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ABSTRACT 

This report presents some experimental data taken in a study of a 
standard FM/ FM telemetry system. The objective of the continuing 
study program is to assign each onboard missile measurement to an 
optimum telemetry channel. Taken into account are noise to be tolerated 
and frequency response characteristics, assuming a reasonable estimate 
of signal behavior. Pulses and repetitive waveforms are used to deter­
mine transmission capability. 
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Section I. INTRODUCTION 

This report is part of a continuing program by the Army Inertial 
Guidance and Control Laboratory to formulate a simple set of rules for 
assigning onboard missile measurements to telemetry channels. The 
information herein is experimental and deals with the transmission of 
pulses and repetitive waveforms through an FM/ FM system. The 
results should be helpful not only to instrumentation engineers but to 
the users of data furnished by the instrumentation system. 

The center frequencies and nominal data channel bandwidths of the 
standard FM/FM subchannels as specified by the Inter-Range Instru­
mentation Group (IRIG) are listed in Table I. Table II shows additional 
proposed channels which are not ye t standard in operational ground 
receiving stations. A compl ete transmitting and receiving system is 
shown in block diagram form in Figur e 1. Usually, at least one of the 
highest channels is commutated, or time-shared by several low fre­
quency signals, but this is not g e rmane to this report. The transmis­
sion capacity of the system is det e rmined primarily by two factors: 
frequency response and nois e . As ~n all communication systems, these 
two factors are related in a dir cr t manne r, but in an FM/FM multiple_,x 
system the relationship is mor e pronounc ed. In fact, the discriminator 
output filters shown in Figure 1 are a means of controlling the system 
noise by limiting the bandwidth of each subchannel. The term noise is 
used in the general sense, meaning anything which interferes with the 
signal. The nominal information bandwidths of Tables I and II are 
compromise frequency responses a rbi tra rily set by !RIG to give a 
reasonable frequency respons e at a low noise level. There is nothing 
in the telemetry system which limits th e subchannels to these band­
widths except the output filters, which can be changed at will. 

The amount of noise which can be tol e rat d is dependent upon that 
feature (amplitude, time of occurrence, etc.) of the signal which is of 

I 

interest, the accuracy with which it must b;e known, and the noise 
rejection properties of the read-out d e vice~ Theoretically, if the 
factors mentioned plus a reasonable estimate of signal behavior are 
known, it should be possible t,_) assign each measurement to an optimum 
telemetry channel. This is the ultimate objective of the study program 
of which this report is a part. This objective is still some distance 
a,vay but it was decided to p:r c :-; .:: nt th e: ir.formation which follows in tht 
hope that it might be useful at this time. 



Section II. FREQUENCY RESPONSE 

As has been pointed out, in normal operation, the primary factor 
which determines the frequency response of each FM/FM subchannel 
is the discriminator output filter. The channel response exclusive of 
the output filter is much wider than the filter bandwidth. Some data 
were taken on this using the system shown in Figure 2 and the results 
for one channel are shown in Figure 3. Since the curves for all channels 
are essentially identical when normalized about their nominal !RIG 
bandwidths, Figure 3 can be made to represent any one of the 18 channels 
by multiplying the horizontal axis by the nominal bandwidth of that 
channel. The res!'onse of the nominal !RIG filter is shown for com­
parison. As can be seen, the inherent channel response is down 3 db 
at about 5 times its nominal" bandwidth. Below this frequency there is 
nothing that limits the channel bandwidth except the noise that can be 
tolerated. 
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S.ctio JI!. NOISE 

The difficulty that is encountered in making noise measurements 
is the uncertainty about the conditions under which they should be made. 
It is desirable to have data taken under typical operating conditions, and 
one commonly used scheme for simulating such conditions is shown in 
Figure 4. It is a matter of O,lJinion as to whether or not a random noise 
input to ~11 channels represents typical ope ration. Examination of a 
few· missile records will show nothing but de on most channels a large 
percentage of the time. Some data we re taken which indicated that the 
random noise modulation does not make a substantial contribution to 
the total intermodulation noise. Some curves were run using the sys­
tem shown in Figure 5 in which th e RMS noise output of each channel 
was checked at the center of its band and at one edg e with the other 
channels having 0, 2. 5, anci :, volts inµut. The 2. 5-volt p_osition is band 
center while O and 5 volts r e pr e s e nt the two !RIG band Il'mits. The 
results for one typical channe l a r e shown in Figure 6. The noise output 
was recorded as a function of the chann d output filter bandwidth 
normalized with respect to !RIG no minal response. Since a precise 
measure of the noise is impossible to pr edict und e r all conditions and 
unimportant anyway, th e ave rag e c ur ve of F igure 7 was d e rived from 
the data taken for all chann e ls at all. positions in th e band. This curve 
will give a reasonable estimati on of th e RMS noise in percent of peak­
to-peak full scale output as a funct i on of output filter bandwidth for any 
channel. 

3 



Section IV. PULSE TRANSMISSION 

The channel response required for the transmission of a pulse or 
a periodic signal is inversely proportional to the width of the pulse or 
the period of the signal. The necessary bandwidth is also directly 
proportional to the desired fidelity of reproduction. A general idea of 
the transmission capability of the TM system can be gotten from the 
oscillograms of Figures 8 through 11 which were made using the stan­
dard IRIG filters of Table I. Channels 1 and 15 were not wired into 
the system at the time the oscillograms were made. The pulse widths 
and waveform periods were chosen so that the channel responses ranged 
from inadequate to more than ad equat e . Th e r e sults are general in the 
sense that similar waves of diff e r e nt widths or periods would be passed 
with the same results but ~hift ed up or down the TM spectrum in inverse 
proportion to the width or pe ri ocl. 

Th e pulse transmis s ion c a pa biliti C' s ca n be pr e s e nt ed by a set of 
LUrv e s which giv e the a m p litude a nd \vidth of th e output puls e relative 
to th e input. Th s e cur ves a r t= shown in Figur e 12 for the standard 
IRIG filt e rs. Th e aL1plitu rl c was n o rmaliz e d by dividing th e output pulse 
height, A, by th e va l11 • A

0
, a µpro ad11_:d at th e highe st TM channels, and 

th e output width was no rmalized by dividing the m easur ed width, W, of 
. the output pulse at its half-amp l.itud e point by the input pulse width, W0 • 

The horizontal scale was normalized by multiplying the channel band­
width, f 0 , by th e true puls c width, W 

0
. The shaded portion of Figure 

12 is a transition zone , which occurs in Figure 9 at about channel 8, 
where overshoot is beginning to appear but cannot be distinguished as 
such. Th e results of Figures 9 through 12 are very similar to those 
obtained using IRIG Gaussian output filt e rs, except that Gaussian filters 
rio not exhibit overshoot or ring i ng. It can be seen that any channel 
such that the product of its response and the puls e width is 1. 5 or 
greater will give accurate amplitude and width data. Values of W 

0
f

0 
between l. 0 and l. 35 should be avoided by using standard filters because 
of amplitude uncertainty. In cases where adequate bandwidth is not 
available and the true pulse width, W0 , is known, the factor to be 
applied in determining the true amplitude can be read from the curve. 
When bandwidt~ is insufficient and the true pulse width is uncertain, the 
curve labeled ':'Measured Pulse Width (Wf0 )" can be used. This curve 
is a plot of th~ channel bandwidth, f 0 , times the measured half-amplitude 
pulse width, ~' vP.rsus thP normalized channel bandwidth, W 0 £0 • Since 
Wf0 is known, / this curve is entered from the vertical scale and the 
amplitude andtwidth factors read on a vertical line through the point on 
the Wf0 cu·rve. For example, a measured half-amplitude width of 
O. 37 5 millisec?nds and 1-volt amplitude on channel 1·8 ( 1050 cps filter) 
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gives Wf0 = O. 394. This point corresponds to W 0f0 = O. 32 and a 
vertical line through this point gives A/ A 0 = O. 865 and W /WO = 1. 23. 

• Therefore, A0 = 1. 16 volts and WO = O. 461 milliseconds. The Wf0 
curve is useless below W 0 f0 of about 0. 25 or Wf0 of 0. 375 where the 
normalized measured pulse width becomes a constant. W 0 £0 of 0. 25 
corresponds to a pulse width of 238 microseconds through a I 050 cps 
filter. The W 0 £0 values are shown on Figure 8. A general idea can be 
obtained of what pulse transmission capability is signified by this para -
meter. 

Channel delays and rise times are shown in Figure 13 as a function 
of output filter bandwidth. Plotted on log-log pap.er, these curves 
should be straight lines and are so within the limits of experimental 
error. Delay time and rise time are inversely proportional to band 
width. From the slope of these lines it was found that the delay is 

and the rise time is 

TD= 

430 
TR= fo 

milliseconds 

milliseconds 

in which f 0 is again the output filter bandwidth as specified by !RIG. 
The delay time is about half the reciprocal of the channel banrlwidth 
and the rise time is about 80 percent of the delay time. The results 
are somewhat different frorn those that would be expected using textboo1 
rules for filters of the same "bandwidth." The lRIG telemetry filter 
bandwidth does not conform to the 3 db bandwidth in common usage, but 
has unity gain at the bandwidth frequ e ncy. The 3 db point is a bout 1. 3 
times the nominal !RIG bandwidth. 
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Section V. CONCLUSIONS 

Frequency response, noise, and pulse transmission characteristics 
of a standard FM/FM telemetry system have been presented. The 
frequency response and noise data should be useful when it is necessary 
to make a compromise between noise and bandwidth to accommodate 
the maximum number of high frequency signals. The effect of noise, 
which is dependent upon the read-out device, must be estimated by the 
user at present. The effect of channel response on dynamic error has 
been discussed in a previous report. 1 Further information on the 
rc•lation between the frequency and time domains is given by the pulse 
transmission data which should be useful in monitoring such signals as 
squib firings and time-of-events. 

1 W. F. Baxter, and C. F. Asquith, Assigning Measurements to 
Telemetry Channels to Me et Error Specifications, U. S. Army Missile 
Command Report No. RG-TR-63-13. 
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Subchannel 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Subchannel 
Number 

19 
20 
21 

Table I. !RIG FM/ FM Subchannels 

Center Nominal Intelligence 
Frequency Bandwidth 

( cps) ( cps) 

400 6 
560 8 
730 11 
960 14 

1, 300 20 
1,700 25 
2,300 35 
3,000 45 
3,900 60 
5,400 80 
7,350 110 

10,500 160 
14,500 220 
22,000 330 
30,000 450 
40,000 600 
52,500 790 
7 0, 000 1050 

Table II. Propos ed FM/ FM Subchannels 

Center Nominal Intelligence 
Frequency Bandwidth 

(cps) ( cps) 

93,000 1400 
124,000 1900 
165,000 2500 
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