
304 

Figure 19-1 
Lossless groupings 
in concatenated 
compression systems. 
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process have inverse elements , and most combination s are lossless. For 
example , variable-length encodi11g and decoding is lossless, so it need 
not be considered as part of the system . The coin bi11a tion of DCT and 
inverse DCT (IDTC) is lossless witl1 sufficient arithmetic precision. 
This pair of elements contributes round-off er rors , but little else. 

The lossy process is, of course , quanti zation . There is a block called 
dequantization , but it serves only to return the coefficients to the cor
rect reconstructio11 values ; the original inf orma tion is irretrievably 
lost . 

However , once this step has been perform ed, we can agai11 look at a 
lossless system . Assuming there is no signal processing between the 
output of the decoder and the inpt1t to the next encoder , we can f al
low the values . Quantized coefficients are passed via varia ble-length 
encode /decode (lossless), then to the inv erse DCT , thus pro ducing a set 
of san1ple levels. If DCT/IDCT is nearl y lossless, so is IDTC followed 
by DCT . After the DCT proces s of the next enco der, we will have the 
same coefficient set that was produc ed by th e dequantizer . Each of 
these levels should be right in the center of the decision range for the 
new quantizer , so that it should pr oduc e the same result . Figure 19-1 
illustrates . 

Encode Decode 

Variable- Variable-
De-DCT ' Quantize ' length ' length ~ ' IDCT 

, 
/ 

/ • ,, 
quanti ze encode decode 

\ ! 
Loss on first pass 

Transparent 

Decode Encode 

IDCT DCT 

Transparent if all quantizers identical 

Considered in this way, the explanation of the observed behayjor is 
simple . Quantization causes the loss observed on the first pass. On sub-

• sequent passes the same quantization results should occur every time . 

• 
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The only issue is the DCT /IDCT match , which is never perfect . Arith
metic precision errors and round-off errors co11tribute the very grad
ual deterioratio11 in performance on subsequent generations. 

It will be seen that the q·uantizer is an essential element of this 
process . The lossless situation exists only if the quantizers are identical . 
Successive coding by two encoders that use different quantizers will 
likely result in quite rapid deterioration . 

Researchers at Sarnoff Corporation have show11 that compression 
systems can be very sensitive to the artifacts produced by other com
pression systems . In one experiment , two "light " compression systems 
intended for studio operations with high-definition televisio11 were 
compared . One was based on MPEG, the othe1· on wavelets. The sig
nals , both of which were free from visible artifacts , were fed to an 
ATSC transn1ission encoder that uses MPEG compression . 

The transmission encoder performed 11ormally when fed with the 
output of the MPEG system , but displayed a much higher level of 
artifacts when fed from the wavelet system . 

This should be cause for concern . Already , television plants are full 
of compressed no11linear edit systems and tape formats that use com
pression . We are about to see widespread deployment of MPEG-based 
deli very systems , yet we see the rapid growth of DV compression , 
which uses a quantization strategy quite different from MPEG. None 
of this will cause an overnight disaster , but we may be eroding ot1r 
quality headroom without even realizing it. 

Two parts of a European project are of great interest in this area. In 
one , developers are achieving essentially lossless recoding , even with a 
change of bit rate . All the coding decisions (motion vectors, etc.) of the 
original compression are extracted from the decoder and sent along 
with the video. (There is a proposal to code this data by using the least 
significant bit of one of the color difference signals.) The same coding 
decisions can then be used by the second encoder a big step toward 
retaining quality. 

The other work specifically concerns changing bit rates perhaps 
from a distribution signal to a broadcast delivery signal . The enco~er 
uses a special form of quantizer tl1at recognizes the previot1s quant12a
tion decisions and attempts to minimize the combined effect of the 
two quantizers. Demonstrated results are spectacular. 

Audio compression syste111s are not in1mune to the problem~ of 
concatenation. As with video, a compression system designed for finaj 
delivery to the point of use should be designed so that the effects 0 

. . d bl If 'd . 1 s are co11catenat-quant1zat1on are t111 etecta e. two 1 ent1ca system . 

• 
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ed t11en , just as with video , the decisions in the seco11d system should 
matcl1 those of the first and result in little or no additional i1npair
ment , if the signal has not changed . If tl1e signal does change , the likely 
result is that a coarsely quantized signal is requanti zed differently , 
and it is very likely that the impairment will be unacceptable . 

If nonidentical compressio11 systems are concatenated , rapid deteri
oratio11 is possible , agai11 just like video . The artifacts of one system are 
likely to disrupt the ef ficie11t operation of the other . An interesting 
and very important exa1nple is the interaction of Dolby St1rround Pro 
Logic (DSPL) witl1 Dolby Digital (DD ), if wrongly used , as described in 
the previous chapter . 

Switching MPEG 
MPEG was co11ceived for a .relatively simple sce11ario in which inf or
mation is encoded , sent to the decoder , and dec oded , without any 
intervening steps other than transmission and / or storage . It became 
evident that there were situations where it would be desirable to 
switch from one program stream to another , or to a different part of 
the same stream . An obvious exa1nple i11 the context of MPEG's early 
objectives is the interactive movie a story that switches to alternative 
routes and endings according to actions of the viewer . 

Because of these considerations , a number of provisions were made 
within MPEG for switching or splicing of the bit stream . However , 
these techniques were really designed for the type of situatio11 just 
described , where there is prior determination of the switch-out points 
and of the potential switch-in points . There is no mechanism in 
MPEG for a generalized switch from any point in one bit stream to 
any point in another. 

Some closer thought makes it clear why this cannot be . At the low
est level, a variable-length-encoded bit stream is mearungf ul only if 
decoded from the beginning . Arbitrary switching provides no way to 
know what the data is, or what it means . If we tried to switch bit 
streams, like those shown in Chapter 7, we could (and likely would) 
end up interpreting extra bits as Huff man codes; what should have 
been motion vectors would be wrongly decoded and, perhaps, used as 
if the values were DCT coefficients . 

• 
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We noted earlier that one of the important characteristics of the 
MPEG slice is that it is encoded without any outside references . All 
predictive encodings are reset at the beginning of a slice, so that we 
can begin decoding u11ambiguously at the start of any slice. Actually 
tl1is demonstrates that we have not yet defined the problem . We 
could start decoding the new stream at any splice , but it is not produc
tive to begi11 decoding a picture in the middle. Resynchronization at a 
slice bou11dary is useful for recovery from data errors , but not for 
switching between programs . 

Perhaps we can use the picture boundaries for switching , just as we 
use vertical interval switching of baseband video today. For I
f1·ame-only encodi11g we can do this , subject to certain conditions . !
frame-only streams , like motion JPEG streams , can be switched with · 
reasonable ease. Even at this point there are complications . If we per
mit the same number of bits for each frame (the simplest case), a frame 
is 33.4 ms long in the nominal 60-Hz regions (such as North America ) 
and 40 ms long in 50-Hz areas (such as Europe and Australasia ). Neither 
lines up with the 32 ms used by a frame of AC-3 audio . Typically this 
means leaving a small gap in the audio whenever a switch is made , and 
this complication exists however or wherever we switch . 

With other GOP structures the situation is more complex . Suppose 
we switch to the new bit stream , and the first picture is a P-f rame. 
Some macroblocks will likely be intracoded , and these will decode suc
cessfully . Others, however , will be predictively encoded the bit 
stream will carry a motion vector identifying a similar macroblock in 
the previous I-frame and a set of DCT-coded information represent
ing the changes that should be made to that 1nacroblock . The assump
tion made by the encoder is, of course , that the 1-f rame is present in 
storage at the decoder . Well , there is an I-frame in the decoder store , 
but it belongs to the previous video sequence the one before the 
switch (Figure 19-2)! If other conditions are correct the decoder will use 
it, but it will produce nonsense . 

If the frame following the switch is a B-f rame , the situation is only 
slightly worse . The B-frame may use both forward and backward pre
diction , on the assumption that both of the surrounding pair of 
anchor frames (LI or LP ore PJ are in the decoder memory. Probably 
there are two frames in memory, and they may even be a pair of adja
cent anchor frames , but both will belong to the previous video stream 
(Figure 19-3). 

• 
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Figure 19-2 
Incorrect P-frame 
referen ce after a 
splice . 

Figure 19-3 
Incorrect references 
from a 8-frame. 

,--------------------. 
I I .... : 

11 

I 
I 
I 
I 
I 
I • 

,---------------------------1 
I I 

.... I 

) ' 

I 
I 
I 
I 
I 
I 
I 
• 

Ne ,,v sequ ence 

B 

I 
I 

I New sequence 
I 
I 

,+., : 
I I , ____________________ J 

Chapter 19 

It appears that we may be able to switch MPEG bit streams o·nly at 
GOP boundaries, even though this may not provide sufficient resolu
tion for some appljcations. We will look at some applications in a 
moment, but there is one more major issue awaiting us, even at the 
GOP boundary. 

In Chapter 9 we looked at MPEG rate control and discussed the 
concept of the VBV buffer model. Although not based on real buffer 
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designs , VBV provides a 1neans of specifying decoder buffer perform
ance and a means of checking that a bit stream is decodable by a stan
dard decoder . The ba.sic conditions are that VBV sl1ould 11ever over 
flow or under£ low . 

VBV is filled at a 1101ninally co11stant rate by the trans1nission chan
nel. It is emptied at regular (frame ) intervals , but by varying amounts 
depe11ding 011 whether the frame being extracted is an I-, P-, or B
frame , and . on the complexity of the pa .rticu1ar frame . VBV represents 
an impo1·tant degree of freedom in the battle for constant quality , 
and a good decoder will use the f11Il gamut of the buff er to help 
achieve this. At times tl1e buff er will be close to overflow , at other 
times close to underflow . 

It all works because the encoder tracks VBV fullness at al] times; 
except , of course 1 when we switch bit streams! The encoder for the 
second strea1n is managing VJ3V for hypothetical decoders tl1at have 
been receiving the bit stream since the beginning of the sequence. If any 
(or all ) of the decoders have been receiving a different sequence , there 
is no way for the encoder to "know " that the switch has occurr·ed, or 
that the decoder VBV is in a11 unknown and t1nk11owable state. We 
might switch to an almost full VBV at a time when the seco11d stream 
encoder has calculated that VBV should be almost en1pty; overflow is 
inevitable . Similarly , switching to a 11ear-empty VBV when the 
encoder is tracking VBV as close to full will result in undei·flow. 

What happe11S when VBV overflows or underflows is t111defined by 
MPEG, and depends on the desig11 of a particular decoder. Most likely 
(and this is probably the least disturbing solution ) the picture will freeze 
until the decoder fiJ1ds that it again has valid data waiting to be decoded 
Unfortunately 1 the complexjty of the process makes it uncertain how 
quickly this point will be reached. It is also quite possible. tha: the 
decoder will start decoding again , but with. a VBV state that still differs 
from that assumed by the e11coder. In this case another overflo~ or 
underflow is likely , but perhaps some considerable ti111e after ~e switch. 

As a final twist statistical multiplexing might be the issue that 
makes everything

1 

else look easy . It is difficult to i1nagine how t? 
switch into one program stream that is1 to repl~ce all packets associ
ated with that one program i11. the multiplexed bit stream. when the 
number of bits allocated to that program changes dy11amically tmder 
the control of so1ne device that may be on the other side of thbe. cottnt -

. 1 · lude rt1les about it ra e try. A worki11g sce11ar10 would 1ave to inc . .
1
. for 

. . . . · and bit rate ce1 111gs floors, at least at com1nerclal insertion times, 
any material to be inserted at the switch. 
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Clearly , switching MPEG bit streams is a co1nple x a11d u11certain 
process . In fact , the preceding discussio11 pres ent s 011ly a gross si111pli
fication of tl1e problem. Almost certai11ly the ge11eral problem for 
two unconstrained bit streams is insoluble . An MP EG expert would 
suggest that MPEG is not designed for such treatn1ent , so "Don 't do 
that!" U11fortunately , in the world of televi sion broad casting there are 
a nt11nber of areas where switchi11g of MP EG strea1ns is the only prac
tical solution to an operational requirement . Let's look at some appli
cations and see how they might be handled . 

MPEG Applications 

MPEG is used by recording devices a11d it would be useful to edit seg
ments together without decoding . On disk record ers particularly , the 
ability to perform edits merely by using the rand om access capabilities 
of the disk is a major convenience . At the time of writing , almost all 
disk systems use motion JPEG , or some other intr acodi11g scheme 
where splicing is not a problem . However , there are str ong incentives to 
use MPEG for increased recording time and /or hi gher image quality . 
MPEG's increase in efficiency comes ma inly from temporal compres
sion, so intracoding is not an optio11 that satisfie s these requirements. 

The ATSC Digital Television Standard uses MP EG-2 encoding for 
video and provides for (nominally ) one high-definition program or 
several multiplexed program streams of standard definition . Normal
ly about 18 Mbits /s is available for video in the transmission signal 
Initially it was assumed that this signal would be distributed by net
works , and that television stations would switch to local commercials 
by switching the MPEG bit stream. The lack of production values 
offered to the station , an.d the difficulties of the switching , J1ave con
tributed to the unpopularity of this scheme , and most networks are 
now proposing a different approach (see below ). 

As we move down the transmission food chain , however , there is a 
continued need for switching , and although neither is attractive , 
eventually there is no option but to decode and re-encode , or to 
switch the transmission signal. The most obvious example is the cable 
head-end. As cable systems extend the digital signal to the home, eco
nomics demand that the head-end operate in pass-through mode , 
without decoding the video and audio. Yet insertion of local commer
cials at cable head-ends is now a thriving business, and this require
ment will certainly not disappear. 

IPR2021-00827 
Unified EX1010 Page 330



Closing Thoughts 311 . L ________ .._ 

Most of these problems are as yet unsolved , and it is clear that there 
is no universal solutio11, but potential solution s for variou s applica
tio11s a1·e on the horizon . 

Some Solutions 

There are significant development s in the field of re-e11coding, based 
011 reusing the original coding deci sion s. These development s will 
make a decode /re-encode approach viable in many areas by dra stically 
reducing the losses normally associated with proces s. 

Another approach requires partial decodi11g of the signal to change 
frame types to preserve the i11tegrity of n1otion co1npe11sation. In par
ticular , B-frames may be n1odified so that vectors are used i11 only one 
direction . At the International Broadcasting Convention (IBC) in 1977, 
the European Atlantic project demo11strated switching of this type . 

Conventional wisdom 1night suggest that the first f ran1e of the 
new sequence (after a switch ) should be an I-frame , requiring no refer
ences from previous fra1nes. However , B-frames may be used if they 
employ only backward p1·ediction that is, prediction based on an 
anchor frame later in time ~ (But remember , the I-frame still must be 
transmitted first , even though it is for later pre sentatio11.) The advan
tage is that these B-frames ca11, at the expense of image quality , be 
squeezed to a very low 11u111ber of bits if required , and it may be nec
essary to reduce the number of bits at the beginning of the second 
sequence to correct the VBV fullness. 

Taking bits from the B-f rames has two advantages . First , the B
frames are a part of the sequence that can be dep ·rived of bits without 
affecting the quality of the I-frame or introducing errors that will 
propagate . Second , a sce11e change provides a substantial degree of 
te1nporal masking i11 the hun1an visual system . If the low-quality B
f ra1nes occur immediately after the switch , it is most unlikely that the 
quality loss will be noticed . 

Certainly the IBC demonstration supported this view. An example 
switch betwee11 two sequences used two u11idirectional B-frames 
immediately after the cut. Examining the result frame by frame 
revealed that these B-f ra1nes were of very poor quality , but at nor1nal 
play speed the sa1ne sequence was quite acceptable, with no apparent 
quality loss. 

It is not certain what impact such developments will have on deci
sions on signal switching at cable head-ends and similar locations . If a 
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switch can be made by decoding and re-encoding (switching at video ) 
witl1 no significant loss of quality , this mechanism 1nay be attractive 
for n1any applications. It 1nay be that / by combining the techniques 
of reusing coding decisions a11d modifying frame types / the motion 
detector could be eliminated from tl1e re-encoder. This would elimi
nate the most significant cost element and make tl1is approach finan
cially attractive. 

In the meantime / most workers assume that some method of direct 
switching of MPEG bit streams will be required for some applications . 
A working group of SMPTE/ under the cl1airmanship of the author / 
investigated possible techniques for so1ne two years . The real wor .k 
was performed by an ad hoc group chaired by Katie Cor11og of Avid / 
with members fro1n many different industries . Eventually the com
mittee produced a standard for splicing MPEG bitstreams , SMPTE 
312M/ published in 1999. 

The standard specifies how MPEG transport streams may be con
structed to permit splicing . Splice points / in-points / and out-points are 
inserted at the desired points in the bit stream / and messages may be sent 
in the bit stream to advise splicing devices of upcon1ing splice points . 

The key to necessary VBV buffer management is to relate buffer 
fullness to a delay . As the "input " to VBV is a constant rate bit stream , 
each value of buffer fullness corresponds to a certain delay : the time 
it would take for the buffer to reach fullness from e1npty. This is 
known as the splice decoding delay. A seamless splice is defined as one 
where there is no discernible artifact when the spliced bit stream is 
played by a standard decoder. To achieve a seamless splice / both bit 
streams are constrained to have a splice decode delay equal to a 
defined nominal value at the splice point. (There are many other con
straints, but this is the essential factor for VBV management. ) 

To provide for cases where a seamless splice cannot be achieved / the 
proposed standard also defines a nonseamless splice where VBV may 
undergo a controlled underflow. A well-designed decoder will pla Y a 
seamless splice with minimal disturbance , usually a freeze of the 
video for a few frames. 

Since the publication of the SMPTE Standard, _ it has become 
increasingly apparent that for most applications, seamless splicing is 
not practical. The bitstreams require considerable preparation to 
include splice points and to manage the buffers in the vicinity. It 
appears that other techniques, making use of mezzanine compression, 
transparent decode/encode, and/or GOP modification will provide 
practical solutions for studio applications. 
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For lower-budget applications / s·uch a local coin . 
1 

. 
. merc1a 111serti · cable systems / the cable 111d ust1·y has developed eco . on in 

es that will likely be incorporated into a future ver;oinicfalhapproach-
s d d 10n o t e SMPTE ta11 ar . · 

1::::: ~J r· .. ·= l Mezzanine Compression Systems 

It is ~lear f r~m the preceding sections that switching compressed sig
nals is not s11nple. Furthermore / productio11 effects ot11er than cuts 
are ~e~ded f r~quently at _i11termediate points. For example / a Joca1 
telev1s1011 station mt1st switch local corrunercials to a network feed 
but also must key station identif icatio11 a11d alert messages over th; 
video a11d insert voiceovers in the audio . S01ne stations per£ orm 
more sophisticated production effects such as squeezing the 11etwork 
image as the credits roll to all0w a "pro1no " for tI1e next progran1 . At 
present none of these effects can be perf orrned on the con1pressed 
signal to produce spatial effects we need the signal in the spatial 
domain / not the frequency dornai11. It is possible that solutions may 
be found for the simple cases/ but in ge11eral it is safe to assume that 
productio11 effects require a baseba11d (u11compressed ) signal , 
whether in video or audio. 

This presents a problem . Although we have seen that identical com
pression syste1ns concatenate almost losslessly/ this is not true if the 
signal is changed between decodi11g and re-encoding . I 11 the case of 
MPEG delivery systems / it is fair to assun1e tl1at i11sL1f ficie11t head
room exists to be able to decode/ perform effects , and re-e11code with
out substantial degradation . 

The issue arises at many poi11ts i11 a televisio11 broadcast chai11, in 
contribution and distribution channels / a11d in the TV statio11 when 
recording devices are encountered . Most standard-definition digital 
video recorders use so1ne form of compression, and it is highly proba
bly that compressed recording will don1inate tI1e world of 11igh def i
nition. How do we design a viable system that i11cludes compression at 
so many poi11ts/ and where there is a need for production effects at 
many different points in the chain? 

The concept of mezzanine , or in-between , con1pression is evolving 
to meet these needs for broadcast systems based on the A TSC Digital 
Television Sta11dard. (To ·quote a colleague/ a mezzani11e is the floor in 
a hotel you can never find, and where your 1neeting is!) 
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Possible scenarios 
for the use of 
MPEG for pre
transmission 
encoding of 
high-definition 
TV signals. 
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Requirements fo1· a mezzanine system cover quite a large range . At 
one extren1e

1 
the mezzanine signal must be carried over a si11gle satel

lite transpo11der (around 45 Mbits / s maximum ) as part of the network 
distribution , and 1nust I1ave sufficient quality overhead to permit 
decoding, production effects I and re-encoding to the A TSC emission 
standard (approximately 18 Mbits /s for video ). 

At tl1e otl1er extreme , co1npression used for recording , and possibly 
in-plant distribution , must be sufficiently robt1st to permit a signifi
cant number of decode / re-encode operations (perhaps 6 to 10) without 
11oticeable degradation . It is also required that this signal be capable of 
simple switching and editing , so i11tra-only coding should be used , 
preferably with a fixed number of bits per frame . Color encoding 
sl1ould be at least 4:2:2 for studio effects . 

Fro1n the discussion of concatenation , we can draw some conclu-
. sions about the required characteristics of the mezzanine syste1ns . 
Working backward from the emission system defined , we must see 
the same algorithm (DCT ), the same DCT block placement , and the 
same quantization strategy . 

Obviously, there is a scheme that meets these requirements MPEG 
2 itself but as published there is no MPEG profile / level combination 
that meets all these needs . Because of the urgent need for a working 
document, SMPTE is in the process of standardizing a new operating 
point , the 4:2:2 profile at high level (4:2:2@HL ) permitting bit rates up to 
300 Mbits/s. Table 19-1 shows some examples of how this might be used 
(SDTI is serial data transmission interface a 1998 SMPTE standard for 
transmission of packetized data over serial digital links in the studio .) 

Application 

Contribution 
(low delay ) 

Contribution 
(other ) 

In-plant 

Distribution 

Possible 
bit rates 

155 Mbits /s 

60-80 Mbits /s 

200-270 Mbits /s 

40-4 5 Mbits/ s 

Possible GOP 
structures 

I only , 
or IP or IB 

Long GOP if delay 
u njm porta n t., otherw-ise 
balance between 
quality and delay 
reg uiremen ts 

I only 

Same as emjssion 
standard 

Possible 
• • c1rcu1ts 

OC-3 fiber 

8-PSK satellite 

Recorders and SDTl 

QPSK satellite or DS-3 
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Similar issues arise with audio distribution , but there are some dif
ferent twists . Like any compression system , AC-3 (Dolby Digjtal) can 
be decoded and re-e11coded, but this is not desirable when compres
sion has been performed on the final deliv ery rate . However , produc
tion requirements are similar a station 11eeds to perform voiceovers, 
and these can11ot be done with audio in a compressed form. It is possi
ble to use the same compression scheme at a l1igher data rate for dis
tribution , and this is certainly one possibility . However , once the need 
to deviate from the transnussion standard is seen, it may be profitable 
to explore further . In tl1is case requirements in the studio suggest an 
alternative approach that could also be used for distribution . 

Two problems arise in the studio . One is the 11umber of channels 
required . The six channels could be carried by three AES/EBU circuits, 
but most recording devices will not handle this many channels . Also, 
it is difficult if riot impossible to carry three AES/EBU circuits in per
fect sy11chronism through all the operations and equi pn1ent of a tele
vision studio . It is probable that the siganals will slip by at least 1 bit. 
Unfortunately 1 bit represents a phase change of some 35° at 10 kHz, 
and this is a significant error in a true surround-sound system. The 
other problem is that there is no convenient mechanism to carry the 
metadata (discussed in Chapter 17) that is required for the AC-3 
encoder . 

Dolby Laboratories has designed a new compressioi1 scheme to satis
fy these requirements . The new system , Dolby-E, uses an algorithm 
based on that used for AC-3 and specifically designed to be benign 
when used ahead of AC-3. It will compress 5.1 channels into the pay
load of a single AES/EBU circuit , together with the metadata needed 
for the AC-3 encoder . Some versions of Dolby-E provide additional 
channels within the same bitstream . This can be particularly useful 
when a program needs 5.1 audio for digital transmission a11d stereo or 

DSPL for analog transmission . . . . 
Dolby-E also addresses an issue common to all other d1g1tal audio 

systems the fact that the length of the frame or access unit does.not 
relate easily to the length of the video frame . Dolby-E has versions 

. . 'd f ats and in each case the corresponding to all the maJor v1 eo orm, , . 
. h h t f the video frame . This length of the access unit mate es t a o . . . 

d . . 11 ssociated with sw1tch1ng 
removes ma11y of the problems tra 1t1ona Ya 

a11d editing digital audio and video . The bit rate 
. . . h has many advantages . 

This audio mezzanine approac . · 
1 

mit a useful 
is acceptable for distribution, yet high eno_ug 1 to ~e~ot triple the 
~umber of decode/reencode operations; stations nee 
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layers of audio routing , videotape recorders will be able to record the 
sig11al, and the 1netadata will be delivered as part of the package . 

A Glimpse into the Future 
Even though MPEG-2 is just goi11g into widespread service , great 
things are being planned for the future . The MPEG-4 standard is 
approved and applications are appearing . 

MPEG-7 is well u11der way and , in conjunction with new technolo
gy, promises to greatly increase the real value of multimedia archives , 
MPEG-21 is intended to provide a complete structure to manage digi-
tal assets. 

We saw that MPEG-4 can transmit a model of a face , and then ani -
mate that face to match dialog . Other researchers are working on the 
implementation of agents models that will n o t only accurately 
mimic the delivery of a speech , but will do so in whatever language is 
requested. 

That's one of the interesting things about compression and its allied 
technologies . The progress over the last few years has been dramatic , 
yet the n1ore we know , the more we realize that we have only 
scratched the surface. I find the subject fascinating I just hope that I 
have managed to convey some of my fascination with this book . 

• 

• 
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This glossary is based upon that included in the ATSC Digital Televi
sion Standard 1 A53

1 
and pern1ission to reprodL1ce it here is gratefully 

acknowledged . The ATSC glossary 1 and so111e of 1ny additions 1 include 
ter1ns that are not strictly applica .ble to video co111pression and will 
not be found elsewhere in this book . Others refer to advanced topics 
beyond the scope of this book . All of these terms are however rele-1 / 

vant to the field of digital television . Some of the definitions are those 
from the MPEG sta11dards; in these cases I have retained t11e formal 
syntax (e.g.1 group _start _code ) . 

8-PSK A variant of QPSK used for satellite Jinks to provide greater 
data capacity u11der low-noise conditions . 

8 VSB Vestigial sideband modulation with 8 discrete amplitude 

levels . 

16 VSB Vestigial sideband modulation witl1 16 discrete amplitude 

levels . 

ACATS Advisory Committee on Advanced Television Service. 

AC-3 The audio compression scheme invented by Dolby Laborato
ries and specified for the ATSC Digital Television Standard. In the 
world of consumer equipn1ent it is called Dolby Digit:11 . 

access unit A coded representatio11 of a prese11tation unit 111 the 
case of audio 1 an access unit is the coded represe11tation of an audio 
frame. In the case of video , an access unit includes all the coded data 
for a picture and any stuffing that fallows it , up to , but 11ot includ
ing1 the start of the next access urut. If a picture is not preceded by a 
group _start _code or a sequence _header _code, the access tinit begins 
with a picture _start _code. If a picture is preceded by a grou p_start _code 
and/or a sequence _header _code, the access unit begins with the first 
byte of the first of these start codes. If it is the last picture preceding a 
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seq ue11ce_end _code in the bit stream 1 all bytes between tl1e last byte of 
the coded picture and the seque11ce _end _code (including the 
sequence _end _code) belong to the access unit. 

A/D Analog-to-digital converter . 

AES Audio Engineering Society. 

anchor frame A video frame used for prediction . I-frames and P
frames are generally used as anchor fran1es

1 
but B-f rames are never 

anchor frames . 

ANSI American National Standards Institute . 

asynchronous trans£ er mode (ATM) A digital signal protocol for 
ef ficie11t transport of both constant-rate and bur sty inf or matio11 in 
broadband digital networks . The ATM digital stream consists of fixed-

. length packets called cells1 each co11taining 53 8-bit bytes a 5-byte 
header and a 48-byte information payload . 

ATEL-Advanced Television Evaluation Laboratory . 

ATM See asynchronous transfer mode . 

ATSC Advanced Television Systems Committee
1 

the organization 
charged with standards documentation for the digital television sys
tem for tl1e United States. ATSC is now an international organization 
with members from many countries and is working to facilitate the 
smooth introduction of digital television and to promote the adop
tion of the ATSC system in other countries . 

ATTC Advanced Television Test Center . 

ATV The U. S. advanced television system. 

bidirectional pictures, B-pictures, B-f rames Pictures that use 
both future and past pictures as a reference. This technique is termed 
bidirectional prediction. B-pictures provide the most compression . B-pic
tures do not propagate coding errors

1 
because they are never used as a 

reference. 

bit rate The rate at which the compressed bit stream is delivered 
from the channel to the input of a decoder. 

bits/ s Bits per second. 

block A block is an 8x8 array of pixel values or DCT coefficients 
representing luminance or chrominance information. 
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bps Bits per second . 

byte-aligned A bit in a coded bit stream is byte-aligned if its posi
tion is a multiple of 8 bits from the first bit in the stream . 

CDTV See conventional-definition television . 

channel A digital medium that stores or transports a digital televi-
• s1011 stream . 

coded orthogonal frequency-division multiplex A modified 
f orn1 of OFDM. A n1odulation scheme used for digjtal transmission that 
is employed by the European DVB system . It uses a very large number 
of carriers (hundreds or thousands) , each carrying data at a very low rate . 
The system is relatively insensitive to Doppler frequency shifts and can 
use multipath signals constructively. It is, therefore , particularly suited 
for mobile reception and for single-£ requency networks . 

coded representation A data element as represented in its encoded 
form . 

COFDM See coded orthogonal frequency division 1nultiplex . 

compression Reduction in tl1e numbe1· of bits used to represent an 
item of data . 

conventional-definition television (CDTV) This term is used to 
signify the analog NTSC television system as defined in ITU-R Recom-
1nendation 470. See also standard-definition television and ITU-R Rec-
01nmendation 1125. 

CRC Cyclic redundancy check to verify the correctne -ss of the data 

D-frame Frame coded according to an MPEGl mode , which uses 
DC coefficients only . 

data element An item of data as represented before encoding and 
after decoding . 

DCT See discrete cosine transform. 

decoded stream The decoded reconstruction of a com pressed bit 
stream. 

decoder An embodiment of a decoding process. 

decoding (process) The process defined in the Digital Television 
Standard that reads an input coded bit stream and outputs decoded 
pictures or audio samples. 

• 
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decoding time stamp (DTS) A field tl1at n1a y be prese11t in a PES 
packet header that indicates the time that a11 access unit is decoded in 
the system target decoder. 

Digital Video Broadcasting (DVB) A system developed i11 E11rope 
for digital television transn1ission , origi11ally f 01· standard definition 
only , although higl1-definition modes have been added to the specifi
cation. DVB defines a con1plete system for ter1·estrial , satellite , and 
cable transmissio11. Like tl1e A TSC system , DVB uses MPEG-2 compres
sion for video , but it uses MPEG audio comp1·ession and COFDM 
modulation for terrestrial transmission . 

discrete cosine transform (DCT) A mathematic al tran sforn1 that 
can be perfectly undone and which is t1sef11I in ima ge compr essio11. 

Dolby Digital See AC-3. 

DTS See decoding time stamp . 

DVB See Digital Video Broadcasting. 

DVCR Digital video cassette recorder . 

ECM See entitlement control message. 

editing A process by which one or more compressed bit strean1s are 
manipulated to produce a new compressed bit stream . Conforming 
edited bit streams are understood to meet the requirements defined in 
the Digital Television Standard . 

EIA Electronic Industries Association . 

elementary stream (ES) A generic term for one of the coded video , 
coded audio, or other coded bit streams. One elementary stream is car
ried in a sequence of PES packets with one and only one stream_id . 

elementary stream clock reference (ESCR) A time stamp in the 
PES from which decoders of PES may derive timing. 

EMM See entitlement management message. 

encoder An embodiment of an encoding process. 

encoding (process) A process that reads a stream of input pictures 
or audio samples and produces a valid coded bit stream as defined in 
the Digital Television Standard. 

• 

• 

• 
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entitlement control message (ECM) Private conditional access 
infor1natio11 that specifies control words and possibly other stream
specific , scrambling , and /or control parameters . 

entitlement management message (EMM) Private conditional 
access information that specifies the authorization level or the services 
of specific decoders . They n1ay be addressed to single decoders or 

groups of decoders . 

entropy coding Variable-le11gth lossless coding of the digital repre
sentatio11 of a signal to reduce redu11dancy . 

entry point A point in a coded bit stream after which a decoder can 
become properly initialized a11d commence syntactically correct decod
ing . The first transmitted picture after an entry point is either an I-pic
ture or a P-picture . If the first transmitted picture is not an I-picture , 
the decoder may produce one or more pictures during acquisition . 

ES See elementary stream . 

ESCR See elementary stream clock refere11ce . 
• 

event A collection of ele111e11tary streams with a common time base, 
an associated start time , and a11 associated end time . 

Federal Communications Commission (FCC) The government 
agency responsible for (among other thil1gs) the regt1lation of spec
trum utilization in the United States, and the body that licenses radio 

and television broadcast stations . 

field For an interlaced video signal , a field is the assembly of alter
nate lines of a frame . Therefore , an interlaced frame is composed of 

two fields , a top field and a bottom field . 

forbidden This term , wl1en used in clauses defining the coded bit 
stream , indicates that the value shall never be used. This is usually to 

a void emulation of start codes. 

FPLL Frequency- and phase-locked loop . 

frame A frame contains lines of spatial information of a video sig
nal. For progressive video , these lines contain samples starting from 
one time insta11t and continuing through successive lines to the bot
tom of the fran1e. For i11terlaced video a frame consists of two fields , a 
top field and a bottom field. One of these fields will comn1ence one 

field later tha11 the other. 

• 
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group of pictures (GOP) One or mo1·e pictures in segue11ce. 

1-iigh-def inition television (HDTV) Higl1-def i11ition television has 
a resolution of approximately twice that of sta11da1·d definition televi 
sion in both tl1e horizontal (H ) a11d vertical (V) dim ens io11s and a pic
ture aspect ratio (HxV ) of 16:9. ITU-R Recomme11dati on 1125 further 
defines "HDTV quality" as tl1e delivery of a television pictur e that is 
subjectively identical with the interlaced HDTV stt1dio stan dard. 

high level A range of allowed picture param eters def i11ed by the 
MPEG-2 video codi11g specification , which co1·respo11ds to high-defin .i
tio11 television . 

Huffman coding A type of sot1rce coding tl1at uses codes of dif
ferent lengths to represent syn1bols that hav e t1nequal like lih ood of 
occurrence. 

IEC Inter11ational Elec·trotechnic al Comm issio11. 

intracoded pictures, I-pictures, 1-f ram es PictL1res that are coded 
by using information present only in the pictur e itself and with out 
depending on infor1nation f1·01n other pictur es. I-pi ctures provide a 
mechanism for random access int o the con1pressed video data. I-pic
tures employ transform coding of the pixel blocks and pr ovide 011ly 
moderate compression . 

ISO International Organization for Standardization . 

ITU International Telecommunication Union . 

JEC Joint Engineering Committee of EIA and NCTA . 

JPEG Joint Photographic Experts' Group . 

layer One of the levels in the data hierarchy of the video and sys
tem specification . 

level A range of allowed picture parameters and combinations of 
• 

picture parameters. 

macroblock The fundamental unit withjn MPEG for motion pre
diction. A macroblock includes all data relating to a picture area 
defined by 16x16 luminance pixels . In the advanced television system 
a macroblock consists of four blocks of luminance and one each CB 
and CR block . 
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main I eve] A range of allowed picture parameters defined by the 
MPEG-2 video coding specification with maxi1num resolution equiva
lent to ITU-R Recommendation 601. 

main profile A subset of the syntax of the MPEG-2 video coding 
specification that is expected to be supported over a large range of 
applications . 

motion vector A pair of n un1 bers that represent the vertical and hor
izontal displacement of a region of a reference picture for prediction . 

MP@HL Main Profile at High Level. 

MP @ML Main Profile at Main Level. 

MP3 An abbreyjation for MPEG audio , Level III . A popular format 
for compressing music files for distribution over the Internet. 

MPEG Refers to standards developed by the ISO/ IEC JTC1 /SC29 
WGll , Moving Picture Experts Group . MPEG may also refer to the 
group . 

MPEG-1 Refers to ISO / IEC standards 11172-1 (Systems ), 11172-2 
(Video ), 11172-3 (Audio ), 11172-4 (Compliance Testing ), and 11172-5 
(Technical Report ). 

MPEG-2 Refers to ISO / IEC standards 13818-1 (Systen1s )
1 

13818-2 
(Video), 13818-3 (Audio ), and 13818-4 (Compliance ). 

NCTA Natio11al Cable Television Association . • 

NTSC National Television Systems Committee . The committee that 
defined 525-line monochrome television in the 1940s and the U.S. stan
dard-definition color television system in the 1950s. 

OFDM Orthogonal frequency division multiplex. See also COFDM . 

pack A pack header fallowed by zero or more packets; it is a layer 
in the system codi11g syntax. 

packet A header fallowed by a number of contiguous bytes f ram 
an elementary data stream ; it is a layer in the system coding syntax . 

packet data Contiguous bytes of data from an elementary data 
stream present in the packet. 

packet identifier (PID) A unique integer value used to associate 
elementary streams of a progran1 in a si11gle-or multi-program trans
port stream. 
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padding A n1ethod to adjust the average length of an audio frarne 
i11 time to the duration of the corresponding PCM samp les by contin
uously addi11g a slot to the audio frame. 

pay load The bytes that fallow the header byte in a packet . For 
exa1nple 1 the payload of a transport stream packet i11cludes the 
PES_packet _header and its PES_packet _data _bytes or pointer _fie ld a11d 
PSI sections 1 or private data . A PES_packet _payload

1 
however , consists 

only of PES_packet _data _bytes . Tl1e transport stream packet header 
a11d adaptation fields are not payload . 

PCM Pulse-code 1nodulatio11. 

PCR See program clock reference . 

pel See pixel . 

PES Packetized elementary stream . 

PES packet The data structure used to carry ele1nentary stream 
data. It consists of a packet header followed by PES packet payload 

• • PES packet header The leading fields in a PES packet up to but 
not including the PES_packet _data _byte fields where the stream is not 
a padding stream. In the case of a padding stream , tl1e PES packet 
header is defined as the leading fields in a PES packet up to bu.t not 
including the padding_byte fields . 

PES stream PES packets , all of whose payloads consist of data from 
a single elementary stream , and all of which have the same stream _id. 

picture Source , coded , or reconstructed image data. A source or 
reconstructed picture consists of three rectangular matrices represent-
ing the I uminance and two chrominance signals . . 

PID See packet identifier. 

pixel Picture element , or pel. A pixel is a digital sample of the color 
intensity values of a picture at a single point. 

predicted pictures, P-pictures, P-fra1nes Pictures that are coded 
with respect to the nearest previous I- or P-picture. This technique is 
termed forward prediction. P-pictures provide more compression than I
pictures and serve as a reference for future P-pictures or B-pictures. P
pictures can propagate coding errors when P-pictures (or B-pictures) 
are predicted from prior P-pictures where the prediction is flawed . 
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presentation time stamp (PTS) A field that b may e pr · 
PES packet header that indicates the time that a p . esent 1n a . resentation u · · 
presented 1n the system target decoder . nit 1s 

presentation unit (PU)-A decoded audio access uni·t d . · or a ecoded 
picture . 

p_rofile . A defi1:1~d s_ubset of the syntax specified in the MPEG-2 
video coding specif 1cation . 

program A collection of progr·am elements. Program elements may 
~e ele1nentary streams. Program elen1ents need not have any defined 
time base; those that do have a common time base and are intended 
for synchronized presentation . 

program clock reference (PCR) A ti1ne stamp in the transport 
stream from which decoder ti1ning is derived . 

program element A generic term for one of the elementary 
streams or other data streams that may be included in the program . 

program-specific information (PSI) Nor1native data that is neces
sary for the de1nultiplexing of transport streams and the success{ uJ 

regeneration of programs . 

PSI See program specific information . 

PTS See presentation time stamp. 

PU See presentation unit . 

QAM: See quadrature amplitude modulation . 

QPSK Quadrature phase-shift keying , a modulation scheme for 
digital transmission particularly suitable for satellite links. 

quadrature amplitude modulation (QAM) A modulation 
scheme for digital transmission that uses both amplitude and phase 
information. Favored by the cable i11dustry for digital television 

distribution. 

quantizer A processing step that intentionally reduces the preci

sion of DCT coefficients . 
. 

random access The process of beginni11g to read and decode the 

coded bit stream at an arbitrary point . 

SCR See system clock reference . 
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scrambling The alteration of the cl1aracteristics o.f a video, aL1dio, 
01· coded data strea1n to prevent unautl1orized reception of tl1e infor
n1atio11 in a clear f orrn . This alteration is a specified process ·Linder the 
co11trol of a conditional access system . 

SDTV See sta11dard-def i11itio11 television . 

slice A series of consecutive macroblock s. 

SMPTE Society of Motion Picture and Te levisio11 Engi11eers. 

source stream A single , 11onmultiplexed stream of sa1nples before 
compression coding . 

splicing Concate11ation of , o r switchi11g between , two different 
streams of compressed data . 

sprite A static video object , ust1ally a backgrou11d , that is larger than 
the presentation area. Once the sprit e has been trans111itted, a degree 
of c~1nera movement may be represented wit l1out transn1 ission of a 
new background . 

standard-definition television (SDTV) Used to signify a digit al 
television system i11 which the quality is appr oximate ly equ ivalent to 
that of NTSC. Also called standard digita l television. See also conven
tiona .1-definition television . 

start codes 32-bit codes ernbed .ded in the coded bit strea 1n that are 
unique. They are used for several purpo ses including ide11tif ying 
some of the layers in the coding syntax. Start codes consist of a 24-bit 
prefix (Ox OOOOOl) and an 8-bit stream _id . 

STD See system target decoder . 

STD input buff er A first-in , first-out buff er at tl1e input of a sys
tem target decoder for storage of compressed data from elementary 
streams before decoding . 

still picture A coded still picture consists of a video sequence con
taining exactly one coded picture , which is intracoded. This picture has 
an associated PTS, and the prese11tation time of succeeding pictures, if 
any,, is later than that of the still picture by at least two picture periods . 

streaming, streaming media A technique for transmitting digital 
content over networks and links so that the content may be presented 
as it is received without waiting for the end of the transmission. 
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system clock reference (SCR) A time stainp in th 
from which decoder timi11g is derived. e program stream 

system header A data structure that carries informat · . 
. . . . . 10n summar1z-
1ng the system character1st1cs of the D1g1tal Television Standard multi-
plexed bit stream. 

system target decoder (STD) A hypotl1etical reference model of 
decoding process used to describe the se1na11tics of the Digital Televi~ 
sion Sta11dard multiplexed bit stream . 

time stamp The time of a specific actio11/ such as the arrival of a 
byte or the presentation of a presentatio11 unit . 

TOV Threshold of visibility . 

transport stream packet header The leading fields in a transport 
stream packet up to and including the continuity _counter field . 

variable bit rate Operatio11 where the bit rate varies with time 
during the decoding of a compressed bit stream . 

video buffering verifier (VBV) A hypothetical decoder that is 
conceptual! y connected to the output of an encoder . Its purpose is to 
provide a constrai11t on the variability of the data rate that an encoder 
can produce. 

video sequence A video sequence is represented by a sequence 
header , one or more groups of pictures , and an end_of_seque11ce code 
in the data stream . 

• 

' 
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INTERNET RESOURCES 
There is a wealth of information available fro1n tl1e Internet on the 
subjects of video and audio compression . I 11ave listed just a few of the 
key sites; those that I expect to remain stable. The best way to research 
the Internet is to use the li11ks from these sites ; generally these are 
kept up to date . To save typing / these links may be found in the top 
directory of the CD-ROM . 

http: // www.symes.tv This is where I will post updates to the book / 
er1·ata/ and lii1ks to new or new I y discovered interesting Web sites. 
It also provides a mechanism f 01· feedback on the book and related 
topics. If you find errors/ or have suggestions for improvements / 
please use the Web site and let me know . 

http: // www.mpeg.org / index.html / This is not the '"official" MPEG 
site, but it is without doubt the richest source of information on 
almost anything connected with con1pression . There is even a site 
search engine! The site is publisl1ed by MpegTV LLC, a San Francis
co-based privately owned company founded in 1997, and main 
tained by Tristan Savatier , a long-time contributor to MPEG. Most, 
if not all, of the following sites may be accessed from the approxi-
1natel y 2,000 links indexed in mpeg.org. 

http:/ / drogo.cselt.stet.it/mpeg/ This is the official MPEG site. A 
visit to this site is particularly useful for those interested in the 
ongoing work of MPEG. There are some excellent tutorials on com
pleted and current work . 

http://www.m4if.org / The industry forum for MPEG-4. News, 
inf or1nation 1 a11d links to companies with MPEG-4 products. 

http://www.jpeg.org/ A great deal of information on JPEG, includ
ing the conti11uing work of the comn1ittee. 

http://www.dvpa.com/links/ Links to many sites covering DV 
• con1 press1on . 
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Inte rnet Resources 

http: // www.real.com / Tl1e hon 1e of Re al Vid eo a11d Real Al.1dio; 
fr ee pla yers and trial vers io11s of at1tl1or in g p rogra1ns , 111an y sour·ces 

of strea1ning n1edia. 
http: // www.microsoft.com / wi ndows / window s medi a / en / 

default.asp Ever ythin g yo u ever wa11.ted to k11ow abo u t Wi n 
dow s Media , and all th e too ls yo u 11eed to do it . Fr·ee (at the tim e of 
writing ) players, auth orin g softwa re, and serve rs. 

http: // www. vide.gatecl1.ed u / cook book2.0 / Excelle11 t so u rc e of 
informati on on video conf ere11cin g. 

http: / /www.internz.com / compression-pointer s.htn1l Ma ny li11ks 
to sites addres sing every aspect of comp ression techn ology . 

http: / / www.atsc.org / The l1ome of the Adva 11ced Televisio11 Sys
tem s Committ ee and the ATSC Digit al Telev jsion Stan dard (A/ 53). 
Other docu1nent s available f ro111 thi s site i11cl ud e Dig ital Audi o Com
pression (AC-3) Standard (A/52), and Guide to th e Use of th e ATSC Digital 
Television Standard (A/54) and an excelle11t t uto rial on co mpress ion 
and digit al tran smission . 

http: // www.dvb.org / Tl1e Eur opea n Digita l Vide o Broa d castin g 
orga1uzati o11 maintain s exten sive in fo rm ation on the DV B standa rds. 

http: // www.unik.no / -robert /hifi /dvd / Exten sive inf ormat ion on 
DVD; what was digi tal video disk or di gita l versat ile di sk is no w just 
D VD. 

http: // www.da ·vic.org / The Di git al Audi o Vis ual Co un cil is an 
association of some 200 co1npan ies seekin g int eropera bilit y in th e 
multimedia communication s world . 

http: // www.smpte.org / Th e Society of Mo tion Pictur e and Televi
sion Engineer s is an i11ternational standard s organi za tion . SMPT E 
publishes tl1e studio standards that for1n the ii1put to stand ardi zed 
compression system s and man y standard s relatin g to com pre ssio11. 

http: // www.iec.ch http: // www.iso.ch http: // www.itu.ch Official 
sites of the standard s organi zation s, including inform ation on the 
purchase of standards documents . 

http: // www.dolby.com / Many general interest and technical papers 
on audio systems and audio compression . 

http: // www.inforamp.net /- poynton / Charle s Po ynton 's home 
page with a fascinating collection of articles on digital signal pro
cessing , color science , and other aspects of vision and television . 
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http: // www.math.auth.gr /-axonis /studies / audio.ht1n A site created 
by Panos Stokas of the Departme11t of Mathematics at Aristotle Uni
versity in Thessalo11iki, Greece . It describes a long-term exercise to 
find the best algorithm for audio compression , one that combines 
higl1 qt1ality at low bit rates with processing speed and portability . 

http: // www.sv.philips.com / newtech / Good information on many 
audio a11d video related technologies . 
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ABOUT THE CD-ROM 

The CD-ROM included with this book includes a 11umber of software 
applications for tl1e compression of still images / video / and audio / 
together with some sample source material . All applications are intend
ed for the Microsoft Windows ® operating system All of the content is 
provided for educational and experimental purposes / and no license is 
granted to use any material or application for any commercial purpose . 

Tl1e contents of the CD are listed in a readme file in the top-level direc
tory . On Windows 2000 and Windows ME systems , this file should be 
opened automatically in your browser when you insert the CD_ If not , 
ope11 this file manually and proceed from there . All of the content is 
described in linked html files, so you can investigate the CD from your 
browser . If you do 11ot have Version 5.5 of Internet Explorer installed , you 
might want to start by installing this program from the CD. 

Because the content has been supplied by multiple organizations / 
you will find considerable variety in the organization and presenta
tion. Generally the content from each source will be in separate direc
tories , together with any particular applicable instructions , copyright 
notices , and the like . 

Some of the applicatio11s are f reeware (but still subject to licensing 
agreeme11ts); others a1·e demonstration versions that may have limited 
functionality , or that may be used only for a specified time after 
installation . In most cases the application or the accompanying files 
will contain explanatio11s 1 links to the company that owns the applica
tion , and instructions on how to pt1rchase u11restricted versions (and 
some of the applications are very inexpensive) . 

I believe it is helpful to gather all this content together in a way 
that allows easy exploration , but I strongly suggest that if you find an 
application useful you should co11tact the 1nai1uf acturer to obtain the 
latest versio11. Please be aware of the licensi11g conditions for each 
product , a11d respect the rights of those who own the content . In par
ticular , please do not redistribute any of the content of the CD unless 
the license for that content explicitly permits redistribution . 
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A 

Abramson , Norman 51, 54 
Advanced streaming for1nat 298 
Ad va11ced Televisio11 Evaluation Laboratory 

179 
Advanced Television Syste1ns Comn1ittee 

173, 310 
Age11ts 310 
Alias 22, 25

1 
27

1 
189

1 
2-80 

Aliasing 
111otio11 138 
temporal 24, 30-31, 138 
vertical 89-90 

Alphabet 37 
A11alog-to-digital converter 18, 26 
Anti-alias filter 26 
Arith1netic encoding 47, 200 
Artifact 4, 91 130, 189, 305 

blocking 130 
temporal 191 

ASCII 7 
ASF 298 
ATEL 179 
Atlantic project 311 
ATM networks 234 
ATSC 173, 184, 310 
A·udio ~ompression 275-291, 305, 315 

A C-3 288-291 
ATSC 288 
backward adaptive 286 
basilar membrane 277, 280 
bit allocation 286 
companding 285 
dialog 11ormalization 290 
Dolby 276, 288, 315 
Dolby Digital 288 
Dolby Surround Pro Logic 288 

• 

B 

forward adaptive 286 
f reg uency 1nasking 277 
low -frequency effects channel 289 
masking in l1uman hearing 277-278 
mezzanine compression systems 291 

313-316 I 

MPEG 287 
MUSICAM 287-288 
noise red uctio11 27 6 
quantizatio .n noise 278, 285 
si1n pie schemes 278-279 
subband systems 284-287 
temporal masking 278 
threshold level 285 
trans£ orm systems 286-287 
transients 287 

Bandwidth 3 
Baseline JPEG 109 
Basilar mem bra11e 277, 280 
Basis functions 81 
BIFS 214 
Bit rate reduction 2 
Bit stream 

parsing 125 
switching 306 

Block 1natching 143-147 
Blurring 32 
Boundary coding 203 
Buffer 165, 308-309 

fullness 166 

C 

Category 120-123 
CCD 29, 32, 72-73 
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CCITT 108 
Charge-coupled device . See CCD 
Chiariglio11.e, Leonardo 152 
CIF 153 
Cinema , digital 218 
Code 

allocation 43 
ef ficie11cy 39-47 
Huffman 41 
pref ix condition 40 
variable-length 6, 40 

Codebook 98 
Coding 

bou11dary 20 3 
entropy 6-8, 36-48, 110, 119-124 
perceptual 9 
predictive 50-66, 103, 123, 201, 202 
run-length 5-6 
shape 199 
texture 201 

Coefficient 
AC 143 
amplitude and phase 76 
DC 110, 120, 124 
DCT 74-85, 113-119 
Fourier 76 
real and imaginary 76 

Celor components 141 
Color space 88 
Color space nomenclature 201 
Common intermediate format 190-191 
Companding 249, 257 
Compression 

efficiency 171 
lossless 5-10, 41 
lossy 10-12, 17 
ratio 8, 123,, 129 

Compression systems 10 
asymmetric 11, 153 
concatenation 303-306 
DV 242-253 
fractal 300 
symmetric 11 
wavelet 256-269 

• 

Index 

Computer grapl1ics 16 
Co11catenation of co1npressio11 systems 

303-306 
Contrast range 101 
Correlation surface 150 

D 

Data 
arrange1nent 5 5, 68, 92 
cl1aracteristics 5 5, 68 
coding 6 
correlation 55 

DCT 68, 7 4-90, 113 
as axis rotation 85 
basis functions 81-85 
examples 87-88 
failure 88-90 
Fourier approach to 76-80 
in DV 246-249 
inverse 81, 127-128, 304-305 

Decision 
levels 94 
regions 96 
values 94-96 

Dequantization 92, 127 
Descriptors 119-124 
Differential pulse code modulation . See 

DPCM 
Digital cinema 218 
Discrete cosine transform. See DCT 
Discrete memoryless source. See DMS 
Dissolve 165 
DMS 37, 50,, 98 
Dolby 276, 288, 315 
DPCM 54 
DV compression 242-253 

25 Mbits/s compression 244 
50 Mbits/s compression 252 
concepts 24 3 
DCT in 246-249 
quantization 249-251 
segment 245 
superblock 245 
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E 

E11d of block 120 
Energy 

concentration 88 
distribution 88 

English language 51 
Entropy 6-8, 36-48, 110, 119-124 
Error· 

correction 186 
measu1·ement 92-93 
prediction 104 
quantization 104 

Exposure time 32 

F 

Fade 165 
Filter 

anti-alias 26 
quadrature mirror 280-284 
wavelet as 261 

Fourier 
coefficient 71 
synthesis 80 
theore1n 71 
transform 71, 149, 256-260 

Fractal compression 300 
Frequency 

G 

horizontal 80 
masking 277 
spatial 24, 72-7 4 

Gamma correction 100 
GIF 99 
GOP. See MPEG : group of pictures 
Graphics, computer 16 
Graphics interchange format. See GIF 
Group of pictures . See MPEG: group of 

• pictures 

H 

Halftone 101 
Huffma11. 

code 41, 120-123 
code , modified 44-47 
table 122, 124 

I 
I 
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Human vist1aJ syste1n 10, 16, 31, 116, 311 

I 

IBM 47 
IDCT 81, 127-128, 304-305 
IEC 108, 152 
Image 

• 

bandwidth-limjted 17 
binary 109 
complexity 166 
continuous-tone 17, 116 
gamut 109 
half tone 101 
intensity 18 
photographic 17, 51, 54, 85, 109 
reference 140 
sampled 15, 17 
sequence 138 
static 72 

I11f or1nation 36, 51, 54 
discarding 92 
irrelevant 4, 8 
reduction 16 
redunda11t 5 
surplus 4 

Intensity 55 
spatial variation 27 
variation with time 29-33 

Interaction 215 
Interlace 155 

computers and 179 
in MPEG-1 155 
in MPEG-2 172, 178-183 

In terna tio11al Electrotechnical 
Commission 10. See also IEC 

• 
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International Organization for 
Standardizatio11 10. See also ISO 

I11ter11a tio11al Telecom1n u nications 
Unio11 lO. See also ITU 

I11ternational Telegrapl1 and Telephone 
Consultative Council. See CCITT 

Isnardi , Michael 189 
ISO 108, 152. See also International 

Organization for Standardization 

ITU 108 

J 

JBIG 47 
JND. See Just noticeable difference 
Joint Photographic Experts Group 11, 108 
JPEG 11, 108-135 

baseline 109, 129 
conlll1ittee 108 
compression targets 108-109 
examples 129 
extensions 130 
markers 125 
motion 131 
origins of 108 
preprocessing 110 
syntax 125 

JPEG2000 27 2-27 4 
Just noticeable difference 10 

L 

Level 
decision 94 
reconstruction 94 

Lossless compression 5-8, 36 
Lossy compression 8-10 
Low frequency effects 289 
LZW compression algorithm 99 

M 

Macroblock 153 

Markov source 50 
Mea11 sq i1are e1·ror 92 
Metadata 222 

Index 

• 

M~zza11i11e compression systems 312-314 
M1ni1ntJ111 absolute difference 92 
Modified Huffman code 44-47 
Morse code 7 
Morse , Samuel 7 
Motion 

compensation 138-150 
estimatio11 141, 145-150 

Motion estimation 
bidirectional 156-157 
phase correlation 149 
restricted search 148 
Motion JPEG 131 
Motion vector 141 
Moving Pictures Experts Group 11 152 
MPEG I 

anchor frame 159 
artifacts 190 
audio compression 287 
B-frame 156 
backward prediction 159 
bi-directional frame 156 
bit allocation 165 
brightness changes 190 
closed GOP 159 
coder 169 
coding order 165 
committee 152 
constant bit rate 165 
decoder 169 
display order 159 
forward prediction 158 
frame types 156-158 
GOP 158 
group of pictures 158 
hierarchy 154 
I-frame 156 
interpolated prediction 165 
intra coding of macroblocks 161-162 
intra frame 156 
linear translation model 190 

• 
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l11dex 

Mqua11t 166 
non-intra coding of macroblocks 

162-165 
no11-intra frame 156-158 
open GOP 159 
operating ranges 236-238 
P-f rame 162 
performance 189 
-practicing the art 189-191 
predicted frame 162 
P ro-MPEG 234-239 
quantization matrix 165 
q uanti zatio11 scale factor 166 
rate co11t1·0I 163-168 
residuals 147 
sequence 154 
ski pped macroblock 163 
splicing 306-312 
sy11tax 153 
system delay 160 
test model 165 
tip s for higher quality 191 
transmission order 160 
variable bit rate 165 
VBV 168, 308-310 
video buff er verifier 168, 

308-310 
MPEG-1 152-17'0 

bit stream 153 
constraints 152 
D-frame 155 
interlace and 155 
macroblock 155 
picture 155 
slice 155 
syntax 153 

MPEG-2 172-191 
3:2 pulldown 175 
4:2:2 prof i1e 176 

• 

alternative coef ficie11t scan 181-182 
color space 173 
compliant decoder 175 
concealment motion vectors 17 4 
decode time stamp 187 

• 

DTS 183 
dual-prime prediction 183 
enhancement layer 183 
enhancements 173 
field DCT 180-182 
field pictures 179 
field prediction 182 
frame DCT 180 
frame pictures 179 
frame prediction 182 
goals 172 
interlace 172, 178 
interlace tools 178-183 
level 175-178 
lower field 180 
main profile 176-178 
pack 185-186 
packet identification code 1~6 
PAT 187 
PCR 187 · 
PID 186 
PMT 187 
presentation time stamp 186 
profile 17.5-178 
program association table 187 
program clock reference 187 
program 1nap table 187 
program stream 186 
PTS 187 
quantization 173 

343 

scalable bit streams 175 
scalable coding profiles 183-184 
slice structure 173 
SNR scalable profile 183 
spatially scalable profile 183 
system clock reference 185 
system layer 184 
transport stream 186 
upper field 180 

MPEG-3 173, 194 
MPEG-4 194-219 

advanced coding extensions 209 
animations 206 
arbitrary shapes 200 
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BIFS 214 
binary shapes 200 
bit-plane encoding 217-218 
boundary coding 203 
fine-grain . scalability 216-218 
goals 194 
objects 195 
object coding 196 
scalability 207-209 
scene modeling 214 
shape-adaptive DCT 210 
shape coding 199 
sprite 204-205 
static texture coding 206 
studio profiles 215 
texture coding 201 
video 198 
video hierarchy 198 
visual profiles 210-213 

MPEG7 222-228 
concepts 222 
metadata 222 
scope 225 
structure 226 
terminology 225 
visual 227 

MPEG-21 230-232 
Multiplex 184 

statistical 300 

N 

Naming, Numbering and Navigation 
SeePSIP 

Noise 4 
quantization 18 

Nonlinear edit systems 131 
Nyquist 

filtering 189 
frequency 25, 30 
limit 72 
sampling 139 
theorem 24 

0 

Object 
i11 MPEG-4 195 
video 196 

Object coding 196 
Object , tra11slucent 190 
Object , transparent 190 
Operating ranges 235-238 

p 

Packetized ele1nentary stream 185 
Perceptual coding 9, 27 6 
Perceptual u11iformity 100 
PES 185 
Phase correlation 149-150 
Pixel 55, 72 
PKZIP 5 
Poynton , Charles 22, 32, 10\ 
Preconditioning 189 
Predictive coding 50-65, 123 
Predictor 56 

adaptive 59, 66 
first-order 57, 62 
plane 57, 64 
second order 57 
third-order 57 

Prefix condition code 40 
Pro-MPEG 234-239 

goals 235 
operating ranges 235-238 

Probability 36 
PSIP 188 

a 

Index 

Q-Coder 47 
QM-Coder 47 
Quadrature mirror filter 280-284 
Quantization 4, 17, 91-105, 116, 166, 285 

adaptive 130 
applications of 100-105 
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errors 92 
in DV 249-251 
11oise 4, 92, 285 
precision 100 
of wavelet coefficients 267 

Quantizer 
entropy-constrained 97 
Lloyd-Max 97 
nonunif or1n 95 
scalar 94 
types of 93-100 
uniform scalar 94 
vector 98 
Qu icktime 298 

R 

RealNetworks 298 
Reconstruction 19, 95, 118, 281 

Value 95 
vector 98 

Redundancy , temporal 138 
Residuals 14 7 
Resolution 

spatial 9, 72 
tem .poral 10, 24, 138 

RMS 92 
Root mean square . See RMS 
Run length encodi11g 5 

s 

Sample density 73 
Samples , mirrored 78 
Sampling 

I-dimensional 18-25 
2-dimensio11al 31-34 
Nyquist 24, 143 
rate 18 
temporal 29-33 

Sarnoff Corporation 10, 189 
Scanning 72 

alternate-horizo11tal 202 

• 

• 

alternate vertical 202 
coef ficie11t 119 
zigzag 119 

Search range 145 
Shan11on , David 37, 38 
Shape coding 199 
Sideband 21 

overlap 22, 280 
SMPTE 176 
Snell & Wilcox 142 
Source 

Markov 50 

I 

345 _____ _.___. 

noiseless encoding theorem 38 
reduction 42 

Spatial frequency 72 
Sprite 204-205 
Statistical n1ultiplexing 300 
Streaming media 294-298 

applicatio11s 295 
standards 297 

Subband coding 284 
Switchi11g MPEG 306-312 
Symbol 61 37, 50 

T 

Tektronix 10 
Temporal aliasing 24-25, 30, 32, 138 
Temporal n1asking 277 
Ten1poral redundancy 138 
Temporal san1pling 29-33, 138, 149 
Testing , st1bjective 9 
Texture coding 201 
Transf or1n 67-89 

V 

color space 68-70 
discrete cosine 7 4-89 
inverse 69, 81 
lossless 67 
lossy 67 
reversible 67 

Value 
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decision 94-96 
reconstruction 95 

Variable-lengtl1 code 7, 40, 203 
Variable-le11gth coding , dangers of 43 
VBV 168, 308-310 
Vector 

n1otion 141 
quantization 98 
reconstruction 98 

Video buffer verifier 168, 308-310 
Video object 195 
Video object plane 199 
VOP 199 

• 

w 
Watkinson , John 149, 283 
Wavelets 256-270 

as filters 261 
compression 266 
concept _260 
convolution 261 
decomposition 263 
scalability 267 
qt1antization 267 

Windows media 298 
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• 

IPR2021-00827 
Unified EX1010 Page 366



• 

• 

~ ABOUT THE AUTHOR 

• 

Peter Symes is Manager of Advanced Technology at Grass Valley 
Group . He is an SMPTE Fellow, a Senior Member of the 1EEE, and the 
author of Video Compression (McGraw-Hill ). At the time of this 
writing , he served as the Engineering Director, Television for SMPTE 

• 

IPR2021-00827 
Unified EX1010 Page 367



IPR2021-00827 
Unified EX1010 Page 368

 
|PR2021-00827

Unified EX101O Page 368



; 

• 

• 

, 

I 

I 

I 
! 

·-IPR2021-00827 
Unified EX1010 Page 369

 
 

 
 
 

 

 
 

 
 
  
 

 

i _- . - -: awfi flitu-E’Pfi-fi-ifi: ..
.- II:

--- -. ~ In- 1.4-:-

. ~ _. -' 5.; fi_1ff1iff.'[.ififli Ij‘lul‘n «Tm-6.31113
. . - I. If" ""-¥|"“"fl I 1: W" i- ._; RP} mi?- - F a; .

 
 
 

.~ '%;r~i=-.;.:,¢Paz '.-‘;,--;..-« :-=-:—.:.:1-;:-.qe=:£-
. . . fimtw flaw? 5w w“'fi * . ‘

__ , .. J_.JW 31:}?- 3‘“ 1. bigrfigié
L :- -_ - '. .: .‘ _ ....:,..fiuW-fl'13'r‘fi5-‘il' 9%"

. . . . . . . : . '- ‘ '- 1.. ' " I
-‘..".

 

J “l - .15]! I I-I-Fflififlih if.. F i I '$.24 trig" )1- In—l
_I F I. .1 h.‘I_' I; I IF-1 I

r I'

 
    

  

 

  
 

ii! _-;I
. III' -r

.- I 'r'-.'_' r
n. 1. 1| l'_-' iI‘

1._"-: I‘r

-_'-.',I. .

i I _ ' |PR2021-00827

Unified EX101O Page 369



.. 

SOFTWARE AN D INFOR MATI ON LICENSE 

. . . · (collectively referred to as the "Product") are the pro perty 
The software and mformat1on on this diskette I-I'll") d are protected by both United States copyright 
of The ~cGraw-.Hill Comp~nies , Inc. ("Mc~r~w-

1
0

u :ust treat this Product just like a book , except that 
law and mternat1onal copynght treaty prov~iondY y make archival copies of the Products fo r the 
you may copy it into a computer to be use an Y';'U ma ur investment from Joss 
sole purpose of backing up our software an~\protecti~g y~xample that the Produ~t may be used by any 

By saying "just like a book ,· McGraw-Hild i;iean\n~rcompute; location to another , so long as there is 
numbe~ ~f. people and may be freely :~:ef th:o~oduct ) being used at one location or on one computer 
no poss1b1hty of the Product (or any P b d by two different people in two different 

l ·1 · · b · d her Just as a book cannot e rea 
w 11 e It 1s emg us~ at a~ot · ' b d b two different people in two different places at places at the same nme neither can the Product e use Y • . 
the same time (unless ~f course McGraw-Hill's rights are bemg violated ). d . 

McGraw-Hill rese;ves the right to alter or modify the contents of t_he Pro _uct at any t1m~. . 
· ' · ff · t 'l termi·nated The Agreement will terminate automat1cally without This aoreement 1s e ecnve un 1 · f · · b 

notice if 
O 
ou fail to comply with any provisions of this Agreement. I.n the event o termmat1on y reason 

y h ·11 d erase all copies of the Product mstalled on any compute r system or of your breac you w1 estroy or f T · 
made for backu'p purposes and shall expunge the Product from your data storage ac1 1t1es. 

LIMITED WARRANTY 

McGraw -Hill warrants the physical diskette (s) enclosed herein to be free of def;.~~ in ~ateria ls. an d 
workmanship for a period of sixty days from t~e purc~ase date . If Mc~raw- 1 rece1v~s. w~1tte? 
notification within the warranty period of defects m matenal or workmans .h1p, .and such not1f1cat1011 1s 
determined by McGraw-Hill to be correct , McGraw-Hill will replace the defective dISkette(s). Send request to: 

Customer Service 
McGraw-Hill 
Gahanna Industrial Park 
860 Taylor Station Road 
Blacklick , OH 43004-9615 

The entire and exclusive liability and remedy for breach of this Limited Warranty shall be limited to 
replacement of defective diskette(s) and shall not include or extend to any claim for or right to cover a.ny 
other damages , including but not limited to , loss of profit , data , or use of the so ftware , or ~p~c1al, 
incidental , or consequential damages or other similar claims , even if McGraw-Hill has been spec1f1cally 
advised as to the possibility of such damages . In no event will McGraw-Hill's liability for any damages to 
you or any other person ever exceed the lower of suggested list price or actual price paid for the license to 
use the Product , regardless of any form of the claim . 

TH E McG R AW- HIL L COMP AN I ES, IN C. SP ECIFICAL LY D ISCLA IMS ALL OTHER 
WAR RANTIES, EXPRESS OR IMP LIED, IN CLUDING BUT N OT LIMITED TO, ANY IMPLIED 
WARR ANT OF MERCH ANTA BILITY OR FITNESS FOR A PA RTICULA R PURP OSE. Specificall y, 
McGraw-Hill makes no representation or warranty that the Product is fit for an y particular purp ose and 
any implied warranty of merchantability is limited to the sixty day duration of the Limited War rant y 
covering the physical diskette (s) only (and not the software or information ) and is otherwise expres sly and 
specifically disclaimed . 

This Limited Warranty gives you specific legal rights , you may have others which may vary from st_ate 
to state . Some states do not allow the exclusion of incidental or consequential damages or the limi tat10n 
on ho~ long an implied ~arranty las~ , so some of the above may not apply to you . ' 

This Agreement constitutes the entire agreement between the parties relating to use of the Product T~e 
ter~s .of any pu~chase ord~r shall h~ve no e.ffect <;>n the terms of this Agreement Failure of McGr aw~Hill 
to ms1st at any time on stnct compliance with this Agreement shall not constitute a waiver of any nghts 
under this Agreement .~his Agr~ement sha ll be construed and governed in accordance with the laws of 
New York..1f any prov1s1on o~ ~1s Agreement is held to be contrary to Jaw, that provision will be enfo rced 
to the maximum extent permJss1ble and the remaining provisions will remain in force and effec t 
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co ry to law, that provision will be enforced 
c remaining provisions will remain in force and effect. 
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