
3. Do you plan to build a receiver with BfrfJI'M capabilityfrom the beginning of the service
in order to accommodate B frame features when it is introduced in an encoder in the
future?

If it is decided to include B frames. all receivers need to be built with B frame capability.

VCR ISSUES

1. Is progressive refresh U/lCtly same .chnique used in the original DigiCipher system, or
are there chtuaglll Does new proposal have 4 panels with vertical seams? Would
horizontal seams be better, especially for VCR trick play?

Progressive refresh will be different from the technique used in the original DigiCipher
system. There will be no vertical or horizontal seams.

2. VCR trick play mu.rt be anticipated. Will the system mtlIce ItlSY random access with rapid
image acquisitio,,? WUI editing of compressed image data streams be possible? Will
system mark data in bit stream to aid trick play processi",? and prioritize data?

The system will be designed to support easy random access and editing of compressed
image data S1l'e8mS. The issue of data muting and prioritization for VCR trick mode is
being considered.

3. Did not address VCR perfomumce especially for "trick modes" that consumers expect.
(Page ofdiscussio")'

Various consumer VCR manufacturers lie worIdn. on trick modes with compressed data.
The resulting imaJe quality of fut forward and rut reverse will be comparable to VHS.

MISCELLANEOUS QUESTIONS

1. Usi", sqJlllTe piuls for 1050, total piulslpiet is 20t1 more thlm previous systems. WUI
this result in increased static (or dynamic) horizontal rllolutio" system performance or
is piul ",. i1ltD7ulJ to coder adjusted to feer H samples and interpolated to square
pixels at olllpllt?

It will result in increased horizontal resolution. The system can also usc reduced
resolution (1408 pixels) for compression and trIDImission.
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2. How will existing and emerging production formats "dove-tail" with proposed
transmission system? For emmple, what video/audio formats are being considered as
appropriate for inte1face at the input to the transmission system?

Existing or emerging production fonnats (l080 line fonnat, for example) can directly
interface with the encoder. The encoder can perfonn any required fonnat conversion.

3. Will your system support any form of scalability?

No, but a compatible migration path to lOoo-line 60 frames/sec progressive fonnat is
under consideration.

4. By what tests will we be sure that option ofmultiple encoding techniques results in better
pictures? Not obvious that inclusion ofall techniques is better than use of the best one.

Extensive computer simulation will be used to ensure optimum performance.

5. Describe the "non-uniform quantization with new VLC's".

It is similar to the quantization scheme described in the DSC-HDTV certification
document

6. How many P frames for each 1 frame? Is relationship fixed for variable? If variable
what are criteria for choice in any application, and what condition do we use to assess
the system's image quality? Ukewise, will the slice size beflxedfor variable?

The number of P frames for each I flame will be variable. It is a tradeoff between
acquisition time and video quality. The recommended range is between 10 and 60. The
slice size will be variable.

7. Explain the "VQ for ulection with perceptual coding". Is-this original DSC-HD'IV
proposal? How docs it relate to MPEG's zigzag scanning?

It is similar to the VQ with perceptual coding u described in the DSC-HDTV
certification document, except that the quantization is uniform and run-length coding is
used for coefficlent transmission.

8. Please uplDba overhMld requindfor inter/intra coding 011 8x8 block bosis. WolUd each
macroblod C01ltGlII utra bits to indicate which were which? (If chroma blocks were
handled indepellMntly, seems to require 6 bits/macroblock or about O.972Mbits/sec.)

Inter!intra coding on 8x8 block basis hu been "dropped u it makes little ctifference to
HDTV resolution.
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9. Are the other additioMI syntax elements and the encoikr prototype implementation
features the same as previous systems? Please describe.

Predicted frame motion estimation and large range hierarchical motion estimation are
similar to previous system. The fmluency dependent leak is explained in item 19 of _
MPEG RELATED ISSUES. For VQ and 8x8 inter/intra, see items 7 & 8 above.

.10. Will I and P frames without progressive refresh and P frames with progressive refresh
ever be mixed in the same sequence?

I frames and prosressive refreshing will not be mixed in the same sequence except the
fact that I frames can be used in addition to progressive refreshing for editing purposes.

11. Many compressiont4chniques. How will encoikrs select. Will all encoders suppon all
options, or different applications or different brOQt/casters select different encoders?

Broadcasters will be able to select certain options and/or parameters such as refreshing
method and speed.

12. What is the latency ofyour system?

The end-to-eJId system delay depends on the refreshing techniques used. It will be
approximately 0.5 seconds with I-frame and 0.1 seconds with progressive refreshing or
AC leak.

I
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GRAND ALLIANCE ANSWERS TO QUESTIONS FROM
ADVISORY COMMl'M'EE ON ADVANCED TELEVISION (ACATS)

ON TRANSMISSION FORMAT PROPOSAL

ANALYSIStrESTING

1. What are advantages/disadvantages associDted with each of four modulation
schemes proposed by GA? Provide more details on how paper analysis will be
conducted along with criteria for ranlcing and selecting weighting factors.

VSB uses a pilot carrier, training sequence, and NTSC interference rejection fIlter
for robust perfonnance. It features a Bi-Levd Data (214 level) capability, suitable
for extended audio threshold It offers excellent phase-noise immunity. A trellis
coded 6 VSB version will also be considered for improved threshold perfonnance.
The VSB receiver can be low cost.

QAM is a widely usedIproven classical modulation technique for digital
conununications. The QAM system requires no pilot tone or training sequence for
carrier recovery and equalizer initialiauon. It employs powerful yet easily
implemented trellis coding for low ON threshold. It features simple, inexpensive
receiver hardware. It can offer high cable capacity using 64, 128, or 2S6-QAM.

SS-QAM offers excellent co-clwmel performance with a high data rate. It features
trellis coding for improved threshold perfonnance. It offers a two-tier alternate
mode for transmission robustness.

Factors to be considered in the paper analysis (and their weighting) are as follows:

1. ATV Coverap A1'eaINTSC Service Ala. Loss - 7K

Use updated PSIWP-3 model to calculate:

L Total ATV UHF/VHF Service Area considering Co-channel,
Adjacent Cbanne1, and Taboos.

b. NTSC Service Ala. lost considering ATV UHFNHF Co-channel,
Adjacent Channel, 8Dd Taboos.

c. Ratio of ATV Service Area gained to NTSC Service Area lost when
the ATV power level is increued.

d Total NTSC Service Area.
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L The difference between C/N threshold with multipath and CIN
threshold without multipath.

b. Phase Noise.

c. Residual PM.

d LO Pull-in Range.

e. Channel Acquisition.

f. Impulse Noise.

g. Bi-Level Data System/Alternative Mode System.

3. Systmn Attributes - 15,.

L Terrestrial Data Rate.

b. Peak-to-Average Ratio.

c. Receiver Cost.

d Cable Capacity. (Data rate).

e. Cable Interoperability.

2. ProvUM dnDils 011 how the cfJIIII'UIUprogrtl1lllll.f«l by PSIWP3 would be employed
to Hleet tM optimum modIUatioll lMthod. What target crltma will be used for
asSesSIMnt?

The GA will request that the computer prolfllDl be used u follows:

L Do some nms now with the "median" system.

b. Incorporation of "real" antenna paatems in all nJDS.

c. Sensitivity l'UDS.

d. Incorporation of multiple impairments curves.
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3. In terms ofcoverage area, what definitions are you using (instead of the traditional
contour A and B definition)? \

We will use definitions provided by PS/WP3.

4. What A1V receiver noise figure are you assuming in considering possible
transmission schemes?

PS/WP3 used 10 dB. We will consult with, and usc the numbers decided on by,
PS/WP3.

S. What hardware-based laboratory tests will be used to select the modulation method,
ifpaper fJIIQ/ysis fails to reveal an optimum choice?

We will pcrfonn all tests necessary to provide the inputs for the weighting factors
discussed in the answer to question 1. under "ANALYSISII'BSTING".

6. How will modulation fortIIIJI selection be mtlIlIl? What tests and under whose
administration? Will tuts include tuners, or will tMy compare inherent
performance of modulation schemes by using a common tuner?

We will use the weiJhtinJ flCto1'S described in the answer to question 1., under
"ANALYSISIl'ESTING" to select a modulation fannat. The tests will be thosc
discussed in the answer to question 5., above. The GA will do the tests at our own
facilities at times and dates yet to be determined. We have invited the ACATS
Technical Subp'oup Expert Group on Transmission to observe this testing. The
tests will include tuners. Tuners aDd demodulators will be compared as a package,
i.e., each demodulator will be tested with its own tuner only.

7. How will receiver and transmitter tolerance requirements be evaluated?

Some limited infonnation was a1Ieady submitted to PSIWP3. We will work with
the ACATS Technical Subpoup Expert Oroup on Production and RcceiverlVCR
Impact to further asscss receiver and transmitter tolerance requirements.

8. Will t. telts include eqllQlizers, and how will dilferent equalizer performance be
nol7llllllzetJ? WiU the tests be of bit e"or rate out of the demodulator (i.e.,
indepenMnt of 'liMo)?

Each candidate demodulator will include an adaptive equalizer. We believe that it
is not practical to nonnalize eq118Jj.,. perfODDl'M"A\ U the perfonnance of each
candidate equalizer is patly affected by odrer subsystems within each candidate
modem. Thus we will not attempt to normalize but will test each demodulator
dcsip as a UDit. The tests will be of bit error rate or block error rate, with a
pscudorandom bit sequence as the modulator input.
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9. How will modulation support multiple priority data in Hprioritized" data format?
Will tests include comparisons ofbit en-or rates for different priority data?

Multiple priority data can be supported by SS-QAM or VSB. The threshold for the
high priority data will be measured and used for the pUlpose of confmning system
robustness.

SPECIFIC QUESTIONS ON PROPOSED SCHEMES

1. What kind of synchronization will be used in your system? Will a pilot be used?

This is a very broad question aDd the answer will depend on which system is
selected. There are several levels of synchronization such as symbol timing. carrier
frequency and phase. equaJiteT training. FEC block sync. and sync for higher level
data structure. Each system cmrently handles these synchronization requirements
slightly differently. but there are no plans to deviate significantly from the
techniques that have aIn:ady been described within the documents submitted to
ACATS by the members of the GA for each candidate modulation system. Thus.
a pilot will be used if the VSB system is selected.

2. Are bit sync and equDlization training WtlVeforms changed for VSB proposal from
those originally tested? Is relatively low rep. rat6 a limitiJtlonfor settling time or
moving multipath?

The bit sync IDd equ,)juaon training waveforms have not been changed. As part
of the system improvements submitted to ACATS. it was proposed to change to an
equalir.er that trains on data as wen as the training signal itself to improve the
ability of the equalirer to track moving ghosts as might be encountered with
airplane flutter. This change will be made befme any testing of the VSB system
at GA facilities.

3. Provide t6chnicllldettliu of the 6 VSB modIIlation IC""".

6 VSB is a trellis coded version of 4 VSB. It uses a nOD-rectangular 2D
constellation with FEC (1Iellis encoding aDd RS T. 10). The trellis code improves
the CIN tbreshold by 1 dB IDd the 2D constellation provides another 0.5 dB
improvement.

4. What is the Mt dtJtQ rate lor 6 VSBP Describe tIw trellis cotk and compare gain
to that achin«l w.n trellis coM is applied to ClAM.

The net data rate is 18.8 Mbitsls for 6 VSB. The trellis-coding gains achieved for
VSB and QAM are similar.
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5. Are you planning to use spectral shaping (spectrum hole) in the ATV system to
reduce interference to andfrom co-channel NI'SC signals?

If SS-QAM is selected, spectrum shaping (as already described to ACATS), will be
used for this purpose.

6. Do SS-QAM and VSB !ormtJts continue to support gradual degradation?

Gradual degradation of video will no longer be supported.

7. Are any changes contemplated for SS-QAM (e.g.• HPISP power ratio) or in
distribution of WIIW2 data for VSB systems? If so, effects on video quality must
be evaluated as well as BER.

The HP/SP power ratio used for SSIQAM will be m1uced to 1.5 dB for the paper
analysis and any testing. For the VSB systems, video will be W2 data only.

8. Selected modulation technique will most liUly be used to interface ATV receivers
with other consumer electronic equipment (e.g. dlgittll video cassene recorders).
Has cost of implementing such interface been considered in selection ofmodulation
schem8?

A serial baseband digital interface will most likely be used as the interface between
ATV receivers and other consumer electronic equipment.

ALTERNATIVE METHODS

1. Is 16-QAM no longer being consilkred?

The Orand Alliance (GA) is woIking with the ACA1'8 TechDical Subgroup Expert
Group on Tl'IDSIDission to investigate the S1ItUS of OFDM/COFDM and report to
ACA1'8. 16-QAM will not be considered II the primary mode but can be an
alternate mode if QAM or SS-QAM is selected.

2. Current GA proposal constrains collliMration o/transmlssioll sCMmes to QAM and
VSB r.cJualqua. Would consiMration be given to other approacMs which might
offer odwmtaga, and perhops better achieve desired objectives?

The GA believes that all of the candidate modulation systems that it is currently
considering have been shown to pcrfonn very well during psevious testing, and that
the process we have delineated will lead to the selection of a modulation system
that meets desired objectives. For further clarification, please see the answer to
question 1. under "ALTERNATIVE MBnIODS".

13



3. How would GA consider other modulation scheIMS such as OFDM, COFDM, etc?

Please see the answer to question 1. under "ALTERNATIVE ME1HODS".

4. Some European research in terrestrial digital broadcasting favors use of the
COFDM system. Are the GA partners amenable to including COFDM in their
comparison of modulation systems?

Please see the answer to question 1. under "ALTERNATIVE ME1HODS".

5. Has COFDM lMen considered/or TX.? Have any of the proponents been tracking
the proposed tests of COFDM?

Please see the answer to question 1. unda' "ALTERNATIVE ME1HODS".

6. Could your system support on-frequency repeatm for coverage extension?

According to a study by one member of the GA. it is possible to support on
frequency repeaters for coverage extension. Their Jesuits appeared in the IEEE
Transactions on Broadcastina, Dec:ember, 1992.

7. Would there 1M value in using a different antenna polarization for ATV
transmission than the one used lor NTSC as a means for reducing mututll
interference?

We will monitor PSIWP3 deliberations addressed to this question.

CABLE ISSUES

1. What provision could ". mtIIklor higher captlCity thrOMglrout on cable?

High data rate cable modes are bein. considered including providing about 27
Mbitsls usin. 64-QAM and > 37 Mbitsls usin. 16 VSB or 2S6-QAM.

2. Do p7'OJJfJ"d tra1LfIIIission ~chnlques differ in suitabUlty (compatibility, etc.) for
carriage On cable?

There will be some diffen:Dces which we will. tab iDto ICC01ID.t within our "System
Attributes" weiahtiDg factor. This weighting fICtGr iDcludes consideration of cable
data rate, cable interoperabilicyI and receiver cost. In addition. our "Robustness"
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weighting factor takes account of important cable impainnents. For further
clarification. please see the answer to question 1. under "ANALYSISII'ESTING".

3. Will a compatible higher capacity transmission system be QVailable for cable
networks?

Please see the answer to question 1., under "CABLE ISSUES".

4. Are 64-QAM or 16 VSB being considered/or cable?

Please see the answer to question 1., under "CABLE ISSUES".

LATE QUESTIONS

1. Will 1M proposed modultJdon methods be tut6d in a single laboratory? What
evidence will be provUkd to 1M Advisory Conunittu to show the rationale behind
the selection?

We will do simultaneous testing of all candidate modulation systems. Measured
results will be made public.

2. Will the tranlmission chain (exciter, transmitter, etc.J performance requirements for
each of the proposed modulation formtJII be nalJI/IUd? How about performance
through other devices such as translators and MAW systems?

Some limited information wu abeady submitted to PSIWP3. We will continue to
work with traDsmiuer mmuflcturen to assess performance requirements. We will
work with the ACATS Technical Sublfoup Expert Group on Production and
ReceiverNCR Impact to fmther assess perfonnance requirements for the
transmission chain and other devices.
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GRAND ALLIANCE ANSWERS TO QUESTIONS FROM
ADVISORY COMMITTEE ON ADVANCED TELEVISION (ACATS)

ON AUDIO FORMAT PROPOSAL

1. Will the multi-channel MUs/CAM system be sutficiently defined in time to meet the
proposed schedule ofAugust 31 lor a decision on selected audio system?

The audio system submitted by Pbilips is sufficiendy defined to meet the proposed
schedule. It should be noted that the hardware is only a prototype, and is certainly
not "bug-free". In addition, it does not include all necessary features. However,
the proposed system is adequately specified to allow those skilled in the art to make
the necessary evaluations.

2. What is the MO'-AC baseline audio system?

It is a 6-cbannel digital audio system conaistinl of iDdependent coding/decoding of
each channel using an adaptive transfonn alpritbm at a bit rate of 115 Kbls per
channel for 5 of the 6 channels and low number of bits for the 0.1 effects channel.
The total number of bits used for the 6 independent channels is 580 Kbls.

3. Is the AT&T system going to be considered?

No.

4. What nltltionsldp, ifany, is co'*"'pltlt«t betMen proposed GA audio systems and
MPEG-2 audio syntax?

The audio sy.... propoMd by PbiJips conforms to the specifications given in
ISQlMPEG-2. Not III featuza allowed in 1S0IMPB0-2 have been demonstrated
in the hardware submitted for testing.

The audio system propoMd by Dolby falls into a new non-backward compatible
category currendy under consideration by the MPEG-2 committee.

The audio system proposed by MIT falls into a new non-backward compatible
categcxy cUlmltly under consideration by the MPEG-2 committee.
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5. What consideration should be given to maintain compatibility with the emerging
MPEG-2 audio standard?

The Grand AI1iaoce (GA) recognizes that international compatibility is useful. The
draft audio standard for MPEG-2 has defined a sUITOund system which is backward
compatible with the MPEG-1 stereophonic sound system. In addition. a new
sUlTound sound. category is under consideration by the MPEG-2 committee which
is not backward compatible with MPEG-l sURophonic sound. One of the three
systems proposed and being considered by the GA is backward compatible.
However, the proposed system was not delivered to the GA for test. The system
submitted and tested was partially backward compatible (only the left and right
channels could be decoded in specific modes). The remaining systems are not
backward compatible.

6. Provide technical deunls on GA proposed simultaneous testing proposal?

The testing plan devised by the GA makes us of pre- recorded audio sequences
acquired from SSIWP-2 of ACATS. The audio system testing perfonned by the
GA is very similar to that planned for the ACATS retesting which was to have been
performed by the ATIC.

The test plan is three-fold: 5.1 channel basic quality, 2-10udspeaker stereophonic
reproduction, and packet error impairment. Digital Audio Tape recordings are made
of the original, 5.1 channel encoder/decoder cascade for basic quality. 2-10udspeaker
stereophonic decoder downmixed from 5.1 channel encoded source, and 5.1 channel
encoder/decoder cascade for impainnent For the latter case, the encoded audio bit
stream (i.e., 320 Kb/s. 384 Kbls, 580 Kb/s) is forced to all zeros or all ones for a
duration of 5 milliseconds at a rate of one such fOl'cing every 3 seconds. The above
recordings (made at Zenith Electronics Corporation on two Alesis ADATS) are used
in the subjective testing.

7. What organization will perform tM simultaneous testing reje"ed to in the system
description? It should probably not be tM Proponents by themselves.

The recontinp mentioned above in answer to question 6. were used in subjective
testing of buic quality, 2- loudspeaker downmixing, and impainnent at the
Skywalbr Ranch facilities of Lucasfilm in Nicasio, California using Expert
Observation IDd Commentary (EO & C). A total of 10 expert listeners were used.
For the ACATS, J. Gaspar Chair, Audio Experts Group and B. Jones were in
attendance. The tape recordings were played to the expert listeners in a reference,
unknown order. The identity of the unknown sipals wu concealed from both the
subjects and testers. The unknown sjpaJ~. including a hidden reference. were
presented in randomized order. The expert listeners reported the coding and spatial
artifacts which were heard. The results of the tests have not yet been analyzed.
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ADDITIONAL INFORMATION

1. Complexity analysis of the decoder portion of the thIee Audio Advocate Systems
is proceeding. Gate counts are being detennined for the purpose of relative cost
comparison.

2. Not all equipment provided by the audio advocates could perfonn in the
configuration necessary to sensibly test perfonnance with 2-channel Dolby Matrix
Surround source material. Therefore. that test was not perfonned. An analysis will
be done instead.

3. The performance of Audio Advocate Systems when fed with source material
encoded with other algorithms was not perfonned because of the unavailability of
such material at bit rates suitable for such pre-production use. It was felt that
source material encoded at bit rates appropriate for emission (i.e.• 64 Kbls) were not
suitable.

4. The GA method of impainnent testing does not make use of a transmission system
with transport. The feeling in the OA is that the tesDn. wlDcb bas been done at the
bit rates of the audio codecs without a transmission system is valid and useful to
evaluate the perfonnance of error detection and concealment means in the hardware
which implemented those featutes. The circuitry for error detection and
concealment was incorporated in some Audio Advocate hardware and not in others.
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GRAND ALLIANCE ANSWERS TO QUESTIONS FROM
ADVISORY COMMITI'EE ON ADVANCED TELEVISION (ACATS)

ON TRANSPORT FORMAT PROPOSAL

1. What are the goals to ~ achieved by the transport layer? Is it intended to be used
for delivery by several different media (e.g. broadcast, VCR, cable, etc.)? Will the
transport layer anempt to supplant some of the video coding syntax layers?

The transport layer is the link between the compl'ession layer and the transmission
layer and will address terrestrial, cable. and satellite delivery systems. The transpon
layer also serves as an interehange format between the ATV receiver and external
devices. such as VCRs and computers. The transport layer serves to multiplex
program constituents ofvideo. audio and data. regenerate decoder system clock, and
deliver Presentation Tune Stamp information to the elementary stream decoders.

The transport layer will deliver a fully compliant MPEG-2 video bit stream to the
decoder. and will not supplant any of the video coding syntax layers.

2. Will the pacuti:ation ~ compatible with the MPEG-2 systems layer? If not, wUl
one ~ a subset of the other?

The Grand Alliance transpon definition is CUI1'eIldy envisioned to be a constrained
version of the MPEG-2 systems layer. Some deviation from the current working
draft may be necessary to adequately addIesa isaues such as local program insertion.
At the limit, the intent is to allow the GrInd Alliance transpon to be easily
transcod.eable with the MPEG-2 systems layer.

3. Issues beyond pack8t identjJfers and proscan neetUd to support computer
interactivity. "Baseband" interface spec must ~ created. - More than connector
spec. At what place would digital stream be inserted - after error correction, after
tUcoding, in ~tween?

The trIDSpOI't layer is intended as an interchange format between the ATV receiver
and extaDal devices. such as VCRs and computers. Exchange of information
betweea tbeIe external devices and the receiver should comply with the transport
format. Enor correction is considered to be a pan of the transmission layer.
therefom the intaface would be after the error correction circuitty.

4. What capobility will be provided for encrypted elective services?

and...
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5. Is ther~ explicit provision/or conditional access on cabl~?

There are 2 bits defined in the transport header for the purposes of conditional
access. which allow for encryption on an individual service basis (e.g. encrypt
video. but not audio). This provision allows for encryption keys to be associated
with the correspondingly encrypted packets. Since key delivery and conditional
access are not specified by MPEG-2. and are thus not constrained. this feature
supports a variety of conditional access schemes.

6. Describe how the transport format will support dynamic allocation ofdata capacity
to services on an as-ne~tkd basis.

The transport fonnat supports dynamic multiplexing of a wide variety of services.
The transport packet header uses 13 bits to identify the service !D. The algorithm
for the multiplexing of these services will be resident in the transport subsystem and
could be tailored to meet the needs of a given program provider. The multiplexing
algorithm will. however. have to operate within constraints set by the video encoder
(e.g. decoder butter size). The algorithm can be capable of mixing in fIXed rate
services such as audio or dynamically allocate channel capacity to a data service on
demand. Reduction. in the video data rate will reflect into the video encoder rate
conu-ol algorithm through the measure of video buffer fullness.

QUALITY TRADE-OFF

1. Has the inclusion of interoperability, ptlCUtization, etc. caused any significant loss
in terrestriIJI transmission quality?

There is certainly a loss in channel capacity for video in the implementation of a
flexible. pICketized system, however our experience is that this tradeoff does not
significantly reduce picture quality. A major goal of the transport delivery system
is to minimize overhead wbiJe addIessiD. the needs of interoperability and
terrestrial ttlnSmission in a robust fumon. Packets will be 188 bytes long with 184
bytes of payloid IDd 4 bytes of packet header. Each packet will have a nwnber of
bytes lidded for Forwanl-Error com:ction by me transmission subsystem. Note that
Forward-Error CCJmlCtion is required whether or not the system is packetized. In
additioo, e1emeDts of the transport layer which provide synchronization infonnation
to the receiver have been consuained to optimize the tradeoff between overhead and
transmission IObustDcSl. The details of these constraints will be a part of the
transport subsystem specification.



..

PRIORITIZATION QUESTIONS

1. Explain t_ intent and characteristics 0/t_ data prioritization. Is this intended to
support gradual degradation or is it intended/or ot_rjunctions, such as VCR trick
play, scalability, or multi-resolution service? Is it intended that the transmission
system handle different priorities differently (e.g. with different power), or will
prioritization be a simple data identifier?

and...

2. How will dtJta be prioritized?

and...

3. Will t_ prioritization sc_me be compatible with MPEG-2?

and...

4. How will t_ prioritized data be protected agaiMt clltuaMl e"ors? Will different
priority levels have different amolUltS of~or protective coding?

Prioritization will be compatible with the MPEG-2 video and systems layers. The
systems layer contains two priority bits: a transport priority bit that resides in the
header of each transport packet, and an application priority bit that resides in the
adaptation header. While MPEG-2 specification provides syntax for data
partitioning for specialized channels such u ATM networks or VCR~ there is not
a defined profile that uses this mode. Consequendy the Orand Alliance video
coding will not use a prioritization scheme tbat relies on data partitioning. That is
to say, the hoob for prioritization are provided for a user-defined system that
addresses VCR trick play, scalability, or multi-resolution. The transport layer
provides a f1q in the header of each packet to sipal the prt.1CDce of a high priority
packet. If the transmission layer is capable of providing additional protection for
that packet it can do so. Details of this protection will be determined on selection
of the transmission subsystem.
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GRAND ALLIANCE ANSWERS TO QUESTIONS FROM
ADVISORY COMMl'ITEE ON ADVANCED TELEVISION (ACATS)

ON SCANNING FORMATS PROPOSAL

1. Describe why the Grand Alliance (GA) representatives chose the scanning
parameters?

The GA scanning parameters WCle chosen to maximize pcrfonnance within the 6
MHz television channel. provide flexibility and interopcrability among television.
telecommunications and computer and multi-media applications. and facilitate
affordable receivers with potential for extensibility.

2. The P versus [ Lrsue appears to have been resolved by compromise rather than
definitive performllllce evaluation/demonstration. Some argue earlier system tests
suggesting superiority of[-scan are anomtJlous. Seems possible to resolve P versus
I issue by testing.

It is an illusion to believe that "definitive performance evaluation/demonstration"
will IeSOlve the issues concemina propessive versus interlace scanning. For one
thing. each fOnD of scanning bu virtues that make it superior in some aspects. for
some applications. Second, the issue is not one mezely of performance. but
involves the relative commercial effects on different industries that have different
applications and markets.

3. FCC regulatory interest as prae1ltly d6j1Md mu.tt joclU on spectrum and TX
channel. Ear~r reco'l1ll'Mndimons from ACA7S qMcifi«J "progressive scan &:
square p~l format in transmission chDnnel." Is the GA proposal consLrtent with
this recOlrllMndation?

The GA proposal is consistent with the concept of "transmission in a progressive
scan mode. with square pixels." for all of the variations of the 720-line fonnat, and
for the 30 Hz and 24 Hz film modes with 960 lines. The interlaced mode for the
high line nwnber (960-lines, 1408 or 1728 pixels per line) 60 Hz mode may best
be thought of u bcina transmiued in interlaced format, consistent with the MPEG-2
incorporation of modes optimizina pcrfomumce for interlaced scanning. Further.
the hip line number fonnat bu two variations. and the 960 by 1408 version of the
2:1 interlaced fonnat docs not incorporate square pixels, while the 960 by 1728
version does support square pixels.

4. D~s GA expect FCC to adopt tM TX scanning formats dacribed in technical
submission? Does GA expect the FCC to 1IIlI1idtlte decoding 0/all scanning formats
in receiver?



The GA does expect the FCC to incorporate all the GA scanning formats in an
HDTV transmission standard. We believe that it will be cost-effective for a
receiver to be designed with a flexible architecture that can handle all the GA
formats. and manufacturers should be required to design receivers to decode and
display all of the approved transmission standards. It should be a manufacturer's
option how the received signals are displayed.

5. Has GA given any thought yet to digital Ufrastrueture required to suppon HDTV
origination, broadcast plant distribution, inter-city studio linlcs, contribution feeds,
distribution to aJJiliotes? Has the impact ofmultiple format Iulndling on the total
system been studied?

The digital infrastructure refened to is conceptually simplified by the flexibility
built into the GA system through the digital representation, with packetized
transport, of the comptessed HDTV signals. While production facilities may not
use the same compressed signals, and may in fact use little or no compression. the
same underlying technology that makes possible the GA compression system will
support development of a more flexible production infrastructure than exists today.

Since the packets of compressed video contain headers and descriptors that make
them self-identifying, the complexities in handling multiple formats can be
submerged or eliminated. The traditional common continuous synchronization that
characterizes current production for (digitized) analog NTSC production will be
interrupted for compressed video through the packetization and compression
process. With sufficient processing speed. the feasibility of production processing
will be indifferent to the nature or complexity of processing steps that intervene
during production. The same principle can apply to UDcompressed or differently
compressed video that may exist in the plant for production or distribution purposes.

See the answers to Question 8 in section B.

6. Does the GA accept tllllt this can only be implDnented by sharply focussing on an
initial well defined system? Does the GA see merit in defining one unique start-up
format with better defined migration path to otM' future options?

Yes, the GA UDdastands the importance of bqiDning with a well-defined system.
There would only be merit in defining a sinlle start-up fonnat if the goal were to
limit applications of advanced 1elevision to a siqle application, in a single indusuy,
without embncing die concept of interoperability or extensibility.
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IMPLICATIONS OF MULTJPLE FORMATS

1. Explain the inter-relationship between the scan formats supported by the GA
system.

The 720-line fonnats have I.S times the number of active lines of the NTSC fonnat,
and for that number of lines, 1280 samples per line yields the very desirable square
pixels that some consider to be important for computer applications.

The 960-line fonnats have double the vertical resolution of the NTSC scanning
fonnat, and 1728 samples per line allows a (virtually) square pixel aspect ratio to
be implemented.

. Use of 1408 samples per line as a variation of the 960-line fonnat eases the burden
on compression by reducing the number of pixels/sec that need to be processed.

2. What is the number of active lines and the number of active samples per line for
each scanning fOrmlJt?

See the chart displayed in the fonnat presentation on June 30, 1993. (A copy is
appended to this report.)

3. Will multiple clock frequencies be required?

A consistent set of internal clock frequencies for an formats could be derived from
a single frequency source (crystal), for either S9.94 Hz or 60.0 Hz frame rates. If
both S9.94 Hz and 60.0 Hz frame rates need to be supported, then a possible design
for a receiver would be to include two crystals, switcbable, for the two frame rates.
There are also competitive m:eiver designs that require two crystals for clock
synchronization for a single fannat or for all of the GA fonnats.

4. Long ~rm standtud built around family of 1050 line progressive formats. Why is
105011:1160 not shown in the tlJble?

The table iDdicaaa the bueline formats for the OA system. These are the fonnats
that the FCC woukl need to incorporate in a transmission standard. The specific
final metbocI of enhanc:1n& codina to a hiper liDe number propessive scan fonnat
is beiDa studied, but the "boob" that will enable such future migration will be
designed into the original HDTV system. Since the packet headers will allow
receivers to selectively use parts of the HDTV data stream, the details of the
ultimate systems do not need to be a part of the initial FCC standard for HDTV.
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Formal VeniQII Horizontal Frame/field Scan Aspect Squar~

Size Size Rale Mode Ratio Pixels
A 720 1280 60Hz Progressive 16:9 Yes
B 720 1280 30Hz Progressive 16:9 Y~s

C 720 1280 24 Hz Progressive 16:9 Yes
---

0 960 1728 or 1408 60 fields/sec Imerlaccd 16:9 Not for 140H pels/line
-

E 960 1728 30Hz Progressive 16:9 Yes

F 960 1728 24 Hz Progressive 16:9 Yes
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5. Will your prototype hardware support all of tM six scanning formats?

Yes. the prototype system will internally suppon all of the defined fonnats. Since
there will be no source equipment for providing 24 Hz or 30 Hz test material
(designated fihn modes) directly. those progressive-scan fonnats. with square pixels.
will be detected automatically by the encoder equipment and processed accordingly.
when 24 Hz and 30 Hz material is presented using a pull-down process. A direct
interface for 24 Hz and 30 Hz material will eventually be provided and be a part
of the standard.

6. Describe relationship of system to be tested to future development/improvements.

The improvements already described for the previously tested prototype systems
have been incorporated in the GA system to be tested, with adjustments as needed
for the now common system.

7. What are tM cost implications of conversion from various anticipated source
formats to each of the multiple formats proposed?

It is anticipated that initial operation will involve substantial conversions from all
sowces, whether film or camera or other source material. The cost of conversion
is expected to be low, once the system designs are frozen and converter
requirements can be specified. Formats were chosen with the goal of making
needed conversions simple and inexpensive.

8. Six scanning formats are listed. Is it pkmned that very first system that is
implemented will incorporate as 11II.Jny of tMse as possible - or is it intended to
choose one only for initial deployment ofa US A7V Service?

The full set of fannats will be available for a user of the system to choose among
for initial applications, although the prototype equipment will not suppon direct
interfaces to 24 Hz and 30 Hz format&, since there will be no SOutCes for such
signals. 1'heIe is no impediment to a broadcaster, for example, choosing a single
fonnat for initial deploymcDt, if that fits the needs of the broadcaster. We believe
that in the IOIllI'UD, the virtues of the different formats will result in broadcasters
and others selecting a fannat that best fits each particular application. See also the
answer for Question 4 in Section A.

9. If it's intended to incorporate most sctJlUling fo17nQtS from outlet-have technical &:
economic implications for broodcast originlltion plallt been considD'ed? Are
broadcQSten tapeCted to make indlviduQ/ cllolces to implement plant entirely ill
787P or 105011



Broadcasters may choose one or several or all of the fonnats. depending on
business value. One example of such a choice might be the use of a 60 Hz
progressive-scan mode for sports. to achieve good temporal rendition. A 72o-line
fUm mode may suppon all the resolution that is needed for a particular movie. with
a resulting surplus channel capacity that has sipificant commercial value to the
broadcaster. A 960-linefIlm mode may be desirable for a prime-time feature
movie.

10. Are professional broadcast origination equipPMnt JfIlUIU/acturers expected to offer
HD1V studio equipment's that are switchable between 10501 and 787P scanning
formats? Have technical and cost implications of this been considered?

Cameras and monitors will not likely be switcbable between 72o-line and 960-line
fonnau. However. the self-identifying nature of the compressed data means that
equipment like recorders and switchen could easily be designed with an architecture
that allows for such switching. The detection. switching, and modification of
processing could be automatic. and effectively in real time, although in a packetized
digital environment, the temporal dimension is inttinsically interrupted. That fact
is at the heart of the great flexibility offered by a modem digital plant that takes
full advantage of digital processing opponunities. (See the answer to Question 9
above.)

11. WMn compared to sing~ formlJt system. what are added design considerations
and/or tradeojfs (coding 6}Jfciency. compluity. cost. etc.) required to develop multi
f017lllJt system such as one proposed by the GAl

The principal desip considerations required for a multi-format system are a fully
digital implementation, with a flexible IeprelC1ltation of the clements of the
television siJDAls, and a departure from ttaditional views of synchronization. The
fact that data will be "chunbdtl into packets for communication among processing
elements (usinl variable rate codina) means that the temporal dimension is
intrinsically disrupted (except for digitized analol systems in which the signals are
merely digitally sampled analog sipals). The time stl'UCtI£ of the output frame
sequence must~y be reconstrueted for display or for editing purposes.
Once piCkets of television data are handled separately, and reassembled in a
reconstitu1ed tempOral sequence, the conceptual differences between on-line and
off-lillie procesling are reduced, and depend on the speed and power of processing
that caD be applied to a parti.cular "real-time" operaDon.

Given a fully-digital implementation, including transpOrt, the fonnat conversions
that may evolve for production processina aDd before display in a receiver represent
the application of increasinaIY powerful- and cost-effective semiconductor
technology. A principal penalty for using multiple formats is the extra burden of
flexibly addressing an image frame store. Creating an architecture that avoids
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multiple fonnats would not take advantage of current advances in semiconductors.

For receivers, the main impact of multiple fonnats will be the need for scan
conversion circuitry to convert between the transmission fonnat and the display
format (or alternatively, to use a multi-scan display, which seems unlikely for a
consumer receiver). (See answers in Section G.) Note that a frame store memory
is required in the receiver in any event for decompression, and that practical
receivers may need to re-format received NTSC pictures for the HDTV display.

12. Are all the modes justifiable in terms of image quality versus cost? Will there be
any restrictions on the "burst" data characteristics of the encoder in order to
simplify the decoder?

a. Yes, all the modes yield excellent HDTV images at affordable cost

b. The burst data characteristics of the encoder/decoder are part of the design
tradeoffs, particularly in the sizing and conttol of the transmission buffer.

13. Is multiple format proposed economically fetUible from receiver cost and/or
terrestritlllcabkisatellite signal iUlivery viewpoint? Do we run the risk ofmultiple
formats being resolved down to more limited number of formats driven by
implementation cost?

The GA believes that each fonnat in the set defined for the baseline system will
fmd significant application. (See the answers for questions 11 and 14 in this
section.)

14. Will consumer products support both 1050/ and 787Pformat? Ifyes, will it involve
some form offormat conversion?

Consumer products will support both fonnats. We expect that a given receiver will
have a native-mode display format optimized for the receiver"s intended market, and
that the receiver will convert whatever signal is decoded in the receiver to its native
display mode. 1be conversions required are simple relative to the processing
capacity of the receiver, aDd conversions for NTSC will undoubtedly be
incorporated (although that would be a rnanufaeturer implementation option), so
receivers could cost-effectively incorporate a menu of conversions that
manufacturers anticipate.

IS. How do the Proponents expect to get 1050P in the 6 MHz bandwidth?

The 960-line progressive fonnat is found in the 24 Hz and 30 Hz film modes. 1be
migration to a high line number fannat with progressive scan at 60 Hz has not been
settled.
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16. Will backward compatibility from the target 1050/1:1160 format be built into the
early receivers and other display devices?

Yes. The implementation of backward compatibility depends on the migration
scenario(s) that are now under consideration. One approach to backward
compatibility is to specify that the original HD1V receivers will contain the
capability of decoding the high line number progressive scan target format.
Backward compatibility will be facilitated by the use of packet headers that identify
the type of data in each packet. Receivers can therefore be designed to disregard
packets that are not recognized or not needed.

17. If the intention is to evolve system over time (from one initial unique scanning
standard), has a specific migration plan yet been considered?

No. Many migration scenarios exist. It is inCOlTeCt to assume that initial operation
will necessarily be restricted to a single scanning standard.

18. What are the technical impediments to implementing a 1050 line progressive scan
transmission mode? What migration path is envisioned and how will compatibility
with older receivers be handled?

The chief technical impediment to a progressive 960-line mode at 60 Hz is the
limited channel capacity of the 6 MHz channel. In order to fit a compressed 60 Hz
960-line propessive-scan video signal into the 6 MHz channel, the horizontal
(and/or vertical) spatial resolution would need to be so reduced that HD1V
sharpness could not be maintained. or the transmitted power would have to increase.
See the answer to Question IS in this section.

19. What is the transition scellllrio to the ultimate J050P format? What are the trade
ojJs between coping with multiple interim formats versus direct path to ultimate
format ASAP?

See the answer to Question 17. Multiple formats are not an interim step, but part
of the system definition. Mipation to a higher Une number with progressive scan
will not dimiDish the value, for some applicatiODSt of 1he original baseline fonnats.

20. What _,ration path is envisioMd for achining 1050P scan TX mode? What
changes will be reqrdredfrom brOlldcasters and consumers to upgrade to a 1()()()
line P ICQII system? What are technical andeconomic impediments to implementing
lOOOP leQII today? 5 years?

See the answers to Questions 17, 18, 19.

21. Will migration to future target system be resolved by 9/15/93? Be planned for in



startup service? Is it more difficult/critical at encoder or receiver? Is the path
easier for receivers based on 720 x 1280 x 1:1 or lOBO x 1440 x 2:1? Will early
receivers be unusable after migration?

Migration strategies are still under consideration. and will be incorporated as soon
as possible. Early receivers will be usable after migration. Approaches that will
enable backward compatibility will be designed into the standard (and all receivers).
Practical scenarios for migration are under consideration by the GA. The migration
issue centers on the lack of channel capacity. A policy for backward compatibility
affects relatively more consumers than originators, therefore it could be argued that
the policies surrounding receiver migration are most imponant.

22. Is 1080 x 1440 x 2:1 x 60 a practical system for a startup service?

The 1080 by 1440,60 Hz, 2:1 interlaced format appears to have some advantages.
However, using 1080 lines implies that the square pixel format for film would have
1920 samples per line, so the receivers would need substantially larger frame
memories. 'There are other consequences of changing to a 10SO-line format, and
questions concerning the availability of test matmials and test equipment for the
IOSo-line fonnats. (See the GA "white paper" on this subject submitted to the
Expert Group on Scanning Formats and Compression.)

525/59.94 ISSUES

1. Is this an HD1V system only. or an A7V system that could also support multiple
channels of lower quality (eg. 5251 line) service?

The GA system has been conceived as an HDTV system only. The modulation
system that is a su~system of the GA system delivers about 2Q-2S Mblsec over the
6 MHz television cbanDe1, aod one could imagine any num~ of uses for that type
and amount of channel capacity.

2. Archival NTSC ~riaI will have to be transcoded i1ltO A1V. Which of the ATV
f017lltllS is best suited to this task? BrfXldcasters may have to transcode ATV
material into NI'SC for simulcasting. How will they cope with all the A1Vformats?

Both the 7'1lJ11:U60 aDd the 96OIl:1/60 formats are well suited for NTSe
up-coIlvenioD. Tbe quality of up-conversion in either cue depends on the quality
of de-inter1lcing/inte.rpolation applied to the S25-line interlaced source.
Down-conversion from either 720-line propessive scanned formats or 960-line
progressive and interlaced formats will be suaightforward. Coping with multiple
fonnats will be automated, since the data streams will be self-identifying. so that
needed conversions are routinely anticipated and smoothly introduced without


