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ELEMENTS OF A BROADBAND BIOMEDICAL
COMMUNICATIONS NETWORK

EARL HENDERSON
Lister Hill National Center for Biomedical Communications

National Library of Medicine

Summary

This paper describes the experimental Broadband Biomedical Communications network
being developed by the Public Health Service. This network will combine modern satellite
communications technology with modified television broadcast techniques to support
health experiments in decentralized education, research dissemination and
teleconferencing. Small satellite earth terminals will be located in six cities to transmit and
receive audiovisual programs. This network will incorporate the Canadian-American
Communications Technology Satellite (CTS) to evaluate the cost-effective use of
interactive broadband communications systems.

Introduction

As a follow-on to earlier satellite communications programs, the Public Health Service
(PHS) of the Department of Health, Education, and Welfare (HEW), is developing a
national experimental biomedical communications network. This network will be used to
conduct experiments in resource sharing, continuing health education, and
teleconferencing. A variety of programs will be designed to explore interactive video as a
tool for future use in health systems. Technical experiments will be conducted to evaluate
and identify parameters which are optimum for an operational network. However,
programmatic evaluation will focus on the use of simultaneous two-way (full-duplex)
audiovisual communications. The satellite is intended to be transparent to the
accomplishment of the latter objectives.

The experimental planning phase has included activities which respond to each of the
many design elements required to develop a balanced program. These include content
development, telecommunications design, program evaluation, and media development. An
understanding of the best and most cost-effective mixture of these elements is an important
objective of this experimental program.



A small-terminal satellite system will interconnect facilities in six cities distributed over a
broad geographical area to form the nucleus of the first experimental broadband
biomedical communications network. These locations are listed below:

Bethesda, Maryland
Lexington, Kentucky
Denver, Colorado
Seattle, Washington
Bozeman, Montana
Fairbanks, Alaska

Experimental Programs

The Lister Hill National Center for Biomedical Communications, in its focal point role
within the Public Health Service, is coordinating programs with three of the six Public
Health Service agencies. The Health Resource Administration, presently the largest of the
experimental groups, is sponsoring programs in four health disciplines:

• Under the project management of the Division of Nursing, a program with the
University of Washington is being developed to disseminate research results in the
field of predictive nursing involving infants and parents.

• The American Dietetic Association is developing a continuing education program
for professional dietitians in long term care.

• The Division of Dentistry will present a series of dental programs in continuing
dental education and dental faculty development.

• The University of Washington’s WAMI program (Washington Alaska - Montana -
Idaho) is expanding its program under the Division of Medicine to include faculty
sharing, independent student learning, admissions, minority recruitment, student
consultation, and legislative process.

The second experimental group, the National Institutes of Health, is planning to produce
and distribute a series of continuing education programs for health professionals.

The third group, the National Institute on Drug Abuse under the Alcohol, Drug Abuse, and
Mental Health Administration, is exploring the use of teleconferencing to exchange
therapeutic information between drug treatment centers.



Telecommunications Network

Terminals installed and operated by the Public Health Service will form the nucleus of the
network. However, other United States CTS experimenters are requested to share their
facilities with the health community in their localities. With the extension made possible by
these CTS users, the experimental network could expand to include over 50
communications facilities distributed within the continental United States.

The complexity of coordinating such an interactive network requires that PHS limit its full-
duplex operations to the six nucleus sites (Figure 1). thus utilizing the extension sites for
simplex and half-duplex operations. Bethesda will be the Network Coordinating Center
(NCC) for the network. From this location, each of the PHS facilities will receive the
operational and maintenance coordination required to provide the programmatic support
for the experiments. Each terminal will be equipped to operate as an independent
transmission center once the network is operational. The main role of the NCC is to
provide a centralized control point for the network and a contact point for the NASA
Satellite Control Center.

Control of the satellite system is the responsibility of the Canadian Department of
Communications. The link between the United States experimenters and the Satellite
Control Center is provided by NASA’s Lewis Research Center at Cleveland. The
experimenter should not be impacted by this hierarchy of coordination centers since all
network coordination activities will be completed prior to the start of the experiment. Once
the experimental program begins, the key control functions should be related and
responsive to the programmatic requirements.

To support the program and network communications needs, the CTS earth terminals
(Figure 2) will be provided with three interconnected telecommunicationss systems:
program communications channels, an order-wire channel, and a beacon tracking channel.

Each terminal is designed to simultaneously transmit and receive one video and four audio
signals whose characteristics are listed below:

Video Channel

Input 1 Volt Peak-to-Peak (NTSC)
Output 1 Volt Peak-to-Peak
Bandwidth 30 Hz to 4.2 MHz
Impedance 75 Ohms
Modulation Deviation 13 MHz Peak



Audio Channel

Input 9 dBm
Output 9 dBm
Bandwidth 30 Hz to 15 MHz
Impedance 600 Ohms
Modulation Deviation 50 kHz Peak

The order-wire channel will allow coordination and control among the six PHS stations.
This link will also permit a third station to transmit audio during normal program
operation, thereby allowing three stations to have interactive participation.

Order-Wire Channel

Input 9 dBm
Output 9 dBm
Bandwidth 30 Hz to 15 kHz
Impedance 600 Ohms
Modulation Deviation 60 kHz

Since north-south stationkeeping is not maintained for the satellite, the stations could
suffer large pointing errors during the satellite maximum transitional period. To minimize
pointing errors, the earth terminals are equipped with beacon tracking systems. A
narrowband identification signal, which is continuously transmitted by the satellite, will be
used to control an automatic earth station antenna tracking system.

Network Implementation

Flexibility was strongly emphasized during the system design phase, but the key to a
successfully designed network lies in a compatible program-telecommunications-media
interface. To optimize this interface, the final network design is being completed with
careful consideration for the interactions of these components. Tradeoffs between the
satellite capabilities, the ground station parameters, the audiovisual production facilities,
and the programmatic requirements are being reflected in a network implementation plan.
This planning effort will evaluate the total communications process required to complete
the health experiments.

Media Development

When considering communications in the generic sense, we are faced with a multifaceted
discipline composed of unique factors. Just as we recognize that written text and face-to-



face encounter offer different communications modalities, we recognize that broadcast
television and videotape are modes distinct from interactive audiovisual communications.
The degree of their uniqueness will be explored during the evaluation of these experiments.
However, a priori recognition must be given to ensure that proper preparation is made
during the experiment development phase.

Each of the health experimenters selects origination and reception locations consistent with
their program objectives. However, their inherent differences will effect a natural variation
in the production facilities. These variations will provide useful data for the attendant
evaluation program.

Four of the six CTS terminals will use existing college audiovisual facilities which vary in
capability from newly upgraded black and white to color camera systems. The Alaskan
facility will be supported by educational television station KUAC. Bethesda is modifying
existing building space within the National Library of Medicine into an experimental video
facility.

The health experiments will attempt to avoid the slackness and cost of Broadway and
Hollywood productions, yet include programing which will ensure effective
communications. With experiments such as those being planned for the CTS program, the
health community will, hopefully, gain insight into the benefits of this interactive medium
and incorporate its use as they have other modes of communications in the past.



Figure 1

 

) 

I-Bethesda 
2-Seattle 
3-Fairbanks 
4-Bozeman 
5-Denver 
6-Lexington 

160 

DIPLEXER 

•3 

150 

POWER 
AMPLIFIER 

140 130 120 

LOMGITUDE 

NETWORK CONFI~URAT(ON 

RECEIVER 

POI.JER 

DIVIDE 

UP cmJVERTER 

EARTH TEm1UIAL 
Fi!'.lure 2 

110 100 

BEACON 
RECEIVER 

90 co 70 

BEACON 

DEMODULATOR ~ V!Dt.O 

DOl-JN 
CONVERTER 

VOICE -> AUDfO 
- ' 

DEMODULATOR 

ORDER l·JIRE 
DEMODUL/\TOR 

VOICE 
MODULATOR 

ORDER l·JI RE 
MODULATOR 

VIDEO 
ltiPUT 

ORDER 
·,·JI RE 

AUDIO 

ORDER 
HIHE 




