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PS-WP/4 ANAL REPORT

PS-WP/4 has identified a number of characteristics that contribute significantly to
Interoperability, Scope of Services and Features, and extensibility. These are based on
needs and desires exhibited by alternative media advocates, not only for the delvery of
telT8striai brOadcast television programming but also for other delivery approaches and
applications relating to computing, communiCations, motion pictures and imaging. In
relative order of Importance, these characteristics are:

• An all-digitallmplementation based on a layered architecture model

• The use of universal headers and desaiptors (as agreed by industry standards
group, for example, SMPTE)

• Transmission of the signal in progressive scan format

• Use of a flexible, packet data transport structure

• Viewer transparent channel re-al1ocatIon (limited picture and sound while most of the
channel capacity Is devoted to data transmission for conditional access addressing
or other purposes)

• Ability to Implement Iower-performance, Iow-cost ATV receivers (comparabre
prtceIperfonnance options to CUlT8nt NTSC receivers)

• Ablity to Implement Iow-cost ATV consumer VCR

• System arohItecture and Implementation that will dow Improvements and extensions
to be Incorporated as technology advances while maintaining backwaId compatlbllty

• Squant pixels or at least the option to select square pixel presentation

• CompdbIIty with relevant Intemational8tandaRis orcominIIment to this ob)ecCIve

• Eallly-lmplementable and user-eccesslble -atIIIImoIIon nUtI-wIndow transmlss1on-

The PS-WP/4 assessment and evallaation of the proponent systems ehow8 some
IIgnlflcant clffer8nces under the three criteria. Ft.I1her. aI proponent systems need
Improvement on one or more of the Isted char8cterlstlcs to achieve a desirable degree of
Interoperabllty, extensiblDty and scope of services and features. It Is recommended that
the Special Panel, the Advisory Committee and the FCC take these differences Into
account In the process of selecting an ATV standard. Furthermore, selection of a system
that incorporates interoperability features not inctuded in the system as submitted for
testing requires verification and/or testing. The system submitted for field testing should
also include such features.
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BACKGROUND

The objective of Planning Subcommittee Working Party 4 (PS-WP/4) was to study
and make recommendations regarding the relationship of terrestrial advanced television
systems to alternative media. applications and standards, It was also the objective to
Investigate approaches for growth paths to tile future while, at the same time, supporting
timely decisions on an advanced television (ATV) broadcast system with Increased
performance quaflty for the end user. Participants of Wortdng Party 4 have addressed
Issues related to interoperabllty, scalability and extensibllty and more generally, openness.
Representatives of the broadcast television. cable television. program production, motion
picture. computer, telecommunications. and imaging industries were active in this working
party.

In the prior year's effort (1991), PS-WP/4 developed definitions of key terms such as
lnteroperablBty, scaIabIlty and extensibility. Based upon a world becoming more complex
and richer In alternatives (mecIa. transmlsslonldislrlbut, J)I1MMtntatlons), the working
party developed the concept of Image data. defined as the digital equivalent of the video
Infonnation Including Image, sound and auxliary daIa components. As a result, PS-WP/4 °

recommended the following In Its December 1991 Interim Report:

• Maximize utlRzatlon of dgltal video techniques and Image data representation. o.

• Apply HEADERS and DESCRIPTORS (as agreed by Industry standards
groups) as a method of identifying Image data.

In 1992, PS-WP/4 developed an 1SQ.ftke layered architectural model for ATV,
consIsIIng of seven layers as shown below:
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The appIcaIIon of this arohltectural model In the working party's analyses Is shown In
the DIgital VIdeo Reference Model For Interoperabillty In the following figure.
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PS-WP/4 ANAL REPORT

PS-WP/4 examined relationships of terrestrial advanced television systems to
alternative media, applications and standards In the broad context of recognized and
anticipated advances In computing, communications and imaging technology. Weighting
the value (e.g., market and social benefit) of InteroperablHty or extensibility other than In
established markets (e.g. terrestrial broadcast or cable television programming) was difficult
and arguable. Formal positions from affected Industries were not available.

Throughout PS-WP/4's Investigation, few disagreed that the U.S. FCC ATV decision
should endure over some significant, foreseeable technology horizon which should be at
least several decades.

Furthermore, few disagreed that over this technology horizon, concepts that are
today limited by cost considerations for the consumer market will become reality in the
future. These concepts Include. at the least, progressive scan (for capture and
presentation) a~ motion image data delvery over packetized wideband networks.

PS-WP/4 beDews that the FCC ATV decision must be considered as defining a
starting point and assuring a migration path to the future, rather than as defining an end .
point.

Assessment of proposed AIV Systems

PS-WP/4 was assigned the task of _SlIng the Interoperabill1y of the proponent
ayltems with media other than terreIbIaI bra8dcaltng. In addition. the systems were to be
....J8t8d with regard to ext8nIIbIlty.and .cope of "Mcea and feaIu... A Pf1IIn*8Y
-.nent was written In earty August by 8teIaCom. Inc. based on pubIshed Information
available at the time. ThIs report Included Interoperabllty questions that were to be
answeNd by the proponents In a planned Interopel1lbllty Review In september 1892.

Some 25 genelto que8IIona on Interapenlbllty, extenaIbIlty, and scope of 88Mcea.
... ,...._,. complied for .. pmponenIa. Ala adcItIon8Isewn to ten aystenHIpICIfIc.

. qul1llo.1I were also 8ddI'8.I.d to 88Ch proponent. InteIaperabllty as.......... W8I'8
..... with regard to C8bII lV. cIgIIeI technology, headersIdescrIp, NTSC, film.
computeI8. 88telltes. ped(et netwoI1c8, ......... systems. format COIMrsion and
eceI8bIlty. The initiai use for encIIary dIda, audio. data, text. captioning, encrypIon•
.....ng. capebllty for a wry Iowocost I808Iver with lower perfonnanoe and VCR
capebIIIty were assessed 88 services and fe8Iur8s. Extenslbllty to no visible artifacts
regardless of the detail and motion In a scene. to studio quality (edtable). to htgher
resolution such as VHDlV and UHDTV and provision for future compression
enhancements were examined.

The proponents answered all questions in writing at the InteroperabiUty Review on
September 23-25. They were given additional time to submit any proposed interoperability
improvements to their systems. A revised interoperability assessment was then generated
including the updated material. The proponents were given the opportunity to critique the
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assessment The assessments were then revised and abbreviated to five to six pages for
each proponent to be submitted to the ACATS SS-WP/4 Special Panel. The result Is
attached as Reference 1.

Inleroperabllity Review

An Interoperablrcty RevIew was held with the ATV proponents to focus on
Interoperability, extensibility and scope of services and features. Two-hour presentations
were made by each'proponent followed by 1/2 hour of questions from the Review Board of
multi-industry experts and 1/2 hour by other PS-WP/4 members.

The Review Board members were:

Jules Bellisio
Jules Cohen
Gary Demos
Jack Fuhrer
Branko Gerovac
Jukka Hamalalnen
George Hanover
Robert Hopkins
Ed Horowitz
MIke Uebhold
Craig Tanner
ArpadToth
Tony Uyltendaele

Bellcore
ConsuttantlMSlV
Demographx
H1tachi Amertca
DEC
Matsushita Applied Research Lab
Electronic Industries Association
ATSC
Viaoom
Apple Computer
Cablelabs
Eastman Kodak
CapCitiesiABC

The proponent ....rations In the InteIaper8bIIty .RevIew gave strong
conskIenItIon of 1ntelOp8fllblty, etenIIbIlty end eaape of I8IVIoII and fellures. The
proponent ATV system dllartpllons contained evIdenoe of effort tow8Id enablng
IntetopeIIlbIty with ........ mecIa. The WIIIten ......... d8IrIbuted 81 the meelng Is
folmd In Refer8noe S: MII.IIe8 of the PS-WP/4 InteIoper8bIIty RevIew, 8eptember 23-25,
1992.

AdcIIIoi8 InformaIIon.. lUbmltted by some proponents on OCtober 1.. 1992 and
can be b.md In Refer8noI 4: t.tnutes.of the PS-WP/4 meeting, November 6, 1992.
EvaluatIons fn)m the Intetap8l'8blly RevIew were submitted to Steaacom, Inc. by members
of the RevIew Board for compilation and analysis. As much as possible. the evaluations
were based on 'What the evaluator expects the proponents win delver commerolally". The
proponents were also Invited to evaluate the .proposed systems. The resutts from these
evaluations are attached as Reference 2. It contains summaries of the ratings by the
proponents, the Review Board and the ratings by individual experts.
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Conclusions

Based on assessments of the five proposed ATV systems and the InteroperabiUty
Review conducted on september 23-25. 1992. PS-WP/4 reached the following conclusions
with respect to the selection criteria of InteroperabUity. SCope of services and Features. and
Extensibifrty. See Reference 2 for numerical ratings and detail.

Overall

During .the assessment and review process. all proponents gave strong
consideration to meeting the three selection criteria and presented evidence to show how
their systems met or could meet the criteria.

The four aU-digital systems (AD-HOTV. CCOC. DigiClpher and 08C-HOlV) were
found to be superior to the Nanow-MUSE system with respect to Interoperability and
Extensibility on aU but two or three characteristics where Nanow MUSE was approximately
equal to the alf.digital systems. With respect to SCope of services and Features. the all­
digital systems also ranked better than Narrow-MUSE but the difference was smaller.

Interoperability

• AU five systems were judged to be easily deliverable by satellte or cable lV.

• The four alkSigltal systems were judged to Interoperate well with NTSC.

• The four aIkIgItaI systems were judged to Interoperate weD with film with eeoc
ranking better than the other three systems.

• IntetapeI8bIlty wIIh comput.... was judged to be men dftIcult than with satelltes,
cable lV, NTSC and film. DSC-HDTV ranked sightly better than eeoc. with AD­
HOlV next. and DlQDpher ranked somewhat worse.

• PIogNs8Ive ecan and 8qU8I8 pixels are ImpoItant for computer and other Image
~ (1Ut8IIon, aceIng, 8111-1mage, LCD cIapIaya. _). Computer Industry
applications desire greater than 70 Hz display rates although no proponent system
offers this feature.

. • All of the proponents of alklgital systems now recognize that the use of headers
and descriptors Is a critical enabling concept for assuring ATV flexibility in the future.
Although these four proponents propose to InClude headers and descriptors in their
systems. only AD-HOlV had Its final· proposal for headers and descriptors fully
implemented at the time the system was tested by ATTC. and this system received
the highest rating on this characteristic. There is need for definitive work on an
industry standard for headers/descriptors. The SMPTE work is a candidate.
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System Specific Comments

During the assessment and review conducted by PS-WP/4. the proponents
described how they proposed to meet the requirements of the three selection criteria
against which they were being evaluated. In some cases. these proposals require changes
to the system hardware and software from that which was tested' at AlTC. The effects
these changes could have on the results of the ATIC and ATEL evaluations of the systems
are unknown. In other cases. certain features or characteristics were present In the system
when it was tested by AlTC. but were not exercised during the tests. Where changes are
required. it must be verified that these changes will not affect the results obtained by ATTC
and ATEL Where the features were not exercised. it must be verified that they work when
exercised.

All proponent systems need some improvement in interoperability. scalability and
extensibifity. For example:

AD-HOlV

- veriflC8tion of the progressive-scan and square-pixel migration strategy

ceoc

- implementation of universal header/descriptor concept
- implementation of packetlzed data structure

OigiCipher

- Implementation of universal headerldescriptor concept
• development & verification of a progresslve-scan and square-plxel

migration strategy
• Implementation of packetlzed data structure

OSC-HD"TV

- implementation of universal header/descriptor concept
- complete the Implementation of a fully packetiZed data structure

Narrow-MUSE

- commitment to digital implementation
- implementation of universal header/descriptor concept
- implementation of packetized data strudure
- development & verification of a progressive-scan and square-pixel

migration strategy
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RECOMMENDADQNS

Based upon the needs and desires exhibited by the altemative media. not only for
the denvery of terrestrial broadcast television programming but also for other delvery
approaches and applications relating to computing, communications, motion pictures and
imaging, PS-WP/4 has identified a number of charaderistics that contribute signifICantly to
Interoperability, Scope of Services and Features, and Extensibility. In relative order of
Importance, these charaderistics are:

• An all-digital implementation based on a layered architecture model

• The use of universal headers and descriptors (reference ACATS Interim
Report, March 1992)

• Transmission of the signal in progressive scan fonnat

• Use of a flexible, packet data transport structure

• Viewer-transparent channel re-allocation (Umited picture and sound while
most of channel capacity devoted to data transmission for conditional access
addressing or other purposes)

• Ability to implement Iower-performance, Iow-costATV receivers (comparable
pricelperfonnance options to current NTSC receivers)

• Ability to implement Iow-cost ATV consumer VCR

• System architecture and implementation that wiU allow improvements and
extensions to be Incorporated as technology advances while maintaining
backward compatibility

• Square pixels or at least the option to select square pixel presentation

• Compatibility with relevant International standards or commitment to this
objective

• Easlly-lmplementable and user-aocessible -stJlVmotion multl-wlndow
transmission-

The PS-WP/4 assessment and evaluation of the proponent systems shows some
aignlficant dfferences under the three criteria. Further, all proponent systems need
Improvement on one or more of the Isted characteristics to achieve a desirable degree of
Interoperability, extensibility and scope of services and features. It Is recommended that
the Special Panel. the Advisory Committee and the FCC take these ·differences into
account in the process of selecting an ATV standard. Furthennore, selection of a system
that incorporates interoperability features not included in the system as submitted for
testing requires verification and/or testing. The system submitted for field testing should
also include such features.
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Reference 1

INTEROPERABILITY ASSESSMENTS

Decernber11,1992

SteilaCom, Inc.
Advaneed Television Systems

1901 N. Moore Street • SUite 601
Rosslyn, VA 22209-1706

(703) 243-1695 (P)
(703) 243-1698 (I)

This work was done.for ACATS PSlWP-4.
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INTRODUCTION

This document was written by SteiIaCom. Inc. for PS-WP/4. a wor1<ing party of the
Advisory Committee on Advanced Television Systems (ACATS) which operates on behalf of the
Federal Communications Commission. The . information contained in this document was
obtained from documents submitted by the proponents to PS-WP/4 and to other wor1<ing parties .
of ACATS. and from oral presentations by the proponents In September. 1992 in which
Questions from PS-WP/4 were answered.

It was the intention of PS-WP/4 for this document to specify whether each feature
discussed was

1) in the system tested at ATTC.

2)-promised for the system to be field tested.

3) promised for the system after field testing. or

4) posslbleJreaUstic at a future time.
_.

Thls·was done to the extent possible with the Information available. However. the propo~ents

are continuing to enhance their systems and revise their time estimates for the implementatio.n
of features. Some of the enhancements under WS!f now are in response to the concerns of PS­
WP/4 on Interoperabllity. Scope of Services and Features. and Extensibility.

0.

Financial support was provided by Apple Computer. Inc•• Bellcore. cable
Television Laboratories. Inc•• Eastman Kodak Company. Digital Equipment
Corporation. and Viacom International. Inc.

1



',I

,,'.

DRAFT

System Description

AD-HOW

Advanced Digital HDIY IDterop'rebillty AsHSSment

The Advanced Digital HOlV (AD-HOTV) System from the Advanced Television Research
Consortium is an alkligital system with 1050 scan Ines per frame and 29.97 frames per second.
Compression and transmission are in a 29.97 hz progressive fonn. The system tested used a 2:1
interlaced source and a 2:1 interlaced display. The display fonnat of the prototype system has a 16:9
image aspect ratio with 960 lines per frame and 1248 pixels per line, although future versions are
expected to use 1440 pixels per line. The proponent also claims that the system can be changed to
have square pixels. Features of the system include a prioritized data transport fonnat that separately
packages video,. audio and data and allows their mix to V8IY dyIBnIcaIly. It also includes two-tier
'prioritization where eadl data segment is assigned to a hIgheprIorIty (HP) data stream or a standard
priority (SP) data stream. Transmission Is by Spectrally Shaped CAM (SS.QAM) consisting of two 4- or
5-biteper-symbol QAM signals fitted between co-channeI NTSC carriers. esdi data stream modulates a
16- or 32-QAM carrier. with the hIgh-priority carrier transmIUed at higher power. This allows a degree of
graceful degradation on the edge of the broadcast contour and transmission robustness within the
service area. while minimizing interference to and from co-channel NTSC. It also allows a degree of bit­
stream scalability•.

I. InteroperablIIty

A. 'wjth Cable JY

The tests of the proponent systems at ATTC by cable Labs should determk1e the critical
apecIs of InteroperabIUty with CIbIe lV. Other facIora that may aid cable lV Interoper8bllty Include
channel augmentation to 9 or 12 t.t-Iz for Improved pIcIunt, or beier, goII1g to a higher data rate that
can be supported In the 6 t.t-Iz channel by the relatively benign cable environmenL The question
remains whether HDTV receivers can be buIt to support higher numbers of bits per symbol without cost
impact.

EncryptIon and addressing are Important service features for cable lV. See section II, items F
ancIG.

B. with digital tegbnolggy

Since thls system Is aD-dgital. the advantages of aD-d1gita1 systems apply.

c. with headers/descriptors

The AD-HDTV system fonnats all Its data in a layered manner following the MPEG syntax. After
synchronization, the data link layer identifies the service type. Within the adaptation level, the
adaptation header contains Infonnation governing the packing of variable-length code words for video,
and Infonnation used in recovery after channel changes or errors: The video service level includes the
actual encoded video Information.

All data sent by the AD-HDTV system is grouped into fixed-length cells that contain data of a
single particular type. The cells are 148 bytes long, starting with a single byte for synchronization, an 8­
bit Barker sequence {00011101}. This is followed by a single byte for a service header that defines cell
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types at the fink layer. Next is a +byte adaptation level header that contains pointers to the start of a
dce within the picture frame. as well as the Identity of the slice within the frame. These are foUowed by
a 120·byte infonnation payload containing actual data for the celrs particular service type. At the end
of the cell is a 2--byte frame check sequence (FCS>.traDer. and a 2()"byte forward~rror~rrection (FEC)
trailer.

The adaptation layer pointers and cnee Identification infonnation provide re~ntry points within
the codec video data. making it possible to begin decoding at a known point after an error event or
channel change that requires a restart for some or all of the video decoding.

O. with NTSC

The proponent selected the field rate of 59.94 Hz for compatibnity with NTSC. The number of
active video fenes. 960, was selected to be double the number of active NTSC Ones. 480. (NTSC
normally has 483 active video Ines. but 483 Is an awkward number for conversions.) Since the aspect
ratio of this system, 16:9. Is clfferent from the aspect ratio of NTSC, 4~, a choice must be made for the
conversion. Two choices for down-conversIoi are 1) "'Edge Crop-, in which the HOlV picture fins 480
lines on NTSC with loss of the sides of the HOTV picture. and 2) ·Lettemox·, in which the full width of
the HOTV picture is displayed In the fuI widIh of the NTSC picture. but leaving unused areas at the top
and the bottom of the NTSC screen. Pixel values from HOTV lines are stored in memory and read out
at reduced speed to make NTSC lines. The range of pixels read and the clocking rate depend upon
the choice of edge-erop or 1etteIbox. The down-converslon Involves interpolation between HOlY pixels
In a nne and between HOTV lines. --

E. wjtb film

It Is daJrned that AD-HDTV wi support an -eleclrOnJc fUm- fonnat that makes use of the
l8dundant field to Improve quaIty. SInce tim has a slower (24 frames per second) temporal rate. /AD-..
HDTV will scan Its 1050-11ne ...... fOr film at 24 frames per second. wfth the eame 1440 x
980 pixel fonnat that It uses. Wteo..,., However. In am productions where~ graphics
are used extensively. square pixels may be more desirable In the Image representation. It Is claimed
that AD-HOTV will also provide a progressively scanned 1440 x 810 square pixel fonnat to
accommodate this source. Molt reoeIvers wi perfonn 3:2 pulktown to convert to their 59.92 Hz field
rate. but hlgher-cost receIvens could use 3:1 frame repeat to dspIayat 72 Hz.

F. with corrcuJtera

Progressive scanning and aquaN pixels are ImpottInt factors for Interoperabl1ty of an HOTV
syitem with computn - needy 811 existing bit-mapped computer graphics dspIays have these
features. Progressive scanning end square pixels are most aftIcaJ for real-time applications such as
c:IspIay, scan~nversion. frame capture, and video effects. Computers are expected to play an
Increasing role in video Image generation and production and it is desirable to have an HOlY format
which allows direct display and manipulation of HOTV video on the computer. progressive scanning is
preferable for computer applications to avoid artifacts that are common with interlaced display of
computer generated imagery. Square pixels are inherent to graphics display hardware for all popular
computers employing bit.mapped displays. The main reason i~ that it faCl1itates processing of 20
transformations, especially rotations.

Encoding and transmission in AD·HOTV are done in progressive form. favoring interoperability
with computers. although testing of this system has been done with interlaced sources and displays
requiring format conversions. ATRC has suggested that the system will eventually use progressive
sources and displays. With 1440 pixelslline. the pixels in AO-HDTV are 18.5% wider than high. and
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with 1248 pixelslline they are 37% wider than high. ATRC has suggested that their system can provide
square pixels by reduction of the number of active scan lines to 810.

This system also offers the possibility of interoperability with MPEG-based computer
applications. See Section J.3 below.

G. with sateJlites

Digital signals with bit rates used by the proponents for terresbial transmission can generally be ,
accommodated in the available bandwidth of a satellite transponder. The total data rate for the AD­
HOTV system in the mode tested by ATTC is 24.0~. The proponent has suggested removing the
0.9-rate trellis code used with SS-QAM. making the net data rate 21.6 M;]ps. The proponent does not
anticipate the need for any additional error conection for satellite transmission. although convolutional
cod"mg is nonnally used. The proponent stated that tine AD-HDTV channels may be carried in a
.transponder. However. it is unlikely that more than two AD-HDTV channels wi be carried in a typical
36-MHz transponder. See the link analysis done for the DSe-HDTV signal. The proponents also point
out that it is possible to cany AD-HOTV and NTSC signals on the same transponder.

H. with packet networks

The data link sublayer Ionnat is based on a -cel relay" asynchronous timHiivision multiplexing
concept similar to the asynchronous transfer mode (ATM) standaId that wi be used for broadband
Integrated services dgItaI network (B-ISDN). The data-llnk he8der oont8I.. 1nIocmatIon such as I!toritY
indicator. service ID and cell sequence number. this provides servlce4ndependnt transport services
8UCh 88 prIortty support. service multiplexing. and cel error deteodon and·correcIIon. For the received
bIt......am, the transport decoder perfonns Reed-Soromon decoding and a cyclic redundancy check
(CRC) for error detectfon. Cells received In enor after oomdon 818 discarded by the demultiplexer.
Each eel contains 148 bytes. .

The proponent claims that minor picture ar1Ifacts may be noticed at a packet error rate of 10~.
However. AD-HDlV wII make viewable pictures and perfect sound even If only its High Priority cells are
received. ThIs is effectively an error rate of 8 out of 10 packets lost. Out-of-order packets can be put
back in order at the receiver.

L with Interaqtive systems

The total rate control buffer delay Is n0mlna1Iy 2&0 11II8O'for both the high prIortty and standard
prIortty bufIera. In a:kIIIon, ..... may be Image~ after aawttch or a soene cut depending on the
place In the Mame Group-of.PIcUes (GOP) cycle. TotII~ time his been designed to be
Rmlted to a WOI8t cue value of about 1 sec. ThIs number Is based on 0.5 sec for the modem and
equaUzer and 0.5 sec for the vIdeoIIransport acquisition.

Latency Is the time delay between a video frame going into the encoder and the corresponding
frame coming out of the decoder In the back-to-back mode. It can be important in interactive
applications. AoconflOg to the proponent. a fufl-quaDty AD-HOTV encoder requires 4 frames of latency.
due to its use of bi-directional motion compensation with an MPEG GOP structure of M-3. N-9. An
additional frame is needed for interlaced-to-progressive conversion. Similar delays are present at the
receiver. Rate buffers at the transmitter and at the receiver cause additional delays. Furthermore. the
system implemented for test may not be representative of the minimum delay possible. Comparison of
latency between the proponent systems is difficult at this time.

This proponent claims that for interactive applications where latency is a concern, an encoder
can produce an MPEG bit stream using only forward motion compensation to reduce the coding part of
the latency.
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J. Eonnat conversjon

AD-HOlV

1. with 1125160

Up-converting to the Common Image Fonnat (1920 x 1080) requires a 8:9 vertical interpolation
and a 3:4 horizontal interpolation from 1440 x 960. SMPTE 240M currently uses 1035 active nnes.
Colorimetry used by AD-HOTV Is intended to be consistent with SMPTE 240M.

2. with 1250150

Conversion between systems with different frame rates is the most difficult type of conversion
presently being done. Digital conversion between 59.94 fields per second and 50 fields per second
requires a number of frame stores and very large processing capability. Simple methods that involve
·frame dropping lead "to Jerky motion, but other techniques produce acceptable images under most
conditions. This d"tfficult conversion is not simplified by the fact that both the source system and the
target system are interlaced 2:1.

3. with MpEG

AD-HDTV's use of MPEG-based video and audio compression provides the posstility of
Interoperability with MPE~ed computer multimedia applications drecIIy in the compressed bit­
stream format. "The undertylng video compression aIgortthm..... to the MPEG1 standard from ISO.
In that pnmeters allowable within the MPEG1 deftnItIon .. U88d although they are not the MPEG1
default pararnetn. PrIor to entertng the priorflIzdon and tranIpOrt prooe8lO1'8. the compressed video
representation Pft)duced at the enood8r fuDy conforms to the MPEG1 specIftcation. An MPEG bit­
stream can be obtained from the output of the comprelSlon enood8r at the Intefface to the priority
processor. Note that the AD-HDTV enood8r prototype .... an Int8maI fixed.Iength representation for
MPEG code words at the interface between Its compression and prioritization stages. so that -a
standard MPEG1 bit stream is not currently avaDable as an output from the prototype hardware.

4. with still image

AD-H0TV'a MPEG1 compression. based on the OCT. Is generally compatible with JPEG. the
ISO 8Iandard for stII-Image coqn88lor..

Photo CO U88I • prvprIeIIry eubb8nd coding approach for compression. Picture Interchange
with AD-HDTV requhs lui decompression and reoompresslon.

COl UI88 the MPEG1 compression syntax for motion video. Therefore. AD-HDTV will be elrecdy
compatible with CDI.

K. ScalabUity

Easy scalability is claimed by the proponent The MPEG1 bit-stream produced by the encoder
is organized into several layers. The lSo-M~EG standard not only specifies the form of the
compressed video bit-stream, but It incorporates several higher layers for specifying video parameters.
In particular, the ·sequence header"' provides a mechanism for dynamic specification of the picture size
(in terms of pixels x lines), the pixel aspect ratio and the frame tate. With this mechanism, AD-HDTV
supports dynamic reconfiguration among its nominal and optional spatial resolutions and raster formats
(e.g.• interlaced HDTV and progressively scanned film modes). These capabilities are not implemented
in the AD-HDTV prototype hardware tested at the Anco

The picture produced by AD-HDTV's HP signal alone is a reduced-quality image. The proponent
has announced his intention to reprioritize the data partition to make the HP-only picture useful as a
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digital hierarchy. The present fonn is considered by the proponent as sufficient to carry the viewer
through short SP channel outages. and as a base for error concealment for high SP error rates. The
decoded artifacts observed In an HP-only reconstruction wiD depend on the exact priority processing
algorithm. Typical priority processor operation results In a lower resolution and slightly jerky motion
rendition since the B-frame data Is canted primarily. in the SP channel.

For pieture-in-picture and picture-oul-of-plcture. only the reprIoritized HP signal with Its 4.8 Mbps
data steam needs to be processed. with savings In hardware over full AD-HDTV processing.

For multiple programs in a single channel. AD-HDTV's Prioritized Data Transport layer provides ,
for asynchronous delivery of multiple service types. Multiple video streams can be assigned individual
service types. .

II. Scope of services and features

A. Initial Use of Ancillary Data

Because of AO-HDlVs asynchronous data multiplexing. there is no hard partitioning of ancillary
data needed. Unassigned service types provide for the delivery of many types of ancillary data.

B. Audm

AD-HDTV offers fIexIbIIy In the mix of aucIo, video and data and therefore the number of euC:Iio
channels. The audio system chosen for AD-HDTV uses a cOdIng algorithm called MUSICAM. WNch is
related to standards endorsed by the ISO In conjuncIIon wIIh MPEG. The aucIo coding accepts 18-b1t
samples of audio at a rate of. k-samplesfaeoond, for each channel of the stereo pair. The MUSICAM
algorithm compresses the 1.54 Mbpe to 258 kbps. AD-HOTV provides an additional 5 dB of robustness
for audio, as It transmits audio as High PrIorItydaIa. Thus, aucIo remains when only the HP picture can
be decoded.

c. Data

/vi .-ocatIon of 258 Icbps .. been made for ucIiary data. and that data has been set aside
wIIhIn the prototype equipment. 8P data. A at8ndard oommunIcdons Interface port for this auxIIary
daIawas pnwIded tor the prototype.

IvdaIy data Is nonnIIy en In 8I8ndaId p10dty (sp) mode. The actual priority .-d In an
operatIoMI ayatem Is a broadcelllr op8on end.. depend on the type of data aeMce. If <100 kbpa of
HP C8I*fty went U88d for data. the proponent dIIms that the Impact on HP-onIy picture quaIty would
be smaI; for higher auxIIary data rates, use of SP Is recommended. since add1tional reliabllty In data
services can be provided via appropriate retransmission schedules. etc. Also. see G. Addressing.

D. Ifm

Text delivery is discussed below in Section Ion Overlay.

E. Captioning

It was suggested that 9.6 kbps of the ancillary data capacity be used for closed captioning.

6
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F. EncJ»)tjon

AD-HDlV

The prototype hardware cfld not include encryption. but AD-HOTV's transport structure has been
designed to readily accommodate encryption. The proponent expects to detail the encryption method
with industry participation.

G. Addressjng

The system provides opportunities for high-data-rate burst-mode delivery of auxUiary data. As a
Omit. the entire channel capacity. 18.5 tAlps. could be dec:Icated to addressing a lalge number of
receivers with decryption keys during the few seconds preceding a popular pay-per-view program. A
still picture with audio using 4 Mbps could be transmitted wille 14.5 tIbps Is devoted to subscriber
addressing. Conditional access data can be treated as a special service type and packaged into its
.own transport cells. or Included within the video and audio data. It can be decoded without decoding
video and aucflO.

H. Low-cost receiver

AO-HOTV Is partitioned Into High Priority and Standard PrIority data streams that modulate
separate carriers. A Iow-cost receiver can be built to use only the HP stream with savings on the tuner
and processing components. The HP-only mode has been dernon$trated. showing high resolution but
poor response to motion. The pruponent anticipates Improvements to the prioritization algorithms to
make HP-only pictures that are much better suited for small. Iow-cost receivers. --

I. VCR c;apabDlty

No hardware development of VCRs has been reported. However. it is thought that dgltal
recording Is within current technology for consumer use.

MPEG has periodically occurring frames that are entirely spatially coded. This is said to provide
the abUIly to reconstruct pictures in fast-forward and reverse scanning modes from cflgital storage
media.

MPEG compression has periodic spatiaIIy-eoded frames. allowing splices and inserts to be
made on GOP boundaries In the compnISS8d transmission fonnat. Umited picture a-opping can be
handled In compressed fonn if it aligns with maaobIock bcu1daries. .

AD-HDTV has provision tot -.yIng text and graphics overlay data. This data can be sent as a
separate service type. to be auper'.mposed on the dspIay at the I8C81ver. The proponent recommends
that receivers have. as a minimum. overtay capabIIty for ..... text. This would pennlt the local
broadcaster to Insert text of local Importance Into the data stream containing the compressed signal
that he passes through from the network source to the viewers. without decompressing and
recompressing the video.

III. extensibility

A. to no visible artifacts

AD-HDTV has. as its core. the MPEG1 compression standard that is extensible to virtually any
data ·rate. The proponent points out that AD-HDTV at 17.7 Mbps is already an extension of the
baseline MPEG1 parameters which encode low-resolution video at 1.5 Mbps.

7
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B. to studjo=guali\y data rate

AD-HDlV

AD-HDTV was designed wiIh the anticipation of several levels of related MPEG compression.
The proponent suggests that a studio standard could be set at 216 Mbps. the data rate of existing
studio [)"1 recorders. He beI1eves that this standard would be of extremely high quality and would
permit studio processing without degrada~n.

C. to higher resolution

The proponent claims that AD-HDTV potentlaly supports the delivery of. other video and image
formats over appropriat8 bandwidth channels to spedall'8C8Ivers with Increased memory. The MPEG1
core allows resolutions up to 4095 x 4095. Examples given by the proponent foRow. One Is a 1280 x
1024 progressive scan. logically squn pixel fonnat that Is appropriate for computer wol1<stations.
·Another Is a 65.520 x 65.520 very-hIgtKesoIu stiI-image fonnat (the limit of JPEG addressing
capability). Even higher resolutions can be delivered by extending the JPEG addressing ~ity.
Such fonnats would likely prove useful In mecflC8llmaging. computer graphics. and space and defense
applications.

The proponent has discllSSed the posslJllty of Inttodudng ultra-high-deflnltion television by
sending augmentation data packets assigned to a unique service type that wiD be disregarded by older
receivers but processed by new receivers.

D. prpyislon for future ogmgresalon enbangement

The proponent suggests Improved calculation of motion vectors and Improvements In bit
allocation and prioritization as .Ukely means for picture quality improvement without changing the
receivers or the data rate.
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System Description

g,annel Compatible Digiapher HDTV
In'e[Operablllty Assessment

ceDe

.
The Channel Compatible DigiCi~er (eeOC) HDlV System. also known as the Advanced

Television AlUance (AlVA) Progressive SYstem. Is an aIkIIgItaI system that is progressively scanned
with 787.5 lines per frame and 59.94 frames per second. The display fonnat has square pixels with
720 active lines by 1280 pixels per Ine In a 16:9 Image aspect ratio. Several types of dgltal coding are
used for compression and signal robustness. TransmssIon Is by quadrature amplitude modulation with
4 or 5 bits per symbol. offering the broadcaster the choice of two data rates Involving a tradeoff
between picture quaDty and coverage area The system accommodates either 16- or 32-QAM
modulation. The proponent emphasizes that the system was designed to be highly modular. so that the
'video processing. the audio processing, and the transmission system can be used Independently.

L Interoperabllfty

A. with Cable IV

The tests of the proponent systems at ATTC by Cable Labs should determine the~
aspects of InteroperablUty with cable TV. OCher factor8 that may aid cable TV interoperablUty Include
channel augmentation to 9 or 12 MHz for Improved picture, or belter, going to a higher data cai8 that
can .be supported in the 6 MHz channel by the reIdveIy benign cable environmenL The queStion
remafns whether HDTV receivers can be bull to support higher numbers of bits per symbol without cost
impact.

Enctyptfon and addressing are Important service features for Cable TV. See Section II. ltems.F
andG.

B. with digital technology

Since this system Is aIkIgftaI. the advantages of aIkRgItaI systems apply.

C. Headersktesc;rlptors

A frame header identifies the video source materiel, the frame rate, resolution. aspect ratio• .,ei
other system data.

D. with NTSC

As the ceoc system is cfll'ectfy related to NTSC. transeoding to NTSC is straightforward. Edge­
crop conversion to celR 601 Involves discarcflOg 160 HOsampies from each end of the horizontal line
and 4:3 Interpolation of the remaining samples. . It can Involve 3:1 and 2:1 vertical Interpolations In
alternate fields. For letter-box, a 16:9 horizontal Interpolation is required, as well asa 3:1 vertical
Interpolation of the active lines. For edge-crop display, the 480 lines can be placed in a specific set of
the 483 active lines. The first (odd) field can be displayed on lines 21, 23, ...• 499, and the second
(even) field is displayed on lines 22. 24•...• 500. The active lines 501 and 503 of the odd fields and 502
of the even fields can be displayed as black. For letter-box display. the vertical interpolation is more
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complicated. Up-conversion from NTSC requires line tripling, horizontal line-rate conversion and
interpolation.

E. with film

The prototype has the following film mode. Film is displayed with the three-two pulldown
process for 24 frame/sec film and with simple frame repetition for 30 frameJsec film. The proponent
claims actual frame rates of 59.94. 30 and 24 frameslsecond. implying that no film slowdown is needed
to accommodate the standard video frame rate. The encoder automatically detects the presence of 24
frame/sec or 30 frameslsec scene material from film sources. When a film source is detected. an '
alternate buffer control algorithm is used which takes advantage of repeated frames in the source.
With the scanning method used in eeoc. only two out of each five TV frames need to be sent for 24
frame/sec film. The proponent claims that the video quality in the film mode is essentlaUy equivalent to
the uncoded source. He also claims that full-resolution color is possible in the film mode, though that
capability is not in the prototype.

F. with computers

Progressive scanning and square pixels. both used in this system. ... important factcx8 tor
interoperabllty of an HDTV system with computers - nearly all existing bit-mapped computer graphics
displays have these features. Progressive scanning and square pixels ... most a1ticaI for re8l-time
applications such as dspIay. acen-converslon. frame capture. and video effects. Computers are
expected to play an inct'888ing role in video Image generation and production. and it Is desInIbIe- to
have an HOTV fonnat which allows dnJct display and~ of HDlV video on the computer.
Progressive scanning is prefer1lble for computer appIcations to avoid arIifacIs that are common with
Interlaced display of computer QIIwated Imagery. Also. scan conversion between Intedaced and
.progressive systems can pR)duoe unde8Ir8bIe artifacts. Square pbceIs ...·lnherent to graphics diaplay .
h8'dwaI8 for all popular compuIn employing bit-mapped displays. The main reason is that it
facilitates processing of 20 transformations. especially rotations. .

G. with satel!jles

DIgItal signals with bit ..... UI8d by the proponents tor t8n'88triaI tr8nImII8Ion can generally be
8COOI1II11OdaWd In the avaIIbIe e..MIdIh of a.... tran8pOnder. The total data rate lor the eeoc
aystem In the mode tested by ATTC II 26A MbpL The proponent suggests that 8-PSK moduIaIIoo
would permit two CCDC..per 88 MHz tran8pOnder. However. normal transmlllion by _ ... Is
QPSK (4-phase). CCDC. which hM. the highest data rate of the alkIgltaI proponents. would be the
inost dIftIcuIt to transmit willi two chInneI8 per tr8n8ponder. NeveItbeIeas. UIIng the 18.9- t.tJps
InfonnatIon rate of CCDC. Reed-8oIomon coc:Rng. and rate 7/8 convolutional coding. two channels can
probably be transmitted in a 36-MHz transponder.

H. with packet netwodss

CCOC data is organized into 525 data fines per ·frame. lhese data lines could be used as
packets if augmented with packet assembly infonnation. Error concealment. already implemented,·
would ensure some resistance to packet loss. The proponent has suggested implementation of a
packetized structure after field testing.

10



DRAFT

I. with interactive systems

ccoc

A fonn of interactivity important to cable operators Is the speed with which a customer can scan
through many channels. this system is reported to acquire a channel in 0.4 seconds. providing the
sound and beginning to buld the picture. The picture is at tul resolution in 0.73 seconds.

Latency is the time delay between a video frame going into the encoder and the corresponding
frame coming out of the decoder in the back-fo-back mode. It can be important in interactive
appRcations. Frame delays are required at the transmitter and at the receivers for coding and
decoding. Rate buffers at the transmitter and at the receiver cause additional delays. Furthennore. the
system implemented for testmay not be representative of the minimum delay possible. Comparison of
latency between the proponent systems is difficult at this time.

ceoc reports a video delay of 5 or 6 frames. comtspOnding to 83 to lOOms. The exact time is
said to depend on how the frame buffer is used. with the videoIfiIm selection a factor.

J. Eoanat conversion

1. 1125160

Upconverting to the Convnon Image Fonnat (1920 x 1080) Is easily done by 2:3 interpolation
horizontaDy and vertically. SMPTE 240M cumtntly uses 1035 active lines. Colorimetry is SMPTE
240M.

2. 1250150

Conversion between systems with different frame rates Is the most difficult type of corwersion
presently being done. Digital conversion between 59.94 fields per second and 50 faelds per second
requires a number of frame stOtWS and very IaIge processing capability. Present methods that involve
frame dropping. lead to jerky motion, but other techniques can produce acceptable images under most
~. this difficult conversion may be easier from a progressive source than from an intel1aced
source.

3. MpEG

There Is no drect compatibility In tenns of bit stream. However, see the MPEG discussion for
DigiCipher.

4.· with atiIIlmage

The capture of still Images from video Is favored by progressive scan.

K. Scalability

The proponent claims that the system Is scalable In the sense that the decoded signal may be
Interpolated or <lecimated to suit various dsplays. Scalablity by picture interpolation can be
Implemented in any proposed system. It is simplified by the progressive scanning in this system. The
system may also be scalable in the sense that a subset of the bits. such as those that correspond to
the lower-order discrete cosine coefficients. could be used by Iower-oost VLSI to obtain a lower­
resolution signal. However. the entire bit stream must be available for the subset to be extracted. and
the other digital systems have similar capabilities. Picture-in-picture and picture-out-of-picture.are
handled by standard methods in the receiver.

11
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II. SCope of services and features

A. Initjal Use of Ancillary pata

Assignments have not yet been made. See Data.

B. Audi2

CCDC

The CCOC system Is designed to have four channels of audio using 503 kbps or six channels of
audio using 755 kbps. Unused audio capacity is used to carry additional video data. The audio system
uses a coding algorithm caIed MIT Audio Coder. presently Implemented with Motorola DSP-96002
floating-point digital signal processors. It accepts 16-bit audio samples at a rate of 48 kHz for each
channel. All audio channels are coded independently. C8pacity has been reserved for dynamic bit
allocation for different parameter sets. The proponent claims that this wiU pennit the system to
incorporate future Improvements in audio compression without changing the receivers.

c. .Qata

Auxiliary and control data has been allocated 251.8 kbps. 11lis may be Implemented with an
RS-422 Interface. In the current hardware. the only 8.CC88I to the auxiliary data channel is via four
asynchronous 96OO-bps RS-232 Interfaces. However. the design can be modified to pennit data
capacity. not used by audio. to be reassigned to data services.

D. I9l
E. Captioning

Teletext and captioning is sent in the ancillary data channel. Additional ancillary data capacity
win be provided If needed.

F. EOQIYJ)Iion
G. Addressing

The tnt byte In each data Une is resecved for oornI information. described • inducing
decryption keys and IUb8crI)erdIlL There are 62& data..per fr8me and 69.94 hme8 per second.
Thus. there are about 252 Icbps of capacity for this kind of data. EncryptIon has not yet been
implemented.

H. l,ow-oost receiyer

This system wi permit lower receiver cost using Iowet-reaolutlon dspIays. The proponent
claims that progressive scan used In this system favors such acaIlbIIIty. The Iowoocost receiver would
have to extract the information It can use from the complete data stream. perhaps just the OC OCT
coefficients. but would save on processing capabDity as wei • display cost. The proponent claims that
the standard HDTV receiver can be built with 12 custom VLSrs and 2 Mbytes of memory.

I. YCR capability

The proponent reports no hardware development of VCR's specific to CCOC. but refers to the
DigiCipherlToshiba VCR that has been demonstrated within ATVA. The CCOC data stream, about 20
Mbps, is within the capability of current technology for consumer use.

It is claimed that a rapid search mode can be implemented by reconstructing the images from
those blocks coded with no temporal predictor. This gives at least three displayable frames for every
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60. Additional intra-coded blocks may also be used as they occur. The resultant picture would have
fun resolution. but may include artifacts. The reverse playback cannot be done with full quality because
predicted frames cannot be generated.

Splice and insert could be handled by forcing the receiver to reacquire. Crop and overlay would
require that the data stream be decompressed first.

Square pixels and progressive scanning simplify the implementation of special effects such as
zooming and panning. .

III. extensibility

A~ to no visible artjfacts

Based on simulation tests. the proponent believes that the compression algorithm will produce
.no visible artif~cts at a data rate of 50 Mbps. regardless of the difficulty of the camera-generated source
material.

B. tg studjo-gualjty data rate .

According to the proponent. the intraframe encoding mode for the whole frame can be used for
a production standard. Here. every fnune Is encoded without motion prediction. ProducIion-quaII
video with a resolution of 1280 x 720 can be storvd with 3 MbIInIIne using the Inll.lame compression
method Induded In this system. At 60 frames per second. the bit rate Is 180 ..., an acceptable rate
for studio use. The proponent claims that the frame can be decoded and re-encoded many times with
AttIe degradation.

C. tg higher resolution

Currently the system Is designed to display 1280 x 720 Image sequences, but larger sizes can
be specified as part of the frame header.

o. . proyisjon for future compression enbanQftment

The compression algorithm can be Improved by performklg better motion estimation, and
including better perceptual crtteria at the nnsmItter. These Involve no changes at the receiver.
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System Description

DlglCfpber HOW Interoperablllty Assessment

DlglClpher

Also known as the Advanced Televtslon Alliance (ATVA) Interlaced system. the DlglClpher
HOTV system Is an alkDgitaI system with 1050~ Ones per frame. 59.94 fields per second. and 2:1
intertace. The display 'onnat has a 16:9 image aspect ratio with 960 Hoes per frame and 1408
pixelslline. Several types of digital coding' are used for compression and signal robustness. The
primary picture coding is dtcIete cosine transfonn with motion compensation. Transmission is by
quadrature amplitude modulation with 4 or 5 bits per symbol. offering the broadcaster the choice of two
data rates involving a tratteoff between picture quality and coverage area. The system accommodates
either 16- or 32.QAM modulation.

I. Interoperability

A. with Cable TV

The tem of the proponent systems at ATTC by cable Labs should determine the critical
aspects of Interoper8blllty wIIh cable TV. Other factors that may aid CIbIe TV Interoperabillty Indude
channel augmentation to 9 or 12 MHz for Improved picture. or better. going to a higher data rate that
can be supported In the 6 MHz channel by the relatively benign cable· envkonmenL The proponent
states that it is likely that a rate higher than 32.QAM wiI be used for muftlchannel NTSC. and hes
expressed the Intent to maIntak1 compatI:)IIity between DigIClpher tAdIIchanneI NTSC and HOTV!- The
question remains whether HDTV receivers can be built to support higher numbers of bits per symbol
without cost Impact. The proponent has conducted demonstrations of· one-way and two-way operation
over existing cable TV plants. .

Encryption and addressing are also important service features for Cable TV. See Section II,
items F and G.

B. with dJg1ta1 tegbnology

Since this system Is all digital, the advantages of alkSlgflalay8t8m8 apply. The proponent has
agreed to determine. the feaIMty of a common standard between the DlglCIpher digital bus and the
EIA CE bus.

c. He~
The proponent dl8cl1II8d the use of the ancIlary data apace for nnsmIttIng the program name.

remaining times and pcogrem ndIng. In the prototype, there Is a 7-byt8 heeder at the beginning of each
data frame. Four bytes 818 U88d. and three bytes are available. l'heftt Is a one-byte header at the
beginning of each video frame. of which one bit Is avaIable. There Is a fuRy defined two-byte header at
the beginning of each macrobIock. In his certification disclosure. the proponent discussed his intention
to Implement adaptive aJ1ocatIon between video. audio and anclllary data. The proponent has now
announced an improvement invoMng expansion of the video frame and macroblock headers. and
packetization at the transwitch layer. Transwltch layer packetization makes the data allocations
adaptive. allowing flexible allocation of capacity among video,' audio. and data appUcations. The
proponent states that this modified data format will be implemented in the prototype prior to field
testing.
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D. with NTSC

DigiCipher

The proponent selected the field rate of 59.94 Hz for compati)Uity with NTSC. The number of
active video lines. 960. was selected to be double the number of active NTSC Unes. 480. (NTSC
normally has 483 active video lines. but 483 is an awkward number for conversions.) Since the aspect
ratio of this system. 16:9. is different from the aspect ratio of NTSC. 4:3, a choice must be made for the
conversion•. The limiting choices for dowo-converslon are 1) -Edge Crop-, in which the HOTV picture
fills 480 lines on NTSC with loss of the sides of the HOTV picture, and 2) -Letterbox-, in which the full
width of the HOTV picture is displayed in the full width of the NTSC picture, but leaving unused areas at
the top and the bottom of the NTSC screen. Pixel values from HOTV lines are stored in memory and '
read out at reduced speed to make NTSC Dnes. The range of pixels read and the clocking rate
depend upon the choice of edge~op or Ietterbox.. The down-conversion involves interpolation
between HOTV pixels in a line and between HDTV lines.

E. with film

The prototype system accepts film shot at 24 frames per second as 59.94-Hz video, 2:1
interlaced, having been converted by the three-two pulldown technique. The DiglCipher encoder
recognizes the redundancy in each fave-field sequence as having originated in 24-frame film, and
converts the 59.94-faeld video back to 23.98 framesIsecond. The Image is processed and transmitted
as 23.98 frame progressive, and converted back to 59.94-field Interlace in the decoder, using 3~ puu­
down. Future receivers could alternatively use 3:1 frame repeat to display progressive at 72 Hz.
SimUarty, 3O-frame fflm source which Is del"lYered to the encoder as 59.94-field video Is processed and
transmitted as 29.97-frame progressive. The benefit is more efficient coding, and thus higher quality.
The proponent has proposed a system improvement which would allow receiving and .processing
Images dintClly In 24- and 3O-frame progressive. He also suggests that in the future, spatial resolution
could be inaeased as temporal resolution is decreased.

F. wjtb oompyters

Progressive scanning and square pixels, not included in the OigiCipher system tested, are
important factors for interoperablty of In HOTV aystem with computers - neaI1y all existing bIt-m8pped
~ graphics dspIays have these features. PIogI.... scanning and square pixels are most
aIIIcaI for nNd-lime applications IUCh • cIIpIay.~ flame capture, and video effects.
~ .... expected to play an Incr8a8Ing loll In video Image generation and production and It Is
de."'" to have an HOTV fannat which 8IIows chct cIIpIay and ~latIon of HOTV video· on the
~. Progressive scanning Is preferable for computer eppIcatIons to avoid artifacts that are
convnon wfth Intedaced display of computer generated imegery. Also, scan conversion between
Inteftaoed and progressive systems can produce undesirable artifacts. Square pixels are Inherent to
grephics cIIpIay hardware for all popular computera employing bit-mapped displays. The main reason
Is that It facIJtatea processing of 20 transfonnatIons, espeddy rotations. Non-square pixels do not
Present a problem for the d"iSpiayof RGB signals from a oomputer's video card on HDTV receivers, but
would compUcate more sophisticated attempts at Interoperabllity, such as the display by an HOTV
receiver of a picture from a digital data stream generated by a computer. This system has pixels that
are 21% wider than high. .

The prototype hardware was built to select between field processing and frame processing for
each superblock. depending upon its motion, in order to provide optimum motion handling. However.
computer interoperability would be enhanced if the encoder were forced to do frame processing on all
superblocks. With this feature. coding and transmission would be in progressive form. The proponent
has proposed adding this feature as an option at the encoder.
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G. wjth satellites

DigiCipher

SateUlte transmission of the OigiCipher HDTV signal was recently demonstrated using QPSK In
a 24-MHz bandwidth. achieving a raw data rate of 39~. Instead of the trellis coding used In the
terrestrial system. convolutional coding with a Viterbi decoder was used. The cod"lflg was rate-112. so
that the data rate after Vlterbi decoding was 19.51 Mbps. Reed-Solomon coding was also used. with
the Infonnation rate being 18.2 .... identical to the terrestrial signal. A 5.5 dB CIN threshold was
achieved. an improvement over the 8+ dB' threshold typically achieved In NTSC satellite transmission.
The proponent recommends using rate-314 coding to yield a 50% increase in the Infonnation rate. This
would support a higher-level compressed HOTV signal or an NTSC signal sharing the channel with the
HDTV signal. In a 36-MHz transponder. two transmlssion-quality HDTV signals. or alternatively. one
distributlon-quality. 40-45 Mbps signal can be transmitted.

H. with packet networks

In the prototype tested at ATTC, the video data was packetized. with each packet, about 2 kb
long. containing one macroblock of video data. For lost packets, the decoder would have used error
concealment which was already implemented to handle transmission errors.

The proponent has since offered a,redesign of the data structure with,headersldescriptors. The
benefits of this approach include Improved packet transmJssIon. Packets will be organized by data
type. Packet length will be 155 bytes, with the payload being 141 bytes. Out-of-order packets can be
reordered in a suitably designed receiver. Implementation is expected after field testing.

I. wjth interactive systems

A fonn of Interactivity Impottant to cable operators is the speed with which a customer can8C80
tIvough many channels. this ayItem is reported to acquire a cMnneI In 0.4 seconds, providing the
80Und and beginning to buId the pIdan. The pIdan Is at fuI NIOIutIon in 0.77 seconds. '

latency Is the time delay between a video frame going Into the encoder and theco~
frame coming out of the decoder In theback-to-back mode. It can be Important in interactive
appIicaIIons. Frame delays are reqW'ed at the transmIIIer and at the receiver for coding and decoding.
AddItI0naI delay may be needed to facI.... frwne coding In an Interlaced system. Rate buff.. at the
tI8nImItter Met at the receiver also cause delays. FuIthermore, the system inpIemented for test may
not be representative" of the ......Imum delay poss". Comparison of latency between the proponent
systems Is difficult at this time.

Aocordng to the proponent. the latency of ~iClpherIs 83 msec.

J. Eoanat conversion

1. with 1125180

Up-convertlng to the Connon Image Eonnat (1920 x 1080) requires a 8:9 vertical Interpolation
from 1408 x 960. SMPTE 240M currently uses 1035 active Ones•. Conversion from 1408 pixelslline to
1920 pixelslline requires an 11·t0-15 interpolation. The Proponent says that 15 interpolation filters are
required. each having 5-6 taps. Colorimetry used by DigiCipher is the same as SMPTE 240M.

2. with 1250150

Conversion between systems-with different frame rates Is the most difficult type of conversion
presently being done. Digital conversion between 59.94 fields per second and 50 fields per second
requires a number of frame stores and very large processing capability. Present methods that involve
frame dropping lead to jerky motion, but other techniques can produce acceptable images under most
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