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APPARATUS FOR SPLI TTI NG VI DEO SI GNAL BETWEEN TWO CHANNELS Thi s invention
relates to a systemfor dividing 5 conpressed video data between two data
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20 separating compressed video data between relatively high and
low priority video data. For purposes$ of this disclosure the video
data will be presumed to be compressed in MPEG like format
(though any data format which may be hierarchically layered is
susceptible of use). What is meant by "MPEG like" is a coding

- 25 format similar to the standardized coding format being.

\~ established by the International Organi;ation for Standardization.
The standard is described in the document “International
Organization for Standardization”, ISO-IEC JT(1/SC2/WG1), Coding
of Moving Pictures and Associated Audio, MPEG 90/176 Rev. 2,

30 Dec. 18, 1990, which document is incorporated herein by
reference for description of the general code format.

The MPEG standard transmits 240 lines (NTSC) per
frame non-interlaced, which is typically accomplished by encoding
only the odd or even fields of an interlaced source video signal.

35 For transmitting HDTV s1gnals the standard is modified to provide,
for example 480 lines per field, and both the odd and even fields
are transmitted. In addition the number of pixels per line is
increased to- for example 1440. Conceptually these changes only
affect the data rate and do -not affect the compression p'hilosophy.
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-2- O particular interest regarding this coding format is that successive
frames are encoded according to a cyclical sequence wherein particul ar
frames of the sequence are intraframe encoded (I franmes), other franmes (P .
frames) are forward interframe 5 gepcoded, and still other frames (B
frames) are both forward and backward interfranme encoded. The encoded
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channel. The parsing becomes further complicated if the relative )
20 1mportance of the encoded frame types is included in the
pnontrzmg process '

The present mventlon is dlrected toward apparatus for
determining the percentage or fraction of data from respective
25 encoded frames of video mformatton that will -be allocated - - L\
- between hlgh and low pnonty channels The fraction is
determined mdependently for ea_c_h frame For. each sequence of
frames, the difference between -the total channel capacity and the
capacity utilized is r_nonito_red- on a frame by __fr_ame'. basis, and
30 ©based on the remaining capacity, the fraction of data to be .
- allocated to the: high priority. channel is determined. In a first
embodiment, the I,-P, and B frames are. treated equally and the
fractions are determined accordmg to the ratlo of the remalmng
capaclty of the hrgh priority. channel to the sum of the remaining
35 capacities’ of the hr_g_h and low priority channels, where the -
* remaining capacities are determined -after each frame is
processed. In further embodiments the I, P ‘and B frames -are
treated differently, with ‘the fractions. determined. such that the I



processed. In further enbodinents the |, P and B franes are treated
differently, with the fractions determ ned such that the | -3- frane
data occupies the mgjority of the high priority channel capacity. In this
enbodi ment the | channel fraction is kB-general proportional to the
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a flow chg p{}&q action of data for
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FIGURE 6 is a flow chart of the process for

determining the fraction of data for respective frames to be

allocated to the respective high and low priority channels.

20
FIGURE 1 illustrates in block form a video signal
compression System which may be utilized for transmitting high
definition television (HDTV) signals In this system the video signal
- is initially compressed in conformance with an MPEG-like format.
(5 Thereafter the MPEG-like signal codewords are parsed into two b1t
streams in accordance with the relative 1mportance of the
respective codeword types. The two bit streams are
independently processed to apply error correction overhead bits,
and then caused to QAM respective carriers. The modulated
30 carriers are combined for transmission. - The bit streams of
relatively greater and lesser importance are designated high
prioﬁty (HP) and low priority (LP) channels respectively. The
high priority channel is transmitted with approximately twice the
power as the lower priority channel. The high priority/low
35  priority information ratio is approximately one-to-four. The
approximate net data rates after forward error correction are 4.5
Mbps HP and 18 Mbps LP. '



power as the lower priority channel. The high priority/low 35 priority
information ratio is approxi mtely one-to-four . The approxi mate net data
rates after forward error correction are 4.5 Mips HP and 18 Mops LP. -4-
In FIGURE 1, video signals froma4$ource 10, which may be, for exanplte, a
HDTV canera are applied to conpression circuitry 12. The conpressi on
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pixels high. The slices are segmented into. macroblocks._ Each
macroblock is comprised of 6 blocks, including four luminance
20 blocks, one U chrominance block and one V chrominance block. A
block represents a matrix of pixels, e.g., 8 x 8 ‘over which, for
example, a discrete cosine transform (DCT) is performed. The four
luminance blocks are a 2 x2 matrix of contiguods " luminance .
blocks representing, e.g., a 16 x 16 pixel matrix. The e
25 chrominance (U and V) blocks represent the same total area _as the b
four luminance blocks. That is the chrominance signal is S
subsampled by a factor of two. honzontally and vertxcally relatlve
to luminance, before compression. -
. The coded output signal prov1ded by the compressor
30 12 is generally in the layered . format illustrated in FIGURE 3. The -
top layer consists of : groups. of -frames (GOF) 1llustrated by the row
of boxes L1. Each GOF (L2) includes a header followed by
segments of picture data. The GOF header may include data
related to the horizontal and verucal plcture sxze, the aspect ratlo,
35 the field/frame rate, the bit rate, etc. '
The - picture data (L3) corresp_onding: to- respective
frames includes a header followed by ‘slice data (L4). . The picture
‘header may include a frame number and a picture code type.




toep | ayer consists of groups of frames (GOF) illustrated by the row of
boxes L1. Each GOF (L2) includes a header followed by segnents of picture
data. The GOF header may include data related to the horizontal and
vertical picture size, the aspect rattd; 3 5 the field/frame rate, the bit
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12. As is well known compressed video data” occurs at
variable rates, and desirably, data is transmitted at a constant
20 rate equivalent to the channel capacity, to realize efficient use of
the channel. Rate buffers 15A and 15B perform the variable to
constant data rate translation. It is also known to adjust the
amount of data provided by the compressor 12 in accordance with
the level of occupancy of the buffers. Thus the buffers 15A and
. » 15B include circuitry to indicate their respective level of _
occupancy. These indications are applied to the controller 18 to
adjust the average data rate provided by the compressor 12.
Compressed video data hierarchically formatted as
indicated in FIGURE 3 is coupled to a priority select element 14,
30 which parses the coded data between a high priority channel HP -
and a low priority channel LP. Generally speaking, high priority
information is that information, the loss or corruption of which,'
would create the greatest degradation in reproduced images.
Stated conversely, it is the least data needed to create an image,
- 35 albeit less than a perfect image. Low priority information is the
remaining information. The high priority information includes
substantially all of the header information included in the
different hierarchical levels plus the DC coefficients of. the
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20 The compressed data that is transmltted may be
statistically encoded. Sta_tlsncal encoding may be performed in |
the compressor 12, or in or after prioritization of the data.
Regardless of where statistical encoding is ﬁerformed, for
purposes of this description, it is presumed that the compressor
25 12 provides not only the compressed codewords, but also data | o/
regarding the type of each codeword and the length of each - '
codeword. In the ‘case’ that the codewords will be statistically
encoded after pnontlzatlon the length will correspond to -the
statistically encoded codeword length. It is also presumed that
30 the compressor 12 includes an output memory for storing each
frame of compressed data, and associated codeword lengths and
types, such that for each new frame provided to the priority
selection circuit 14, the total number of bits, Nbits, of the
codewords included in such frame is available. This number may
35 be provided by simply accumulating the data cor'fesponding to the
codeword lengths as the respective. codewords are generated. |
_ The compressed data occurs as a plurality of codeword
types including for example Header Data, Motion Vectors, DC




25 12 provides not only the conpressed codewords, but al so data regarding
the type of each codeword and' the |length of each codeword. In the case
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buf f er me leﬁOeA 8tlill(é Egﬁﬁ)rt@gg%rt %ngﬁl@trﬁe%ggyagrc&ﬁﬁleggg respective

buffers in ude ehough data. The
buf f er s 2tﬁsmsmeampmsamr&s eofo gantburffer, mpmaogigsodFOA aand 0hSOB

alternateaid to a data anmalyzer 152. The respective buffers include
enough memory to store for example a slice of data. - The buffers
20 150A and 150B are operated in “ping-pong” fashion to alterndtely
write slices of data and read slices of data. Thus while buffer
150A writes data from, e.g., slice n, buffer 150B reads data from
slice n-1. -
As data is written to a particular buffer, the analyzer
\_S 152, responsive to codeword type data, generates codeword-
classification numbers CW#i for respective codewords and stores
the CWi#i in association with the corresponding codeword. The
analyzer also calculates the point, or codeword, at which the data
should be split between HP and LP channels. The calculation is
30 determined for the amount of data stored in the buffer 150A
(150B). The total number of bits are counted for all the
codewords in the buffer 150A (150B). Then the codeword class -
for which the sum of bits is equal to the HP percentage is
identified by a codeword number, CW#j. This number is applied
35 to a switching element 153A (153B), and used to control the
multiplexer 155A (155B). After the codeword number CW#j is
identified, the codewords, codelength data, codeword type data
- and codeword numbers CW#i are read in parallel from the buffer



wite slices of data and read slices of data. Thus while buffer 150A wites"
data from e.g., slice n, buffer 150B reads data fromslice n-1. As data is
witten to a particular buffer, the analyzer 5 152, responsive to codeword
type data, generates codeword- clgssification nunbers CWti for respectlve
codewords and stores the CW#i in association with the cor respondi ng:
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10 enehannﬁlsﬁm 18 3fyrtherpaultiplexer cbibwo Forc codewiord aclassification s CWi to
t he gt Qq]w a NG S tjgon nunbers | ess
thanﬁgtrmhI %ﬁm qulghﬁ\u“@qerrenﬁsslrﬁgvﬁj E); gontrol si.gnal - .
whi cﬁoeénqume pnes #het corespen mqaﬂy& the bRs¢ aneel:drlaespondl ng da.va
to tmIHPldRer 1580NCThY Multipléxiche1 SGULS iohditond o pass cHPovor 0

classi figation nunbe t | tiplexer 155A (155B) is
condRfflo E’ daf prOYdee %t . bufR 50k {%ﬂé"lﬂsk‘cﬁ%\nnel via
1rful t cpirently 1béingThreadul ti pl exer 156 is conditioned to pass HP and LP dat a

~provi ded by thef ugggi%gépﬁs ﬁg@dé@'aﬁh ﬁuﬁllﬁat&ur\\; ltghl y being read. The

anal yzer 152 incl n_accumnu 5w e i responsive to’the codelength
and Te§ROnSiveatae, thencodelergth yand type signals, mdependently
sums the number of bits of the codewords of each code type -

entered in the buffer 150A (ISOB)' These sums are added to

20 provide the total number of codeword bits contained in the buffer,
(or statlstlcally encoded codeword bits correspondmg to the - |
codewords contained in the buffer). The total sum is multiplied
by Hfrac to produce a check ‘sum. Thereafter the respective code
type sums are sequentially added in ascending ‘order of codeword e

25 classification number CW#i to produce partial saums. Each partial - o
‘sum is compared with the check sum’ until . the partial sum exceeds '
the check sum. The codeword classification number CW#J
associated with the immediately prev:ous partial ‘sum " is the last
class of codewords within a block to. be assigned 1o the. HP

30 -channel. All succeeding: class of cod_ewords, ie., CW#j+l1 to CWihn,.
for respective blocks are assigned to the LP. ehannel ‘Thus it may
be seen that what is considered to be hlgh ‘priority information, in
fact varies between analysis periods, if hlgh pnonty data is
defined by the data apphed to the HP channel.

35 FIGURE 5 is a flow chart of the operauon:uf_' ‘the
analyzer 152. At the beginning of each slice of data the analyzer
resets [S00] the count values of the respective types of codewords.
Then as data is written into the respective buffer, the  analyzer



syms the nunber of bits of the codemords o-feach code type entered in the
buf fer 150A (150B). These suns areiadded to 20 provide the total nunber of
codeword bits contained in the buffer, (or statistically encoded codeword
bits corresponding to the codewor ds coﬁtalned in the buffer). The total .sum
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codgvm[)gg grﬁb@éﬂsaS[SOSE atd detérrhin® thet HPYLP dasdcsieakpolntl f €Thig he anal yzer
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for a slid® thassumeof ditsl ohtCW#-4Tid gddag} toe the: sunplafshity Qﬁ/@NM ni ng the
codevosd fy 6 &hﬂrﬂegén thi N fs%?ﬁiedf bifs bt"fcwrﬁizoisthe slice -

has not ocgc ues 02] as 0 red analyzer 10
pr oceeds 8 f‘b é’@tgn ‘I?Ee W‘PLFﬂdB‘EQQ%’Fe&k pr F‘H’F@ pP¥ess is

initi alt edand §6tén. ng;\ﬁacnaﬁtnala umadafkumhtis) prodaced nal ddmpa1t1@o:be[sslla(_!I »
acoumyl & 40 debabObebiEa TS Fhig4¢ 486 iSehE B il 080 Ghaogen o
added t o musmbemobfbits tin tife €lite3against Hfrac. If the ratio is less, the
20 sum of bits of the codewords corresponding to the next higher.
classification CW#i is added [514, 510] to the previous partial sum.
~ If the ratio is greater the index i=j of the last classification number
CWH#i, is output [518], i.e., the CW#j is output.
The system then applies any requisite overndes For
75 example the analysis period may include only GOF, picture’ and
slice header data, all of which should be *allocated to the HP
channel. In this instance the calculated CW#j must be overridden o
since it will inherently direct some codewords to the LP channel.
_ Overrides are effected by examining the frame types and checking .
30 the calculated CW#j against a table of override values (520]. The
)  test [516] for j equal to 64 is included to preclude the system from
entering an endless loop, since in this example CW#i cannot
exceed 64. | | } .
The override commands and the value of Hfrac may -be
35 applied to the analyzer 152 from the system controller 18 via the
control bus, CB. All necessary t1m1ng signals and control
commands for the analyzer may also be prov1ded v1a the control
bus.

-
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to produce a first partial sum Then the sumof bits of CW-2 is added'

to the first partial sumto produce a further partial sumand so on. Each
time a partial sumis produced a conparison [512] is made between the ratio .
of the current partial sumto thggtotal nunber of bits in the sllce agai nst
Hirac. If the ratio is less, the 20 sumof bits of the codewords.
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Define:

Bgof(T) = total bit capacity for a group of frames, o |

Bgof(HP) = total bit capaclty for HP channel for a group of frames,
Blgof(T) = total bit capacity left to transmtt remamder of GOF;
Blgof(HP) = bit capacity left on HP channel for remamder of GOF
Bf(T) = total bits transmltted for current frame

Bf(HP) = bits transmltted_ on HP channel .f_or current f_ram_e-.

First consider the situation where I, P B frames are N
treated equally. Nommally the amount of data for each frame to |
be allocated to the HP channel should correspond to the ratlo of
the HP channel capacity to the total channel capaclty, ie., the
fraction Bgof(HP)/Bgof(T) However, due to constramts mentloned
above (e.g.overrides ) the actual amount of data drrected to the HP
channel, for particular frames may differ from thrs fraction.

Assume that for a number of first frames in a GOF there is data
allocated to the HP channel in significant excess of the fraction
Bgof(HP)/Bgof(T). ' If the system continues to attempt to "allocate
data for the remaining frames to the HP channel accordmg to. the
fraction Bgof(HP)/Bgof(T) the HP channel will tend to overflow
‘and the LP channel to underflow. Alternatively, if data is
allocated to the HP channel based on the the remaining capacity of



correspondi ng to respective groups of f'rarfeé,. The values for Hirac, will in
general , be proportional to the channel capacity remaining after data for
pri or frames in a group of frames has been allocated. In what follows,
values for Hrac will be 15 determ neditor I, P, B franes treated equally,
and for the | and P franmes given precedence over B frames. Define: Bgof(T) -
=t ot al blthecaﬁaqtha,nﬁs!rsacmrouer/uhdérﬁows SIIi}gtlif('.(ItSP)maytbeaavblded;apam ty

[ OF P S0 Sych . BB AR°Eor %?fmm Shiigs ia&”;‘i?i& phprobicly
channel f dramesaitadbe dﬂoﬂlﬁd B‘-P(th}‘« t§ detersinede Q“Brﬂt‘-'urrent
frame; Bf (bh déenon tBrg%f prmgb vﬁb Orrrhﬁ %ﬁfﬁlﬁhoﬁois GHade followiiig tRS

Fi rsta§0n5| frames are treated equally.
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Noni n ﬁ’? déf‘h fPBr"’&l’clf‘?‘F‘ﬁrre to be allocated to-the HP
channel shoul d correhp@idet aol maketthis cfalculatidn chenfallowimgcptocess t he -

total ch | t P d
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f t t dat
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Bgof (HB) / %W@{P)Iﬁet IliPdQ%i é’VAtboﬂlei yalues @&Rfiiﬁpﬁ-ﬂ gaf(lDat e 35 data
for the regge ??é‘? am ;9 thle HP channel accord| ng to ghehfrﬁgtlﬁn I.

Bgof (HP) / B nnel w v ow and the channel to
uggegf | ZJW gzl ternati Eg‘{ﬁjf‘g ew GOF T 8?@5 gﬁfft)he HP channel based on
the Mfe remaining caBigof(HP)hew Gd#ﬁBlﬂbf&lBhaﬁ*B@ﬂffHB\)erl under f | ow

i tuation f t
Frames of it fifec” Hiated, ¢ Br IR RIBOR(ES.2, T ereeet e
det erhidned fromthe reI ation Bl gof (HP)/Blgof(T). This calculation is made

following the 5 allp ?ﬂheOffoﬁFHﬁ%aﬂ %xﬁﬁﬁim&ﬁ&@leto theopiforityy make
this calculatlon t he

e syat crfclesto cieetiisy i Tndahased (vom e el oHER, thACCOREVOR uos
Bl gof (T) af\gmBefoC W isrdetermined. A check is made to determine
whether excess data has been allocated to the HP channel in prior
20 CW#j analysis periods. This check may consist of generating the -
ratio Bf(HP)/Bf(T), and comparing it with Hfrac. If the ratio
exceeds Hfrac too much data has been allocated to the HP channel.
To counteract this situation CW#j is reduced to (CW#j-1). The '
codewords are then parsed between the HP and LP channels. The
{_S5 accumulated values for the amount of HP data and total data for
the current CW#j analysis period are respectively added to the _
values Bf(HP) and Bf(T). The updated values Bf(HP) and Bf(T) are -
utilized in the subsequent CW#j analysis period to check for
excess data being allocated to the HP channel. At the end of each
30 frame the values. Bf(HP) and Bf(T) are subtracted from the values-
Blgof(HP) and Blgof(T) respectively and then the values Bf(HP)
and Bf(T) are reset to zero.
Next consider an alternative system in which it is
desired that I frames be given precedence such that the -majority
35 of I frame data is transmitted on the HP channel. This may be
accomplished by conditioning ‘the system to substantially fill the
HP rate buffer with I frame data and thereafter allowing the HP
rate buffer to empty during the remainder of the GOF. - The 1




set to zero. At the beginning of each GOF, the values Blgof(T) and 1 O -
Bl gof (HP) are updated with the values Bgof (T) and Bgof (HP) respectively,
that is Blgof(T)[err] Blgof(HP)[err] and H rac is cal cul ated as

Hf r ac=BI gof (HP)/ Bl gof (T). 15 Thejypalue for Hrac is comunicated to-the
pricority select circuitry 14 and based upon the value Hrac the codeword

nunigeiméeVltata s %@@&ﬂiﬁed&@@ﬁhplaemeﬁnt the! BT meeb\mmrher excess data

has been_ al | ocat ed hannel r.| or. 20 p ?‘%)ﬁl s peri ods.
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?Lgb?/’gf’bz ﬁ?ﬂﬁﬁ@%%&%i@ cﬁmﬂlf a)teamf’ffgil %ngp respectively an en

are rese o Zero. tonsider an alternative
1stb§mﬂ(LRNnFclﬂh¢ tsize ofcthe &P wate bufferaGkBYe given precedence such that

theb@‘ﬁté(HP =35the Size! of rtBEEHl"ai'ﬁ’te' buffer(F5AJ,t ed on the HP channel . This
eacgr’%1 hed Py condi onln t he S‘{ emto substantially fill the HP

rat Y& fae F’}ef Pt AAUIRE L 36 allowing the HP rate buffekuto

enplY =dighe¢ nurhber rofnﬁamrlmh G&FGCF ‘The I - -12- frame data is not '

per tLe efee I'py & is required

for &16 W (5# by (#’ré'bﬁ% E& “B%WS%EI’%P a&éﬁ%&%@% percent PHP

1 »f R(&-H—)Psr the IR channed hitinate,t hat t he | frame data is permtted to occupy

IS REEP) & the HP channel bit rate, :

R(T) = the total channel bit rate.

Discussion of this method of calcula’ting' Hfrac will be

20 with reference to the flow diagram of FIGURE 6. When the system

is initialized Blgof(HP) and Blgof(T),are initialized to:zero. Note the

system processes I, P and B frames in a -'kn‘ow'n-_ sequ_cnce starting

with an I frame. At the beginning of a frame [600], the value

Nbits is accessed and BE(T) and Bf(HP) are set to zero. The values
25 bo(HP) and bo(LP) are accessed [610] from the rate buffers. _A o/
check [611] is made to determine if the last frame was an I frame. '

If so a variable MbpF is calculated [614) for use in generating

Hfrac for subsequent P frames. This variable is calculated

according to the relation, '

30 MbpF = {bo(HP)- R(HP)*(N- l)/Ns}/(l-N/M)

The value Mpr is approxxmately equal to an even division of the
remaining HP channel capacity (after prioritizing the I frame) for
the P frames of the group of frames. This is the minimum amount '
35 of data which must be applied to the high priority: channel each P
frame to preclude underflow of the high priority: channel. '

_ Calculation of Hfrac for I frames proceeds [_612] by

first updating the values Blgof(T) and Blgof(HP) according to



5. choi ce. The Iarger PHP S made the Iarger the precedence given to the |
frames. In addition to the previous.variables; define, bo(HP) = occupancy
of the HP channel rate buffer (15A) bo(LP) = occupancy of the LP channel
rate buffer (15B); 10 bsize(LP) = thesize of the LP rate buffer (15B);
bsi ze(HP) = the size of the HP rate buffer(15A) Ns = the nunber of source -
frames per sec@lgof ~PEBPEHf a GOP, M= the nunber ‘of B
franes; betvveenqﬂ% (0 Vgé ﬁﬁfl‘e(ﬂ g (L.F) = the LP channel  bit
rate, R(’HP) = ePEsRIEp la(‘ﬁ§30 ‘total channel bit rate.
Di scussi onTefo t\talaesrmﬂwblfraf atelcalbalatetg, Hfrae and Hfpacp0 Hfractis ref erence
to the flo r f o.Fl en the systemis initialized Bl gof (HP)
and Bl gof(%gggg %?F&qugg E'B" fV\T%tlo%te t he system processes |, P and B
framesSn a kndifrac equibsize(HRPHB ‘ta(HP)+ (RUHP)ANsW/Nbits. begi nni ng of a
frame [ 600 t atll‘rg,@ S de P t to -
zero. Theh‘\l/lg,l E’ig'gt’ ibgh 4“%1:; tlg‘? iﬁrﬁagtg?e g‘f:r%eé()ﬁ% L‘QIS‘F %crom e rate
buffers. Avadable [I%lilgaws E maqret d fterpk i famewnt thatn |
frame. |f ﬂmmata@blbefféwﬁvﬂls@eﬁb [£1fdrnhall fedfel int@pvall at i ng

ol ati on S”bseq”e”twsﬁfééamokm%fﬁ%iﬂ RGNS BT T, Popr
i s apfr®xi Theevalueywfl Hfracrowpat isi the ivaluef cdloalatedvimithg éffuatiomnel
Capaci ty (il el ! HEFADY i Erebedy’ R Fiftho! B \E;h;aﬁraage%et Ogy oup of

frames. Thi led to
the hi gh pPRERUL §orcr}5m@|ISeaqnalPtertmevabnepcalgula@duﬁqer fr@wrofAt he hi gh
pri oty cEReselis falde!idih ge' of " PRARCRBE date] afy 11 st
updating t E ues Bl go@;l ccording t

Bl gof (T) [ el € p@gc Py ow The cxpcc occupancy, EoLP of the LP

15 Dbuffer is calculated according to the equation;
EoLP = (1-Hfrac)Nbits + bo(LLP) -R(LP)/Ns.
If EoLP is less than zero the value for Hfrac is calculated from;
Hfrac = 1+{bo(LP)-(R(LP)/Ns)}/Nbits,
. which will insure, on average, that just enough data will be
20 allocated to the LP channel to preclude underflow. The value of
Hfrac is then apphcd [620] to start analysis of the CW#_] values of
the I frame.
Hfrac for P frames is generatcd [616] accordmg to the
X equation:
U Hfrac = MprINblts
This value is applied [620] for generating the values '
CWitj for the respective P frames. :
Hfrac for B frames is calculated [618] with the intent
of allocating a majority of B frame information to the LP channel,
30 ie. all data except that which is considered vital. The levels
considered vital in any particular layered hierarchy of data is of
course subjective and is determined at the designer's discretion.
Care must be taken to insure that the HP rate buffer does not
underflow nor the LP rate buffer overflow. A vanable MB is
35 generated according to the relation;
MB = -bo(HP) + R(HP)/Ns. -
If MB is greater than zero the HP buffer could underflow in Wthh
case Hfrac. is determined from; - '



Two val ues of Hfrac are cal culated, Hrac and HiracT. H rac is derived -
according to the relation; 5 Hfrac = (bsize(HP)*PHP -bo(HP)+

(R(HP)/ Ns))/Nbits. The first two terns in the nunmerator correspond to the
currently available HP rate buffgr. space. The third termis the anount that
the HP rate buffer will enpty during a normal frame interval. HiracT =

(Bl gof ( R [ &I I )/Nblts 1.0 The val ue of Hf gac-
out put Fﬁ}i %@Iﬁ {\lbaﬁ:togngllﬂﬂf i{)'] uati yac less Hf racT |§
eﬁt éP ew icgn “Pﬁee’v gﬁ?ﬁ Pac is equal
- t hed&tei‘méne ossiblecLP dﬁuﬂfﬁr m:-ﬂbw.he%ms:md flomplusldeh ébyt hat Ejhl S vaI ue
0 e a to underfl ow e expecte .
Cg%geﬁ‘ég}Wg E‘g ‘5"!#&?’% hﬁﬁ%@vsﬂ Bpér i s cal cul at ed accor di ng to the.
5equat i oMBK)EPbSIZ(:(LPB r&g(ﬂﬂ)tt R(LBYNs) - R(LP)/Ns.- If EoLP is | ess than
zer LP) (I-I{%ﬁ(lgkﬁ\‘lg é%ﬁﬁrﬁﬂhﬁtﬁﬂ?ﬁ?ﬁs@l}’r Hﬁfiﬂ‘gthgaetrhg %‘Pthat j ust -
og;‘l(" CHLan thm pad chrﬁﬁ‘ltor ‘g litions; p &hgﬂiﬂg 18 oE¥85eY ude under 1 ow.

Thethaal MBX, the AP buitféermappbv@ﬂwﬁzeind Hfraoris geaeyated of the CWij -
al yes o{ thel frame.  Hfrac for P frames is generated [616] according to
he't& a Corf®! %‘?%’c = MopF/ Nbits This value is applied [620] for generatl ng -

10:he val Efsaco\w# 1 -MBXi/Nbitsespeanasginl. franes. Hrac for ‘B frames is :

| f Bf
"o B R (G Bhe Aidyel R BRI Uhet MRORBREI v 181 D AT
conzsr@erthat vistall datﬂefql'eﬂbﬁ B dsamedis @@Qﬁatﬁ tonthen L d-}hal'lélslar | ayer edhJ

hi eHeMrdero§omiet Paye‘is%fw SayU BiiHC beV direetkd &odﬁi@rmned at the:
desi gner',s, di-scret’i o be taken to insure that the HP rate buffer

£
doe<iannel Rye ¥intug, rC% ByeFHfiﬁs'buffer ‘overflow. A variable MBis 3 5
15generat ed accmxweng{ﬁtacttsedeeémixmd, ﬂﬁgnmtﬁﬁelmﬁbiﬂp)/l\ls If MBis

9" Bl leal AR 5207, PUERR' pHOHY YRR hroBeddBR2g 250 Hrac s

may be of the type described with respect to FIGURE 4 including

the CWi##j overrides [626]. Considering the MPEG like signal format

which includes, in exemplary hierarchical order, =frame headers;
20 slice headers macroblock headers, motion vectors, an’d DCT
coefficients, the override process may cause all data in
hierarchical order from motion vectors and above, to be applied to
the high priority channel. In addition there is included a CW#; |
correction process [624] to preclude too much data being allocated S
25 to the HP channel. In the correction process [624], the ratio - o
' Bf(HP)/Bf(T) is compared to the value of "Hfrac, and if the ratio
exceeds Hfrac, the generated value of CW#j' is- decremented by one
unit. Following the CW#j correctmn, codeword data is allocated
[626] between HP and LP channels and any layer overrides
30. effected. After ‘each CW#j analys1s mterval the amount of data
processed is accumulated [628] with the amount of data processed
in prior analysis intervals for that frame, to update the _variablcs -
Bf(HP) and Bf(T) used in the correction process [624].

" Experiments have ‘indicated that. for the above Hfrac

35 generation process, as might be expected, the occupancy of the
high priority channel oscillates between a relatlvely full state for I
frames and a relatively empty state for the last B frame of a
group of frames. The occupancy of the low priority rate buffer




-14- Hfrac = MB/Noits (+ sonme nargi n) If an HP underfl ow condition does
not exist a check is nmade to ‘deternine possible LP buffer overflow This is
acconpl i shed by generating the variable MBX given by; 5 MBX =

bsi ze(LP) - bo(LP) + R(LP)/Ns. MBX is-g@froximtely the maxi num amount of .
data that the LP buffer can hold under current load conditions. If Nbits is
gr eat er .t happedsi, td hremdinbat f ea relgtively fdonstantndevelr eompargdnto ahed from

the rekati MG 1= S rgip). If neither of the.

above té’m) cg&r%'d)]atn%gngfeylwstﬁm?énWaNt&:tés bé? fg zero that js.,.all data for

the B frane is al | ocAt durther pliterpativentieats theeBe frameseas Jndicated data

may still %’m‘égiﬁﬁl ¥habovd, handPuehtnte DYyaid 'PUfrafiesCOfi advequalles. 1°5
I Q

Once rac ne or, t el ect ess 1S n|t
e T basis o o, B inbadiams ot a5as ‘ar hsRE JE%: FespeghleLt Loy
¥V|ht hMrDESéDFBLfﬂamﬁ QﬂBEf géneratetIUdcmdlhg (waheowetatmies [6261. CORSI d?an ng

e i ke i ca
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vectors, and DCT coeﬁ’hecpmcegsmgest@per forigenesating Hiérac-qnay Bel data in
hi er ar chi Plogafifihed "1 el Ay Yrlaty fer 142740 FIGURID 4, 28P! irehé 0 the hi gh

a CWi - correction process

priori t‘% ﬂ@hﬁ

[624] 1 pﬂtsé?@déoﬂﬂ'@u?ﬁcb d%h‘&”ﬁelm(fl&# d 25 to the HP channel. In
the correction proceps fhel¢lainidlear tanétiGh (d&ScriBedNasi bei:nngar ed to the-

val ue of Hfrac and.if the ratio exceed en v e of CWj
i s decr encPRQRPIHONA] tq, 3 (Variahle, feans ﬁémﬁ X%-P%Bge[ #%trg H%\?\%‘?d data is
al | obat ed h6RRratort ofea tétationship clefimings the dfuncfidmyecA dusctioges 30.
effected [ h aém'b"%ﬁ r ssed
is accunulé%gcg{lf%gék %hgt Eﬁ’%ﬁ%e tﬁ%ﬁﬁoam%r g%esse |§i?p3?%§n§a),n §SI s
intertd s the variabler epeurs dnuphie denominatorapf ca reiatipnshipy @ﬁm}"gused in
the correciliePNfictfgiss [624]. Experinents have indicated that for the above

Hf rac 35 generation process, as mght be expected, the occupancy of the.
hi gh priority channel oscillates between a relatively full state for |
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frames and a relatively enpty state for the last B franme of a group of
frames. The occupancy of the low priority rate buffer -15- appears to
remain at a relatively constant |evel conpared to the occupancy of the high
priority rate buffer. A further alternative treats the B franes as _

I ndi cated i nmedi ately above, and treats the |I and P franes on an equal 5
basis. In this enbodinent the val uag-of Hirac for respective | and P<iranes
are generated according to the relation; Hfrac = {Bl gof(HP). + R(HP)*edbits
- Blgof())/R(T))/Nbits The processing steps for generating H rac nmay’ be '
pr ogianf:i nto the data anal yzer 152 of FIGURE 4, or in the 10 system
contTof 1 *18 shown in FIGURE 1. In the clains, a function described as
“being proportional to a variable nmeans that the variable occurs in the

numer at ory of gpgahai %? hggfsqlltfél gb%rggﬁé |

unGL i-onh \ tjon desCrLbed'as_.
bei ﬁ}? | nversel'y ﬁ%&&ﬁr 0 n | e"’ﬁg%hsﬁ?ﬁ%fbgﬂgéeq #e variable
occ &R Prippty gehamnelahgving % mFthm_.ﬁa_§§¢ltﬁi agdtpelownction. - 16-
CLApM®rity. chapaeht having' anaesond ERAMAEIS Tagati cos#lg! Bomplatiaey a hi oh
pri ori té (ég%nnel havh‘g‘% a fw.s({' chac%nel- C¢ Egé and a ‘| Oow priority channel
havVAgeR §856n PN B HIIFHOLS f%o&% -Eexept, typesu@ns occurring as
sodiénogtsupks oiff ffaemes ,t \qeeixd aappdratus geompsisingtanes, sai d apparatus
conpri si ng. for -gfa\ﬂ%r i ng- ; e, bas|.. | ues Bl gof (HP)
.cor re'spoﬁ%?r?%ét%%%r o) ni ng Iﬁ gﬁppé)r%%%éagﬁggﬁe#‘s%é%?m ty and Bl gof (T)
cor Bégpé{HPig cornespending dimmemainingihighopriardtyi gh and | ow pri orU
10 cﬁaﬂﬂaqleab%i&gsmlme;&mps Of_ T&GPPSspoRdihgSiaNsi ve to at |eas
~sai d val ue Blgof(nH)_, for 7 _— Lo T '
remaining Channel capacity for said high __a_z_ld low priority
10 channels for respective groups of frames, and r_eépo_nsive _
to at least said value Blgof(HP), for S — _
generating a further value Hfrac representing the approximate
fraction of said codewords to be applied to said high priority
channel; and _ |
15 means responsive. to said value Hfrac and said codewords
for classifying said codewords according to a predetermined
hierarchy of said types, and applying to the high priority channel,
according to said hierarchy, the codewords of said types |
representing the Hfrac fraction of said compressed vid_eo data and
20 applying the remainder of the codewords to the low

priority channel.

2. The apparatus set forth in claim 1 wherein said means
for generating Hfrac, generates Hfrac according to the relation
Hfrac = Blgof(HP)/ Blgof(T). '

25 3. The apparatus set forth in claim 1 wherein said means for
generating Hfrac, generates Hfrac in direct proportion to Blgof(HP) -
and inversely proportional to the amount of data in respective.
frames to be parsed.



generatlng a further value Hrac representing the approxi mate fraction of
sai d codewords to be applied to said high priority channel; and 15

means responsive to said value Hrac and said codewords f or cl assi fying
sai d codewords according to a.predeterm ned hierarchy of said types, and -
applying to the high priority channel, according to said hierarchy, the -
codewor ds of said types representing thd7Hfrac fraction of said conpressed
vi deo dgpa and 20 applylng the remai nder of the codewords to the | ow
priority ‘channel ra%ys set _forth in clau%% w&ere n,sai d neans
Por gener at 1 ng. Hit ac, APEACARAS: ThE: FRTAITI GNP I TLRSR SRER I ac <

Bl gof (HP) / Ekgﬂéeﬁ)hlaﬁ and 18w Prdoapifayr athenresls f sdid | compressédwher ei n
sai d means e t 5 e - ' | LeC oLLi@n to
Bl gof (1) Ve oy ArEd) bBRErifG sATRUER Il trodhy SE LrRROROED BT, LC
frames to befp¥ided. data-xw-framesmm@mwsnﬂppﬁw Mpaniinteaspreseatievi deo -

data begweeghfhI8nadydah@Wakr &H&%ﬁ@@?'&fﬁ&‘éﬁ@%ﬁsegaiadeo dat a
occurring as successi Qups of frames GO F of video dat a (N frames per

groups, N aAPPAFajus EP@gFéP'lS'gt'han one) and as codewords of different
types, said appamaaus corpprovidinge sadd wonmﬁasshdlgvs@ed &at@gessed video

for 10 0 "' & hdn" BRERE LR ERnn Y Rind'd 30nf (RSP BB T

correspondi ng t oprheegsiagc meanst foxvai | abI e in the high priority channel

for thggremaining franes 0%%ag@9e§'a"l’:'1?\§t h%h RARAGHT of? b] abhg in both high

and U\IpI’IOI’Ity channel s e renal ranmes of a GO F

respectively; b) uBdgPEAF)t ﬁ@rF&IS@@@dBlﬂjbft(cBlj)h%uﬁF% RARATLIEYt er
respective franmes g{aidabledity RfleS®dghiptriority channel for the

remaining frames of a GO F and the capacity
available in both high and low priority channels
15 for the remaining frames of a GO F respectively;

b) updating the values Blgof(HP) and Blgof(T)
after respective frames of data are parsed; and
c) generating a fractional value Hfrac
corresponding to the fraction of data for a respective.
20 frame to be allocated to the high priority channel, said
value Hfrac being directly proportional to the updated
value Blgof(HP), and inversely proportional to one of, the

N updated value Blgof(T), and, the amount of data
represented by said codewords in the current frame;-- ~
25 further processing means, responsive to said compressed

video data representing predetermined image areas of respective
frames, for; _ '
al) classifying respective codewords for said image -
area according to a predetermmed hierarchy of classes .of
30 .  codeword types;
o bl) determining the amourit of codeword data
representing said image area;
cl) determining, from said amount of codeword data
and the value Hfrac, according to class hierarchy, classes
35 of codewords to be allocated to said high priority channel;
and ‘



c) generating a fractional value Hirac corresponding to the fraction of
data for a respective. 20 frame to be allocated to the high
priority channel, said value H rac being directly proportional to the
updat ed val ue Bl gof (HP), -and inversely proportional to one of, the updated
val ue Bl gof (T), and, the ampbunt of data represented by said codewords in’
the current frame;--- 25 furtfer processi ng means, responsive o
sai d conpressed video data representing predeterm ned i mage areas of &J

. respective frames, for; al) classifying respective codemords for sai d>"mage

area according to pr £ m ned hi,erar hy of cl.ass
codeword -types; (fl) gﬁgﬁﬁ ﬁgdﬁ 5’ @F’ceffb%i 8 sé'representl ng
sai d i mage ar eabetYVQeIdesaidnhtg!ngand rhuwspndrﬁyonhannélmodemrd data and the

val ue. Hfrac, accor ding to cl ass hi er archy, classes 35 of
codewor ds o all ocated to & tf pri Channel ~and dl) -
di vi di ng déRB%usa%"éo thgin &lam s Wb@l aighivalBegh and | ow -

pri oHfrgc cisanIIWﬁnuﬁad ‘Beeordipgr eéum«eseﬁub%f Ftheﬁlﬁ ﬁ' Hhﬁtﬂber ein said value

h f % h |
S pachanfl GliRel AR Urard e Cismbnt ctopbr o6 FAMBS (i Channel
capa@@i (chamnrlh capacityii (of hoth | phlgh’ iangd dd)wmpriority emai ning for the
curr %ﬁhnﬁéB‘)pr&fnaiﬁﬁiEsfor the current group of frames. -
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