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FOREWORD

Among the responsibilities assigned to the Office of the Manager, National
Communications System, is the management of the Federal Telecommunication
Standards Program. Under this program, the NCS, with the assistance of the
Federal Telecommunication Standards Committee identifies, develops, and
coordinates proposed Federal Standards which either contribute to the inter-
operability of functionally similar Federal telecomwunication systems or to the
achievement of a compatible and efficient interface between computer and

telecommunication systems. In developing and coordinating these standards, a :::':3
considerable amount of effort is expended in initiating and pursuing joint AR
standards development efforts with appropriate technical committees of the g:{fcf
Electronic Industries Association, the American National Standards Institute, e
the International Organization for Standardization, and the International b
Telegraph and Telephone Consultative Committee of the International AN
Telecommunication Union. This Technical Information Bulletin presents an -}t;?:_
overview of an effort which is contributing to the development of compatible i’\iij
Federal, national, and international standards in the area of facsimile ?;:}?:;
standards. It has been prepared to inform interested Federal activities cf the A
progress of these efforts. Any comments, inputs or statements of requirements e

which could assist in the advancement of this work are welcome and should he N
addressed to: :f:é:j

Office of the Manager

National Communications System
ATTN: NCS-TS

Washington, DC 20305

(202) 692-2124
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1.0 INTRODUCTION

This document summarizes work performed by Delta Information

Systems, Inc., for the Office of Technology and Standards of the National
Communications System, an organization of the U. S. Government, headed by
National Communications System Assistant Manager Marshall L. Cain. Mr.
Cain is responsible for the management of the Federal Telecommunications
Standards Program, which develops telecommunications standards, the use of
which are mandatory by all Federal agencies.

1.1 PURPOSE
The purpose of Subtask 3 of Task Order 84-004 performed
under Modification P00004 of Contract DCAl00-83-C-0047, was to study the
feasibility of establishing Federal Standards for digital, color, motion
codecs operating at 1.544 Mb/s for use in video teleconferencing systems.

1.2 OBJECTIVE
The objective of the study was to identify and quantify, where
feasible, those parameters which require standardization in order to
achieve interoperability and compatibility in digital motion video
transmission for teleconferencing systems.

1.3 METHODOLOGY

The methodology employed in the study includes the following key
elements.

1) Survey the industry to determine the manufacturers of digital,
color, motion codecs operating at 1.544 Mb/s.

2) Solicit information about the codecs from the individual vendors.

3) Tabulate, study, and analyze the data received from the vendors
about their products.

4) Compare key characteristics and parameters of the various codecs.

5) Investigate existing digital, color, motion systems and compare
the codec characteristics desired by the Government with those
submitted by the vendors.

6) Determine and study the communication channels currently avail=-
able for the transmission of digital, color, motion television.

« .

7) Coordinate with the Government and with other agencies concerned
with standardization and interoperability of video codecs operat-
ing at 1.544 Mb/s.

8) Summarize the findings of the survey and the study.
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- 1.4 SCOPE OF THE STUDY -Jké
] NS
LS s
bi The scope of this study includes the solicitation of information ::;~
ﬁy provided voluntarily by S}S
i AN
L] Ly ‘...
W 1) codec vendors in response to a detailed questionnaire, L)
2) discussions with current and future users of 1.544 Mb/s digital, f;}i
color, motion video teleconferencing systems,and j}?:
¢ ':'J:' A
3) carriers supplying teleconferencing services. :;i}
i\‘-"

Additionally, information available in the public domain was utilized.

The scope does not include the testing of motion codecs or motion
teleconferencing systems, nor does it include verification of data
provided by any of the above listed sources except that the final typed
tabulation of data supplied by each vendor was returned to him for
correction and concurrence. Further, the establishment of standards for
the parameters of a motion codec is not included in the scope of this

initial study. icﬁ‘
.: oY

Future efforts necessary to establish proposed standards for yi::

motion codecs are discussed in Section 4.0 of this Final Report. Dty

&

-
'

1.5 LIMITATIONS OF THE FINAL REPORT

Several limitations were imposed upon the study due to time and
funding. It is important to understand these factors in reading and
assessing the information in the Final Report.

1) The effort was limited to studying only digital. color. motion IO
codecs operating at 1.544 Mb/s. Codecs which operate at data rates other s
than 1.544 Mb/s are not within the scaope of this report by direction. :{
Codecs which ar« capable of operating at any of several selectable data .: -~
rates including 1.544 Mb/s are included in the study only to the extent of ’
presenting data and analyzing performance when the codec is operating at

1.544 Mb/s.

2) The effort was strictly limited to studying only motion digital TV :i
codecs. Other systems used in a motion teleconferencing system such as N
facsimile, audio, and graphics were not included except as supplied as an MRS,

(SN

-

-

integral option of the motion codec configuration and the data is M
transmitted as a part of the single 1.544 Mb/s data stream. i
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3) All data used in the various comparison tables were provided by the
individual codec vendors. The vendors later concurred with the validity of
data pertinent to their product as typed for the Final Report. DIS neither
agrees nor disagrees with these data but presents the data in the tabular
format for comparison purposes. However, conclusions are drawn and
recommendations are made regarding some of the codec performance
parameters and specifications.

1.6 DISCUSSION OF DIGITAL VIDEO CODECS
1.6.1 TYPES OF DIGITAL VIDEO TELECONFERENCING

There are, in general, two types of digital video
teleconferencing codecs and systems in use today. The first type of
digital video codec provides for the transmission of only a single frame
or a single image of a television picture. This type of transmission is
sometimes known as freeze frame, still frame, or slow scan TV
transmission. In the freeze frame type of video teleconferencing one of
the 30 TV frames per second generated by the TV camera is captured or
frozen and stored in a digital memory during 1/30 second.

The stored image can be processed or compressed to reduce the
time required for transmission over various narrowband data or telephone
circuits. The transmission time is substantially longer than a frame
interval, being dependent on the amount of compression achieved in the
codec and the data rate of the coammunication channel. It is obvious then
that motion cannot be conveyed with a freeze frame video codec since a
single frame is transmitted rather than the sequence of frames necessary
to depict motion information.

The second type of digital video codec provides for the
transmission of real time sequences of TV frames or images in a manner
which conveys motion. In some motion codecs the dimension of time
(inter-frame) is utilized in conjunction with the other intra-frame
dimensions of television signals for processing and compressing the image
sequences to minimize the amount of data to be transmitted; ie, minimizing
transmission time for a given channel data rate.

Still frame codecs are not included in this report. Motion codecs
operating at 1.544 Mb/s are the sole subject of this report.

1.6.2 OVERVIEW OF MOTION CODEC TECHNOLOGY

Digital motion codecs have been in operational use for
transmission of color television pictures since 1967 for the Department of
Defense. Experimental codecs and systems were demonstrated earlier in 1964
and 1965 for the U.S. Navy and Army. The following subsections provide a
brief overview of the history of motion codecs demonstrated or used in
operational digital, motion, color teleconferencing systems.
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1.6.2.1 CODEC EQUIPMENTS

Digital codes for transmitting monochrome and color television
pictures were developed by various organizations including Bell
Laboratories, Philco-Ford, Ball Brothers, and RCA during the 1960's. These
codecs operated at bit rates ranging from 108 Mb/s for PCM coding of color
television signals to 30Mb/s for Delta Modulation coding of monochrome
television signals. Other coding techniques were also employed with
varying degrees of success.

For nearly 10 years no new codecs were used operationally in
teleconferencing systems primarily due to the high cost of the codec and
the relatively high cost of the digital communication channel needed to
transmit the digital bit stream. Considerable development was in progress
and enhanced codecs using adaptive and inter-frame coding techniques were
developed by American Electronic Labs, Digital Communications Corporation,
Comsat Corporation, Nippon Electric Company, and others.

With the advent of satellite digital communications and the
reduction in cost of motion codecs, several vendors have recently
developed codecs for teleconferencing applications at bit rates from below
1.5 Mb/s to 20 Mb/s. Among the vendors are Compression Labs Incorporated,
Nippon Electric Company, GEC-McMichael Ltd., MACOM-DCC, and American
Telephone and Telegraph Company. Other Vendors such as Widergren
Communications have developed codecs to operate at bit rates significantly
below 1.5 Mb/s with some additional performance degradation.

It is expected that in the near future codecs will be developed
to yield performance and quality equivalent to today's 1.5 Mb/s codecs
while operating at 1/2 and even 1/4 of the 1.5 Mb/s data rate.

1.6.2.2 TELECONFERENCING SYSTEMS

As mentioned previously, digital motion TV systems were initially
installed or demonstrated for evaluation by DOD agencies. In 1964 the U.S.
Navy operated an experimental secure TV link which transmitted monochrome
TV pictures at 30 Mb/s with a codec manufactured by Ball Brothers.

In 1965 Philco-Ford demonstrated perhaps the first inter-frame
compression codec for transmitting color TV at 16 Mb/s utilizing an RCA
modem over the NBC analog television network circuit in a program for the
U.S. Army.
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The first operationally secure digital color codec, developed by
Philco-Ford, utilizing DPCM intra-frame coding was installed in a Western
Union digital microwave system operating at 36.8 Mb/s for the Department
of Defense in 1967. These particular codecs and the system are still in
use today. Eleven years later DOD contracted the American Electronics Labs
to deliver two additional codecs employing an improved adaptive DPCM
compression algorithm for another secure operational color
teleconferencing system which is also still in operation.

In the past 5 years other codecs have been developed and operated
in systems whose bit rates range from 20 Mb/s to 1.5 Mb/s using equipments
manufactured by NEC, DDC, and CLI.

The past two years has seen the installation of 1.5 / 3.0 Mb/s
codecs in several digital motion teleconferencing operational systems
using primarily satellite data links. Among the organizations using or
providing motion teleconferencing services are Allstate Insurance, Aetna
Insurance, Arco, SBS, ATT, ISACOMM, NASA, Citicorp, and American General
Insurance. The list is growing rapidly. There are only two types of
codecs, manufactured by CLI and NEC, employed in the above systems. Since
the two codecs utilize different compression algorithms, there is no
interoperability or compatibility among the motion teleconferencing
systems using different vendor codecs.

1.7 SUMMARY OF THE REPORT

Section 2.0 of the report contains the codec vendor solicited
data. The data is organized in the form of charts in which the question
asked of the vendor in the questionnaire is presented in the left most
column. The responses of each of the vendors are presented in subsegquent
columns aligned with the original question for ease of comparison.

The charts are organized so that each chart contains data related
to a specific topic; eg, mechanical dimensions, motion performance,
warranty, etc.

Section 3.0 contains a comparison of some of the key
specification and performance parameters of the various codecs. The
rationale for the questions contained in the questionnaire is provided as
an aid to the reader in performing an independent comparison of the codecs
and their performance. Key topics include resolution, equivalent analog
performance, compression technique, bit error rate performance, and motion
performance.

Section 4.0 recommends efforts which will lead toward compiling
the data needed in order to develop proposed codec standards.
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2.0 VENDOR RESPONSES TO MOTION CODEC QUESTICNNAIRE ‘?ﬁ
e
L4

o
0

This section contains the questions asked in the Motion Codec
Questionnaire which was sent to the various motion codec manufacturers .
. together with the responses received from them. Five venhdors responded
' with data about a total of seven codecs: two vendors each described two
codecs. The following is a summary of the vendors responding to the
questionnaire and the codecs described.

[
0

VENDOR CODEC_MODEL_OR_NAME
C1T ALCATEL VISIOCODEC 2
COMPRISSICN LABS, INC. VTS 1.53E
REMBRANDT
FUJITSU AMERICA INC. FEDIS 07/1.53 PR
CZC VIDEO SYSTLMS GEC McMICHAEL CODEC .;b:¢
NEC NETEC -1~1V Srata
NETEC -XI (MC) K
L
The questionnaire specifically stated that the study was ﬁ??a
coincerned exclusively with codecs operating at 1.3 Mb/s and therefore :§x*
information only about codecs operating at 1.5 Mb/s was to be provided. :}Q@
The subsequent tabulations and discussions contain only the 1.3 Mb/s codec ;giﬂ
data although in some cases vendors provided a complete response -o the= e
questionnaire aboui codecs operating at other data rates. However, AN
recguests for information about other data rate capabiiities were inciudecd ﬁjgb
with!n thte fTormar of the questionnaire. The responses to these questions \f:{:
are inciuded. : No~s
]
The uneditted questions appear in the first coliumn of each of the At
foiiowing tabies. The responses received from each of the vendors ave *T’%
tabulated in subsequent coiumns, one for each codec reported, so trat the 5\5¥
response is aiigned with the question. This format facilitates comparisan y\e\
of the codecs for each paramenter of interest. The ruesponses are uneditted ;?v{.
except by the vendor who was provided with a verification copy of nis NRCLN
portion of the initial compilation. Corrections made by the vendors have ?Hﬂﬂ
been incorporated. Therefore,the data should be valié¢ through April.1983. ;fr‘
In some cases the vendors chose to expand on the response to cer=ain 3u{3
questions. These additional comments are included as addenda in Section gﬁxf
2 e
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This section is organized in the same format as the original

guestionnaire. There are si{x sections. Various types of data are
cansolidated lugically into these six sections as shown beliow.

Section 2.1; Part 1) Product Nomenciature and Generai Description.

Section 2.2; Part 2) Technical Specifications; Input and Output
Signals.

Section 2.3; Part 3) Technical Specifications: Performance.

Section 2.4; Part 4) Physical Description and Specifications.

Section 2.5;: Part J) Other Product Data.

Section 2.6; Addenda.

Each of these sections contains several subsections further
organizing the data received into functionai areas. The data., in some
cases, s ralhe: lengthy.and requires several pages; nowever, the question
To response correlation is maintained.

The following abbreviations are used in the tables and graphns
contained in this report to identify the codec questionnaire respondees.

CLI Compression Labs, Inc.

CIT CIT Alcatel

GZC GEC McMichael, Ltd. / GEC Video Systems
NEC NEC America, Inc.

FA] Fujitsu America. Inc.

The additional abbreviations listed below are used to indicate
vendor responses to some guestions.

cP Company Proprietary
NA No Answer Available or No Response
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. 2.1 PART 1: PRODUCT NOMENCLATURE AND GENERAL DESCRIPTION. e
[ This section contains basic information about the vendor, the ft&j
‘j product, pricing., and the vendor's warranty and service potiicies. The ’ Cale
X section is divided into six parts as follows. ﬁiﬁ
. 2.1.1 SECTION 1: VENDOR IDENTIFICATION.
" Vendor name, address, contacts, and phone numbers.
:- 2.1.2 SCCTION 2: CODEC TDENTIFICATION.
~ Codec name, model number, indication of degree of oproductization,
b and number of uni%s delivered.
" 2.1.3 SECTION 3: PRICING INFORMATION.
:. Price of the codec and options, maintenance, training. and
. repair.
x
ot
. 2.1.4 SECTION 4: PRODUCT LIFE.
, Expected availability period, spares support period, pianned
N improvements., and customization available.
hY
N 2.1.5 SECTION 5: WARRANTY.
\
£~ 2.1.6 SECTION 6: SERVICE, MAINTENANCE, REPAIRS, AND TRAINING.
= Availability, source, type, and lead time for field repairs,
: depot/factory location, type of training available, iocation, anc
~ duration.
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P; 2.2 PART 2. TECHNICAL SPECIFICATIONS: INPUT AND OUTPUT SIGNALS. }ﬁv
N . P
‘ This section is designed to provide detailed information about 2.
the characteristics of the video and audio signals which can be accepted s,
by the codec. the characteristics of the output video and audio signais, . -
w the availability, number. type, and characteristics of ancillary digital };
-; signals which the codec can transmit, and the characteristics of the e
- transmitted digital signal. The section is divided into five subsections };x
as follows. CV:
Ny
Ny

2.2.1 SECTION 1: VIDEO INPUT SIGNALS.
Describes the format, number, voltage, impedance of the input
video signal and the switching capability, synchronization
method, ancillary signals required, internal test signals

(AR

i provided, and VCR adaptability.
I.,
‘E 2.2.2 SFCTION 2: VIDEO OUTPUT SIGNALS.
) NDescribes the format, number, voltage, and impedance of the
:X output video signal and the availability of internally generated
7 test, sync, and subcarrier signals.
< 2.2.3 SECTION 3: AUDIO INPUT AND OUTPUT SIGNALS.
v Defines the number, level, and impedance of the audio input and

output signals, and the availability of mixing or switching,
transmission quality specifications, type of coding used, and

»

. proportion of transmitted signal allocated to audio.

.

..

t. 2.2.4 SECTION 4: ANCIJLLARY DIGITAL SIGNALS.

Y Defines the number, format, data rate, synchronization

requirements, and the proportion of transmitted signal data rate

e allocated to the ancillary digital signals.

"

,P

.5 SECTION 5: DIGITAL VIDEC TRANSMISSION SIGNAL.
Describes the data rate, accuracy, stability, level, impedance,
and compatiniiity with accepted standards, as well as the
encoding standard.
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2.3 PART 3: TECHNICAL SPECIFICATIONS: PERFORMANCE.

Performance is defined for a static image and an image containing
motion, both in an error free channel and in a channel with various levels
of bit error rate. The sampling format, transmission format, and display
format are defined. Conventional video transmission parameters as measured

- by the vendor are tabulated. Most of the gquestions were asked in more than
one way so that the responses can be interpreted accurately. The section
is divided into five parts as follows.

2.3.1 SECTION 1: PERFORMANCE WITH STATIC VIDEO INPUT.
Describes the specific sampling, transmission, and display
format, displayed resolution, and measured performance.

2.3.2 SECTION 2: PERFORMANCE WITH MOTION VIDEO INPUT.
Defines the specific sampling, transmission, and display format,
displayed resoiution, and measured performance in the static and
in the motion portion of the display. Performance degradation is
described as a function of the amount of motion in the picture.

2.3.3 SECTION 3: BIT ERROR RATE PERFORMANCE.
Indicates the degree and type of picture degradation as the bit
error rate is varied from 10 exp(-6) to 10 exp(-3).

2.3.4 Section 4: Compression Technique.
Describes the type of compression used, compression ratio
achieved, other data rate reduction techniques employed, and
compatibility with CCIR H.120 REC.

2.3.5 Section 5: Audio Performance.
Tabulates the performance parameters as measured and reported by
the vendor. These include bit rate, sampling rate, encoding
precision, and performance with various levels of channel bit
error rate.
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2.4 PART 4: PHYSICAL DESCRIPTION AND SPECIFICATIONS

This section provides information about the physical
characteristics of the codecs: namely, mechanical, environmental, and

physical interface. It is organized into four sections by function as
shown below.

2.4.1 SECTION 1: MECHANICAL DIMENSIONS.

Specifies the size, weight, type of mount, and power requirements
of the codecs.

2.4.2 SECTION 2: ENVIRONMENTAL DATA.

Defines temperature, humidity, and altitude ranges, and any
environmental tests performed.
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2.4.3 SECTION 3: EMI/EMC.

Defines EMI/EMC specifications, MIL standards, and FCC
regulations which the codec meets.
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2.4.4 SECTION 4: CONNECTORS.
Defines all video, audio, power, test, and ancillary signal

interface connectors by number, type, location, voltage, and
impedance.
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2.5 PART 5: OTHER PRODUCT DATA NN
This section contains a variety of pertinent information about ) -
the cocdecs which does not fit logically into the previous categories. Tre :’;\';:::
data s divided into seven subsections to facilitate location of specific }Q¢1:
information as shown below. :ﬁ?:x
\:\"‘\.‘.

2.3.1 SECTION 1: STATUS / ALARMS. b Y g%y

: Description of codec status indicators and alarms. defining the 2;,{;
function, location, and type. f{@{{
RYSAN
_ . AN

2.5.2 SECTION 2: BITE. EEAE
Description of built-in test equipment by function, type, and ?;q}.
degree of automation. AN

2.5.3 SECTION 3: FRONT PANEL / OPERATOR CONTROLS.
Describes all front panel / operator controls by function,
location, and procedure.

2.5.4 SECTION 4: ENCRYPTION / SCRAMBLING.
Description of built-in or optional encryption / scrambling

» v y .

capability including algorithm, data stream composition, key u{c\q
method, etc. v !
EYalag
Tany

n
[¢]]

.5 SECTION 35: TV GRAPHICS.
Description of standard or optional TV graphics capability,
signal format, effect on video transmission, etc.

in 4..-'.
o

Lo f"}
P

2.5.6 SECTION 6: DOCUMENTATION.

Tabulation of documentation provided, or available, for the :f{x:
operation and maintenance of the codec. ' DRI

N '.-_‘_.'

2.5.7 SECTION 7: BROCHURES / TECHNICAL PAPERS DAY

Tabulation of technical literature available regarding the
equipment, its operation, and its application.

~ ~'~r~i
P N
;‘I"fx'
(Y

o~

&

ro

]

w

~3
b o ot

LI CLY

AR
e

]

R

)
LT N T T R T N T N N S N S S
db:cﬁairi:gi ot fni:fueh-n-“fnnn~%{,#ufﬂfaf.r‘;k-n;z;\cux31\:%f~q~r“f R DI



Vel N L

8t-¢

--vn AR AR
e T Jot S Y A
CARAE L

ViVU LINUOY¥d HIHLO

‘LS 2 374vL

(abrd 1ra0 vo panvijeod)

~shay vorjddnue 53

10 abueydzd oy wyjtsobje kay
21140 3029 Butsn Ajleviagui
P1831e) J0 $pIe0ghay [ed0|
buisa an1y Aue Je pabueyd pue
Pasdjud shay verydiadeg capos
3I0q pad) Jndine vl wyylaobe
(530) paepueys vorydd ve buisn
*1tp sasn pue 0dpta ‘oipae buy
-1 uatspie) varyde voiéi g

*(enven ayy jo °§
pue 917 0y §1°7 sabed a5 - yie
-dinba feusayna ydyew o) sapos
23903 §0 warjesnbrjued mojie
SIYIYINS [RVIALE| S 20)2W0)
adiy-g aved seas oy speobis

1 Ag S0 [043u03 (euo1esadg

“SJIUN JIPOINY 330934

4] pur J3p0I2P 3Y) U1 s3] iney
1508 134)9p 8aysds bu1podap pjeg
*votyesade jeusou Butup saut
-180) 350) 195 313 Aireunyeed
S)n mssaresdo ty csyjed
iep oapta solre jo wirke
1334203 33234 Afsnone]jeo)
yep )5a) payesavab Ajjevsay

[esuee jo 917 0 11°G 'y ‘S°C
y'g ‘917 sobed 235 “vmyerp
-ut Aure sajeargdng aued seas

¥O $10]23W60) SN)E)S SRl TIEP

Bu1s03ut w1 pur wol)tado 23p0)

wt pur 3pos buijriado 29po3 mays

3,814 J0 19024 3y} WO SJ0)PITpU]

HURRLER
sgbrapedrapging
s60)s g ukg sbuijeerss
‘oqytsobie 539 -wo13¢ia00)

“3)0 *isay wns 333) ‘ypoeqdoog

‘1140 ngaraowdls1ee|)
As (023000 ‘340/v0 samod wivy

e b dray

o § 022 14 9 dua e g 612 1)
$d2)8 § “2ukg sbeijeuesrg
‘aq)1sobie 53g sw013dhaN]

W15 w1
Jo3e0) 2083y ; woi)rsdp [¥0)
‘shejdsig R)IvAY)
f1sag ey

faroqe
40 SHD11eWIQEO) N\ In skay w3
‘3101w Aoy worymy
'1053u0) g5A
ipeo day worddaney
‘wonagas aey e
1023%0) 1105 0Rp1A
‘woty3a1ag 13eq-000)
113835 apoy [evioN
‘11079 samog ey

ey iS4
2ape2ag ‘Aay'vks *Aapo3‘aroeay
‘g ‘0ap1p =SUONIEIIPUL Yy

(310025 pur_fr30]) J0p0> P4}
N1 PIPR|IUL S) paroq BielP Wy

* 81sAS wolss 10

-tues) sbes] |0y
mII84, ‘Z4C21-30 w0NjedtIAng
MY10Rg 0} Jajas 2502y

* Masig votssie

-sweay abes] [e31byg Jautd1yy)
w00, ‘24ST1-3 voneINIqRy
"t0ng 0) Jjas asvaly

* 0185 voisste
-sues) abeny (ryibig Juaidnyy)

MR, 'TAC21-20 wreI ey
RSY1iNg 8} Jajas dseapy

-aqes
-40) wd)sés ay) 8) 3dvg paoyde
100 51 A3y jo a3 “Ayraed ppo
3 sy c#10580) eaysds ayy 3¢
paburyd 1 Aoy xay 'y1q 95 aqy
‘suitiobie 539 -1183J1) 0IgH WY

*$102390) M3sovbep
pue fevorieade (1P 0} ssadde
a0 Yy pedhay pre 2an0g

N80

-besp 2300, ‘ajeswod ‘a0
-w03 900 ‘2083 I ‘erpme
Lojeqiise awe) satedesd ‘sysod
‘0003 ‘sysod vyep ‘sesqr ‘el
1y ‘worydisoed s28)1008 SAYYS
KK TS TIRMTIT

"3 ] ‘peo)sas O1pMe ‘M
(ovweq2 ‘oapix Jndur ded}
'm0y 10 'spaed $20)1vos seIly

“ajes
-¥0) SNSAs 4y 03 1204 POy
100 51 Ay go Aaju3 cAyised ppo
15y Ca1esw0) Bashs ay) g
paburyd st hay xay *11q 95 ay)
‘oqytsobie 3¢ -3INII1) 0ICH MY

“syeq-doot
o1par pur ‘oapia 'Y ‘amod

~

8313500

-betp 2j080) ‘ajeseed ‘Rjjon
-90) 9001 ‘esaee) Jndu) ‘orpne
fa03e1 11350 due) satgdesd ‘sys0d
‘2002 ‘s)0d 130 ‘sepe ayey
110 "voijddaon s uoe saye)s
N4y 321 ‘wado 200p ‘prey
*384 1] ‘prejaeae e1po ‘20120
1avvey> "oap1s Indv1 ‘tded}
‘a01} te "1em0d $20) 1008 S8y

feyep Juauny 0l sayje

Ave pur ‘hay buibueyd 4o poylae
‘wo1)ts0480) Bea s €)ep JNdiN0
‘aqyiaobie ayy Butvijep papiacsd
$3193200 butjquesds ; ven)dhaded
10 wo13d1.3%ap v ap1a0sd asea|y
Suijqueaag 4 vorydhang ¢y

£9333 'aumparosd ‘pagiosived

Butaq wotyuny Butwtyep $|04)

-¥0) J0}200d0 4 |dued Jw0)4 ([0

40 Vo1)61IISap ¢ spinoad dsea|d
$[0J}wad

201t sd0 ; (aved w0y °f

1°310 ‘sotjescie jo 20460
1adh) ‘worydum) ay) beiveyap
10a0d D3 y)1e papiacad Ji1g Awe
40 worydrirsap ¢ aprao s aseay
LIL I d

-39 ‘adky

*W013030[ ‘wotyum) buttjap
SOU0IT pur SJ03TIIPYY MRS {IP
$0 w01 012353 v aptacd FsPR(¢
sy 7 SRS |

S83!54S 03¢1A 339

FEM1-33130 I

(LYENEIE TINE ]

NIV I

WLl asiieng

(160 34) “ JN1 *SEVY NO1SS 3WA0)

036" 5101201 'SAVY WIS 3M0)

VIVO 120084 W10

et ddd AR

. s ,..
WRACACWY = Ria sk

NN, WY ey

L.

Ay 8 A, 8

o p

..\. -.\.\.‘t s q\ﬁ..‘ e . " .--n.h-.. o . -;. N
[ .JA Dﬂ.....,. S AT SO ] M_..\.. g

VIV 1300030 ¥MIO S L4

«

" ..-4_.- «

-\ %
\',‘-J

L] .
"
.'lq - e

LA
AR

LA YN
-“u o - ": G

T ...‘u.-“.-.‘.. .
W RCSAL COENEY

SN
AR CRER

LR
AR W

T e, e
SICA

\;-.
wa




Calt

T

-

A

L N

D> i S A et 4

6€-¢

RSO0 sy
“(seat

RRELBILIIIST R ETT] W 1]
~jep1ese ‘buiyesadg) g bey
ARSS] 1-900/H 41 O "204 (1 e
-10A) 1PAURE JIUCVA)ULRE UD1SJAA
1pN)S 30p03 AN JU0IA(3)
03P (5798 (£°0/S° 1) WUTL §Z8

‘Sh I3 wnpuappy das

1-3 enpeappy a5

"¥8h1 Areaver | anss) 82£003-108

£23001 A1 M T
-J31 ) [enues woy)INIYSU]

THS C) 8} G0 -1 dpoy

W1y woissiesury)
47314 vorjoe ay) d1dayy

- 1eub1s wo1j00 %0 3334))
Saut) g9; v 0By -2 3poN
SOUYT| 4B 5 0B -1 dpoW

w1njosay :0[0]

(5159) 24y p)-a3ey Sutiders

voissiesueJ) srtydesdh sy

1-234 PVappy 305

‘001 160013-106 33000 AL A
=J3]3m Jof (eaues voiIInisu]

"IN -Indymo/ it $a1ydesy
"W 0°F 0] 0°) - oy
‘3% 0] 03 §°0 - Ipoyt

W1} wissiesues)

214 vojor ay) 31339y
- Jrubis watiow w0 120933
SN B9L ok -1 P
SIUNL 08E 1 00 -1 O

winjosdy 200

[38)5p) 20N 4L-d)ey Burdeeg

wissIesues) satydesd 0y

-‘\‘
r¢c¢:a.a
NN
‘H...eazd

L M v B AR 4

[RAAR .\

* 4G wolssIe

-sves) abeey 1e3abng Jaunny:
MAINS, ‘Ta521-30 90130 IEny
NSY1Ing 0} Jajas aseayy

* 90shg voisste

-sves) abeeg 103101 Javidyy
WIS, '14G21-30 wo1Ie11qNg
nsyting 0} Jj0. aseaty

TPISOI NG 10y

*fenuey
advruautey pur vo1jrsady

‘oL§-su
‘W4 09y ‘251N tale satiten)
*$3) $20129000) 232 2edas
uotssiesued) but
~anp wd10ay abrer vorjo8 $10433
RN
*$19114 0BpivOLIN|OSIY T
N TS
$19514 972 V01 0 [0SaY [RIuo2TI0N
*q101 {as0.y0u0y J0 10103
*buipod
20539 0581 Y)In w108 ([N}
st aveg {hu1polua jo woIS1RYY
*BUTPOD 2014 ORI Y)In WOI)08
1%y sv ases teyyisobie Butpodwy
kL Euli
‘wotyon [(r) 2 7 lajes apdeeg

PASO[IVe SH0N

/T SS1100E-envey
Ivesajutey per wotie sady
HR/E ' 0-SHLTON - 1 eaure Burwresy

oL3-5¢
‘wa a9y ‘351Nt satjdeo)
*53) 20333900 23esedag
“voissiesues) bui
-amp wazosy abews wotyoy $3399)3
“3S/ 01 27141 woisstesers)
*S]a51y gg)ivoTIN[OSIY (2211594
“(eaIr 311320)
$1a114 BeLivorin(esdy (TIveztoy
*q)og lesandowoy o o[0)
*buipo)
20158 00T YIIN WOLYOR [}
se asvg thuipodud o wois (I3l
*butpOI 20N €137 Y)IN W08
1R} sz dwes tegyisobie butpoduy
“uot308
118§ ST 2ees :ajes djderg

‘woljrac|dde syt

pue ‘uoryesado 531 ‘juaedinba
s1q) Suiuiddvod [riaajee Jagjo
20 S3108 [PITUYIR) PUR SIMY0.4
(10 40 satdod apisosé aseayy
SAJ0N (€1 / Sdnydesy °f

1500000 VO1STAA Pue

‘1117 ‘03ep Juaend0p apajve
ased|y "aivdas pue ‘Pdurvajuire
woljesa60 o) Judsdinba ay} gyte
Paptacd SUM8030p put S[PneEs
110 2012359p pur 51| dsealy
woIjEIuIenI0g 9

("1 ‘or1-5% ‘0'9"y "X

tat) witm dpdecd pecbis saredesb
4} 5209 PIEPUR)S Ap Jeym pur
203520u0) [eubrs Indin0 ; vy
S20ydesd pp AIERRIS 0 ST AR
st hgidads os|y “jevbis 2apod
NOII0N VO }2)42 ‘381) WOISSIE
~SuRy ‘vonIeN51090% 10} poy1de
PuR WOIIN|OSIs [EI1)508 pue
111902104 ‘3001920008 20 |03
‘hurposva jo wots1)a M 'eyyriobie
Sutpodna ‘ajes buijdues apae|
‘reubis satydesh a1 djesedas ¢
Sutyrasve sy pue buissaxnsd 0)
¥01S 18026 SPY D3p0) §U [rubis
oapia Jadino ; Jndut §o wo1)
-812053p a)1e[dec) aptacsé aseagy
dno ; yndut s3tedeay Af ‘g

SHIISAS 0301A 339

HMT-D3M I

(AT-23134 DM

NIIW 1)

M1 ‘vIlumY nsateny

(10NYYEUIY) * N1 'SEY) NOISSIUAN0)

(3571 S1A) K] 'SE¥) MOISSINAG)

VIv0 1200084 W10

& # s S ALNERE B S A A SA - S ENE L W % & F.

SRR .Y TRENWN WSl ST &

"1 2222t R D

{pnuTvoY)

s v v " Y Y YY Y VYTY

VIv 100034 ¥MI0 S lwwy

hE AN




L

SRR

)

P
A" o'.

EArho

e
[ A

AL,

AR
Y
« ‘e e e
PP S R I 4

KR AN

Py o
ARRA AR

T
« -‘

e,

ALY

s

wad
A

A2 DA

2.6 ADDLNDA.

Several of the vendors supplemented the response to certain of
the questions with comparatively lengthy statements which could not be
included in the tabulation due to format restrictions. The responses to
these questions are included in this section, each on a separate page. The
question to which the response correlates is included on that page as is a
reference to the location of the question in the preceding tabulations.

The question / response tabulations clearly indicate where an
elaboration on the response is to be found in the addenda.
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N 2.6.1 ADDENDUM CLI #: o
~ LA
o e
COMPRESSION LABS, INC. N
\ DY
~ sy
X RESPONSE TO PART 3, SECTION 4, QUESTION E. Loy
- QUESTION H. R,
L~ Additional information on the compression technique. Reasons why -ﬁﬁé
5 the vendor's technique should be chosen as the standard for the R
N Tederal government Telecommunication System. -ﬂ:}
- PP
» %)
RESPONSE.
‘. . by
< ) This same machine is switchable to operate at lower bit rates thus
e aliowing less expensive transmission.
s
‘: 2) Superior picture quality over speed range of interest.
o ~
Q 3) CLI ability and commitment to improve product further. . v s
<,
j’ 4) Flexibility of algorithm to be optimized at higher and lower
- bandwidths to achieve desired picture quality at bandwidths
N available.
5) Functionality of codec outside area of picture quality per se. T
el
\Y . ‘-‘;‘)
: 6) Large existing base in organizations with which the Federal! Govern- :;ﬁ;
W ment will want to teleconference. RIS
f o
3 7) U.S. based engineering which allows good communication with cust- .$Q,
omer on technical issues and special modifications needed to
e, address special requirements. Aiso secret and top secret clear- AN
: ances of technical and marketing peopie needed for sensitive system j\)ﬁ
- implementations. ENON
a 8) Willingness of manufacturer to be responsive to growing application -}ﬁf
requirements within both government and defense segments. et
o,
- -
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::3‘ 2.6.2 ADDENDUM GEC #1 ;‘\-
“~
f’ GEC VIDEO SYSTEMS ::
i, ‘o,
f,:‘n, RESPONSE TO PART 2, SECTION 5, QUESTION X. ;f;-
Al )
., QUESTION N; Other transmission rates standard for this codec. fe
e K
oA RESPONSE. RGN
24" ’ n:‘:q:'
'u; Codec Transmission Channel Formats e
fa X W
‘ The codec operates on channel clock rates of 1.544 Mbit/s and o
.2 772 Xbit/s, selectable as required. While operating at the 1.344
Iy Mbit/s channel clock rate. the codec fully implements CCITT
e recommendations H120 Part 2A and H130 Part 2. It can communicate
f{ directly with a 625 line 50 Hz 2.048 Mbit/s codec without externa:
4 standards conversion, just using an external remulitiplexer to
Y convert between the 1.544 Mbit/s and the 2.048 Mbit/s frame
T structures. e
'\ -
4 The codec will also if required vacate 12 timeslots in each frame to e
293 give a total of 12 time slots containing signalling, audio, user }Q:
; : and video data. This mode is enterred automatically if required .jg
~ using currently spare bits 3.1.7 and 4.15 in the H130 framing struct- gﬁ
ure to controll the data rate being used. Hence the codec can operate -
A in a mode allowing external equipment to multiplex two codec channels ;I:
?ﬁ into a single 1.544 Mbit/s channel, or to remultiplex the codec 3ix
1)} into a 772 Kbit/s clock rate channel to allow lower transmission NN
¥y costs over satellite links. ' s
g The codec can also be set to operate with a channel clock rate of o
. 772 Kbit/s. The codec then operates with a frame structure containing 3{?
}i frames of 12 timeslots plus 1 alignment bit every two frames, giving -;u
.. blocks of 193 bits including 1 alignment bit in each block. The frames o
'xj are constructed in a similar way to H130, with time slot 1 audio data, \:{
3 timeslot 2 in odd frames signalling data, timeslot 2 in even frames et
= and two other timeslots selectable for user data ports and the remain- N
Y ing 8 to 10.5 timeslots used for video data. This framing structure K
L~ can be easily converted by an external remultiplexer to the structure RA
oy described above for the codec using a 1.544 Mbit/s clock rate with NG
i~ 12 vacated timeslots. L
7
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2.6.3 ADDENDUM GEC #2
GEC VIDEO SYSTEMS

RESPONSE TO PART 3, SECTION 1, QUESTION D.

Iy

‘ QUESTION D; Do any of the above change with motion pictures? -
Describe in detail. Sh;~
.J".r\:
LY
RESPONSE. oy
')‘:I::
Note:- To allow communication with a 625 line 50Hz codec using < iﬁ
2.048 Mbit/s channel, without external standards conversion, the e
normal transmission field rate is reduced to 50 fields/s, using B :
temporal interpolation of input and output video to smooth the .j :
field rate conversion. This process is selected automatically when LI
required. o -
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2.6.4 ADDENDUM GEC =3
GEC VIDEO SYSTEMS
RESPONSE TO PART 3, SECTION 2, QUESTION Y.d,7.

QUESTION Y; MOTION PERFORMANCE EVALUATION.

PART d; Condition 4. Up to 100% of the pixels change between frames;

SUBPART 7: Describe any other effects resuiting from changes in
picture content.

RESPONSE.

Note:- In all cases, subsampling is only used on motion areas and

the resolution of static areas is left unchanged. The adaptive element
subsampling prevents subsampling of vertical edges, to reduce con-
siderably the subjective effect of the resolution loss. The movement
perception of the human eye means that the loss of the motion area
resolution is not normally perceptible.
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2.6.3 ADDENDUM NEC #1
NEC AMERICA INC.

RESPONSE TO PART 5, QUESTION 7.

QUESTION 7.
Brochures/Technical Notes

Please provide copies of all brochures and technical notes or other

material concerning this equipment, its operation, and its

application.

RESPONSE.
\-’.
uj BROCHURES
e,
sj The Brochures/Technical Notes we prepare for the customer are
¢ listed below;
] .
TITLE NUMBER " DATE ISSUE
1. NETEC-XI(MC) TV CODEC E34128 March 1984 Issue 1
2. Technical Description DEX-535417 March 1983 Issue 1
of NETEC-XI(MC) TV CODEC
3. NETEC-XV TV CODEC DPR-141E May 1984 Issue 1
COMPRESSION TECHNOLOGY REFERENCES
TITLE CONFERENCE DATE
1. Motion Compensated Interframe National Telecommu- Nov. 198:
Coding for Video Conferencing
2. NETEC-6/3 Video Transmission INTELCCM Feb. 1979
Equipment for Teleconference
3. Digital Television Transmission TEFE Communications June 1980
using bandwidth compression Magazine
techniques
2 - 45
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k 3.0 TECHNICAL COMPARISON OF MOTION CODECS (1.5 Mb/s) ;'r\'ﬁ
f '\(
3
0 3.1 APPROACH »
0‘:' ACOT)

The previous section tabulated the data received from the various
. vendors using the exact wording of the responses. The tabularization is an
aid in comparison of the responses on a question by question basis. The

2 ) P IRt
" foliowing sections will provide a discussion of the implications of the ;31
- various questions and a summarized comparison of the responses on a OGN
[ functional basis rather than on a question by question basis. e
.:'- . e ,“-
7 The data used in these comparisons has been drawn from the R
responses to the questionnaire as provided by the vendors. None of the e
3 data has been verified by an independent source nor was the data in the Qy:a
,5 questionnaire compared to that in the data sheets. However a proof copy fq;{
RX of the final typed version of each vendor's response was sent to the S
~ vendor for concurrence as to accuracy and validity. RN
» .‘l \-
> ICR N
- 3.2 KEY SPECIFICATIONS AND PERFORMANCE PARAMETERS
e
1 AN
The questionnaire submitted to the codec vendors requested ?{y
¥ extensive information about the codecs. Some of these specification and JQe:
:, performance criteria are considered more important to overall codec :Rjy
,; performance than others. These specifications will therefore be discussed ’&?ﬁ
}; and compared in more detail in this section of the report. Generalized -f{;
comments regarding some of these parameters are offered to define clearly C
- the purpose of the questions as stated in the*questionnaire which may :?A
~} otherwise not be obvious. These comments are presented on a purely 5};
o technically clarifying basis and have no intended relationship to vendors :ﬁm
- or equipments. Py
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3.3 INPUT AND OUTPUT VIDEO SIGNAL FORMATS

The input and output video signal formats determine the input and
output devices with which the codec can interface. The transmission format
is of great importance in understanding the systea performance capability.

The accepted television format in the United States and in some )

of the rest of the world is defined as follows; 'f;:yi'
"~J"-f\<
Field rate: 60 fields per second bﬁ&ja
Frame rate: 30 frames per second ol
Interlace: 2:1 ijﬁx
Lines / field: 525/2 aTe RS
Lines / franme: 525 ! e
L
The line, field, and frame rate should be considered under three :_}fﬁ
categories each of which affect the output presentation differently. -q}:¢
gt

Input line, field, and frame rate. RS

Transmitted line, field, and frame rate.
Output line, field, and frame rate.

The input line, field, and frame rate determine the sources of
video signal with which the transmitter portion of the video codec can
interface. All of the codecs within the scope of this report can interface
with television signals of one or more standards. Therefore the source of
video signals for these codecs can be a standard television camera
providing NTSC television signals. Options are available in most codecs to
accomodate PAL and RGB television signals. The source can also be a VTR
for those codecs with a built-in time base corrector, or a VIR video
signal which has the required time base stability. The input video format
determines the upper limit of system image quality in terms of resolution,
gray scale, color, and motion representation. The codecs communicate this
video signal between terminals and display it in a manner which attempts
to duplicate the original signal as closely as possible given the
restrictions of a 1.544 Mb/s channel.
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g With regard to achieving this goal, an important consideration is {J{
\i the effect of the transmission channel on the transmitted field and frame :;:
o rate. Because of the 1.544 Mb/s channel data rate restriction, only about N,
e 25,730 bits are available for transmission during each field interval. S
.uﬁ Real time transmission is, of course, impossible due to the unachievably :f:
< high coapression ratio required. In order to use the 1.544Mb/s channels, %)
- codec designers have developed ingenious techniques of transamitting even -
SN less data than required for a normally compressed picture. The data :ﬁ:
:i transmitted during a field interval is less than the amount of data e
A required to define a field. However, using these techniques, a complete -
:c picture is reconstructed at the receive terminal. An orderly predetermined ~j-:
T pattern of pixels, blocks, lines, etc., is normally transmitted. When the AR
’ picture is not static, emphasis shifts more heavily to conveying the B
2. motion or change information. The channel capacity can provide data at a o
j{ rate adequate to support only some reduced degree of motion or change A
oy portrayal. Usually the time correlation between input line, field, and :ﬁy
s e frame rate and the transmitted data is lost. The receiver reconstructs the -
jﬁ picture and correlates it with 'the local sync providing a conventionally pﬁ
- refreshed video output signal. It is essential to understand that while - -
e the input and output signals may be in conventional formats, the 2;;7
:; intervening processing (in addition to compression) is the major factor }}}P
?ﬂ affecting the system temporal performance capability and should be DS
f; evaluated for each specific application. ;;{
c et RN Y
A The output line, field, and frame rate are a function of the &7
~ design of the receiver portion of the codec. The reduction in the amount ;'_
',: of transmitted data,”as described above, must be restored at least to the :{a
3:3 extent that a standard video display format can be used. Information may \}¢}
;,: have been to some extent discarded in the reduction process. Interpolated, :a;
‘i‘ repeated, or previously stored information may be used to fill in the \f}
>t restored video display format thereby minimizing motion degradation and : .
. quality deterioration. This is essential because the combination of the -
- output line, field, and frame rate determine the type of display with 3f§
o which the codec can interface. All of the codecs discussed in this report e
}*j can provide an output video signal which is compatible with readily F{_
ﬁ? avallable television display devices of the NTSC type. PAL or RGB type can -ﬁﬁ.
'?i be accomodated in some codecs depending on the options excersized. ;’;
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3.4 RESOLTUTION DATA COMPARISCN

The concept of resolution in television systems using motion
codecs of the type being discussed is somewnat complex.

rirst, the overall data rate is fixed at some value (i.35344 Mh- s
for the codecs under discussion). When the picture being transmitted
coniains very little or no motion, the overall sampiing pattern, iogether
with the effects of the image compression technicque, set the major
determinant to the amount of resolution which the ourput disn ay can
present. As the proportion of the picture containing motion Ingcreases.
more of the data stream is devoted to conveying the motion effccts and,
unless the static areas are stored at the receiver, iess is availlai.e for
the transmission of static area resoiution. Fach codec uses a somewhat
different technique.

Second, i+ is difficulit to define resolution in lhe moving parts
of the picture. If the picture is TV camera generated using, for exampie a
vidicon, the moving areas inherenily contain some amount of image “smear’
due to the retentivity of the camera tube. Further “smearing' effects
result from the fact that the image has moved across some area of the
photo-sensitive surface during the 1/60 or 1/30 second integration period.
The average viewer has Jjearned to accept this degradation 10 the extent to
which it occurs in home TV. However in teleconferencing appiications,
valid data may exist in these areas and the viewer's ability to ascertain
its meaning may be important. A corollary to this coancen* s pictures 1in

which aipha~-numeric data is updated. This can be data generated directly *

by a computer or “flip chart' type data. In this case. there is un
interpiay between resojution and motion capability in defining how guickiy
the changed data can be recognized. Defining resolution in motion or
change areas of the picture is, at best, difficult.Therefore, three
aspects of resoiution should be considered.

First, the resolution in a static image.

Second, the resolution in the static portion of a ».cture
containing some degree of change.

Third, resoiution within the area of the picture conzaining
motion.

The latter may not be of as much importance as the “settiing time': that
{s, now quickly the data in the area containing change can be ascertained
Dy 1he viewer,

The resolution in static images is determined by the systenm
sampling format, the transmission format, and the display format. (These
Tactors affect many other perfnrmance parameters in addition to
resoluction.) The foliowing is an overview of the caoncepts involved.
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The codecs all sampie the same type of input video signal which
has 262.5 lines per field (60 fields per second) and 525 lines per frame
(30 frames per second) interlaced 2:1. Thus each equipment starts with the
same potential quality. Each of the codecs has a different sampling and
transmission format and a different reconstruction technique to produce
the display format.

The number of luminance samples per line fall into two basic
categories.

a) Nominally 375 luminance samples per active line interval. This
category actually includes 368 and 384 samples per active line
interval (a spread of 4%).

b) Nominally 256 luminance samples per active line interval.

One vendor lists 910 and 455 samples per active line while the given
sampling rate of 7.16 M samples per second would indicate 368 samples per
active line interval. It is included in category “a'.

The data provided in response to questions about the transmission
format is considerably different from that in response to the sampling
format. Transmission format is defined as the equivalent amount of data
transmitted in terms of lines, fields, and frames. The responses can be
divided into three categories. Note that this data may apply only to a
static picture.

Fields/Frames per Second Lines per Field/Frame

aj) 60/30 256-262/512-525
b) 60/30 143/286
c) 30/15 240/480

Finally, responses indicate that the output video is always
reconstructed so that 60 fields with 262.5 lines each, and 30 frames with
525 lines each interlaced 2:1 are presented per second. It is not clear
whether repeat field/frame or interpolation is used to reconstruct the
missing data. The effect of repeat field / frame or interpolation un the
overall resolution is not clear.

Figure 3.4-1 graphically summarizes the overall luminance
resolution for the three categories defined above. This presentation takes
into account the sampling rate, transmission format, and the display
format.

Figure 3.4-2 graphically shows the overall chrominance resolution
for the various codecs.

PRI S S TR I T Tt e IR S RN A

. T Tt e T e N S LIS IR TP .l ot S . T
o T T R S A S A vy A e e e e S e

"

.

L-.' ." .. .t

s W

O A
'y % -\'b"

PR P

LAY

a0 s 2
.

.
»
[

ELLS LS
fl'] -
N

o

"‘"..l'

)
~
)

.r

NN
Y
P

14
5

sy By Y
) }.'/

At

2 e BN |

‘s v
x
v
0

I'-
o
’.l

' Yty
WA
Sy

3

LTy
f‘ "" "a
Wk

[

7

-
-
o>,
o
4

Y

T o

L8 4 s
-

s, 4“: ":’ X f-
PR P
f.'{‘./‘“ "/

5

0L

/s



[ S

AL A AP

. L] A

N A Bl
P RN
VA AR RI LI

.

RO
PR
flvf%.- LSS

AR ) ele e K] e , i .-.-...- un.f.l-.v

4 x \xl.v-....u%\‘-;
. . A AR ...,..x..s..s......x.u
S, el . e e Wiy s [ .
R N R y . \s“ P4 F . “f\f‘m-\-hw. ‘. ....-..q-.. --.-.-v.- R A

e w_t X

sy 8 8

o

236

20
HORIZONTAL PIXELS
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FIGURE 3.4-1; LUMINANCE TRANSNISSION COMPARISON
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CONTAINING
CHROMINANCE

500
480
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CHRONA PIXELS VENDOR
400 PER ACTIVE LINE
92 oLl 43
64 NEC
300
286 | I Fal
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/ 52 CIT 22
51 GEC 42
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L
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0 , ,
0 160 260 3&0 400

CHROMINANCE ELEMENTS (HORIIONTAL)

#1 - Nominal.

42 - 286 lines are transmitted per frase although a full raster is displaved.

#] - 15 frases are transaitted per second.

FIGURE 3.4-2; CHROMINANCE RESOLUTION COMPARISON
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3.5 ANALOG TV PERFORMANCE COMPARISON.

The judgement of video transmission system performance is
generally made on a basis of the output displayed picture quality based on
a known or assumed quality of the input picture. Conversely, if the input
video signal can be assumed to be of suitable quality, all of the Yo
degradation seen in the output picture or measured in the output video )
signal is caused by the various electrical characteristics of the

h
.‘I

A []
L]

:tﬂ transmission channel. After many years of experimentation and experience, }'
bb- a set of standards have been developed and accepted for these o
A characteristics of a standard video transmission channel which will assure =
N a satisfactory output picture for a suitable input video signal. These -

characteristics are defined in terms of impairments measured on the output
video signal. One set of these parameters is specified in Electronic .
Industries Association publication "Electrical Performance Standards for oo
Television Relay Facilities, RS~-250-B". >

A video codec pair with the interconmecting digital circuit v
constitute a video transmission system. As such the same feature applies; e
namely, that, given a high quality input video signal, any degradation

picture quality. A set of transmission channel electrical characteristics
couid be developed to predict the quality of the output video picture.

observed in the ouput picture quality is due to the characteristics of the ﬁ¢~
transmission channel (codec and digital circuit). The digital circuit N
operating at a very low error rate will not contribute to picture o
degradation. In this case the codec pair alone determine the received ’~

However, just as in the oase of the standard video channel, this requires ZQ}
substantial experimentation and experience to determine how and to what Ey
degree the picture quality is affected by changes in the channel ﬁ_?
transmission characteristics. The art of digital video transmission and in ;{:
particular digital video transmission at 1.544 Mb/s has not yet reached :A?

this state particularly in view of the variety of techniques used to
achieve compression and motion transmission.

¢

»
P
LN
A

In Part 3 Section 1 Question U and V, the vendors were asked to
measure various major signal parameters of a video signal transmitted
through the codec. These parameters are susceptible to problems in
- conventional analog transmission systems, and as a result will cause
specific output picture degradations. The following tabulation is a
synopsis of the responses to these gquestions for comparison with the
accepted EIA standards tabulated later.
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TABLE 3.5-1; SYNOPSIS OF ANALOG PERFORMANCE RESPONSES

SELECTED CHARACTERISTICS

RANGE OF RESPONSES

LOW HIGH

Luminance-Chrominance Gain Inequality; 0 dB. 14 1IRE
Luminance-Chrominance Delay Inequality; +/- 54 ns 100 ns
Signal to Noise Ratio >50 dB. >45 dB.
Differential Gain; 6% 8%
Differential Phase; <4 Deg. 6 Deg.
Field Time Waveform Distortion; 3 IRE %
Line Time Distortion; 2 IRE 3%
Frequency Response; 2.7 MHz.

TABLE 3.5-2; EIA RS-232-B PERFORMANCE STANDAR

D

SELECTED CHARACTERISTICS

TYPE OF TRANSMISSION CIRCUIT

SHORT[MED. LONG END-END{SAT

Luminance-Chrominance Gain Ineq.(IRE);]+/-1 +/-4 +/ =% /=7 -/-4
Luminance-Chrominance Delay Ineq.(ns);}+/-20{+/~33 |+/-34 }+/-60 +/-26
Signal to Noise Ratio

10KHz - 5.0 MHz. (dB): 67 60 54 54 56

0 - 10 KHz.(dB): 53 48 44 43 50
Differential Gain (%) 2 5 8 10 4
Differential Phase(Degrees); 0.5 1.3 2.5 3.0 1.5
Field Time Waveform Distortion(IRE); +/-3 |+/-3 +/-3 +/-3 +/-3
Line Time Distortion(IRE): 0.5 1.0 1.5 2.0 1.0
Frequency Response See Figure 3.5-1
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3.6 COMPRESSION TECHNIQUE COMPARISON

The compression algorithms used by the various vendors are all
very sophisticated. The vendors are to be commended for reducing to a
practical implementation these very complex concepts in the very short time
since their inception.

The data provided by the vendors regarding their compression
algorithm is understandably brief. They are in a very competitive market
and the details of the compression algorithm and, perhaps even more so, the
method of implementation of the algorithm are proprietary. The vendors
have, however, responded with brief but meaningful information. It is
difficult to comment on performance of the various algorithms, one with
another based on this limited information.

The reader is referred to a series of three companion studies,
performed by Delta Information Systems for the National Communications
System in August, 1985 under Modification P00004 of Contract Number
DCA100-83-C=-0047.

o "The Development of a Video Tape to Test Teleconferencing Codecs",

© "The Development of a Methodology to Test Video Codecs Used in
Teleconferencing”,

© "The Test and Evaluation of Teleconferencing Video Codecs
Transmitting at 1.5 Mbps

The input to the codecs was a high quality video tape recording of a
carefully controlled set of scenes developed specifically for the purpose
of evaluating the motion performance of the codecs. The motion performance
of the codec is very dependent on the compression algorithm and as a result
the output tape is an excellent indicator of the performance of the
compression algorithm.

The following is a tabulation of the generic compression methods
employed by the various vendors.

Differential transform coding.

Inter-intra frame combinational coding with multi-field subsampling
and motion compensation.

H120 CCIR Recommendation.

Adaptive intra-inter frame predictive coding with motion compensation.

Motion compensation.

Conditional replenishment with movement detection.

« .
This is an impressive list of compression techniques. The
specific algorithms are undefined and therefore cannot be commented upon.
It is apparent that most of them utilize motion detection and/or
compensation as a major portion of the algorithm indicating the emphasis
placed on the accurate reproduction of the transmitted scenes with motion.

Again, the reader is referred to the DCA initiated study series
on the ability to transmit motion video by the ,available codecs.
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3.7 DIGITAL INTERFACE COMPARISON

The 1.544 Mb/s digital motion codecs usually interface with a
DS-1 transmission circuit which has highly defined interface and
transmission characteristics. The codec output data stream characteristics
and the receive signal requirements for the codecs as determined from the
responses to the questionnaire are tabulated below and compared to the
interface specification for a DS-1 circuit. The entries are not made for
each codec but for the range of each parameter as found in the responses.

The digital interface formats used for the ancillary digital
ports in the various codecs are also discussed below.

3.7.1 DIGITAL VIDEO TRANSMISSION INTERFACE.

The digital video interface characteristics are compared with the
characteristics specified in the ATT Compatibility Bulletia No. 119 and
various ATT multiplex compatibility specifications in the tabulation shown
in Table 3.7-1. The range of vendor responses is tabulated next to the ATT

specification to facilitate comparison. The reader can refer to Part 2, P
Section 5 of the responses to determine the interface characteristics used ,Q?;
by any one of the vendors in their codecs. : :xﬁb
~

Fo

The comparison shown in Table 3.7-1 will permit the reader to ftf
determine the overall degree of compatibility of the codecs with the ATT ;i:

3
K|

DS-1 interface requirements. A similar analysis can be performed if other
interface standards are required.
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TABLE 3.7~1; COMPARISON OF ATT DS-1 SPECIFICATION AND CODEC INTERFACE
N RESPONSES
\
Y
X
LY
. PARAMETER ATT SPECIFICATION RANGE OF VENDOR RESPONSES
: Precise data rate; 1.544 Mb/s. 1.544 Mb/s.
L
1.
« Tx data rate accuracy;|+/- 130 ppm, -/- 30 ppm, +/- 30 ppm,
2 CCITT= +/- 50 ppn. 10 exp(-5).
' Req'd rcv data -/- 50 ppm. +/- 30 ppm, +/- 150 ppm,
,. accuracy; +/- 5%.
i Transmit signal 2.4 to 3.6 V peak, 1V, 3 Vp-p, others cite
‘f level; CCITT= 3+/-0.7 V peak. |CCITT Rec. G.703.

Impedance; 100 Ohms. 100, 110, 120 Ohms.
J
} Signal format; Bipolar. Bipolar, Bipolar/NRZ.
o Cncoding; AMI. AMI, B8ZS, HDB3.
)

Max. no. like 0's = 15, >12.% ave. 1's=7, 15,and unlimited.
N symbols; 1's density. 0's = 15,
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3.7.2 ANCILLARY DIGITAL SIGNALS.

.....

All of the vendors provide ancillary digital data channel inputs
in their codecs for the transmission of data associated with
teleconferencing. The range of the responses is tabulated below.

TABLE 3.7-2; COMPARISON OF ANCILLARY DIGITAL CHANNEL RESPONSES

Parameter

Range of Responses

Number of ports;

Signal format;

Signal type;

Data rates;

Is an output clock avail;

Bit/clock rate stability;

Are bits for ancillary
digital channels
taken from picture
transmission;

Two vendors provide 1 port, the rest provide
three ports.

Three provide RS-232C ports, three provide
RS-449 ports, and four provide RS-422 ports.

Two vendors provide asynchronous ports and
all provide synchronous ports.

The codecs provide the following combinations
a) 1200 baud, 9.6Kb/s to 448 Kb/s.

b) 1200 , 2400, or 4800 baud.

c) 32 Kb/s and 64 Kb/s.

d) 2400, 4800 B/s, 56, 112, 224 Kb/s.

e) 50 to 19200 B/s, 32 and 64 Kb/s.

Four vendors provide an external clock,
one does not.

10 exp(-5), +/- 30 ppm, ~/-50 ppm.
Three vendors responded “yes',

one provided no answer,
one responded “yes (RS-449)'.
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. 3.8 BIT ERROR RATE PERFORMANCE Arars.
Y 5; )
r In the questionnaire, the vendors were requested to supply ;NQ#
A performance data for the codec operating in a channel with specific bit ﬁ;pﬁ
'. error rates. The reader can analyze the data presented in view of the bit *
. error rate statistics of the communication circuits available to him. The

! commercial carriers in the United States generally provide a very high u(vﬁ
, quality of service so that in only rare instances will the performance Qy?&
) drop beiow 10 exp(-6). When the error rate does increase, particularly in }V{g
& terrestrial circuits, it is often due to a short temporary outage. The {i}k
M following is a synopsis of the data provided. }3{}
3.8.1 PERFORMANCE AT BER = 10 EXP(-6). _d
N ERE N
" At 1.544 Mb/s only 1.5 errors will occur per second. The vendors ﬁ{}j
: unanimously indicate that the effect of this error rate on the output -ﬁi¢:
B picture is not perceptible. 1.5 errors per second implies one error every I:f}
;: 40 fields. The effect of the error could occur in the luminance, N
chrominance, synchronization, audio, or ancillary part of the transmitted S
information. In general, the video transmission requires the largest aﬁ¥ﬁ
> portion of the data bits and therefore the probability is that the error ?{hj
- would most likely manifest itself in the output picture. The implication N
& is that the signal processing used within the codec minimizes the effect };ﬁ:
N of the errgr so that it is not noticeable. A O,
- :!.fl.f
3.8.2 PERFORMANCE AT BER = 10 EXP(-~5). ,;;:

L) L
. A
=, At 1.544 Mb/s, 15 errors will occur per second. The equivalent of 'f:j
= every fourth field will contain an error. All but one vendor indicate that O
- some effect of the bit errors will be perceptible in the output picture. r&ﬁ»
- The effect of the data error on the output picture is determined by the };ﬁj
compression technique employed in that codec. Three types of effects were .

] described by three different vendors as being observable at this error AN
. rate. AN
’ '.:'_-':’,-.
:- a) Random blocks with transform basis vectors. :ﬁ,;
5 b) Part of a line changes color. -;ﬁyn
c) Single element intensity or color error. NS

I

i; All vendors indicate that their system would maintain tiﬂ\
< synchronization at this error rate except for one who qualifies this Rt
A function as "maybe". Scrambling / encryption, if supplied, also appears \i?:
j not to be affected except for one vendor. ‘ﬂ:}-
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3.8.3 PERFORMANCE AT BER = EXP(-4)

The number of errors at this rate is about 150 errors per second
or the equivalent of about 2.5 per field. Again, all but one vendor
indicate that the errors will be visible in the output picture. The
effects of the errors are the same as those described above. It is assumed
that the frequency of occurrence of the artifacts in the picture will
increase by the same factor as the increase in the error rate if the error
distribution is totally random because the error rate is still
comparatively low on a statistical basis.

All vendors except for one indicate that their system will
maintain synchronization at this error rate. This vendor, who responded
"maybe" at 10 exp(-5) BER, indicates that the codec will not maintain
synchronization at 10 exp(-4) BER. Only one vendor responded that the
scrambling / encryption will not be affected.

3.8.4 PERFORMANCE AT BER = 10 EXP(-3).

At this error rate about 1500 errors will occur per second or the
equivalent of about 25 per field. All codecs now show effects of the
errors. An additional category of error effect is indicated as "streaks".
In addition one of the vendors indicates that the effect lower error rates
had in his codec has changed from "changing color in part of a line" to
"streaks" and "stopping of motion".

Synchronization appears to be maintained in all but one codec
although a second codec vendor adds "frozen picture for video
synchronization is lost". Only one vendor responds that scrambling /
encryption is not affected.
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3.9 MOTION PERFORMANCE COMPARISON

The motion performance of a codec, or any other display system
for that matter, is a very difficult parameter to rate quantitatively.
First of all, motion must be defined. In a scene such as might be
encountered in teleconferencing, motion may take on a wide variety of
forms such as people moving on the set, data changing, punching, fading,
or wiping from one scene to another, zooming, or panning. A single
observer can at best develop a personalized, qualitative evaluation.
However, a group of observers, comparing the relative performance of each
codec against all other codecs can statistically develop a meaningful
quantitative basis for ranking codec motion performance. The study
performed by Delta Information Systems for DCA previously referenced
performed exactly this function. A set of controlled motion scenes were
recorded on high quality video tape. The signals from this tape was
transmitted through a codec transmitter-receiver pair and the ouput again
recorded on a high quality video tape recorder. Observers judged the
relative motion performance of each codec against all other codecs in a
strictly controlled environment and rated the performance of each pair
evaluated using the CCIR developed rating system. The results were
processed and an overall performance rating developed for each codec. The
reader is referred to that study as a supplement to the data included in
the responses and tabulated in this report.

Motion can be defined in several ways. First, motion is the
ability to convey gradual changes as a result of movement within the
scene, panning, zooming, and wiping. Secondly, motion can consist of
abrupt scene changes such as a total change in a data display or in a

punch between two scenes. The vendors were requested to supply information
regarding the gradual scene changes for various degrees of change and also

for a complete abrupt change. This will be summarized below. The second

type of change can be quantitatively measured by determining the length of

the time interval required to complete the change to some agreed upon
point. There is presently no agreed upon standard for this measurement.
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The questionnaire asked the vendor specific questions regarding
o the performance of the codec with various number of pixels changing
. between frames. The rates of change chosen were: Condition 1 = 10%,
i Condition 2 = 25%, Condition 3 = 50%, and Condition 4 = 100% (complete
‘$ abrupt change).

3.9.1 CONDITION 1 (10% change) '

l,j The responses indicate that there is no effect on the quality of

j the display due to motion except that one vendor identified a loss of -
-2 resolution in the area of the picture containing motion.

o
~ 3.9.2 CONDITION 2 (23% change)
§ Two vendors again state that there is no effect on the quality
- of the display due to motion. Three vendors indicate that artifacts or
i\ jerkiness and a decrease of resolution in the motion area are apparent in
;; the picture at this rate of change.

' 3.9.3 CONDITION 3 (50% change) .

L] t\ _'\-'
N The same three vendors indicate that there is an effect in the {}5:
N picture due to pixel changes and that the effect is more pronounced than K
e above. One vendor states that flicker is observable in the motion area )
> while another says that the motion area is subject to distortion. All but ;;}_
~ one vendor responded that the motion areas suffer a loss of resolution, \
v, one adding that the loss of resolution extends to the static area. :e‘;
- NI
- 3.9.4 CONDITION 4 (100% change) NIV
:J : ‘&"::';\
g The vendors of five out of the seven codecs indicate that there :HPQ

is an effect in the picture due to motion. Three state that flicker s

- effects are observable for four of the seven codecs. Four vendors o
- responded that distortion is apparent in moving objects. All but 1 Q,}:
- vendors' codecs suffer from resolution degradation in the motion area and }g\f
- one in the static area. AR
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! 4.0 RECOMMENDED EFFORTS TOWARD PROPOSING CODEC STANDARDS R
N ':‘}-._.r
s 4.1 DISCUSSION o
,.-l. .-u..\' '
:: The data contained in this report describes the state of the art ::::j,.'
o of motion codecs operating at a transmission data rate of 1.5 Mb/s. It )
. ¢ must be obvious to the reader that, while the codecs are quite .
"~ sophisticated, the state of the art of specifying the performance of these 'f.:-f‘\'-‘:
'\ codecs and the measurement of their performance is at a rather early stage '_
o of development. This is particularly true in the area of motion NG
- performance. The potential for this class of video transmission is so :',-.:'_x::
\ large that further effort toward developing codec standards is not only RN
i warranted but actually essential. This is true based on the few codecs oo
i_ which presently exist. In fact, it is necessary in consideration of the s
>, fact that new codecs will be introduced, that compression algorithms will .-'\‘.-::
f::' be improved, other transmission data rates may become popular, and new :-‘::-,:','
,:'_ teleconferencing requirements will come into vogue such as high resolution -';‘-".:-F
E while the method of specifying their performance is inadequate. ';:'_'.:-
M PR
3 In order to provide a meaningfull data base from which to draw in e
o order to develop standards for television codecs, it is essential to ::k"
t.r' continue to evaluate the performance of these improved products and, u::«.
».:: perhaps even more important, to develop standardized methods of specifying . :a{{
~r that performance. Additional testing of these parameters in a controlled xr.-."'
N': environment will be required. To this end it is proposed that a test bed :;:{-:‘
o~ be established in which the codecs can be evaluated and performance
- standards for the various parameters can be established. _
f: 4.2 CONTINUING MOTION CODEC STUDY AND ANALYSIS :’\‘:{
NS
:; As mentioned above, there are several existing and anticipated '\“:
' features of motion codecs which should be subjected to the same type of .
analysis as the 1.5 Mb/s motion codecs have received in this report. ._:.-'
° ."!\.
: 4.2.1 NEW CODECS N
N NN
:‘-f Among these features are new codecs. As the state-of-the-art of R
' the hardware with which the codecs are implemented advances, new models LN
n, will emerge requiring less power, providing improved performance, f
i physically smaller in size, etc. A/D and D/A conversion, signal filtering N
. and so on could quite likely be improved as a result. t-:.'_-:.:
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I 4.2.2 IMPROVED ALGORITHMS . ;
‘ N S
‘ New codecs could very well be developed as a result of new v,
v compression algorithms or as a result of improvements in existing hqh‘
algorithms. This is not at all unlikely when the strides made by the E_"
vendors in the past few years in reducing theoretical concepts to }Q*'
practical hardware implementations are considered. A
- 4.2.3 ADDITIONAL DATA RATES LA
> e
:: One feature which should be studied and reported upon is already }ﬁg;:
. .available from several codec vendors. That feature is operation at data R
. rates other than 1.5 Mb/s. The range of these data rates for color motion R
l codecs extends down to as low as 56 Kb/s. Motion performance at these data 3
N rates is an interesting subject for study, analysis, and evaluation. S
. T Y
L. n'_'-l':-
< 4.2.4 HIGH DEFINITION CODECS .;i{
. AN
- Another trend which is becoming very popular is high definition E&t.
& TV. It is quite likely that this feature will also be incorporated into N
% codecs in the near future. The relative performance of the varjious i
Y parameters of a high definition codec should be evaluated. For example, as B;u
. the resolution increase, what is the effect on motion performance and on fﬁ:
h other picture parameters. RO,
. e )
N
ﬂ 4.3 DEVELOPMENT OF STANDARD MEASUREMENT TECHNIQUES FOR CODEC Q{-
A PARAMETERS .
-’ PR
- One of the major contributions of this report is the detailed :3(j
:{ responses to a set of questions which were designed to thoroughly fhie
. investigate the capabilities of the codecs. These responses should be a j

great aid to the reader in determining the relative features of the
various codecs and to determine the state-of-the-art of 1.5 Mb/s color
) motion codecs. The responses are entirely those of the vendors; from their
.t point of view. There are no standard measurement techniques for some of
. the parameters such as motion performance which the vendors could use so
that the responses would be in unambiguous terms which had the same
precise conotation for all readers. There are also no 1.5Mb/s performance

= standards to which the responses could be compared. In this report :
E comparisons were made to standards of performance related to standard A
- television systems in order to establish some common ground for RGN
S. comparison. Lo
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If standards are to be developed for television codecs, it
appears to be essential that measurement techniques for the various codec
parameters be developed and that the data obtained from these measurement
be meaningful to the user in terms of picture quality. An initial approach
to the resolution of this problem may be a twofold effort.

1) Development of measurement techniques.

2) Relating the measurements obtained to the results of
subjective evaluations.

. In general terms this approach consists of determining the
parameters of the codec output pictures to be measured. Much of that
effort has been done in developing the standards which now exist for
conventional television systems. To these must be added the parameters
which are either unique to motion codecs or which are greatly affected by
the reduced data rate. A good example is motion portrayal. Having
determined the parameters to be incorporated into a standard, the range of
each of these parameters should be determined together with latitude for

future improvement. At this point developing a measurement technigue is
possible.

The measurement technique will provide a set of absolute values
which can be used to specify performance. However, in order to understand
the meaning of these absolute values it is important to relate them to
picture quality. This can be done by the classical method of having
unbiased juries evaluate the guality of carefully selected pictures or
sequences of pictures for which the absolute parameter values have been
carefully measured. It is only then that parameter values can be used to

meaningfully compare codecs and eventually to be estabiished as a standard
for motion codecs.

This discussion is extremely brief for a subject as complex as
the development of measurement techniques for motion codec parameters. It
is intended to show the need for such measurements in general, and as a
prerequisite for the establishment of standards, and to point out at least
one approach toward achieving that goal.
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4.4 PERFORM CODEC TESTING AND EVALUATION

This function has been quite successfully provided by Delta
Information Systems for 1.5 Mb/s color motion codecs as described
previously in this report. The purpose of the test is to evaluate the
relative performance of a number of similar codecs by means of large jury
subjective evaluation, processing the resultant data, and converting the
results into relative performance ratings. In the specific tests cited,
the immediate goal was to determine the relative motion capability and the
results were quite meaningful. The same test can be performed for other
system parameters such as resolution, color performance, etc., at 1.5 Mb/s
as well as at other data rates. The data thus generated will provide a
very valuable set of codec performance data. This data, together with the
result of the objective measurements suggested in the preceding section
for the same test pictures can eventually lead to the correlation between
objective data and the subjectively derived picture quallty required to
develop standards for codec performance.

4.5 ESTABLISH A MOTION CODEC TEST BED

Experience with the tests cited and with a large number of .
previous tests to perform picture quality assessment has left no doubt
that in order to develop reliable data, it is essential to perform the
tests and the jury evaluations in a highly controlled environment. This
will eliminate, for example, technical compromises in the quality of the
video signal used as the test video because the same tape and tape
player/recorder can be used (among many other technical variables). It
permits an ideal and identically controlled environment for all jury
evaluations. A test bed of this type further removes the test from
extraneous influences.

The combination of the preceding recommendations; namely,
continuing codec study and evaluation, development of standard measurement
techniques for codec parameters, performing codec testing and evaluation,
and establishment of a codec test bed is the proper approach to
establishing the data needed to eventually generate a set of codec
performance standards. It has an immediate added benefit that the range of
codec capability within various categories is ascertained and published
and the codec performance, one with respect to the other, can be ranked as
an aid to system designers and users.
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