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DATA TRANSMISSION SYSTEMS

INTRODUCTION

When discussing any data transmission technique, we must rememhber ihat the
Telemetering liak is a system in its own right.

Thus, therz are many tradeoffs, all which have a dirocct bearing on the final
system configurition. Each tradeoff must be evaluated within the context of the
particular system requirement. Somc paramcters arc rigidly fixed such as the IRIG
{Inter Range Instrumentation Group). Frequency allocations, while others are com-
pletely variahlz, such as modulation mode.

To fully cvaluate these tradeoffs we must know and understand what is readily
available when it comes to: |

1. Types of Systems

2. Variable Paramcters

3. F[ixed Parameters

There®ore, it is the intention of this discussion to present enough informa-
tion so that th: reader will:l

1. Become exposed to various systems,

2. Be able to identify the important parameters, and

3. Understand a typical systems design,

Much of the actuwal design will be beyond the scope of this discussion, but
the handout will present sufficient rcferences to delve in depth into most of the

topics discussed, '

A nipe part approach will be uscd to fully describe the transmission system.
It will consist of the following categories:
1. Various Telemetering Types

2. Basic 3ystem Description
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Ttems Vever Usually Mentioned, but Necessary
several Typical Systems

a, Sinple {single VCO)

b. Typical FM/FM

c. Typical Digital System (PCM)

d. Cost Considerations

IRIG Standards

Frequeacy Allocations

Identilication of Imporiant Parameters
Determination of Important Parameters
Modulation

5/% Ratio

Bandwidth

Pover Requirements

Error Introduction

Cost, Sive and Compatibility

Actual Design (Follow through)



1.0 VARTOUS THLEMUETERING TYPES

The discussion of Telemetering types by definition must concern itself
with the modes of information transferral. The basic flow diagram (See Figure
1.0) showsthat Data Tclemetcring in general can he divided into two broad cate-

gories; analog and pulse. Fach is hriefly described helow.

A.Analog:

Analog means that all the data will be transmitted over a system which
transfers continuous informution. The information is modulated onto the trans-
mission link as either amplitude or frequency variations to a basice analog
carrier.

a) AM: Standard Amplitude Modulation (Ref 1)

Standard amplitude modulation is a technique where the amplitude of
some fixed carrier frequercy is varied as a function of the input

modulation signal

b)Y FM: Standerd frequercy Modulation (Ref 1)

Standarc frequency modulation is a technique where the frequency of
a carrier is varied {deviated) slightly both above and below some
arbitrary center point as a function of the input modulation signal

(Ref 2). (i.e., the frequency is varied as a function of the modulation).

¢} FH/FM: (Ref 2)
The TFM/TM system is exactly what is sound like: two FM systems in
series. The modulation signal FM modulates a single carrier frequency
(Csually called a sub carrier}., This varying frequency is then used
to FM mcdulete a second, higher frequency main carrier. NOTE: Many

different sub carriers can by FM modulated, mixed together, and the



DATA TELEMETERING

.

Analog

FM/FM

Pulse

PPM

Figure1l.0 Flow Diagram of Telemetering Types

q y
time Amp
y &
PDM PCM PAM




cowposite sigral used to M modulate the main carrier. The sub

carrier cscillator (device that zenerates the sub carrier frequency)

ig called a SCO (sub carrier oscillator) and usually consists of a

VCO (voltage cortrelled oscillator). The two terms, VGO ard S20 are

very ofter used synonomously and interchangeably, but not necessarily properly.

VCI or ¥oltage Controlled Oscillator.

Just briefly, a typical VCO corsists of a convenlioral LC oscillation with
some voltege sensitive element within the frequency determining loop,

figure 2.0 shows a typical oscillator of this type, where the oscillation
frequency is detervined by L., C

C,, and VBRC. The YRC is a varicap,

1' 10 T2
(Ref 3). (eg: A capacitcr whose capacitance is a Tanction of the voltage
applied across its terminals.) The whole circuit is hasically an LC
oscillator. VWhen the capacitance of VRC is changed, by varying the voltage

iupressed across it, the total capacitance in the C2, VRC, C. loop, which

1
is effectively in parallel with Ll‘ is changed. This forces the frequency
of the oscillator to change. Generally speaking, most commercial VCO's
require a 0-95 VDC }nput as a modulation signal., This is applied across
the varicap as shown in Figure 2.0 and forces the oscillator to vary its

output frequency as o function of the input wmodulation signal.

Voltage Controlled Cryvstal Oscillator

The same c¢ricuit as shovn in Figure 2.0 can be used by substituting a
crystal ‘in place of C2 (in the feedlack loop). The same operation will
prevail, except that the center frequency of the VCXO will be crystal
centrolied. The input modulation will 'pull" the frequency slightly
akove and helow the crystal frequency, by means of the varicap, thus

making a veltage controlled crystal oscillator:
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Conclusion

There are some 29 5C0 frequency hands desgignated Ly the [RIG standards.
These constituted one of the fixed parameters = mentioned before. The
IRIG stancdards will be covered in detail ia Scetien 3.0 and ¥M/FM syatems

will he discussed again in more Jdetail in Sectien 4,0,

B, Pulse (Ref 2)

Pulse means that all the data will be transmitted, using a format of only pulse
information. The “road category of pulse modulation ecar be divided into two groups.
Cne group deals with the time aspect of pulses, while the other deals with the
amplitude of pulses. (See Figure 1.0}, The amplitade group cnly contains one

mede so it will be discussed first, Collowed by the time pulse modes,

a) PAM: Pulse Amplitude Modulation

Exactly as the name implies, data is conveyed in the amplitude of a
discrete pulse. A serics of fixed pulses (i,e.: fixed width, PRR,
cte) is generated, and the amplitude of these pulses is made to vary
as a function of the irput modulation signals, 1In general, one
pulse is used for cach parameter, and the intelligence is conveyed
in the amplitude. The series of pulses is used for a series of

parameters.

The remaining three modes are classified as pulse-tinie hecauvse in each case
the information is containcd somehow upon the time positien, duration, or fre-

quenicy of the julses.



a)

b)

PFM:  Pulge Position Modulation

The data is conveyed by the time position of a single pulse. The
system genorates a series of regular interval marking pulses which
are fixed in time. The intelligence is then converted to a time
delay, and the data pulse is delayed away from the interval marker
prlse a duration or distance which is a function of the magnitude of
the measurcd variable (See Figure 3.0). Figure 3.0 (a) shows a PPM
signal where the value of the measured variable was larger, whereas
Figure 3.0 (b) shows the same thing for a small value of mensured
variable. NOTE: In digital applications, the pulsye position would
be fixed for cach level sampled. lHowever, in analog applications,

the pulse could vary back, and forth as a function of the modulation.

PDM: Pulse Duration Modulation

The PDM technique is much like PPM except that the pulse width is a

function of the modulation. Figure 4.0 shows graphically how a small

marnitude is represented (a) and a large value (b). The information

is conveyed by the width of the transmitted pulse, as the signal

is "on" fo~ a duration of time, proportional to the magnitude of

the telemctered signal. PDM was the best known and most widely

used technique for many years (and still is in wany cases) because

of its;

1 ability to transmit large number of channels over a single
transmission link -
ii high accuracy (better than 1% overall, made possible by

self-calibration features)

iii  inherent high S/N due to narrow bandwidths
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c) DPCM: Pulse Code Modulation

PCW is exéetly what the name implies. The data are first converted into
a digital format and transmitted as a series of discrete pulses coded to
indicate the magnitude of the variable, This is the first true digital
system where Anaiog to Digital coaversion is required, Inherent in

this mode are all the things which arc basic to the field of signal
analysis. These are sampling, holding, gquantizing, nu-her of levels’
information theory, ete. These are beyond the scope of this discussion

but still extremely important and pertinent,

2.0 . BABTC SY3TEM DESCRIPTION

The basic telemectering system can be broken down into a series of only four
basic building block at both the transmiiting and receiving end,  Figure 5.0
identifies those blocks. It should be noticed that although the connection be-
tween the blocks is schematically shown as a radio link, it could just asreadily
have been dcpicted as a hard wire link, or a storaze medium {such as a tape recorder)
instead of the transmitter and receiver for ihtermediate storage and playback,

(See Figure 5.0). This discussion, rowever, is concerned primarily with remote
data sensing, where the radio link mcthod is assumed the best. Subsequent dis-
cussions will address themselves to the radio link assumption.

The systen itself, as shown in Figﬁre 9.0 is very simple. The measured
parameter is senged by the block labelled sensor. This could be anything from a
simple temperature sensing thermistor probe to an sophisticated in situ dissolved
oxygen meter (not yet developed). The output of the chosen sensor may he a variety
of things, such as a resistance, a contact closure, a DC veltage, an AC voltage,

a string of pu.ses, etc. Unfortunately, the scnser output will probably not be
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compatible with Lhe modnlatorg desired input. Therefore, the signal is passed
through a data converter,whose only purpose is to convert the sensor output to
a format compat.ble with the modulators input. {(In the case of an FM/FM system,
this would be the 0-5 VDC dictated by the VCO input). The data converter feeds
the modulator, which in turn modulates the main carrier, and applies a data
filled carricr =o the antenna for radiation.

The captured signal is applied to the receiver input and gn into the system
demodulator, whore the intelligent data is separated from the carrier. The "data"
is then applied to a data conditioner whose primary function it is to act as an
interface for tic processing and storage equipments.

Many items have been omitted for the sake of simplicity, and will be shown
in more detail in Section 4.0. The building blocks in Figure 5.0 shonld be lonked
at carcfully, bzcause when studying any system, if it can he reduced to those

simple Llocks, then understanding its operation is elcmentary.

3.0 ITEMS NEVER USUALLY MENTIONED

Experience is a great teacher, but sometimes a very painful teacher. Nowhere
else have I seen or do I anticipate éeeing the things discussed in this Section.
Any system built for remote sensing and data relay to a central station must
contain at least some of the items listed beclow. The basic system can bhe
designed by plugging into the correct cquations and arriving at an appropriate
circuit or group of circuits to substitute for the blocks of Figure 5.0. This
will yiecld the basic system. Then, in order to avert a sure catastrophy, several
system status, calibration, and on-off capability_must be added. One prolonged
test without them will teach anybody their importance. Described below are some

of the more important ones.



a) On~0ff Command

One of the most important parameters of any renole system (which cannot be
plugged into the housc AC power) is power consumption. Alsc, most nonitoring
or data seasing systems have an extremely low ncecessary duty cyele (i.e., time
when they must be turned on). ‘Therefore, it is coﬁmon practice to provide means
for turning the major portion of the system off when not in use. This is called
an on-off command capability ard is shown within the circled scction of Figure
8.0. It consists of an encoder, a device which generates the interrogation code,
A ecode is any single audio tone or a combination of up to as nmany as five simul-
tancous tones, combfncd as a composite modulation for the command transmitter,

Upon reception, the cede is identifiod by the decoder, and the appropriate functions

are initiated.

One of these functions is to turn the centire systei on. As can he secn,
once the main data transmitter is turned on, the command receiver front-
end will be blocked by high power RF from the data transmitter. Thus,

ne other commands could be received without the incorporation of an
expensive antenna.hiplexcr (the discussion of antenna diplexers, trans-
mission line theory, stubs, etc., is beyond the scope of this discussion.
Th» reader is directed towards reference 4). Thus it is common practice

to commandé the system on, and time it off, An excellent choice for a timer
is a modified Bulova Acutron watch movement. They are readily available
from Bulova for this exact purpose. {the timer is not shown in Figure 8.0).
Other mectlods undoubtably will come to mind, bul thus far, the one ahove

is widely used, accepted, and has proven to be satisfactory.

Thus, the on-off command system is an extremely important addition to the

basic system, Omission of this capability can cause much grief.



b)

c)
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Tn Situn Ca'libration

All data obhtained from a remote monitoring system is as good only as the
accuracy of the systeu measuring and transmitting it. Not all measurements
can he calibrated, but the whole transmission system can be. Tdeally, an

in situ calibration frem the sensor on would Le preferred (this would be the
scientific definiftion of a calibrated system). l!owever, in situ calibration‘
of most of the system can bhe made, which allows rreater confidence in the

validity of the values leing ohtained.

The calibration can be accomplished by using the command on-off transmitter
with a code signifying a command to calibrate. The system would then step
through a build-in reference system and calibrate the system from the VCO
out to the final readout {See Figure 8.0). In general, the system can be

calibrated from just after the measurcment sensors, throurh to the final

readout.

lHousckeeping Sensors

The status of any rcmote system must be maintained at all times. Fach
system has its‘own particulsr critical parameterswhich should be watched.
In gencral, there are a few which should probably be watched on all ocean
oriented system, They are:

ILeak Detector: This scnsor keeps track of the masture content inside

the buoy, and if it rises ahove a present level, it triggers a warble
oscillator. (See Figure 6.0). The warble oscillator turn on, ovefidcs
jﬂgi_functions, turns on the main transmitter, and transmits a continuous
warbling tone until the system is dead. This is probably the most critical

housckeeping sensor for buoy applications.
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RHattery Status: The status of the battery puack should be manitored at all

times. Battery behavior can certainly dictate the whole system's operatioh,
and in many cases, predict things prior to their occurrence. The actual
menitoring requires enc more data channel and scnsor ard merely becomes an

additional parameter which must he messured.

Miscellaneous Sensors

Without belaboring the point, a variety of parameters, important only to
the CPERANLIION of the system, shouwld be monitored. Among these are:
Temperature (Internal)
Internal Pressure
Presence of Particular Gasses
Attitude
Operating Elapse Time

etc.

1.0 SEVERAL TYPICAL S5YSTEMS

Three typical systems will be discussed in this section, The simple system
is merely a single VCO FM system where all sensors are sampled, and a serial read-
out is obtainced. Noxt'an FM/FM system is described to show the use of VCO's,
introduce a more complex approach, and show a true parallel readout system.
Finally, the digital system is discussed primarily bhecause this discussion would
be inconplete without it. It should be noted that PCM and any of the pulse tech-

riques are a form of this method.
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A. Simple System (Single VCO)

Five typical initial measurement paramcters have Leen chosen. These are
current velocity, current direction, single depth temperature, wind velocity and
wind direction. Unfortunately the data outnuts of each standard instrument available
are not compatible to ithe VCO input specifications. Therefore, their outputs must
be converted by a d~ta converter circuit to allew applic~tion of the data signal
to the VCO. Table 1.0 lists the typical standard instruments, with their output
data format. Although it would be ideal to provide a separate VCO for ~ach para-
meter measured, the simplicity of the system and the limited bandwidt™ characteris-
tics of the citizens frequency Band (carrier frequency at approximately 27 Mz with
a B.W. controiled by FCC regulations), rcguires that cach sensor output be sampled
and driven into one common VCO. Figure 6.0 presents a detailed hlock diagram of the
simple system. As can be seen. the output of cach parameter sensor is applied to
its own data converter module. The complete data converter package contains five
discrete data converters; iwo resistance to DC voltage, onc pulse to DC voltage,
one contact dosure to DC voltage, and one AC voltage to DC voltage. FEach data
converter produces a 0 to § VDC (typical) output which drives the VCO across its
Linear frequency range. The data converter outputs are placed on the segments of
a data commutator (sequency timer)} where cach voltage is applied in turn to the
VCO for a discrete time {6 seconds). A two second dwell time is used between each
sampling. The modulation signal presented to the CB transmitter consists of the
following information: six seconds of current direction data, two seconds of
dwell time, six scconds of current velocity data, two scconds of dwell time,
ete. until all five sensors have been sampled. This process is repeated three
times, as dictzted by the timer and operational timer, with a twenty second

blank transmission between data transmissions (See Figure 7.0 for descriptive



TABLE 1.0

INSETRUMENTATION DATA OUTPUT SPECIFICATIONS
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Parameter Instrument Data Qutput Cost Comments
Current Bendix Marine Speed = 8 pulses 1395,00 Both speed
Direction Advisors Inc. per rotor and direction
& Geomagnetic revolution- are incorporate
Velocity Savonius Rotor {10.4 pps in one instru-
Current Meter per knot}) ment
Model Q-9
Direction = 0 to
5000 ohms
resistance
Temperature Bendix Marine Temperature 35,00 Thermister
Advisors Inc, to + 0.15%C probe so that
Temperature (32.4 chms/© absolute re-
Meter resistive sistance de-
Model D-1 pends upon
probe speci-
fications
Wind Belfort type Contact closure 115,00 These instru-
Direction 1411A {every 22 1/2 ments are
degrees) chosen for
their cost,
reliability,
and either no
external power
regquirements
or D.C, oper-
ation
Wind Belfort type AC wind 165,00
Speed drive AC

- 1420B

voltage
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20 second , _———
Blank CMD O8C ON
J
20 second
Blank
=% 3
<.
I >. Repeat
=2
- A
20 second = J
Blank
2 sec, dwell == 6 seconds
S=
2 sec. dwell = 6 seconds
2 sec. dwell %g 6 seconds
2 sec. dwell —;f 6 seconds
20 second =% 6 seconds
5eCO
Blank CMD 0OSC ON

Figqure 7.0 Transmission Sequence

of
of
of

of

of

Carrier turn off

?_ Repeat of below

below

wind velocity data
wind direction data

temperature data

current velocity data

curxent direction data

Carrier turn on
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example). This gives a total transmission time of 204 seconds, which will ecycle
cvery x hours (x is predetermined by the measurcrment dita desired and is some
integer muliiple of 24/1 + T where I is an inteser and T is an offset time so

tiat the sampling will process through cach 24 hour period).

As has been explained, theCB transmitter receives a modulation signal as shown
in Figure 7.0. There arc two other modulation inputs. The [irst is the leak
detector oscillator. If a leak occurs in the hioy, the presence of water is
sensed, and the timer and operational scquencer is overriden. The leak oscillatar
comes on, turns on the CP transmitter, which transmits a continuous'warbling tone
until the batteries wear down or the system sinks., This tone will alert the shore
facility attendent of impendinz troubles due to buoy leakage. The second is an
optional command signal. When the buoy system first turns on, the command oscillator
transmits for precisely ten seconds. This alerts the shore station and turns on the
tape recorder i unattended operation is desired. Also, at thc end of the third
data transmission, it activates a second time, turning off the tape recorder, and

reverting the shore station to its original stand by state,

The CB transmitter loads into a standard CB whip antenra, and transmits the
information to lhe receiving station. On shore, a second standard CB whip rcceives
the energy and applies it to a standard CB receiver. The receiver ocutput is applied
to thrce modules. First, if the command signal is present at the time of initial
transmitter turn off, the command detector is activated, and if the manuval override
is not turned o1, the tape recorder automatically starts. 1If the man-al override is
turned on, then the tape recorder must be activated by the attendant. In any case,
the alarm system activates, indicated by a blinking light and audio tone (applied
to a speaker}. TIf the lcak detector detects a leak, the shore facility indication
shows as a flasiing light and warbling tone. If the wholc system is aperational,

the data as shown in Figure 7.0 is recorded for post analysis,
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The off-line computer interface equipment could be almost anything, depending
upon the desired post analysis., However, in general, the data is taken off the
tape recorder, ard converted into IBEM computer format. This consists of analog
to digital conversion, conversion into IBM 360 input format, and application to
the computer alorg with the appropriate software program, The computer will then
vrovide an appropriate data analysis output.

The simple system provides preliminary measurement of five oceanographic
parameters, The measurement instruments in general have greater inherent accuracy
than can be reprcduced at the shore facility due to the errors associated with
system data conversion, transmission, detection, and digplay. The system also
provides one housiekeeping sensor (leak detection) and an avtomatic sequencing

and monitoring capability.

B, Typical FM/FM System

FM/FM transmission is defined as the composite transmission of several FM
signal simultanecusly., In general each sensor drives its own VCO, all VCO's are
mixed, and the composite signal is frequency modulated onto a single carrier, A
typical system can be seeh in Figure B.0. Each sensor output is conditioned in
exactly the.same manner as in the simple system, The data converter cutputs
drive a bank of VCO's whera each sensor has its own VCO associated with it, The
VCO outputs are nixed together and applied as the modulation signal for the FM
transmitter. (Note: it is obvious that this system requires a wider bandwidth
than the simple uystem. Becausa of this, three telemetering bands have been
assigned by the 1'CC, These are:

2. 216-260 mHz (44-500KHz wide channels)
b, 1435-1535 mHz

¢, 2200-2300 mHz)

The frequency choice for this gsystem is the 216-260 mHz band., The trans-

mitter feeds a simple eight inch whip antenna (easily incorporated), and radiates

omnidirectional power into the air,
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The UHF signal is received and demodulated by an FM discriminater. The com-
posite VCO gignal is then applied to a bank of Band Pass (B.P.) filters, which
separate the individual VCO fregquencies. Each VCO signal is itself FM discriminated,
resulting in a DC voltage proportional to the originally measured parameter., These
D.C. voltages are converted into computer format for real time analysis,

:

Also incorporated in this system is a 27,1 wmHz citizen's band command link.
The system can be turned on, calibrated, and turned off by remote command from
the shore facility. (See Figure 8.0). Also, up to 18 channels can be used simule
taneously, and i necessary each channel can contain sampled commutated data ex—
tending the data channel capacity to several hundred, The advantages of this
system are many., They consist of:

a. Expandability to many channels

b. Multiple housekeeping sensor capability

¢. Complete in-situ calibration

d. Command on-off-calib-etc capability

e, Automat:ically computer interfaced

The one disadvantage which makes it not much better than the original simple
system is measurced parameter accuracy. The only help is that in situ calibration
can be incorporated whicl: eliminates drifting errors. However, data conversion,

transmission, and detection errors inherent in the system will be present such

that the overall accuracy is system limited rather than instrument limited.

C., Typical Digif:al System

The obviocus limitation to each system presented thus far is one of data
accuracy. The optimum solution for this problem is to digitize the information
prior to transmission, Then, the accuracy limitation becomes a function of the
number of bits in each digital word and the accurxacy of the analog to digital
converter. The number of bits can be easily resolved, & typical measurement is
the current metes., According to a typical specification sheet, current sensors

have a range of ) to 7 knots, and an accuracy of 4 0.05 knots. This means that
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the meter has sufiicient accuracy to resolve 0,1 knot variations. Thexefore, there
is a possibility :hat 700 descrete levels would have to be mezsured, Simply speak-
ing, this requires a word length of 10 bits (210 = 1024 levels) with accuracy left
over., A 10 bit ajalog to digital converter can certainly be cbtained., Thus the
system accuracy can now be instrument limited rather than system limited, which
provides optimum system accuracy.

In general, Lecause the analog to digital converter will be an expensive item,
the sensors would be commtated so that the same A/D converter c;uld ke used for
all sensors. This means that the data will be transmitted serially, (See Figure
2.0). The exact :iming is a discrete systems design problem and will not be dis-
cussed here,

As previously stated, a 10 bit word would meect the systems accuracy criteria.
However, a more suitable data format would be that of the digital computer being
used for post analysis, The ideal format is an engineering trade-off and must be
carafully considered during the initial design phase, because the extended mumber
of bits may be cost prohibitive,

The system would operate in the following manner., The sensor outputs are ap-
plied to an amplifier and data converter in much the same manner as in the simple
system. The data converter ocutputs are then switched (commutated) one at a time
to the input of the analog to digital converter, The digitized serial data sig-
nal, along with ajpropriate synchronization and parity check pulses are applied
directly to the data transmitter, Note that the bandwidth recuirements are no
longer critical, and a lower transmission frequency can be used than in the FM/FM
system. The data is transmitted to the shore facility, resynchronized, conditioned,
and applied direc:ly to the computer for real time analysis, or stored on an ap-
propriate storage medium., Included also in this system are the miltiple house-
keeping sensors, :he command on-off capability, and all the other refinements

mentioned earlier,
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The advantages of this system are maximized., Not only does it contain all
the advantages listed forx the FM/FM system, but it also allows the overall system

accuracy to be linited by the sensors rather than the system.

Cost Considerations

The congideration of cost is based on engineering estimates for some items
and manufacturers listed prices for many others. The cost analysis is summed up
in Tables 2,0, 3,0, and 4,0, Comparative values are given assuming a five sensor
system, and then the cost is computed for each additional measurement mentioned.
No attempt has beon made to solicit manufacturer quantity price reductions, Tables
2.0, 3.0, and 4.0 show that the initial cost of a five channel simple system is
$6430 as compared to 516,170 for the FM/FM system and $14,130 for the digital system,
However, they also show that the next channel additicn could not be readily incox~
porated into.the 3imple system, while the FM/FM system would require an additional
$1470 and the digital system would only require an additicnal $580. These figures,
of course, are only estimates, but they do point out the financial trade-offs which

must be considered.

5. IRIG Standards

-The Inter Range Tnstrumentation Group at the white sands Proving Grounds in
New Mexico, have Jdevised a set of standards for telemetering systems (Ref.5).
There are two sets of standards. One ig for Constant Percentage deviation fre-
quencies, These standards are set to requlate the SCO frequencies and deviations,
Table 5.0 shows this system, It shows the channel number, the centexr freguency
of the 5CO0 {or VC2}, the deviation in Hz, the lower and upper limits, the percent
of deviation (constant), and the maximuim intellegence frequency, or frequency
response with a modulation index of 5. Table 6,0 shows the same type of data for
censtant bandwidth (i;e. each SCO maintains a constant frequency bandwidth even

though the percentage changes) subcarrier channels. This table shows the channel



TABLE 2.0

COST ANALYSIS (SIMPLE SYSTEM)

Iten
Sensors (from table 2)

Data Converter (5 Channels)
VCO :

Sequence timers (2 @ $150 each)
Cmd, Csc '

Warble 0Osc.

Batteries

CB smtr,

Antennas (2 @ 15 each)

CB Reciever :

Cmd, Detection

Indicaters

Leak Detection alarms

Manual Overide

Filler & Disec.

lardware (nisc.}

Labor (2 months)

Total

Total Cost (lst: syéfem)
One Add Chan
Almost impossibe without

rebuilding system

Total Cost for one addition Chanmnel

* denotes estimated'costs

Cost

'2710.00

250,00+

195.00

300.00
40.00%

35,00

30,00
40,00
30.00
40,00
20,00%
25,00#
15.00

5.00%
195,00
500.00%

2000.00%

6430.00

27



TABLE 3.0
COST ANALYSIS (FM/FM SYSTEM)

EEEE Cost
Sensors (from table 2) 2710.00
Amp & Data converters (5 channels) 275,00+
VCO (5 @ 195 each) 975,00
Mixer 175,00
Transmitter 1795,00
Calibrator 450,00
Antennas 10.00*
Receiver 2795.00
Encader 150.00
Cmd Tx 40,00
Antennas 30,00
Cmd Rx 40,00
Decoder 150,00
B.P. filler & bis¢, (5 @ 375 each} 1875.00
Data Conv. & Computer Interface available equip.
Hardware {misc.) 1200,00%*
Labor (3% months) 3500.,00*
Total

Total Cost (lst: system) 16,170.00

One additional channel

Sensor (assume $£200) 200,00%*
Amp & Data converter 55,00%
vCo 195,00
B.P, filter & Discriminater 375.00
Hardware (misc,) © 125.00%
Labor (2 weeks) N 500.,00%
Total 1,460,00

* denotes estimated cost



TABLE 4.0
COST ANALYSIS (DIGITAL SYSTEM)

Iten Cost
Sensors (from table 1) 2710,00
Amp & Data converter (5 channels) 275.00%*
xtal clock 35.00*
+ timer 55,00%
Parity generater 60.00*
Commulater 350,00
Analog to Digital Converter 5000.00%*
Tx 200,00*
Antennas 50.00%*
Rx 200.00%*
Sync. 350.00+
Data conditioner 35.00%*
Storage & comp, interface available equip.
Encoder 150,00
C.B. Tx 40.00
C.B. Rx 40.00
Antennas 30,00
Decoder 150.00
Hardware {misc,) 1000.00*
Labor (3% months) 3500,00*
Total

One additional channel 14,130.00
Sensor (assume 200) - 200,00
Amp & Data converter 55,00%
Hardware {(misc.) 75,00
Laboxr (1 week) 250,00*
Total 580.00

* denotes estimeated cost
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numbers and the SCO center frequency. The deviation, nominal frequency response,
and maximum frequency response are constant within a given A, B, or C grouping.
(See Table 6,0).

The standarés are adhered to very stringently and SCO's with these specifi-
cations are readily available off the shelf. Other systems are alsc available
such as shown in the bottom of Takle 7.0. These are constant bandwidth systems
running from a deviation of + 62,5 Hz to + 64 KHz. This obviocusly is an expansion

of the IRIG standards as shown in Tabls 6.0. The top of Table 7.0 also shows an

expansion of the standards.

6.0 Frecuency Allocations

One of the first decisions which must be made when designing a telemetering
system, or any other transmission iink, is the transmission frequency. There
are many things that affect the choice of a transmission frequency. BAmong these
axre:

(a). transwrission path parameters.

(b)., power budget considerations,

(c). data xate and necessary bandwidth,

(@). compatability with support equipments.

(e). antenna configurations,

{(f). legal and available frequency allocations.

The FCC has established a system of frequency allocation for Meteorological
telepmetering use. Table 8,0 shows these allocations, and must be adhered to when
making transmission frequency decisions. It must be pointed out that this table,

gives frequency allocations for meteorological data 1inks.

70 and 80 Identification and Determination of Important Parameters

The proper design of any system requires an initial identification and deter—
mination of the important parameters. Fach parameter has been mentioned during

brevious discussions, and each will be considered in detail in Section 9.0,

32



33

e — &

e e —_— ; -
o gET] » 089 o4 Ove M QLT oy 68 MGey » g1 2 0901 M 1EG M 99¢ MEET
AN 035 M 08E M ovT MOL o 0'GE MO5LT MeLe L MBEY M e1E Me01
MOoE8 . MOvy mogz . MOLl 23 65 MG LT M el Mess | o vvE oMzl S GGR e
M Org >4 0gE I 451 : 2408 N 0F M Q02 ! 29 0001 M 00G MM OGE o 621 sdd 6z9
»% 00V 24 002 2 001 M 05 M &2 S REA M &9 METE 2 9571 sdd 18/ sds 16E
2 p9F M 2EF M 9TF e I PF M ZFE L = sdo QOGF sdo Qg2+ sda gz1+ sd> G'z9w vagerasQ
SWILSAS HLAIMANYE-LNVLISNOD SOG
'SPUBG MOLIEY UOIEIA
. passquinu ppo juadelpe -ap Jajjjwsuer} a|qelieAe
ayy Bunyiwo £q pasn ag ay} Ag pajwl| aq i
Aew pue |eucjdo are "o . ‘M Alsnoaueynuwis jurl 4H
‘ -Z2 uBneny) moz 'spueq Xtyns a4y yitm pajeulisap te IBA0 PIJIWSUBRI] 8q
UC1IEIABP AP IM PRI3G 8q ||\M uonewap M-vF Aeul Jeyi S[aLURYD 359y
WNU UdA2 Y] "E 20N Ypam spueq ayl g dtoN Jo requinu a2yl "1 330N
0 Z b S8BT MDZZ vo I FAS 85l o1
80 z v~ 8041 M20Z LAY t ¥ SLEL o091
20 z == ST MIBT o 1 CF A T4 o581 -
g0 4 v G LET M291 v'0 ! ¢+ g'0et 4
80 z = 8021 MOpT v'0 ! e+ eIt OEl
g0 z ¥ 2'v01 MOZ1 v'o 1 TF ¢yl o2t
g0 z p= 518 M301 . LAY T ¥ 8's6 o1
80 z bF 802 M8 v'0 T e 58 201
g0 4 b zvs M9 vo ! ¢+ &L 6
80 z vF 97 MOV b0 I T 8oL o8
80 4 »F g0z M2 v’0 L e §e? oL
. ¥o 1 ¥ s 09
0 L c+ Y%l A ¥0 L <+ Bay Uy
0 1 e+ 2641 ot ¥ i cF A o
o 1 Z+ BOLT J0e 0 i A 262 o€
¥0 T FA 4291 261 o ! c+ 802 2
0 1 Z+ AR 4o o8l ¥ I e+ LA a1 H
G Z=Ww (o%) (o) Aouanbaiy c=w Zow {oN) {oy) Aouonbotg
(o4} ssucdsay Aouanbarg UoiIAd] daualn pucg {ay) psuodsay Lauvanboly Vo eASE Joyuan pued
0°L atqeyl

SAUYVANVLS HIQIMONVE-INVLISNOD 03S0J0Ud VIV



Takle 8,0

METEORQLOGICAL FREQUEHCY ALLOCATIONS

4-6 Mes Buoy, Mafine Meteorologlcal (SMT-1)
4-16 Mes Land and Buoy, Fixed stations (WMT-I)
7-10 Mes Buoy, Oceanographic

28 Mcs Meteorological Aids

137 Mcs Meteorological Satellite

162-124 Mes ' _Buoy Bathythermographs and Sonobuoys
225-235 Mes - Buoy Telemetry

225-260 Mcs _ Buoy Droppable Electronic Marker Beacon
400-406 Mcs Radiosonde
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However, for convenience, they are listed below.
(2). Frequency and Bandwidth
(k). Modulation modes
(c). Signal to noise ratio
(d). Power requirements
(e). Error introduction and accuracy
(f). Antennas and propagation

(g). Cost, size and compatability

9,0 Actual Design {Follow Through)

Introduction

This section will describe an actual system design study performed by the
U.3., Naval Avionics Facility, Indianapolis, Indiana (Ref., 6). This NAFI publication
(TR 987, dated Jarmary 1967), entitled, "Design Requirements for a Tactical Automatic
Weather station System", considers the design requirements for an air dropped ex-
pendabkle meteorological buoy, which will be readout by a P3 Orion aircraft. Only
part of the study is reproduced here to show the telemetering system, The important
parameters are discussed BeIOW.

Alrcraft as Data link

The transfer of information from the tactical AWS to usable data for analysis
involves the interrogatioh of the kuoy, transmission to the aircraft, the link be-
tween aircraft ané evaluation center, and processing the data.

The aircraft, having received the data, has three possible telemetry roles,
i.e., retransmit, or record and store, or record and then retransmit, The selected
role of the aircraft is determined by data delay time, overall accuracy, and re-
liability. Data delay time refers to the time lapse between reception of data
from the Iuoy and delivery of data for analysis. The aircraft used as a relay
trangmitter will give almost instant access to the data at the evaluation station,

The delay involved in recording and storing the signal is determined by the duration
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of a flight mission, Average mission duration in fleet service has been about
six hours per flight,

In the rxelay mode, the increased noise added by retransmission will decrease
the accuracy of the data. Recording the signal at the aircraft will eliminate
this noise; however, the tape recorder will add some inaccuracies.

Reliability, in this context, refers to how reliable is the data link bhetween
aircraft and evaluation center, The retransmit mode is relatively unreliable since
the retransmission may be missed or too weak due to bropagation conditions, If the
data is monitored while it is recorded, the reliability is good.

The most versatile method from these considerations is to record the data with
retransmission at a later time., The simplest method and recommended approach is
to record the data on magnetic tape (AN/AQH-1 Recorxder) with the possibility of

adding a retransmit function if preliminary use and other applications make it

Justified,

Range and Power

The range, % data recovery, frequency, and modulation system basically deter-
mine the amount of RF pwer required for a data link, The range should be as far
as possible. There are, however, certain limitations. ILine of sight propagation
is limited by the curvature of the earth, how high the aircraft can fly, multipath
reflections, and atmospheric conditions, Table 9 is a listing of distance to the
horizon for many altitudes., It is useful when figuring line of sight ranges. The
range is also limited by the amount of available r-f power, This power limit is
due to the state-of-the-art of solid-state transmitterxs and the size of the buoy
power supply. All of these above factors will be considerations in deterﬁining
the range,

The % of data recovery refers to the amount of data recovered on one readout
of the data, This data recovery should be close to 100%. The cost involved in
making a flight to the buoy is large enough that a return for missed data should

be minimized,
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S /T 10. 2 700 30,3 [134.8 |, 25000 i80.9 | 2082 |l .. ., .
|! 0o a2 10. 6 720 3.7 | 353 | 30,000 108 1 2810 0l o oL
o7 8.6 | 1.0 740 3.1 | 358 ‘35,000 | 2140 | 2464 J}- - ;
T 5.9 1L 4 760 3.5 | 36.3 || 40,000 .| 2288 | 263 4 Ce
O 10. 2 11. 8 730 3.9 | 36.8 45,000 - 2127 | 279.4 T
B 10,5 121 800 - 3247 | 373 50,000 | 2558 { 201.5 e
g 0.9 | 125 520 328 | ar7 £0,0c0 | 280.2 |-322.6 || |
a6 11,2 12, 8 840 332 | 3%.2 70,000 | 3027 | 3434 |- °
i L4 | 132 260 33.5 | 338 80,000 | 323.6 | 3725
o163 1.7 13.5 830 339 | 39.1 90,000 | 343.2 | 3951 .
110 12,0 13. 8 900 34.3 | 305 4 100,000 | 3618 | 413§
% 115 123 | 141 | 920 347 | 309 200,000 | 51L6 | 380.0 {} - L

© ¢at line=-of-sight distance D from your eyes (or antenna) at helght h above scaleve] -
a light or object sciming to be on the horizon but actually at distance d; beyond the b
«Orizon and &t height 1) above sealevel, add distance d from your eyes to horizon to
the distancs ¢y from object to its horizon, i.e. ,D=4d+ d]_. If you first add the two ;
feighis 2nd then make a single conversion, the result will be in error. NOTE: Nautical
chartis give rirge to imporiant lights based on mean high water and an eye-above sea-
loval hair;ht__of 15 fecet. Table above was computed thus: D = 1,144vh nautical miles;
D =1,317VH statute miles (h is in feet}). The constants are based on the mean radius

"
L

-
o]

e

of the earth according to the Clarke spheroid of 1866, .

[ ; B T T T TP
! . i B

-

—
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Frecuency Selection

The considerations for frequency selection are made by first locking at the
legal aliocations of frequencies for related projects., The frequencies as shown
in Table 8.0 are uvsed with meteorological systems.

A second factor in frequency determination is compatibility with the aircraft
and its electronic systems., The addition of new antennas on the aircraft is costly
and limits use to only modified aireraft., The frecquencies which are available on
the Orion are in the 2-30 Mecs, 118-151 Mcs, 160-174 Mcs and 225-400 Mes xange,

The third cornsideration is based on what frequency would be the optimum
frequency for reliable data transmission with minimum power requirements, This
frequency is determined by optimization of the propagation equation (Ref, 7). The
composite transmission loss equatiqn is shown in Figure 10.0 and reduces to:

Prqg = 20 log d + 20 log £ + 36.6 - G ~ G, + A+ L

d

m
+10 log r(f, ~1+E, £ £) kthb+ =t B

The optimum frequency is basically determined by minimizing the losses, effective
receiver noise factor, and interference from other signals. At ranges of extreme
line of gight with low elevation angles, losses in excess of free space are fre-
quency dependent and are due to multipath reflection, wave shadowing, cross po-
larization due to tilt of the luoy, ané atmospharic effects such as ducting,
absorption, and scattering., Effective noise factor is due to atmospheric noise,
man-made noise, and galactic noise, with this noise being frequency dependent,
Tha carrier frequency must then be high ancugh to avoid the noise and intexferencae
inherent in the H¥F band and low enough to limit propagation losses to reasonable
values. These propagation losses cannot be appreciably recovered by increasing
antenna gain because the buoy must radiate in all directions and the present air-
¢raft antennas ara also omnidirectional. The kest frequency band is thersfore
VHF with the 162-]174 Mcs segment especially advantageous because of the prepond-

erance of receiving equipment akoard the P-3, Use of this band suggests that some
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Table 10,0

Composite Transmission loseg Equation

."

Requlred Transmitter . Transmitter Clrcuit Losses
Power (in dbm). ’ Including Ceble & Antenna
Losses (in dB).
Ptd = 13 + Ltd + Pm
Transmlssion Loss of | Minimum Signal Power
The Desired Signal {im dB). Required at Recefving

Antenna Terminals that
Provide Satisfactory
reception (in dbm}),

m

Where: Ld = Ib - Gt - Gr-+ A : - :
Where: P_ = 10 Log(rfktb + X . r P )
m u=i uu

Lb = Basic Transmission Loss for .
Isotropic Antennas in Free r = Minimum Signal to Noilse Ratio that
Space (in dB) . provides satlsfactory reception

2 .
. 4nd 4 m . .
Lb = 10 Logl0 { . Y =20 Loglo( G f.d)

o ' f = Effective Noise Factor at Recelving
L, = 20 L0g10d+20L0810f+36'6dB Antenna Terminals
Distance Frequency - f=fa-1+fc ft fr
in Statute in Mes
Miles

£ = Average Avallable Noise Poser
4 Thermal Noise Power (ktb)

(7]
f

Transmitting Antenna Gain{in dB)

G. = Recelving Antenna Gain (in dB) f_= Receiving Antenna Loss Factor

_"Available Input Power
~ Available Output Power

A = Loss in Excess of Free Space(dB)

Includ%pg Multipath, Wave ft= Re;eiving Transmission Line Loss
Shading, Polarization, &
Atmospheric, frr-= Recelver Nolse Factor
-23
k = Boltzman's constant =.1.38x10 Joule/°K
= Absolute Temperature in °K.
= Effective Noise Bandwidth
(= 3 db B.W.)
Ty = Minimum Signal to Imterference Ratio
That Prov1§es Satisfactory rsception

41
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degree of coordination with the sonoluoy program is required,

Modulation Scheme

The approach taken for modulation congiderations is to reduce the possibilities
by preliminary study to two modulation techniques and study these in greater detail,
First ,PCM-PS and PCM~SSB were rejected on the basis of receiver and transmitter
complexity and susceptibility to doppler shift, Modulation systems such as PDM,
baAM, PPM, AM, etc., were eliminated for reasons such as input‘% ratio required
for satisfactory reception, power efficiency, noise susceptibility, lack of avail-
able technology and hardware, etc. The choice of a modulation technique ig de-
pendent on the carrier frequency. Since the VHF range looks most promising, the
choice of a modulation system at this frequency is a decision between a digital
PCH/FM oxr an analog FM/FM technique,

The basic factors in the selection of a modulation system are data aceuracy,
readout time, battery energy, compatibility with the aircraft, and available im=-
plementation hardware, With the carrier frequency selected at approximately 170
Mhz, the modulation system becomes a choice between PCM/FM and FM/FM, The compar=
ison of these two techniques is shown in the Appendix. Another factor in deter-
mining the modulation system is the data format of the processed neteorological
information, For example, if the tactical AWS is used to supplement a larger buoy
network, such as !n hurricane detection, and the meteorological data is to be
computer analyzed, then a PCM/FM system would most efficiently be used, If the
tactical AWS is used in limited situations where analog data is sufficient, then
tha FM/FM system would be used because of its lower cost,

The FM/FM system proposed would have a 30 Xhz r~f bandwidth and use a re~
ceiver with a 200 ¥Khz ji-f bandwidth. This means that the Radio Recelving Set
AN/ARR=52 (V) aboaxd the aircraft will be used, and if needed, an r~f preselector
filter may be added for increased range. Also the use of a 30 Khz y—-f bandwidth
will permit the use of inexpensive crystals in the buoy transmitter and eliminate

the need for a crystal oven. The frequency response of the audio section within
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the receiver has an upper limit of 5 Khz at 2 db down. This response characteristic
limits the use of subcarrier channels to IRIG channels 1-6. The selection of sub-~
carrier channeli, shown in the Appendix was made in terms of.the frequency response
of the measured parameters, and subcarrier channels 1-6 were chosen., The audio
response of the receiver and the system selection of subcarrier channels are com—
patible. Due to 400 Hz power in the aircraft, channel 1 with a center frequency

at 400 Hz may be replaced by another channel. The complex audio signal from the
receiver will then be recorded on the AN/AQH-1 hecorder and vigually displayed at

a later time,

The proposed PCM/FM system would transmit each sensor data with an eight-~
digit word., Again, realizing the low pass characteristic of the audio section of
the receiver, the modulating signal would consist of a 3-state VCO operating with
a nominal frequency of 3.9 Khz, Allowing the FM detection threshold and the PCM
detection threshold to occur at the same carrier signal strength gives the system
a deviation ratio of D = 0.6. The r-f bandwidth can be calculated by knowing
fn = 4.0 Khz and D = 0,6,

B _¢ = g (M x £, =% (0.6) x 4,0 Khz = 4 x 4.0 Khz = 16 Khz
This calculated r~f bandwidth is optimum when the i—f bandwidth can be matched to
the r-f bandwid:h. In the case where the i~f bandwidth is predetermined and is
larger, it migh: be advisable to increase the transmitted r-f bandwidth. This
increased r-f bandwidth would increase the output § ratio of the FM receiver.
There is one other point of consideration and thatNis as the r-f bandwidth is
increased, the ~hreshold input S ratio increases (Ref, 8), There is, then, a
trade off between minimum inputéé and the deviation ratio., This particular
problem is one where experimenta:ion is needed. The system will use the
AN/ARR-52 Receiver with a 200 Khz i~f bandwidth., The digital audio signals

can again be recorded on magnetic tape.
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Transmitter Power Recuired

Referring to the :ransmission previously discussed, loss equation,

Ptd = 20 leg d + 20 log £ + 36.6 - Gt - Gr + i + Ltd
+ ' -
10 1log [r(fa 14 f £, £) ¥eb + > T Pu]
u=1
and assuning,
d = 200 statute miles
£f =170 Mhz
G =1.54dB
r
A =12 dB (ai 27,000 feet)
Tog = 1.5 dB
r =10 (10 ah)
fa = 1 (thermal noise only)
£f =1 (0 4db)
c
ft = 1,28 (1 db}
f. =4 (6 db)
Kth = (1.380 x 10 °°) (290) (2 x 105) = 8,00 x 10~36 watts
m
2. %P, =0 (no interfering signals)
=1
20 log 200 = 46,0 db

20 log 170 = 44.6 db

10 log [10(11._ -1+ (1) (1.28) (4)) 8x 10“16 + 0 = =134 dbw]

> (+) = 140.7 db = (-} = -138 dbw

Ptd = 3 dbw or 2 watts (minimam)
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Since the variability in the transmission loss is great at low grazing angles
(neax the radio horizon), the approach generally taken to achieve reliable com-
munications is to increase the transmitter power considarably above tha calculated
minimim required value. Experimental measurements are usually made to determine
the approximate mean and standard deviation of the path loss, With many measure-~
ments, 1t is possible to predict the probability that a given radio path loss will
be less than a specified value, Since these measurements are expensive to make,

a trade-off must e made based on measurements made by others and the power limita-
tions of the buoy. A transmitter power of approximately 20 watts is recommended
as the best compromise,

Additional s:mudy is recommended to determine the expected service probability

of the tactical AWS. The best way of attaining a high communications reliability

is to interrogate the weather station at distances less than 200 miles when possible.

Command Function

A basic concept of the tactical AWS is an "interrogate for data" operation
instead of a clocked function. Interrogation of the Luoy by the airvcraft again
involves a data link with a selection of frequency and "command on" code, The
frequency recommended.for interrogation is the 225 to 399.9 Mhz UHF range, This
selection was made by considering aircraft equipment, The "command on" code
such as an audio one or digital word needs further investigation, Compatibility
of the command code with Command Active Sonobuoy System (CASS) also needs further
investigation.

Antenna Selection

The selection of an antenna for use on the tactical AWS was very heavily de-
texmined by the raquirement of an omnidirectional pattern and a polarization the
same as the antenna of the aircraft, The antenna system aboard the P-3 is verti-
cally polarized. In general directional pattern in azimuth has low gain. An

antenna with an artificial ground plane such as a 1/2 wave dipole is expected to
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be better than 1/4 wave whip since it is less susceptible to tilting and kobking
of the buoy. The recommended antenna, then, is a vertical center-fed 1/2 wave
dipole. This antenna would be vertically polarized, have an omnidirectional
pattern, and have a theoretical gain over isotropic of 2.54 dB. The antenna has
certain mechanical features such as ease of erection and small length that make
it attractive. There are, however, certain considerations that need further ine

vestigation such as cable loss, effect of tilt, and effect of wave shadowing.
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APPEUDTX

COMPARISGH OF LODUIATION TECHAIQUES

I. JWTRCOUCTION

The modulation technigue used fer the tactical AWS is very de-
perdent on the choice of the carrier frequency. Since this application
is for line of sight, a frequency in the VHF range is optimum. The selec-
tion of a modulation scheme at this frequency is made by firgt narrowing
the field with preliminary study to an FM/FM or a PCM/FH system, These
two systems wi.l be compared on a basis of accuracy, bandwidth, signal to

noise conversion, energy requirements, complexity, and cost.

Firs<, a brief summary of how each system operates. In an FM[FM
system, each guantity to be measured is converted by a transducer into an
equivalent electrical signal; Each electrical signal, in turn, modulates
2 separale subcarrier oscillator. These signals modulate the subcarrier
oscillator by verying the output frequency. The output voltages of all
the subcarriers are combined and give in effect a complex or video signal.
This complex signal is apﬁlied as g mcdulation signal to the ¥FM trans-
mitter, and the signal is transmitted. The r-f signal is recovered by
the receive} wiich converts the r-f sig:nal by detection back to the complex
signal. Bandpass filters separate the complex signal into individual sub-
carrier signals. The filtered signals are applied to frequency discrim=-
inators which precduce a data voltage ouﬁput. All the data channels can
be monitored simultaneously on strip charts or other data reduction
equipment and then converted into terms of the original quantity for
analysis. See Figure Bl.

In the pulse code modulation (PCH) system, each measured quantity
is ccaverted by a transducer into an electrical signal. The input signal
is converted to aau bit digital word. The digital word is processed and

then stored.  I[n the PCM/?M system, & transmitter is frequency modulated
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FIGURE B-1. F4/FM SYSTEM

by the x digit word as the data is serially shifted out of storage. This

sequence is repeated for each measured quantity. The received r-f signal

Is detected by the receiver. The detected digital signal can be converted

into data for analysis by use of conversion charts. See Figure B2.
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- II. LIMITING ACCURACY

Considering the case where high signal levels and low noise
levels ere present in both an FM/FM and a PCM/FM system, a general eval-
uation end comparison of the limiting accuracy can be made. This accuracy

involves only the modulation system and not the accuracy of the trans-
ducers.

The PCM/FM system will use an eight-digit word (u = 8) for
the data value of each sensor. With low noisé, the error in the output
signal is due only to the quantization error. Quantization error, which
is due to epproximating an analog quantity with discrete levels, ;s equel

to 1{2“ whee 2" is the number of discrete levels.
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l 1 _ 1
The quantized error = T T Eg T 0.Lg,

The limiting accuracy of the selected PCM system is due to quan-
tized error and is 0.4% of the full scale input signal.

The azcuracy of an FM/FM system 1s more indeterminate. ' Under
the rigorous coaditicns of field service, system errors of less than 0.5%
can be obtained . However, with the use of modern solid state equirment,
accuracies near 0.3% can be achieved. This comparisen was mede with little
or no noise’ in the system and shows that both systems are limited to about
the same accuracy. Further investigation will take into account noise

in the system and its effect on performance.

ITT. EFFECT CF MODULATION TYPE ON TRANSMITTER POWER

Referring to the transmissicn loss equation of Section III.E
and assuming a given range, ffequency, lack of atmospheric and man-made
noise, and non-interfering signals, the modulation system affects "b"
the effective noise bandwidth, and "r” the minimum signal-to-noise ratio

at the receiver that provides satisfactory reception.

The effective noise bandwidth is actually determined by the
i-f bandwidth of the receiver. The r-f bandwidth needed by both syshtenms
depends on the input signal frequency response, the stability of the
receiver and transmitter, the noise modwlation of the transmltter, and
the required accuracy of the data.

N

A. BASEBAND FREQUED ICY

" The input frequency response refers to the rate of change with

respect to time of the quantity being measured. 1In the case of the weather

'Report No. 9-638, Bendlx Corporation, The Theory and Application of FM/FM
Telemetry

B-4
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a*

station,'the quantities being measured are water tenperature, Air temper-
ature, beromeiric pressure, wind speed, and wind direction. With wind
direction there is also an additional measurement for determining =a
heading refercnce such as with a cormpass. Actual data concerning mexi-
mum rates of change for g1l the parameters was not readily available, so
in most cases estimates were made. The maximum rate of change of air and
water temperature with respect to ¢ime is estimated at 2°C/min., or
0.033°C/sec. TFor barcmetric pressure a, & maximum rate of change of 10rb /nr.
or 0.0278mb/sec. seems reasonable. The rate of change for wind speed is
in the order of 4 knots/sec. Wind direction is expected to have the
greatest rate of change; this meximum rate might be 30°/sec. The compass
might change zt a rate of 15°/sec. In general, all date will heve low
intelligence frequencies and will require small bandwidths. Each of the
transducer asnzlog signals ﬁust be.low pass filtered to insure that fre-

quency components much higher than those assumed here are not present.

In zn FM/FM system, the maximum frequency response for each
parameter determines’ the subcarrier channel used and, hence, the r-f band-
width. Since all the measured parameters are low in frequency response,
subcarrier channels 1-6 were selecteg. In Table Bl, the estimated fre-
quency response of each measured parameter, the selection of subcarrier
channels and the subcarrier frequency response is shown. The calculated
data frequency response is the highest frequency component that produces
8 l change in the data.

In the PCM/FM system, the frequency response determines the
allowable sawple aperture and required sampling rate. The rate at which
the word is transmitted is controlled by how fast the word is shifted out

of storage. Tais transmitted bit rate will determige the required r-f
bendwidth, |
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B. DRIFT

The receiver and 4ransnliter s%ebility are determined by a
crystal oscillator in the unit. Crystal oscillators, in general, have
frequency stabilities in the order of 0.002%. With a carrier fre-
Quency of 170 Mes, an additional bandwidih due to drift of the carrier
of & 3,k00 cps is preszent (2 x 1075 x 1.70 x 1 = 3,400 eps).

¥

TABIE B-1

SUBCARRIER SRILECTION

B Meésured Data Subcarrier
Frequency Frequency Frequency Response |

Parameter Response Channe Range . Nominal | Maximum
Water Temperature 0.05 cps 1 370 - 430 cps 6 eps 30 cps
Air Temperature 0.05 cps 2 518 - €02 cps 8 cps 42 cps
Barometric Pressure 0.02 cps 3 675 - 785 ¢ps 11 cps 55 cps
Compass 4.2 cps Y 888 - 1,032 cps 1k eps 72 cps
Wind Speed 3.3 ops 5 1,202 - 1,398 eps | 20 cps 98 cps
Wind Direction BLhceps | 6 1,572 - 1,828 cps 25 cps 128 eps

C. NOISE MODULATION

Due to noise modulation of the transmitter, some minimum devia-
tion of the r-f carrier is required, Empirical results indicate that a
Dinimum of * Kos r-f deviation is sufficient®. The 3 Kes minimum is a
lower limit and need not be considered when pr-r deviations greater than
3 Kes are tc be used,

?The Theory and Application of FM/FM Telemetry (see p. B-4)

B-6
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D. SIGNAL-TO-NOISE RATIO

The r-f bandwidth using FM nmodulation is determined by Knowing
the modulation signal and the deviatiocn ratio. There 1s, however, a rela-
_mn

r

tionship between r-f bandwidth and input simal-to-noise ratio. Thisg

interdependenée will lead to a trade-off between these factors, so con-

sideration; will now turn toward "»".

£ comparison will be made of the overall system accuracy and
signal-to-noise conversion for the analog and digital system. A PCM sys~
tem using zn eight binary digit data word, from Figure B-3, reguires a s/N
ratio of 20 db or greater at the threshold detector for an output signal~
to-noise ratio of 48 db.® The output signal-to-noise ratio in this case
refers to the recovered data word and its relationship to the measured ana-
log value, so that L8 db represents the quantized error (L8 ab = 20 log 256).
It should te mentioneg, also, that for detector signal-to-noise ratios less
than 20 db for PCM, there is a possibility of misreceived digits in the
eight digit word due to impulse noise. The error is more properly stated
as the probability of a nisreceived digit in the % number of digits, An
output signal-to-noise ratio below L8 db is & statwstical mean of many re-
ceived words and does not hold true for predicting a one word case. There
are two Important facts to note. First, increasing the detector signal-to-
noise above 20 db does not increase the output signal-to-noise. Second,
with detector signal-to-noise ratios less than 20 db, the noise may reverse
& binary dizit with a certain probability; and, 1f the word is just sent
once and a digit is in error, the data is invalid. The PCM/FM system is
basically madé up of two subsystems. AnFM receiver is used to demodulate
the r-f sigial. fThis demodulated signal in a binary format is then applied
to & PCM detection system. It is this PO détection sysiem that requires
an input S/¥ ratio of 20 db. However, the FM receiver also provides signal
improvement. An M system with a deviation ratio of b = 0. 6 and with an
tnput S/N o 10 ab will provide a S/N ratio of 20 db at the PCM system.
In general, the FCM/RM system requires an input S/N ratio of 10 db for

®Nichols, M. H. and Rauch, L. L., Radio Telemetry (New York, 1956)
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satisfactory reception of the data. Since 10 db is also the threshold of

the ™M system, no edditional improvement results from inecreasing the devi-

elion ratio.

Since the S/N conversion in R4/FM is on a proportional basis and
not & limited function, the needed input sigral-to-noise ratio will be ge-
termined by the accuracy needed for the output data. This accuracy is
shown in table B-2.

TABLE B-2

DATA AND ACCURACY

Parameter Range Accuracy Accuracy % of Range
Vater Temperature ~20°C to 50°C -1°C + 1.4
Air Temperature -20°C to 50°C + 1°C + 1.5
Barometric Pressure 900 - 1050 mb + 1 mb t 0.67%
Wind Speed 0 -~ 120 Knots * S Knots| + 4,29
Wind Direction 0 - 360° t 10° t 2.8%

The minimum ingut signal-to-noise ratio that proQides satisfactory reception
for an FM signal depends on the "detection threshold" and the required data
accuracy. Fluctuation noise that has pessed through a bendpass Tilter has
the characteristics of a sine wave with amplitude and frequency modulation.
When the filtered fluctuation noise exceeds that of the desired signal,

the detector responds to noise. The "threshold” condition in FM detecticn
refers to whare there is Jjust enough input siénal voltage to overcome the

noise, except for a certain occurrence of exceprtionally high nolse peaks.

“Uglow, K., "Noise and Bandwidth in RM/fM Radio Telemetry,” IKE Transaction
on Telemetry and Remote Control, Vol TRC-3 pp 19-22, May 1957
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Therefore, the F{/ITM system should be operated shove this threshold. This
threshold will in effect be a lower limit on the minimum signal-to-noise

input to the receiver. 1In Figure B-3 is shown the "4hreshold level curve."s
An Important factor to note concerning this curve is as the deviation ratio
of the carrier signal is increased the threshold increases. The deviation

rat?o increzses vhen a wider r-f bandwidth is used for the same nodulation
signal.

The output accurecy of the data in an FM4/7M channel. above thresh-

old can be estimated by the following equation:®

('SN“D, - N.«,_(ﬁ)ﬂ[.}“ud "§§°X§§§ (1-15

See Figure B-4 for explanation of systewm and symbols.

where
™
('% ) = discriminator output sighal-%o-noise voltage ratio
- ‘ - . -
( %:) = recelver carrier-to-noise voltage ratio
L]

B, = carrier bandwidth (receiver i-f bandwidth)
Fud = subcarrier discriminator output filter

fs = subcarrier center frequency

fde = carrier peak &eviation due to the particular subcarrier of {nterest
fds = subcarrier peak deviation
FROM - . ' .
ANTENNA ' 'I\T)
RF/ IF | |FREQUENCY' |sus-camrrier| [Frequency] | oata | ¥
—" —¥ —» —
MPLWHER DETECTCR ¢ i FILTER DETECTOR FILTER} paTa

Ny }
%c' J (*—) ‘ 1vs fcfl‘[s - 'kad

FIGURE B-L, TILIUSTRATION OF SYMBOLS

SFloraman, £. F. and Tary, J. J., Reguired Sicnal-Te-Noise Ratios, R.F.
Signal Power, and Bandwidth for Mwlticrann:l Fadio Cormunication System

Technical Note 100, National Bureau of Starcards
SUglow
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As mentioned previocusly, there is interdeypendency beﬁwccn r-f
ba ith and signal-to-noise ratio. For an analysis of this relationship,
(%1 js in Equation (1-1) of 256 or 48 db (the same accuracy as an eight
bit PCM system) was selected for subcarrier channel 6. The following
equation pirazeters are determined by the subcarrier channels: let Fud =
fds = 128 cps, fs = 1700 cps, and fde = BS (17C0) Substituting

;000 °
these values in Equation {1-1), we get:

(%) - _%;S_é_c%}ﬁ"_ .
£

(’S The transmitter power is determined by both 10 1?g Bgc and 20 log
":) In Figure B-5 is a plot of 10 log Be, and 20 leg ', T .s and 10
log B, + 20 log 'IS& e - It is importa note that at( N/, =10 ay,
the detection threshsld is reached and(i -%3 F@u%i not be reduced below

this point. 'The composite curve of 10 log B.+ shows a minimum at

30 Kes. In gﬁneﬁ;l ninimum power would be required by having a 30 Kes
bandwldth with a\. W of 256 and operation above the detection threshold.
For satisfactory Operatlcn, an input signal-to-noise ratio of 10 db or more’

is required; how wever, a signal-to-noise ratio of 15 db or more is recommended.

£. BANDWIDTH

For PCM/FM, the modulating signal is a given frequency for a "zero"
level and shirted in frequency Tor a "one" level. 1In PCH/FM, two detection
thresholds ex:st, FM detection threshold and PCM threshold. Optimum per-
formance is usually obtained by making the two thresholds cecur at the same
carrier signal strength. This occurs at a deviation ratio of D = 0.6.
Assuming a 3.9 Kes modulating frequency, Brf = ¢ (D) x fw, Brf = ¢(0.6) x
3.9 Kes = 16 ¥es. The total bandwidth needed at the receiver, Bec, is the

sum of Brf anc B stability.

As determined before, B stability = % 3,4000 cps, so

Be
Be

* 3,4%000 eps + 16,000 cps
22,800 cps
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T™is type of modulation is more correctly calied PCM/}M/FM
since a coded frequency modulated subcarrier is used to frequency-modulate

the carrier.

¥n the Fi4/FM system with the predeternined subcarrier channels,
a Brf = 30 Kecs seems near optimum so that now:

Be = 30 Kes t 3.4 Xes = 36.8 Kes

With an r-1 bandwidth of 30 Kes and subcarrier channels 1-6, the fde,
carrier peck dev1at1on due to the particular subcarrier of interest, can
be calculated. The basic crlterlon used in this calculation is tha% equal
subcarrier amplitude-to-noise ratios in all the channels at the detection
threshold will be obtained by setting the r-f carrier deviation propor-

tional to the 3/2 power of the subcarrier center frequency.

Bo fde = "conversion constant" x (fs 75 and "conversion constant" =
fs '

This calculation is shown in Table B-}
'TABLE B- &

R-F CARRIER DEVIATION

R-F Carrier Deviation

Sub-Carrier Sub-Carrier :?é 30 Kes Sub-Cerrier :?é
Frequency : | Frequency Z( y= Frequency
1 0.%00 Kes 0.2529 x 1® 1.265 Kes
2 0.560 Kes 0.4190 x 16 2.09 Kes
3 0.730 Kcs 0.6230 x 10° : 3.11 Kes
b 0.§60 Kes | 0.9#06 x100 | ¥.72 Xes
5 1.300 Kes 1.482 x 10° : 7.31 Kes l
6" 1.700 Kes' 2.268 x 1¢° - 11.31 Kes

£ ()% = 5.855 % 107 . T = 30 Kes

=~ 6 x 10°P
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Due to noise modulation of the transmitter, a minimum deviation of
the r-f carrier is needed. Empirical results indicate that a minimum of
3 Kes per subcarrier of r-f deviestion is required. For a practical 3/2
power taper, the deviation of the lower channels is rajised to 3 Kes and the
r-f deviation of the higher frequencies is slightly reduced to make up for

the change.” The revised carrier deviations are shown in Table B-5.

TABLE B-5

R-F CARRIER DEVIATION - CORRECTED

~ Sub-Carrier R-F Carrier
Channel Frequency Deviation
1 0.40Q Kes 3 Kes
2 0.560 Xcs 3 Kes
3 0.730 Xes " 3.11 Kes
L 0.960 Kes 4.28 Kes
5 1.300 Kes 6.31 Kes
6 1.700 Kes 10.0 Kes
L = 30 Kes

F. CONCLUSION

A general comparison on the basis of input signal-to-noise ratio
required for satiffgfﬁory reception shows that for both the FM/FM and PCM/FM
system, an iaput \ W/, = 10 db will be needed. The minimum r-f bardwidth

is considerasly greater for the FM/FM case, however,

7 The Theory and Application of FM/PM Telemetry (see p. B-h)
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IV. FHERGY COISTDERATIONS

Since the tactical AVWS is battery powersd, the overall energy
required <o convey the sensor data is of importance. The overall energy
conversion of the FCH/FM system and FM/FY system will be compared on the
basis of one complete data transmission. The erergy requirements are de-
termined by the "time on" for readout, DC to r-f conversion efficiency,
and the r-f power required for satisfactory receptiocn of the data. There
are five metecrological parazmeters to be measured; this means a readout
of six sensors, including a ccmpass for heading referencde. ' If the trans-
mitter and receiver are crystal-controlled, then minimum tuning, if any,
will te nceded. Readout time depends on the use of perallel or serial
readout. In PCH the six sensors would be read out serially; i.e., one
sensor da%a will be transmitted and then the next and so forth. However,
FH/FM is parallel readout; i.e., all sensor data is transmitted at once.
Because oI parallel readout, the FM/EM could transwit all the required data
in one burst in the time requiread to serially read one sensor. There is
also the difference between sampled data (PCM) and continuous data (¥r/FM)

in long time readout. In scme cases the continuocus monitoring might be
mere advantageous.

The DC to r-f conversion efficiency of the two systems are approx-

imately the same since both are frequency modulation.

The modulati?? gn hnique as stated before affects r-f p wgn\in
K

terms of bandwidth and .- For FU/FM a Be of 36@ 503 and a\ N/, of
10 db is needed. 1In PCM/PM a Bc of 22.8 Kes and a \. ¥.), of 10 db is
needed,

r-I power « Be x (%)e

so r-f power (FM/RM) « 36.8 x 10 x 3.2 = 117.5 x 16°
r-f power (PCM) « 22.8 x 10° x 3.2 = 72.8 x 10°
Energy is power x time

Znergy (F1/M4) = readout time x Pr~f

Erergy (RM/FM) _ 1 x 117.5 x 16 _ 0.271
Erergy (PC/FM) ~ 6 x 72.8 x 10° )
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"The PCH system will use gbout four times as much béttery energy
for a readout. This, however, is very depenéent cn the readout time of
the FM/F system. If the readout time is equal to PCM, then the PCM sys-
tem uses less battery energy. It should also be noted that reazdout times

of perhaps 20 seconds or more are_desirable for direction finding purposes.

V. ADDITIOHAL CONSIDERATIONS

It might be appropriate at this time to consider practical
limitations. First, the tactical AWS by its very nature is air-droppable
and will undergo large shock stress upoﬁ ovening of the descent device
and water entry. Any "moving part" components in the system will be ex-
tremely vulrerable %o this shock. Devices such as stepping switches,
relays, or iacuum tubes used in ths sysienm might result in failure. In
the PCM system, a commutator is reguired to.sequeptially sample the dif-

ferent sensors. A solid state type of commutator such as a MOS-FET
commutator should be uged.

Another factor involved is a cost factor or cost effectiveness.
-The subcarrier oscillators, composite amplifier, voltage regulator, ete.,
for use in the FM/FM system are standardized equipment which reduces cost.
The PCM system involves additional logic and operations for data readout

which would involve a higher cost of development.

A third consideration is such effects as crosstalk and doppler
shift. When more than one subcarrier channel is multiplexed into a single
data link channel, another type of distortion or noise may be generated.
This crosstalk roise might occur in the FM/Fi system. If the data link
is operated linearly, crosstalk will not occur®. If the link is nonlinear,
then the effect of this nonlinearity is to generate other fréquencieé
which are comﬁinations of the subcarrier channels. 1In the case of six
subcarriers, near linear operation is expected; however, testing of the
system will be needed for exact determination and reduction of crosstalk
to an acceptable level.

®Nichols, M. H. and Rauch, IL. L., Radio Telemetry (New York 1956}
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" When an emitting source is moving relative to an observer, the
frequency observed is different for the emitting source. The magnitude and
and direction of this change, doppler effect, deperds on the relative
velocity between the source and observer. In the case of the tyo consid-
ered modulation systems, doppler shift due to the velocity of the inter-
rogating aircraft does not affect the aceuracy but will require AFC or a
slightly wider bandwidth. For an aircraft vith a veloeity of 400 knots
toward the buoy and a carrier frequency of 170 Hes, the doppler shift is

only 120 cps. For this system doppler shift is not seen as a problem.

One remaining problem area is worthy of menticn. In an FM/FM
system, the sensor outputs generally modulate the subcarrier oscillator
during the time that the transmitter :s on. Care must be exercised during
the design to eliminate any induced RFI by shielding and low pass Tiltering.
Another way %o ellmlnate this problem is to record on tape the composite
waveform of all the subcarriers and play It back into the transmitter.

This method also allows storage of data, whlch would give a time history
of the weather on each interrogation. This would reduce the number of

interrogations required. However, the added cost of this technique may
not be warranted.

VI. COMPATIBILITY WITH AN/ARR-52

The final and most important consideration 1s the compatibility
of the modulation system with the equipment in the aireraft., In nore
‘specific terns, the Radio Receiver AN/ARR-52(V) will be investigated for
compatibility. The approach for this investigation will be to consider
the characteristics of the receiver, and then consider a narrow r-f band-
width with tae receiver i-f bandwidth. Last, & matched wide r-f bandwidth
and receiver i-f bandwidth will be reviewed.

Th2 Radio Receiving Set AN/ARR-SE(V) is basically a wide band
P receiver with erystal controlled-preset channels. The basic charac-
teristics of the receiver are presented in Table B-6.
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TARLE B-6

RECEIVER CHARACTERISTICS

Frequency Stability * 30 Kes
i-f Bandwidth as 200 Kes
J Audio Response
"Standard Audio Output" 200 to 5,000 cps @ 2 db
"High Audio Qutput" 1 10 to 3,000 cps @ 2 db

The audio -output of the receiver can then be recorded by the
AN/AQH-1 tape recorder system. -

By using a recewer with a 200 Kcs i-f bandwidth, approximately
8 db more transmitte? go)er is needead over a 30 Kes system to maintain the
same receiver input This 8 db increase is due to the increase

of available thermal noise power in the wider bandwidth of the i-f ampli-
fier.

g Coasiderations might now be turned toward how the receiver output
( >a is affected b ihe ratio of i-f bandwidth to r-f bandwidth. As

given previously, \ for an H&/N system can be estimated by:

(-) =<._><3 [ 1f‘dc:xf‘ds
I Fud 1 Fs~ © Fud
The i‘irst case of comparison of( ) is a system with a transmitted r-f

bandwidth of 30 Kes and a receiver i-f bandwidth of 200 Kcs coppared against
& system where By, = B,, = 30 Kes,

CASE I )
System A: Biy = 30 Kes, Be = 30 Kcs
System B: Byy = 30 Kes, Be = 200 Kes
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Since the RF bandwidth is the same in both systems, the

same modulation parameters will be assumed. So that:

Fud, = Fud,
fds, = fdsg
fs, =I5y
fde, = fde,
& (Y. T el P -
then: \_ﬁ)dl _ N _/e |30 Kes R

EONEE) N

si)
Now by setting the receiver output ( W ./4 equal for both syst mg, the

above equation can be solved in terms of the required carrier "N)r_ .

S
This means that System A required 2.58 tiges the carrier § voltage ratio

of System B for the same receiver output N veltage ratio, This is equal .
to 20 log 2.58 or 8.2 dv higher ¥ ratio reguired for System A. But System
A, having a narrov i-f bandwidth, also has 8.2 db less available noise
power, The net résult is that both systems will have approximately the
seme accuracy for the same transmitter power. The shortcoming of System B
is that it reaches the detector threshold at a shorter range (equivélent
to 8.2 db less allowable transmission loss) than System A.

S .
The second comparison of( N)c is with a system with Byy =
B,y = 200 Kes against a system with B¢y =B,y = 30 Kes. .-

CASE II . ‘

System A - By 30 Kes, B”. = 30 Kcs

System C - B,, = 200 Kes. B,y = 200 Kes
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both systems will be assumed tc have the same

subcerrier channels so that now:

Fud, = Fud,
fds, = fds,
fs, = fs;
200 Kes ™
fdc, = fde, - \. ~30 Kes ./
i -
or fde, =6.67 fdc,

then:

c]%x 1

Snl=l;

NN

(82, .
¢ for System A N)c‘ x| B
= S =

N

for 30 Kcs system

™

J

)d for 'Sys,’eem C N )cc X -LBc]? x 6.67

Also as;sume that ( %’ )Ck -\ %)dc .
-1

1= (%:}q X [30'1{ch2;¢ 1

(%)cc X [200 Kcs] x 6.67

(% for 200 Kes = .058(%)., for 30 Kes |
_ or(% for 30 Kes = 17.2('31?2 for 200 Kes

8 _

(3

¢

N N N N

20 log
S

once again is that System C w

transmission loss) due to the

8.2 db more noise is present.

= 17.2
for 200 Kes system

17.2 = 24.7 db

It has been shown that the matched wide band System (C) had 2L.7
db N improvement over the matched narrow band System (A). The shortcoring
111 have a shorter range (8.2 db less allowable

detector threshold affect. Also, for the same
transmitter power, System € has In reality only 16.5 db improvement since
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In both Cese I and II, Syslem B and System C require-leSS caryrier
signal-to-ncise at the receiver; howéver, there is a definite limitation as
to how low this ratio can go. This lower limitation is the detection thresh-
old, since af, this threshold the detector iIs responding to pesk noise sipnals.
The effect tten of the increased i-f bandwidth is to increase the (-% R
This signal improvement increases the accuracy of the r-f data link. How-
ever, the accuracy of the output data is also limited by the transducers
and subcarrier oscillators. The main point of interest is .that the use
of the wider band FI{ cannot reduce the required transmitter power. A
total of 8.2 db more transmitted power is needed when using a 200 Kes band-

width instead of a 30 Kes bandwidth for the same transmission range.

The¢ receiver under consideration has the audio response shown in
Table B-6. This audio response limits the use of certain subcarrier channels.

The subcarrier channels sbove 5 Kes should not be used.

If PCM/FH/FM were used ingstead of Fi{/TM, the preceding bandwidth

comparisons are still valid,. assuming that the digitized data fréquency mod -
ulates a single subcarrier.

Tn conclusion, it has been shown that the AN/ARR-52 Receiver,
while satisfuctory, is not extremely well suited for receiving the weather
station because of its wide bandwidth. Either the analog or digital FM sys-
tem will function equally well with the receiver.
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