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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 Teleconmmunication Standards Committee identifies, develops, and
coordinates proposed Federal Standards which either contribute to the inter-
operability of functionally similar Federal telecommunication systems or to the
achievement of a compatible and efficient interface between computer and
telecommunication systems. In developing and coordinating these standards, a
considerable amount of effort is expended in initiating and pursuing joint
standards developmient efforts with appropriate technical committees of the
Electronic Industries Association, the American National Standards Institute,
the International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International.
Telecommunication Union. This Technical Information Bulletin presents an
overview of an effort which is contributing to the development of compatible
Federal, national, and international standards in the area of facsimile
standards. It has been prepared to inform interested Federal activities cf the
progress of these efforts. Any commnents, inputs or statements of requirements
which could assist in the advancement of this work are welcome and should be .'
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STUDY OF POTENTIAL STANDARDIZATION OF DIGITAL MOTION VIDEO CODECS (1.5 MB)
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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 ofj. 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 DCAI00-83-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 keyelements.

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.

.J

8) Summarize the findings of the survey and the study.

1-%1
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1.4 SCOPE OF THE STUDY w- *'

The scope of this study includes the solicitation of information
provided voluntarily by

1) codec vendors in response to a detailed questionnaire,

2) discussions with current and future users of 1.544 Mb/s digital,

color, motion video teleconferencing systems,and

3) carriers supplying teleconferencing services.

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.

Future efforts necessary to establish proposed standards for
motion codecs are discussed in Section 4.0 of this Final Report.

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
codecs operating at 1.544 Mb/s. Codecs which operate at data rates other
than 1.544 Mb/s are not within the scope of this report by direction.
Codecs which ar capable of operating at any of several selectable data 't
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
codecs. Other systems used in a motion teleconferencing system such as
facsimile, audio, and graphics were not included except as supplied as an
integral option of the motion codec configuration and the data is
transmitted as a part of the single 1.544 Mb/s data stream.

1 2'
,J
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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 :I
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"'"
...

.4.

There are, in general, two types of digital video
teleconferencing codecs and systems in use today. The first type ofalid
digital video codec provides for the transmission of only a single frameReot
or a single image of a television picture This type of transmission is

sometimes known as freeze frame, still frame, or slow scan TVc

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 seconde

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 communication channel. It Is obvious then
that nmotion 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. mo d n1 s n

The second type of digital video codec provides for the the

transmission of real time sequences of TV frames or images in a manner
which conveys motion. In some notion 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 oime-nma

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 communicat.ion 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.

1- 4.
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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 subsequent
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 P..
* the data needed in order to develop proposed codec standards.

1-5
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2.0 VENDOR RESPONSES TO MOTION CODEC QUESTIONNAIRE

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 vendors 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.

VENDOR CODEC MODEL OR NAME.

17 ATCATEL VISIOCODEC 2
COMF?:PSS!GN LABS, INC. VTS 1.5E

REMBRANDT.
FUJITSU AMERICA INC. FEDIS 07/1.5
GE-; VIDEO SYSTEMS GEC McMICHAEL CODEC
NEC NETEC -1-IV

NETEC -XI (MC)

The questionnaire specifically stated that the study was .
co')cerned exclusively with codecs operating at 1.5 Mbis and therefore
information only about codecs operating at 1.5 Mb/s was to be provided.
The subsequent tabulations and discussions contain only the 125 Mb/s codec
daza although in some cases vendors provided a complete response -o t..

. questionnaire about codecs ooerating at other data rates. Fowever.
requests for information about other data rate capabilities were included
w t::i:: e fu-'!na of the questionnaire. The responses to these questions
are included.

The uneditted questions appear in the first column of each of 'he
following tables. The responses received from each of the vendors a-e
tabulated !n subsequent columns. one for each codec reported, so that tP
response is aligned with the question. This format facilitates comparisnn
of the codecs for each paramenter of interest. The responses are uneditted
except by the vendor who was provided with a verificati'on copy of h-s
portion of the initial compilation. Corrections made by the vendors hav,
been incorporated. Therefore,the data should be valid through Apr:"1985.
,n some cases the vendors chose to expand on the response to ce-:.n.-
questions. These additional comments are included as addenda in Section
2.6. .

.. :- *,*
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*N Na

A2-1.N

, 4 -- 4

".'- .



.n5 sect .n Is organized in the same format as the original
qUestionnaire. There are six sections. Var'ious types of data are
consolidated logical ly -into these six sections as shown b-low.

Section 2.1; Part 1) Product Nomenclatu-e and General 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 5) Other Product Data.
Section 2.6; Addenda.

Each of these sections contains several subsections further
40 organizing the data received into functional areas. The data, in some

cases, 's raLhe.- lengthy. and requires several pages; however, the question
7o response correlation is maintained.

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

CLI Compression Labs, Inc.
SCIT CIT Alcatel
07, GEC McMichael, Ltd. / GEC Video Systems
NEC NEC America, Inc.
FAI F-ujitsu America. Inc.

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

CP Company Proprietary
NA No Answer Available or No Response

..v.-

d%

%,

:7:

i ., '- .

• ..

'a..

"'2 2.

• r
"a " " " ",..''.. ..-.. - -.. '''" . ''" -. . . . ". .. . . . .- i"



.%b-

,% J6%

2.1 PART 1: PRODUCT NOMENCLATURE AND GENERAL DESCRIPTION.

-his section contains basic information about the vendor, the
product, pricing, and the vendor's warranty and service policies. The
section is divided into six parts as follows.

2.1.1 SECTION 1: VENDOR IDENTIFICATION.

Vendor name, address, contacts, and phone numbers.

2...2 SECTION 2: CODEC IDENTIFICATION.
Codec name, model number. indication of degree (if .roducttzation.
and number of units de'ivered.

2.1.3 SECTION 3: PRICING INFORMATION.
Price of the codec and options, maintenance, training, and
repair.

2.1.4 SECTION 4: PRODUCT LIFE.

Expected availability period, spares" support period, planned
improvements, and customization available.

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, location, and
duration.

,d
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2.2 PART 2: TECHNICAL SPECIFICATIONS: INPUT AND OUTPUT SIGNALS-

This section is designed to provide detailed information about

the characteristics of the video and audio signals which can be accepted

by the codec, the characteristics of the output video and audio signals,

the availability, number, type, and characteristics of ancillary digital-

signals which the codec can transmit, and the characteristics of the

transmitted digital signal. The section is divided into five subsections

as follows.

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

provided, and VCR adaptability.

2.2.2 SECTION 2: VIDEO OUTPUT SIGNALS.

Describes the format, number, voltage, and impedance of the

output video signal and the availability of internally generated
test, sync, and subcarrier signals.

2.2.3 SECTION 3: AUDIO INPUT AND OUTPUT SIGNALS.
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.

2.2.4 SECTION 4: ANCILLARY DIGITAL SIGNALS.

Defines the number, format, data rate, synchronization

requirements, and the proportion of transmitted signal data rate

allocated to the ancillary digital signals.

2.2.5 SECTION 5: DIGITAL VIDEO TRANSMISSION SIGNAL.

Describes the data rate, accuracy, stability, level, impedance,

and compal.bility with accepted standards, as well as the N?

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 questions were asked in more thanr 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 resolution, 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.

Defines temperature, humidity, and altitude ranges, 
and any

environmental tests performed.

2.4.3 SECTION 3: EMI/EMC.
Defines EMI/EMC specifications, MIL standards, and FCC

regulations which the codec meets.

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

-his section contains a variety of pertinent information about
the codecs which does not fit logically into the previous categories. The
data 's divided into seven subsections to facilitate location of specific
information as shown below. %

2.5.1 SECTION 1: STATUS / ALARMS.

Description of codec status indicators and alarms, defining the
function, location, and type.

".. .,
." . %. ?

2.5.2 SECTION 2: BITE. % %

Description of built-in test equipment by function, type, and
degree of automation.

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
capability including algorithm, data stream composition, key %
method, etc. '.-,

2.5.5 SECTION 5: TV GRAPHICS.

Description of standard or optional TV graphics capability,
signal format, effect on video transmission, etc.

2.5.6 SECTION 6: DOCUMENTATION.

Tabulation of documentation provided, or available, for the
operation and maintenance of the codec.

2.5.7 SECTION 7: BROCHURES / TECHNICAL PAPERS

Tabulation of technical literature available regarding the

equipment, its operation, and its application.
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2.6 ADDENDA. d.

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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2.6.1 ADDENDUM CLI #I-

COMPRESSION LABS, 7NC.

RESPONSE TO PART 3, SECTION 4, QUESTION H.

QUESTION H.
Additional information on the compression technique. Reasons why
the vendor's technique should be chosen as the standard for the
Federal government Telecommunication System.

RESPONSE.

-This same machine is switchable to operate at lower bit rates thus
allowing less expensive transmission.

2) Superior picture quality over speed range of interest.

3) CLI ability and commitment to improve product further.

*4) Flexibility of algorithm to be optimized at higher and lower.
bandwidths to achieve desired picture quality at bandwidths
available.

5) Functionality of codec outside area of picture quality per se.

6) Large existing base in organizations with which the Federal Govern-%
ment will want to teleconference.

7) U.S. based engineering which allows good communication with cust-
omer on technical issues and special modifications needed to
address special requirements. Also secret and top secret clear-
ances of technical and marketing people needed for sensitive system
implementations. .

.1*8) Willingness of manufacturer to be responsive to growing application
requirements within both government and defense segments.

2 .4
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2.6.2 ADDENDUM GEC *1

GEC VIDEO SYSTEMS ,,.'%

RESPONSE TO PART 2, SECTION 5, QUESTION N.

QUESTION N; Other transmission rates standard for this codec.

RESPONSE.

P.N

Codec Transmission Channel Formats

The codec operates on channel clock rates of !.544 Mbit/s and
772 Kbit/s, selectable as required. While operating at the 1.544
Mbit/s channel clock rate. the codec fully implements CCITT
recommendations H120 Part 2A and H130 Part 2. It can communicate
directly with a 625 line 50 Hz 2.048 Mbit/s codec without external
standards conversion. just using an external remultiplexer to
convert between the 1.544 Mbit/s and the 2.048 Mbit/s frame
structures.

The codec will also if required vacate 12 t-meslots in each frame to
give a total of 12 time slots containing signalling, audio, user
and video data. This mode is enterred automatically if required
using currently spare bits 3.1.7 and 4.15 in the H130 framing struct- -
ure to controll the data rate being used. Hence the codec can operate
in a mode allowing external equipment to multiplex two codec channels
into a single 1.544 Mbit/s channel, or to remultiplex the codec
into a 772 Kbit/s clock rate channel to allow lower transmission
costs over satellite links.

The codec can also be set to operate with a channel clock rate of
772 Kbit/s. The codec then operates with a frame structure containing
frames of 12 timeslots plus 1 alignment bit every two frames, giving
blocks of 193 bits including 1 alignment bit in each block. The frames .
are constructed in a similar way to H130, with time slot 1 audio data,
timeslot 2 in odd frames signalling data, timeslot 2 in even frames'
and two other timeslots selectable for user data ports and the remain-
ing 8 to 10.5 timeslots used for video data. This framing structure
can be easily converted by an external remultiplexer to the structure
described above for the codec using a 1.544 Mbit/s clock rate with
12 vacated timeslots. .

2 - 42 A.,
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2.6.3 ADDENDUM GEC #2

GEC VIDEO SYSTEMS

RESPONSE TO PART 3. SECTION 1, QUESTION D.

QUESTION D; Do any of the above change with motion pictures?

Describe in detail.

RESPONSE.

Note:- To allow communication with a 625 line 5OHz codec using
2.048 Mbit/s channel, without external standards conversion, the

normal transmission field rate is reduced to 50 fields/s, using

temporal interpolation of input and output video to smooth the
field rate conversion. This process is selected automatically when i -'

required.
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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 resulting 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 .-e

perception of the human eye means that the loss of the motion area
resolution is not normally perceptible.
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2.6.5 ADDENDUM NEC *1

NEC AMERICA INC.

RESPONSE TO PART 5. QUESTION 7.

QUESTION 7.

Brochures/Techn cal Notes
Please provide copies of all brochures and technical notes or other

materiai concerning this equipment, its operation, and its

application.

RESPONSE.

BROCHURES

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-5547 March 1983 Issue I

of NETEC-XI(MC) TV CODEC
3. NETEC-XV TV CODEC DPR-141E May 1984 Issue I

'F4

COMPRESSION TECHNOLOGY REFERENCES

TITLZ CONFERENCE DATE

1. Motion Compensated Interframe National Telecommu- Nov. 1981
Coding for Video Conferencing

2. NETEC-6/3 Video Transmission INTELCOM Feb. 1979

Equipment for Teleconference
3. Digital Television Transmission IEFE Communications June 1980

using bandwidth compression Magazine

techniques

lei.
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3.0 TECHNICAL COMPARISON OF MOTION CODECS (1.5 Mb/s)

3.1 APPROACH

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
following sections will provide a discussion of the implications of the
various questions and a summarized comparison of the responses on a
functional basis rather than. on a question by question basis.

The data used in these comparisons has been drawn from the
responses to the questionnaire as provided by the vendors. None of the
data has been verified by an independent source nor was the data in the
questionnaire compared to that in the data sheets. However a proof copy
of the final typed version of each vendor's response was sent to the
vendor for concurrence as to accuracy and validity. *-.

3.2 KEY SPECIFICATIONS AND PERFORMANCE PARAMETERS

The questionnaire submitted to the codec vendors requested
extensive information about the codecs. Some of these specification and
performance criteria are considered more important to overall cod-ec
performance than others. These specifications will therefore be discussed
and compared in more detail in this section of the report. Generalized
comments regarding some of these parameters are offered to define clearly
the purpose of the questions as stated in the~questionnaire which may
otherwise not be obvious. These comments are presented on a purely
technically clarifying basis and have no intended relationship co vendors
or equipments. ,'.
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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 system performance capability.

The accepted television format in the United States and in some .
of the rest of the world is defined as follows;

Field rate: 60 fields per second ,2j>j
Frame rate: 30 frames per second
Interlace: 2:1
Lines / field: 525/2
Lines / frame: 525

The line, field, and frame rate should be considered under three
categories each of which affect the output presentation differently.

Input line, field, and frame rate.
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 VTR 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.

J
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With regard to achieving this goal, an important consideration is
the effect of the transmission channel on the transmitted field and frame
rate. Because of the 1.544 Mb/s channel data rate restriction, only about
25,730 bits are available for transmission during each field interval.
Real time transmission is, of course. impossible due to the unachievably
high compression ratio required. In order to use the 1.544Nb/s channels,
codec designers have developed ingenious techniques of transmitting even
less data than required for a normally compressed picture. The data
transmitted during a field interval is less than the amount of data
required to define a field. However, using these techniques, a complete
picture is reconstructed at the receive terminal. An orderly predetermined
pattern of pixels, blocks, lines, etc., is normally transmitted. When the
picture is not static, emphasis shifts more heavily to conveying the
motion or change information. The channel capacity can provide data at a
rate adequate to support only some reduced degree of motion or change

portrayal. Usually the time correlation between input line, field, and
frame rate and the transmitted data is lost. The receiver reconstructs the
picture and correlates it with'the local sync providing a conventionally
refreshed video output signal. It is essential to understand that while
the input and output signals may be in conventional formats, the
intervening processing (in addition to compression) is the major factor
affecting the system temporal performance capability and should be
evaluated for each specific application.

The output line, field, and frame rate are a function of the
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
extent that a standard video display format can be used. Information may
have been to some extent discarded in the reduction process. Interpolated,
repeated, or previously stored information may be used to fill in the
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
which the codec can interface. All of the codecs discussed in this report
can provide an output video signal which Is compatible with readily .
available television display devices of the NTSC type. PAL or RGB type can
be accomodated in some codecs depending on the options excersized.

3 3
v'',

]...

Sv

d..

3 '3',-

.1"%%



"4, .*. , . " J . '.---- - - - -- --,".- - - %

'..° % .

%.5..

3.4 RESOLUTION DATA COMPARISON

The concept of resolution in television systems using motion

codecs of the type being discussed is somewhat complex. .

First, the overall data rate is fixed at some value ( .544 Mb's
for the codecs under discussion). When the picture being transmitted
conLains very little or no motion, the overall sampiling pattern, ;ogether
with zhe effects of the image compression technique, set the ma'or
determ nanL it) the amount of resoflution which the ouTput disf *v can
present. As the proportion of the picture containing motion :nc'eases.
more of the data stream is devoted to conveying the motion '.r's and.
unless the static areas are stored at the receive-, less is ava:.aie e fo..
the transmission of static area resoiution. Each coiec uses a somewun t

different technique.

Second. i; is diff.cult Lo define resolution in Lhe movirg parts
of the picture. if the picture is TV camera generated using, for example a
vldidon, ihe moving areas inherently contain some amount of image "smelr-
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 learned to accept this degradation to the extent to
which it occurs in home TV. However in teleconferencing applications,
valid data may exist in these areas and the viewer's ability to ascertain
its meaning may be important. A corollary to this concen' ".- pictures in
which alpha-numeric data is updated. This can be data generated directly -.. ... ~ ?-e.

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

IFirst, the resolution in a static image.
Second, the resolution in the static portion of a ,)_cture .

containing some degree of change.
Third, resolution within the area of the picture cou:a::,g

motion.

The latter may not be of as much importance as the *settl ng time': that
:.s, how quickly the data in the area containing change can be ascertained
ay the viewer.

The resolution in static images is determined by the system
sampling format, the transmission format, and the display format. (These
factors affect many ot.her performance parameters In aduit ion to
resolution.) The following is an overview of the concepts involved-

3-4
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The codecs all sample 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 %"S
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
S.sampling rate of 7.16 M samples per second would indicate 368 samples per .1P.

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

rformat. Transmission format is defined as the equivalent amount of data S

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

1101 static picture.

W*Fields/Frames per Second Lines per Field/Frame

a) 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

525 ine eah inerlced2:1are presented per second. It is not clear
wheherrepat iel/frme r iterolaionis used to reconstruct the

misingdat. Te efec ofrepeat field / frame or interpolation on the
overll rsoluionis not clear.

resoluiufre 3.4-1 graphically summarizes the overall luminance
intolaccontfo the three categories defined above. This presentation takes

intoaccuntthe sampling rate, transmission format, and the display
format.

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

3-5



•.*

® © --.-,%1,- 
..a

500.

400 
, - .

300 ' .
286

ACTIVE
SCAN
LINES

200 ",

100

- 0

S240 256 34 o- 40"-"-"-

HORIZONTAL PIELS 
•- '

CATEGORY DESCRIPTIONRO E-
A FAI AND NEC. ..

a CIT AND SEC.
C CLI.

FIGURE 3.4-1; LUMINANCE TRANSMISSION COMPARISON

,.

3-6 '-,

. -.* . .. ; - .~ : .. . a,.. a,..... .,., .. .. - .... ... . ... .,..:...... -... ".4,... . ,.4 a ,..:..:. .. 4:..,; -



-J.-

480

CHROtIA PIXELS VENDOR
400 PER ACTIVE LINE

300

SCAN #1~L4

100

46

CHR0PMINANCE ELEMENTS (HORIZONTAL)

#2-26 ie are transmitted per frame although a full raster is disolaved.
#3 -15 rame ar trasmitedper second.

FIGURE 3.4-2; CHROMINANCE RESOLUTION COMPARISON

3-AN

...........................%,.....



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
degradation seen in the output picture or measured in the output video

U. signal i-s caused by the various electrical characteristics of the ,

transmission channel. After many years of experimentation and experience,
a set of standards have been developed and accepted for these
characteristtcs of a standard video transmission channel which will assure
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
Television Relay Facilities, RS-250-B".

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

transmission channel (codec and digital circuit). The digital circuit

operating at a very low error rate will not contribute to picture
degradation. In this case the codec pair alone determine the received
picture quality. A set of transmission channel electrical characteristics
could be developed to predict the quality of the output video picture.
However, just as in the "~se of the standard video channel, this requires
substantial experimentation and experience to determine how and to what
degree the picture quality is affected by changes in the channel

% transmission characteristics. The art of digital video transmission and in
particular digital video transmission at 1.544 Mb/s has not yet reached
this state particularly In view of the variety of techniques used to
achieve compression and motion transmission.

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 questions for comparison with the
accepted EIA standards tabulated later.

3-8L
e2' eP X .- p- * ~ ~. U- - ~ ~U. ~.



TABLE 3.5-1; SYNOPSIS OF ANALOG PERFORMANCE RESPONSES

SELECTED CHARACTERISTICS RANGE OF RESPONSES

LOW HIGH

.4-.

Luminance-Chrominance Gain Inequality; 0 dB. 14 IRE
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 3%
Line Time Distortion; 2 IRE 3%

Frequency Response; 2.7 MHz.

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

SELECTED CHARACTERISTICS TYPE OF TRANSMISSION CIRCUIT

SHORT MED. LONG END-END SAT

Luminance-Chrominance Gain Ineq.(IRE); +/-1 +/-4 -/-7 -/-7 -/-4 .
Luminance-Chrominance Delay Ineq.(ns); -/-20 +/-33 +/-54 +/-60 -/-26

Signal to Noise Ratio
1OKHz - 5.0 MHz.(dB); 67 60 54 54 36 -"-

*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
DCAI00-83-C-0047.

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

o "The Development of a Methodology to Test Video Codecs Used inTeleconferencing", '-

o"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 -"F
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 Bulletin 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,
Section 5 of the responses to determine the interface characteristics used
by any one of the vendors in their codecs.

The comparison shown in Table 3.7-1 will permit the reader to
determine the overall degree of compatibility of the codecs with the ATT
DS-l 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

RESPONSES

PARAMETER ATT SPECIFICATION RANGE OF VENDOR RESPONSES

Precise data rate; 1.544 Mb/s. 1.544 Mb/s.

Tx data rate accuracy; +/- 130 ppm, - 30 ppm, 'I- 50 ppm,

CCITT= +/- 50 ppm. 10 exp(-5). .

Req'd rcv data -/- 50 ppm. 4/- 50 ppm, /- 150 ppm,
accuracy; 4/- 5%.

Transmit signal 2.4 to 3.6 V peak, I V, 3 Vp-p, others cite

level; CCITT- 3+/-0.7 V peak. CCITT Rec. G.703.

Impedance; 100 Ohms. 100, 110, 120 Ohms.

Signal format; Bipolar. Bipolar, Bipolar/NRZ.

Encoding; AMI. AMI, B8ZS, HDB3.

Max. no. like O's = 15, >12.% ave. I's=7, 15,and unlimited.
symbols; I's density. O's = 15.

'p6
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3.7.2 ANCILLARY DIGITAL SIGNALS. :..

All of the vendors provide ancillary digital data channel inputs " %'m

* ,'. ** l

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; Two vendors provide 1 port, the rest provide

three ports.

Signal format; Three provide RS-232C ports, three provide -

RS-449 ports, and four provide RS-422 ports.

Signal type; Two vendors provide asynchronous ports and

all provide synchronous ports.

Data rates; The codecs provide the following combinations .

a) 1200 baud, 9.6Kb/s to 448 Kb/s.
b) 1200 , 2400, or 4800 baud. i

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.

Is an output clock avail; Four vendors provide an external clock,

one does not.

Bit/clock rate stability; 10 exp(-5), +/- 30 ppm, -/'-50 ppm.

Are bits for ancillary Three vendors responded yes'
digital channels one provided no answer,
taken from picture one responded 'yes (RS-449) ....
transmission;

-s
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3.8BI ERO RTEJfCi PERFORMANCE" F.~~ J ~ ~ ~
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following is a synopsis of the data provided.

3.8.1 PERFORMANCE AT BER - 10 EXP(-6).

At 1.544 Mb/s only 1.5 errors will occur per second. The vendors
unanimously indicate that the effect of this error rate on the output
picture is not perceptible. 1.5 errors per second implies one error every
40 fields. The effect of the error could occur in the luminance,
chrominance, synchronization, audio, or ancillary part of the transmitted
information. In general, the video transmission requires the largest

* portion of the data bits and therefore the probability is that the error
* would most likely manifest itself in the output picture. The implication

is that the signal processing used within the codec minimizes the effect
of the error so that it is not noticeable.

3.8.2 PERFORMANCE AT BER - 10 EXP(-5).

At 1.544 Mb/s. 15 errors will occur per second. The equivalent ofA
* every fourth field will contain an error. All but one vendor indicate that --

some effect of the bit errors will be perceptible in the output picture.
* The effect of the data error on the output picture is determined by the

compression technique employed in that codec. Three types of effects were
described by three different vendors as being observable at this error
rate .

a) Random blocks with transform bas~is vectors.
b) Part of a line changes color.
c) Single element intensity or color error.

All vendors indicate that their system would maintain
synchronization at this error rate except for one who qualifies this
function as "maybe". Scrambling / encryption, if supplied, also appears
not to be affected except for one vendor.

.315
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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. "

VP." V "
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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

.10 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
p erformed 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 secondN
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.

%4 %
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The questionnaire asked the vendor specific questions regarding
the performance of the codec with various number at' pixels changing
between frames. The rates of change chosen were: Condition 1 = 10%, 4..

Condition 2 = 25%. Condition 3 = 50%, and Condition 4 =100% (complete
abrupt change).ON

3.9.1 CONDITION 1 (10% change)

The responses indicate that there is no effect on the quality of
the display due to motion except that one vendor identified a loss of
resolution in the area of the picture containing motion.'

3.9.2 CONDITION 2 (25% 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

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) 4

The same three vendors indicate that there is an effect in the
picture due to pixel changes and that the effect is mare pronounced than
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 4

one vendor responded that the motion areas suffer a loss of resolution,
one adding that the loss of resolution extends to the static area.

3.9.4 CONDITION 4 (100% change) :
The vendors of five out of the seven codecs indicate that there

is an effect in the picture due to motion. Three state that flicker
effects are observable for four of the seven codecs. Four vendors
responded that distortion is apparent in moving objects. All but 1

* vendors' codecs suffer from resolution degradation in the motion area and
* one in the static area.
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4.0 RECOMMENDED EFFORTS TOWARD PROPOSING CODEC STANDARDS

4.1 DISCUSSION

The data contained in this report describes the state of the art
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 -S .
codecs and the measurement of their performance is at a rather early stage
of development. This is particularly true in the area of motion
performance. The potential for this class of video transmission is so
large that further effort toward developing codec standards is not only
warranted but actually essential. This is true based on the few codecs
which presently exist. In fact, it is necessary in consideration of the -
fact that new codecs will be introduced, that compression algorithms will
be improved, other transmission data rates may become popular, and new
teleconferencing requirements will come into vogue such as high resolution
while the method of specifying their performance is inadequate.

In order to provide a meaningfull data base from which to draw in

order to develop standards for television codecs, it is essential to
continue to evaluate the performance of these improved products and,
perhaps even more important, to develop standardized methods of specifying
that performance. Additional testing of these parameters in a controlled %.1.
environment will be required. To this end it is proposed that a test bed
be established in which the codecs can be evaluated and performance * d

standards for the various parameters can be established.

4.2 CONTINUING MOTION CODEC STUDY AND ANALYSIS

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

Among these features are new codecs. As the state-of-the-art of

the hardware with which the codecs are implemented advances, new models V-A
will emerge requiring less power, providing improved performance,
physically smaller in size, etc. A/D and D/A conversion, signal filtering
and so on could quite likely be improved as a result.

-----S-.-



4.2.2 IMPROVED ALGORITHMS

New codecs could very well be developed as a result of new ._
compression algorithms or as a result of improvements in existing
algorithms. This is not at all unlikely when the strides made by the
vendors in the past few years in reducing theoretical concepts to
practical hardware implementations are considered.

4.2.3 ADDITIONAL DATA RATES
Ohs "eo

One feature which should be studied and reported upon is already..,-

available from several codec vendors. That feature is operation at data
rates other than 1.5 Mb/s. The range of these data rates for color motion
codecs extends down to as low as 56 Kb/s. Motion performance at these data
rates is an interesting subject for study, analysis, and evaluation.

4.2.4 HIGH DEFINITION CODECS ,'-A.

Another trend which is becoming very popular is high definition
TV. It is quite likely that this feature will also be incorporated into
codecs in the near future. The relative performance of the various %
parameters of a high definition codec should be evaluated. For example, as.
the resolution increase, what is the effect on motion performance and on
other picture parameters.

4.3 DEVELOPMENT OF STANDARD MEASUREMENT TECHNIQUES FOR CODEC
PARAMETERS

One of the major contributions of this report is the detailed

responses to a set of questions which were designed to thoroughly
investigate the capabilities of the codecs. These responses should be a
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
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.K_".
standards to which the responses could be compared. In this report

-L comparisons were made to standards of performance related to standard
television systems in order to establish some common ground for
comparison.

4-2
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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

..4 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 technique 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 quality 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 established 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 gen'eral, and as a
prerequisite for the establishment of standards, and to point out at least
one approach toward achieving that goal.

a4,

41 
N



* ~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 quality 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 measuremenz
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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