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Summary results of the review include:

1. concensus that the GA proposal demonstrates significant
commitment to interoperability through incorporation of
concepts of major significance:

a. all-digital implementation
b. layered architecture
c. header/descriptors
d. packetized data structure
e. MPEG-2 based video compression

2. two new criteria for interoperability were identified, recognizing
interoperability requirements posed by compressed, digital program
distribution (8compressed domain switching and insertion8 and
8method to insert overlay data ... 8)

3. 1080 vertical line count received more support than 960

4. some areas were judged satisfactory contingent on further
definition, analysis and/or specification:

a. 8viewer transparent channel re-allocation8

b. 8still/motion multi window transmission-
c. 8definition of one or more methods for providing

1080x1920x1 :1x60Hz -target- ATV transmission format-
d. ·compressed domain insertions in data stream·
e. 8a method to insert (midstream) overlay data ...•
f. ·estimate cost of including both Musicam and Dolby

implementations, and forward these results to the Audio Experts
Group·

5. MPEG compatibility needs to be resolved without compromising uS
ATV - burden on GA to canfonn to MPEG-2 or demonstrate benefits of
AC leak in which case GA would coordinate with US national body a
new request to amend MPEG standard

6. need to verify conversion between transmission and display fonnats
within acceptable quality limits in prototype testing



7. Persistence of interlace transmission (one of six formats) in the
GA proposal sustains the debate on interoperability. Neither the
interlace nor progressive scan advocates have generated sufficient
justification or rationale to converge their positions and every
proposed format in the GA proposal has supporters and detractors.

Resolution of this issue would be desirab.e. The GA has agreed to work
with those representing Nil interests (and other electronic publishing
applications interests) to define Nil functional requirements so that
they could be considered in the GA system definition. A working
subgroup of the Joint Experts Group on Interoperability have agreed to
initiate this work as soon as possible. This work must also be
reflected in tests developed and implemented by SS-WP/2. The GA
recognizes the need for future ATV systems to support (in a reasonable
way) Nil requirements and that they should not stand in the way of Nil
application access.



..

Attachment I

Joint Experts Group on Interoperability
S.Baron ~

J. Bellisio Bellcore
T. DeYoung ARPA
M.Haley ffiM
P. Hearty ATEt
R Hopkins ATSC
B. Gerovac Digital
D. LeGall C-Cube Miaosystems
M. Uebhold Apple
R Sanderson Eastmank Kodak
C. Tanner CableLabs

Grand Alliance
R Keeler
G. Reitmeier

InterQperbilityPand
W.Bailey
D. Baylor
J.Oark
W.Connelly
T. DeFanti
G. Demos
P. Dodds
I. Dorros
J. Flaherty
C Fleischhauer
J. Fuluer
J. Hamalainen
G.Hannover
P.Heimbach
R.Hummell
N.lzenberg
R.Kahn
R Uttle
H.Miller
D. Monteith
RMyers
L. Roberts
W. Rossing
M. Schenker
A. Setos
L. Smarr
RStumpf
M. Tsinberg
A. Uttendaele
W.Wedam

AT&T
Dave Sarnoff

NCTA
Hughes
Silicon Graphics
Sony Pictures
U of I Chicago
DemoGraFX
Inter. Multimedia
Home
CBS
Ubrary of Congress
Hitachi
Matsushita
ElA/CEG
Viacom
Walt Disney
Nemours
Corp. NRI
National Geo. Society
PBS "
Rogers Cablesystem
Hewlett-Packard
US Dept. Education
First Person
Dow-Jones
FOX
NCSAUofI
Universal City
Toshiba
ABC
Sharp Elec.



L

AttaclTClEmt II

Interoperability Review - Attendance List
[. = 6th Only, •• =7th Only]
NAME AFfiLIATION TELEPHONEaELEEAX
Baron. Stan NBC 212-664·75571212-~/5219

Baylor. Dave Direct-TV 310-535-50511310-535·5224
Beasley. Roy· Howard Unlv. 202·806-1609
Bellislo. Jules Bellcore 908-758-2959
Bretl. Wayne Zenith 708·391-8386
Bronson. Barry HP 415-857·3033
Cloutier. Leo· Comsat 301...28-40801301·428·9287
Connolly. WiJliam Sony Pictures 310-280-69021310·280·1866
DeFanti. Tom Siggraph 312·9f16.3002
Demos. Garry DemoGrafx 310-837-2N51310-837-1576
DeYoung. Tlce ARPA 703-606-226xn03-696·2202
Donahue. Joe Thomson 202·872-06721202·872·0674
Dorras, Irwin· ACATS-Tech.Subc. 201·285-1266 _
Elliott. Dennis Elliott Communic. 703·759-74sen03·759-6828 -
Fannon, Peter ATTC 703·739-3850n03·739-3230
Fenimore. Chartes· NIST 301·975-2428
Flelschhau.er. Cart Ubrary ot Congress 202·707-6233
Fowler, Thomas· MITRE 703-883-79121703-883-5914
Fuhrer, Jack Hk8chl-Amer. 609-520-13201809-52Q.8953
Gerovac, :Branko Digital 617·253-oee9l817-489-5917
Godber. Alan Consult.(ATTC) 90e-e..6-447e1V08-846-4476
Gravel. Arthur Del18lnfo. Sys. 215-e57·52701215-e57-5273
Greebe, C.A.A.J.ee Philips Labs 914-84U102
HIck. Oavlde. UbraIY. of Congress 202·707·7017/202·707-7000
Haley. Mike IBM 914-884-47231914-892-6799
Hamalalnen, Jukka Matsushita 808-388-51t5
Hanover. George elA 202....57....1711202-457 985
Hearty. Paul ATEL.CRC 613-582-17271813-592 398
Hopkins, Robert ATSC 202-821-31301202-828-3131
Hummel. Rob Disney 818-754-7259
HunIt. Norm OSRC e09-734-2GMS09-734-2901
lzenblrg. Neil Nemours- Found. 30M51-i041
Johnlon. Clark- COHRS 812eS77.zs2118:J7-377;1704
Kahn. Robert CNRI 7Q3.GOo8t1O ~

KalIl. Thomas- WhIte House 202-411-.11202-458-2223
KI.... Bob AT&T eoe-..1-7tI2II08-949-5nS
Lechner. Bernard* consultant 609-I24-714MS09-924-7547
LeGal. Oeeller c-cube 4oe-t44-ess3lt08-~-e314

Uebhold. Michael Apple 408-974-1025.
Longbottom. Jet,... ATTC 703-739-31101703-739-3230
Maddocks. J.A.e UTC 617-8f4-02011817-864-5855
Melmed. Arthur- Rand 20"244-80S6
Misener. Paul W.R.&F 202~828-75061202'''29·70''9
Monteith. Don Rogers Cable. 416-4~2·28045

Neil. Suzanne MIT 611-253-41381617·253·7326
Parutski. Ken" Eastman·Kodak 716-477·4652
Patten. Tom- Philips 202·962-85501202·962·8560
Radwill. Bill AT&T 908-221·51651908·221·8484
Rast, Robert·· GI 619·535';'25321619·535-2486
Reitmeier. Glenn DSRC 609·73~-2~3/609·734·2149

Roberts. Mike· Educom 202·331·53471202·872-4318
Rodgers. Quincy GI 202·833·97001202·466·3295
Sanderson. Robert Eastman·Kodak 716·726-77631716·7253·6284



Smarr, Larry
Solomon, Richard"·
Sproull, Bob
Symes, Peter
TaMer, Craig
Tawil, Victor
Uyttendaele, Tony
Van DeGrift. Craig
Waisten, Douglas
Weaver. John
Wedam. Werner
Weitzner. Daniel·
Wldoff, Joe.
Wiley, Dick-
ZOU. William

NCSA
MIT
Sun Microsystems
GVG
CableLabs
MSTV
CC/ABC
NIST
NCSA
Liberty TV
Sharp
Eledronic Frontier
ATIC
Chairman. ACATS
PBS

217-24+0078
617-253-51SQl413-267-5172
508....2-0353
916-47e-~37191~78-4195

303-839-85001303-939-9189
202~62-43511202-462-5335

212-456-12271212-456-6089
301-975-3828
217-244-6390
212-864-4.1212-864-1711
201-52t-ee181201-529-8425
203-347-54001203-393-5509
703-738-3ason03-739-3230
202-42t-7010
703-731-54751703-739-8938

,.



ATTACHMENT III
Joint Experts Group on Interoperability
Interoperability Review --- GA Proposal

Summary Report
October 6-7 1993

Repon format note

Everywhere in this report summary, the agreed view of the Joint Experts
Group on Interoperability is represented by the material within ·square
brackets· ( [ .... ] ).

General comment

[Despite the limiting context of terrestrial(-only), HDTV(-only), a lot of
progress has been made toward emerging/converging uses of ATV and Nil.]

Assessment of GA proposal yl. PS/WP-4 Recommendations

1. An all-digital Implementation based on a layered architecture
model [ok]

2. The use of universal heade... and descriptors [acceptable -
MPEG hid! with hooks to a universal hid -- registry to be
defined and candidates exist]

3. Transmission of the signal in progressive scan format
[stili an issue since not all transmission formats are
progressive]

4. Use of a flexible, packet data transport structure [ok]

5. Viewer transparent channel re-allocation (limited picture and
sound while most of the channel capacity is devoted to data
transmission for conditional access addressing or other
purposes) [ok in principle, but needs detailed specification]



..

6. Ability to implement lower performance low-cost ATV
receivers (comparable pricelperformance options to current
NTSC receivers [not at early HD introduction although a
cost/performance family is possible; base level cost is
determined by electronics cost which is expected to decrease
to acceptable levels by the time that NTSC is turned off]

7. Ability to implement low cost ATV consumer VCR [ok for
compressed input]

8. System architecture and implementation that will allow
improvements and extensions to be incorporated as technology
advances while maintaining backward compatibility [ok via
new packet types (at a minimum) given available data
capacity]

9. Square pixels or at least the option to select square pixel
presentation [square pixel formats included, e.g., 1280x720
and (recommended) 1080x1920, however, there is a question 
on how or whether 1080x1440 will be handled]

10. Compatibility with relevant international standards or
commitment· to this objective [actual and required level of
conformance with MPEG-2 (video, audio, transport) IATM
Iinternet protocols letc. an issue]

11. Easily implementable and user-accessible ·still/motion multi
window transmission [feasible via multiplexed program
streams; needs further requirements definition]

New Criteria

12. Compressed domain switching and insertions in data stream
[mechanism in place; needs requirements. analysis., and
specification]

13. A method to insert (midstream) overlay data that is not in the
original picture; both modes: graphics created in receiver or
inserted by local station (the tornado warning feature)



[needs requirements and definition --- receiver graphics are
being addressed, in whole or in part, by the EIA Television Data
Services SUbcommittee]

Context (fQr ATV --- Nil considerations)

1. ATV is happening: digital HDTV, digital SDTV, ...

2. Nil is happening: Intemet, conferencing, radiQ, ...

3. Desire exists and will increase for universal access (to
information services in the public interest); but the market
incentives are unclear

4. There is agreement on the goal of Nil compatible consumer
products, the discussion is on'tactics Qf how we get there (market
drive and technology) --- design of ATV should not inhibit earliest
access to Nil services. What design features of ATV would foster
earliest access to Nil services?

Recurring Issues (What do we do? How do we make it actionable?)

1. MPEG-2 CQmpatibility

a General
[Endorse the ACATS Technical Subcommittee position:
be compliant with MPEG-2 to the extent possible without
compromising US HDTV requirements -- i.e., not defer to MPEG,
not make gratuitous differences, document rationale for
differences, encourage MPEG to adopt solutions to US HDTV
requirements as needed.]

b. Video --- AC leak
[In view of the high degree Qf compatibility that the GA HDTV
system has achieved with the emerging MPEG-2 standard, the
remaining divergence appears as an undesirable obstacle tQ
interoperability. Burden of proof is on the GA to demonstrate
significant and consistent improvements with AC-Leak Qver
solutions compliant with MPEG-2. Experiments should take



into account realistic conditions of random access of
compressed data stream and critical source material. Should
the experiment be favorable to AC leak, the GA will coordinate
wit h the US national body on a new request to include the
technique in an amendment to the standard to be produced in
time for HDTV deployment.]

c. Audio
[Other Experts Groups are narrowing the audio standard
choice to either the Musicam or Dolby approaches. There
seems no clear interoperability rationale for selecting
between these· altematives. The GA agrees to estimate the
cost of including both the Musicam and Dolby implementations
and will forward these results to the Audio Experts Group.]

2. Interlace and Progressive vs. Progressive-only

[Persistence of interlace transmission in the ATV proposal
sustains the debate on interoperability. However, neither
the interlace nor progressive scan advocates have generated
sufficient justification or rationale to converge their
positions and every (GA) proposed format has sJJPporters and
detractors.

Some Nil advocates desire proscan-only in transrrtission (in
order to promote deployment of proscan displays), so that all
ATV receivers could serve as Nil displays, and so that these
could benefit from economies of scale based on a common set
of standards. Even greater economies of scale could be
achieved through joint adoption of standards across industries
(including the computer industry). Some others advocate that
consumers should be able to purchase ATV receivers without
paying a premium for Nil display functionality which they may
not need or desire or (Nil) functionality that they may
fulfill by using a separate computer system. Both economic
assertions need validation.

This may (or already is) a public policy issue if the consume
TV is to be the Nil terminaL]



3. Multiple formats, benefit vs. cos

a. [Every format in the GA proposal has supporters (and
detractors)]

b. Conversion between multiple formats
[Conversion from all transmission formats to all proposed GA
display formats must be verified in prototype testing to be
within acceptable quality limits (limits need definition,
demonstration, and verification). In particular, verify
typical-case cost effective and performance effective
transmission (1920x1 0801, 1280x720P, 1920x1080P/24)
to display (1920x10801, 1280x720P, 1920x1080P/60))

c. Interoperation among formats, e.g., mixed format editing
[as in b. above]

4. Square Pixels

a. Required for -1000 line format-? 24/30/60?

b. Coding or filtering?
[consensus for square sample distribution]

5. 1080 vs. 960
[more support for 1080 than 960]

6. Migration Path

a. Definition of terms
[-Migration- may be a misleading term. It is important that
provision be made for 1080x1920x1 :1x60Hz. Initial receivers
may not perform beyond their initial parameters.]

b. Target
[There is common support for 1080x1920x1 :1x60Hz as the
future ATV target. The GA must define one or more technically
viable migration paths to this target from any initial HDTV
offering .]



c. What are the migration path objectives
[Should encompass NIl.]

7. Other

a. The Joint Experts Group on Interoperability is grateful for the
contributions from the Intreoperability Panel and others.
Additional points may be included in the attached submitted
reports that have not been fully analyzed.
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Dr. Larry Smarr
Director, National Center for Supercomputing Applications
University of Illinois at Urbana-Champaign

Position:

The rapid convergence of networking, television, video games,
and telephone is leading to the requirement for a
standardized ·window into information space". The
interoperability between~computer screens and televisions is
a critical 'technology to support this effort to build a
National Information Infrastructure.

In this regard, I are very excited abOut the formation of the
Grand Alliance proposed standard. However, I believe that
the standard should have as a minimum PROGRESSIVE SCAN and
SQUARE PIXELS.

The end users of NIl include not only personal computer,
workstation, and supercomputer users, but also the emerging
markets of s..ll business, inc1ustrial corporations, K-12 and
college education, and particularly digital libraries. The
ha-e ..rket inself will be using these .ultimedia digital
libraries over both cable tv and fiber within the next 12
.cnths. This vast market will benefit enormously by a single
digital image standard.
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Proposal for an Explicit 1080x1920, 1:1, 24 Hz HDTV format

Kenneth A. Parullkl
RepIweentJng: Motion Plctu,. end TellvIIIon ImIlgIng DIvIsion

Eastman kodak Company, 4181 Kodak Parte, RochMt« NY 14650-2015

Eastman Kodak~ IUPPOftS the explicit inclusion In the U.s. ......... HOlV IIandaId of • high
line-cxMJn. progreaiveIy scanned. square pixel. 24 Hz InIIQ8 IGCJD1ormII1. SpecIicaIy, we 'awr the use of
10e0 dve Ines, consistenl wlh the recommendations of the (FCC) AdvtIoIy Con1n*tee on Advanced
T.....iIion seMce, 10 madnize COIIlMItIbilly wlh the ~edtellvllionproduction standard as wei as to
encourage deYelopmeq of an inlemational HOlV Image tonnaI agreemerC.

~ uInHIigh dIfinIion source mlterial ....1II24 Hz In the tann of ,limed pogrammIng. To optlnRe
baIh thllIIcIIncy of the COfI1)teaIon used for PQII1)IOdIdonn ..efticiency of the
mot~Int ,... coding used for dIItd:UJon. the system IhoUId adapt to the SOUr08 'rame
1'IIIe2....... lIchnic.1y ......10 deliver. 1080x1920, 1:1,24 Hz IormII using the GA system deIign at
U.s. H01V -.vice iniIiaIion. Thil24 Hz source tofII& powldel ..-on Iun*uInce pixels I He. The
72Ox1280, 1:1.60 Hz tonnat poposed by the GA pnMdeI55.3 1un*W1ce pileels I sec. The 960x1728,
2:1, 60 Hz format poposed by the GA provides 49.8 mIIon Iun'*Wa pixels I sec. Note that the poposed 24
Hz focmIt rate equals the lower of these two GA 60 Hz rates.

To aI. ..coqn.lion encodIrI .......dl'v-t to ellecly accept thl24 Hz tormIIas
ORIlla tormII. The~UIId to code..OCTCOIItiaIIntI of the motion compenIIIed
NMi In..24 Hz modI,shouId ..1I*Ik1ly..-.lorrnal1Dn................ M receMramult
..ClIIPItIIe of Nel""''' 24 Hz tormII. aIhough.., could COIIlMItto. _ tonnII tor.. finII cIIpIay••
dl."" • II••tt....dl.lgnld to accept • 1080X1920, 1:1 tDnnII 1nItIaIIon of H01V -w....
mfgrIIoa.... to••Hz WIIIon of tormII 1III10801C1920, 1:1.24 Hz tormII woukt
..........................tor oItgII lOoI.-24 Hzfoanlls.tgg ..
GA. allow and 1mIgI plaCl••'rvdullng pall podIlCtion,lInce wouId
be no 1g1IIIIIdIrdCOIMrIionI cfnI 0UIPUl and the GA COfI1)teaIon etlCOdlr
....,., A1"1_,1:1 bmII 1111IIo IduIIor"'~and CIIIPI*:L

HI) li.I.DlMlCIPIIIIII 01 pnxtuck1gtil 24 Hz fonIIII d and..800ft be 0DII'IAWC11Iya.'. KoM_b•••~ III'....IO_.lap_ CCO>b••d.progII...
....eL .......,.30Hz. and""td•.,••Hz.. 1CocIIk......_ .
......t 100Q1c1000.aoHz_.and ~.manochnMnI --
.........._. KodIk _ ..aped , 1:1.10 Hz 1mIge wi*'" II
a • ,.. 1bI _c1 __ douIlO lcouIdbe
.............swcl.;· H01V and _' ' aoHz WIIIonof
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1, "Col........ tor an &pIcIt. 1010x112O. 1:1.24 Hz. HOlV fonatI". tAalrtram Henri Pet" Va~,Motion
PicIIn.., T"""ImIIging. EuImM KodIIk~, 0d0bIr5.1-'
2, hruIIId. K. A.. ......~ Encoding 0pI1ona tar HOlV and NTSC". SMPTE JoumIIJ, 101 :674-683. Oct.
1992-
3. S1ewn, e. G.. ....... -A 1-Megapixel, Progressive-SC8n 1m. SenIor wiIh AntbIooming Control and lag-Free
Operation. EEE TIMS. on EIecIron DfWic»s, 38:981-988, May 1991.
4. Nicholl. O. N.. "Single-Chip Color HOlY Image Sensor with Two PoIydcon leY_ and with WSix lightshield Used for

Str'IIpping Vertical Gates'. lEOlA Tech. Dig., pp. 101-104, Dec. 1992.
S. Kodak KAI-209OCM Image Sensor Specifications. July 1993.



"Film mode" format recommendation

AbundantATV source material exists at 24 Hz

• Format parameters
• 24 frames per second

• Progressive scanning

• Square pixels

• 1080 lines x 1920 pixels per line

·49.8 million luminance pixels I sec

• System requirements

• AU compression encoders would drectly accept this format as one
allowable input format

• Encoder quantlzers used for the film mode would be optimized for
motion picture film material

• AU receivers would be capable of decoding this format

• Display format decided by the receiver manufacturer

• R••eons for Including this format In the GA system

• Provides higher lmege quality for motion picture film, the source of
most Initial ATV programs

• Faciltates efficient Intraframe compI888ion during post-productlon
and Interframe compression during delivery

• Allows post-productlon processing and storage to operate more
efficiently for 24 Hz souroes

• Helps ensure receivers will migrate t9 the final 1080 x 1920, 60 Hz,
progressive scan format

• Other sources could use the 1080 line x 1920 pixel format
• Progressive scan, square pixel, high resolution format is ideal for still

images and computer graphics

• If desired. electronic cameras could be developed immediately using
30 Hz progressive scanning

• Future electronic cameras could use 60 Hz progressive scanning

Motion Picture and Television Imaging Division Eastman Kodak Company 1
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ARPA HDS COMMENTS & CONCERNS

• DoD is an interested party to HD1V proceedings only as it impacts
Issues such as the capture, transmission, switching, analysis and
display of high quality text (e.I. manuals), maps and Intelligence
Imagery. DoD's perspective II that of a user.

• MWtary competitiveness means *wInntnl the Information war".
Be1DI on the leadlnl edge of the lDformation Integradon revolution is
a necessary part of wlnntnl the information war. If HD1V standards
can accelerate the Informadon revolution In the United States, DoD is
a very Interested party. (And lD such a case, Is one of very many
such parties.)

• DoD must be able to wID the 1Df0rmadoD war "any time,
anywhere.- US Jeadenblp In BD1V ,tandlrds settiDl. Ifdone r1ght
aDd soon, can plauslbly lead to one 'WOI'1dw1de ...ndard. From a
sodll load penpecdve, economies of scale will help disadvantaged
people In the US and around the world become part of the
lDformation age.

• Pram.. mI1ltlll'y penpectlve, • "nile propeut.vely scanned BD1V
, ..ndinS adopted wort4w1de will !Mice the lDformadon technology
CO"'IJIOUAtI of the "aD)' ttme, an""" force more Iffordable,
atmpUfy loPat1cl for US fOl'CelIn other countr1ea. and Increase the
abI1lty of US forces to the use the IDfrutruetun! of holt countries

• One of the key 8dvuM:eI1D IDfoI iI"dOll terhno!olY tbat w1ll be
oc:c:urrIDI over the next dec8de II the CODVeraeDCe of video,
compatlq and telecommunlcadons .

• 11le.dI01Ce of fonrMrd-looIdDI US BD1V Iblndirda can hurry the
day of thIa oft-precllc:tBl convergence, helplDg maintain the US edge
In lDformadoD teehn o1olY "

• WhIle there are many detailed technical considerations, the central
technical reg,uJrement for DoD lDterest in HD1V Is:

Interoperabnlty with computer systems

Which requires:
• Digital
• Progressive scan-square pixels
• Header/Descriptors



WhIle prop-esslve scan-square p1xela are Included In the GA proposal, as
we understand them to date, there Is included In there an interlace
I'01IIld pixel option as an "Interim- standard for transmission. Our
concerns are:

1. Interlace may not be "interim- but it is intermediate. Le. it does not
seem to bdDa us closer to the sort of system that would meet our needs.
2. We understand the path from interlace to proscall for cameras and
'lVI, but do not understand this for the tranam'aslon channel. We have
a suspldon that an "interim- solution would delay the right solution.

• Given DoD's needs in this area, aDd ifHD1V is more than an
entelUtnment delivery ayltem, DoD 11 wl1Jtnl to partake In some testing
of BD1V systems with respect to their performance on maps, manuals,
aDd tmaa" These appllcatlODl were completely outside the scope of the
telt ca.... uaed to date. .

• If IIlvolved III testing, DoD would look for COlt sharing arrangements
with other IDtereited parties with slmtlar requirements, such as the
computer and 1Df0rmatlonlndustrles.

"
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Michael Liebhold. Vice Chairman
Joint Expert Group on Interoperability
Advisory Committee on Advanced Television Systems .
Apple Computer
20525 Mariani Avenue
MS-301-4L
Cupertino, CA 95014

Dear Mr. Liebhold.

1bank you for inviting my comments regardblg the development at high
resolution television and imaging systems. As you know. as a practicing
physldan. produoer of edua:Itional vtcleoJXogtCIIDS. and director 01 a
multistate telemedk::lne system now in formation, I have been most interested
In the healthoare appJ1oatloas 01 any proposed bigh-resolution imaging and
broadcast system. ~

1be nation is struggling with how to acb1eve medioal CXII8 whk::h is equit
able, oost-effect1ve, cmd bIgh-quaI1ty. As bealthcare povfdeIs, we must find
ways to better dk 9110I8, I800Id cmcl commUD1oate our findings, and
motivate and educate the public. Tbe me of high redutIcn medical
imagery will be part of the way by which our national bealtboare goals will
be met.

Tbe varied uses of high NI01utiCln medical tmages by the healthcare
pofesston are becxaatng iDc:I8CJII..gly tmp:daDt. Tbe number and types of
appJ1oatloas using such tma;- are lapeDy mulUplyIng with no end in sight.
Any development d new wkl81Peac1 t8cImoIogies in this area must take into
aooount prllent and futuIe~~. In cddtticn. with the
tnc:reaIIngly important JOIe tbat TeJea~l.wm play DCIIionaI1y, the use of
medical tmag8s su1tab1e fer accurate diagnosis and tree &linent is· an absolute
necessity.

Please allow me. then. to offer these rather brief comments regarding the .
needs of healthcare providers with regard to imaging. cameras, and display
devices.

Current uses of medical imagery

Radiology

Where medical imaging at one time consisted only 01 radiographs (X-rays),
now there is an impressive array 01 applications. These medical images are

Post Ottice Box 269 • Wilmmgton. Delaware 19899 • (302) 651·4046



•

Comments ot Neil Izenberg. M.D.
Advanced Telev1ston Systems & Medical AppUcat10ns

stored on. and retrieved from. a nwnber 01 different media. It is clear that
inthe near future. many of these images will be electronically stored.
transmitted, retrieved, compared, indexed, and manipulated in ways which
will dramatically enhance healthoare providers' ability to diagnose and treat
illness. Many of these varied forms of imagery also will be combined with
other medical data. such as electronic med10al records. to form a seamless
whole.

As we consider present and future med10al imagery, certain characteristics
become vitally important for the abUity to gather and produced them.

Resolution is 01 prime concern. Accurate diagnoses wtll likely depend on the
consulting c1inician or pathologist being able to visuaUze the finest possible
detail - which means the greatest passtble amount 01 information. The finer
or greater the resolution. the higher the potential accuracy in many
circumstances.

Radiograpblc film, for example. has extremely hJgh resolution. TransfeDing
those images to be read remotely Iequbes a hJgh resolution display. While
this display does not necessarily need the degree 01 resolution a1forded by
ractiograpb1c film. a megapel display is desirable.

Typcal matrix sizes 01 an X-ray (plain~. using a hJgh resolution
monttar fer that purpose. is up to a 2560 X 2048 matrix. Fa' MRJs it is 256 X
256. and for CAT seems: 512 X 512. MRI. cr oomp.1ters p'BSBtve 12 btt$
(4096 levels) eX contrast for each IocatIcn in the display matrix.

RcJrfloIngIst, as a rule. require a bigh degree of resolution for final
inteqntaticn of plain fBms. "What is zequtrecl Fa' pdmary intelpretatian 01
dlgltiled plain radjogIaphs. It is general1y agreed that a full data-set at at
least 2048 X 2048 matrix ... must be avaDctie fa: display by a monttar.·
(Prom: .Arenson RL, Ch:Jtlaborty DP et·o1: 1be cUgital imaging workstation.
Radiology 116:303-315, 1990.)

Some ncrHCICUologist cUntcIans oootend.~, that such a high degree of
resolution is not necessary for the vast maPlty a films. A one megapel or
less display is commonly used.

Currently, high resolution scanners are used to scan in an x-ray that needs
to be seen remotely, the data file is downloaded (often over phone lines) and
the image reconstructed over the high resolution progressively scanned
monitor at the consultation site. Under this drcumstance, the physicians
involved can not discuss the image with any real time indications to each
other (like pointing) because there is no current camera capable 01 scanning
the original x-ray real time in high resolution.
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Not only would a high resolution camera/monitor allow this sort of real time
consultation. but it would allow this image to be attached to the chart. and to
be mcmipulated in various ways that would enhance the in1ormation.

Ultrasound is used in prenatal/fetal ultrasound. and for visualizing
abdominal and pelvic contents (anywhere with hollow viscus). and for
cx:adiac ultrasound. Also ultrasound is used for blood flow studies. such as
venous/arterialllow dopplers. Images seen on the monitor are saved and
replayed on videotape over an NTSC monitor. Improved capture and
display of medical imagery will likely lead to better diagnostic capability.

Intraoperative diagnosis

What is true for radtologjc Images is equally tIUe for other medical
appI1cations. such as intraoperative oOI_a use and pathology specimen
use. Intraoperative use is p1rnadly tbmugh a variety of dgid and f1e71b1e
scopes. Currently. the use of standaad NTsc cameras with endo8oopesls
ina'easingly common. 1'beIe amently have a ceo chip embedded at their
ends. or cxmy Images through glass fiber which are displayed (on television
monitors) and collected on VTRs.

These Jive Images from the. intedor c1 tbe gc:astromtest1nal. gen1tou1inary or
IespDatay trCK:ts are invaluable fer mI"I'IIg' dk:\1DOIIS and treating in the·
least invasive way possible. AgaIn. bowvYer.UDdet cummt methods. the
Images scxmnecl are coUected and dtIJ*xYed using intedaoe technology with
Its many dIawbacks regaldIr~ tnfeda'~. oolor CIOCUrCICY. Image
instabiUty. summing effects. etc.

Furthermore. as we look toward tb8 future certain issues would be best left
open for the moment - such as the uJllli'Gte degJee d J8I01ut1co possJb1e. Ifs
easy to imagine, for exeiilaple, that a~~ «nlMNa may have
-dtakJble- resolution. In eaect. tbtI o ••*a PUllel agaIJ_ a bowel wan
lesion might be able to dial up a ~/JMgJdfIoaticXl equtvaI8nt "to a
mk::rosoope - further enbanaIng our atJ01tJ', to make diagnoIes with the least
possible surgical invaston whenever femdhJe. ('nle abi1ity to provider
greater resolution and to magnify are distinct. yet highly related).

1b.e whole concept of -d1alability" of imaging devices could open new vistas
in medicine. There could be a variety 01 circumstances where the c1inid.an
would find it advantageous to be able to select varying degrees of
resolution, color control. depth of field. contrast. individual·still frames, speed.
etc. There are circumstances where the ability to select for (or eliminate)
certain light frequency patterns likely would yield valuable diagnostic
information.
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One issue that should be dealt with is whether there will be a quivering
motion artifact on any future standards. The quivering artifact seen with
current NTSC. particularly problematic for medical diagnostic applications.

Cameras and playback devices, of cowse. have other applications in
medidne such as real-time sonography (eg. echooard1ograms). To the
extent that resolution can be improved and oaptured sUll images made free
of this quivering effect, the medical applications that will use them will
improve.

Pathology

Medkxxl imagery is an important part of pathology. Recording of
m1aosooplc images of patholog1c specimens <such as a bowel lesion biopsy)
requires fine resolution (and has required a stI11 0CUD8la). Besides the use of
vtstble Ught. fluorescent tagging 01. spec:l,t.: antibodies may be used with
spec:Imens m an attempt to better identify a patbogenjc agent. In both these
oases. blgh resolution CCDll8lC1S will prove useful. Obviously. artifacts must
be absent to the extent possible.

Hear futuN __ of medical Imagery

Telemec:lidne

One b::IeasII~ important mecDcQl~ II TelBOI8dldne. the real-time
co1IedIon and sbadng of patient-Jelatec1 tmcv••. TbeIe IDc1ude images .
gaa.ed through spedally oonfiguIed dkrgldllc instruments. such as
otceoopes or stethoscopes. 1bese Images are \-.c1 for dtstant consultation
wba'eby patients in remote areas oem be seen by specla'Usts in a central
fac:Dity.

At least 30 systems exist in varying stm- in the US. using a variety of
confIg\JIatkmI and bcmdwtdths. NatIcaal savings that oem be achieved
annually through the use of TelemecUclne me estimated by an Arthur D.
Uttle study in the htmdreds of millions. "

Telemedidne has the potential to allow us to share precious diagnostic
resources more equitably and at lower costs. It will allow for distance
education and improve the retention of healthcare providers in hard to place
locations - and not just in remote rural areas, but in inner cities where
improved healthcare is so important.



Comments ot Neil Izenberg. M.D.
Advanced Television Systems & Medical AJ::pJicat1ons

Record Integration

Here again. as data and rnedicxI1 records come to the desktop, the· issue of
interoperability is vital. Eventually (in the not-too-distant-tuture) the many
image and data sources in medicine will be united. in an electronic med1cal
chart at the medical workstation. This will consolidate the myriad separate
locations the clinician has to search to get all of the infonnation related to
their patients.

Currently, the disparate placeS where images, data, lab results, notes, ECG,
demographic information are placed (or otten misplaced), have a haImtul
effect. Duplicated lab tests cost the nation hundJeds of mmkms. The ab1l1ty to
consistently unite these data will have a dramatioally positive effect on
patient <XIIe, and reduce of costs substantially.

It is likely that withm the near 1ub.ue, many of these medioal images and
databases w11l be brought into the heme for pelscoal use and education.
Current NTSC monitors makes the dJsplay of pint or detailed matertal
impractical for the reasons outlined above.

Color accuracy is required for accurate diagnoIIs. Any imaging,
trmvnrt=k>n. and dJsplay system must be able to accurately and
consistently repoduoe tbe coJar of tbe Image 1ICXIIm8d. Culrent television
standards fail miserably at this. and future systems must be designed to
overcome this problem.

Not all c:Bagnostic imagery requiIes I8al-tI:me captuIe. An _(II I apJe of this
might be tapng a slowly c:bcmgjng pathology speanwm. 0theIS
c:IJcumstcmoes may require c::aptUItDg moticm accurately, such as with a
movement disorder. The Ideal system might allow for certain vtewer choices, .
such as -d1alable- resolution versus speed.

Home cxzre. monitoling. and education

Not all. perhaps not even most. medioaIly related imagery will be shuttling
between medioal records, laboratories. or 'Offk:es. They will be delivered into
the home.

One example of the importance of bringing high resolution images into the
home concerns home-monitoring of ill or technologically dependent (eg,
ventilator dependent) individuals. Real-time health data and monitoring will
undoubtedly travel over cable or other ground lines into the home to allow
interactive monitoring by family <XIIe providers. Such systems. which again
require stable and high resolution images, have the potential to allow more
care on an outpatient basis. 1his will bring the locus of control back into the
home while dramatically lowering the costs of healthcare.



Comments of Neil 1zenberg, M.D.
Advanced Telev1sion Systems & Medical ApPljc:attons

A nwnber of projects nationWide are in development which suggest some of
the futW'e direction of how high resolution imagery will be brought into the
home. such as the innovative work being done by Dr. Linda Harris in the
Office of Disease Prevention and Health Promotion (US Depwbnent of Health
and Human Services). Dr. Harris' project Is the creation of an inter~ve
social services workstation which allows the user to access a variety of
community resources. many of which have written text acx::ompanying them.

Joe Henderson. M.D. at Dartmouth Medical 5choolls creating a vast
interactive media server which Will provide real-time eduoation concerning
healthcare issues. This will become a standard in health education for
cxmsumer and pro1essional. Henderson's oonfiguration. too. benefits from a
broadcast and display method which will allow the joining of text and image.

The proper approach. it would seem. would be to aeate a standard that
unites technicx:ll and home CUsp1ays for a whole best 01 obvious reasons. It
seems clear that. in the near future. imagery coJlected from a variety 01
sources. recorded on a variety of media will be united and brought into the
home. Many 01 these Images will include healtbaD'e related ones. used in a
wide variety 01 ways including for d1agnos1s. reocrd teepJng and education.

To summarize. then. there are a number of cbaracte!istics 01 cameras and
monitors that will have great effect on medical appUcations.

• Resolution. For.a number at appUcations. the better the pcssiNe resolution
the men accurate the diagnosis. We wouJd want potentially exhemely
high zeso1ution. which is d1alable. and open to improvement as technology
evolves.

• Image stability. Must be free of qu1vedng ad:lb:1s seen with cumm.t
te1ev:IsIoD technology. A1aJg with resolution this cbaracteristic can be
object1ve1y"evaluated using standard.1ed~ looting for the ab01tY to
d1stInguish between fine parallel lines. etc.

• Correct c:ol«. Coler is extremely Important for medical diagnosis. Images
can not smear or average oo1or; they must reflect reality. be accurate and
sel1~ecting. nus too oem be objectively evaluated.

Ability 01 the viewer to select certain light/frequency patterns may be
useful.

• Selectability. Should allow for selectable trade-offs. such as dialable speed
vs. resolution. etc. For example. in evaluation of movement disorders. the
ability to capture a motion and play it back slower can be a helpful
diagnostic tool. In other cases, such as the evaluation of a skin rash.
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greater resolution is more important than the ability to distinguish rapid
motion.

• Int8roperability. Imagery collected by various means and ~Oled on
various media must be usable together. and viewable (along with fine
text) in an interactive environment.

• Flexibility. Whatever standards are adapted must take into acx:ount that
new and improving methods of collecting and manipulating visual data
will continue to develop in the years to come. Standards should be left as
open and adaptable as possible - and not. in effect. hinder future
advances in technologies and applications.

Medical teclmologies inVolving the creation. manipulation. interpretation.
and transport of· healthcxJre-relatec1 images are evolving rapdly. 1hese
tedmo1ogies w11l enbc::moe our undeIStanding cmd have the potential to
reduce the amount of invasive procedures. hospttaUzation. travel. and 0JSts.

As medical imagery becomes part of a world of resources that includes
education the ever-shrinking distinctlon between tecbnioal imagery and -
cxmsumer imagery will become virtually non4Xiltent. This js a wonderful
~ to think ab8aci an this Jssue, and I thank you for allowing me to
participate in the important deJibelatIc:JIn of the Advisory Committee on
Advanced Television Systems.

Please do not hesitate to oaU on me if I am be of any further help in your
wort.

.D., FAAP
DmlCtex" lfemd-. PoundatIcn center fer Blanedteal CommunlOatloil"
Alfred I duPcxlt Instltute QDdren's Hospital
Assoclate Professor of PedIatr1cs
Jefferson Medioal College


