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susceptible of use). What is meant by "MPEG like" is a coding
~ format similar to the standardized coding format being |
25 established by the International Organization for Standardization..
The standard is described in the document “International
Organization for Standardization”, ISO-IEC JT(1/SC2/WG1), Coding
N of Moving Pictures and Associated Audio, MPEG 90/176 Rev.2,
Dec. 18, 1990, which document is incorporated herein by
30 reference for description of the genei'al 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.
For transmitting HDTV signals the standard is modified to provide,

35 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 philosophy.
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20 importance of the encoded frame types is included in the
prioritizing process. :

- The present invention is directed toward apparatus for
determining ‘the percentage or fractron__ of dat_a from respective
encoded frames of video information that will be allocated

25  between high and low priority channels. The fraction is
determined independently for each frame. The high and low
priority chantels include rate buffers. The fraction is determined
on the basis of rate buffer occupancy. Compressed video data-

| from Intraframe encoded frames is allocated to the high priority - >

30 rate buffer to tend to. substantially fill the rate buffer. - R
Compressed v_ideb data for the remaining m_terfra_me encoded
frames of resi)eCtive groups of frames is allocated to the high
priority rate buffer in amounts that allow the rate buffer to . -
substantially tend to empty over the group of frames

35 In one aspect the invention prov1des apparatus for
parsing compressed video data between a hJ.gh priority
channel having’ a first _cha_nnel capacity and a low priority
charjnei h,aving a second channel cepacity, said compressed
video data occurring as codewords of different types and in



substantially tend to enpty over the group of franmes. 35 In one
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respective frames of each group, wherein for each group of
frames, the value of Hfrac for said intraframe encoded
frame, is of a magnitude to cause the intraframe encoded
data to substantially f£ill the high priority rate buffer,
and the value of Hfrac for said interframe encoded frames,
is of a magnitude to tend to cause the high priority rate
buffer to empty over a group of frames. _
In a further aspect, the invention provides apparatus
for parsing compressed video data between a high priority
channel having a first channel capacity and a low priority
channel having a second channel capacity, said compressed
video data occurring as codewords of different types'and'fﬁ
groups of frameé, each group of frames including an
“intraframe encoded frame and interframe encoded frames,
said high priority channel including a high priority rate
buffer and said low priority channel including a low
priority rate buffer, and means responsive to the occupancy

of said rate buffers for applying said codewords to said
high and 1low priority rate buffers according to a
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‘predetermined hierarchy such that for respective groups of
frames the high priority rate buffer occupancy oscillate



groups of franmes, each group of frames including an 30 intraframe
encoded frame and interframe encoded frames, said high priority channel
including a high priority rate buffer and sai d low priority channel
including a fow priority rate buffer_, é?nﬂ means responsive to the occupancy
of said rate buffers for applylng sai codemords to said 35 ~ high and N
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20 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
carriers are combined for transmission. The bit streams of
relatively greater and lesser importance are designated high

235 priority (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

priority information ratio is approximately one-to-four. The )
approximate net data rates after forward error correction are 4.5 ¢

30" Mbps HP and 18 Mbps Lp. ) |

: In FIGURE 1, video signals from a source 10, which

may be, for example, a HDTV camera are applied to compression
circuitry 12. The compression circuitry 12 compresses the video
signal according to cyclical coding sequences identified as groups

35 of frames, GOF, see FIGURE 2. The coding sequence of a GOF

includes a first frame (I) which is intraframe coded, followed by a
plurality of B frames (bidirectional interframe coded) which are
regularly interspersed with P frames (forward interframe coded).
The coded data for P coded frames -comprises compressed
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20 The coded output signal provrded by the compressor
12 is generally in the layered format ﬂlustrated in FIGURE 3. The
top layer consists of groups of frames (GOF) ‘illustrated by the row
of boxes L1. Each GOF (L2) includes a header -followed by '
segments of pxcture data. The GOF header may include data .

25 related to the honzontal and vertical picture sxze, the aspect ratio,
the field/frame rate, the bit rate, etc. :

The plcture data (L3) correspondmg to respectwe |
frames includes a header followed by slice data (L4). The picture
header may include a frame number and a picture code type. .

30 Each slice (L4) includes a header followed by a plurality of blocks
of data MBi. The slice header may include a group number and a
quantization parameter

Each block MBi (L5) represents a macroblock and
includes a header followed by motion vectors and transform S

35 coefficients (e.g., Discrete Cosine Transform coeffictents) - The MBi
headers may include a macroblock address,” a macroblock type

and a quantization parameter. The -transform- coefficients are
1llustrated in layer L6 _The block coefficients are prov1ded one




rate buffers 15A and 15B. As is well known conpressed video data occurs at
1 0 variable rates, and desirably, dala is transmtted at a constant rate
equi val ent to the channel capacity, fo/realize efficient use of the
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Compressed video data hierarchically formatted as
20 indicated in FIGURE 3 is coupled to a priority select element 14,
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.
25 Stated conversely, it is the least data needed to create an image,
albeit less than a perfect image. Low priority information is the
remaining information. The high priority information includes
\_i substantially all of the header information included in the
different hierarchical levels plus the DC coefficients of the
30 respective blocks and a portion of the AC coefficients of the
respective blocks (level 6, FIGURE 3).

In the circuitry 16 the signals may be coupled to a
transmission modem wherein the HP channel data quadrature
amplitude modulates a first carrier and the LP channel data

35 quadrature amplitude modulates a second carrier displaced from
the first carrier by approximately 2.88 MHz. The 6 dB bandwidth
of the modulated first and second carriers are respectively about
.96 MHz and 3.84 MHz. The modulated first carrier is transmitted
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conpressedosﬁualedarhy & §oapat=rsoslé65@6 o |t§ﬁgfm§1met p@rmmn ohad for

each ey f sgifilabd INTSC TV Signabriority selection circuit 14, the total

nunber of bits, Nbit of the 25 WO, ded. n such frane is

avai | abl e. This nunbzlrh‘?refip‘ﬂgr?ﬁs89| 3@@3 b‘;lai C'!/'a a‘pﬂfg he data.

corres pogdsﬂmsm:aﬁ he envdded: d Smtgﬁtimlaencdsdmgesmtbeepeﬁdmdgmar e

generate C s rd types

I ncl udi ng F%é] e‘&gﬂg#sgaf—bg%f &ggf &uﬂgﬁ Oﬁﬁgﬂtﬁaﬁdn é&o&?%ﬂ I.cients and

AC coeffuc&qaasdlesaeofewbereestaﬂpucahmoshngamnesﬂnmedt foPe to image =

reproqust i gm%ase%umfeiﬁisvaeaeﬂcph%s itsi rﬁ.e&uﬁﬁdc *tﬁhﬁﬁtheH%ﬂn%ssér S o
re ||n% :

ﬂ

general |y edegd, t hat the. AC, coefficie requency

i nformati o Péolﬂdqse&'& OPWp&F‘FaHGE‘PmﬁF WOTdSe hi er ar chy
may cl assi teg@dingFhenegper of edchocodewoid, aMCtlee dof eaehsl i ce header

coef 1 ci en gﬁéw”ic Efé' B¢ 53 g HHE S5y b wlﬁ#"%t%’f%%lfx Sinb, the
| over nunbencdded agfter pibritizationt the length- will correspond to the
20 statlstrcally encoded codeword length. It is also presumed that
the compressor 12 mcludes an output memory -for storing each -
frame of compressed ‘data, and associated codeword lengths and
types, such that for. each new- frame provrded to the pnonty
selection circuit 14, the total number of bits, Nbits, of the
25 codewords included in such frame is avarlable This number may
| be provided by srmply accumulating the data correspondmg to the,
codeword lengths as the respective codewords are gencrated o V
The compressed data occurs as a plurality of codeword
types mcludmg for example Header Data, Motion. Vectors, DC T T
30 coefficients and AC coefficients. The relatlve rmportance of each 8 '
codeword type to image reproduction is subjective. and thus is a
design choice. Howeyer it is generally conceded that the AC | -
coefficients representmg higher frequency information are of least.
importance. An exemplary codeword’ type hrerarchy may classrfy '_
35 GOF header codewords (-4), picture header and slice header =
codewords (3), macroblock header codewords (-2), motron
vectors (-1), DC coefficients (0) AC coefficients (1) to (64) etc.
During prioritizing, the lower numbered classes will be sent to the



HP channel, and the higher nunbered classes directed to the LP channel
accordi ng to a dynamc data.split parageter designated Hrac. FIGIRE 4
illustrates 'exenplary apparatus for perform ng that portion of the

priority tion, proge par.s data iAo t .
D oree 4, BB, FbR8L0 688 B kRt Berdd udRkR ltblidd Sar R RS 1] i <

coupl ed tchmmqleaccozdlngpmo podynanfict datdsplitr pasameters dE'Signaiad 150B and
to a dat agepgl yzer 152. The respective buffers-inctude 10 “enough memory to

store for. exarrple a_slice of data. The buffers 150A and 150B are operated
" pi ng-pongt.. f ashFEFUREark: dHustrates exemplary appasatusadorand read slices

Of daga. rﬁﬁk’l etHutf b@i‘néﬂoﬁf“ﬂié %&Qﬁyﬂ deléction - ?roce%k' %l@h buf f er
150B reads datafraﬁn}illcen ais wi to a

par t1 cul oPATSER e, dake infeh e chaggels, o o FIGHIRE, & chmBrefsed iaa o
gener at esfroatel®r{.eg) aheléonmremrnout;mtsnﬁmoryplis recypledi we codewor ds and

anal yser ThspRetivko A0 Hopls. of, tyb” oiithers HACHBRUAC1SOAT MR ISOR 0° ),
fshoul d beamdgltor abelatx canalpzend 2 cﬂ‘hnnn?specﬂl\re buffess sinclude s det er mmr)led
or i r nunber
of b| ts Z@%uﬁeﬁg %cqtsﬁ]é:ago%w S%I %ﬁt%%‘(b}l?@) 'fég bf’ﬁ%@%) uThen
the codewb?d 5OB \arec operateduin ofPIBErRORE” dashion do @dterpatedy cent age
i's 25 Idwaitefsﬁébéabfadmdanarfbwmeés éf\diata. ThThud Wehile baffepp! ied to a

(1555) . A SOR" BHteSo Bt tEomuifbin SlK5 Ths OPELER: 1SPBoroadh datd SFBRYs
codel engtslicatm1.codeword type data and codeword nunbers CWti are read in
Lael fes ore' appi 149 Baifils Willed o2 pofdBull Biftees e ugupaet ;7 Fhe
codewor d k92 aespensivep$oi s@dcwq:d typeit damm, t generates: [eode W;Oldrent 153A
(15 o dmiteh it mc iy e ot o Lo
cal cul at € & myAssogigtion IW'éBd (COTESSREY ms:&q@rw igel ess than
ar equal in?al%t .algbecalculates the point, or codeword, at which the data
20 should be split between HP and LP channels. The calculation is
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 | _
25 identified by a codeword number, CW#j. This number is’ applied
to a switching element 153A (153B), and used to control the |
o multiplexer 155A (155B). After the codeword number CW#j is
e identified, the codewords, codelength data, codeword type data
and codeword numbers CW#i are read in parallel from the buffer
30 150A (150B). The codewords, codelengths and codetypes are
-applied to the input of a multiplexer 155A (155B), and the
_codewofd numbers . are applied to an input of the switching
element 153A (153B). As the data is read from the buffer, the
switching element 153A (153B) compares the codeword '
35 classification numbers CW#i to the calculated number CW#j. For
" all codeword classification numbers less than or equal to CWi#j, the
switching element providés a control signal° which conditions the
multiplexer 155A (155B) to pass the corresponding data to the HP



Swi tchi ng el ement provides a control signal which conditions the ) ..
mul tipl exer 155A (155B) to. .pass the corr ép,pndl ng data to the HP channel
via.a furt her mJI tiplexer 156. For codewodr d cI assi fication nunbers greater

o 155A <
tcgfpegpﬁjndl Rg  dar avttg f : ﬁﬁ'ﬁﬁ!ﬂgl‘%?ﬁw Oé’ggsggy@ram@sﬁﬂ'ecatw@xer
156 is condnumbess gremahm EWi#jd the ﬂmlapﬂmxerl dédﬁby(ltﬂfa)otisfer 150A,

~ (150B) whi chopditfitiedtb! yab'th8 EGAEspd € LPCcHafiRer Via

- accumnul at or 1,C siye to E and YPE_ Si % :

" . i ndependent Mpld B\E"s" igamﬂéhe dF‘“iﬁlPlﬁ"GF 156 606@“61@@1@ tOemns AR type
el e e S OAT(IPUBY Seien 8 P OV F )"
t ot i contained in :

e(rjlcgdegucoe '6#;8&& %Qeg r&8Bondi ng to the codewords contained in the
buffer). The total suifhiesamalyzerl 162 hinchidescahoapconhulstor Wlﬁ@hdsgrf: i

Th ft C YR&4S a e

asgreﬁgl ngrolteg ﬂ%ﬁeﬁ?degﬁg@gfth gﬁ oxgﬁﬁn%%n%gw%{%ﬁ e partial -
sums. Each -‘dﬂml e awmber of usedfvthehcowvordmlofsaachmode ttypeparti al . sum
exceedy O Nocrad ine Wi U, efmrgmn i rHegt! AimBUERe" qﬁééglst&ssomat ed

th the i mredi, I ous parti
\(I:Modevmrds WPEQYi e Kavl s Of gﬁ@ée\”@réhb“sl-l”@mnﬂ@l in ghe buffesedi ng.

cl ass of co(dx:v\matisucally eriwdedl dodewdrd Hiey écﬁi@ﬂfdﬂdiﬂ bkgcltfe ar e

E‘Zsh?gﬁdpﬁf’oﬁ‘%‘z‘ﬁfﬂ!ﬁ BByl R T abld sl s sruiaedc £

hi gh prior |b);/ . ite ptbdutef anchetlky sum. dé?hempfﬂereﬂld vesprer ztﬁf% codenel .
f t n

boginm 3 ! dybe ‘&E i et 8?&‘ééta t gﬁgﬁéﬁ"yz‘gr”&gﬁ‘é@[% Bt 2coBbmbH8 s

of the respﬁleﬁ atione pupabero feWdti dto preducaspastial sums: i t Eachi pasialhe o

~ respective suhfiy cddi'p‘ar%ﬂalvﬁil@rthé Q:hebkaﬂﬁn{ Wl the mowhﬁ “REeedd'e
| co.rrespondltill C word | e h L a%ﬂa i écg .code ﬁ%lflCatlon :
nunber CWi ge gﬁ%nﬂ"ﬂpon 1, Lqq5TH &?%5 4R BHA) '&*’Ie Hs [504] fhe
. associated with the immediately previous partial sum is the last .
20 class of codewords wrtlun a block to be assigned to the HP |
channel. All succeedmg class of codewords, ie., CW#J+1 to CW#n |
for respective blocks are assrgned to the LP channel. Thus it may
be seen that what is considered to be high priority .mformatlon, in
fact varies between analysis periods, if high priority data is
25  defined by the data applled to the HP channel o
_ FIGURE 5 is a flow chart of the operatron of the
analyzer 152. At the beginning of each slice of data the analyzer _
resets [500] the count values of the: respectlve ‘types of codewords_.;-
Then as data is written into the respective ‘buffer, the analyzer
30 reads [502] the codeword type, the correspondmg codeword
length L, and assrgns a codeword classification’ number CWHi o
dependmg upon the codeword type. The analyzer adds [504] the .
codeword length L to the sum of all previous . codewords that- havez'.
been assigned the same :codeword classrflcatlori ‘number CW#i. It
35 then checks [506] to determine if all data for a shce has- been
evaluated. This may be accomplished by exammmg the codeword'f:___.-
types for the next occurring slice header. If the end of the slice
has not occur_red it continues [502]. If it hasf:".oCcﬁrred the analyzer



codeword length L to the sumof all previous codewords that have been
assi gned the sane codeword cl asmﬂcathon nunmber CWt . It 3 5 then checks
[ 506] to-deternine if all datafor a's lice has been evaluated. This may be

acconpl i Spﬁ&éédse 't%gdte?tﬁ‘lﬁﬁi@e‘tﬁédHWBPs dapd Bﬂéﬁkgﬁiﬁt OCPHig i ng slice

header . has not Qccurred.i't continues [50
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first parti sum 0 sum an ac time a

partial sadded to db gc%astap@sﬁpbrsmntqmmg paturt Mﬁalrﬁ!lmatlo of the

current paadi 8 &M Eﬁch r'&m*eoE:v’ibaﬁtu:ﬁ smmrpraau&d% 'c%n&ﬂﬁ-uﬁiﬂ fs1gpai nst

Hf | f.the rat di
0 the nci TRhcPetareRaL TR coatie PICHI surrapliAartish S5 149 the M8l pr ovi ous

partildd snomber of dbitwtinothiesslceadgainsthlfraclexIfi die aatiohis less| the

The syst oRpEha BT Psq@nyoﬂémﬁ*é?téo%%ﬂwég to- e pikbibihef Nl i o

peri od rraszlasmfﬁcammrﬂlwmts addedu[5140H14]i t theapmfvmus apargial sumwhi ch
shoul d bem':heg}ergé S}Fﬁgﬁé&??ﬁ'?hfhﬁﬂ%ﬁ i= ’Z1ft Eﬂdé lh@b%ﬁ'i&ﬂﬁo&% bet ed CW

must be o t@ rect sone codewords to the LP

channel . Bﬂes]eflf%ctt ﬁxbﬁm"ﬁ fP-the frame types and .
\_ghetclil[sg%t hfe cal cuI emﬁd 6inag§-gms¢? dl%sa?h § Péquisiter bﬁ@rﬁdbttﬂes Hf(ﬁ-ZOL_ The

es or I s Lknclude pre stemfrom

ent er | ng s‘%l%é y%‘?ﬁﬁp?@&iﬂ@ B’rﬁ%ﬁr Ao 64, 25

The overrsﬂeedm&mddamn(hll rof wﬂmh siiouiﬂr be allgcdtedagpithedHPo t he anal yzer
157 10 S LA e o U P D, B o
via the c8mceolit will mherently direct some codewords to the LP channel.

20 Overrides are effected by examining the frame types and checking
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 CWii cannot

~ exceed 64. :

25 - The override commands and the value of Hfrac may be
applied to the analyzer 152 from the system controller 18 via the
control bus, CB. All necessary timing signals and control -

\-/ commands for the analyzer may also be provided via the control |
o bus. N

30 Because the proportion of what may nominally be
cons:dered high priority data varies from frame to frame,
assigning a constant value to the percentage of data to be
allocated to the HP channel becomes problematic, as the
respective HP and LP channels may be caused to under and/or

35 overflow. Therefore it is necessary to determine the proportions
dynamically according to the data processed. The determination

- is perfbrmed frame by frame and the proportion of data from
each frame to be allocated HP is hereinafter designated Hfrac.




bus. 30 Because the proportion of what may nonminally be
"considered high priority data varies fr Rframe to frame, assigning a
constant value to the percentage of data’Yo be all ocat ed to the HP channel
becomes probl emati c, ?temﬁn Bﬁe #Plg%&f‘gﬁﬂnaﬁas may -be caused; t:p
under and/.or 35 over ore 1T 1S necessar 0 determ ne: the ~
proport i onSomasRending yioaé'éwth‘(? tgroups afitframesces valwesdforr ni nat i on
E perforrrmraéammnf gaﬂe:aancbé fiﬁoabﬂii’sm 0 e %hﬁnérm frame to

be al |l ocat ed HP is_h re| rac. - - Deter n of Hfrac.

i s done wi ﬁm&é‘flggc gﬁﬁ’d?ﬁﬁ Pﬂoﬁeéﬁgleﬁ n 8 gowp af f\"% hm}I'he val ues o

for Hf rSac, beehl ailocateder din, whatpfelpows,; wahies ot frabawilll beapaci ty

o1 ocat o ﬁ%&%&?@ £60 0, B2 ehinE bl LB, Hnd (Bl 1500 BT
frames tre taanequmnerw praqeldeme toxerl Banframess; anes gi ven precedence over B
franes. &fEneBoof (T) = total bit capacity for a group of franes;

B g0t (1 _BE 1) s el ChohShy et Shham: o fomdeft oo GELa”EFgof(Hp)
bi t I@paBgof(HP)t =owtlPbihzapatity OBorrHPaehdnnelofmG@:gr(ai of framég bits
oo e St b e kb O BT
treated eqBlgof(HRp e rbit Iqapaanyalofumn HP ¢hannébfor zemaindereof GOF;
al | ocat ed 'BTT e= Hig @E nﬁmdiﬁedofdreéﬂﬂ%ﬁttﬂ'ah{@: ratio of the HP
channel to e tot channel _capa e.., the fraction
Bgof (HP) / B&fwfﬁ t5e feansmytied t@ncél%tqlmmei farncpment framee -
(e.g.qverrides ) the act ual -amount of data directed to the HP channel n'ﬁfor
D u ¢ e gt Erier ot siuahibge hre 1 o, Bakmbeact [
signifi cantreexedesa;mﬂly heNomiidlly the amount of data for each frame to -
be allocated to the HP channel should correspond to the ratio of
the HP channel capacity to the total channel capactty, i.e., the

20 fractlon Bgof(HP)/Bgof(T). However, due to constraints mentmned
above (e.g. overndes ) the actual amount of data directed to the HP
channel, for particular frames may differ from: this  fraction.

Assume that for a number of first frames in a GOF there is data
allocated to the HP channel in mgmficant excess of the fraction -

25 Bgof(HP)lBgof(T) If the system continues to attempt to allocate
data for the remaining frames to the HP channel according to the
fraction Bgof(HP)lBgof(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 remammg capacity of

30 the HP channel such over/underflow situations may be avoided.

As such, the fraction of data for respective frames of a group of
frames, to be allocated to the HP channel is. ‘determined from the |
relation Blgof(HP)/Blgof(T) This calculation is made followmg the __" X
allocation of HP data for each frame. . '

35 In order to make this calculation the followmg process
is pursued. Upon. initialization of the system, the values Bf(T) and
Bf(HP) are set to zero-and the values Blgof(T) and Blgof(HP) are |
set to zero. At the beginning of each GOF, the values _Blgof(T) and

~



25 Bgof (HP)/ Bgof (T). If the systerh'contl nues to attenpt to all ocate data
for the remaining frames to the HP chalg according to the fraction '
Bgof (HP) / Bgof (T) t’he HP channel W|H YEAd to overflow and the LP channel to

under f 1 ow tlvel i f, dat,a he ald oc . based on

t heisbhe r?r’rﬁf’m@éﬁa daged; W S35 thg, BaludS *hEar()- b g A MR

si t uat i onsespectixelyy ofhdtdis As such, the fraction of data for respective

frames of a group ofgf e HP channel is

determ ned fromt heBrg a{ |a&ﬁwl§g‘3€§?$§%§§b E#ﬁl s cal cuI ati-on..i s nmade
.following the all oce?t]ig@m)ddﬁ Gor=Bigefl - In

order §0 gRUCHIRIS i§ 3éAlehRitbd ad *Hfraei—hw W@Tf pursued. Upon

initialization of t Sys val ues H are set to zero
and the val ues Bl go?’ﬁ‘ﬂ V&iﬂeﬁﬁogm 1§ €°§'é§'2“t”t9a ﬁﬁe tPRROBEYi nni ng of

each COF, seleet veirceiryl bbfdnd based ;gai\gohé %luerﬁfwathedcwewwﬂe val ues

and. Hi 1 ac dogH W?eeﬁsﬁi‘fﬁwisﬁm E ‘3#& 1o Hrbc

for Hrac .s
communi cawhether texecess i datat ilaSebm alloamed rtp Ihe Ichanﬂehpnnpnm val ue

l\:fhretahel’ e%%@ggﬁrﬁ?@geen a OC&?ﬁ%l{n ?ﬂ cﬁhﬁ&ﬁanngﬁl n Ol’giger Q\/Qtje

anal ysi s petio BECHR)BS(Theand egmpariggsit withyditrag: i d§ ﬁel'#tbm o)
Bf (HP) / Bf Eﬁee@d“ﬁﬁﬁﬁpﬁfd 'iﬂud:ﬁ ddthPhik seen hilobﬂﬁdf 1 thee HP Sdlandelac t oo

much dat a,has be | pcated t.0 t channe To this-
situati on‘]lé/vg gﬂ?ﬁﬁﬁgb‘d sityagien, ] ? fﬁ?%ﬁ&g &w&% ?nf?dr sed
bet ween thedbﬁoadsi are dhemnparsed Thetwicen the cCHPUlantdeLP thaanelsar The anount

Tespad v EpSiiiled, yifid ?§1‘ SR i "bf B P?%a af, B 046 36 o

Bf ( HP) anm@fqm;rent eCW#JI |aml;ysm pexiodubee: qespectively addedsite the i od to
ggecrr;(r)nra ts dalutlje e sug? %eﬁpgr gdgug%ﬂfggpe ?omtheﬁe‘izﬂeﬂ[}gsOf cach
uent analysis period to check for _
excess data being allocated to the HP channel. At the end of each
20 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
25 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 I _
frame data is not permitted to completely fill the HP rate buffer
30 as some space is required for some information from the P and B
frames in each GOF. The percent PHP of the HP rate buffer
capacity that the I frame data is permitted to occupy is a design |
choice. The larger PHP is made the larger the precedence given to
the I frames. . '
35 . In addition to the previous vanables, define;
bo(HP) = occupancy of the HP channel rate buffer (15A);
bo(LP) = occupancy of the LP channel rate buffer (15B);
bsize(LP) = the size of the LP rate buffer (15B); o




Bl gof (HP) and Bl gof (T) respectively and then the values Bf(HP) and Bf(T)
are reset to zero. Next consider an aItE%natlve systemin which it is
desired that |- frames be given preceden such that the majority 25 of |
framne datagi smtted.on HR e I y be acconplished by *
condi ti oni ijﬁﬁﬁgﬁ&,g éh?t%zgtméﬁgﬁtﬂgl %3{} f*’Pff%‘g’ﬁﬁ rate buffer with IM*N_
frame dat aNme tther pamber of |sonrog framesPpentseconti{er to enpty during the
renmai nder - §§ Jﬁe%"gp?’f ﬁ.aﬁ.ﬁgehpatgopt not permitted to conpletely fill

the HP rat ne space I's required:for song information from
‘the P and f#amuﬂ“é@'cl@fcﬁ: rames Ratween supcessiven® ramss cplvst der

capaci tg/ tEL hg Ulé mlﬂﬁhél it nggn tted to’ occupy is a design choice.

The | arger ar precedence given to the | franmes. 35
In additio (Fﬁ’)[ﬁe ‘F W'[f?eé%'@ge define; bo(HP) = occupancy of the HP
channel raR{T)ukf Ehe (tGM)chéJn(deltmecupancy of ‘the LP channel rate buffer
(15B); bsize(LP) = the size of the LP rate ‘buf fer, (15B);: bsize(HP) = the
size of the HP rate buffer(15A) Ns = the number. of source franes per :
second, N =.the nunbdDisctissionnof ﬂmanemad Mf:calhnlaung)ﬂfrac willrbees

bet = . i
ROHP) O “SAR efErchch ATHe M figdram YL PIGURES L WARANBle Ryjterh™ ©
Di SCussi onl%ﬂmtmlszwetlﬂﬂﬁ f@HP). and, gpf(a‘)mﬁamlmhze bf@ zero.,i Nete gher ence

to the flo Eséi @JFIE f’nd VBefrdmhés SitSheRhown Seguehee eﬁaﬁhﬂg HP)
and Bl gof( | t| al i’ z erQ. Note_the,s Stf o sse and B
frames in %mm&ﬁfﬁ ennlng of a

frame [600meh¢s vaieeesda)laha Bf(’n):mslsef(ﬁm afle(- g0t wdzei!b( I‘Hie anah?]eset to.
bt orkéS - ASOLHEY 1119@?3”&5% gtk g0 fpaF 1RE g BherpRL G I
frame. |f cheekvidlildbise made tos determinet lﬂt{lsll@t ffoamoswaSnageheﬁrameng
If so a vanable Mpr is calculated [614] for ‘use in’ generating
Hfrac for subsequent P frames. This vanable 1s calculated
according to the relation, o
20 MbpF = {bo(HP)- R(HP)*(N-I)/Ns}I(l-NIM)
The value MbpF is approximately equal to. an even division of the |
remaining HP channel capacity (after pnontlzmg the I frame) for
the P frames of the group of frames. This is ‘the minimum amount
of data wluch must be applied to the high pnonty channel each P
25 frame to preclude underflow of the hlgh pnonty channel.
' Calculation of Hfrac for I ftames proceeds [612] by
first updatmg the values ‘Blgof(T) and Blgof(HP) accordmg to ' '
Blgof(T)pew GopcBlgof(T);ast+Bgof(T) o
|  BIgOf(HP)pew GoF=Blgof(HP)jas+Bgof HP). - o
30 Two values of ‘Hfrac are calculated, Hfrac and HfracT Hfrac is
derived accordmg to the- relatxon, o
Hfrac = {bsize(HP)«PHP -bo(HP)+ (R(HP)/Ns)}lelts
The first two terms in the numerator correspond to the currently
available HP rate buffer space. The third term’ is the amount that
35 the HP rate buffer will empty during a normal ‘frame interval,
Hfrac-r = {Blgof(I-[P)+[R(HP)/R(T)][Nbxts-Blgof(T)]}INblts
The value of Hfrac: output is the value’ calculated in the equation
Hfrac unless Hfract is greater than Hfrac, in- ‘which case the value

Q



Hfrac for subsequent P frames. This "v:.;ar__,'i, able. is calculated. accor di ng to

the relation, 20 MopF = (bd('-HBliéB(HP)*(l\l—l)/Ns)/(l -N'M. The val ue
MopF is approximately equal to an even'di vi sion of the renmaining HP channel

Crames. TICAPEL 0f Hiide 14 taual o) thé Ve FaHlodted Aot e L0 the
“hi'gh pri th"F?i‘ciﬁamﬂ,‘ig dacspreghat rtﬁlfﬁe_"@iﬁepvr‘\{}cmw uhﬂi‘r Mo ecapse; He hi gh
prijoii ty d{}ﬁ'dlﬁnnl ecétJoCBl uhfdét@@woll_" ;'lglid%}x Egl)ied o&éapﬁscdm{EG%?QS?tE _?_I)l%]LP{ first
updatin val. and,. accordin o Blgof(T)[err
Bllogof ('HI%) Ebéﬁf?raé?géalw&%él éggoréifmg,? ?%u:‘ﬁﬁr 8‘19%%8&? atg ed, Hf ?aé and [err].
H rac 3s deri vVBdLRcesofLiHizac)Nbite + do{LP)n-RER)ANs~ ( bsi ze( HP) * PHP
- bo( HP) +: / Nb LS - f t t ‘ r
cor E es%on&f%@ei%zérérsen 4‘?/ zaeggﬁhaebf’gfqﬁpﬁ&at%g uflkg‘r:&lggg@% e'third term
i s the amount Hfeac 35 14tho(LP)r-RAMMsIY/NbiLs, enpty during a normal frame
7 gk vin Ul o YRR (B ot ey gl T T
i s great eﬂi‘%&ﬂﬁf@ag}e ﬁmﬁ?@*‘éa@% Rrﬁ%i H@dﬂ%‘%ﬂt ptr}ﬁ‘_g o‘FaCIPFrB i s equal
t o t HeQvalHifracaisc theri epplied [620had. stare hnalysis ofatdre COWiH#jsvilaeshef this
val ue of %éaipﬁwab'*e not cause the LP channel to underflow. The expected

y EOLF,

occupancy ‘the LP buffer is calculated according to the equation;
5 EoLP = Hfradf for)Ndrames isogemprated L[Gl6)sacadrding Roi thd ess t han zero
the val ue gffifa¢ ;lac is calculated from Hrac =

1+( bo(LP)-f@(ﬁ. Ns))/Noits,_which will insure, on average, that just

enough data wi fﬂSe’ale@miiso the LP channel to preclude underflow. The
- valug §f 10 Hrac i'FhishQalwdrsi applied0j620] For'dendpaling! thePfvaltes CWiL-
\wal ues of -(gﬁﬁ#jlf(];rr%ﬂg'reghgﬁvfeoi’ rafnrléatsr.res I's generated [616] according to
the equati‘on:" Pe _
Hfrac for B frames is_ calculated [618] with the intent
of allocating a majority of B frame information to the LP channel,
i.e. all data except that which is considered vital. The levels
20 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 variable MB is
‘generated according to the relation;
25 MB = -bo(HP) + R(HP)/Ns.
If MB is greater than zero the HP buffer could underflow in which
case Hfrac is determined from; . o
\_ . Hfrac = MB/Nbits (+ some margin). o
If an HP underflow condition does not exist a check is made to
30 determine possible LP buffer overflow. This is accomplished by
.generating the variable MBX given by;
MBX = bsize(LP) - bo(LP) + R(LP)/Ns.
MBX is approximately the maximum amount of data that the LP
buffer can hold under current load conditions. If Nbits is greater
35 than MBX, the LP buffer may overflow, and Hfrac is generated
from the relation; _— - '
Hfrac = 1-MBX/Nbits (+ margin).



Hf rac = MopF/ Noits 15 This value is applied [620] for
“generating the values CWfj for the resppétlve P frames. Hfrac for B franes
is calculated [6181 V\nththelntent of Iocatlngamajorlty of Bframe

Conet der oot efhleis BE 85 AB8e o s @l digBh HREE Blor bl Rel R | oy e

hi erarchy aerejathati is ail daut for thioj Bc frame asdalllecatedetOnthecLHt chamnel.

doss not u er‘r‘f'ow Rive TYERoeT 088, T I B R R0Cke W B S 2T

generated & el Ry veirtue. ofc CAVH; bnOVQ'B’l es. - \NB= -bo(HP) + R(HP)/Ns. If -
MBis cgeater than ZG(DﬁcéhHﬂ'zR tiyfaererﬁﬁuw ltndepﬁbmyl Seleltion case Hfrac

d df ' der fl
cond t on BEaeetos daitiedl Bo0" il iR TRtk Edn. hockls agaider! Low
overflow. Tiay be ofcdeentyp ehddsdnbcgbwmhtrespetheoyﬁlﬁm 4B5nclnding by ; VBX

o2 2P CSA o ED ), EnaaBf P

greater 35whigh imeludese ipP exemplaryms leramhmal/vom Hiframe hepders.at ed
from yhg rgiigki RBadéds’ ﬁ&aoﬁtqﬁﬂ%u&fs (#ndtoid ivietors, 'i:haebd'r*r of .the

above two congit)ons exJ st rac is set to: zei t is all data for

the B fran€oekiiglents,at [PEOSESSn a3y %vé 93% Payers of data
may still bgeradchival e6rder meﬁmim nedctbys \drd @bove, Q¥ ibeoapplied 2o S

5201 . i <t | B pricaiy. channef o Bl A44355n  Fireris apCiRREd ép Wi, Toea
with respecbntectldﬂ @bEess [6ﬁ.d-ﬂ utb r]g'et:hrdmp muoch idata beisgslalledated der i ng
E)Pge?/al%sflraére ea elrcsl{ ‘[ﬂi‘ fm:hbB elrés el %&emgteﬂrgs%%tcroﬁal =
vectors, amdf(BE)B £f(T) is compared to the value of Hfrac, and if the ratio
exceeds Hfrac, the generated value of CW#] 1s decremented by one
unit. Following the CW#j. correcnon, codeword data is allocated
[626] between HP and LP channels and any- layer overrides
20 effected. After each CW#;j analysis interval, the amount of data
processed is accumulated [628] with the amount of data processed
in prior analysis intervals for that frame, to update the variables
Bf(HP) and Bf(T) used in the correction process [624].
Experiments have indicated that for the above Hfrac
25 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: pnonty rate buffer _
appears to remain at a relatrvely constant’ level compared to the T
30 occupancy of the h1gh priority rate buffer.
A further alternative treats the B frames as indicated
immediately above, and treats’ the I and P frames on an equal
basis. In this embodiment’ the values of Hfrac for respectlve I and
P frames are generated accordmg to the relatron, .
35 Hfrac = {Blgof(HP) + R(HP)*(Nbits - Blgof(T))IR(T)}/Nbrts
The processing steps for generating Hfrac ‘may be
programmed into the data analyzer 152 of FIGURE 4, or in the
system controller 18 shown in FIGURE 1. '
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coefficients, the override process may cause all data in hierarchical- order
fromnotion vectors and above, to be. agflled to.the high priority channel.
In addition there is included a CM#] rection process [624] to preclude
toofnuch data being_.allocated 1 5 .to.the Eg nel .. I.n the correction
dvess [624], the ARtthe SIS,/ B f ‘ﬂcq‘%“égﬂi ed 88 beiB8/al ue of Hfrac,
f th m;mmmﬂxcafohs vriable hieangedeatathe vatiableofocciiyjini shelecr enent ed

F%Z‘éi‘ebg? 8}?’5&#51 28" telReieihie” efiihe P TRREUBRY, A, Pubfuih ooTCd”

_ After . eacde nas ybeing inversely propoxtional tef adatmqblocmxs ithat
accumy ngﬂpt r o si s
i nt erval s ?w:‘ bgﬁ%&e i dac'}éeﬂoﬂgiﬁa?l a %Z?Bt g gegpﬁ%/ used in

t he corre€h¢ QQﬁﬁﬁess [624]_ Experi ments have |nd|cated that for the
above Hfrac 25 generation process, as m ght be expected, the occupancy of
-the high priority channel oscillates between a relatively full state for
frames and a relatively enpty state for the last B frane of a group of
frames. The occupancy of the low priority rate buffer appears to remain at
arelatively constant |evel conpared to the 30 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 | and P franes on an equal
basis. In this enbodi nent the values of H rac for respective | and P frames
are generated according to the relation; 35 Hfrac = [ Bl gof (HP) +
R(HP)*(Nbits - Blgof(T))/R(T)]/Nbits The processi ng steps for generating

Hf rac may be programmed into the data anal yzer 152 of FIGURE 4, or in the
system controller 18 shown in FIGURE 1. In the clainms, a function
\_described as being proportional to a variable neans that the variabl &
occurs in the nunerator of a relationship defining the function. A function
descri bed as being inversely proportional to a variable nmeans that the
variabl e occurs in the denom nator of a relationship defining the function.
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for classifying said codewords according to a predetermmed
hierarchy of said types, and applying to the high priority rate
buffer, according to said hierarchy, the codewords of said types’
representing the Hfrac fraction  of said compressed video data, and
applying the remamder of said compressed v1deo signal to said
low priority rate buffer; .

means responsive to the s1gna1 indicating the current
occupancy of the high priority rate buffer, for generating said
value Hfrac for respective frames of each groop_-, w_herein for each
group of frames, the value of Hfrac for said intraframe encoded

y over

h.in
nverse-

frame, is of a magnitude to cause the ijntraffam'e encoded data to |

substantially fill the high priority rate buffer, and the value of
Hfrac for said interframe encoded frames, is of a m‘agnitude to

tend to cause the hlgh priority rate buffer to empty over a group "

of frames.

2. The apparatus set forth in claim 1 wherein said
means for generating Hfrac, gene‘rates“_Hfrao in proportion to the
current occupancy of the high priority rate buffer.

3. The apparatus set forth in claim 1 wherem sald
means for generatmg Hfrac, generates Hfrac in inverse proportion
to the amount of compressed video data of resp_ectlve frames.
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+ to the anmobunt of conpressed video data of respective franes. 4. The
" apparatus set forth in claiml Me'r'é'i.’-g“cfiaii'd'- means  for generating Hfrac,
generates Hfrac in proportion to the cutrent ocupancy of the high priority
rate~puffer and in inverse proportion to the anount of conpressed video
dat;,g,-'of. respective franes. 5. The apparatus set forth in claim1 wherein
sai d neans for genet.at Thg apparatugesetr fortls if chaini df whertin nsaidf r ane
encoded f oLdi .t el al.i 3 T Y. P+ P)/ Ns) -
bo( bp) } / TREH %’_grgg*%%éﬁ% éﬂ?ﬁb a&%@_‘.??fy‘@?a‘% i i’%'éﬁsﬁi?'?ﬁ# ?“?at e
buf f er, .FyPrent ogeupaney i oh the high rpriorityrase bufferiand timdnverseaf rane
encoded firagBeish °t dRWathdunt O Bémpitested Nides dita %@&Wer of
bits per Jrame the high priority chanfel can accombdat e, (HP) 1s the
current HE8MSEiority rate buffer occupancy, and Nbits is the amount of
conpressed video data for respective frames. 6. The apparatus set forth in
claim5 wherein saig i rfra code r re of .encodi ng types
- and said neans for %en t-Pﬁ@%‘ﬁgcﬁ&g‘g‘?@gﬁgglﬁﬂaﬁW%&%bﬁes%a said :
i nt er f r amaeans divrd generating: cdfrhicpggenerates rHfraci for IsaidicinttafraeR( HP) / Ns
- bo(HP) ) /ds odbB! W?&@mjﬁiﬁ { qéiu%rﬁ&{ frames in a group of franmes, K
rirane eﬁﬁg

) d ! .
BRGNS R S AT
appar at ug aeid ScHe & “?é‘?:%"%aw‘%fﬁ B T D PR rame
encoded AF afhss fEfction ok fhe; Fte' utier, canacity fitintatame encodsd
RCA 8643dram6s fre Allowed to docupy, sR(HR)Ns' iss thel average dmamber of
\ bits per frame the high priority channel can accommodate, bo(HP)

is the current high priority rate buffer occupancy, and Nbits is the

amount of compressed video data for respective frames.

6. The apparatus set forth in claim 5 wherein said
interframe encoded frames are of two encoding types and said
means for generating Hfrac, generates Hfrac for one of said
interframe encoded types according to the relation

Hfrac = {(N-1)*R(HP)/Ns -bo(HP)}/{K *Nbits}
where N is the number of frames in a group of frames, K is the
number of interframe encoded frames of said one type in a group
of frames, and bo(HP) is the high priority rate buffer occupancy
. immediately after prioritization of the lastmost intraframe
N\ encoded frame.

7. The apparatus set forth in claim 6 wherein
the value of Hfrac for interframe encoded frames of a second type
is a predetermined constant.
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between a high priority channel having a first channel capacity and a | ow
priority channel having a second channel capacity, said conpressed video
data occurring as codewords of different types 5 and in groups of frames
each group of franmes including an i ntr Z8Ane encode®chr 6 3R 968 er f r aqre
encoded franmes, said high priority channel including a hi gh priority rat\ei
buffer and said |low priority. channel including & low priority rate buffer,
and means responsive to the occupancy of said rate-buffers for 10 applyi ng
sai d codewords to sai 8. huélppammsofoprpansmg/ ccunpreasedewsden:cdatau ng to a

predeter i ns&v?eéfadquéhséﬁ Gatcl{ eﬁé\ﬁﬁ e 50 Wanitlel | & he hl_gh

'prlorltyrate buff er a,tes condition
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9. The appaca&% fvided datalloncurﬁn r codeiwvrde cof pdifferentt emek ow
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buf f f h
bﬂffg;: i(r)lrcF%P?ﬁn@gtfa‘%ﬂén?&geﬂwl ? |enllgh ﬁm@’d(ﬁh éﬁiﬁ%tﬁq rom
i ntrafranme oBEGnﬁ-Ya ehannel maluqhge %riQWl Pllmefﬁﬁf ffeto andst antial |y

fill said hinganBri Né‘ttﬁ ﬂiﬁf&écu c of sard rafel . bufféﬁ%aféi'us for
par si ng congpP ed Vi, e ata . ubsta rei nbef Qre descy: d W th
t .

ref erend 8.c33| eWor FaW W puiority rate u
according to a predetermmed hrerarchy such that for respecttve

groups of frames the high pnonty rate buffer occupancy oscﬂlates;
between a condition of being relattvely filled to a condrtron of .
being relatlvely emptled '

15 9. The apparatus set forth in Claim 8, wherein the
occupancy of said low priority rate buffer is mamtamed at a

relatively constant fullness compared to satd htgh priority rate
buffer. | : :

- 10, The apparats set forth in claim 8 wherein said
20 means responsive to the occupancy of sard rate buffers for
applying said codewords to said htgh and low pnonty rate . buffers
includes means to apply sufficient compressed video data. from
intraframe  encoded frames to the high pnonty rate buffer 10
substantially fill said high priority rate buffer.

25 | | 11. Appa'f_a'.tus' for pareing_- compressed 'video_
data substantially as hereinbefore described with
reference to the accompanying drawings.
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