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ABSTRACT

In 1977 Mariner Jupiter-Saturn will be the first interplanetary space-
craft to use X-band frequencies for té]emetry; In order to uncover operational
and design problems in the use of X-band'by‘MJS and future spacecraft using
the Deep Space Network, an X-band telemetry experiment was conceived in 1973 and
conducted in 1974 using'the Mariner Venus-Mercury spacecraft. The Viking X-band
telemetry experiment is a continuation of this earlier experiment with similar
goals and expanded objectives.
The experiment was conducted at DSS-14 during the months of December 1975
and January 1976. During each of the five successful passes, a periodic sequence
(in lieu of ranging) was transmitted to the spacecraft and returned by the-
spacecraft transponder on both S- and X-bands. These telemetry-like signa]s
were received, demodulated, and detected. From a Variety of measurements at
the station, four independent measurements were made of the received signal-to-
noise ratio (SNR). These four SNRs'were later cdmpared with each other and the
predicted SNR. | |
The princfpal result df,the experiment is that X-band telemetry works as
expected. That s, the measured SNRS.Were cqnsiStenf relative to each other
~and to the predicted values within the accuraéy of the experiment. X-band perfor-
mance -as a‘function of weather was not obtained becauselof clear weather during
each pass. | iy | '
‘As a besu]t‘of,fhe need for weather pérformance data, the experimenters
 ,réconmmnd the instaT]ation at‘oheyor hore of the 64 meter:stations,the following:
aﬁ accurate and comp1ete weather data gathering facility including cloud observa;‘

tions; a noise adding radiometer for accurate X-band system noise temperature
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recordings; and more accurate procedures and/or equipment for measuring X-band
received carrier power. Data from this equipment in conjunction with normal
Viking X-band signals could produce an extremely valuable performance baseline

for MJS and future X-band missions.

viii s o ~ JPL Technical Memorandum 33-794



I. INTRODUCTION

It is well known that for fixed antenna size and transmitter power that
telemetry at X-band frequencies can 6utperform that at S-band frequencies
by an order of magnitﬁde in terms 0f signa1—to-ndise ratin. Because of this
fact, the Mariner Jupiter-Saturn (MJS) Project has chosen X-band for its primary
telemetry frequency band. While these frequencies have been used for years
for a variety of uses, they have never been used for telemetry on an inter-
planetary spacecraft nor havé such telemetry signals beeu received by the
Deep Space Network (DSN). As a result of this lack of operational expebience,
an X-band telemetry experiment‘(XBTE)[l} was conceived in 1973 and made use
of the transponder of the Mariner Venus-Mercury (MVM) spacecraft. The basic

idea of the experiment was that a periodic sequence (in lieu of ranging) was

“transmitted to the spacecraft and retukned by the tkansponder on both S- and

X-bands. These received telemetry-like signals were then compared in terms of
signal to noise ratio (SNR) and probability of error (PE). It was hoped that,

given sufficient spacecraft passes,‘this experiment could fill the gap of no

. operational X-band expérience;- Unfoktxnate]y;“for'a variety of reasons the~'

MVi1 XBTE was successful for only a 70-minute bass.[l] The main conclusion

of this experiment was that X-band telemetry did indeed appear to perform as

expected. It was also concluded, however, that further tests were desirable

to gain more knowledge and éxperience with this new telemetry mode. It was

proposed at that time that a similar experiment be conducted with the Viking

spacécraft.

The objettiVes of the'Viking XBTE are virtually thé same as the original

- MVM experiment.  They are:

(1) To uncover and identify potential desigh or operational ‘

problems that may exist relative to the uée offX~band’
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(2)

(3)

(4)

(5)

(6)

telemetry on future spacecraft missions so that early
corrective measures can be taken.

To gain a better knowledge of performance parameters

and their tolerances. '

To quantitatively measure the performance of the X-band
telemetry link to assess the effects of weather, elevation
angle, coded burst-error statistics, etc.

To test the proposed MJS‘convolutionally toded system at
moderate and high (100 Kbps) data rates.

To verify channel performance using SNRs typical of
channel requirements for advanced coding methods proposed
for compressed data transmission.

To investigate and confirm the discrepancy from Gaussian

behavior shown by the MVM XBTE.

It was felt that the key element needed for a successful experiment was

a multitude of spacecraft passes. Variations in the weather were desirable

which implied many passes to increase the chances for bad weather. As it

turned out, the Viking Project did allow eleven passes to be used for the

experiment during December 1975 and January 1976. Of these, five were

successful passes in that for these five most of the desired measurements

were made. ‘Unfortunately,kthe,1ongest dry spell in years occurred during

this period so that essentially no weatherIVariatibns were obtained. As

~described in fhe following sections, what was obtained was a fairly large

amountVof operational date which confirms that the X-band system does work

as predicted.

JPL Technical Memorandum 33-794



II. EXPERIMENTAL TECHNIQUE
A. General Configuration
Figure 1 is a schematic diagram of the basic experimental technique.

In 1ieu of ranging a subcarrier is modulated with a six bit periodic sequence
as data. This signal is transmitted along with command modulation to the
spacecraft. Because the subcarrier and its modulation appear in the ranging

_ channel spectrum, it is retransmitted by the spacecraft S- and X-band trans-
mitters. Thus, the downlink appears to have a subcarrier with telemetry data
on both S- and X-bands. These telemetry chanhels are demodulated and detected.
The detected'outputs.are then recorded and analyzed.

A more detailed description of the experiment is shown in Figure 2. A1l
equipment shown in the cohtro] room is standard DSN equipment with the excepQ
tion of the cable drivers. Wherever possible Block IV equipment was utilized.
Table 1 gives the pertinent parameters of the experimental setup. The outputs
of the Symbol Synchronizer Assembly (SSA) which are made use of are the
integrated noisy symbb]-stream and the symbol transition clock. Sampling
the,integrated waveform at the bit transitioh corresponds to the integrate/dump
or matched filter output. This sampling takes place in the suitcase interface.
The samb]es are then recorded on magnetic tape by thek930 computer and also
bit error tests are made on both S- and X-band data streams. A complete
description‘of thelﬁuitcése,,bit error counters, ahd reéordihg ﬁroces§_is
contained in Appeﬁdix-A. T A

| ‘B.  Derived Signal-to-Noise Ratios
The performance measure used throughout’the'expériment is the received
signa1—£oAnoise ratio (SNR) of the S- and X-band data chahnels. In order to
‘get_sévera] 1ndépehdent neasurements of theiSNR's, a variety of measurements

~ were required and are listed in Table 2.

oopL TeéhniéaI'MemonandUm_33-794' o ~ OS] R ) g
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Table 1.

EXPERIMENTAL PARAMETERS

Data Symbol Sequence (NRZ)

Data Rate

Subcarrier Type

Subcarrier Frequency

DSS-14 Transmitter Power

Ranging Modulation Carrier Suppression
Viking Command Modulation |

Viking Low Rate (Engineering) Modulation

' SSA Matched Filter Quantization

Dates of Five Successful Passes (GMT):

111010
Variable
Squarewave
240,000 Hz
10 KW

9 dB

On

On (33 bps)

Sign plus 5 bits magnitude

Dec. 11, 1975 - Day 3545

Dec. 23, 1975 357
Jan. 14, 1976 14
Jan. ‘16, 1976 16

Jan. 17,18, 1976 17/18

JPL;TechnicalﬂMemorandum 33-794



Table 2.

List of Experimental Data Sources

‘Periodic recording of symbol bit error rate.

Continuous recording of Symbol Synchronizer Assemb]y 1ntegrate/dump
values and symbol clock. :

Received signal strength from AGC'(S- and X-band).

Real time recording of S- and X-band System Noise Temperature (Top).
SNORE calculated by station Telemetry and Command Processor (S- and X-bands).
Antenna elevation angle.

Weather - predicted and actual.
X-band radiometer record1ngs (DSS-13).

Predicted S/C and ground parameters from Viking Orbiter Performance
Analysis Group (OPAG).

Telecom Development Lab compatibility tests.

JPL Technieal Meworandum 33—794



A brief descriptien of each of the four SNRs derived from these measurements
follows. (Complete detailed descriptions of these SNRs and the measurements
are contained in Appendix A).
(1) Pg SNR
This SNR was derived from the measured bit error rate. The assumption
made in this case is that the data signals are corrupted by additive white
Gaussian noise. This implies no system nonlinearities or unusual signal inter-
ference. The SNR is thus related to the measured probability of error (PE) by
the standard PSK performance curve. The PE measurements were taken for %Loth SQ
and X-bands at fegular intervals throughout each pass. |
(2) XBTE Signal-to-Noise Ratio Estimate (SNORE)
| A direct estimate of the signal-to-noise ratio can be made from the
outputs of the integrate/dump circufts of the XBTE equipment. This involves
a calculation of the mean and variance of the integrate/dump values
multiplied by the true data (+1 or -1). These’required sample values are recorded
in real-time by the 930 computer on magnetic tape. The derived SNORE values were
processed from these tapes at a later time.
(3) P./N, SNR | |
- This SNR is calculated from measured values of the received carrier
power, Pc’ and the noise pdwer density,'No, _The signal power is deri?ed from
the receiver AGC while the noise hower deﬁsity'is derived'from the system noise
temperature (Top) measurements.' Beth these measurements are real-time recordings
on both S- and X-bands.
RO TCP SNORE

This SNORE is calculated by the station's Telemetry and CommanduPrdceSSOr

(TCP) and is recorded every minute on the line printer in the station control

‘room.

JPL Teehnjca]eMemorandumk33-794e



(5) Predict SNR
The predicted SNR is calculated in‘;hgrséme form as the PC/No
SNR using predicted values of received carrier power and noise power

density obtained from the Viking Orbiter Performance Analysis Group (OPAG).
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III. Experiment Results

While a total of 11 passes were originally scheduled for the
experiment, a number of them were canée]led or unsuccessful for a variety of
reasons described in Appendix B. Five of the passes, however,‘were success-
ful; these occurred on December 11, 1975 (Day 345, GMT), December 23
(Day 357), January 14, 1976 (Day 14), January 16 (Day 16) and January 17/18
(Day 17/18). Table Bl of Appendix B lists the pertinent information relative
to these five successful dates.

The data récorded on these passes was reduced and processed as
uncoded data. The various predicted and estimated SNRs described in the
last section are plotted in Figures 3-8 for X-band and Figure 9-14 for S-band.
In these figures, some curves are missing because data required for their
calculation were not available. ISince the bulk of the quantitative results
are cdntafhed in these figures, a number of comments follow which help o

interpret their meaning and significance.

1. A1l of the SNR plots track each other in terms of relative SNR
vs time for’a given bass. This is particularly evident on X-band where space-
craft antenna pointing can produce substantia1 fluctuations in SNR. The signi-
ficance of this is that the relative performance of X-band telemetry can be
determineﬁkfrom the po and AGC measurements which can be made on any normal
Xéband track. That is; future statistics could be accumulated during normal

V1k1ng X-band ranging passes

’ »2. The absolute d1fference between the SNR record1ngs is attribut-

| able to a number of factors, most of wh1ch are discussed in Append1xes A and C..

The appropr1ate to]erances for the 1nd1v1dua1 SNRs can be summarized as fo]]ows:

;JPLMIeChnical Memorandum 33-794
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PE SNR +0., -1.1 dB

XBTE SNORE +0.3, - 0.5 dB relative
to P SNR
PN, SNR +4.8, -4.4 dB (X-band)
+3.5, -3.0 dB (S-band)
TCP SNORE | +.5 dB
Predict SNR  45., -6. dB

The point to be made is that nothing in the measured data was outside the
expected tolerances. Stated another wéy, the experiment did not uncover any
anomalous behavior in either the S- or the X-band systems. The interesting
fact is that the absolute differences appear to be greater in the S-band case.
An indication of the relative and absolute differences between the
PC/No SNR (based on Top and AGC recordings) and the Pp SNR are shodn dn
Figures 15 and 16 for X- and S-bands respectively. The fact that thechrves
are roughly constant throughout each passkiﬁdicates that the two SNR's have
the same relative shape. Note that the greatest standard deviation is only
0.4 dB. The mean, on thekother hand, is an indication of the absolute differ-
ence betweeh the two. ~As noted Eaflier, the S-band means are substantially
greater than that for X-band. Two possible egp]anations exist for the large
S-band d1screpanc1es First of all the Sfdahd SNR was usually on the order
of 10 dB. This means that the noise does not dominate sucﬁ”{mperfections in

the data record1ng, such as d.c. offsets, 60 Hz or -other 1nterference or

no1se, etc., as it wou]d at 0 dB which was: the typ1ca1 SNR- at X band. Second

g the very strong signal present in the S-band T measuremenf adds to the

, o op
‘measurement of the noise power. While this was accounted for in the SNR

"AdcalcuIation, it is not clear that its total effect was eliminated. Other ;

" JPL Technical Memorandum 33-794
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possible problems ;readiscussed in Appendix A. ig
1 3.  The difference between the P SNR and the XBTE SNORE is

expﬂaingd in Appendix C. This problem, which was unanswered following the

MVM‘XBTt[l], results from the improper setting of the amplitudes of the

matched filter outputs prior to sampling. On day 357 the XBTE SNORE was

actually slightly above the Pe SNR. Judging from this and the results of

Appendix:C, it seems safe to say that no unusual nonlinear effects are in

evidence in the X-band telemetry stfing.

4. None of the cyclic variations in SNR which were present in the
MVM experiment were ncted in this experiment. As expected, little variation
in S-Béﬁd SNR occurred throughout the passes, while the X-band variations
are most likely due to the spacecraft 1imit cycle motion. In fact, the X-band
variations on day 345 correlated well with values of 1imit-cyc1e induced
pointing loss which were calculated for a part of that pass (see Figure A6).

5. The fact that the SNRs track the shape of the predicted SNR
indicates that the X-band predictions for station antenna gain and noise tempera-
ture as a function of e]evation angle are relatively accurate. Measured X-band
SNRsfaré equal to or above predictéd values in all cases, and fhe measured
values are within the tolerances of the,predicted»values, Thus,;the‘predictedv
X-band SNR is reliable, at least for the clear weather case.

" Several of the goals of the experiment, as stated in the Introduction,

~were either notﬂmetlor“have not been completed. No weather dependence on the

X-band data was obtained because no substantial weather variations occurred
during the passes. A possible source for weather dependent performance is

suggested in the Conclusion‘sectidn; No high rate (]OO Kbps) data was taken

JPL Technical Memorandum 33-794 - R S e 19
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because the spacecraft was too distant by the time of the experiment period.
It seems, however, that this is merely a high rate test of the Block IV
equipment which could be accomplished with the test translator at the station
or in CTA-21 at JPL. The coded performance (including compressed data experi-
ments) is a matter of processing the recorded mag tape data. This will be

done in time, funds permitting.

JPL Technical Memorandum 33-794



Iv. ConcIusion§

The major conclusion of the experiment is that X-band telemetry
works as expected. No anomalous behavior was notgd during any'éf the passes
of the experiment. No opérafional difficu]tieS'WEré uncovered. The existing
X-band SNR prediction models provided reliable estimates of the average SNR for
the clear weather cases, and the measured variations correlated with limit cycle
induced pointing lbss.

The major incomplete objective of the experiment was to study the
dependence of X-band performance on weather. Because of the close agreement
between the PE SNR and the PC/N0 SNR, accurate estimates of X-band telemetry

performance can be obtained from SNRs derivéd from T0 and AGC-measurements.

L P
In this experiment, the‘largest uncertainty in the Pc/No SNRs resulted from

inaccuracies in the Top measurements. To reduce these uncertainties and to

simplify T . measurement procedures, it is strongly recommended that an auto-

op .
matic measurement system be installed to record and calibrate the system noise

temperature during all X-band operating periods. In the low temperature DSN

system, a weather-induced changé in To affects X-band performance much more

p
than the corresponding change in AGC. Thus, accurate measurements of X-band

Top

_ Ship-,,

are nécessary to obtain accurate models of the weather/perfbrmance relation-

~ JPL Technical Memorandum 33-794 e S gy
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APPENDIX A XBTE SNR Measurement Descriptions
A. Experimental Hardware

The general equipment configuration is shown in Figure 2 in the
text of this report. The signals required for the experiment were extracted
from the:Symbol Synchronizer Assemblies (SSAs)  located in the control room
of the station. These signals consisted of the channel A integrator, channel
B integrator and the symbol clock, which were extracted from both the S- and
X-band SSA. These signals had to be preconditioned and sent to the XDS 930
Computer in the pedestal of the antenna, some 500 feet away.

The channel A and channel B ihtegrators, integrate and dump over alternate
symbol periods. They were fed into a summing cable driver (Figure Al) result-
ing in a composite integrate and dump signal being received at the computer
interface. The symbol clocks were fed into Schmitt trigger circuits'f011owed
by cable drivers (Figure A2) and sent to the computer interface.

The computer interfece is a self-contained e]ectronic’peckage mounted in
a suitcase to provide portabi]ity (Figure A3, Ad). Fdnctiohaliy, the suitcase

digitizes the ihtegraterand dump signals into 6 bit (including sign) binary
representations; and packs these into a 24‘bit computer werd. The format df"
the packed computer word is:
- The 6 most significant bits contain an S-band sample, the next
6 b1ts contain an X-band samp]e the next 6 bits conta1n the
next S- band sample and the 6 1east 51gn1f1cant bits. of the '

’ word contain the next X band samp1e

1

~and dump s1gna]s, and their respect1ve symbo] c]ocks  These four s1gnals are

fed 1nto cable term1nators, the outputs of wh1ch are t1ed to the proper 1nput -

i modules. -;h

JPL

. The symbo] clocks are used as convert pu]ses in ana]og to d1g1ta1 (A/D)
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converters. They are reshabed by Schmitt trigger circuits and fed into serial

pairs of single shots, thus allowing for adjustable convert pu1se'wfdths and

the ability to position the pulses (in time) so that the A/D converters are

sampled at the correct time instants.
The integrate and dump signals are fed into high speed sample and hold

circuits, which in turn feed the analog inputs of the A/D converters. The

'sampling occurs just prior to the dump. The digitized S-band sample is bussed

to the 6 high order bits of low 12 bit holding registers and the digitized X~
band sample is bussed to the 6 low order bits of these registers. The 12 bit
holding registers form the packed 24 bit computer word and are loaded alternately
after each X-band sample. After the low order register is loaded, an interrupt
is issued to the computer, which in turn accepts the contents of the 24 bit

register after they have passed through a logic level shifter making the logic

~ levels compat1ble with the computer.

. Aside from furnishing the 930 computer with the complete 6 b1t samples
of the integrated symbo]s the suitcase also provides the detected data (sign
b1t) and symbol clock whlch are used for bit error count1ng Two bit error
counters (one each for the S- and X-band data streams) are used to provide a

continuous rea]-t1me monitoring of the probability of error. In lieu of using

. the transm1tted data for comparlson a sequence generator was des1gned into
" the bit error counter wh1ch can be preset to any sequence. The detected data |

’ fand the transm1tted or 1nterna11y generated data are passed through pa1rs of

1nvertersdfor shaping and buffering, and through a 4 bit fixed delay for

‘prooerualignment with the clock. The input'to'the fixed delay in the trans-

 mitted data 1eg is switched to input elther data or its comp]ement in case

a - the detected data is complemented by the SSA' The output of this fixed

26

'g”delay 1s,fed 1nto a switch se]ectable delay a]1ow1ng;for,proper alignment of
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- gate.
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the data stream to be compared. The outputs of the se]ectab1e~de1ay and the
fixed delay in the detected data leg are fed into the bit comparator circuitry
wh1ch outputs 3 s1gnals, one for each comparison (total bits compared), another
for the bits 'in error and another for the 1's in error. These 3 signals are
fed into the1r respect1ve d1sp1ays a N |

The clock is passed through an inverter for shap1ng and bufferlng to a
switch which passes the clock or its complement to the input of an AND gate.
The AND gate is controlled by Reset/Start button and the Stop Count Signal from
the Total Bits Compared Display. When the Reset/Start button is depressed, a
signal is sent out to reset and clear the 3 displays, the Stop Count signal is
set high and the clock AND gate is enabled. The bit by‘bit comparison of the
2 data streams will continue unti] a switch selectable total bit count is

reached; at this time the Stop Count signal goes low disabling the clock AND

B. | Software |

The computer program for gathering data operates in rea1 time under
interrupt control. It was written in XDS SymboT, an assemb]y language for
XDS 9-ser1es machines. The program alternately filled one of tno 6000‘word
arrays; as one array was being f111ed, the other array was written out onto
one of two magnetic tape units. As described in the previous section, each
24-bit computer word contained two 6-bit S-band samples and two 6-bit X-band
samples.  The magnetic tape units were switched from one to the other by the .
program, as their tapes became full. This a]ternating process results in a
contlguous data stream be1ng gathered | |

Another program was used to process the uncoded data on these tapes in

non- rea1 t1me After acqu1r1ng the appropr1ate six-bit data sequence for each
'1:tape, th1s program computed the probab111ty of error and SNORE for each m1nute -

| of recorded S= and X-band data

27
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C. P SW
During the experiment passes, the probability of error (PE) was
calculated using the results of the bit error counters (Figure A5). Typically
106 symbo]s were used to calculate PE for X band and 107 for S-band which
always had the higher SNR. These ca]cu]at1ons were performed rough]y every
10 minutes throughout each pass. If the ideal white Gaussian noise channel is

assumed, then the corresponding symbol SNR can be calculated as
o - 1 0 \e2
SNR = [erfc (ZPE)]

These SNR values are plotted in Figures 3-14 ih‘the text of this report.
There are a few sources of error in the experiment which can degrade the

PE measurement. A d.c. offset in eifher the cable drivers, sample/hold or ADC

could produce an error. An attempt was made to keep these balanced. Also,

jncluded in the bit error counters were 1's in error counters; that is, a count

of the number of ekrors when the true data was a "one." Since 2/3 of the

symbols in the symbo]lsequence are "ones," it is expected that the "1's in error"k
count be 2/3 of the total bit errors. Any d.c. offset would change this ratio.

Since this ratio was maintained kedsonably well, it is expected that the d.c.

sffset degradation is only on the order of -0.1 dB.

A more serious source of error is the alignment of the sampling of the

-~ integrate/dump waveforms. A 10% timing error could resu]t invan SNR degradation

of -0.8 dB. ; 7 ‘
Other sources of error such as 60 Hz and other 1nterference, non ldeal

samp11ng, etc. could account for perhaps -0.2 dB degradat1on Thus, the total

5 max1mum_expected degradation for the-PE,measurement is about -1.1 dB.

0. XBTE Signal-to-Noise Ratio Estimate (SNORE)

“The SNORE calcu]at1on is made in non -real t1me from the samp]ed

‘matched f1]ter values which were recorded on mag tape. This SNR est1mate is
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given by

2
_ MEAN®
SNORE = — VARTANCE -
M
_ 2
where MEAN = w gé; ¥;
| 1 w2 2
VARIANCE = - 2 MEAN
M-1 ;;; ’

and the y; are the quantized matched filter sample values mu]tiplied by the
true data (+1 or -1). For the plots of SNORE givan in Figures 3-14, M was
chosen suchvthat the SNORE_wa; calculated for one minute of data.

The sources of error given in the preceding Section also apply to the
SNORE values. In addition, another potentially great source of error is
discussed in Appendix C. This pertains to the amplitude settings of the
signals prjor to sampling. Since no nonlinear effects were ever noticed
(eveﬁrthe eXbected radio loss for these passes was predicted to be very small),
the diffekehce between the SNR curves derived from Pe and the SNORE curves is
primarily attributable to this amplitude setting phenomonon.

E. Pc/Ny SHR

In this experiment, estimates of the SNR were calculated from

measurements of the system noise temperature, Top’ and the receiver AGC.

Ca]cu]ations‘of SNR may be made in tWo‘different'forms:

(5T

M]TLSLALCLPRPTthGr/No’ ’
andv
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where Ml = ratio of data power to total power,

T = bit time,

Ls space loss,
La
‘ Lc = circuit 1oss.

atmOSpheric;loss,

LPR = process1ng 1oss,
PTt = total S/C transmit power,

¢ = S/C transmit antenna gain,

ground receive antenna gain,

G
Gy
N

» k Top = noise spectral density,

Top system noise temperature,

- ground received carrier power,
and M2 = ratio of carrier pewer to total power.
During this experiment the second form of the SNR calculation was used because
,both the receivad carrier power and system noise temperature were available ‘
from measured data obtained during the experiment periods. These SNR calcula-
' tions provided the ability to study separately the effects of the receiver
| carrler power and system temperature.

The received carrier power is obtained by convert1ng the receiver automat1c
gain contro] (AGC) voltage into recelved carrier power. This conversion is
performed by the DSN station computer system and the results are transmitted

“to the Project Telecom Analyst at JPL. The conversion from volts to dBm
requ1res a calibration which is performed before a stat1on pass. ~ The relative
,reTation (dBm/volt) is generally well known, while the absolute relat1onsh1p
(x volts y dBm) must be calibrated before each pass because of equipment gain
dr1fts and conf1guratlon changes wh1ch occur from day to day. If no calibration

is made, the AGC relative accuracy over a pass will be good, but the'abse]hte

~accuracy may be in error by a dB or more.
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The system noise temperature was not directly available from the Block IV
receiyer system at DSS-14 because the system has no noise adding radiometer.
Temgerature data werefderfved from analog recordings of the total received
power using a wideband detector. The total received power is a function of
the received noise power, the total received signal power, and the maser gain.
If the measer gain is constant and if the signal power is much less than the
noise power, then the analog recordings give the values of noise temperature
directly. The pre-pass calibration uses a Y-factor measurement and recording
of the Zenith system temperature. Then the detector input is connected to an
ambient-temperature (known) load and the corresponding recording is made. Since
these are back-to-back procedures, the maser gain is assumed to be constant
and, with no signa]'present, the sca]e factor (K°/inch) is readily obtained.
This factor was usually about 50°K/inch. At the end of the pass, the detector
input is connected again to the ambient load, but no Y-factor calibration is
made. Any change in the ambient 1oad voltage 1eve1 indicates that the maser
gain has drifted. The galn dr1ft is assumed to be linear because no gain dr1ft
history has‘been obtained. Thus, a t1me—vary1ng scale factor is obtained and
the recorded voltage values can be directly converted to apparent system tempera?
ture. In this experiment, the total signal power level was comparable to the
noise power level, so the total signa] power, Pchz’ was subtracted from the
measured tota] received power to ohtadn estimates pf the system noise temperature.
These calculations assumed a 12 MHz System bandwidth for both S- and X-band.

Rednction'of the*received“signal level data involved hand-averaging of

the rece1ver AGC values over 10- m1nute 1ntervals These printed data were

' obta1ned from the V1k1ng Telecom Ana]yst Reduct1on of the analog record1ngs‘

32

to obtaln noise temperature est1mates was a]so done by hand For each analog

-record1ng. the ca11brat1ons were ca]culated ‘and the ‘measured temperature va]ues
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were obtained at 10-minute intervals. Then the resulting ﬁemperatures and

received signal levels were combined by machine with approbriate link parameters
to obtain the estimates of the actual temperatures and SNRs.

| The probeSsing loss, LPR' includes the ground system processing loss plus
the spacecraft limiter suppression, which depends on uplink s%gnal level. Values
of these parameters, as well as the power ratios M] and M2, were obtained for
each experiment period from the Telecom Analyst of the Viking Orbiter Perfor-
mance Analysis Group (OPAG).

The calculated values of SNR have many potential sources for errors. The
receiver AGC calibration accuracy is the main error source of AGC error, while
maser gainNdrift’and station configuration uncertainties contribute most to
errors in;the temperature estimates. The noise power detection bandwidth
estimate can cause relatively large errors when the signal level is high, as it
was at S-band during the early experiment periods. Table Al shows the major
error sources and the estimates of the upper limit of their effect on theeSNR.
~~calculations.
~ F.  Predict SNR |

The predicted SNR was ealculated in the same form as the Pc/No SNR

by replacing measured T. and AGC values with the corresponding values predicted

op
by the OPAG. | -
G.  X-band SNR Variations Due to Antenna Pointing Loss

~ During the data analysis, variations were observed in the measured

va1ues of beand SNR (see e.g; Fig. 3);' These variations were assumed to be the

result of‘S/C‘limit cycle induced pointing loss. Figure A6 shows a plot of the.
measured X-band AGC used to obta1n the P /N SNR in F1gure 3. Alsovshown in
Flgure A6 is a p]ot of X- band S/C antenna po1nt1ng loss for the same period of

~time. The po1nt1ng error angle vs. time was obtained from the OPAG, and then

JPL Technical Memorandum 33-794
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Table Al.

SNR Calculation Error Estimates

Error Source

AGC

ACC Calibration Accuracy
With pre-pass cal
Without pre-pass cal

Recorded AGC Data Resolution

Temperature
Temperature Calibration Accuracy

Maser Gain Drift

Configuration Uncertainties
Temperature Recording Resolution
Power Detection Bandwidth

AGC Calibration Accuracy
Other

S/C and Ground Parameters

Worst Case Total

34

SNR Uncertainty (dB)

S-Band X-Band
+.2 +.5
1 +3
+.1 .
+.5-0. +.4-0
+.5 +.5
+.5 +.3
+.1 +.1
+.3 +.1
+.3 +.1
+.2 +.2
+3.5-3.0 4+4.8-4.4
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the pointing loss was calculated using the X-band antenna pattern, also obtained
from the OPAG. The two curves in Figure A6 are similar in all respects, so the

observed cyclic variations in the SNR may be attributed to the S/C antenna pointing

loss.
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APPENDIX B .
Viking XBTE Dia;y
The f0110w1ng is a diary of the significant events that took place
prior to, dur1ng, and after the X-band telemetry dates. Included in this are
problems encountered, successful measurements taken, times, dates, etc. Follow-
jng this is a matrix of the five most successful experiment dates with the per-
tinent information (Table B1). A1l times and the day of year (DOY) are in GMT.
Doy (1975-6)
128 A compatibility test was run in Section 339's Telecommunications
Development Lab (TDL) using the XBTE modulation as well as 33-1/3
Viking low rate telemetry. No interference was observed between
the two modulations. | ’
300 Review meeting attended by Seciion 339 Viking and MJS project
peréonne] to approve plans of XBTE.
310-334 A number of meetings with DSN aﬁd Viking project personnel to
achieve the following: (1) get DSN agreement to conduci XBTE
on non-interference basis; at this point it appeared that XBTE
could be’cancelled because of DSS 14 scheduling of maintenance
commitments, (2) convince DSN that pre-pass calibrations for
XBTE did not require hours of time and were, in fact, simple,
straightforward and had already been done for the MVM-XBTE,
,k(3)kget DSN to approve a temporary ECO to connect the already
existing T op and AGC'strip chart recorder for X-band' this
‘dec1s1on cost the XBTE exper1menters a great deal of time and
was frustrat1ng because it was also needed for other X-band operations;
8 (4) get the V1k1ng Project to schedu]e passes for the XBTE at DSS 14. |
‘”e__Note Because of the tight scheduling at DSS 14 the very de51r—'

~able dry run for XBTE was not possible.
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328

328
335

338

341

342

345

Meeting with DSS 14 station personnel about XBTE impact on equip-
ment changes, scheduling, etc. Everything seems in order.

Date of issue of ECO 75.110 - the XBTE modifications at DSS 14.
First scheduled XBTE pass; cancelled because DSS 14 not ready

to sunport.

Approval of ECO 75.312 - temporary X-band AGC and T__ recordings.

op

Second scheduled XBTE pass; cancelled by DSN because not enough pre-

pass time for setup.

Third scheduled XBTE pass; DSS 14 personnel had trouble getting

experiment going dué to lack of familiarity - dry run would have been

helpful; DSS 14 op's setup 60 KHz subcarrier instead of 240 KHz -
couldn't lock SDA's as result; Doppler predicts furnished to
op's were 1in enror; one of bit error counters did not survive .
trip out to station; initial data rate of 24 Kbps

too high for computer program for recording - needed slight

- program change; did get seven minutes of questionable X-band

data.

Fourth scheduled pass; line driver for S-band clock went bad ;

| early in pass; had d.c. offset problems in amplifiers; op's had

used‘wrong mod index setting on SDA's - changed this andrsignaTs
improved; made recordings at S- and X-bands on and off for thrée’r
hour per1od this pass and the one on day 342 turned out to be

the dry run.

Fifth scheduled pass, first rea]]y successfu] record1ng of both‘
'S-~and X data, de]ay in setup of SCA - new shift at DSS 14;

}another de]ay caused by prob]ems in antenna po1nt1ng system,},,nv:
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359

363

14
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after processing mag tape recordings, found that S-band ADC
amplitude was set too high - thus‘grossly degrading SNORE -
this led to the analysis in Appendix C;just prior to the pass
rain squalls appeared in the Goldstone area - a sharp increase
in system temperature was noted on the X-band radiometer at
the Venus site and coihcided with heavy rainfall at the site
during that period; little rain fell at DSS 14 - none during
the pass. |

Sixth scheduled pass; change of shift near start of pass caused

confusion and led to no calibration of X-band To ; receiver 4

found to be functioning improperly; TCP g down; :his meant no

X-band SSA SNORE on station link printer; delay due to recon-
figuring S- and X- strings of RCV, SDA, SSA; recordings success-

ful on S- and X- for most of pass.

Seventh scheduled pass; this was Christmas Eve and XBTE experimenters
did not go to DSS 14; however, had station personnel set up experi-

ment with intention of getting To “and AGC recordings as well as

SSA SNORE on station line printerf unfortunately, RCV 4 (ona string)
Was sti11 down as well as TCP g and thus could not get SNORE on
X-band. | | | |

Eighth scheduled pass; XRO maser (X-band) down; tried 70 Kbps on |
S~band but operators couidn‘t lock SDA with data rates higher than
25-Kbps; subsequent fests in TDL indicate the SDA should have

locked; recorded no data.

‘Ninth scheduled pass; - CONSCAN computer‘down'- servo,manUally

contrpliéd;vﬁuccessfu]1y recorded S- and X- data., -
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16

17/18

Tenth scheduled pass; DIS down - no SNORE on ]ine printer; S~
and X- data successfully recorded.

Eleventh scheduled pass; DIS still down - no SNORE on line

printer; X-data successfuly recorded; hardware failure on S-

mag tape recording.
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Table Bl

Condensed Diary for Successful Passes

DATES

PARAMETERS 345 357 14 16 17/18
Spacecraft No. 2 1 2 1 1
Times of Data 0400- 0300- 0300- 0300- 2300~

Taking (GMT) 1200 1100 1100 1100 1100
X-band String: '

RCV 3 3 4 4 4

SDA 6 6 2 2 2

SSA 4 4 1 2 2
S-band String:

RCV : 1 1 3 3 3

SDA A 2 2 5 5 5

SSA 2 2 4 4 4
Data Rates (Kbps): :

| (1) 22 10 5 4 4

(2) - 20 7 5 5

Time of data ' :

Rate Change (GMT) - 0750 0525 0406 0630
Successful SNR '

Measurements: S/X S/X S/X S/ X S/X

Bit Error Counter Yes/Yes {Yes/Yes [Yes/Yes Yes/Yes Yes/Yes

Mag Tape SNORE No/Yes {Yes/Yes |Yes/Yes Yes/Yes: No/Yes
- SSA SNORE Yes/Yes |Yes/No |Yes/Yes No/No No/No
~ Calculated SNR Yes/Yes |Yes/No |Yes/Yes “No/No Yes/Yes

JPL Technical Memorandum 33-794
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APPENDIX C
Effect of ADC Amplitude Settings on SNORE

The setting of the amplitude of the integrate and dump samples prior
to sampling by the analog to digital converter (ADC) is critical for SNORE |
calculations. As described in Appendix A, an 8-bit ADC Was used for sampling the
integrate and dump outputs from the SSA's. However, only the most
significant bit (the sign bit) and the five least significant bits are used
so that the ADC is effectively a 6-bit ADC. The problem arises from the fact
that voltages beyond the range of the five leést significant bits make use
of the two unused bifs. The effect is that these higher voltages get converted
into numbers:which are modulo-100000 (binary) in the‘positive case and similarly
for negative vo]tages.' This foldover phenomenon can cause severe degradation
in calculating SNORE from the sample values. Thus, the amplitude cannot be
set too large. On the other hand, if the voltage amplitudes are set too small,
quantization error becomes a faétor because the full range of the ADC is not
being utilized. Thus, some optimum settingkexists to get the least degradation
in the SNORE calculation.

“For purposes of analysis, the assumption is made that only 1's are trans-

‘mitted as data. The voltage assignments for the ADC are as follows. Bin i

refers to the ADC number generated by any voltage in the range

m s m . : ;
2N_'| (1 T !'5) _<__V1 < ZN_'I (1 + ;i) | . C.1

where Vm is the maximum ADC vo]tage and N is the number of the used bits in

“the ADC (6 in this case). The voltage assignment of C.1 implies that zero

volts occur in the middle of bin "0" and that V_ goes in the non-existent
"~ ‘ .

bin‘2 (The highest positive bin is‘ZN'1‘- 1).
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In order to cé]cu]ate the mean and variance of the ADC numbers, it is

necessary to know the probability that a sample will occupy bin i. Thus,
Pi 4 Prob {occurrence of sample i} c.2
If one "foldover" in voliage is assumed for positive voltages, then

P; = Prob {sample voltage falls in bin i}
+ Prob {sample voltage falls in bin i +42N-1} s

i>0
The assumption in C.3 is that because of the Gaussian distribution of the
samples, it is unlikely that further foldovers would be significant. Now
for the negative bins the assumption that all 1's are sent implies a positive

 mean. Therefore, a reasonable assumption is that a small percentage of foldovers

occur for negative voltages, i.e.

Py = Prob {sample voltage falls in bin i} ' C.4

i<0
Now for PSK, the integrate and dump output has a Gaussian distribution
with mean A (volts) and variance of

2 Ny

o= 'ZT , 7 ' ‘ : C.5

where N, is the bne-sided noise spectral density (N/Hi) and T is the bit time.

- Using the assumptions of C.3 and C.4, P, can be written as
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T :
Q{I}i? (—1ﬁ§¥0 s lv /2 %1:}-}

3 1>0
where
; - ,
1 -t%/2 :
Qx) = —= e dt c.7
; ; 2% ' ‘
and L X
st . _& c.8
N N - 2 [ 2
o 20 ;
This latter term,‘ST/No is the,desired’signal to noise ratio (SNR) which the
SNORE algorithm estimates by the formula
MEAN)?
SNR = (, : ; C.9
2' (VARIANCE) o | | | '
~ where oN-1_4 , | o | D ’ -
= -]5N-1 ‘ g ' ,
VARIANCE = ) 1%P. - (MEAN)? e

1 N
1=-2

~What is desired, therefore, is the difference between the true SNR (ST/Nj)
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and;that given by C.Qiusing C.6, etc. Clearly this difference is a fuhct%on
of A/Vh.: That is, there exists an optimum setting of the.signal mean voltage
as é fraction of the maximum ADC voltage, V..
function of the signa] to noise ratio. ThiS difference is plotted in Figure Cl.

This optimum setting is a

for a variety of signal to noise ratios.

A couple of conclusions can be drawn from Figure C1. First of all, the
voltage setting of the signal mean during the experiment is strictly an "eyeball"
type adjustment. That is, the setting must be made with noisy signals so that an

" accurate setting is not possible. Because the degradation increases rapidly
for A/Vm greater than fhe optimum setting, an attempt was‘always made to set
the voltage slightly less than optimum. It should be emphasized, therefore, that

some SNORE degradation is hard to avoid.
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FRACTION OF FULL SCALE ADC VOLTAGE

Fig. C1. SNORE degradation vs ADC input voltage
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