBHO s no "Netcﬁr ?E’b'ﬁ{%:é Eﬂﬁ: use

of enpirical | ookup tabl gm‘ A3r%
exceedi ng 1 he sufﬁxeml statistichefor fcompiresee r‘ﬂd@@edgﬁbdwfb&mqts avgilabkes 6,

7, and 8 to the inventors. However, it is very probable, when such
statistics are available, that a threshold value function which is
related to the amount of data in respective macroblocks will be
determined, which will allow quantization factor determination

10 from the data generated during the first compression pass with
fixed quantization.
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factor. t wo quantities are-used to enter thgSenpirical RICA 87@082. These
two _quantities are the current quantizati-on-factor and the variable
xs-frac. The output from the table is an updated quantization factor which

is used to quilitABMSthe current nacr umm mwﬂm t tables are used for
the di fferent encoded -6- frame t 5 ' in FIGQURES 6, 7 and 8
correspond to val ues devel oped for use WIthL.|,H P®and B_franes respectively.
It should be noted that leerApparatusrfan quratizing video gdafac ggewrring as

blocks of codewords, comprising:

a source (13) of said blocks of codewords;
characterized by:

means (27) for providin'g a threshold value;

comparing means (27,28) for determining whether the
volume of data in respective blocks is greater or lesser than said
threshold value; and ' '

means for quantizing (14) blocks of codewords whose
volume of data is less than said threshold according to
predetermined quaritizing values, and for quantizing blocks of
codewords whose volume of data exceeds said threshold value
with quantizing values arranged to provide greater quantization
than said predetermined quantizing values.

represent such enpirical |ookup tables. |In selecting a |arger quantizati onf

2. The apparatus set forth in claim 1 characterized in
that said means for providing a threshold value includes;

means for statistically analyzing a predetermined
plurality of said blocks of codewords; and '
means responsive to statistics of said predetermined plurality of
blocks for generating said threshold value.

3. The apparatus set forth in claim 2 characterized in
that said means for statistically analyzing provides a value
representing the average volume of data per block, and the
standard deviation of the volume of data from said average and
said means responsive to statistics generates said threshold value
as a function of said average and said standard deviation.

4. The apparatus set forth in claim 2 characterized in
that said blocks of codewords are arranged in macroblocks and
said apparatus further includes means for altering said threshold
value on a macroblock by macroblock basis.
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frames~ may be |ntrafrarre encoded. In this'instance the | table 5 wll be
used for such““l“ﬂmmﬁﬁuﬂtmmks found in-Rér B framRCAIB7t0¥se tables

t e val ues | the current quantization factors (used to
address the tabl &), thd vl ués labelled NEWqi are the new quanti zation
factors out put fromthe tabl e, and the val ues shown internal to the table

Pedr od, ol oh, reoir i ot S ‘*f‘“‘*dsw 56?“*?‘“““"%‘?‘@“‘“”""6“"
, S, ar al S use 0O a re

tables. It hag’aéeéﬁ“fgﬂﬂgf‘% &%&@&W&fﬁé éssﬂlécfe#‘ggE %i"%al ue

ThV on a macr ehid cdppayatusc febiherk iclsdes ﬁteah35fort¢nmodmcalla raltamtg;

ariable a s gomufethods gapgrr@F | YEaBBnRReAC fnfets P bEC fRREBblocks.

Successi ve th

6. The apparatus set forth in claim 1 characterized in
that said means for quantizing comprises:

a source of a matrix of quantizing values preselected
for quantization of particular codewords in respective blocks;

means for weighting said matrix of quantizing values;
and

means for applying a predetermined weighting factor
to said means for weighting for respective blocks of codewords
whose volume of data is less than said threshold value, and for
applying adaptively generated weighting factors for respective
blocks of codewords whose volume exceeds said threshold value.

_ 7. The apparatus set forth in claim 6 characterized in

that said means for quantizing further includes;

first memory means having preselected weighting
factors stored at respective address locations;

second memory means having address locations
corresponding to respective blocks of codewords, said address
locations containing weighting factors previously applied for
quantizing respective blocks; and

means for addressing said second memory responsive
to weighting factors stored in said second memory means
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cal cul-ated according to: [err] The variable an is calculated fromthe
equation: [err] Successive values of a are reduced by the quantity [err].
The.factor [err] is utilized to insure that the quantity [err] does not

grow too rapidly, that is to insure that a is not reduced too raEi dly. Both

factors are a function of the accunul at edithtnber of bits 2BCA ring in
the preceding macrobl ocks. The factor [err] is given by: [err] where s is
a constant such as 0.1 and the variable Cut-frac is 3 0 corrputed from n

APPARATUS FOR CONTROLLING QUANTIZI

IN A VIDEO SIGNAL COMPRESSOR

ABSTRACT

-~

A rate controlled VBR quantizing system includes a
quantizer (14) for quantizing partially compressed video data and
further apﬁaratus (28) for monitoring the amount of compressed -
output data. Dépendent upon the amount of compressed output

5 data being lesser or greater than a predetermined value, the
quantizer is conditioned (27) to operate in a fixed quantization
mode, or a mode wherein only selected blocks of data in
respective frames are adaptively quantized, respectively.

FIGURE 2
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ferr] - -7 - The term bits-cut

refers to the nunber of coded bits by which

t he precedlng macrobl ocks have been reduced as a result of adaptive
quantlzatlon of the nmacrobl ocks exceeding ThV. The variable [err] is

conmput ed using the equation;
5|gn|f|cant nunber of the bu5|er

n [err]

and bears a very snal

val ue until

macr obl ocks in a frame have been

a
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Alternatively [err] may be assigned fixed values for different 1 0

groupi ngs of macrobl ocks. This value may be zero, 0.1 and 0.25 for the
first occurring one third of the macrobl ocks, the second occurring one
third of the macrobl ocks and the third occurring one third of the
macr obl ocks respectively. Note that the values cal cul ated in equations (6)
through (10), after processing the [err] macr obl ock, are applied in
processing the n + [err] macrobl ock. TheZ}AKBg0|ng process may be iterated
several tines before the total coded bits satisfy equation (5). For
successive iterations the variable xs-frac is weighted in a direction to
provi de |l arger quantization factors from the enpirical tables. A working
20 tabl e of quantization factors is kept, in which the quantization
factor for each macroblock is stored, As quantization factors for
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respecti ve macrobl ocks are changed the correspondi ng quantization factor in
the table is updated. After the necessary iterations are conpleted the
respective- frane is recoded using the 25 guanti zation factors stored in
the table for quantizing the respective macrobl ocks. FIGURE 1 illustrates a
general formof a systemfor practicing the invention. This particul ar
system assunes MPEG encodi ng, but it vaIS recogni zed that any encoder

whi ch 30 operates on a bl ock basis may incorporate the invention. Video
signal to be encoded is applied to a bus 2, which is coupled to. the input

of an MPEG encoder 4 and a nenory device 7. The encoder 4 is coupled to a
information related to

|

forward anal yzer 6, and conmuni cat es
. . . 4 - .
t he encodi ng process. This i nformatlglalEg
r=2<m|
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primarily conprises the current frame type, the current macrobl ock type,
‘the Current quantization factor for respective nacrobl ocks and the nunber
of bits encoded. From this data the forward anal yzer.perforns the
corput ati ons of equations (1) 5 (10) and generates new quantization
factors which are | oaded in the aforenenti oned working table. The forward
anal yzer- 6 forces sufficient coding iter uéns of each frane to adapt the
guanti zation factors such that equation (5) is satisfied. The video data
stored in the nmenory 7 is coupled to a 10 second MPEG encoder 8, a frane
at a time, after quantization '
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factors for the correspondi ng frane have been determ ned by the forward
anal yzer. Concurrently with the stored frame being coupled to the second
MPEG+*encoder  t he forward anal yzer couples the quantization factors fromthe
wor ki ng table of quantization 1 5 factors selected for that correspondi ng
frame. The MPEG encoder 8 uses these quantization factors for encoding the

correspondi ng frane of video data. A sysfemilike that illustrated in FIGURE
1 can process nore data per unit tine b t&nds to be hardware intensive.
A 20 | ess hardware intensive system is illustrated in FIGURE 2, wherein

certain parts of the apparatus are operated in tine division nultiplexed
fashion to performthe respective operations of forward anal ysis and
encodi ng.

P FRAME ADAPTIVE QUANTIZATION TABLE
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In FIGQURE 2 the elenents 10 to 22 conprise a typical 2 5 not i on
cohpehsated predictive encoder. There are three parallel processing paths
showii, respective ones of which process the |'um nance and two chroni nance
vi deo conponents. The notion conpensati on apparatus 20 operates on the

| um nance signal to generate notion vectors, which vectors are used in the
three 3 0 processing paths. A connnnfgqabroller 21 communi cates with the
respective processing circuitry and directs the general operation of the
encoder. The operation of notion conpensated predictive encoders is well

known and will not be described in detail{derein} The apparatus of FIGURE 2
al so includes a forward 3 5 anal yzer 2§ ?hnEug ng a storage el enent 26, a
processor 27, and a couter 28. The proceéﬁéﬁggg cQntrol s the storage
el ement 26 the ' EZOPJN
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count g h the controller 21 to interrupt prggessing
t°o' al g ﬁ’f‘g ‘t"fo adaption. tn FI GURE -9- 2, a frane
of vid spé 60@6@? f-plis 10 and conpressed (encoded) using
fixed ‘?’é‘tgf%n pa ‘i ye bl ocks jof partially conpressed data
are gen H'“By trPégW ﬁﬂ@é%ar 13 these blocks are stored in the
menoryj 26 to be used for subsequent iterations of quantization factor

gener aft i DATE ORRBUBHAT .2 mmmfusn OWNFROLLING QUARTIZING is applied
to a run-Tength and vari anl e Iﬁg[ﬂﬁéﬁ&k&ﬁ.comggoﬁari abl e
This invention relates to the quantizing apparatus in a
video signal compression system,

Video sigrial compression apparatus typically include
circuitry to quantize codewords of partially compressed signal,
causing many of the quantized codewords to have similar values,
which condition is conducive to run length encoding. Thereafter

10 the quantized codewords are typically run and variable length
encoded to provide the signal in compressed format. The term
"partially compressed signal® refers to signal provided by, for
example, a discrete cosine transform, or DCT, processor. Video
data provided by DCT processors occurs in blocks of, for example,

15 8 x 8 coefficients representing a matrix of 8 x 8 contiguous pixels.
Typically the respective coefficients in a block are quantized by
different amounts depending upon the relative importance of the
respective coefficients. In quantizing a block of such coefficients a
quantization matrix is utilized. This quantization matrix includes

20 the quantizing values to be applied to the respective coefficients
in a block. Quantization of the video data may be performed by,
applying the same matrix or table of quantization values to all
blocks of coefficients (codewords). This is referred to herein as
fixed quantization, even though the quantizing values in the

- 25 matrix may be different. Since different frames of video signal
represent different images, it will be readily appreciated that the
amount of compressed video data resulting from fixed
quantization will be variable from frame to frame, giving rise to
variable bit rate, VBR, compression.

30 Certain signal transmission systems cannot efficiently
accommodate VBR compressed signal, hence constant bit rate, CBR,
compression systems have been developed. In the CBR systems
the quantization of codewords is made adaptive to control the
number of compressed data. Typically the volume of compressed

35 data is monitored and the quant'ization 'values are changed in

' .'1nverse proportion to the volume of compressed data in order to
render. the number -of compressed bits per frame substantlally
constant. Adapuvc quanuzmg sysxems d!so utilize tables of



Iength encoded data fromthe encoder 15 and notion vectors 1rmm SHEET
dre coupled to a formatter 22. The formatter 22 1 0 gener at
and arranges the blocks of data from the encoder 15, the fo "Tfﬁ@)%
and the header data into macrobl ocks, slices, frames and GO (o

data fromeither the encoder 15 or the formatder 22 is counjeé-
counter 28 to determne the data 1 5 [err] for the encoded frarre Whet her

the data f he f t h 5 t as—upoT
whet her ¢ he. ancUPEnngay Btes; ol AHTHINE oo GRS B GRETERITGS. header
data is rel ati vAdgptiwiyt amttmdalybyenbattzaﬂl byf simphy smpfg:tuh\ze quaaneing pes.
If it th f d
It 1t is, then Qﬁh?ﬁg?%atﬁéycg&g ﬁ‘E fh‘(ijkﬂnuﬂ'ﬂ% p(‘t:)lblé’ fo‘?' Bﬁﬁ xcgt‘?é!hcf'o e an

if it is not then
respective coefflclents of a block. Nommally all quantlzmg values

5 provided from the quantization table are scaled by the same
factor, but the scale factor may vary from block to block.

CBR compression systems -tend to cause the image
quality from frame to frame to vary, but constant bit rate is
advantageous if the compressed signal is to be multiplexed with

10 other signals for transmission. Alternatively, VBR compressed
signal tends to provide substantially uniform image quality from
frame to frame, but is more difficult to transmit in a multiplexed
signal situation.

15 The present invention is a quantizing system which
provides limits to the amount of data, but substantially retains
image quality uniformity from frame to frame. This system
includes a quantizer for quantizing coded video data and further
apparatus for monitoring the amount of output data. Dependent

20 upon the amount of output data being lesser or greater than a
predetermined value, the quantizer is conditioned to operate in
different modes.

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIGURES 1 and 2 are block diagrams of alternative
video signal compression systems including quantization
apparatus embodying the present invention.

FIGURE 3 is a flow chart of the operation of the
FORWARD ANALYSER shown in FIGURE 2.

30 FIGURE 4, 5 and 6 are tables of representative
quantization values for frames of video signal compressed
according to intraframe processing, forward interframe processing

and bidirectional interframe processing respectively.
- FIGURE 7 is a pictorial representation of a quantizing

35 system. I '. . Ce o

FIGURE 8 is-.a flow diagram of an adaptive quantization

© system \yhcrein'thej threshold value'is changed on_a frame/field

-basis. " - o '
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the output of the formatter 22. The processor 27 is progr
communi cate with the systemcontroller 21 to acquire the

and at the end of each encoding pass to acquire the count Jofffencoded bits
5 from the counter 28. Using this data the processor 2 rhor KBG 096

quantization factor adaption. This process wll be describ W|th the aid

| tREPLAGEMENT, SHEET

2

of the flowchart of FIGURE 3. The systemis initialized [5D]%ey—apptyrng
user paraneters to the systemcontroller 21, which parametkrs indi cate for

exanpl e the type of video. source 3 0, material, .the desjr
resol ution, the desired iﬁﬁeepe&mrtww&lorww@ 1Ls ypey é?ﬁ%ﬁh?&rgm«é ei's

substantial |y aestiebemenchone andes hegfiab doniplessor &t alk i et hhich addég
and sel ect ed SRR or IaYSBI0Ee y PTG ghA LobnPfRhs AL H nd "euYSLEM
controller |oa
5 for example, an MPEG-like compression system. MPEG is a system
standard developed by the Moving Picture Experts Committee of
the International Organization for Standardization. An example of
an MPEG-like system may be found in United States Patent No.
5,122,875. The MPEG-like systems perform motion compensated
10 predictive compression on respective successive groups of frames,
GOP's. Within a compressed GOP the frames are designated I, P or
B depending upon whether they are compressed by intraframe
processing, forward interframe processing and bidirectional
interframe processing respectively. Because the different frame
15 types are compressed differently, the volume of compressed data
for the different frame types may be different, even for the same
image, hence different quantization values are appropriate for the
different compressed frame types.
Compressed image data in an MPEG-like system is
20 arranged in macroblocks which represent a matrix of e.g., 16 x 16
contiguous pixels. Respective macroblocks are configured of four
8 x 8 blocks of luminance data and two 8 x 8 blocks of
chrominance data. Each 8 x 8 block of chrominance data
represents the entire 16 x 16 matrix of pixels. The macroblocks’
"25 are arranged in slices, with each slice representing , for example,
16 horizontal lines of video signal. One frame of 496 active lines
can therefor be represented by 31 slices. MPEG-like systems
typically quantize data on a macroblock basis.
Quantization in the present invention is nominally
30 performed using fixed quantization values as long as the total
coded data does not exceed a predetermined amount. In one
embodiment, if it does then only the macroblocks of data that
exceed certain limits are adapuvely quantized, with all other
‘macroblocks undergoing fixéd quantization. In an MPEG-like
35 compression environment, a maxxmu_m_ch_cword target value is
. established for a GOP. This maximum target Rgop is distributed
amongst the -respective frames in the GOP - accordmg -to- the -
compressxon proccss utlhzed for the rcspccnvc frames The R(;op
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a set of default paraneters, one of which is [err]. The [er}|]
«comuni cated to the processor 27, and nom nal values for [
accessed from for exanple, read only nenory. Using these

processor 27 calcul ates the respective [err] values. Next the}] system
controller accesses. [51] the first frane - REPLACEMENT SHEET - 10-  of
data. The respective franes are designated |, P, B by the chniraller 21

according to the reI t|v osi,tian in the. sequence of input frapes that
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the quanuzatlon values in the respective quantization matrices.
The total number of bits, R, used to code a GOP at a
selected image quality is estimated from the relation;

N N
R=rl+(ﬁ' Dyrp +(N-‘M—)rB (1)

where 1y, 1p, g are the average nominal bit rates for VBR
encoding intraframe, forward and bidirectional interframe
predicted frames respectively, N is the number of frames in a GOP,
and M is the number of B frames between two P frames. At
system start up nominal values may be used for 1y, 1p, rg in the
first GOP, and thereafter the values from the prior GOP may be
utilized until the first I, P and B frames are encoded for the
current GOP. If the estimate R is less than Rggp, the GOP is
quantized with fixed quantization selected to produce a
predetermined image quality. If it is not, a target bit allocation R;
is computed for each frame type as;

R
R; = ﬂ’—wj*’ j=(1 P, B} @)
where
N 1 N 1 .
1+(ﬁ)'1)i:—1+(N'—ﬁ)I-c; forj=1
N N k .
W, = k1+(ﬁ-1)+m-h—d-)é for j=P 3)
N ko N .
-k2+(ﬁ- 1)E+(N-ﬁ) forj=B
and
_ _I
ki1 = kz"rB 4)

Each frame is first compressed using fixed quantization, and the

total number of codcd b1ts T, for thc framc is counted. After. thls.
first compression pass. an excess ratc fracuon XS- frac, is - computed

_-accordmg to" the equauon _

xs-frac ="‘"L;—~J ~jELPorB - (5)



[52] using a quantization table and a gl obal quantization factor [err] 5
sel ected to provide a predeterm ned image quality. During vATACA

As respective macrobl ocks are encoded, a counf value from tfhg
associated wth the macroblock is also stored ™ This count
cumul ative count from1 O t he begi nning of the franme, or

| atter val ue rra\édbe obtained by storing the output fromthe ountér for
macr obl ock peri bl additionber treshgld haluasdadti e calenlated duom: val te
the cunul ati ve count val ue associated with the next 1 5 successi ve

macr obl ock. After the frane is c{)hnvrgsg[en(ilb't e+tS(gb:ilmbdatf\ [err] for
- S1z¢ size

5 where E[mbgi,.] is the average number of compressed bits per
macroblock in the frame and StD{mby;,.] is the standard deviation
in the number of bits per macroblock. The value ThV may be
computed using the volume of data in respective macroblocks
either prior to or after quantization. That is ThV may be a

10 function of unquantized data or quantized data.

If the valug of xs-frac is less than zero, the number of
coded bits is within the set limits, and the frame is coded in
normal VBR mode with the fixed quantization used in the first
"compression pass. If it is not, a second compression pass is

15 invoked. In the second pass, fixed quantization is used for all
macroblocks whose size is less than ThV. For the remaining
macroblocks a larger quantization factor is selected. This larger

quantization factor may be selected according to a formula and/or
dependent upon, for example, the difference between mbygj, (i)

.one f

20 and ThV. In this instance the possible difference values may be
divided into ranges, and a quantization factor increment assigned
to each range. Assume that the potential difference values are
divided into three ranges which encompass 50, 30 and 20 percent
of the possible values, with the 50, 30 and 20 percent ranges

" 25 including the lowest to the highest values respectively. The 50,
30 and 20 percent ranges may be assigned increment values of 1,
2 and 3 respectively. Thus if a mbgj,(i) exceeds ThV by an
amount represented by the second range, the current quantization
factor for that block is incremented by 2.

30 Alternatively the use of empirical lookup tables of

quantization factors for macroblocks exceeding the threshold has
- been found to produce good results. FIGURES 6, 7, and 8
_represent such empirical -lookup tables.  In selectmg a larger
quantization' factor. two quantities are used to enter the empmcal
.35 ._:tablc These two quantities. are the current ‘quantization. factor
and the variable xs-frac. The output from the table is an updated
quantization factof which is used to quantize the current |
_macroblock. - lefcrent tablcs are . uscd for thc dlffcrcnt cncodcd



i's cal culated [53] according to equation (5). In addition thelthres
value ThV is also cal cul ated. The variable 20 xs-frac is g

determine if it is positive. If it is positiyge, the encoded \d
frame are less than the [err], and no quantization adjustnen
required. The global quantization factor is |oaded [55] int

Izogations of a M@fl\}ei _&Uarll_‘ﬂezfqlﬁﬂr)]l%@ inaM@UmFB’EM MiahBi 8 é&?cﬁ{cﬁﬁﬁ%or 27.
The system can ‘b"el“tf’ﬁts é@gg@t%}rr ggén‘g{)‘ge ’{Ill)e%‘?‘ ;I%\qpﬁg%ﬁgtﬁ%ﬁneg&qtig%&?t RO
quantization fastiourld badndedoutziucettam enaotsbdodis dnt & fandt Berencodedi try
Suo 25, 1Al e (ST Pt ANk amd Neddidbd. "SHRTEs SHSfhalcd tRE'T Gubf 1Y
5 will be used for suclgx I-type macroblocks found in P or B frames.
In these tables the values labelled OLD qi are the current
quantization factors (used to address the table), the values .
labelled NEW qi are the new quantization factors output from the
table, and the values shown internal to the table are the values
10 xs-frac multiplied by a predetermined amount, e.g. one hundred,
which xs-frac values are also used to address the respective

tables.

It has been found to be beneficial to update the
threshold value ThV on a macroblock by macroblock basis. To
15 this end a running variable o is computed as respective
macroblocks are processed. Successive threshold values ThV, are
calculated according to:

ThV, = ay(ThV) (6)
The variable o is calculated from the equation:
20 Op+l =%p -ToKp (7)

Successive values of o are reduced by the quantity Yy K. The
factor v, is utilized to insure that the quantity y,K, does not grow
too rapidly, that is to insure that o is not reduced too rapidly.
Both factors are a function of the accumulated number of bits

'25 occurring in the preceding macroblocks. The factor K; is given by:

K xs-frac - Cut-fracy
n =St xs-frac

(8)

where s is a constant such as 0.1 and the variable Cut-frac is
30 computed from; |
n
Y bits-cut(i)

e 1=l
-.Cut-frac, = —

9)
> mbgize(i)

=1



30 data from the formatter until after the decision T.[§|4§ET
I'n an alternative system the formatter may be coupled to |a
stores the |astnost frane of encoded data. Then if the cgndition of step
[54] is true the encoded data in such menory is output, o
re-encoding the frame. 3 5 I f xs-frac is not s than zero
[54], the quantization adaption process is initiated [56].] ~Varrables

[err] and [err] are set [57] to 1, and the variable xs-frag_js _scaled [60Q]

by [err]. In the first iterkta ermpabgs-cai meferfeta thesnembatl ¢ cdde& Sbity ac

i s unchanged. Hoy@v@hich thé‘ PréeeEmy YiacrbBlodks ORsvd Hdeh rSqdddgr gent ed

hence xs-frac is result” o? adaptive quantization of the macroblocks exceeding ThV.
The variable y, is computed using the equation;

n
2mbsize(i)
Yo = (10)
Y mbsize(i)
i=1
and bears a very small value until a significant number of the
busier macroblocks in a frame have been processed.
Alternatively y, may be assigned fixed values for different
10 groupings of macroblocks. This value may be zero, 0.1 and 0.25
for the first occurring one third of the macroblocks, the second
occurring one third of the macroblocks and the third occurring one
third of the macroblocks respectively. Note that the values
calculated in equations (6) through (10), after processing the nth
15 macroblock, are applied in processing the n + 1tt macroblock.

The foregoing process may be iterated several times
before the total coded bits satisfy equation (5). For successive -
iterations the variable xs-frac is weighted in a direction to provide
larger quantization factors from the empirical tables. A working -

.20 table of quantization factors is kept, in which the quantization
factor for each macroblock is stored. As quantization factors for
respective macroblocks are changed the corresponding
quantization factor in the table is updated. After the necessary
iterations are completed the respective- frame is recoded using the

25 quantization factors stored in the table for quantizing the
respective macroblocks.

FIGURE 1 illustrates a general form of a system for
practicing the invention. This particular system assumes MPEG
‘encoding, but it will be recognized. that' any encoder which

30 opcfates‘ on ‘a block basis may incorporate the in\}en'tion' " Video.
signal to be encoded i s applied to a bus 2, which is coupled to. the
‘input of an MPEG encoder 4 and a memory device 7. The encoder

4 s coupled to a-forward analyzcr 6, ‘and commumcates thereto
mformanon rcldted to lhc encodmg proccss Thls mformatlon



providing two results. The first is that quantization val

2] |
'E‘he ]respfaf:tive tables wll be greater. The second is that hBE%CE@ ﬁﬁ §H’E€’fn _
err] w

_ change nore rapidly. 5 After xs-fa¢ is scal ed,
the first macroblock in the frame is accessed [66] fromth np¥ yAlG 1996 d
the macroblock is tested [67] to determ ne i -the amount o oded data for

t hat macr obl ock exceeds the current threshold value. The du
value is the origi nal t hreshol d val ue ThV caI ed

variabple

reshol d

[err]. If the AWDUATIBCRBREGCHAY FSBITEHe EWFerf}lcrracrﬂé‘bl‘o%ﬁ{“é&ceeds t he
current threshahdendlloek tyre, appr opriatte qrpitizaciain tfablos fer atdpesised [ 68]

using the Cu”engu%ggés&sz%uorhé Qﬁ#rﬁf)cxa'bq %&% YRbdfeds: FEGG 110sSemyr ;@ new

quanti zation fac
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or for that s I C macro . ti
forward analyzer pcrforms the computatlons of equations (1)

(10) and generates new quantization factors which are loaded in
the aforementioned working table. The forward analyzer 6 forces
sufficient coding iterations of each frame to adapt the quantization
factors such that equation (5) is satisfied.

The video data stored in the memory 7 is coupled to a
second MPEG encoder 8, a frame at a time, after quantization
factors for the corresponding frame have been determined by the
forward analyzer. Concurrently with the stored frame being
coupled to the second MPEG encoder the forward analyzer couples
the quantization factors from the working table of quantization
factors selected for that corresponding frame. The MPEG encoder
8 uses these quantization factors for encoding the corresponding
frame of video data.

A system like that illustrated in FIGURE 1 can process
more data per unit time but tends to be hardware intensive. A
less hardware intensive system is illustrated in FIGURE 2, wherein
certain parts of the apparatus are operated in time division
multiplexed fashion to perform the respective operations of
forward analysis and encoding.

In FIGURE 2 the elements 10 to 22 comprise a typical
motion compensated predictive encoder. There are three parallel
processing paths shown, respective ones of which process the
luminance and two chrominance video components. The motion
compensation apparatus 20 operates on the luminance signal to
generate motion vectors, which vectors are used in the three
processmg paths. A common controller 21 communicates with the
respective processing circuitry and directs the general operation
of the encoder. The operation of motion compensated predictive
encodcrs is well known and will not be described in detail herein.

The - ‘apparatus of FIGURE 2 also includes a forward -

analy7cr 25 mcludmg a storage element 26, a processor 27, dnd a
- counter' 28. The processor 27 -controls’ the storage element 26 the
_counter 28, and. commumcates with the controller 21 to -interrupt
‘processing o allow iteration” of quantization adaption. In FIGURF i

quant i zat | on factor



15 [77] in the working quantization table (q MEM in the Ar QEPSAGEMENT)SHEET
,, at an address |l ocation associated with the respective nacroll qet e

variable bits-cut is updated [69] and the variable Cut-frac i pd'?eg b?ﬁ%
fromdata stored in the nenory 26 and data péovi ded fromthe do ntil Q

The variables [err] 20 and [err] are updatéd according to equali-ons—F—>3

and 10) at step [71]. A check is made [72] to determne if the]l ast -
nmacr obl ock has been

i ncremented [ 73] éng%ﬁg%gzgﬁeﬁaé{%ﬂglﬁ)gékg‘gﬁi@ﬁgomgog)lgégggre F@%“Fﬁ%‘*c“

{rﬁgo\r/gringl (235)( (crlc.odeﬁi) using Iffixwl?eqllials'tZ_ani@@robAéchCha@,SmééirYCpb&Cé@séﬂ [ 72]

determne if sa‘%z{r:h??:l n'? Ogg[?gacggce%udl%tf gﬂ%h%hezﬁtﬁd-ve? ggﬁdegl)@m %Hribta@shsg)z'm'
these blocks are storcg in the memory % to bé uscd for ’

5  subsequent iterations of quantization factor generation. The
quantized data from the quantizing element 14, is applied to a
run-length and variable length encoder 15. Run and variable
length encoded data from the encoder 15 and motion vectors from
element 20 are coupled to a formatter 22. The formatter 22

10 generates header data and arranges the blocks of data from the
encoder 15, the motion vectors, and the header data into
macroblocks, slices, frames and GOP's etc.

Coded data from either the encoder 15 or the
formatter 22 is counted by the counter 28 to determine the data

15 rjfor the encoded frame. Whether the data from the formatter 22
or the encoder 15 is counted depends upon whether the amount
of data corresponding to motion vectors andfor header data is
relatively constant and predictable for the respective frame types.
If it is, then data may be counted at the output of either device,

20 and if it is not then the data to be counted must be derived from
the output of the formatter 22.

The processor 27 is programmed to communicate with

the system controller 21 to acquire the bit rate Rgop, and at the

_ end of each encoding pass to acquire the count of encoded bits

25 from the counter 28. Using this data the processor 27 performs
the quantization factor adaption. This process will be described
with the aid of the flowchart of FIGURE 3. The system is initialized
{50] by applying user parameters to the system controller 21,
‘which parameters indicate for example the type of video source

30 material, the desired coding resolution, the desired image quality
etc. The system controller is substantially a state machine and
these parameters establish the starting and selected states. If
such user parameters are not entered, the system controller .loads
a set. of default parameters, one of which is Rgop. The RGop value .

35 is communicated to the -pr'oces_sor 27, and ‘nominal values for ry,
‘rp, rp_are accessed from, for example; read- only -memzjry.' ‘Using
_these values the. prd¢e§30'r ‘27 caleilates the respective Rj values.
| - Next .the system conﬁoligriacéesscé. (51] the first frame




then the systemis instructed to re-encode the frame with th
ffactors in the working quantization table, and then to 3 0

frame [51]. If one or nore iterations are required to estab
requi site quantization factors, it is necessapy to re-encode
correspondi ng frame of data because varying ?he guanti zati on

> REPAACEMENT SHEET
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affect the predicted franmes provided by the predictor 35 19. During

O v DIl 2Mand MERL k! (ool SfChRALY 10 P.OB3

Sl nce

MU € the

hi.s 'presunmes that the

formatter 22 |n@pgg@§icgu$ i agcording to the relative position in the sequence of
input frames that particular frames occur. The frame is encoded
{52} using a quantization table and a global quantization factor Qj

5 sclected to provide a predetermined image quality.

During this

process the blocks of data provided from the DCT apparatus are

stored in the memory 26. As respective macroblocks

are encoded,

a count value from the counter 28 associated with the macroblock
is also stored. This count value may be the cumulative count from

10 the beginning of the frame, or a value indicating the

amount of

coded data for the respective macroblock. The latter value may
be obtained by storing the output from the counter for one
macroblock period and subtracting the respective stored count

value from the cumulative count value associated wi

15 successive macroblock.
After the frame is compressed, the total
the encoded frame is acquired from the counter 28

th the next

data, Tj, for
and the

variable xs-frac is calculated [53] according to equation (5). In

addition the threshold value ThV is also calculated.
20 xs-frac is tested [54] to determine if it is positive. If

The variable
it is positive,

the encoded data for the frame are less than the Rj, and no
quantization adjustments are required. The global gquantization
factor is loaded [55] into all of the locations of a working

quantization table (¢ MEM) within the processor 27.

25 At this point there are at least two system
alternatives. The system can be instructed to re-encode the frame
using the global quantization factor, and to output the encoded

data to further circuitry such as a rate buffer (not sh

own). In this

instance such further circuitry would be inhibited from accepting
30 data from the formatter until after the decision made in step [54].
In an alternative system, the formatter may be coupled to a

memory which stores the lastmost frame of encoded

data. Then if

the condition of step [54] is true the encoded data in such memory

is output, obviating re-encoding the frame.

35 " If xs-frac is not less than zero [54], the quantization’

adaption process is initiated [56]. Vaﬁables o and B
“to I, and the variable xs-frac is scaled {60] by B. In

are set [57]
the .ﬁ'rst

itcranvc.pagzs, since B is equzx! to 1, xs-frac is unchanged. However




REPLACEMENT SHEET nenory to store the notion vectors so that thPREP&éW% SHEET
be reconputed. Returning to step [67], if the test is not trug, jno action
need be taken regarding the tested macrobl ocks, and the procegs [5 17] AUGSK9%
to step [70] to update Cut-frac in preparati_qn, for exam ning tfhd next
macrobl ock. At step [74] if the test is true a further iteratijon 1s
initiated. [err] is incremented [75] (by a small amount, for éxanple 0.1),
and the mctobl qgk ;3delRa% 1i%erafdRS b7R ihGdlenl AbndBYsORLOCK SheRalipm™
and [err] is reset to 1. 10 . 3 rrng each quantization
iteration it is MOVihiageswar yesdits e- Eheolestt ke tgah@w@maapa. valwgsonl y data
necessary for theseeal eghatihenscipectie tRLEObLRCkhdalrdatek OMHeNGetbhidLis
encoding pass, p,i the variable « will change more rapidly.

5 After xs-frac is scaled, the first macroblock in the
frame is accessed [66] from the memory 26, and the macroblock is
tested {67] to determine if the amount of coded data for that
macroblock exceeds the current threshold value. The current
threshold value is the original threshold value ThV scaled by the

10 variable o,. If the amount of coded data for the current
macroblock exceeds the current threshold value, the appropriate
empirical table is addressed [68] using the current quantization
factor and the value xs-frac to secure a new quantization factor
for that specific macroblock. That quantization factor is loaded

15 {77} in the working quantization table (@ MEM in the processor
27) , at an address location associated with the respective
macroblock., The variable bits-cut is updated [69] and the
variable Cut-frac is updated {70] from data stored in the memory
26 and data provided from the counter 28.. The variables y,Gp

20 and o, are updated according to equations (7, 8§ and 10) at step
(71]. A check is made [72] to determine if the last macroblock -has
been processed. If not, the macroblock address is incremented’
{73} and the next macroblock of data is accessed from the memory
26.

25 If the last macroblock has been processed [72] the
variable xs-frac is tested {74] against the variable Cut-frac to
determine if sufficient data reduction has been attained. If it has,
then the system is instructed to re-encode the frame with the
quantization factors in the working quantization table, and then to

30 get the next frame [31].

If one or more iterations are required to establish the
requisite quantization factors, it is necessary to re-encode the
corresponding frame. of data because varying the quantization
factors will affect the predicted frames provided by the predictor

35 19. Dufing rc-enc'odihg of the frame, however it is not necessary

to recalculate the motion vectors, since they should not be.
affected. This présumcs that the formatter. 22 includes sufficient



which data is stored in the nenory 26. It is possible however tREPL_CEMENT SHEET
with an extra menmory 26 and re-encode all of the data 1 5 edc

if time and power constraints permt. The actual quantizati of r o¢ ésAUG 3996
elucidated with respect to FIGURE 7. In FIGQJRE 7 the bl ock 83 fepresents a
bl ock of coefficient data froma given macr oBl-ock. The respeg¢tive
coefficients [err] (corresponding to discrete cosine transf om0

iteration

ff f I
cccording 1o t RRCHOEEE Mitentts, TOREH By Bek GETHE DRt Bhr 0, &°

represents a
mat ri x of quantrlcza‘mlmmﬁhl ues [err]. These quantization values are selected

so as to provide greater I@é’ldrrhﬁﬁsﬁf sﬂi{ﬁ%VFalﬂ e t&stcrehbt thknt@o J&t&ﬂme
bl ock 83 whi ch arg of, Hicen €32 the SR hIRIHIGIES ofERECHHYE Y
S jumps to step [70] to update Cut-frac in preparation for examining
the next macroblock. At step [74] if the test is true a further
iteration is initiated. $ is incremented [75] (by a small amount,
for examplc 0.1), and the macroblock address is reset {76] to the
first macroblock of a frame and o is reset to 1.

10 During each quantization iteration it is not necessary
to re-encode the frame of data. The only data necessary for these
calculations is the macroblock data from the first encoding pass,
which data is stored in the memory 26. It is possible however to
dispense with an extra memory 26 and re-encode all of the data

15 each iteration if time and power constraints permit.

The actual quantization process is elucidated with
respect to FIGURE 7. In FIGURE 7 the block 83 represents a block
of coefficient data from a given macroblock. The respective
coefficients C; (corresponding to discrete cosine transform

20 coefficients for example) are arranged in a predetermined order
such as according to the ascending index i. The block designated
80 represents a matrix of quantization values g;.. These
quantization values are selected so as to provide greater and
lesser quantization to coefficients in the block 83 which are of

25 lesser and greater importance, respectively, to image
reproduction. Thus when coefficients cl, ¢2, ...c8 etc. are applied
to the quantizer 81, quantization values ql, q2, ...q8 etc. are
concurrently accessed and applied to perform the quantization.
However the values qi are indirectly applied to the quantizer 81

30 via a variable scaling circuit 82. The respective quantization
values are scaled by weighting factors stored in the working
quantization memory 84.

The respective blocks in the memory 84 correspond to

- the . quanuzauon factor to. be. apphed to- a particular macroblock in
35 a frame. For fixed quannzauon the memory 84 is loaded with one
©* value. which is - equal to a global quantization factor related to the
- pamcular frame type i.e. Q. Qp or Qg. The Q's in the blocks of the
. mcmory R4 represent ‘the global quanuzanon factor. The. X's



reproduction. Thus when coefficients [err] etc. are applied tfo —
quantizer 81, quantization values [err] etc. are concurrently antbﬂchwfyﬁos“ﬁ .
applied to performthe quantization. However the values qi are fndirectly

applied to the quantizer 81 3 0 via a variabl e scal ing circui 2. 11?1\4}61996
respective quantization values are scal ed byl tweighting factorf
the working quantization nenory 84. The respective blocks in fhe menor

correspond to the quantiz factor.to pbe appliedto. aktlcular
macr obl ock in 3'%PTES¢Hak® aﬁ%‘{] APLHY it Fafé?ﬁsgﬁePHg‘%nﬁro& 8% s | caded
wi th one val ue. favegog S({Lﬁquaddtidm adgbubal pyaegusi zailihese f apdaedr ehlatced to
the particul ar ffame yRe;dme ] 88 af %fcr;J 7ﬂ1%Q‘FGU'REhﬁ bl ocks of the
menory 84 represent the g oba[n g}lzahl t30 ?
As blocks of coe 1c1ents % are app 1ed (S the
5 quantizer 81, the corresponding quantization factor from the
memory 84 is applied to the scaling circuit 82 to produce
quantization values Qj(q;) or X(q;), which are coupled to the:
quantizer 81. The quantizer 81 may be of the form which

quantizes the respective coefficients according to the functions:

10
QCi= (16 *¢; + 8)//(2 * Xqg); «¢ci>0
QCi = (16 * ¢; - 8)//(2 * Xqy); ¢ci<0
QCi=0; ci=0

15 where QCi is the quantized coefficient, Xq; represent the
quantization values provided from the scaling circuit 82, the
asterisk * denotes multiplication and // specifies inter division.

In the discussion above the variable xs-frac was
changed or updated on a frame basis. This variable may be

20 updated on a shorter basis such as every slice or every W
macroblocks. ‘

FIGURE 8 illustrates a flowchart for a simplified
adaptive quanfizing system. In this system the threshold value
ThV, is changed on a frame basis rather than a macroblock basis.

25 Changing the threshold on a frame basis requires a more accurate
estimate of the initial threshold value, but provides more uniform
image quality. Note the system of FIGURE 8 does not require the
calculation of the variables defined in .equations (8) and (10). In
this instance « is decremented by a constant each iteration. In

30 FIGURE 8 the value of BITS-CUT is given by

n
BITS-CUT = Y bits-cut(i)
i=1 :
where bits-cut(i) is equal to the number of bits a particular
‘macroblock is reduced from the initial encoding pasé
A’ major feature of this invention is 'that adaptive
35 quanllzauon is pcrformed on -only certain . blocks (macroblocks) in
- cach frame. These blocks tend to be blocks which contain a’
'_'gredtu amount of :mdge detaul thcn average- blocirc; wuhm a-



-13- represent updated quantization factors resulting fromeF%lcﬁﬁEM&NT SHEET
quanti zati on adapti on process. These updated values are insg¢ried into

menory 84 at step [77] in FIGURE 3. As bl ocks of coefficient 3 BY CAUG 1996
applied to the 5 guanti zer 81, the corresponding quantizatfoh factor from
the nenory 84 is applied to the scaling circui4-82 to produc T '
values [err] or [err], which are coupled to the quantizer 81} The quanti zer

81 may be of the form which quantizes the respective coefficients according
to the functionsfespective frame. Adaptively quantizing these “busier” blocks has

the least deleterious affect on image quality, hence subjective
image quality is not substantially -affected by the process.
At present the invention has not been optimized since
5 sufficient statistics for compressed video data were not available
to the inventors. However, it is very probable, when such
statistics are available, that a threshold value function which is
related to the amount of data in respective macroblocks will be
determined, which will allow quantization factor determination
10 from the data generated during the first compression pass with
fixed quantization.



10 [err] 1 5 where QC is the quantized coefficient, [err] represent the

duanti zati on values provided fromthe scaling circuit 82,
denotes nultiplication and // specifies inter division.

the asterisk *
In the discussion

aboje the variable xs-frac was changed or up ed on a frane basis. This
vari abl e may be 20 updated on a shorter basi’s such as ever slice

adaptive quantizrpggéstem In this system the thy
changed on a franme basls rather than a macrobl ock basi’s
threshold on a frame basis requires a nore accurate

every Wnmacrobl ocks. FIGURE 8 illustrates a fl owchar gmmuﬂ! Il;gﬂl'ﬂ

angi ng the

l. Apparatus for quantizing video data occurring as

blocks of codewords, comprising:

a source (13) of said blocks of codewords;

characterized by:

means (27) for providing a threshold value;
comparing means (27,28) for determining whether the
volume of data in respective blocks is greater or lesser than said

threshold value; and

means for quantizing (14) blocks of codewords whose
volume of data is less than said threshold according to
predetermined quantizing values, and for quantizing blocks of

codewords whose volume of data exceeds said

threshold value

with quantizing values arranged to provide greater quantization

than said predetermined quantizing values.

2. The apparatus set forth in claim 1 characterized ‘in
that said means for providing a threshold value includes;

means for statistically analyzing a
plurality of said blocks of codewords; and

predetermined

means responsive to statistics of said predetermined plurality of

blocks for generating said threshold value.

3. The apparatus set forth in claim 2 characterized in
that said means for statistically analyzing provides a value
representing the average volume of data per block, and the

standard deviation of the volume of data from

said average and

said means responsive to statistics generates said threshold value
as a function of said average and said standard deviation.

4. The apparatus set forth in claim 2 characterized in
that said blocks of codewords are arranged in macroblocks and
said. apparatus further .includes means for altering said threshold.

' valuc on a macroblock by macroblock basis.
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estimate of the initial threshold value, but provides nmore uniforminage
quality. Note the system of FIGURE 8 does not require the calculation of

the variables defined in equations (8) and (10) ’rrr thi-s-+nstance [err] S
decr enment ed by a constant each iteration.

RE 8 t he val ue o
BITS-CUT is given by n [err] where bits- cut(l |s e @l " ’ (u L
bits a particular macrobl ock is reduced from the |
maj or feature of this invention is that adaptive 3 5 quantlzatlon S

performed on only certain blocks (macroblocks) in each frane. These bl ocks
tend to be bl ocks which cént alhc aappasatusr sehbarh oF Glamge? ddraansterined in

average bl ocks W hishid® blocks of codewords are arranged in macroblocks and
said apparatus further includes means for periodically altering
said threshold value at predetermined numbers of macroblocks.

6. The apparatus set forth in claim 1 characterized in
that said means for quantizing comprises:

a 'source of a matrix of quantizing values preselected
for quantization of particular codewords in respective blocks;

means for weighting said matrix of quantizing values;
and

means for applying a predetermined weighting factor
to said means for weighting for respective blocks of codewords
whose volume of data is less than said threshold value, and for
applying adaptively generated weighting factors for respective
blocks of codewords whose volume exceeds said threshold value.

7. The apparatus set forth in claim 6 characterized in
that said means for quantizing further includes;

first memory means having preselected weighting
factors stored at respective address locations;

second memory means having address locations
corresponding to respective blocks of codewords, said address
locations containing weighting factors previously applied for
quantizing respective blocks; and

means for addressing said second memory responsive
to weighting factors stored in said second memory means

REPLACEMENT SHEET
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REPLACEMENT SHEET 1 4 respective franme. Adaptively quantizing these
"busier" blocks has the | east deleterious affect on i mage qual.ity, hence
subj ective inmage quality is not substantially affected by the process. At
present the invention has not been optim zed since 5 sufficient

statistics for conpressed video data were not avail abl e tqHIHGHERY S{ASOREEN
However, it is very probable, when such statistics are ayail abggp sbgt a

threshol d value function which is related to the anount 6f—~dat-a~h-
respective macrobl ocks will be -17

APPARATUS FOR CONTROLLING QUANTIZING
IN A VIDEQ SIGNAL COMPRESSOR

ABSTRACT

A rate controlled VBR quantizing system includes a
quantizer (14) for quantizing partially compressed video data and
further apparatus (28) for monitoring the amount of compressed
output data. Dependent upon the amount of compressed output

5 data being lesser or greater than a predetermined value, the
quantizer is conditioned (27) to operate in a fixed quantization
mode, or a mode wherein only selected blocks of data in
respective frames are adaptively quantized, respectively.
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determ ned, which will allow-quantization factor determnation | O fromthe
data generated during the first conpression pass with fixed quanti zati on.
CLAI MS: 1. Apparatus for quantizing video data occurring as bl ocks of
codewords, conprising: a source (13) of said blocks of codewords;
characterized by: means (27) for providing a threshold val ue; .conmpari ng
means (27,28) for determ ning whet her thff
/
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vol une ‘of data in respective blocks is greater or |esser than said
t'hreshol d val ue; and neans for quantizing (14) bl ocks of codewords whose
vol une of data is less than said threshold according to predeterm ned
qguanti zi ng val ues, and for quanti zing bl ocks of codewords whose vol une of
data exceeds said threshold value with quantizing values arranged to
provi de greater quantization than said pgﬁpﬁ}ernined quanti zi ng val ues. 2.
The apparatus set forth in claim1 charact’e™ zed in that said nmeans for
providing a threshold value includes; nmeans for statistically analyzing a
predeterm ned plurality of said bl ocks of codewords; and means responsive
to statistics of said predetermined plurality of
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bl ocks for generating said threshold value. 3. The apparatus set forth in
claim2 characterized in that said neans for statistically anal yzing

provi des a val ue representing the average volune of data per block, and the
standard devi ation of the volunme of data from said average and said nmeans
responsive to statistics generates said threshold value as a function of
sai d average and said standard deviatio ./ . The apparatus set forth in
claim?2 characterized in that said bl ocks of codewords areg prsfY 1
macr obl ocks and sai d. apparatus further includes neans fo été‘@#" i NT':%HET
t hreshol d val ue on a nmacrobl ock by macrobl ock basi s.
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-16 - 5. rhe apparatus set forth in claim2 characterized in that said .
bl ocks of codewords are arranged in rnacrobl ocks and said aqp&mbﬁs—m?rgﬁ'ﬂ‘
i ncludes neans for periodically altering said threshold val HeREPLACEMEN E

predet er mi ned nunbers of nacrobl ocks. 6. The apparatus set flor inclaiml

characterized in that said neans for quantizing conprises: a OUR qeﬁgf; %
matri x of quantizing val ues presel ect ee(flf/om quanti zation of rticu
codewords in respective bl ocks; neans for weighting said matrlw of

guanti zi ng val ues; and neans for applying a predeterm ned we}j ghting factor
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to said neans for weighting for respective bl ocks of code
of data is less than said threshold value, and for applyin
generated weighting factors for respective bl ocks of code
exceeds said threshold value. 7. The apparatus set forth
characterized in that said neans for quantizing further
menory nmeans having presel ected weighting factors stored
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to weighting factors stored in said second nenory neans REPLACEMENT SHEET
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TEXT OF THE ABSTRACT

APPARATUS FOR_CONTROLLING QUANTIZING IN A VIDEO SIGNAL
COMPRESSOR

A rate controlled variable bite rate (VBR) quanitizing system includes a quantizer (14) for
quantizing partially compressed video data and further apparatus (28) for monitoring the
amount of compressed output data. Dependent upon the amount of compressed output data
being lesser or greater than a predetermined value, the quantizer is conditioned (27) to operate

" in a fixed quantization mode, or a mode wherein only selected blocks of data in respective
frames are adaptively quantized, respectively.

Figure 2.
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