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1.0 INTRODUCTION 

This is a final report on the study and design of a Data Retransmission 

System required to transmit environmental data from Remote Sensors using a 

Multi-purpose UHF Satellite. The study was carried out for the Department of 

Communications (DOC) under Contract PZ 36100-2-0632 Serial OPZ 2-0146, Mr. Ros-

coe of DCC was the Project Officer. 

The system conceived consists of a network of many earth based "platforms" 

in remote locations each transmitting data received from environmental sensors 

to a satellite which then relays the information to a central collection termi- 

nal. In order to transmit the sensor data to the satellite, low cost transmitter 

packages or "platforms" are required. It is the purpose of this study to design 

such a platform. 

An extensive study of data retransmission from remote sensors via a UHF 

geostationary communications satellite was carried out by Campbell*. General 

system requirements, such as multiple access techniques, modulation methods, 

related link calculations and power sources etc. were analysed in that study. 

It was conclUded there that such a data retransmission system is feasible and 

is capable of relaying data from a large number of stations of reasonable cost. 

However, a linear transponder at the satellite was assumed in that study and 

no detailed design of such stations was provided, 

The United States is currently conducting an experiment involving a 

small number of "platforms" (approximately 100) and the Earth Resources 

Technology Satellite (ERTS I). This is in an inclined circular orbit of about 

500 miles altitude. The "platforms" are designed to transmit at intervals of 

about two minutes and the message is relayed to the collection terminal if the 

*R. J. Campbell, "Data Retransmission from Remote Sensors Using a UHF 
Communications Satellite", Communication Research Center, Technical Note 
No ,  640, June 1972. 



satellite is simultaneously visible to both the platform and the collection 

terminal. This can occur on two or three consecutive orbits for both the North 

and the South bound directions. Canadian agencies also have a number of plat-

foras and are participating in the experiment. The experiment has shown that 

on the average several transmissions by these users are received from each 

satellite pass giving a total of 15 to 20 transmissions per day. Experience 

with the ERTS system has been quite gratifying to the users. However, it does 

not meet all their requirements. A principal limitation in the system derives 

from the fact that the satellite is in a low altitude orbit and can relay mes-

sages only during two periods in the day separated by approximately 12 hours. 

The time of day that the transmissions are received does not remain fixed but 

slowly changes throughout the year. In addition, the service is eperimental 

and not guaranteed. 

A second system is being planned by the United States to work 

with the Geostationary Operational Environmental Satellite (GOES). As the 

name implies this satellite is both geostationary and operational so that 

it removes both of the limitations listed above for the ERTS system. 

A general purpose UHF satellite is being considered by the Department 

of Communications in Ottawa to meet a variety of Canadian applications not 

currently being serviced by the Canadian domestic communication satellite (ANIK) 

Among these applications is the relaying of data from remote unattended earth 

sensors to a central collection terminal. The platform study reported here 

is for use with this general purpose UHF Satellite. The objective of the 

study is to produce a design and provide cost estimates of platforms to meet 

particular Canadian requirements. These include weather conditions, low 
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elevation angles, special user requirements and operation with specific 

satellite parameters. 

Section 2.0 of the report gives the satellite parameters and outlines 

the general guidelines on which the study was based. 

TO determine specific user requirements a user survey was conducted with 

a selected list of prospective users. The survey is described and the results 

summarized in section 3.0. The completed questionaires are included in the 

Append ix.  

Systems calculations including an analysis of timing methods and link 

calculations are described in Section 4.0. A selection of system parameters 

and broad system'concepts is made in section 5.0. A description of the basic 

block diagram is included in this section. 

The platform design is described in Section 6.0. The basic platform 

consists of a serial input facility, an independent timer on each platform 

and 'a transmitter. This basic platform can be expanded or upgraded by the 

addition or substitution of various optional modules. These options are 

also described in Section 6.0. 

Sections 7.0 and 8.0 summarize the requirements concerning installation, 

transportation and maintenance of the set in the field. 

The estimated costs of the set are given and discussed in Section 9.0. 

Both development and production costs are included. 

A number of appendices are included, the most important of which is 

Appendix A which describes the logic circuitry and its operation. 
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2.0 SYSTEM CONCEPT AND ASSUMPTIONS 

The data collection network considered here would consist of a general 

purpose UHF satellite in geostationary orbit, a large number of remotely lo-

cated small automatic retransmission platforms, plus a central collection 

terminal (CCT) with a large high gain antenna. The present project is only 

concerned with the design of the retransmission platform. This design is 

constrained to be compatible with a specified UHF satellite. It is the intent 

of this section to present the pertinent parameters and assumptions related to 

the CCT and the spacecraft and to specify the guide lines which govern the de-

sign of the platform. 

2.1 Satellite Specifications  

The satellite used for this service is assumed to be a general purpose 

UHF communications satellite, used primarily to provide voice communications 

between small terminals. This satellite carries a channelized transponder wie 

25 KHz channel spacings. Each channel is separately limited with a hard 

limiter so that the downlink EIRP remains relatively constant in the presence 

of uplink fades. Some specific system parameters are listed below. 

Orbit  

Frequency Range - uplink 
downlink 

Satellite antenna gain 
Polarization 
Transponder - Type 

- System noise temperature 
- channel spacing 
- intermod level 

EIRP - low power 
- high power  

Geostationary  

350-400 mHz 
300-350 mHz 
16 dB 
circular 
channelized and hard limiting 
700oK  

25 kHz 
- 14 dB 
18 dBW/channel 
28 dBW/channel 



The exact frequency of transmission in the uplink and the downlink is not 

known but is to be within the bounds specified (previous page). It has been 

assumed here that the satellite is in near perfect geostationary orbit so that 

the effects due to doppler shift may be neglected and the antenna mounting 

and pointing problems are reduced. 

2.2 The,Central Collection Terminal Requirements  

The central collection terminal (CCT) for the data collection network is 

assumed to be at the same location as the communications control terminal 

and share a common antenna. The antenna diameter is assumed to be in the 

range of 20 to 30 feet with a gain of about 23 dB. The CCT has the function 

of receiving data from the remote terminals and disseminating it to the res-

pective users. 

The objective of this study is to produce a design for a minimum cost 

remote platform with the tacit assumption that the lowest cost platform pro-

duces the most cost effective system. Since there may be thousands of platforms 

and only one CCT, this assumption is generally valid. Thus emphasis is placed 

on a minimum cost platform with the assumption that the CCT can be complex in 

design and perform whatever operations are necessary to efficiently receive the 

data. Indeed no unrealistic demands are to be made of the CCT. In order to 

facilitate the dissemination of the received data to the respective users, it 

may be desirable to have more than one CCT. This requirement is not expected 

to cause any significant change in the design of the platforms. 

2.3 Design Guidelines for the Transmission Platforms  

The following list of objectives have been used as design guidelines 

in the course of the project. Most of these objectives were provided by the 

project officer but some modifications and additions have been made in 

consultation with him. 
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Environment  

The platforms must survive the temperature, humidity, wind and water 

extremes expected to be encountered when deployed. Land based platforms 

must also survive effects of salt laden air encountered at coastal points. 

All platforms must survive exposure to fungus normal to field installations. 

Reliability  

Mean time to failure shall be greater than 1 year. 

Useful Life  

Minimum useful life of the platforms shall be 5 years. 

Power Source Endurance  

The platforms shall be designed for low power consumption, with the 

power source being adequate for at least 6 months of operation with con-

tinuous hourly transmissions. The power source must be easily replenished 

or replaced in the field. 

Fail Safe Operation  

The platforms shall be fitted with devices which will prevent unwanted 

r.f. transmission which could jeopardize successful system operation. 

Maintainability  

The platforms are intended for unattended operation. Field repair 

shall not be attempted. Preventative maintenance should not be required 

more often than the power source replacement interval. 

Technology Time Frame  

Technology which is expected to be thoroughly field proven by 1976 shall 

be used. 

Modularity 

The design will be such that the capabilities of the basic platform can 

be changed or upgraded by adding or changing plug-in modules. 



3.0  REQUIREMENTS SURVEY FOR A DATA RETRANSMISSION PLATFORM 

3.1 Scope of Survey  

Task one of the statement of work was to carry out a survey of the 

requirements of potential users of a satellite system for collecting data 

for remote  locations. This survey was needed to provide a traffic model on 

which the design of the retransmission platform could be based. Such a 

traffic model should include information of the following types. 

a) Nature of the data to be handled. 

h) The current volume of the traffic that could potenti-
ally be converted to a satellite collection network. 

c) The anticipated growth in this traffic. 

d) The form in which data would be presented to the 
platform (analog, digital). 

e) The maximum degradation in the quality of the 
data that could be tolerated. 

f) The maximum loss of data that could be tolerated. 

A questionnaire was designed with the objective of providing the above 

information. A member of the design team then visited a number of potential 

user agencies and the questionnaire was completed during the visit. In addi-

tion to the response to the questionnaire special consideration was given to 

the specific requirements and comments of these potential users. A list of 

the agencies visited and the name of the contact is given in Table 3.1-1. 

In addition to the visits to the prespective user agencies there were 

two meetings, convened by the Department of Communications, at which representa-

tives of the user agencies as well as members of the design team were present. 

The first of these meetings was for the purpose of informing the user agencies 

of the planned user survey and the aims of the platform design study. The 



Section or Branch  

Tides and Water Level 

Water Resources 

Water Quality 

Atmospheric 
Environment Service 

Department  

Department of 
the Environment 

Department of the 
Environment 

Department of the 
Environment 

Department of the 
Environment 

Table 3.1-1 THE USER AGENCIES CONTACTED DURING THE USER REQUIREMENTS SURVEY  

Contact Name  

Mr. W. Zubrycky 

Mr. A. A. Halliday 

Dr. A. Demayo 

Mr. E. N. Elsley 

Address and Telephone  

870 Carling Avenue, 
#8 Temp. Bldg. Room F204 
Ottawa, Ont. 
944-9868 

870 Carling Ave., 
+8 Temp. Bldg. Room D240, 
Ottawa, Ont. 
994-5251 

870 Carling Avenue, 
+8 Temp. Bldg. Rm. E240, 
Ottawa, Ont. 
994-5345 

4905 Dufferin Street, 
Downsview, Ont. 
667-4738 

Department of the 	Canada Centre for 
Environment 	In land Waters 

Burlington, Ont. 	Dr. K.P.B. Thomson 



objective of the second meeting was to present to the users a description 

of the tentative platform design so as to obtain their comments and suggestions. 

During all these meetings the design team obtained'eomplete co-operation and 

enthusiastic support from the potential user agencies. 

In the following section the requirements of the user agencies are 

summarized with details presented in Tables 3.2-1 to 3.24. Copies of the 

completed questionnaire are included in Appendix  C.  

The agencies contacted during the user survey are not the only potential 

users of the data retransmission platforms. However, under the direction of 

the project officer the survey was limited to the agencies listed in Table 3.1-1. 

The other potential users and their impact on the platform design are discussed 

in Section 3.3. 

3.2, Summary of Survey Results  

3.2.1 	Tides and Water Level  

The Tides and Water Level Section of DOE is the agency with responsi-

bility of collecting Water Level data on the Canadian side of the Great Lakes, 

St. Lawrence River System and of tide data on the Atlantic and Pacific coasts 

and the Arctic. There are 136 permanent gauging stations in these areas. 

From the majority of these , staticns (about 100) data are retrieved once every 

month manually and mailed to Ottawa for processing. Of special interest are 

11 arctic gauging stations ranging from 
 570 

latitude to  850  latitude. There 

is only one station beyond 80
o North latitude. These stations employ sub- 

merged pressure transducers to measure tides and water levels and record data 

digitally on punch paper tape. This type of sensor is expected to replace 

the conventional stilling well float operated devices with a significant re-

duction in cost. At present, requirements for real time data from the Arctic 
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do not exist. However, if shipping channels are established, real time data 

would be required to facilitate navigation and to combat pollution in case 

of crude oil spillage. Requirement for real time data exists throughout the 

Great Lakes and St. Lawrence River system and on the West Coast for Tsunami 

Warning. Various techniques presently employed to meet these requirements are 

described in the reports by Zubrycki and Dohler mentioned below. The 

following systems are being used: 

(a) Teleannouncing system - 10 stations 

(b) Continuous Real time telemetry - 11 stations 

(c) Data telex system - 9 stations 

The measurement frequencies and the data readout frequencies for these 

systems are given in Table 3.2-1. 

At present the operating cost of these stations is aboût $2,000/year/per 

station. About 80% of the stations have access to 110V AC power. The loca-

tions of these stations close to power lines was dictated by convenience 

rather than by choice and in many cases is not ideal from the data gathering 

point of view. If the power requirement of the stations can be met in remote 

locations (inaccessible to power lines) the stations may be suitably relocated 

for better data. Finally, it is conceivable that if the data retransmission 

platform meets the requirements of the Tides and Water level section, all of 

the 136 stations may be adapted to the system in a few years. 

The Tides and Water level requirement data were provided by Mr. W. Zubryce 

and this is summarized in Table 3.2-1 according to the answers to the require-

ment questionnaire, personal discussions and the following reports: 

(a) A submission to the working group in Data Retransmission on Present 

and Future Data Retransmission implementation by the Tides and Water Level 



Table 3.2-1 	TIDES AND WATER LEVEL REQUIREMENT DATA  

Variables Type of 	No. of 	Type of 	Form of 	Range and 	Meas. 	Data 	Minimum 	Desired 	Acceptable Environ. Power Projected 

Network 	Stations 	Sensors 	Output 	Accuracy of 	Freq. 	Readout 	Acceptable 	Freq. of 	Percentage 	 Expansion 

Signal 	Meas. 	 Freq. of 	Trans. 	Data Loss 	 (Probable) 
... 	 Trans. 

, 

(a) Genera! 	100 stly float 	 ontinuo 	30 days 	 140 by 

including 11 	 tAperated 	 to hourly 	 1975 
arctic stations 	 device 

145 by 

1977 
Arctic 	Analog 	4 digits 	 Once every 12 	Once every 	Tidal data - 	anadian 	Batte.  

stations  use 	(0-10V) and 	00.00 ft .- 	 hours with provi- hour or once 5% 	envirn. 	At pres - 150 by 

Pressure Trans•-Digital 	99.99 ft. 	 sions for higher 	every 15 mi Lake dota - 	ice, snow ent 80% 1980  
Water Level 

ucer 	(BCD-16) 	.01 ft. 	 transmission rate 	 • 0% 	salt water of the 	All stations 
accuracy 	 if  there is a signi- 	

Platform 	
stations 	wilt probob. 

icant change. 	 have 11• 
can be 

	

	 ly use Data 
V AC 

b) Special 	 fixed 	 Col I ecting 

• 	
• 	 Power. 	Platform • 

ontinuous On demand 
I) Tele-annou- 	10 	 is 

uncing 	 Continuous Real time 	 Is 

1)Telemetry 	11 	 Hourly 	On deman• 

II)Telex 	
9 
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Section Environment Canada - by W. Zubrycky (July 1971). 

(b) An outline of the Telemetry System used by Tides and Water 

Levels - by G. Dohler (1972) 

(c) Real Time Water Level Interrogation - November 1971. 

(d) Specification on Underwater Transducer. 

3.2.2 Water Resources Branch  

The Water Resources Branch of the Department of Environment has the 

main responsibility of assessing the level of water resources on Canada's 

inland lakes and rivers. 

Water Survey of Canada presently operates 2500 hydrometric stations 

across Canada. In addition, the Quebec provincial network includes more 

than 400 stations. A recent survey indicates that about 1300 more stations 

should be added to the network. No more than 10% of these stations would 

have a requirement for real time data, at present there are 70 such stations. 

However, the frequency of visiting the hydrometric stations is normally once 

every month and about 400 out of the total of 2500 of these stations require 

air travel costing $500-$1000 per visit per station. It is therefore worth-

while considering the use of Data Collecting Platforms as a means of reducing 

operating costs for these stations. 

The main parameter that is measured is the water level although other 

parameters such as water temperature, air temperature and precipitation may 

be measured in future. These other parameters would help make water level 

data more valuable for flow forecasting purposes. 

The water level data are highly seasonal in character. For instance, 

in winter the water levels do not change much and one or two transmissions 

per day may be adequate. On the other hand, in spring the level change is 

rather rapid. 
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The data requirements for the Water Resources Branch were provided 

by Mr. R. A. Halliday. In addition to filling out the questionnaire form, 

Mr. Halliday provided a report by R. A. Terzi on "A Guide to Gauging Station 

Inspection" which describes various gauges used and a Water Survey of Canada 

publication on "Surface Water Data in Alberta (1971)". A document on the 

Memomark II shaft encoder, which is used to digitize the water level 

recorder data, was also provided. 

Table 3.2-2 summarizes the data requirements of the Water Resource Branch. 

3.2.3 Water Quality Division  

The Water Quality Branch of the Department of the Environment has the 

principal responsibility of surveying the quality of Canada's water resources 

with a view of maintaining this quality for recreational and commercial pur-

Poses. At present the Water Qualiy networks across Canada includes more than 

1,000 stâtions partially operated by the provincial agencies. Most of the 

stations employ manual sampling and subsequent wet chemical analysis. The 

data is collected once a month. There are presently nine automatic data 

gathèring stations in New Brunswick which continuously measure six parameters, 

namely, conductivity, pH, dissolved oxygen, chloride, turbidity and tempera- 

ture 

transmission. Because of the poor performance of the sensors the stations have 

to be visited once a week. At present the growth of the network and its con-

version to unattended operation is largely inhibited by the limitations of 

the sensor performance. The data requirements of the Water Quality Division 

of DOE are listed in Table 3.2-3. 

3.2.4 Atmospheric Environmental Service (AES) 

The Atmospheric Environmental service performs the function of collecting 

weather data for the whole of Canada and of producing daily weather forecasts. 

. The data is available in analog form but is being digitized for teletype 
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Table 3. 2-3 WATER QUALITY BRANCH REQUIREMENT DATA 
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AES presently operates a network of meteorological stations across Canada. 

These stations normally communicate via telephone or radio hookup with the 

central office. Some stations respond automatically while others are manned. 

Only some stations are considered candidates for conversion to a satellite 

transmission system. 

It is of interest to note that AES is currently experimenting with 

data retransmission using the ERTS low altitude satellite. The remote 

measuring system mentioned above involves five sensors which measure tempera-

ture, wind direction, wind speed, total accumulated precipitation, and hours 

of sunlight. Measurements are made on a continuous basis and the available 

information is transmitted when the clock driven transmitter is turned "on". 

Because ERTS is a low altitude satellite this system allows measurements to be 

sent on a 12 hour basis while the desired goal is hourly transmission. The 

data is binary coded decimal and the word length is 11 bits per sensor .  The 

sensors have contact closure outputs except for the temperature measurement 

which is done by a thermistor. 

AES would like the flexibility of an open ended word with a maximum lenge 

of 288 bits to allow for variations in the data transmitted. They have a 

hierarchy of data to be transmitted in which the wind velocity is of prime 

importance. The general field experience of AES demands full scale testing 

for at least a year before any commitment to an unattended remote platform 

system can be made. Such testing is presently being done for one such systeo 

as described above. Furthermore, data from remote stations must fit into the 

format used for the manned stations which AES have been operating for year$• 

An additional requirement is that observations be taken at the same Greenwie 

time. However, they would consider waiving this requirement if the platform 
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can be designed to accept measurement at specific hours of the day and trans- 

mit them on a delayed time basis. 

The data requirement of AES is summarized in Table 3.2-4. 

3.2.5 Canada Centre for Inland Waters  

Among the major areas of responsibilities of the CCIW presently, and 

in the foreseeable future, is the area of sensor development. Their 

activities generally involve short field trials at easily accessible loca-

tions. For this reason the CCIW did not anticipate using more than a very 

small fraction of the system capacity. In addition their requirements are 

continually changing making it difficult for a standard platform to cater to 

their needs. The questionnaire was not completed but some of their require-

ments were obtained. These include an accuracy of 1 part in 10
4 

for some 

sensors and a measurement interval as small as 10 minutes. In addition, there 

is no requirement for real time data collection thus reducing the advantages 

of using the satellite collection net. The CCIW work extensively with buoys 

which introduces additional constraints in the design of the platform. In 

ParticUlar the antenna must closely approximate an isotropic one because the 

orientation can not be fixed and the platform may tip by as much as 30 degrees. 

The location of the interface between the sensors and the transmission 

Platform was discussed but no conclusions were reached. 

3.3 Other Potential Users  

The survey was limited to the potential users (listed in Table 3.1-1) 

under the direction of the project officer. The survey was not intended to be 

exhaustive but only to provide sample information on which the design of the 

Platform could be based. 

Other potential users of the data retransmissiOn platforms may be 
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classified under two categories. The first are those that make the same 

basic type of measurements as the users included in the survey. This 

includes Provincial Government agencies making water resource or atmospheric 

measurements. Secondly, there are those that make a distinctly different 

type of measurement. The types of measurements or applications in this 

category might include: 

(a) Earth Physics Measurements 

(b) Oceanographic Measurements 

(c) Underground Water Resource Survey 

(d) Oil and Gas Wells 

(e) Pipeline Control Stations 

(f) Remote airstrip 

Interest has also been shown by the Pacific Region Marine Science 

Directorat  e (Mr. Gower and Dr. Garret) in this study. Various other 

agencies may be contacted at a suitable time and while their specific needs 

have not been considered here, it is believed that in view of the diversity 

of the xequirements of agencies so far contacted, any platform designed to 

eater to these needs will be versatile enough to meet other potential users' 

requirement. Thus the main outcome of a more exhaustive survey would be to 

increase the anticipated number of platforms required and the predicted 

loading on the spacecraft. 

Some information on additional requirements may be obtained from re-

Ports by Anglin, F.M. on "Possible Applications of Data Retransmission by 

the Earth Physics Branch" to the Working Group on Data Retransmission (1971) 

and by Wagner, L.R., on "Oceangraphic Applications of Data Retransmission". 

These have also been summarized in Data Retransmission Report No. 21 by the 

Working Group. 

li 
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3.4 Conclusions  

All of the agencies contacted provided considerable information about 

their present networks and their future aims. Table 3.4-1 summarizes some 

of the essential requirements. They all shared the opinion that a suitably 

designed data retransmission system would greatly enhance their activities. 

Their experience with ERTS platform corroborates this. However, they are 

aware of the fact that the ERTS platform will not meet all of their require-

ments. The activity performance guidelines for a data collecting platform 

to meet the objectives of various agencies visited are summarized below. 

(1) The basic unit should permit sampling of sensor data at pre-

established times. The actual time of data transmission may be randomized. 

(2) The basic unit should permit a user to control the sampling time 

and initiate the transmission. 

(3) The unit should have at least a serial-input facility with 

parallel digital and analog as options. 

(4) If the unit has 2 or 3 input mode capability it should be possible 

to utilize parts of a given message to represent information being processed 

by each. 

(5) The platform should permit transmission of at least 288 informa-

tion bits. 
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4.0 SYSTEMS ANALYSIS 

The system to be analyzed consists of remotely located data retrans-

mission platforms transmitting environmental data in a predetermined fashion 

via a UHF satellite to one or more central locations. The assumptions re-

lating to the satellite and the requirements for the central station (s) are 

discussed earlier (Section 2.0). Various schemes have been evaluated and 

compared in this study to eàtablish the most cost effective system to meet 

the users' requirements. These schemes and their implications on the system 

performance as well as the associated hardware requirements are presented in 

this section. In section 4.1, the message format and the bit requirements are 

established based on the user survey results. Several schemes for synchroni-

zing the transmissions from the remote platforms are presented and analysed 

in section 4.2. The necessary link calculations to determine the transmitter 

power requirements, necessary bandwldth, etc., are performed in Section 4.3. 

The results obtained in Section 4.1 through 4.3 are then used in arriving 

at an optimum op erating system design. A final selection of system parameters , 

 such as modulation and coding scheme, necessary bandwidth, and synchronization 

scheme, etc., 

4.1 Message Format Consideration  

4.1.1 Address Requirements  

Ten thousand retransmission platforms is estimated as typically the 

maximum number which may have to operate using a single UHF satellite channel. 

Each platform must have a unique code or "address" which preceeds information 

bits in each transmission so that it can be identified by the CCT. Fourteen 

bits are therefore assigned so that up to 16,000 platforms may have their 

own code. 

as 

is made in the following Section 5.0. 
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4.1,2 Messav Preamble  

Two types of message preambles must be transmitted by the platforms. 

They consist of 2 sets of bits which precede the address and information 

bits and their purposes are to: 

(1) Provide a signal to the carrier synchronizer in 
the CCT receiver, 

(2) Provide a second signal to permit bit synchroni-
zation to be established at the CCT. 

Note that it has been assumed here that coherent biphase PSK signalling 

will be utilized. The rationale behind this assumption is established in 

Section 5.0. 

The objective in this section is to estimate the number of bits re- 

quired for each preamble. 

Carriér Synchronization  

The relationships between input carrier to noise ratios, synchroni-

zation times, and carrier loop parameters are well known and thoroughly 

doèumented in the literature (Reference 4.1, for example). It was assumed 

that the synchronizer consisted of the well known "squaring loop". The 

lock-in times for this synchronizer were calculated as a function of CCT 

input carrier to noise ratios, phase noise, and frequency offset. The results 

are plotted in Figures 4.1 - 1 (a)-(d). The carrier to noise ratio at acquisi-

tion will be about 7 dB (see section 4.3) and the maximum frequency offset 

resulting from platform transmitter instabilities will be 2 KHz (discussed 

in Section 5,3. Figure 4.1 -1 (c) indicates lock can be achieved in less 

than t m. second. With a transmission rate of 12,500 symbols/sec., this 

corresponds to the time occupied by 6 bit cells. Utilization of a carrier 
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synchronization longer than this (10 bits) would provide a small 

performance margin. 

The bit synchronizer loop operates in the same noise environment as 

the carrier synchronizer. However, an additional source of degradation 

exists in this case. Phase locked loops used in bit synchronizers operate 

upon the timing information provided by the zero-crossings of the binary 

waveform. Since NRZ-L transmission is to be utilized, there may be long 

"runs" of logical l's or O's during which the loop receives no input. This 

has the effect of a reduction in loop signal to noise ratio and must be 

compensated for by usinga relatively narrow tracking loop (narrower than tie  

which would be optimum for fast acquisition). This suggests that the CCT 

terminal may require a double-loop bit synchronizer and that provision shod 

be made for loop filter switching time in the synchronization time budgeting' 

It is reasonable to assume that a preamble double that employed for the 

carrier synchronization case, i.e., 20 bits will be adequate. The total 

length of the synchronization preamble will therefore be 30 bits. 

4.1.3 Message Bit Requirements  

The table listing summary highlights of the user's requirements (Table 

3.4-1) indicates that the platform should be able to support the following 

traffic: 

ANALOG: 72 bits (6 sensors each represented 
by 3 base 10 digits) 

DIGITAL: 60 bits (5 sensors each represented 
by 3 base 10 digits). 

In addition, some users have expressed the desire to see a platform with a 

maximum capacity of 28b bits, which is equivalent to that provided by the 
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GOES satellite/Magnavox retransmission platform systems. These require-

ments can all be satisfied by providing a platform with the traffic 

handling capacities indicated in the following table. 

Table 4.1-1  

Platform data handling capacity 

Input Mode 	Maximum Capacity in Bits  

Analog 	 72 

Parallel Digital 	64 

Serial Digital 	 288 

This selection permits one to utilize the serial input mode (that 

pertaining to the basic platform with no options) to be used for all capa-

cities up to 288 bits. If a user has messages much shorter than 288 bits 

e.g. ‘64 bits, and wishes to avoid providing the extra circuitry external 

to the platform which is required in the serial entry mode, he may utilize 

the parallel entry mode. (See Appendix A for a description of platform 

hardware). 

It follows that valid message formats which may be transmitted by the 

platform are those depicted in Figure 4.1-2. Note that this arrangement 

permits one to transmit any combination of serial entry, parallel entry or 

analog data. 

4.2 Operating Systems and Timing Methods  

The problem under consideration is that of multiple access from a large 

number of remotely located platforms to a central terminal via a single channel 

on a geostationary satellite. The objectives in mind are the simplicity of the 

hardware required to achieve the maximum efficiency in the use of the space- 
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craft capabilities while keeping the loss of data due to transmission and 

system impairments to an acceptable minimum value. The intent of the pre-

sent section is to present various synchronization schemes for collecting 

data from remote platforms. Synchronization of data is necessary to ensure 

reliable multiple access and can be achieved by using one of the following 

techniques: 

(a) lime  Division Multiple Access (TDMA) 

(b) Frequency Division Multiple Access  (FUMA) 
 (within a single channel) 

(c) Combination of TDMA and FDMA 

Schemes involving  FUMA are unsuitable for this application because of 

the deep fades that may be encountered at UHF frequencies. The satellite 

uses input channelizing with a hard limiter for each channel so that uplink 

fades are not reflected in the downlink. The use of multiple carriers in a 

single channel would negate the operation of this fade control and, in fact, 

the faded carrier is further suppressed by the hard limiter. 

4.2.1 Time Division Multiplexing Using_Accurate Clocks  

In this scheme, each of the data transmission platforms and the central 

collection terminal (CCT) are equipped with a very stable local oscillator. 

The timing signals generated by the local oscillators are used to initiate the 

transmission of data from individual platforms and to turn the transmitters 

"off" after the transmission is complete. Individual platforms are required to 

transmit data at a preassigned time for a prescribed duration in a sequential 

manner. The interval between successive transmissions from these platforms is 

the shortest time during which a significant change in the measured parameters 

is anticipated anytime during the year. To account for oscillator instabilities, 

the necessary guard time between transmissions is provided. It is obvious that 
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the tpard time, and consequently the oscillator stability required, is a 

function of total number of transmissions desired per day. The periodicity 

of resetting of the local oscillators also depends on their stability and the 

guard time provided. If the guard time is long a small channel occupancy re-

sults and the resetting period is long, while, if the guard time is short, the 

channel occupancy increases and the resetting of the clocks must be carried ee 

more frequently. The interrelation of the Various parameters mentioned above 

has been analysed and is presented next. 

Let the N remotely located data retransmission platforms be required to 

transmit  M. messages per day per platform, each of a duration of L secs. The 

maximum guard time available per day between successive transmissions is then 

given by, 

where, 
nT 	E 	Total number of transmissions/day 

=1  

The minimum oscillator accuracy required to ensure that the oscillator does 

not drift outside the guard time interval over a period of one year iS given 1/ 

The oscillator accuracy as a function of the total number of transmissio°  

per day is shown in Fig. 4.2-1. The message duration of interest is much 

smaller than the available guard time and consequently does not affect the 

relationship significantly. It can be seen, from Fig. 4.2-1, that the stabi1 i.t1 

 of the oscillators required increases rapidly to impractical values as the 

number of transmissions per day exceeds 103 . Due to the extreme weather concP 

tions encountered in the Northern regions of Canada, oven controlled oscillaee  

may be necessary which is a drain on the limited power source of the platforgl. 
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No. of Transmissioneay 

Fig. 4.2-1 .  Clock Accuracy versus No. of Transmissions per day 
for TOM  system using Accurate Clocks 
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-9 Oscillators as stable at 10 ppm/yr. are readily available but their high 

costs and higher power consumptions render them unsuitable for this appli-

cation. 

As a result of this analysis, it is felt that it is impractical to 

consider a TDMA system using accurate clocks for a large number of users. 

However, accurate clocks may be used at a few locations where it is necessarY 

to make measurements at a fixed time of the day. This is described in more 

detail in Section 5.0. 

4.2.2 Randomly Phased Transmissions  

The accurate clock system described in the previous section has the 

advantage that the CCT knows at all times the identity of the source from 

which it is receiving data and further that there is little or no overlap of 

the transmitted data streams. At the cost of some overlapping of the data 

streams and increased message lengths, the overall system can be made more 

economical by not requiring very accurate clocks. The transmissions from the 

remote platforms are randomly phased under this scheme. This is achieved 

either by using relatively less stable oscillators which are allowed to drift 

randomly or by randomizing the transmission time of the data measured at spece  

times of the day by using a randomizer in the circuit. In either case, it will 

 be shown that by suitably selecting the bit transmission rate, the message 1°e  

due to overlapping can be limited to an acceptable maximum. 

The data retransmission platforms equipped with relatively inexpensive 

clocks are required to transmit data at a predetermined rate (e.g. once evel 

hour, four times an hour, etc.). The initiation of the timing cycles for the 

individual platforms is done independently of each other. Identification code  

are assigned to all the platforms which they are required to transmit prior e 
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any "message" data transmission. Like the stable clock systems, the interval 

between successive transmissions is set to be the minimum time in which a sig-

nificant change in the data is anticipated. However, due to the inexpensive 

timing devices used, the time of transmission from these platforms drifts in a 

random fashion. In order to minimize the probability of message overlaps, the 

channel occupancy is suitably selected such that the channel is in use for a 

small percentage of time. Random clock drifts, arbitrary initial setting of 

the clocks and the use of the channel for a small percentage of the time en-

sures that the loss of the data due to message overlaps is within acceptable 

limits and that the transmissions from no single platform are penalized in 

particular for any substantial length of time. At the CCT, the transmitting 

platform is"first identified through the assigned code word. The message 

received is then suitably interpreted. 

The objective of randomizing the time of transmissions from the plat-

forms can be met alternatively by using a "randomizer" in the transmitter 

. circuit. The set measurements are made in real time but the transmissions are 

delayed by a random time interval. The transmitted message in this case may 

consist of, in addition to the assigned identification code, the time the 

measurement was made available for transmission. Most other system considera-

tions remain identical to those discussed earlier in this section. The present 

scheme has the advantage that it satisfies the user requirement of having 

measurements made at specific hours of the day. A more detailed discussion of 

the relative merits of these and other schemes is provided in Section 5.0. An 

analysis of the randomly phased transmission system is presented next. 
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Consider that the N data retransmission platforms are required to 

transmit M messages per day per platform such that 
1 

Total Number of Trans/day 	nr 	Z X (4.2-3) 
i=. 

Let the messages from these platforms be of a dura -Lion of L secs each. 

The time of transmission from a remote platform may be considered as a random 

event such that set of events "tip  transmissions in a day" constitutes a certaie 

event, i.e., 

P (tyr  transmissions occur in a day)u 1 

is defined as the event in which two or more The event "message overlap" 

transmiusions arrive at Lhe CCT such that they overlap eiLher  total Jr or 

partially as shown in Fig. 4.2-2. 

message 2 

Figure 4.2-2 Sketch of message overlap 

Assume that a message is present in a time slot of a duration of L secs from ells  

T1 to 
T2 

during a day. Then a message overlap occurs if one or more messages 

and fl'î of a duration of L secs each initiates anytime between the instants T1  - L 

If the instant of arrival of a message is treated as a discrete random 

variable, then the probability of the messages arriving in the time interval 
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(T
1 

, 11.1, T2 )  is given by, 

QT e 76 • k 
q 

P (Itmessages in 21,) 	m 	k 

where, 

T m total no. of transmissions/day 

pm 2 VT 
Tr. total time/day in secs= 3600 x 24 secs 

q = 1 -, p 
nT  

kt ( 7J? 	k), 

The probability of message overlap is then given by, 
nT  -1 

P (message overlap) w z 	P (k - messages in 2L secs) 

k m 1 	 (4.2-6) 

which is, /IT  —1 ( nT 	k 7/T 
q 

P ( message overlap> .E 	k 	 (4.2-7) 
k = 1 

Forevalues of L <<1, it suffices to approximate the above equation as follows: 

ta. • k " 	pk 
P ( message overlap> E 	

g 	
(4.243) 

k m 1 

Fig. 4.2-3 shows the relationship between the probability of message overlap 

and the number of transmissions per day with the message length L as a para-

meter. As expected, the probability of overlap increases with the increase of 

message length L and with the increase of total number of transmissions per 

day. It may be noted that by suitably selecting the message length, the pro-

bability of message overlap can be limited to a budgeted number. lf th  (J bud-

geted loss of data due to overlap is unacceptable for certain users, then the 

message could be transmitted repeatedly thereby reducing the probability of 

loss due to overlap for these users without upsetting the overall system. 

Fig. 4.2 -4 depicts the relationships between the number of symbols transmitted.  

per day and the bandwldth (or bit rate) required to maintain a specified pro-

bability of message overlap. Since the messages  from different platforms may 

and 
CT) mg 
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Fig. 4.2-3 Probability of Message Overlap versus No. of Transmissions/Day for Different Message Lengths 
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bo of difforont length:_;, it  1  meaningful to talk in torlu_; of average 

numbers of bits per message (or average message length) rather than absolute 

number of bits per message (or message lengths). Scales for several average 

bits per messages are also indicated in Fig. 4.2-4. For a given average mes-

sage length, the average channel occupancy is also determined. This is given 

by, 

Av channel occupancy am L x 	x 100% 

3600 x 24 	(4.2-9) 

This is related to the probability of message overlap and is shown in Fig. 4. 2  

Once again, with the increasing message lengths and number of transmissions 

per day, the channel occupancy increases as does the probability of message 

overlap. 

The analysis so far has indicated that the randomly phased transmission 

system is a viable system. Before any firm conclusions can be drawn, however , 

 necessary link calculations would have to be performed and this is done in 

the ensuing sections. 

4.2.3 Interrogated System  

Due to the nature of the data to be transmitted it is possible to in-

crease the efficiency and effectiveness of the system by adding "intelligence ' 

 into the same. An interrogated system is essentially one in which the CCT 

controls and selects the transmission platform to be turned "on" or "off". 

In practice, the environmental conditions of a given area are generally pre-

dictable and known to vary within certain bounds or not vary at all. An 

interrogated system would then concentrate upon the areas *where changes of 



.12 

. 08  

/Increasing message length 

.04 

o 

3 

% Channel Occupancy 

39 

Fig. 4.2-5 Channel Occupancy versus Probability 
of Message overlap with message length 
as a parameter 



40 

interest are occurring and consequently gather more data from these areas 

as compared with other areas .  This system requires that each transmitting 

platform be equipped with a receiver which will accept signals from the CCT. 

As before, the individual platforms are assigned identification codes which tle  

are required to transmit prior to any "message" transmission. 

The interrogation of the platforms can be accomplished in a variety of 

ways. Among the possibilities, the individual platforms may be interrogated 

sequentially or groups of stations may be frequency division multiplexed and 

the groups interrogated sequentially. Due to the nonlinear nature of the tee 

 ponder, it is felt that the latter scheme is unsuitable for this application. 

A separate spacecraft channel may be assigned for interrogation of the platfoP 

or the same channel may be used both for interrogation and for data trans-

mission on a time shared basis. The latter case is investigated in the 

following. 

Assuming that the same spacecraft channel may be used for both data 

transmission and for interrogation the maximum allowable time delay involved 

between the reception of the signal at the platform and its response, iS 

given by, 

Platform Delay = 3600 x 24 

nT 	 (4.2-10) 

where, 

total number of transmission/day 

F = time delay in reception of signal via satellite 

L = message length 

Platform delay as a function of the total number of transmissions per day 

is shown in Fig. (4.2-6.) For the message lengths of interest, the curve 

- 2 FD - L 	secs 
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,h,w , 	(4. 	virtually unarreeLed by Ltic f7zacl, v:dueur 

14, n p,Lb.  As the number of transmissions per  day approwqie 

the curve indicates that the use of one spacecraft channel for both interro -

gation and data transmission becomes impractical. This limit could be 

alleviated by a rapid sequential interrogation of a number of platforms, 

it must be noted here that this scheme calls for the receivers at all 

the platforms to be interrogated to remain "on" at all times. This is a 

significant drain on the limited power available at these platforms. Due 

to the low antenna gains at the platforms and the fixed power output of the 

transponder a closer examination of the scheme is necessary. Necessary link 

calculations have been made and are reported in Section 4.3. 

4.2.4 Command System  

The power requirements of the receiver and consequently the cost for tbe  

interrogated system may be reduced by modifying the interrogation process. 

The objective in mind is still to gather more information from areas where 

changes of significant interest are occuring. The present scheme combines the  

concepts of the randomly phased transmission scheme and the interrogation 

scheme. The platforms are equipped with a receiver as in the previous  scheMe' 

The platforms normally transmit data at a predetermined "low rate" in which 

the transmission time is randomly phased. When a change of significant value  

at a specific location is detected by the CCT, a command is sent to that plat'  

id form to change the transmissions from the "low rate" to a pre-established 

rate". Conversely, the transmission rate can be changed from the "high" to tle 

 "low" value bY a single command. The two possible rates of transmission arc 

selected on the basis of the information àlready available about Lib IKILure 
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the  dit La  being gathered. fn order to conserve power aL the platforms, the 

receivers are kept active only for a short time following a transmission. 

This requires that the command signal to the platforms be received very reli-

ably. Multiple commands may be transmitted to ensure their reception by the 

appropriate platforms or the platforms may be required to respond by trans-

mitting the contents of their register upon the reception of a command. The 

latter scheme will provide the users with additional confidence in this system 

and is perhaps desirable. In effect this implies that the system functions like 

a truly interrogated system for the short periods of time during which the re-

ceivers are "on" . The implication of these requirements in view of the EIRP 

available at the satellite and other related considerations are the subject of 

further discussion in this report, 

4,2,5 Adaptive Systems  

As noted in section 4.2.3, the efficiency and effectiveness of the system 

can be improved by building "intelligence" into it. The interrogated and the 

command systems are such schemes in which the CCT controls the operation. It 

is possible to design a system where this need for interrogation is removed 

while retaining the ability to selectively gather information from areas where 

changes of interest are occurring. 

The basic idea behind an adaptive system, which is an extension of the 

randomly phased transmission (RPT) system, is that data need be transmitted 

from only those locations which are undergoing significant changes, without 

any interrogation or command from the CCT. The platforms are equipped with 

inexpensive clocks and are required to transmit the data received from the 

L;ensors periodically - the period being the maximum allowable time in which 
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Each platform is assigned an identification code which they are required 

to transmit prior to any data communication to the CCT .  In addition to 

the regular periodic transmission, the data from the sensors is sampled 

at frequent intervals and the platforms are required to transmit if any 

significant change in the data occurs. There are many ways in which a 

decision to make an additional transmission could be made. A few suitable 

schemes are listed below. 

(1) The present sample of the parameter being monitored is compared  

with the sample at the time of the last transmission and if the absolute 

value of the change is greater than a preset number, the transmission is 

initiated. 

(2) 	The present value of the parameter being monitored is compared 

with the previous sample and if the absolute change is greater than a pre-

set number, the transmission is initiated. 

The present value of the sample is compared with a preset maxi- 

mum (or minimum) value and if the maximum value is exceeded (or if the 

present value is less than the minimum) then the periodic transmission rate 

is increased. This increased rate of transmission is maintained as long as 

the sample values remain outside the selected boundary. 

(4) Combination of (1) and (3) above. 

(5) Combination (2) and (3) above. 

The activity monitoring scheme considered here is Number (4) above as 

it has the greatest potential application in the system. In order to illus -

trate the scheme, consider a sensor measuring the water level of a stream. 

(3) 
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Assume that the water level at the sensor varies as shown in Fig. 4.2-7. 

From the prior knowledge of the normal behaviour of the stream, the maxi-

mum allowable time Ti  between successive periodic transmissions as well as 

the sampling interval, T, are established. Under flood conditions, the 

stream level rises and as soon as it exceeds the reading at the previous 

sampling instant by a level "AL", the platform transmits the new data. 

Thus transmissions are made at instants t2' t 3' t4 and t
5 	

Suppose that 

the danger level is exceeded subsequent to the transmission at  t,  then the 
5 

periodic  transmission rate is changed to once every T2  minutes from once 

every T i  minutes. Transmissions are, therefore, initiated at t6  and tT  

The periodic transmission rate falls back to once every T1  minutes as soon 

as the sampled value of the sensor output falls within the selected boundary. 

The probability of message overlap for this system is expected to be 

better than that for the randomly phased transmission system. This is be-

cause for a given data requirement, the total number of transmissions per day 

for the Adaptive system are less than that for an equivalent randomly phased 

transmission system. The information content in the data of the Adaptive 

system is also higher than that in the data of the randomly phased transmission 

system. Fig. 4.2-3 obtained for the randomly phased transmission system des-

cribes the relationship between the probability of message overlap and the 

average number of transmissions per day for such a system. The transmitter power 

requirements for the platforms are similar for all the systems discussed and are 

determined in the following sections. 

4.3 Link Calculations  

In order to fully evaluate the various data  collection schemes dis- 

cussed in the previous section, it is necessary to perform link calculations. 
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mitter EIRP, antenna gain at the platform etc., to meet the designed error 

rate objectives may be arrived at using these calculations. This also helps 

in performing sensitivity analysis to determine the most cost effective data 

collection scheme. 

Link calculationL; are performed here to determine the effects of the 

choice of modulation scheme, error correction coding, hard limiting in the 

satellite transponder and the intermodulation distortion level. Among the 

parameters in the calculations are the bandwidth and the antenna gain. 

4 .3.1 Description of the Variable Parameters  

The assumptions related to the satellite were listed in section 2.2 and 

are partially repeated here for the sake of convenience. These are: 

Orbit 	 Geostationary 

Frequency Range uplink 	350-400 MHz 
downlink 	300-350 MHz 

Satellite Antenna gain 	16 dB 

Transponder type 
system noise 
temperature 

Channelized and hard limiting 

700°K 

bandwidth available 20 KHz 

IM level 	- 14 dB 

Satellite EIRP 	18 dBW/channel 

Figure (4.3-1) represents a typical spacecraft channel. The carrier 

to intermodulation distortion noise power of the worst channel is 12 dB 

while for the best channel it is 16 dB. While the available bandwidth is 20 KHz, 
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it is possible to use only a fraction of this bandwidth and consequently 

reduce the required EIRP from the platforms. The calculations are done for 

various bandwidths taking into account its effects on the system noise and 

the intermodulation distortion. The improvement in the overall C/N due to 

the hard limiter is also investigated using the results of the analysis pre-

sented in Ref. (4-2). The relationship between output and input carrier-to 

noise mean power ratios for a bandpass limiter is shown in Figure (4.3-2). 

The reduction in the transmitter power as a result of the use of forward 

error coding (FEC) is also evaluated. The performance improvement numbers, 

as quoted by the supplier for the FEC system, are tabulated in Table (4.3-1). 

Finally, analysis is carried out to reflect the effect of the choice 

of the modulation scheme used upon the transmitter power requirements. Bi-

phase cCherent PSK and digital FM are considered in this context. With a 

view of keeping the complexity of the platform to a minimum, other modulation 

schemes, such as Fast FSK, DCPSK, etc., which require either a more complex 

tranémitter or higher transmitter power, are not considered here. 

4.3.2 Platform to CCT Link  

In the systems envisaged here, there are two significant mechanisms 

causing data loss. In the case of randomly phased transmissions system or 

the adaptive system some data transmission may be lost due to overlap in time 

with transmissions from other platforms. It may be possible to save some of 

the data for the transmission which begins first. However, for the purpose 

of the study, it is assumed that both of the two (or more) partly overlapping 

transmission are completely lost. The other mechanism causing data loss is 

the bit errors caused by the system noise. The total loss of data from these 

and other sources is to be limited to an acceptable level consistent with the 
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users' requirements. The loss of data transmissions due to overlap has been 

discussed earlier. The intent of the analysis in this section is to determine 

the transmitter EIRP required to overcome the total system noise and achieve 

an acceptable bit error probability. The total noise includes the uplink 

thermal, the downlink thermal and the intermodulation distortion noise power. 

The carrier to noise power in the uplink from the platform given by: 

7  / uplink " EIRP/ up - FSL Gs  - Noise (BW) 	(4.3-1) 

in which all terms are expressed in dB and where, 

	

EIRP/ 	m Transmitter EIRP (includes transmit antenna gain G
T

) 
up 

	

GS 	m Gain of the satellite antenna 

FSL m Free space attenuation 

and 

where 

Noise (BW) m 	 (4.3-2) 

K m 228.6 dB/Hz/°K ( Boltzmann's Constant) 

T m Noise Temperature 

B m Bandwidth 

The carrier to noise power in the downlink to the CCT is similarly given by, 

C / 
71/downlink 	m 

 EIRP
/ down + GR 	

- FSL - Noise (BW) (4.3-3) 

G
R 	

m Gain of the receive antenna at the CCT 

EIRP / 	= Power transmitted from satellite 
/down 

With the knowledge of the carrier to intermodulation distortion, the carrier 

to total noise is computed using the following relations, 

Total Noise m Uplink Thermal Noise + Downlink Thermal Noise 

Intermodulation Distortion (4.3 -4) 



5 1 

C 	 m  f ( C / 	 , C 
	

' C 

/ 	( 	. 	 Intermod ) Total  
( 	uplink 	downlink 

Noise 

(4.3-5) 

In the actual computation of the required transmitter power for a 

given bit error probability, the starting point is to assume a certain C/N 

total at the receiver which corresponds to selecting a certain bit error 

probability. The C/N downlink is computed next using equation (4.3-4). 

Using equations (4.3-4) and (4.3-5), C/N uplink is then computed for various 

values of CAM. The satellite EIRP is specified at 18 dBW but this is the 

combined power of the signal and the noise. If the uplink C/N in the full 

20 kHz channel bandwidth is low then the actual radiated signal power is less 

than 18 dBW. The hard limiter suppresses half the noise in the channel which 

results in a larger fraction of the 18 dBW appearing as a signal. This is the 

source of the hard limiter advantage. However, the component of noise that is 

removed by the hard limiter would not have produced noise power in the post 

detection circuit anyway. For this reason the value of the uplink carrier 

to noise ratio required to achieve the selected bit error rate is not altered 

by passing the signal through the hard limiter. Therefore, using the current 

value of C/N uplink and the hard limiter advantage a new value of radiated 

EIRP is computed. This is used to compute a new value of downlink C/N from 

equation (4.3-3). Via equations (4.3-4) and (4.3-5) a new value of the uplink 

C/N is then computed and this process is repeated until a stable value of up-

link C/N is obtained. The intermodulation noise is assumed to be uniformly 

distributed in the channel so that for a smaller bandwidth, the carrier to 

intermod level is proportionately higher. 

L.- 
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The assumptions related to the satellite were listed earlier. The 

following additional assumptions were made in the analysis: 

Platform Antenna Gain (GT ) 	= 0 dB 

CCT Receive Antenna Gain (GR ) = 23 dB 

Free Space Attenuation 	= 175.5 DB 

The carrier to total noise is related to the energy per bit/noise 

spectral density (E/No ) by the following relation: 

C E BR — = — 
N No BW 

where BR is the transmitted bit rate. 

The energy per bit/noise spectral density (E/No ) versus probability of 

error relationships for PSK and FSK systems used here are shown in Figure (4.,' 

and are taken from Ref. (4.3). For FSK modulation scheme, a modulation index 

of 0.7 is assumed. A bandwidth to bit rate ratio of 12 is assumed for both 

PSK and FSK system. 

Figures (4.3-4) to (4.3-7) show the relationship of platform transmitter 

power at different bit error rates for bandwidths of 5, 7.5, 10 and 15 KHz 

respectively and intermod levels corresponding to 12, 14 and 16 dB measured 

in the full spacecraft bandwidth of 20 KHz. An implementation margin of 1.6 0  

for PSK modulation and of 1.5 dB for FSK modulation is included in these calca' 

lations. The transmitter power required increases sharply as the desired overe  

carrier to noise approaches the intermodulation level. 

The effect of using forward error coding (FEC) in the transmitter is to 

double the number of symbols to be transmitted and improve the "effective" 

energy per bit/noise spectral density at the receiver. This is to say that a 

(4.3-6) 
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better bit error probability is achieved for the same power transmitted 

at the cost of either an increased message length (keeping the bit trans- 

mission rate constant) or an increased bit rate (keeping the message length 

constant). In the interest of keeping the probability of message overlap 

low, it is desirable to maintain a small message length. Thus, the bit 

transmitted rate and consequently, the bandwidth must be doubled in order 

to use FEC. 

Figures (4.3-8) and (4.3-9) show the performance achievable by using 

FEC. In arriving at these curves, the improvement figures listed in 

Table 4.3-1 have been used. In order to make a comparison of performance 

with and without IIEC, note should be made of the fact that the bandwidth 

is double in the case of FEC as opposed to that without for the same message 

length. The results in Figures (4.3-8) and (4.3-9) should, therefore, be 

compared with those in Figures (4.3-4) and (4.3-5). Thus FEC offers reduction 

in the transmitter power for a given bit error probability. In Section 5.0, 

use is made of these results in arriving at a cost effective platform design. 

4.3.3 Interrogation or Command Link  

For the interrogation or the command system, described in Section 4.2, 

the remote platforms are required to be equipped with a receiver. These re- 

ceivers should be capable of receiving and decoding the command signal transmitteô  

from the CCT. Emphasis is to be placed on keeping the cost of these receivers 

as low as possible since there are many of them. It is assumed here that the 

same satellite channel is to be used for both interrogation and data collectlon' 

Since a high CiN at the spacecraft can be provided by the CCT, the CCT 

to the satellite link is of little importance in the analysis. The satellite 

provides an EIRP of 18 dBW, most of which is the signal power. The critical 
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link is the satellite to the platform link and is considered here in more 

detail. 

The carrier to noise power in the satellite to platform link is 

given by 

C/N, 	a EIRP/ 	- Noise (BW) FSL+ Gu  
/ downlink 	/down 

( 4 .3-7) 

where all the terms are in dB and represent the quantities described in 

the previous section. It is assumed here that the CCT provides a high 

value of carrier to noise power in the uplink, say 20 dB. The carrier to 

total noise in the link is determined by equations (4.3-4) and 4.3-5) as before. 

Computations were done to establish relationships between the bit error 

probability and the required satellite EIRP to achieve the same for various 

values of bandwidth. In view of the stated objective of keeping the cost of 

the receiver as low as possible, only FSK modulation is considered here. 

(Figure 4.3-3) is used to determine the bit error probability rate for a given 

energy per bit/noise spectral densitY (E/No ) ratio. Once again, an implemen- 

tation margin of 1.5 dB is provided. The treatment of carrier to intermodulation 

distortion is Identical to that in the previous section. Since the uplink 

carrier to noise can be maintained at a sufficiently high value, the hard 

limiter at the transponder does not offer any significant improvement in the 

overall carrier to noise. This is to say that since the noise level of the 

received signal is low, suppression of half of it by the hard limiter does not 

result in any significant increase in the signal content of the transmitted EIRP. 

Thus the calculations here do not take into account the presence of the hard 

limiter at the spacecraft. 
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The steps in the actual computations were as follows. With an assumed 

value of C/N in the uplink of say 20 dB, the achievable downlink carrier to 

noise, for a selected value of overall C/N is obtained first via equations 

(4.3-4) and (4.3 -5). This value of downlink C/N is used in equation (4.3-7) 

to solve for the required EIRP from the satellite. The bit error probability 

is calculated for the above value of overall C/N using equation (4.3-6) and 

Figure (4.3-3). The procedure is repeated for a range of values of overall 

C/N of interest for various bandwidths and intermodulation distortion level of 

KHz. 	' 14 dB measured in the full satellite bandwidth of 20 	System related assumP  

tions listed earlier were used where applicable with the following exceptions 

and additions. 

C/N /uplink 	
= 20 dB 

System Noise Temp. = 1000°K 

Platform antenna gain a 10 dB and 5.3 dB 

Figures (4.3-1 0 ) to (4.3-11) depict the relationship between bit error 

probabilities and the required satellite EIRP to achieve the same for the variole 

variable Parameters described above. Since the satellite EIRP available is  fie' 

various oPerating Points are selected from these curves for consideration.  Note 

that since no fade margin is provided for in 
these curves, consideration will ha ve ' 

to be given to the same in the final selection of the operating point. This is 

done in Section 5.0 of this report. 

4 • 4 Platform transmit  and receive antennas  

A number of circularly polarized antennas were investigated for possible 

application to the retransmission platform. These were the cavity backed flat 

spiral, the quadrafilar helix in various forms and the multiturn helix. Lineaze 
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24 

Bit Error Probability 

Fig. 4,3-10 

Satellite EIRP required to give the indicated bit error rate for: 
antenna gain 	10 dB 
modulation scheme FSK 
modulation index 0.7 
BT product 	1.2 

IM Level 	- 14 dB in 20 kHz 
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Bit Error Probability 

Fig. 4.3-11 

Satellite EIRP required to give the indicated bit error rate for: 
antenna gain 	5.3 dB 
modulation scheme FSK 
modulation index 0.7 
BT product 	1.2 
IM Level 	-14 dB in 20 kHz 
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polarized antennas were not considered since the satellite antenna is cir- 

cularly polarized. 

The E and E4, patterns in both the O n  o and epis 90 planes for a large 
0 

number of spiral configurations were obtained from Curtis (Ref. 4-4). These 

patterns showed the existence of axial ratios away from beam center and in 

some cases on beam center. 

Data for the quadrafilar helix was taken from Kilgus (Refs. 4-5, 4-7), 

The quadrafilar helix is a four wire helix supported at each end by a short 

crossed dipole. The four wires of the helix are driven by signals successively 

phased by 90 deg. The length of each wire including portions of two dipoles 

is resonant at half a wavelength or a full wavelength. It is also possible 

to have a one-quarter wavelength or three-quarter wavelength resonant length 

by supporting the helix only at the driven end. 

The quadrafilar helix has the property of having a very good axial ratio 

over a very wide beam width. The band width of the antenna is limited to a 

narrow band corresponding to the resonant length. The beam width and gain of 

the antenna can be changed by altering the configuration (Ref. 4-7). Three 

versions were selected for more detailed study. One was a 3/4 turn helix with 

a 1A resonant length giving maximum gain at about 20 deg. above the horizon. 

The second was a full turn helix with À/2 resonant length giving a lobed 

pattern with moderate gain, while the third was a * turn with A/2 resonant 

length. Patterns for these three antennas are shown in Fig. 4.4-1. 

The directive gains of the above antennas were determined by pattern 

integration and the net gain then determined by including losses. The values 

of various parameters for the three antennas are given in Table 4.4-1. 

The multiturn helix antenna was also considered (Ref. 4.8). This has the 



Full turn /2 helix 3/4 turn 1 helix * turn /2 helix 

Figure 4.4-1 Radiation pattern for quadrafilar Helices 



Table 4.4-1 

Properties of Circularly Polarized Antennas  

Net 	Maximum 
Appli- 	 Beam 	Axial Pattern 	Pattern 	Useable 

Description 	cation 	Length 	Diameter 	Width 	Ratio Gain (max) 	Loss 	Gain 	Gain  

Flat spiral 	Fixed 	very thin 	15" 	1000 	10 dB 6.1 dB 	1.5 dB 	4.6 dB 	4.6 dB 

Full turn A./2 
Quadrafilar Helix Fixed 	6" 	4" 	90° 	3 dB 	6.8 dB 	1.5 dB 	5.3 dB 	5.3 dB 

3/4 turn oneX 	 toroidal 
Quadrafilar Helix "Floating 	22" 	7" 	pattern 	5 dB 	3.2 dB 	1.5 dB 	1.7 dB 	-1.0 dB 

Quarter turnAl2 
Quadrafilar Helix Fixed 	10" 	6" 	170° 	5 dB 	2.9 dB 	1.5 dB 	1.4 dB 	. 1.4 dB 

Multiturn Helix 	Fixed 	40" 	12" 	60° 	5 dB 11.5 dB 	1.5 dB 	10 dB 	10 dB 
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advantage of higher gain and broader bandwidth at the expense of increased 

size but may be desirable for use with a command receiver. Its properties 

are also listed in Table 4.4-1. 
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5.0 SELECTED SYSTEM DESIGN 

Various system design parameters were presented and analysed in the 

previous sections. It is the aim of the present section to carry out neces-

sary trade-off analyses in order to arrive at a design of the platform which 

will optimally meet the requirements of the prospective users. Consideration 

is given to the synchronization methods for these platforms and a selection of 

viable methods is made. A basic design of the platform is proposed, the capa-

bilities of which can be changed or upgraded by suitably changing or adding 

plug-in modules. 

5.1 Discussion of Timing Methods  

Based on the analysis presented in Section 4-2, a selection of plausible 

timing schemes is made here. It was noted in Section 4.2.1 that the clock 

accuracy required to achieve the clock controlled synchronization of trans- 

missions from an individual platform becomes impractical even for a relatively 

small number of transmissions per day. From Figure 4.2-1 it is seen that for a 

total of 1000 transmissions per day a clock drift rate of the order of 10-7 

 ppm/yr. is required. This represents a situation in which, say, 100 platforms 

are transmitting 10 times a day. The required stability of the oscillators 

increases with the increase in the total number of transmissions per day. While 

oscillators as stable as 10 	are available, their cost is prohibitive 

for this application. Furthermore, since these oscillators would be subjected 

to severe environmental conditions, temperature controlled ovens would be re-

quired to house these oscillators. This represents an additional drain on the 

available limited power supply of the platform. On the basis of this analysis, 

it is concluded that it would not be feasible to consider a scheme employing 

accurate clocks. 
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The randomly phased transmission (RPT) scheme, discussed in Section 

4.2.2 represents an acceptable compromise between the stability of the oscil-

lator and the data loss due to overlap in transmissions. From Figure (4.2-3) 

it is observed that the probability of loss of data due to message overlap can 

be maintained within an acceptable bound by suitably selecting the message length' 

Two schemes for randomizing the transmissions were presented. In view of the 

requirement to sample the sensor outputs at fixed times of the day, as desired 

by some prospective users, the scheme which employs a randomizer is favored. 

The basic platform unit would, therefore, employ the RPT timing scheme with a 

randomizer module. The capabilities of this basic platform unit may be modified 

 according to the options discussed next by changing or adding suitable plug-in 

modules. 

The interrogated system discussed in Section 4.2-3 serves to accomplish 

the need for concentrating data gathering from areas undergoing changes of 

interest. However, as noted before, this scheme calls for the receivers at 

the platform to remain "on" at all times and thus present a significant drain 

on the limited power supply available at remote locations. Considerable con-

servation of power, and consequently, battery capacity and cost, is possible 

by requiring the receivers to be "on" only for a short period of time follow-

ing a data transmission from the platform. Such a system, called the command 

system• was discussed in Section 4.2-4. It is felt that the command system , 

adequately serves the requirements expressed by the prospective users and that 

a truly interrogated system is not called for. The final design of the platfor le  

offers the command facility in a modular form as an option. 

The optional adaptive system concept, presented in Section 4.2-5, is 
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discussed next. This scheme combines the benefits of both the randomly phased 

transmission system and the command system. The.activity monitoring module 

favoured is the one which incorporates both of the following features:- 

(i) The present value of the parameter being monitored is 

compared with the previous sample and if the absolute 

change is greater than a preset number, a transmission 

is initiated. 

i) The present value of the parameter is also compared with 

a preset maximum (and minimum) value and if this maximum 

is exceeded (or the present value is less than the mini-

mum), then the periodic transmission rate is increased. 

This rate is maintained as long as the sample values re-

main outside the selected boundary. 

The scheme mentioned above is considered to adequately fulfil the majority 

of the requirements for activity monitoring. In order to illustrate the advan-

tage of using the adaptive scheme for data transmission, a list of the present 

and future requirements on the system have been summarized in Table 5.1- 1. These 

requirements are based on the results of the survey conducted. 

From Table 5.1-1 it is seen that the total number of bits required to be 

transmitted per day range from about half a million up to a projected system 

growth of about four million bits/day. These numbers are indicated in Figure 

(4.2-4) as total symbols per day (two symbols represent one bit). For a trans-

mission rate of 10
4 symbols/sec., the loss of data due only to message overlap 

approaches the selected limit of 2% (see Section 5.2-2). Since there are other 

Possible users besides those contacted, it is evident that a single satellite 



72 

channel may not be able to contain the message loss due to overlap within the 

2% limit for the same transmission rate, The channel loading and also the bur:lee 

of data analysis can be reduced by utilising the activity monitoring control. 

In Table 5.1-2, the equivalent requirements for data handling via an adaptive 

system are presented. The potential of the scheme becomes obvious by observing 

that the maximum trafflc requirement is reduced to about 400 thousand bits/day 

or alternatively, the channel capacity is increased by an order of magnitude. 

This indicates a significant advantage in usinithe adaptive system and the 

final design of the platform offers the adaptive activity control module also 

as an option. 

In conclusion, the basic timing unit and the optional activity and timing 

control modules and their description is presented in Table 5.1-3. 
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TIDES & 	WATER WATER 
AGENCY 	RESOURCES 	WATER 	

IMETry AES 	CCIW 	TOTAL 

Max. No. of Platforms 	400 	
136 	9 	5u 	595 

No. of Sensors/platform 
present 	1 	1 	6 	5 

 

future 	4 	1 	6 	5 

No of Trans/day/platform 
required 	24 
desired 	96 

No of Decimal 
digits/sensor 	3 

N0. of Transmissions/day 
required 	9,600 
desired 	38,400 

	

2 	24 	8 	144 

	

96 	24 	24 

3 	3 	3 ••n 

NO of bits/Decimal 
digit 	 4 

No of bits/Transmission 
(includes header) 
present 	60 	60 	120 	

110 	- 

future 	100 	60 	120 	110 	- 

present 	576,000 	16,320 	25,900 	44,000 
	662,000 No of bits/day required 

future 	960,000 	16,320 	25,900 	44,000 
	1,046,000 

present 	2.3x10
6 	783,000 	25,900 	132,000 
	3,241,000 Desired 

future 	3.84x10
6 	783,000 	25,900 	

132,000 	4,781,000 

Table 5.1-1 Estimated Present & Future Traffic 

Requirements 



TRANS/DAY 	BITS PER 	BITS PER 
NO. OF PLATFORMS  PER PLATFORM 	TRANS/DAY 	TRANS. 	DAY  

Water Resources 
Regular Trans. 	400 	2 	800 	100 	b0,000 

Activity Trans. 	10 	20 	200 	100 	20,000 

Tides and Water 
Regular Trans. 	136 	24 	3,264 	60 	195,000 

Activity Trans. 	10 	4 	40 	60 	2,400 

	

Water Quality 	9 	24 	216 	120 	25,900 

AES 
Regular Trans. 	50 	4 	200 	110 	22,000 

Activity Trans. 	20 	20 	400 	110 	44,000 

	

TOTAL 	 5,120 	389,300  

Table 5.1-2 Estimated Future Traffic Requirements using Adaptive System 



Table 5.1-3 Description of Timing System Operation  

Activity and Timing 
Control Module 

Randomly Phased Transmission (RPT) 
(Basic Unit) 

Command System 
(optional) 

Description of the Module Activity  

* Sensor samples made at preset times and transmitted after a random time delay. 

* No. of Transmissions/day/platform and sampling time selectable 

* Suitable for Floating and Fixed Platforms 

* Works in conjunction with the RPT system above. 

* Commands to either increase or decrease the frequency of transmissions 
accepted for a short time immediately following a normal transmission. 

* High gain antenna necessary. 

* Suitable  for  Fixed platforms only. 

Adaptive System 	 * Activity Monitoring is done to achieve the following: 
(optional) 

* The maximum and minimum values for the activity monitor are selectable. 

* The low and the high rate of transmission are selectable. 

* Suitable for fixed and floating platforms. 

- The present value of the parameter being monitored is compared with 
the previous sample and if the absolute change is greater than a pre-
set number, a transmission is initiated. 

- The present value of the parameter is also compared with a preset maxi-
mum (and minimum) value and if this maximum is exceeded (or the present 
value is less than the minimum) then the periodic transmission rate is 
increased. This rate is maintained as long as the sample values remain 
outside the selected boundary. 
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5.2 Optimum Transmitter Parameters  

As mentioned earlier, transmitters for the platforms are to be designed 

with a view of keeping their cost and the power consumption to a minimum value. 

It is the object of this section to analyse the results presented in the previes  

sections to arrive at optimum transmitter parameters. 

5.2.1 	Modulation & Coding  

Biphase coherent PSK and incoherent FSK were considered as potential 

modulation schemes for this application. From Fig. (4.3-5) and (4.3-9) it is 

observed that PSK modulation requires less transmitter power for the same bit 

Lrror probability. The use of PSK implies that additional bits have to be trans' 

mitted to achieve carrier synchronization and that a slightly more complex 

receiver is required at the CCT. Since this represents a savings in the trans-

mitter power and a relatively simple design of the transmitter, PSK is selected 

for data transmission from the platforms. The transmitter power requirements 

(or the probability of error) may further be reduced by suitably encoding the 

transmitted message. This is discussed next. 

Error correcting codes have great utility in situations in which it is 

desired to transmit a message over a channel using the least feasible energy 

per bit. The cost paid for any such performance improvement is in terms of 

equipment complexity and higher bandwidth or increased message length. This is 

an acceptable price in the case of data retransmission systems since the comple' 

is at the receiver (CCT) where the error correction decoder is located. The ad -

vantage of utilizing less transmitted energy per bit (lower platform EIRP) is 

obvious. 

Error correction codes may be classified as "block" type codes or "convolli- 



77 

type codes. Work with convolution codes (Ref. 5.1) has indicated that they can 

outperform block codes of equivalent complexity, so they will be the only type 

considered in this discussion. Figure 5.2-1 gives performance data for typical 

error correction convolution encoder/decoders manufactured by the Linkabit Corp., 

and shows how they compare with the performances of a Golay code and of a bi-

orthogonal code. 

A rate * code with a constraint length of 7 utilizing a Viterbi decoding 

algorithim will considerably improve retransmission system performance. Such a 

code doubles the number of bauds which must be transmitted. One may identify 

the bauds entering the error correction coder as bits and the bauds at the output 

of the coder as symbols. If a message is to be transmitted utilizing a rate * 

code in the same time interval as the saine message without coding, the number of 

symbols transmitted per second must be double the number of bits transmitted per 

second. The bandwidth required for transmission is therefore double that for the 

uncoded case. The improvements in bit error rates for specified receiver bit 

energy per noise spectral density ratios which can be obtained using a rate I 

convolution code with a constraint length of 7, are shown in Fig. 5.2-2. (Data 

source - ref. 5.2). The improvements in dB shown apply directly to the trans-

mission power requirements ( despite the fact that twice the uncoded case band-

width is required), because the curves presented are in terms of energy per bit 

per noise spectral density. Doubling the bandwidth is an acceptable price to pay 

for lowering platform EIRP, since 20 KHz is available. Therefore a rate * con-

straint length 7 code with a Viterbi decoder is used in this design. The encoder 

associated with a convolution error correction device consists only of a few 

shift register stages and a simple logic network. This would be part of the 

retransmission platform circuitry (see Fig. A-1). The decoder, which would be 
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Figure 5.2-1 Comparative performance of decoders at 10-5  bit error rate. 
Diagram supplied courtesy of the Linkabit Corp., San Diego 
California. 



PR
O

BA
B

IL
IT

Y
 O

F  
B

I
T

 ER
R

O
R 

Pi 

10-3 

10-2  

BIPHASEPSK 

1‘4") 

BIPHASE PSK WITH RATE 1-, 
CONSTRAINT LENGTH 7 
ERROR CORRECTION CODE 
WITH VITERBI DECODING, 
GAUSSIAN NOISE 
ENVIRONNENT  

10-1, 

79 

10—  1 	I 	j 	i 	Ill 	II 

—2 	0 	2 	4 	6 	8 	10 	12 	14 	16 

Eb/N o  (dB): BIT ENERGY PER SPECTRAL NOISE 
DENSITY AT RECEIVER 

Figure 5,2-2 Performance of data communications link utilizing biphase 
coherent PSK modulation and error correction encoding. 
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located at the CCT, would be a larger and more costly device. Information 

received from an error correction device manufacturer indicated that: 

1) A 19" wide rack mounted device similar to ones commercially 

available would be required at the receiver. 

2) That presently available units would require some minor design 

changes before they would be suitable for burst mode operation. 

5. 2 . 2  Data Loss Due to Fade and Message Overlap  

In order to be able to select an operating point on the bit error 

probability vs Transmitter EIRP curves, it is essential to recognize the 

source of loss of data and to appropriately budget the total loss. The fading 

transmission medium and random transmission from the platforms are recognized 

as the major sources contributing to the data loss. Based on the results of the 

 survey of the requirements of the prospective users, a design objective of total 

loss of 5% of the data is set. This is further broken dol4n as follows: 

Data loss due to message overlap - 2% 

Data loss due to fading and other 
transmission impairments. 	- _3g 

Total 	5% 

Figures 4.2-3 to 4.2-5 depict relationships between probability of message 

overlap, the number of transmissions per day, minimum bandwidth and the neces -

sary bit transmission rate required. From these curves, the appropriate message  

length and sonsequently the bit rate required to transmit the desired number af 

messages per day may be obtained such that the probability of message overlaP te  

within the set limit of 2%. With a view of designing the system such that it 

utilizes the available channel bandwidth to the maximum, the following approach 

is taken. The specified channel bandwldth is 20 KHz. Allowing ± 2.5 KHz for 
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oscillator drifts, a useful bandwidth of 15 KHz is available. With a band-

width to transmission rate ratio of 1.2, this gives the maximum transmission 

rate of 12,500 symbols/sec. The maximum number of total symbols per day using 

this rate such that the probability of message overlap does not exceed 2% is 

obtained from Fig. 4.2-4 as 1.15 x 10
7 symbols/day. For an average message 

length of 100 bits per platform (200 symbols after FEC), this gives the maximum 

number of transmissions per day as 5,7 x 10
4 

If the total transmissions per day 

exceed this number a higher probability of message overlap would result. It 

must be pointed out that the estimate of an average message per platform of 100 

bits is a conservative one and the indications from the survey are that this, 

perhaps represents the upper limit of the average message length. 

Information obtained on the transmission medium (Reference 5-4) indicates 

that the propagation margin required for 99% reliability is 5 dB at 400 MHz and 

5.5 dB ,at 300 MHz for a geosynchronous satellite-earth communications link. 

These fades apply to the case in which the earth terminal is located at 80°N 

latitude. It is assumed that the fading is the result of multipath caused by 

the.summation of a direct ray and a ray whose amplitude is Rayleigh distributed. 

The two data points quoted were used to construct Figure 5.2-3 by connecting lines 

from the data points to the medians. The curve for a pure Rayleigh-distributed 

Signal  is also given for comparison. Using the two curves, data for all relia-

bilities may be determined. For example, we see from the curve that 97% of the 

time the link fade at 400 MHz is less than 4 dB. 

5.2.3 Transmitter Power For the Platform  

Having selected the bandwidth and the transmission rate to be used, the 

next step in the design procedure is to establish the transmitter power required 

to achieve a selected bit error probability at the receiver. From Table 4.3-1 
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it is observed that the improvement in performance due to FEC reduces rapidly 

for bit error probabilities higher than 10-3 . In fact, the performance of the 

system employing FEC is not well defined for bit error probabilities worse than 

i0 2 .  Under deep fade conditions, therefore, an objective of achieving a bit 

error probability of 10-3 is set. From Figuré (4.3-9) the required transmitter 

EIRP for an intermodulation distortion level of 14 dB (measured in the full 

channel bandwidth of 20 KHz) is determined. To this value of the EIRP, a fade 

margin (corresponding to 3% loss of data) of 4.0 dB is added. The required 

transmitter power is then computed as follows: 

Table 5.2-1 Required Transmitter Power 

Band Width 

-3  EIRP at 10 bit error 
rate (from Fig. 4.3-9) 

Fade margin for 3% 
loss of data 

Required platform EIRP 

Antenna Gain (including 
feed line losses) 

Minimum Transmitter 
Power dBW 

Margin 

Rated Transmitter 
Power dBW 

Watts 

15 KHz 

3.5 dBW 

4 dB 

7.5 dBW 

-1 dB 

8.5 

1 dB 

9.5 

8.9 

5.3 dB 

2.2 

1 dB 

3.2 

2.1 

The antenna gain values of 5.3 dB and -1 dB used above are for a full turn and 

a 3/4 turn quadrafilar helix antenna respectively. The considerations related 



84 

to the selection of these antennas were presented in Section 4.4 

Table 5.2-2 summarizes the platform transmitter parameters. 

5.3 Command Receiver Design  

For the command system discussed in section 4.2, it is desired to design 

a plug-in module which is capable of receiving commands from the CCT for a short 

duration subsequent to a transmission from the platform. Such a receiver should 

share with the platform, among other things, the antenna and the power supply. 

and indeed be as low in cost as possible. The analysis presented in sections 

4.2 and 4.3 will be used here to arrive at a design of the receiver consistent 

with the requirements mentioned above. 

5.3.1 Modulation and Fade  

As stated earlier, the demodulator at the platform must be inexpensive 

and simple in design. For this reason an FSK modulation scheme is used for thie  

mode of operation. If a low power (18 dBW) satellite channel is to be used, it 

is noted that an isotropic antenna will not provide sufficient carrier to noise 

ratio at the receiver. This suggests that a higher gain antenna be used. For 

an antenna with a gain of 5.3 dB, it is seen from Figure 4.3-11 that a carrier 

to noise ratio of 10 dB (corresponding to a bit error rate of 0.7 x 10-3 ) can be 

 achieved for an RF bandwidth of less than 3.0 KHz under no fade conditions. 

Under realistic fading conditions, this is obviously inadequate. The  simples ed  

of handling this problem is to use an antenna with a gain larger than 5.3 dB. 

However, the size and the weight of the antenna are also important consideratiee  

and these are discussed in more detail in Section 6.0. The effects due to a 

fading communication media are discussed presently. 

The fading environment for the command mode of operation is identical to 

that for the data transmission mode, a discussion of which was included in 

Section 5.2.2. 



No  Item 

Suitable for offshore 
operation 

Modulation Scheme 

Yes (except Option 
1 above) 

Phase Shift Keying 

No 

Phase Shift Keying 4 
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Table 5.2-é 	Platform Transmitter Parameters  

Antenna 	at 	Antenna Gain at the 
Platform -1 dB 	Platform  5.3 d3 

1 Basic Timing Method Randomly Phased 
Transmissions using 
a Randomizer (RPT) 

Randomly Phased trans-
missions using a 
Randomizings. 

Timing Control Options 

Option 1: RPT with 
Command 
Receiver 

Option 2: RPT with 
Adaptive 
Activity 
Control 

Module 

Location of Platforms 

Suitable for Inland 
operation 

Yes 	Yes 

Yes 	Yes 

Yes 	Yes 

5 	Forward Error Coding 	Yes 	Yes 

6 	Useful Bandwidth 	15 KHz 	15 1Criz 

7 	Oscillator Stability 	5 PPm/Yr 	5 PPm/Yr 

3 	Transmission Rate 	12.5 K symbols/sec 	12.5 K symbols/sec 

9 	Probability of Data Loss 
(Total)  

10 	Fade Margin 	 4.0 dB 	4.0 dB 

11 	Minimum Transmitter Power 	8.9 watts 	2.1 Watts 
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From Figure 5.2-3 the following information is derived: 

Table 5.3-1 Data loss due to fading at 300 MHz  

No. of Times 	Probability of Data Loss 
Command Repeated 	Due to Fading 	Fade Margin Required, 

t 	3% 	4.5 dB 

2 	 0,09% 	 4 • 5 dB 

2 	 0.16% 	 4.0 dB 

2 	I 	e 	2.0 dB 

This information is used in the next section  to  determine the appropriate 

bandwidth and bit rate for the command system. 

5.3.2 	RF Bandwidth and Bit Rate Selection  

As discussed above, with an antenna of 5.3 dB gain, a 10 dB C/N is 

available at the receiver under no fade conditions for a bandwidth of approxi-

mately 3 KHz. Under normal fading conditions, for a probability of reception 

of 0.9984 in two attempts, a fade margin of about 4 dB is required. It is the 

object of the present section to investigate applicability of available means of 

achieving this improvement in performance without requiring higher antenna gain' 

In addition, it is intended here to establish necessary RF bandwidth and bit 

transmission rate for this mode of operation. 

If the stability of the down-conversion oscillator used at the receiver 

is assumed to be 5 ppm/yr., then at a frequency of 350 MHz a frequency drift 

of up to 1750 Hz may be expected in one year. The bandwidth selected should, 

therefore, be large enough such that the frequency drift of the oscillator weed 

 not severly degrade signal reception. However, this requires a higher EIRP 

from the satellite than what is available, for the same bit error rate. One 

ii
way to circumvent this problem would be to use a smaller bandwidth of the ordee 
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of 3 KHz and synchronize the transmitter and receiver local oscillator at 

the platform. The transmitter frequency could then be detected at the CCT 

during a reception of transmission and from that the oscillator drift and 

the actual command receiver frequency determined. The cOmmand frequency is 

then suitably modified. Thus by keeping track of the transmit frequency, a 

smaller bandwidth may be used. 

In addition to this, the performance of the command receiver can be im-

proved by using an angular feedback demodulator. However, it has been found 

in practice that the angular feedback demodulators do not present the same 

magnitude of improvement in binary FM as in analog FM (Reference 5-3). If 

the predetection bandwidth can be chosen on the basis of modulation only, and 

a modulation index of 0.7 is used, then the phase lock loop (PLL) requires about 

0.5 dB less energy per bit/noise density (E/No ) than the limiter-discriminator 

(LD). However, for an appropriately designed PLL, the bandwidth of the pre-
, 

detection filter may be considerably wider than optimum without a significant 

degradation of performance (Reference 5.40. This property of the PLL may be 

used to relax the restrictions imposed upon the bandwidth requirement for the 

receiver. 

An additional reduction in the bit error rate may be achieved by increasing 

the deviation index D. This corresponds to decreasing the information transmis-

sion rate. The bit error rate decreases for a fixed C/N since the energy expended 

per bit increases with D. The theoretical improvement in performance is depicted 

in Figure 5.3-1 which has been taken from Ref. 5-3. Thus by suitably selecting 

the bandwidth, bit rate and the modulation index, an acceptable bit error rate 

may be achieved for a given C/N. 

Finally, if an antenna with a gain of 10 dB is used, then for a bandwidth 
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0 2 4 6 8 10 12 

DEVIATION INDEX, D 

Figure 5.3-1 Probability of bit errors as a function 
of deviation index. 
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of 3 KHz, a C/N of approximately 11.0 dB is available during fades. Under 

no fade conditions, a bit error probability of slightly worse than 10-6 

is achieved. A phase lock loop at the receiver is not necessary in this case, 

but the receiver frequency detection at the CCT would be required. A design 

of such an antenna was discussed in Section 4.4. 

A list of command receiver parameters is provided in Table 5.3-2 for 

antennas with gains of 5.3 dB and 10 dB. 

5.4 Basic Block Diagram  

The requirements and techniques discussed in the preceeding sections have 

led to a platform design whose operation can be functionally represented by the 

block diagram shown in Figure 5.4-1. 

Three interfaces with a user's instrumentation package are shown: 

An interrogation signal to enable the retransmission package to signal 

to the user package that a measurement is to be made, the actual data from the 

user package, and an input from the user package which may be used to initiate 

a measurement/transmission. 

The equipment shown in Figure 5.4-1 allows measurement to be initiated 

in four ways: 

1) By the user package command input mentioned in the previous 

paragraph. 

2) By the command receiver (one measurement & transmission is made when 

a command is received and the transmission interval is altered.) 

3) By the timing control circuitry. 

Initiation of measurements by the timing control circuitry is the normal 

mode of operation for the "basic" platform (which does not have a command re-

ceiver). The timing and control circuitry also contains the equipment necessary 



0.9984 

11 dB (Approx) 

TABLE 5.3-2 COMMAND RECEIVER PARAMETERS  

NO. 	Item 	Antenna Gain at the 	Antenna Gain at the 
Platform  5.3_dB 	 Platform 10.0 dB  

1 	Modulation Scheme 	Digital FM 	Digital FM 

2 	Satellite EIRP 	18.0 dBW 	 18.0 dBW 

3 	Noise Temperature 	1000
o
K 	 1000

o
K 

4 	Location of Platfcrm 	Fixed Only 	Fixed only 

5 	Bandwidth 	3 KHz 	 3 KHz 

6 	Phased Lock Loop Required 	yes 	 No 

7 	Frequency Detection at CCT 
Required 	Yes 	 Yes 

3 	Error Coding 	No 	 No 

9 	Transmission Rate 	Less than 2.5 K bits/sec 	2.5 K bits/sec 

10 Fade Margin 	4.0 dB 	 4.0 dB 

11 	Probability of Receiving at 
least one of the two command 
signals (Due only to fading) 	0.9984 

12 C/N at the receiver under 
maximum Fade conditions 	6 dB (with PPL) 



Address 

Recognizer 

i-nteLzulowete 

Usez- 

Pa c kagl 

User Package 
Measurement 

-a 
Initiation 

Data Entry 
From 
User 
Package 

1 
1 

Input 

Archi-

tecture 

• 

PSK 

Timing & Message 

Control Circuitry 

Preamble & 
Address 
Generators 

Message Assembler 
FM Command 

Demodulator 

Forward 
Error 
Coder 

131g Modulator 

User 
Package 

Adaptive 

Processor 

Retransmission 
Platform 

Figure 5,4-1 DATA RETRANSMISSION PLATFORM 



92 

to mechanize the "randomization" of transmission time referred to in preceedie 

sections. 

4) By the activity monitor if one is employed. 

The function of the message control circuitry is to generate all 

control signals necessary to organize message assembly and throughput. These 

signals control the combining of data from the user package with pre-ambles end 

 platform addresses to form a serial word. This is passed through a forward 

error correction encoder which produces two symbols at its output for each bit  

on the input. The symbols then are used as inputs to the biphase PSK modulate'  

References for section 5  

5-1 Viterbi, A. J., "Convolution Codes and Their Performance in 
Communication Systems", IEEE Trans. on Comm. Tech, Vol, COM-19, 
No. 5, October 1971. 

5-2 Private Communication with J. A. Heller, Director of Engineering, 
Linkabit Corporation. 

5-3 Klapper, J., and Frankle, J., "Phased Lock Loop and Frequency 
Feedback Systems", Academic Press 1972. 

5-4  Private Communication with R. J. Campbell, Communications 
Research Centre, Ottawa. 
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6.0 DESCRIPTION OF THE DATA RETRANSMISSION PLATFORM (DRP) 

6.1 	Introduction  

Various conclusions regarding the timing schemes, modulation techniques 

and error correcting code to be used etc., were arrived at in the systems 

analysis and were reported in Section 5.0. The design of the DRP is carried 

out with those as the design objectives. Based on the prospective user survey 

results, the necessary timing intervals and the number of bits per message were 

established (see Sections 3.0 and 4.1-3). The frequency stability of the local 

oscillators at the platform is governed by, among other factors, the mainte-

nance interval of the local power source, which is six months. The low power 

consumption at the platform led to the selection of CMOS logic circuitry and 

the low cost requirement dictated the use of units commercially available or 

expected to be available in mass produced quantities by the year 1976. 

The DRP consists of the following subsystems: 

a) Antenna 

b) Electronics 

c) Battery 

An artist's impression of installed DRP is shown in Figure (6.1-1) and 

the functional block diagram in Figure (6.1-2). 

The DRP design consists of a "Baseline Configuration" with additional 

°Ptlons. The available options are listed below: 

Option 1 	Adaptive module 

Option 2 

Option 3 

Option 4 

Parallel digital data entry module 

Analog data entry module 

Command receiver 
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ELECTRONICS 
SUBSYSTEM 

BATTERY 
SUBSYSTEM 

Figure 6.1-1: A TYPICAL RETRANSMISSION STATION 
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Option 5 	Temperature compensated oscillator 
for improved frequency stability 

Option 6 	Carbon-Zinc battery 

Option 7 	High gain helical radiator 

Option 8 	Isotropic antenna 

Depending upon the sensor inputs and on other requirements, the user may 

choose the baseline only, or baseline plus any combination of the options. 

In this report a DRP consisting of the baseline configuration plus option (s) 

18  referred to as an expanded system. The expansion of the baseline design can 

be performed in the field. A resumé specification of the data retransmission 

Platform and its options is given in table 6.1-1, 

In section 6.2 preliminary design considerations are presented. A des-

ceiption of the baseline DRP and its functions is given in section 6.3 while 

various options are described in section 6.4. 

6.2 Preliminary Design 

The design guidelines for the data retransmission platforms were listed 

in 
section 2.3. However, the following additional constraints were imposed upon 

the Platform design. 

a) Equipment and maintenance costs to be competitive 
with similar existing products. 

b) Operation within -500C to 50°C ambient environment. 

c) Production lots of 500  to 10,000 are to be considered. 

6 ' 2 . 1  Protection against environment  

It is expected that due to the variety and the nature of the users, the 

la113  Will be installed at various geographical locations ranging from the in-

hebited southern Canadian region to the far northern permafrost area, The 



Subsystem  

General 

Characteristic  

logic 1 
logic 0 

Value 

2.4 to 5.5 volts 
0.0 to 0.4 volts 

Antenna 

Transmitter 

Word Assembly 
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TABLE 6.1-1 

Specification of the Data Retransmission Platform 

continuous power 
peak power 
fade margin 
data loss due to fades 

operating temperature 
relative humidity 
operating life 
total weight 

radiator type 
gain 
impedence 
polarization 
weight (including mast) 

cable type 
length 
loss 
connector 

20 mw 
60 watts for 100 m ee' 
11.5 dB 
< .1% 

-50oC to+ 50°C 
97% 
5 years 
240 lbs. 

full turn quadrafilar l 
5.3 dB (including ca ble  
50 n 
right circular 
10u lbs. 

RC 214 
15 feet 
.6 dB 
male N-type 

duplexer loss 
P.A. type 
output power 
burst length 
impedence 
approx. frequency 
frequency stability 
modulation 
symbol rate 
error correction 

encoding 
transmission initiated by 

sensor input 
no. of channels 
max. message length 
preamble length 
address length 
bit rate 

0.5 dB 
class C 
12 W min. 
100 m sec. 
50 n 
400 MHz 

± 2 kHz in 6 months 
Biphase PSK 
12.5 kb/sec. NRZ 

rate i convolutiona l  

timing control sensor  

package 	
4. toll  

activity monitor oP- -  
command receiver eti°  

serial digital 
one 
288 bits 
30 bits 
14 bits 
6.25 kb/sec. 



Optional Parallel 
data module 

Optional Analog } 
data module 

Optional Command 
receiver 	] 

type 
gain 

3/4 turn quadrafilar helix 
- 1 dB 

Optional isotropic 
antenna for floating 
platforms 
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Subsystem  

Timing control 

Power 

Optional Battery 

Optional Activity 
monitor 

Characteristic  

measurement interval 
(selectable among) 
transmission after 
random delay 

battery type 
ampere hours 
voltage 
regulator output 
operating temperature 
weight 

battery type 
ampere hours 
voltage 
regulator output 
guaranteed life 
weight 

level increment 
alarm levels 
alarm transmission rate 

max, no. of channels 
bits/word 

max. no. of channels 
input voltage 
bits/Word 

approx. frequency 
antenna type 
antenna gain 
active period 

modulation 
bandwidth 
function 

Value 

15 minutes 
1 hour 
6 hours and 
12 hours 

Nickel-Cadmium 
40 
14+ 2.5 - 1 volts 
14±1 volts 
-40 to + 50 °C 
120 lbs. 

Carbon-Zinc 
le  200 
14+2.5 - 1 volts 
14±1 volts 
3 years 
30 lbs. 

selectable 
selectable 
selectable 

8 

6 
0 to 5.0 volts 
12 BCD 

300 MHz 
helix (option 
10 dB 
2 minutes following 

transmission 
digital FM 
5 kHz 
changes measurement 

interval 

7) 

Optional crystal 
oscillator (for use 
with C-Zn battery) 

frequency stability ± 2 kHz in 3 years 
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design and costing of shelters, foundations, and underground burial was 

outside the scope of the work statement, and as such they are only briefly 

discussed for the sake of completeness. The proposed DRP is expected to 

withstand and operate within the temperature limits of -50 to4.50
o
C pro-

vided it has minimal shelter protection. 

Thus it is assumed that: 

a) The user provides a proper foundation for the antenna. 

b) An equipment shelter is provided by the user to protect 
electronics and battery subsystems from flood water and 
like hazards. 

c) The antenna is surrounded by a fence or otherwise protected 
from large animals. 

6.2.2 	Electrical Design  

(a) Logic Circuit Design: 	Synchronous logic circuitry is  propos

for the data retransmission platform. The basic set of instructionsfor the  

control of measurement, timing, message assembly and transmission is produced 

 using the well known technique of generating sets of micro-operations using ° 

 synchronous counter. A crystal controlled oscillator provides the basic tee 

 reference for the counter. 

The circuitry will have to be fabricated using military temperature e ll°  

semi-conductor elements with proven reliability. CMOS technology appears tO  

t O1 
the most suitable logic family for this role, although if the actual prode  

oped  were not to take place for several years, the status of SOS
1 
technoloe " „r- 

have to be examined carefully. The relatively moderate data rates requieed  

the retransmission platform can be easily handled using either technoloa' 

1 
Silicon On Sapphire _ _ 

111 
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(b) Transmitter - Receiver Design;  The design is fairly conventional. 

Extensive use of hybrid modules, integrated circuits, printed circuit assemb-

lies reduce development and production costs and enhance reliability. One 

module is of special interest; a Class C power amplifier of hybrid design 

delivering up to 15 W power at 400 MHz. This module is extensively used in 

Portable radio equipment and is a potential candidate for this application. 

The frequency stability of the local oscillators of the baseline DRP 

transmitter and the optional receiver is assumed to be ± 2 KHz per 6 months, 

This includes any initial frequency setting inaccuracies, environmental effects 

and aging. The oscillator frequency must be readjusted manually by the main-

tenance crew once every six months. The six month maintenance period is imposed 

uPon the DRP by the Ni-Cad battery subsystem which requires recharging. It is 

discussed later in Section 6.3.4 that an optional non-rechargeable Carbon-Zinc 

batte  ry is also available having a replacement period of three years. The 

Carbon-Zinc battery appears to be economical and the total DRP maintenance 

Period, with its use, may also be increased from six months up to 3 years. This 

could be achieved by providing an optional transmit-receive oscillator having 

t 2 KHz overall stability at the end of a 3-year period provided this maintenance 

interval is consistant with other operational requirements. 

6 .3 Description of the Baseline DRP  

6 .3.1 	Baseline DRP Capabilities  

The baseline design consists of a DRP system with the following capa_ 

bi lities: 

Sensor reading at predetermined intervals with randomized 

transmission times. One of four intervals may be selected 

and hard-wired on one P.C. board. These intervals are: 

15 minutes, 1 hour, 6 hours and 12 hours. 

(1) 
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(ii) 	Serial data input only is accepted from the sensors. 

The number of input data bits from 1 to 288 is manu-

ally controllable by switches. 

6.3.2 Major functions of the DRP  

The DRP performs the following major functions in accepting and 

transmitting the serial data from the sensors: 

(a) Activation of sensors before transmission 

(b) Activation of transmitter 

(c) Message assembly and encoding 

(d) Transmission in burst mode 

(e) Deactivation of system 

(a) Activation of Sensors before transmission  

It has been assumed that some sensors with which the retransmission 

platform must mate, will require power, and that this power would be aPPlied 

 just prior to a measurement. The platform interface with the sensor package 

 provides a "sensor on" command which may be used to control power. This c ee 

 mand would appear before interrogation of the user package. 

(b) Activation of transmitter  

In order to reduce the average power consumption of the platform, te 

transmitter and its associated logic circuitry are activated only during tie 

 periods of burst transmission. Just before the transmission begins, the.ce 

 tinuously powered timer turns "on" the power supplies of the logic circuite  

1 	e' 
and provides power to the transmitter oscillator. The transmitter osci 1"3°  

i 13j  - 
but not the transmitter, is in the warm-up state for approximately 50 m-

seconds. During this warm-up period the encoder output in inhibited, Peel  

4,11" 

erroneous transmission generated by the turned-on logic circuitry. The " 
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signal is then removed from the encoder, and the DRP transmitter is ready 

for transmission. 

(c) Message assembly and encoding  

Message assembly and encoding consists of thruputting data which has 

been stored in the analog data module, parallel data module, or in the user-

package if the serial mode is being employed. The data is sequentially read 

out in a serial fashion from each of the storage registers employed. The data 

stream then acts as the input to the rate 1-  encoder. 

(d) Transmission in burst mode  

The encoded message is transmitted by the use of a two-phase, phase 

shift keyed (PSK) transmission. Convolutionally encoded NRZ data is used to 

Phase shift key an oscillator at approximately 400.0 MHz. PSK modulation of a 

constant-amplitude carrier, with sharp keying transitions between two phase states 

seParated by ir radians, fulfils the requirement for optimum signalling. 
9 

(e) Deactivation of DRP  

The DRP is turned off in two steps. First the message transmission is 

terminated, then the transmitter power is turned off (with the exception of the 

continuously operating clock generator module). These operations are described 

ln the following: 

(i) Termination of message transmission  

All transmissions include the address of the originating 

platform. The CCT is assumed to know the format of the 

information being sent by each platform so that it can 

carry out whatever data reduction is required. It 

therefore can detect the end of a transmission and no 

special "end of message" signal is needed. 
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(ii) Turning off the transmitter  

The power supplies to the transmit power amplifier are 

disabled by command from the timer after the message 

transmission is terminated. To ensure power removal 

from the transmitter, the continuously powered timer 

sends a second command for de-energising the trans-

mitter one second after the first command. Between 

transmissions, only the low power timing control and 

clock generator modules stay "on", to activate the DRP 

again at the next predetermined time. 

6.3.3 Antenna Subsystem  

This section discusses the mechanical properties of the baseline antenna 

 with 5.3 dB gain, and the optional 10 dB and -1 dB antennas. The descriPee  

of the electrical parameters of the antennas selected was given in Section ihif. 

For DRP's without command receivers, a full turn quadrafilar helix tee  

De e  of antenna radiator is provided, having 5.3 dB gain at beam center. For 

with command receivers the radiator is replaced by a multiturn helix antenna  

-1 d e  
with 10 dB mid-band gain. For floating DRP's with no command facility a 

gain antenna can be used. The changeover from one to the other type of real  

can be performed if necessary at the site by trained field personnel. Tne  

mechanical properties of the various antennas are discussed next. 

(a) Antenna with 5.3 dB gain  

The full turn quadrafilar helix radiator is manufactured from te°  

half wavelength elements, each element is made from hard drawn 3/4 inen die 

 meter aluminium tubing. For circular polarization the two segments are ed  

orthogonally via a 90 degree hybrid. The hermetically sealed hybrid j- 5  

asoembled together with the radiator. The radiator-hybrid structure Is e 
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as one unit to the supporting antenna pole. The height of the supporting 

Pole is field adjustable between a minimum of feet and a maximum of 10 

feet. The radiator is angle mounted to the pole. The structural rigidity of 

the pole is such that the expected maximum change from the initially set angle 

Is less than 5 degrees in a 100-mph wind. The steel pole is supported by a 

base and guy wires. The base pad and guy anchors are provided by the user. 

The antenna structure provides satisfactory service without maintenance for 

Periods up to 3 years, under the extreme environmental conditions described 

in Table C-1 of Appendix C. 

(b) Antenna with 10 dB gain  

This is a multiturn helix type of radiator. It is used when the 

DR? is operating in the "command" mode to provide an additional 4.7 dB gain. 

The radiator consists of a multiturn helix and an antenna ground 

Plane to reduce ground reflections. The whole structure (helix and ground 

Plane) is ângle mounted to its supporting pole (See Fig. 6.3-1 and 6.3-3). 

The helix is manufactured from hard drawn 3/4 inch diameter aluminum, while 

the ground plane is made of aluminum mesh supported by radial aluminum channels 

f°1* structural rigidity. The pole-mounted radiator survives wind gusts of up 

t° 125 mph. The electrical impedance matching between the 50 ohms coaxial 

1:) 1e and the helix is not shown in the diagrams. The antenna pole is field 

eembled from 3 pieces, to allow transportation by a Beaver type aircraft. 

(c) Isotropic antenna with -1 dB gain  

This antenna is a 3/4 turn quadrafilar helix with an element length 

equal to a full wavelength. Its construction is similar to the antenna with 

5 ' 3  dB gain. 

(d) Interconnecting RF cable  

A 15 foot coaxial cable (RG214 U/G) with N type male connectors 
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Figure 6.3-1 Antenna subsystem 
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Figure 6.3-2 Quadrafilar antenna 
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provides RF interconnection between the pole mounted antenna and the electro-

nic subsystem. It is weather-proof and operates without degradation between 

-50°C to 70°C, with 0.6 dB max. insertion loss at 400 MHz ,  

6.3.4 Electronics Subsystem 	- 

(a) Mechanical Description  

The subsystem incorporates in one hermetically sealed unit all the logic 

circuitry and the transmitter-receiver equipment required for a fully expanded 

system. The fully expanded unit weighs 17-19 lbs. 

The mechanical assembly consists of a cover with lid, and a chassis with 

plug-in printed circuit boards. (See Fig. 6.3-4). The PC assemblies are plugged 

into a mother- board located on the bottom of the chassis. This mother-board pro-

vides all connections between individual PC assemblies and the  cover. 

The chassis frame is made of aluminum sections with guides and connectors 

to accept the individual printed circuit boards (PCB). The chassis will accept 

up to twelve PCB's including a transmit receive duplexer. The PCB's will have 

tin plating, with gold plating over connectable portions for reliability. Com-

ponents are mounted on one side only to make assembly economical. The P.C. 

assemblies will be coated with epoxy-polymide to provide a humidity seal. 

All  P.C. boards are equipped with edge -connectors which, in addition to 

their function as power supply distributors, facilitate all electrical inter-

connections between the P.C. assemblies. 

The electronics subsystem is interfaced with the battery via a 9 pin 

Cannon type circular waterproof connector, located on the sidewall of the 

cover. Multiple hot and ground wires are used to reduce voltage drop at the 

beginning of the transmit bursts. The electronics subsystem is connected to 

the external sensors and antenna via hermetically sealed connectors also built 

into the sidewall of the cover. 
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Figure 6.3-4: ELECTRONICS SUBSYSTEM 
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A rectangular cover 21" wide, 12.5" high and 10" deep is required to 

house the electronics. It is made of .090" aluminum and would weigh about 

7 lbs. The basic design is similar to those currently being mass-produced 

by a number of suppliers. The cover is hermetically sealed with a lid which 

is attached to the cover with hinges and latches. The finish is texture -vinyl 

enamel over irridite. The enamel finish makes it scratch proof while the irri-

dite converts the surface of the aluminum into a chemically inert material. It 

is expected to withstand exposure to weather but it is not designed for direct 

burial in the ground unless additional protection is provided. It is also not 

suitable for underwater submersion. 

All external connections to the cover are made by waterproof, sealed 

connectors, cables and cable wraps. Table 6.3-1 summarises the functions of 

the connectors built into the sidewall of the cover. 

(b), Electrical Description , 
 Baseline Subsystem  

The logic circuitry used in the basic platform design performs the 

following functions: 

(i) Determines when measurements and transmissions 

should take place. 

(ii) Interrogates the user's sensor data package to 

call for a message to be stored. 

(iii)Assembles a message consisting of synchronization, 

preamble, platform address, and serial data from 

the user's package. 

(iv) Encodes the message utilizing a rate 1, constraint length 7 

convolution error coder. 

(v) Routes the message to the transmit -ter.  

(vi) Issues necessary logic signal commands to manage 

platform power resources. 



Item 	Connector  

Power ON/OFF 

RI,' IN/OUT 

J2 	Serial Digital 
15 pin connector 

J3 	Parallel digital f1 
37 pin connector 

S1 

J1 

J4 	Parallel digital +2 
37 pin connector 

Analog 

Pressure equalizer valve 

Power input 

Table 6.3-1 

Connector Functions  
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Function  

To turn ON/OFF battery power 
manually. 

N type female to connect the le 
cable to the duplexer located in-
side the cover. 

For serial input from sensors and 
interrogation to sensors. 

For connecting 1-4 parallel sensors 
(32 bits) to the subsystem and to 
deliver "Interrogate" signal to 
user's equipment. 

For connecting to and from the 
other four parallel sensors. 

Four connecting 6 analog inputs from 
sensors and to deliver "interrogate" 
to users equipment. 

J6 

J7 

J3 

Equalizes automatically external 
and internal pressure. 

To supply battery power to the circuit. 

Test points 	To provide easy access to a number 
of critical points in the circuit. 
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The timing control module (TCM) initiates the transmission cycle. 

It has two parts, a stable clock and divider chain to supply basic time 

signals to all parts of the platform and a circuit to generate a "trans- 

mission initiate" pulse at a random time after the meaàurements have been made. 

All message control is handled by the message control module (MOM). This 

unit receives two timing inputs from the TOM. The first is a pulse indicating 

that a measurement should be made and the data pertaining to that measurement 

stored. The second pulse indicates when the transmission should begin. The 

MCM design is based on a counter command generation system. A large number 

of different commands are required to assemble and transmit a message, and 

the MCM must cope with a large variety of messages, (different message lengths, 

for example). The MCM circuitry is arranged so that it can generate different 

combinations of "micro-operation" control pulses required to deal with all 

possible situations when the platform is used in its baseline version or when 

options are added. The set of control pulses generated by the MCM include 

those required for power resource management. 

The serial combination of preamble, platform addresses and message bits 

that is assembled via the commands issued by the message control module (MCM) 

is routed to the forward error coder (FEC). This produces a rate 12-- encoded 

message stream. The encoder itself is a simple device consisting only of a 

few shift register stages and parity generating circuits. 

The digital word from the encoder consisting of, on the average, 200 

NRZ bits, biphase modulating a UHF carrier. After the bit stream is amplified 

using a dual buffer amplifier providing dual 10 MA drive, the biphase PSK 

modulation is achieved by using a hybrid balanced mixer as a double sideband 

suppressed carrier modulator. 
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For a low cost design the transmit and the receiver local oscillator 

(La) carriers are generated by a common source, restricting their frequencies 

to multiples of the basic crystal oscillator frequency. For example, a 400 

MHz signal can be generated by a 50.0 MHz crystal operating in its fifth over-

tone, to reduce phase noise and to keep the frequency variation due to aging 

low. The frequency is electronically stabilized without an oven, achieving a 

long term stability oft. 2 KHz at the end of 6-month intervals. The ± 2 KHz 

value includes effects of ambient temperature and aging. When the baseline 

system is expanded into the command receiver mode (option 4), the receiver PC 

assembly accepts one of the outputs of the power divider and provides a 

300.0 MHz ( 4'4 dBm) LO signal to the receiver downconverter using a times six 

multiplier. 

The output of the PSK modulator at 0 dBm level is first amplified in a 

class B hybrid type amplifier to 22 dBm and then to the final 15 watt maximum 

output by a class C hybrid module. Both the class B and the class C amplifiers 

are standard products. When the ambient temperature drops to - 50°C the output 

of the power amplifier drops 1.0 dB from 15W to 12W. At least 12 watts RF power 

 is therefore available at the N type male output connector of the , lectronic 

subsystem. 

The transmitter operates in burst mode with maximum burst length of 100 

milliseconds. The procedure for turning the transmitter on and off was dis-

cussed in Section 6.3.2. 

6.3.5 Battery Subsystem  

The primary power to the DRP (excluding power to the sensors) is delivered 

 by a Nickel-Cadmium battery. The considerations leading to the choice of Ni-Cd 

battery as the prime power source are given in Appendix B. The pocket-plated 

Ni-Cd batteries are assembled from 12 cells. The cells are provided with trans' 

lucent styrene containers for visual electrolyte inspection. "Arctic gravitY" 

POH electrolyte would be supplied for low temperature operation. 
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6.4 Description of Options  

6.4.1 Option No. 1 - Activity Monitor Module  

The activity monitor operates upon the process associated with one of the 

platform inputs. It compares the present value of the process being monitored 

with three other values (process value at last transmission, a maximum pre-

selectable value and a minimum preselectable value) every ten minutes. 

Comparisons are carried out by subtracting process values and initiating an 

alarm condition if the result of the subtraction is a negative number. All ari-

thmetid is done in BCD form. 

Three, four bit arithmetic logic units (ALU) are used to perform the 

arithmetic. The BCD values of the three quantities being compared are sequen-

tially gated into the ALU to carry out subtractions and comparisons. Detection 

of negative residues in the ALU gives rise to changes in the DRP transmission 

rate. c9unter-oontrolled synchronous circuitry is utilized to organize the com-

mands necessary for the value comparisons. 

6.4.2 Option No. 2 - Parallel Digital Data input by Parallel 
Data Module (PDM)  

The parallel data input module is very simple architecturally. It consists 

of only a single register 64 cells in length - equivalent to the number of para-

llel data input lines. Information enters in parallel form and leaves in serial 

form. 

6.4.3 Option No. 3 - Analog Data input by Analog Data Module (ADM) 

The analog data module consists of three basic elements; an input multi-

plexer, an A/D converter, and a storage register. Input commands calling for 

ADM action can originate in either the message control module or the activity 

monitor module. Output data is sent to the message assembly module. 
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A typical operation cycle proceeds as follows. The channel selection logic 

is first triggered by signals sent from the message control module. This con- 

nects one of the six inputs to the AiD converter. A second command from the mes
age 

 

control module initiates the conversion process. When a 12 digit BCD sample of 

the data is available at the output of the AiD converter, it is stored in output 

register flip-flops. The message control module will then command the input 

multiplexer to examine a second input, and the process is duplicated. This con-

tinues until a digital representation of a maximum of 6 inputs is stored in the 

output shift register. The data remains there until the time of transmission. It 

 is then shifted out of the output register to the message assembly circuits by a 

clock originating in the message control module. 

6.4.4 Option 4 - Command Receiver  

Fbnctionally the command receiver consists of a receiver with an FM demodu -

lator, a data regenerator and address recognisers. 

a) Receiver and FM Demodulator  

The PCM-F1  modulated carrier is received by the circularly polarized 

helical antenna (described elsewhere) and is delivered to the transmit-receive 

duplexer. The duplexer provides at least 60 dB isolation from transmitter to 

receiver. The duplexer has two functions. One is to provide the transmit band' 

pass filter-receive bandpass filter functions, normally required to prevent 

unwanted out-of-band transmission, and to provide image rejection. The other 

function of the duplexer is to protect the receiver from burnout due to the higel 

 transmit power leaking into the input ports of the receiver. 

After the duplexer, the 300.0 MHz carrier is amplified in a low noise hybrid 

amplifier having 26 dB gain and 2.7 dB noise figure. This is necessary to obtain  

an overall receiver noise temperature of less than 1000°K referred to the dupleee 

 input port. The carrier frequency is then downconverted to 10.7 MHz in a double  

-411L 
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It was determined that a continuous load of 20 mw and a peak load of 

approximately 60 W for 100 m sec., every 15 minutes is required. The high 

self discharge rate of the Ni-Cd battery necessitates the use of a 40 ampere-

hour battery to meet the objectives mentioned above. The initial operating 

voltage of the battery is 16.5 volts dropping to 13.0 volts at the end of six 

months. However, a voltage converter (inverter plus regulator) maintains the 

voltage at the input port of the electronic subsystem at 14.0 ± 1V. The 

battery is protected from damage by an undervoltage sensor which disconnects 

the load when the battery voltage drops below 10 volts. Both the converter, 

undervoltage sensor, and the associated switches are located inside the 

electronic subsystem as a part of the transmitter printed circuit assembly. 

The continuously operating under-voltage sensor, (which utilizes CMOS components), 

increases the load of the battery by approximately 2 mw. 

While the effects of ambient temperature are discussed in more detail in 

Appendix B, it is noted here that the manufacturer's warranty for Ni-Cd battery 

limits operation between -40
oC and 50

oC. Characteristics of the battery are 

presented in Table 6.3-2. 
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Table 6.3-2 Battery Requirements and Characteristics  

Item 	 Value  

TYPe 

Manufacturer 

Continuous load of battery 

Peak load of battery 

Pocket-plated, Ni-Cd Model HIP 4 

Cipel La Charbonne (Canada) 

20 MW 

Approximately 60 watts for 100/m. sec., 
once every 15 minutes. 

Self discharge rate 	25% per three months 

Battery capacity 	• 	40.0 ampere-hours 

Voltage 	14.01 + 2.5 v, 
-  1.0v  

, 
Nominal Operating 	- 40°C to 50°C (See Appendix B for 
Temperature range 	operation below -400C). 

Dimensions 	27" x 6.1" x 16" 

Weight 	 120 lbs. 
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balanced hybrid mixer. The local oscillator signal (4 dBm) is generated 

by using the transmitter clock (already installed as part of the transmitter 

in the baseline system). 

For example, if 103.6 MHz CW carrier is available from the transmitter 

signal source and is multiplied by three in the receiver, then a 31(47 MHz 

L/0 signal is delivered to the downconverter. A 10.7 MHz narrowband crystal 

filter selects the wanted sideband. The 10.7 MHz FSK carrier is further 

amplified by 80 dB in an I.C. amplifier, and filtered in a crystal filter 

having noise bandwidth of 10 KHz. The received carrier to noise level at the 

filter output is 11.5 dB at maximum fading. This is sufficient to use a con-

ventional limiter discriminator for the FM demodulator. 

The limiter is an integrated circuit module and it is followed by a crystal 

discriminator. A crystal discriminator is necessary as the test tone deviation 

is very low, approximately 1.6 KHz peak, thus a high sensitivity discriminator 

is required to provide sufficient signal level to override the noise produced 

in the following baseband amplifier which delivers the demodulated data to the 

data regenerator. 

It Should be noted that the use of a threshold extender in the form of a 

CMOS phase lock loop was also examined. However due to the low operating fre-

quency of this unit a double downconverter would have been required. 

The long term frequency stability of the receiver is 2 KHz at the end of a 

six month period. This stability is acceptable from an operational point of 

view as the reception is always preceeded by a transmission, and the received 

carrier frequency is locked to the frequency of the transmitter. This has been 

discussed in section 5.3. 
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h) Address Recognition Module (ARM) 

The address recognition module (ARM) receives its input (one of two 

command signals) from an FM discriminator baseband amplifier in the receiver. 

It has two functions. 

a) To initiate a transmission following the reception 

of an interrogation command to acknowledge receipt 

of the command to the CCT. 

b) To increase the transmission rate or to revert to the 

original rate if the rate had previously been increased. 

The circuit employed is an asynchronous data detector which utilizes correlators 

• to detect the presence of one or another of two command signals. One command 

is used to increase the measurement rate, the other to decrease it. The 14 bit 

command signal is clocked into a shift register whose parallel outputs feed the 

command correlators. The correlators are a set of Exclusive OR coincidence 

detecting gates. A diagram of the ARM is included as part of Appendix A. 

6.4.5 Option 5 - Temperature compensated oscillator 
for improved frequency stability  

It is described later in Appendix B that an optional, very long life Carbon' 

Zinc battery is available for the DRP, increasing the battery maintenance 

interval from 6 months (baseline) to 3 years. Obviously if the overall DRP 

maintenance interval could also be increased to 3 years, it would result in 

significant cost savings. 

This could be done by improving the frequency stability of the transmit 

clock and of the receive local osci llator. The proposed option would provide 

2 KHz overall frequency stability at the end of a 3 year interval (both, tranele  

and receive). It would consist of an electronically temperature compensated 

(approx. 10 MHz) crystal oscillator operating in its fundamental mode, followed 
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by the necessary multipliers to deliver the approx. 400 MHz transmit clock, 

and the approximately 310.7 MHz receive WO signals. 

6.4.6 Option 6 — Carbon-Zinc battery (For description see Appendix B) 

6.4 • 7 Option 7 — High gain helical radiator  

This has already been discussed in Sections 4 • 4 and 6.3.3 

See Sections 4.4 and 6.3.3 

6.5 	Reliability  

Every effort has been made to use high reliability components throughout 

the design and the platform is expected to meet the reliability requirements 

outlined in Section 2.3. For this reason and because Cf the extent of the effort 

required to do a detailed analysis, the analysis has been delayed to a latter 

phase of the program. 
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7.0 TRANSPORTATION AND FIELD INSTALLATION 

Transportation  

The guidelines stated that either surface transport or air transport 

should be possible, the latter with a Beaver type aircraft. 

This imposes restrictions on the size and weight of the DRP. The antenna 

subsystem consists of components that may be assembled in the field, so that 

it can be transported by a Beaver aircraft. The supporting pole is transported 

in 3 separate modules. The antenna base and the ground plane can also be broken 

down into small modules. 

The total packaged weight of a complete DRP is estimated to be 300 pounds. 

Installation  

It is assumed that a shelter is provided by the user to protect electronics 

and battery from being covered by water or snow. In addition the antenna founde-

tion is provided by the user. These items have not been included in the feasibl /  

study. 

The installation thus includes: 

a) The assembly of the DRP from the components. 

h) The installation of the antenna on an already existing foundation. 

c) The installation of the electronics and battery into an already 

existing shelter. 

d) Fbnctional tests by checking test points on the front panel of 

the chassis, a field strength test by a portable field strength 

meter and loop tests by a portable test set. The design and cost 

of these test sets have not been considered in the study. 
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8,0 MAINTENANCE 

8,1 Preventive Maintenance  

The baseline DRP was designed in such a way that normal preventive 

maintenance is required only once per six months .  

Such maintenance would include: 

(a) 	Visual inspection 

(h) Meter readings via test points located on the cover 

of the electronics subsystem. 

(0) Resetting the level and frequency of the transmitter clocks 

and oe the downconverter local oscillator. 

(d) Recharging of Ni-Cd battery. 

8.2 Corrective Maintenance  

Antenna: The field repair of the antenna subsystem consists of 

replacement of the entire detachable radiator module, 

or replacement of the interConnecting coaxial cable, 

Eiectronics:  Repair to electronics consists of field replacement 

of the entire faulty printed circuit assembly, 

Battery: 	The cell which has failed is replaced in the field, 
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9.0 COST ANALYSIS 

In response to Item IV of the Statement of Work contained in 

DSP 1972-3, budgetary estimates have been developed for the design, 

development and volume production of the Data Transmission Platform 

(including options), as defined in this report. 

These estimates, detailed below, are based on the best informa-

tion available to us at this time, including, where possible, budgetary 

quotations from potential suppliers of parts and components. We have 

made certain assumptions as to probable labour rates for 1974 and 1975. 

Customs Duty, where applicable, has been included at 15%. Federal 

Sales Tax is not included. The resulting cost estimates ,are,  we believe, 

realistic to the extent that they may be used with confidence for plan-

ning purposes. However, they do not constitute a formal cost proposal, 

nor is there any implied commitment that subsequent quotations by RCA 

in response to formal Requests for Quotations will correspond with the 

estimates supplied in this report. 

The estimates presented are "break even" costs. That is, they include 

all elements of cost, but no profit. The development cost estimates are 

presented in Table 9-1. The production cost estimates are presented in 

Table 9-2 for production in the quantities 500, 1,000, 5,000 and 10,000. 



1) 

Breakeven Costs  

$ 29,074 

3,445 
239,865 
12,473  

$284,857 

Development Costs: 

Subsystems:  

Antenna Subsystem 
Battery Subsystem 

(Cadmium-nickel) 
Electronic Subsystem 
Integration & Tests 
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Table 9-1 Estimated 1974 breakeven development 
costs for the data retransmission platform 

2) Oetions  

No. 1 Adaptive Transmission 
No. 2 Parallel Digital Board 
No. 3 Analogue Input 
No. 4 Command Rx. 
No. 5 Improved Frequency Stability 
No. 6 Carbon-zinc Battery 
No. 7 10 dB Radiator (Antenna) 

Integration of fully 
expanded electronic 
subsystem 

55,141 
19,956 
38,468 
63,741 
1 ,330  
3,445 

Included in the 5 dB Dey.  Costs above. 

16,084 



Data Retransmission 
Platform 

Breakeven Costs 
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Table 9-2 Estimated 1974 breakeven costs for 
quantity production of the data re-
transmission platform. 

Qty. 	QtY. 	Qty. 	Qty. 
500 	1,000 	5,000 	10,000  

/Unit 	/Unit 	/Unit 	/Unit  

5259 	4941 	4644 	4341 

DRP Rquipment Breakdown  

Antenna Subsystem 	937 	937 	837 	732 
Battery Subsystem 	434 	434 	434 	358 
Electronics Subsystem 	3782 	3474 	3285 	3163 
Integration & Tests 	59 	59 	59 	59 
Eng'g Support 	 27 	27 	27 	27 
Documentation 	 20 	10 	2 	2 

Total 	 5259 	4941 	4644 	4341 

Options  

Breakeven Costs  
No. 1 Adaptive Transmission 	526 	526 	523 	519 
No. 2 Parallel Digital Board 	183 	183 	178 	175 
No. 3 Analogue Input 	438 	438 	428 	426 
No. 4 Command Rx. 	1258 	1215 	1168 	1114 
No ,  5 Improved Freq. Stability 	680 	594 	391 	318 
No. 6 Carbon-zinc BatterY 	194 	194 	188 	180 
No. 7 10 db Radiator (Ant.) 	213 	213 	199 	187 
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APPENDIX A 

DATA RETRANSMISSION PLATFORM LOGIC PACKAGE 

A.1 	Introduction  

The purpose of this Appendix is to describe the retransmission platform 

logic package that forms part of the platform design. For our purposes the 

logic package consists of all digital circuitry within the platform excepting 

only circuitry employed for RF modulation and demodulation. Two types of in-

formation are presented here: a summary description of the role played by 

the logic circuitry, and descriptions of the circuits themselves. 

A.2 Logic Package Functional Specification  

The platform logic circuitry mechanizes the following functions: 

. power resource management 

. selection of time of measurements and data transmission 

• sensor package interrogation 

• message assembly and storage 

• message coding and thruput to modulator 

, 	adaptive process monitoring (an option) 

, 	interpretation of CCT and/Cr user-package commands (optional) 

The characteristics of the package and its data handling role can be 

most conveniently summarized using Tables A.1 and A.2 which follow. 
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TABLE A.1 

Platform Logic Functional Specification  

Function 	 Specification  

Number of input channels serviced 1 Serial channel 
6 Analog channels (option) 
64 bits parallel entry (optional) 

Maximum number of bits processed 
in serial data entry mode 	288 

Digitization of analog inputs 	12 bit BCD 

Timing of Measurements 
and Transmissions 	 See Table A.2 

Types of data assembled in one 	Any combination (s) of serial, 
word 	 parallel or analog entry 

Bit rate of assembled message 

Symbol rate of coded message 

Type of FEC 

Synchronization preamble 

Platform address generated 

~ 6.25 Kbps 

••• 12.5 K Symbols/sec. 

Rate with constraint length of 7 

30 bits 

14 bits 



TABLE A.2 

Measurement and Transmission Timing 

Relationship 
Measurement 	between measurement 

Initiation Method 	Measurement Times 	Intervals 	& transmission times 	Comments  

Platform internal 	Set by user on platform 	12,6,1 or lle hrs. 	Transmission follows 
clock 	 measurement with a 

random delay the maxi- 
mum value of which is 
selectable as 1 or 
1 
4 hrs.  

Activity Monitor 	Process dependent 	Mode 1: 10 minutes 	** Mode 1: 	Transmission 	Mode 2 of activity 
follows measurement 	monitor operation 
with no delay 	decreases measure- 

ment interval. 
Mode 2: 6, 1 or 	*Mode 2: 	As above 
-,--, 	hrs. 

OCT  command 	CCT/User determined 	1st measurement 	1st transmission im- 	Initial command de- 
immediately follows 	mediately follows 	creases normal 
command. 	measurement. 	Succeed- 	measurement interval. 
Succeeding measure- 	ing transmissions 	A second (different) 
ments at 6,1 or 	follow with random 	command changes measure 
1 Iir hr. intervals 	delays. 	ment interval back 

 	to normal.  

User-Package 	User-package 	User-package 	Transmission follows 
controlled 	controlled 	with zero delay 

**Mode 1: A data message is transmitted if the absolute difference between the process present value and the last 

value transmitted exceeds a preselectable increment. 

*Mode 2: 	The basic measurement and transmission interval established by 
the platform clock is deoreased if the 

process value exceeds a preselectable maximum or is less than a preselectable minimum. 



Action hanction  Module  

MCM 

TCM 

CGM 

MAM 

PDM 

ADM 

AMM 

ARM 	Address Recognition 
Module 

Message Assembly 
Module 

Parallel Data Module 

Analog Data Module 

Activity Monitor 
Module 

Message Control Module 

Timing Control Module 

Clock Generation 
Module 

Name 

11 

11 

11 

Optional Module 

11 

11 

11 
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A.3 Platform Logic Packajte Description  

The organization of platform logic is depicted in Figure A.1. The 

equipment shown is assumed to consist of a set of modules whose identifying 

alphanumerics appear on Figure A-1 and in Table A.3 below. 

TABLE A.3 

Logic Circuit Module Identification  

Generates all necessary Part of Basio 
commands to initiate 	Platform 
measurements, and to 
store, assemble, and 
throughput data. 

Control of measurement 
and transmission times 

Generation of all 
time standards 

Message assembly and 
application of Foreward 
Error Correction Coding 

Accepts user data in 
parallel digital form 

Accepts up to 6 analog 
inputs from user package 

Mechanizes adaptive 
measurement technique 

Recognizes an interro-
gation command from 
CCT 
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The interface with the user-package is shown at the extreme left 

of Figure A-1. Information can enter the platform in one or more of 

three modes; serial digital, parallel digital and analog. The serial entry 

only is offered with a basic platform. In the serial entry mode, data stor-

age in the interval between measurement and transmission is the responsibility 

of the user, and in the other (optional) forms the storage devices required 

are included as part of the PDM and ADM. When information is to be transmitted, 

it is routed to the MAM word assembler and time division multiplexed with the 

platform address and with the transmission preamble. This composite data 

message is then encoded by rate 4 convolution encoder. The encoded message 

acts as the input to the PSK modulator (not shown). 

The control of all operations mentioned in the preceeding paragraph is 

the function of the message control module (MCM). This module can be acti-

vated so as to initiate a measurement/transmission by the ARM, AMM, TCM or 

by a user-package command. 

A.4 Description of Logic Module Fianctions  

A.4.1 Message Control Module  

The message control module (MCM) controls the execution of all operations 

during a platform "active" phase - that is to say from the time a decision has 

been made by the TCM to initiate a measurement and transmission until after the 

transmission has taken place. 

The MCM directs two distinct sets of operations each of which corresponds 

to a specific time period. These are data assembly which takes place in epoch 

division 1 (see Fig. A-2) and data thruput which takes place in epoch division 2 

(see Fig. A-3). These two operation sets are described in Table A.4. 

The names of the commands issued to carry out the functions listed in 

Table A.4 and their relationships in time for each operation set are shown in 
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Figures A-2 and A-3. Each command listed on these figures may physically 

consist of a series of subcommands. For example, the "Parallel Thruput" 

command on Figure A-3, which calls for the thruput of information originating 

in the parallel digital input command, will consist of up to 64 clock pulse 

to remove the data from its storage register and send it to the MAM. 

The hardware necessary to mechanize the MCM is shown in Figure A-4. 

The configuration shown generates a set of micro-commands whose arrange-

ment is dependent on an operational code established by the message format 

being used. For example, the assembly of a message containing no data 

originating from analog sources will require a different set of commands 

than a message with data from analog sources. The op code generator  show 

in Figure A-4, along with the 6 bit counter and status indicators, forms a 

micro programmed command generating system to generate the data assembly 

and thruput commands in a variety of combinations. Each)command corresP0nd5  

to one clock interval of the counter. The box labelled "Message Processing 

Command Generator" generates the subcommands mentioned in the preceeding 

paragraph. Details of the op code generator are shown in Figure A-5 and 

of a subcommand generator in Figure A-6. 



Epoch Division 2 Power shutdown of all 
but standby platform 
circuitry. 

TABLE A.4 

Message Control Module Fbnctions  

Initiates at 
Operation Set 	Initiated by 	Function 	Time Period 	Operation Termination  

Data Assembly 	TCM 	Interrogate sensors, 	Epoch Division 1 	Operation of random 
ARM 	digitize and store 	 time interval generator 
AMM or 	data 	 in TOM for randomly phase 
User package 	 transmission, or data 

throughput if message is 
AMM or user-package 
initiated .  

Data Thruput Random time 	Controls the trans- 
interval 	mission of data 
generator or 	stored during 
a data 	Epoch Division 1 
assembly 
command 
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A.4.2 Platform Timing Modules  

The Timing Control Module (TCM) has two functions: 

(1) To establish the time data is logged while the unit 

is operating in the randomly phased transmission mode. 

(2) To establish the time at which the data is transmitted. 

A one Hertz 

This reference is operated upon by a set of counters and division circuits 

(shown in Figure A-7) to produce 4 outputs: 

A: A pulse at 12 hour intervals. 

B: A pulse at 6 hour intervals. 

C: A pulse at hourly intervals. 

D: A pulse every 15 minutes. 

The real time at which the outputs A and B appear is controlled by a rotary 

switch. One of the 4 outputs (A-D) is then selected to control the time ih - 

,iteY terval between measurements. This is done using combinational logic  cire

with the following types of inputs: 

(1) A-D 

(2) Transmission time interval selection switch (selects 

one of A-D.) 

(3) Override control from AMM or the command receiver 

which can call for a measurement at any time (over- 

rides the selection of one of A-D). 

The output of the combinational circuit is shown on Figure A-7 as F. This  

command is routed to the MCM which actually initiates the measurements. 

After the measurements have been made and data has been stored, the 

transmission time must be determined. The MCM module initiates the deter- 

clock from the CGM module provides the basic time reference. 
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mination process by sending a command to the random vector generator of 

the TCM, shown in Figure A-8. Using a countdown circuit, the length of 

the random vector is determined. The interval between measurement and 

transmission is identical to the time required to determine the vector 

length. Note that one of two possible maximum time intervals can be 

selected (1 hour or j  hour). 

The TCM receives its 1 Hz reference signal from the clock generator 

module (WM). This is shown in Figure A-9. It consists of a CMOS crystal . 

oscillator operating at the highest clock rate utilized in the platform - 

the FEC symbol rate. Digital dividers operate upon the oscillator output 

to produce lower rate signals for distribution to various parts of the 

platform. 

A.4.3 Data Entry Modules  

The analog data module is depicted in Figure A-10. It consists of 

three baic elements: input multiplexer, A/D converter, and storage register. 

Input commands calling for ADM action can originate in either the MCM or the 

AMM. Output data is sent to the MAM. 

A typical operation cycle proceeds as follows. The channel selection 

logic is first triggered by signals sent from the MOM. This connects one of 

the six inputs to the A/D converter. A second command from the MCM initiates 

the conversion process. When a 12 digit BCD sample of the data is available 

at the output of the A/D converter, it is stored in selected (by MCM) flip-flops 

of the output register. The MCM will then command the input multiplexer to 

examine a second input, and the process is duplicated. This continues until a 

digital representation of a maximum of 6 inputs is stored in the output shift 

register. The data remains there until the transmission time. It is then 

shifted out of the output register to the MAM by a clock originating in the MCM. 
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The parallel data input module, shown in Figure A-11 is very simple 

architecturally. It consists of only a single register 64 cells in length - 

equivalent to the number of parallel data input lines. Information enters 

in parallel form and leaves in serial form. 

A.4.4 Activity Monitor Module  

The detailed block diagram illustrating the arrangement of logic 

elements is shown in Figure A-12. The equipment shown compares the present 

value of the process being monitored with three other values (process value 

at last transmission, a maximum preselectable Value and a minimum preselec t-

able value) every ten minutes. Comparisons are carried out by subtracting 

process values and initiating an alarm condition if the result of the sub-

traction is a negative number. All arithmetic is done in BOB form. 

Figure A-12 shows that the values upon which the necessary arithmeti c 

 operations are carried out are alternately entered into l three four bit 

Arithmetic Logic Units. The necessary steps in the arithmetic operations ape 

 listed in Table A.5. This series of steps take place every 10 minutes. 

The control signal necessary to initiate the required arithmetic 

actions is generated using a counter-controlled instruction generating 

circuit. Each sequential counter state corresponds to a specific arithmetic  

action to be executed. The counter states are examined and used to genera te  

the required control pulses. 

A.4.5 Address Recognition Module  

The address recognition module (Alim) is shown in Figure A-13. This 
• etoe 

circuit is fed by the demodulated FM data command signal from a discrim l- 

in the receiver. It has two functions. 
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(a) To initiate a transmission following the reception of 

an interrogation command to acknowledge receipt of the 

command to the COT. 

(b) To increase the transmission rate or to revert' to the 

original rate if the rate had previously been increased. 

The circuit shown in Figure A-13 is an asynchronous data detector which 

utilizes correlators to detect the presence of one or another of the two 

command signals. The 14 bit signal is clocked into a shift register whose 

parallel outputs feed the correlators. The correlators are a set of 

Exclusive OR coincidence detecting gates. 



Storage of process value 
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transmission {IV) 

Operation 	Description  

0 

Action  Result  

MIN • ALU 

Present PV to ALU and 
subtract (ALU) 

(ALU) =MIN 

(ALU) is positive or negative 

7 

TABU' A.5 

Operation of Activity Monitor Module  

1 

2 

3 

4 

5 

6 

Store PV 

Enter PV to ALU 

Present IV to ALU 
2nd subtract PV 

Present à to ALU and 
subtract from (ALU) 

PV • ALU 

Present MAX to ALU and 
subtract (ALU) 

(ALU)s PV 

(ALWasà 1 

(ALU) is positive, or nega-
tive - indicating increment 
exceeded 

(ALU)* PV 

(ALU) is positive or negative 

Initiate transmission if 
(ALU) negative 

Initiate transmission rate 
change if (ALU) negative. 
Generate command to go to or 
stay at initial rate if (ALU) 
positive. 

LEGEND  

time of last 
process 
unit 

IV 	= Process value at 
PV 	= Present value of 
ALU 	= Arithmetic logic 
(AU) = Contents of ALU 

transmission 	a le Difference between IV and PV 
= Preselectable increment 

MAX = Preselectable maximum process value 
MIN = Preselectable minimum process value 
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APPENDIX B 

CHOICE OF PRIME POWER SOURCE 

The power source for remote locations must be self contained and easy 

to maintain. Several such sources were discussed in the report by *Campbell 

from which it is concluded that the batteries represent the most suitable 

prime power source for this application .  

Two types of battery have been investigated for possible use in this 

application. These were the Nickel-Cadmium type, (Ni-Cd) and the air de-

polarized Carbon-Zinc type (C-Zn). The vented pocket plated Ni-Cd battery 

has a considerable history as a rugged, reliable unit operating within the 

environmental and load conditions of the system under study. The Carbon-Zinc 

battery was developed by a Canadian company for the Quebec Ministry of National 

Resources for powering remote sensors. It is used extensively by B.C. Telephon e ' 

CN-CP and others in unheated shelters. The main difference between the two is 

that Ni-Cd is rechargable while the C-Zn is not. Other significant difference 

also exist. (See Table B-1). 

The advantage is apparently on the side of the C-Zn battery. That is to 

say, it has lower initial cost, lower self discharge rate and it operates at 

lower temperature. In addition, by increasing the frequency stability of the 

oscillators the interval between successive maintenance visits can be increased  

if the C-Zn battery were to be employed. Initial cost trade-offs analyses in -

dicate that the long term cost (initial plus maintenance) of a DRP is lower 

using C-Zn battery based on a period of six years if the site is visited onlY 

once every three years. Due to lack of detailed servicing costs an accurate 

cost analysis could not be made. 

*Campbell, R. J., "Data Retransmission from Remote Sensors Using a UHF 
Communications Satellite", Communications Research Center Technical Report 
#640, June 1972, 
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However, the air depolarized C-Zn battery is a relatively new design and 

insufficient reliability data about it is available. Additionally, there is, 

at present, only one supplier for this type of battery. While it is expected 

that more information and prospective suppliers for such batteries will be 

available by the year 1976, it appears that it would be premature to strongly 

recommend the use of C-Zn batteries at this point. This decision could be 

postponed until the time of implementation, allowing time for evaluation and 

testing of the C-Zn battery. 

In order to carry out a definitive cost analysis, it was necessary to 

select a battery that has guaranteed performance. For this reason, Ni-Cd 

batteries are included in the baseline DRP. Due to the high self discharge 

rate, these batteries have a maximum interval of six months between successive 

recharging. The self discharge rate increases with ambient temperature and the 

performance of the battery below -40°C is not guaranteed. The normal operating 

tempereure range is -40°C to +50°C. Using a low cost, unheated shelter, such 

as a well-dome, the ambient temperature inside the shelter can be expected to 

be within the nominal operating  range even under extreme conditions. 
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Table B-1 Comparison of Ni-Cd and C-Zn Batteries 

Vented Ni-Cd 	Air Depolarized 
eature 	Battery 	C-Zn Battery 

anufacturer 	Canadian 	Canadian 

rating (Amp. Hr.) 	40.0 	› 200.0 

eechargable 	Yes 	No 

recharging Interval 	6 months 	N/A 

'Charging Time 	1 day 	N/A 

xpected Life 	6 yrs. 	3 yrs. 

! , elf Discharge Rate 	25% per 3 months 	Negligible 

oltage 14V 	(.4 2.5V 	14.0V 
(+2.5V 

(- 1.0V 	( 	-1.0V 

ormal Operating 
-  40°C  to  +50°C 	-50°C  to  +50°C  

emp. Range 

VVeight (I bs) 	120 	30 



157 

Appendix C 

Questionnaires completed during the user survey 
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I Identification  of Agency Supplying Information 

tment of the Depar 	 Environment 
Deportment or Ministry . 	. . . . . . . . . . . ............... 

Branch, etc. 	
Atmospheric Environment  Service  

Nome  and Address of Person to be Contacted for Further Details or Clarification it 

required. 

Name 	E.N. Emsley  

.... Field Services . Directorate, Atmospheric Environment Service 
Department 

4905 Dufferin Street 
Street Address 

City 	Downsview, Ontario  

ielephone Number 	667-4738  

Expeliment or Location Requirements 

i .0 	Data requirements 

1.1 Please give a brief description of the measurement (what is 

measured, purpose of the measurement and any other'pertinent details 

not covered below) • Temperature, wind speeçl, .w1nd d)rectioa.. . . 
.. Accumulated precipitation. Total hours . sunshine . (future),. 

atmospheric •pressure (eupitrally),. relatiye.hu.mi.diry.(eyentuatly) • 	• 	• 	• 	• 	• 	• 

1.2 Is more thon one type of measurement involved at this location? 

Please detail: The . serlsors. are .set up with pn. epcpdtar Sor use. . 	. . 
with the ERT.S. 

1.3  What is the quantity of information (bits) required to transmit the 
Binary.  coded.decirsql (3 sig. figs) sirjnal from the measuring devices? 

and control .7- 11 Pits  per  sen§or.arld.64 bjts. pr  platform 	 

or what is the maximum value of the quantity measured and with what 

pteckion must it be transmitted?  • ?nE5 yeoplçl ljk, qn pppn.endedeessage 
length.. OES.  i  aocepting pop akin:mtgs. 	  
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1.4 Is it necessrit , t. ,  tronsti.it «hp n rx(ict t in  w ot which the measurement 

is made? To  wh 	c  .'r c1C. y ? • Depends on the .measurerrient,. but j- 3 min is the lowest 
. , .prror mentioned 

01 ri,oes measuierre.. 	to be made ot snec it ic precieterminea trtrerv ,its 
Traditionally measurements are made at same Greenwich time. Present . 	. 	. 	. 	. 	. 	. 	. 	. 

• 'Cri7sitals  drift-  1 . mon/2 weeks. 	. . 	. 

! • 5 Whor is the tninHurn ori_eptable frequency ol reception of data 

from the meas.urement Depends on .th? measurement, but a hours . site 
is the lowest reception rate. May be 12 hours for other data • .. 	... . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 

1.6 What is the desirable frequency of reception of data hoe' the 

measurement site 75--  
• • 	, 	• 	 . 

1. 1  Is it occeptable ((:- desirable) for the equipment to transmit data 

til y  whpn there  hoc  been a significant change From previously measured 
B.etter to transmit.regularly. , based on traditionql procedures . 	 

vvhat is maximum perrr issible interval between measulements? 	  

1.8 Is it necessasy that data be transmitteci immediately frdlowing 
rneosurement? .Want it within the hour  

What is the acceptable time lag before transmission? .A. vcilrYln.g tirçte. 
.lag is not desireable, but. a.large f.ixeone would 4.acceptab.le, . . . 

1.9 How important is loss of a single measurement if an adequate total 

Need to know which one is lost . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	, 	.......... 

What percentage could be lost " Depends ' 	 on the measurement,.would 

take any data that covers even if gaps occur. 

. 10 How im_portant is in error in a single measurement if others are 
D „act '? 	ata is checked according to .operational dçaçllines have 

9 5e/0 g.ccuéaCy at 'present •AfterwOrd 	.dota. ch. eks" arid . comparisons 
• to isoiate errors. 	• 	•" • • • 
\,,i)at percentage COUL.1 be in e rror? .1-21no tr41.95%. NeeLd to„flogeirt . 

(i .e.  vvhat errot rate on be tolerated) 

1.  11  Is there a requirement for detection and transmission of measurements 

ot an unexpected nature  nt magnitude whenever they occur (rather  thon  to 

O! mportant• i ropxe and tmnsmit mensurements on 	 ic ly periodally) . This 

It every 6 hours it is a recluirement. . 	. 	.................. 

• . • 	• 	• 	• • 

number are received? 
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1.12 Is there a requirement for remote control of the sensor or measuring 

instrument (e.g. to change s cale,  frequency of measurement, or make 

other adjustment0 if it is possible to provide this facility' )  
The full data report is more significant than a single sensor: interrogation. 

I .13 Is the t' jr  y lqnificant seasonal vnriation in the nature or amount 

at data to be collected 	.Sunshine  data in enratia in winter . . . . . 

1.14 Is there ally significant difference in the relative importance of the 

various measurements reported?  •e,• w.ind data is most.impartant . . . 

2.0 	Environmental Requirements 

2. I Where, and in what environment, will the measurement device be 

emplaced? Pleose describe any factors, other than those covered below, 

which may affect the operation or construction requirements of the data 

retransmission platform. 
1) Most are on a tower higher than .th p wrrovene  pigne. 	  

' 	Some  are on séa ice 

2.2 Will the equipment be located on solid non-shifting terrain which 

would make it possible to point an antenna toward the satellite and have 

it remain aligned within ± 50  over a long period?  •Sn.aW laadirn.moy. • 
100 ? .be.  a . problern  for  some., The ope  s on the ice.moy.shift radtcally 

2.3 Is the anticipated method of emplacement such that pointing of an 

. 	. 	. antenna on the platform would be possible? 	. 11, 0t re:emended.  

(If, for instance, it were planned to air drop the equipment into place, 

without subsequent setting up by ground personnel, antenna pointing 

would be essentially impossible. The some would be true if the measure -

ment platform floated on a water surface.) 

2.4 Over what range of tempereures must the equipment operate 
tronsmit sotisfactorily)? . 7 .2u7C. tc? 	590Ç ........ 

2.5 Cesr what oe  of temperatures must the equipment survive ? 



It ,,voter, or other extreme 
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2.6 What conditions uf 	oer vibtation 

(emplacement, instol lot 	peration)?. 
Those.  on ice.  may.  be  upset . by heaying. 

must the equipment survive 
o s Normal transportation.  . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 

and .haye. to Le  disab.led.. . 

2./ Whnt icina conditions, exposure to sa 

conditions ate to Ex. cnticipoted? 
Wind .velocity to:100 mph .... 

Ice crystals, snow static  . 	. 	. 	. 	. 

2.8 How frequently does the sensor or measuring equipment  irliohil ity 

tequire that the site be visited') 	Once/year  could tolerate 6 month . 	. 	. 	. 	. 	. 	. 	. 

Interval 

3.0 	Number of Measurement Sites 

3.  I At how many locations is this measurement made now? 1  

3.2 What is the number of locations you would expect in 1975? 

Minimum 	. . . . Probable 	. . . . Maximum . . . . 

3.3 What is the number of locations you would expect in 1977?  

Minimum 	• 	. . Probable 	. . . . Maximum . .35. . 

3.4 What is the number of locations you would expect in 1980? 

Minimum 	. . . . Probable 	. . . . Maximum . 50 :F. oil rig locations 

3.5 What is the number of locations you would expect in 1985? 

Minimum 	. . . . Probable 	. . . . Maximum 

.0 	Other Requirements 

4.1 Is it desirable that the platform provide any additional facilities 

to 
 ty

measurina equipment fe a ,power,  calibration signals,  etc.)?  
ne power stpply'tor all. NT uses a common batter), pack. 

• • 

II 
• • are 	at  the iariie time. .12citeel: 30 m IDS Firs/year 	•  

4.2 Is there any plan for future  expansion of the measurement capability 

or addition of other associated measurements? . Arctic  oil  sites .haye.  a .  

need for platforms and require the data • • 	• 	• 	• 	• 	. 	• 	• 	. 	• 	• 	. 	• 	• 	............... 

• • • • 
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C. Sensor Requirements 

1.! 	Vvhat type of sens‘pr 	memuring devicels) is (are) used? 

Temperature 	• Thermister.  . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	...... 
Wind speed  • Contact. closure . . 	. 	. 	. 	. 	. 	.... 
Wind direction  • 	Commutator. . . . 	. 	. 	....... 	. 
Precipitation 	Weighing guage 	BCD or strain guage 

Whot 	the intr.(' 	wt; , it signal from the rneasurino device? 

Analugue 	or Dtal 

Current Change 	n ,  Voltage change / : 1  or Contact closure _ 

Output Impedni•ce . .10.0 1000 	  

Current or voltage ranor. (if applicable) 	  
(include units) 

Output impedance of f,ensor 	  

What is the estimated dynamic range of the signals expected? 

t An ; mum 	  

90 of time 	  

Additional comments or intormation 

Does sensor have several ranges, so that identification of range used 

must be known? 	  

Can circuit diagrams or other description of the sensor be provided? 

What is the &ration of a single output signal from the measurement 

device? .. 
3.2 ... 	. ....... f.or . 64.  bits.  power 1 .00.0: 1 vyhen.Tx 	. .•

or is the output a continuous signal which must be sampled periodically? 

If so, how frequently must it be sampled? 	  

Could the sampling device be provided by the user '?  

. C,05MO.S counter. 
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I Identification  of Agency Supplying Information 

e Department or Ministry 	Environmnt .  . . 

Branch, etc. W9ter •Re.sources. Branch 

Nome and Address of Person to be Contacted for Further Details or Clarification il  

, equired. 

Name 	
R.A. Halliday 

Departrnent of the Environment 
Department 

Room D-240 No. 8 Tempora Buildi ng  
Street Address 	..... 	. 	. 	. 	. 	. 	. 	. 	. 	. 	rY 	.. ......... 	. 

Ottawa Ontario KlA 0E7 
City ..... 	. 	• 	. 	. 	. 	. 	.................. 

Te n t.phone Number 	994-5251  

H Expel iment or Location Requirements 

I  . 	requirements 

I.  I Please give a brief description of the measurement (what is 

measured, purpose of ttK measyrement and any other pertinent detoils 

not covered below) e . main parameter .measured . ts . water !eye!. 

 although other.  parameters. stIch as water. ancl.ait teropqrqture% and. 	. 

precipitation may also be mpasured.. • Watpr Jeyel data are. used . . . 
to comPufe .str'eam flow. 

I .2 Is more thon one type of measurement involved at this location? 
p lease detail . The other parameters would help trake. water leyel.  data more 

valuable for 'flow fOrecastin? p*uipo'ses 
, . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	.. • .............. 
Yes 

1 3 What is the quantity of information (bits) required to transmit the 

signal from the measyrinq .deyi.ces ? .Water.lttvel 16.bits .(BÇD.) . . . 
other parameters - abour DO bits more. 
. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	................ 

or what is the maximum value of the quantity measured and with what 
ter.  level maximum would be.99.99 preckion must it be transmitted? vs..i° 

and must be to 0.001 foot. 



1.4 Is it necessary t() tiansmit the exact time at which the measurement 

is made? To what occuracy? . Yes . 	5 minutes 	  

or does measurement Hve to be made at specific predetermined intervals? 

I .5 \o'Vhat is the minimum acceptable frequency of reception of data 
',"  from the measurement s i te 	Once 	hourly  

1.6 What is the desirable frequency of reception of data from the 

measurement siter....... . tittles qn ...... ............. — 

I • 7 Is it acceptable (or desirable) for the equipment to transmit data 

only when there has been a significant change from previously measured 
values  ? This would be acceptable  

What is maximum permissible interval between measurements? . Twice . 
• daily .assurning . no  change in  payame.ter .............. 

1.8 Is it necessary thot data be transmitted immediately following 

measurement? 	Yes  

What is the acceptable time lag before transmission? . About five • 
minutes 

1.9 How important is loss of a single measurement if an adequate total 

n.umbter are rpceived? .This.is.hieh.ly.dependant on.the measurements • • 
itselt - esa e O culd b criticl at some tim . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	.............. 	• 

What percentage could be lost? . spy. 1Q% distributed randomly  • . • • 

1.10 How importare is an error in a single measurement if others are 

coirect? 	•Would .de.pend on whpther the.error was.obvious 

What percentage could be in error? . 

(i.e. what error rate can be tolerated) 

1 .  11  Is there a requirement for detection and transmission of measuremen ts  

of an unexpected nature or magnitude whenever they ffcur (rather than t° 
at 

make and transmit measurements only periodically) . . 	
h 
.°. 	

da. • • 

a e a are 	on a real time basis . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	................. 	• 	• 

pay  1%  
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1.12 Is there a requirement for remote control of the sensor or measuring 

instrument (e.g. to change scale, frequency of measurement, or make 

other adjustments\ ;f it is possible to provide this facility? .Highly. . . 
• unlikely at present although there. cpuld.be  requiremen.t In the . . .• 

future. 

I .13 Is thew an y  ,A, I nilicant seasonal variation in the nature or amount 

t.)t (iota tn be collected ? . Data pre highly seasonal in character.  . . . . 

1.14 Is thete any  significant diffelence in the reJative importance of the 
Y.  es.  data.  gath.  ere.  under 	s . unuual 

various measurements reported? . 
flow conditions are much more important Winter data. tends to be. . . 
more unchan9ing and are less. I ikely .to. Whet hpzprdous conditions . . 
for resicients living along the waterway. 

2.0 	Environmental Requirements 

2. I Where, and in what environment, will the measurement device be 

emplaced? Please describe any factors, other than those covered below, 

which may affect the operation or construction requirements of the data 

retransmission platform. 	Platforms cou.ld.be  installed any.wbere in .Canada 
In close proximity,  to rivers.or. Ici4s çnçi nor.mcilly in small. unattended . . 	 . 	 . 

Instrument shelters. 

2.1 Will the equipment be locoted on solid non-shifting terrain which 

would make it possible to point an antenna toward the satellite and have 

it remain aligned within ± 50 
 over a long period? Yes  

4 WO 4", 

2.3 Is the anticipated method of emplacement such that pointing of an 

antenna on the platform would be possible? 

(It, for instance, it wete planned to air drop the equipment into place, 

without subsequent setting up by ground personnel, antenna pointing 

would be essentially impossible. The  some  would be true if the measure-

ment platform floated on a water surface.) 

1.4 Over what range of tempnratures must the equipment operate (i.e. 

transmit sotisfactoril y) ? 	to .+  J 20 F  1.0,8 and could .be moderated. 
by providing heat say to -20 F but we'd prefer not to. 

2.5 pver  what csange of temperatures must the equipment survive? 
-70 F to + 140 F 
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2.6 What conditions of ',hod< or vibration must the equipment survive 

(gmalacement, instollo+;on 	oeration)?. Must be. transportable n. sma I I 
single engtne aircraft,possibly could be dropped in .shipment. Antepna 
Wetuld be 'subject té strong viinds'saY 60:70 mph. •  

2./ What icing conditions, exposure to  soit water, or r,ther extreme 
F .  conditions are to be anticipa 	Ie. and .snow byil.d7up ted? . 	 antenna. 

.Possibly salt wate r.  spray on . ar.ttentla but th4 i$ unlikely 	  

2.8 How f requent 1 y does the sensor or measuring equipment reliability 

require that the site be visited? 

3.0 	Number of Measurement Sites 

3 1 At how many locations is this measurement made now? . 2500 but only 
ot these sites are equipped to provide real time dçttq. 	  • • 	• 	• 	• 	••••• 	• 	•• 	•••••• 	• 	• 	• 	• 

3.2 What is the number of locations you would expect in 1975? 

Minimum ?590 . . Probable P90 . . Maximum . 3000. 

3.3 What is the number of locations Lou would expect in 1977? 

Minimum .209 . Probable . 2.80.0  . Maximum 3000. . 

3.4 What is the number of locations zou would expect in 1980? 
Minimum . 2--1°9/  . Probable . .3Y°Q Maximum . 3400. 

3.5 What is the number of locations you would expect in 1985? 
Minimum ?59°. . Probable . 32P0. Maximum .  5Q0. 

.0 	Other Requirements 

4.1 Is it desirable that the olatform provide any additional facilities 

to  the  measuring equipment e.g. power, calibration signals, etc.)? 
No 

4.2 Is there any plan for future expansion of the measurement capability 

or addition of other associated measurements? . May .rneasmre additional 
• parameters  
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C. Sensor Requirements 

What type of sensor‘‘ 	memuring devicetst  b ore  i used? 

. Leupold .8‘ .Stçvens Memornark 1.1 i.s use.d for. data transnaission, . 
Water level is sensed by a float or pressure system ...... 

1.1 	 the form 	..ut; ut signal from the measuring cievice? 

Analogue 	or Di jital,.. 5(  

Current Change 	ol Voltage change £2 or Contact closure jç . 7  

Output Impequnce 	  

Current or voltage romje (if opplicable) 

(include units) 

Outpi,t impedance of sensor 	low  

Whnt is the estimated dynamic ronge of the signals expected? 

MrptiTUM 	  

90 of time 	  
. also .  lik

n th 

e.analpgue Add 	 m 	 would rtional ço .ments or intormation . 
cc:mob lity in the platform - preferably voltage change i e 
'orate,' cif 0 té) 5 	

. • • . • 	. • 	• • • • • 	. • 

Does sensor hove several ranges, so that identification of range used 

must be known"' 	No  

Can ejrcuit diograms or other description of the sensor be provided? 
Yes 

What is the duration of a single output signal from the meosurement 

device')  

or is the output a continuous signal which must be sampled periodically? 
Yes 

If so, how frequently must it be sampled? . vs required .7 say.hourly 

Coula the sampling device be provided by the user? Shopld bejn.ptatform 

I.! 
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I Identification  of Agency Supplying Information 

Deportment or Ministry . . . •Deeportrnent.o£ Environment 	  

Branch, etc. .. Marine Sciences Diregtorate, T.ides pnx1Watey Levels 	 

Nome and Address of Person to be Contacted for Further Details or Clarification it 

required. 

Name 

Department 

Street Address 	. 

City 

Mr. W. Zubrycky 

Environment 

• #8 Temporary Bldp..Rm. • F204 .............. 

Ottawa,  Ontario, Canada ................ 

Telephone Number 	 994'9868  

11 Experiment or Location Requirements 

1.0 	Dota requirements 

I. I Please give a brief description of the measurement (what is 

measured, purpose of the measurement and any other pertinent details 

not covered below)  • • 	Wqter Lemel.Dpto 	  

1 . 2 Is more than one type of measurement involved at this location? 

Please detail: 	No  

1.3 What is the quantity of information (bits) required to transmit the 
- siqnal from the measuring devices? 	BCD 16  

or what is the maximum value of the quantity measured  and  with what 

pleckion must it be transmitted?  • .R9n9°.°9•90 .1.0 . 95.Yef ti . . . 
Accuracy 0.01 Ft.  
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1.4 Is it necessary to tiansmit the exact time at which the measurement 

is made? To what accuracy? 	  

gr. does measurement  have  to be made at specific predetermined intervals? 

ye.s 	Per. hr. . or) per 1•5 minufes or lesq 4:1 speeigl pmes (?
- tat).. . 

1.5 What is the minimum acceptable frequency of reception of data 

from the measurement site 'r 	  
. 1/12 jr/period .(ot spepial serpi:repl.tipte) 	  

1.6 What is the desirable  frequency of reception of data from the 

measurement site/ 
Real Time - 1/Month  

1.7 Is it acceptable (or desirable) for the equipment to transmit data 

only when there has been a significant change from previously measured 

values' 	No  

What is maximum permissible interval between measurements? 	 

1.8 Is it necessary that data be transmitted immediately following 

measurement?  •Depends a n. storçie çapability 	  

What is the acceptable time lag before transmission? 

1.9 How important is loss of a single measurement if an adequate total 

number are received? 	 Not Yery 	  

What percentage could be lost?  • Tidql Pctta.5% . .Lake Data 40%. . . 

1.10 How important is an error in a single measurement if others are 

correct? 	Not Very  

What percentage could be in error? . Tidal .5%. lake.40% 	 

(i.e. whot error rate can be tolerated) 

1.11 Is there a requirement for detection and transmission of measurements 

of on unexpected nature or magnitude whenever they occur (rather than to 

make  and  transmit measurements only periodically) 	  
Yes 
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1.12 Is there a requirement for remote control of the sensor or measuring 

instrument (e.g. to change scale, frequency of measurement, or make 

other adjustments) if it is possible to provide this facility? 	  
Desirable 

1.13 Is Oleic any significant seasonal variation in the nature or amount 

of data to be collected? . t\IQ 	  

1.14 Is there any significant difference in the relative importance of the 

various measurements reported? 	  
Tsunami 

2.0 	Environmental Requirements 

2.1 Where, and in what environment, will the measurement device be 

emplaced? Please describe any factors, other than those covered below, 

which may affect the operation or construction requirements of the data 

retransmission platform. 

2.2 Will the equipment be located on solid non-shifting terrain which 

would make it possible to point an antenna toward the satellite and have 

it remain aliAned within ± 50  over o long period*"   • • 
10° ? 	Yes 	. 

2.3 Is the anticipated method of emplacement such that pointing of an 

antenna on the platform would be possible?   	
, 	. 	• 

(If, for instance, it were planned to air drop the equipment into place, 

without subsequent setting up by ground personnel, antenna pointing 

would be essentially irnpossible. The same would be true if the measure -

ment platform floated on a water surface.) 

2.4 Over what range of temperatures must the equipment operate (i.e. 
r 	...... transmit satisfactori 	trariadian Envionment ly)? 	 . • 

2.5 Over what ranoe of temperatures must the equipment survive? 
Canadian Environment ..... 	. 	. 	. 	. 	. 	................... 	• 	• 
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2.6 What conditions of shock or vibration must the equipment survive 

(emplacement, installation or operation) 9 	  

2.7 What icing conditions, exposure to salt water, or other extreme 

conditions are to be anticipated? ..... It ...... Atrncephere 	 

2.8 How frequently does the sensor or measuring equipment reliability 
'›  require that the site be visited 	1/6 Month 	

3.0 	Number of Measurement Sites 

3.1 At how many locations is this measurement made now " 	  
130 - 140 

3.2 What is the number of locations you would expect in 1975? 
Minimum 	. . . . Probable 	. . 1 45 . Maximum . . . . 

3.3 What is the number of locations you would expect in 1977? 
Minimum 	. . . . Probable 	. .15.0 	ma  • ximum . . . • 

3.4 What is the number of locations you would expect in 1980? 
Minimum 	. . . . Probable 	. . . . Maximum . . . . 

3.5 What is the number of locations you would expect in 1985? 
Minimum 	. . . . Probable 	. . . . Maximum . . . . 

.0 	Other Requirements 

4.1 Is it desirable that the platform provide any additional facilities 

to the measuring equipment (e.g. power, calibration signals, etc.)? 
Stable 

4.2 Is there any plan for future expansion of the measurement capability 

or addition of other associated measurements') 
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C. Sensor Requirements 

1, I 	What type of sensor(s) or measuring device(s) is (are) used? 
Pressure Sensor or Mechanically activated Potentiometers 

What is the form of the output signal from the measuring device? 

Analogue ie7  or Digital ,j(7 

Current Change ,!  / or Voltage change /î 7 or Contact closure , /x 7 
Output Impedance 	  

Current or voltage range (if applicable)°  10  volts 	  

(include units) 

Output impedance of sensor 	Lon 	

What is the estimated çiynamic range of the signals expected? 

Maximum 	0-10 volts  

90% of time 	  

Additional comments or information 	  

Does sensor have several ranges, so that identification of range used 

must be known') 	No 

• .4 	Can circuit diagrams or other description of the sensor be provided? 
Yes 

VVhat is the duration of a single output signal from the measurement 

device? . Çontinuou§ if Anglogue   

or is the output a continuous signal which must be sampled periodically? 

If so, how frequently must it be sampled? 	  

Could the sampling device be provided by the user? . Yes . . 	 



Branch, etc. Water Quality 

Adrian Demayo 

DOE 

City Ottawa 

l'ehone Number 994-5345 
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I Identification of Agency Supplying Information 

Environment Department or Ministry 

N o me and Address of Person to be Contacted for Further Details or Clarification if 

, equired. 

No nie 

 Department 

Street Address 	..... §79 ça!litIg,Aye r  Temp9rqry. ByItcling • #?, .Roorn 

EApeiiment or Location Requirements 

1 .0 	Data requirements 

I. I Please give a brief description of the measurement (what is 

measured, purpose of the measurement and any other pertinent details 

not cpverpd below) Çonductivity, p.,1] . Pigolyeel 02 chltpqe. 
humidity, temperature . 	. 	. 	. 	. 	. 	. 	................... 
Y stations - New Brunswick ..... 	. 	. 	. 	. 	. 	. 	. 	................... 

1.2 Is more thangne type of measurement involved at this location? 

Please detail: 	Yes  

1.3 What is the quantity of information (bits) required to transmit the 

si g nal from the measuring devices"' 

or what is the ma,dmum value of the quantity measured and with what 

pleckion must it be transmitted')  

• 	Three.  digit prepisiop ,, 	pc,curaçy 	  
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1.4 h it riecesy0 	t.. tronsii.. ,  the ex.or r tin., i  wh içh the  meosuremeh t 

is made ? 	 iiin(  

does measuierr.e• 'H 	P. be mode rY `, 	'tic predetermined inter vels ? 
Yes e.ver •  hour 

'',,t'Alot is the, 	 (h ,.eptable frequency ot reception of data 

• ......... Irum the mea 	m sureent site 	 . 	. 	..... 	. 	. 

. Once every.  heur  ..... 

! .6 What is th e  cie.,trable frequency of reception of data ti-rn the _ 
measurement 

• • Idea is1  to detect change once every hour. (e.g. 2% change) . 	 . 	. 	. 	. 	. 	. 

1.1 h it acceptable (oi aesiroble) for the equipment to transmit data 

whpri tfleie has 	n a significont chanc.le.• from previously measured 

v , ilue ) 	Yes  

WHt is ma ,  ;rnUrn f)1 r'  issible interval between measurements? 	 
. 0ply v.vhen . there is  chance .  

I .8 Is it necessaty t knt data be transmitted immediately fr\llostving 

measurement? . 	. 

V.hot is the acceptable time lag before transmission? 
One hour 

I .9 Haw important is loss Lit a single measurement if on adequate total 

number are ieceiveci? 	Not very important  

What perce..ntage could be at ) Not more than 5% 	  

I .10 How impoitant 	, ri.) error in a r,in q le measurement if others cire 

( , ,irect? 	. 
it. is. not very important 

 	. 	. 	. 

.. 	 .. 

' ' n,»VIlat per Cent(e 	 thn 	ror ? 

w h a t er.(0, rate 	be tolerated) 

• • . 

1.11 Is there  i  renuiiement for detection and transmission of measurements 

an unex.pected nature  ni  magnitude whenever they occur (rather than to 

make and transmit rreas irements only periodi(. ally) 	  
Yes  • - 	. 
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1.12 Is there a requirement for remote control of the sensor or measuring 

instrument (e.g. to change scale, frequency of measurement, or make 

other adjustment0 .f it is possible to provide this facility ? 	  

. . Pe.siraLtle 	  

1.13 	t 	1 	1 v 	carlt seasonal variation in the nature Of (mount 

r)i auto to be coll ( cted )  
Yes 

1.14 Is there any significant difference in the relative importance of the 

vorious measurements reported? 
No 

2.0 	Environmental Requirements 

2. I Where, and in what environment, will the measurement device be 

emplaced? Plense describe any factors, other than those covered below, 

which ma >'  affect the operation or construction requirements of the data 

retransmission platform. 

2.2 Will the equipment be located on solid non-shifting terrain which 

would make it possible to point an antenna toward the satellite and have 

it remain aligned within ± 5 0  over a long period'? 

10° ? For the time being yes.  

2.3 Is the anticipated method of emplacement such that pointing of an 

antenna on the platforrr would be possible? 

• 	Present.ly . yes 	possibility of air drop. ............. ... 

(If,  for instance, it were planned to air drop the equipment into place, 

without subsequent setting up by ground personnel, antenna pointing 

would be essentia ) ly impossible. The same would be true if the measure-

ment platform floated on a water surface.) 

2.4 Over what range of temperatures must the equipment operate (i.e. 

transmit satisfactorily)? . çanactian Environment ..... 	. . . . 

2.5 Over what range of temperatures must the equipment survive? 
Canadian Environmçnt ..... 	. 	. 	. 	. 	. 
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2.6 What conditions ai ock or vibration must the equipment survive 

(emplacement, installation or nperation)? 	  
Normal air night shocks  

2./ What icing conditions, exposure to salt water, or other extreme 

conditions are to be anticipoted") 	  
Yes 

2 J3  How frequently does the sensor or measuring equipment  lahWty 
reserttly gnçe.ct yvqek bpopuse.of, . r 1'qU ire that the site be visited? . P. 

the sensor limitation 

3.0 	Number of Measurement Sites 

3.1 At how many locations is this measurement made  now 	  
... 9 (Expansion depends.  on the  sqnspr.Tecbnolo.gy . 

3.2 What is the number of locations you would expect in 1975? 

Minimum 	. . . . Probable 	. . . . MaximurY1 . . . . 

3.3 What is the number of locations you would expect in 1977? 

Minimum 	. 	. . Probable 	. . . . Maximum . . . . 

3.4 What is the number )f locations you would expect in 1980? 

Minimum 	. . . . Probable 	. . . . Maximum . . . . 

3.5 What is the number of locations you would expect in 1985? 

Minimum 	. . . , Probable 	. . 	. Maximum . . . . 

,.0 	Other Requirements 

4.1 Is  if  desirable that the olatform provide any additional facilities 

to the measuring equipment n e .g. power, calibration signals, etc.)? 
Yes 

4.2 Is there any plan for future expansion of the measurement capability 

Of addition of other associated measurements' )  
Yes 
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C. Sensor Requirements 

Vv'hat type of sensorR. )r memuring device(s) is (ore) used? 
... Mostl y.  eleerochernical sensors 	  

the foim 	 r,ignal from the measuring cievice ? 

Anologue 	of Digital 

Cuitent Change 	c) Voltage change /k/  or Contact closure 

Output Impedancp 

Current or voltage ranye (if applicable) 

(include units) 

Output impedance of sensor 	  

Vihc1  i the estimated dynamic range of the signals expected'? 
fm „imurn 	3.  order af magnitude 	  

90', of time 	  

Additional comments or information 	  

Does sensor have several ranges, so that identification of range used 

must be known?  • es for. conelu.ctivi.ty.and chloride 	 

Con circuit diagrams or other description of the sensor be provided? 
Yes 

What is theliurstion of a single output signal from the measurement 
Continuous  device"? 

or is the output a continuous signal which must be sampled periodically? 

Once eve flour 
If so, how frequently must it be sampled? 	. . . . . 	. . • • 

es 
Could the sampling device be provided by the user' 	  
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