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1.0 EXECUTIVE SUMMARY

1.1 Purpose and Scope

The overall objectives of the effort have been to critique the
design and assess the performance of the Orbiter S-band communication
equipment. The work has three principal aspects/goals:

(1) Review and analysis of the ability of the various S-band
subsystem avionic equipment designs to interface with and operate on sig-
nals from/to adjoining equipment.

(2) Assessment of the performance of the hardware against the
specified system and subsystem requirements.

(3) Critique of test plans, procedures and results of tests
conducted on the S-band hardware LRU's.

TRW, Redondo Beach, California, is the hardware contractor for
six S-band avionic systems or LRU's. These LRU's to which Axiomatix's
efforts have been addressed are:

(1) Network Transponder
(2) Network Signal Processor (NSP)
(3) FM Transmitter

(4) Fn Signal Processor (FMSP)

(5) Payload Interrogator (PI)

(6) Payload Signal Processor (PSP).

TRU's responsibilities include design, design analysis, breadboard, engi-
neering model, flight unit production, and acceptance and quaification
testing of each LRU. Although TRW has overall cognizance and builds most
of the hardware, certain subassemblies are subcontracted to other
manufacturers.

1.2 Approach and Execution

The general approach has been to work with cognizant NASA per-
sonnel and individuals at the principal prime contractor (Rockwell Inter-
national) and equipment subcontractor (TRW). A vital part of the activity
involved Axiomatix attendance and participation in the regular monthly
program reviews, as well as all special meetings, at TRW and RI. At
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these reviews, the status of each LRU was presented in a formal fashion.
Technically detailed discussions, which did not necessarily require the .
attendance of all participants, were generally held at the end of the day o
or on the following day. These latter gatherings usually involved '
detailed discussions on design and specification issues that surfaced at
the regular monthly reviews. Axiomatix also worked with TRW engineers

on an ad hoc basis.

During the contract performance period, three preliminary
design reviews (PDR's) were held and attended by Axiomatix. The PDR's
covered the PSP LRU, PI LRU and the Pl triplexer. Also, a number of
special meetings invoiving Axiomatix engineers were held at TRW and RI.
These gatherings addressed very specific issues and were instrumental in
gaining consolidated understanding of various problems and, in most cases,
pointed the way to solutions. ]

Axiomatix engineers spent extensive periods in review of design
documents, critique of test procedures, and performing design verification
analysis. Important results were communicated to appropriate NASA/JSC,

RI and ‘iRW engineers as soon a% they were obtained. Each month, Axiomatix
prepared a monthly technical report which contained a brief summary of

all relevant technical activity, including design reviews, technical con-
ferences, design and analysis efforts and results, critical problem areas,
and a forecast of effort for the next monthly reporting period. Detailed
results from evaluations or analyses of current interest were also
appendza to the monthly reports.

1.3 Summary of Activity, Studies, Pesults and Assessments

A major portion of the work over the contract period (approxi-
mately nine months) involved analysis and critique of the TRW-produced
LRU's. Many of the issues addressed have been of concern for over two
years. Since this report covers a limited time span, the reader who
wishes to obtain a longer term historical perspective is referred to the
previous equipment design report [1] which covered the period January 1978
through January 1979. (See, especially, Table 1 in the Executive Summary.)
An issue outline covering the period February through October 1979 can be
found in Table 3.1 of this report.
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The following subsections present highlights, abstracted from
the body of the report, on those subjects of primary interest. Numbers
in parentheses following a statement refer to sections in which more
detailed information may be found.

1.3.1 Payload Interrogator Evaluations

(1) The PI receiver input has been protected by a diode power
limiter (in 1ieu cf switched attenuator pads in the triplexer) which both
protects the preamplifier from overload damage and allows the receiver to
effectively function up to input power levels of +10 dBm (see subsections
3.2.2 and 4.1.2.2).

(2) Axiomatix was instrumental in convincing TRW that a non-
coherent type AGC loop should be employed by the Pl receiver for out-of-
Tock conditions and that the use of such an AGC would reduce the receiver
false lock propensity (see subsections 3.2.3 and 4.1.5).

(3) TRW changed the technique of avoiding PI receiver side-
band lock (7alsa lock) fromer dependence on 1¢ck detector threshold
discrimination to preventing lock by use of a sufficiently rapid receiver
sweep rate (see subsections 3.2.4 and 4.1.7).

(4) The current PI receiver design wideband output bandwidth
is nominally 6 MHz rather than the specified 4.5 MHz--an unacceptable
value for which some redesign will be necessary to correct (see subsec-
tions 3.2.5 and 4.1.3).

(5) The signal regulation loop of the PI1 wideband output to
the various interfaces (PSP, CIU, KuSP) will be an RMS type located within
the PI proper and will be responsible for some suboptimum 1ink performance,
especially as it affects the bent-pipe (see subsections 3.2.6 and 4.1.4).

1.3.2 Payload Signal Processor Evaluations

Axiomatix has reviewed the entire PSP design and has concluded
that it is well-designed and embodies up-to-date implementations. Nowhere
in the PSP circuits or performance measurements has Axiomatix found sig-
nificant weaknesses nor are there any important open issues (see
subsections 3.3 and 4.2.1).
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1.3.3 Network Transponder Design and Performance

(1) The first and second IF modules are assessed as design
and performance marginal (see subsection 3.4.1).

(2) The measured BER degradations which have been observed ;
to occur in the STON high-power duplex mode is apparently caused by some :
nonlinear action or ifonic breakdown in certain RF connections fabricated
from stainless steel and fitted with a Kovar center pin (see subsection
3.4.2).

1.3.4 FM Transmitter Performance

A problem with seemingly excessive frequency offset and drifts
has been traced to the moisture content of the sealed units and is being
remedied by more stringent vacuum bake procedures (see section 3.5).

1.3.5 Network Transponder Qualification Test Procedures

(1) The entire QTP for the network ,transponder was reviewed
as to the nature of the tests, appropriateness of the tests, inconsisten-
cies, omissions, usefulness of the test data, test procedures, equipment
and methods, and was judged to adequately meet the intent of the test
specification as a whole (see section 4.3).

(2) Some inconsistencies and omissions were discovered, and
three items concerning thermal cycle tests, BER measurements and RF com-
mon port overload protection need some attention and resolution (see
subsection 4.3.5).

1.3.6 ESTL Network Equipment Verification Tests Evaluation

(1) To date, only the ESTL STON mode test procedures have been
evaluated and, overall, these procedures are well thought out, well-writ-
ten and generally meet the requirements as defined by "System Development
Test Requirements and Status (TRAS) Report for STDN S-Band Direct Link,"
JsC 11300, September 28, 1977.

(2) Of the inconsistencies and omissions discussed, most have
been addressed by the ESTL personnel. The»e i3 a major concern that
some tests were conducted with the NSP in a mode whicth no longer reflects
the current operational practices (see suvsection 4.4.3.1).
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1.4 Projections

(1) Future detailed involvement with respect to TRW's activity
on the S-band network hardware LRU's will be oriented toward performance
and malfunction problems.

(2) Design, circuit, and performance evaluation and supporting
analysis will continue on the PI and PSP until they complete their crit-
ical design review and QTP phases.

(3) Review of the ESTL network equipment verification plans
will be extended and completed with formal recommendations on problem
areas.
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2.0 INTRODUCTION 1
2.1 Statement of Work ’

2.1.1 Objectives

The overall objectives of the effort have been to critique the
design and assess the performance of the Orbiter S-band communication
equipment. The work has three principal aspects/goals:

(1) Review and analysis of the ability of the various S-band
subsystem avionic equipment designs to interface with and operate on sig-
nals from/to adjoining equipment.

(2) Assessment of the performance of the hardware against the
specified system and subsystem requirements.

(3) Critique of test plans, procedures and results of tests
conducted on the S-band hardware LRU's.

The S-band hardware LRU's being produced by TRW to which the
efforts have been addressed are: *

(1) Network Transponder

(2) Network Signal Processor (NSP)
(3) FM Transmitter

(4) FM Signal Processor (FMSP)

(5) Payload Interrogator (PI)

(6) Payload Signal Processor (PSP).

2.1.2 Specific Tasks Qutline

The contract statement of work specifies that the following
principal tasks will be conducted over the contract period:

Task #1, S-Band Network Equipment Verificetion Plans Evalua-
tion. Reviews the various verification test plans (especiaily
by TRW qualification and JSC/ESTL system plans) as to appro-
priateness and validity, monitors tests and analyzes results.

Task #2, S-Band Payload Commuii:cations System Specification
Review. Continually compares the equipment specifications

(PY, PSP, KuSP, PDI, MOM/GPC) relative to the hardware design/
performance to e sure that interface compatibility, performance
requirements and operational needs are being met.
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Jask #3, S-Band Payload Communication Equipment Design Eval-
vation and Development Support. Performs detailed design
and performance assessments of the TRW equipment designs,
provides supporting analysis and experimental investigations

of the functional circuits and recommends appropriate des.gn
changes to NASA, Rockwell and TRW.

2.1.3 General Approach

The general approach has been to work with cognizant NASA per-
sonnel and individuals at the principal prime contractor (Rockwell Inter-
national) and equipment subcontractor (TRW). A vital part of the activity
involved Axiomatix attendance and participation in the regular monthly
program reviews, as well as all special meetings, at TRW and RI. These
latter gather:ngs usually involved detailed discussions on desfgn and
specification issues that surfaced at the regular monthly reviews.
Axjomatix alsc werked with TRW engineers on an ad hoc basis.

Each month, Axfomatix prepared a Monthly Technical Report which
contained a brief summary of all relevant technical activity, including
design reviews, technical conferences, design and analysis-efforss and
results, critical problem areas, and a forecast of effort for the next
monthly reporting period. Detailed resulte from evaluations or analyses
of current interest were also appended to the monthly reports.

Axiomatix engineers spent extensive periods in review of desian
documents, critique of test procedures, and performing design verification
analysis. Important results were communicated to appropriate NASA/JSC, Rl
and TRW engineers as soon as they were obtained.

2.1.4 Correspondence with Related Activity

The work herein reported was related to and interacted with efforts
performed under other active NASA contracts. Contract NAS 9-15240t and F,
“Shuttle Ku-Band and S-Band Communications Impiementation Study," involves
the system aspects that tie tocether the S-band equipment in the performance
of specific communication functions. Two other contructs, NAS 9-15409C,
“Orbiter CIU/IUS Communications Hardware Evaluation,” and NAS 9-15604C,
“Shuttle/Payload Communications and Data System Interface Analysis," are
concerned with the PI and PSP hardware from a functional payload communi-
catizn link perspective. These latter studies are concerned primarily with
interface and throughput issues.
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2.2 Organization of the Final Report

The two sections following (4.0 and 5.0) address in detail the
various aspects of the work performed.

Section 3.0 is an exposé of the ongoing issues and activities as
they developed and were addressed at regular monthly reviews. PDR's and

special technical meetings. Use has been made of tables and charts to sum-

marize the vital nature of each important issue and to show its timeline
history. Following this summary, selected topics are reviewed in greater
depth.

In Section 4.0, supporting studies and analyses performed by
Axiomatix are delineated. Since both the PI and PSP were subject to pre-
liminary design reviews during tnc reporting period, each is given a com-
prehensive design and performance critique. Also examined in depth are
the Network Transponder qualification test procedures (QTP's) and the ESTL
network equipment verification plans.

2.3 Avionic Equipment and System Descriptions

Some readers may not be wholely familiar with the S-band hard-
ware and the principal communication equipment with which it interfaces.
As a primer, therefore, Appendix A contains a system overview followea by
functional descriptions of the most important LRU's, including block
diagrams.

As regards the PI and PSP, Appendix A does not include over-
view descriptions. Rather, detailed descriptions are found, respectively,
in sections 4.1 and 4.2.1.




3.0 RESULTS OF MONTHLY REVIEWS, PDR'S AND TECHNICAL MEETINGS

TRW, Redonds Beach, California, is the hardware contractor for
the six S-band avionic systems 1isted under section 2.1.1. TRW'S responsi-
bilities include design, design analysis, breadboard, engineering model,
flight unit production, and acceptance and qualification testing of each
LRU. Although TRW has overall cognizance and builds most of the hardware,
certain subassemblies are subcontracted to other manufacturers.

As the means for regularly addressing all progress and problems,
TRW scheduled monthly reviews which were attended by NASA, RI and Axiomatix
personnel. (No review was held during the month of September 1979.) At
these reviews, the status of each LRU was presented in a formal fashion.
Technically detailed discussions, which did not necessarily require the
attendance of all participants, were generally held at the end of the day
or on the following day. Since the TRW monthly reviews were regularly
attended by many readers of this report and handouts of the material pre-
sented by TRW were made available to each attendee, it is not necessary in
this report to address all subjects and details. What is contained in the
present report are summaries and assessments of those subjects/areas in
which Axiomatix was intimately involved by virtue of the contract task
statements.

During the contract performance period, three preliminary design
reviews (PDR's) were held and attended by Axiomatix. A review of each is
given in sections 3.2, 3.3 and 3.4, following.

Also, a number of special meetings involving Axiomatix engineers
were held at TRW and RI. These gatherings addressed very specific issues
and were instrumental in gaining consolidated understanding of various
problems and, in most cases, pointed the way to solutions.

3.1 Summary of Important Issues/Problems and their
Resolution/Status

Many of the subjects of concern are not new in that they have
been at issue for periods of more than a year. Since this report covers
about a nine-month time span, the reader who wishes to obtain a longer term
historical perspective is referred to the previous equipment design report
[1] which covered the period January 1978 through January 1979.

Table 3.1 summarizes the major issues. Issues prefixed with a +
are ones of long standing and will be found addressed in [1]. If no issue
prefix is indicated, the issue has surfaced within the last nine months.

-
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Table 3.1.

Major Issue Summary

Issue

Issue Nature

Effort Toward Resolution

Resolution

3.2.1

3.2.2+#

3.2.3%

3.2.4+#

PI Triplexer
Design

PI Receiver
Input

PI Receiver
Preacquisition
AGC

PI Receiver
False Lock
Susceptibility

Location of arc suppres-

sion diodes may cause EMI.

1. TRW desired a diode
1imiter in place of
switched attenuators.

2. Receiver performance
is undetermined for
signal levels above
-20 dBm.

Receiver has no AGC prior
to lock when coherent AGC
is obtained.

1. The receiver should
not lock onto carrier
sidebands that are
< -26 dBc.

2. Receiver false lock

performance is unde-
fined for nonstandard
payload modulations.

TRW examined configuration and
believes that it will pass EMC
testing.

1. TRW obtained limiter and
conducted tests to show that
it would work without com-~
promising performance.

2. TRW conducted tests up to
+10 dBm signal levels.

Axiomatix recommended the use
of a noncoherent AGC. TRW
studied the performance and
chose to adopt the noncoherent
AGC approach.

1. Lock detector threshold dis-
crimination was initial solu-
tion. This has been sup-
planted by a critically fast
sweep rate method.

2. Axiomatix defined allowable

modulation forms and param-
eter ranges.

Awaits EMC tests.

1. Limiter replaced
attenuator pads
in the triplexer
design.

2. Receiver performed
within specifica-
tion for levels
up to +10 dBm.

Noncoherent AGC is now
employed when the
receiver is out of
lock.

1. Testing shows that
the requirement
will be met by the
fast sweep rate.
Some performance
questions remain.

2. A revised payload
ICD will incorpor
ate the Axiomatix-

gene; ated constraints.
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Table 3.1. Major Issue Summary {Cont'd)
Issue Issue Nature Effort Toward Resolution Resolution
3.2.5# Pl Receiver The 3 dB bandwidth is TRW is to investigate alterna- Open issue.

Wideband specified at 4.5 MHz. tive filter specifications and

Output The PDR disclosed it may IF and baseband circuit designs

Bancwidth range between 4.5 & 8 MHz, to correct the problem.

depending upon conditions.
A wide bandwidth may com-
promise Ku-band 1ink
performance.
3.2.6+ PI Receiver 1. Incompatibility between 1. A working committee was 1. Compatibility

Wideband PI and KuSP specifica- established to define the established.

Qutput ) tions. interface specification.

Regulation 2. An RMS type regulator 2. An RMS regulator was selected 2. Suboptimum bent-
does not optimize bent- rather than a peak regulator pipe performance
pipe link performance. due to high redesign costs. for certain types

of waveform; will
be tolerated.
3. The regulator should be 3. Costs of placing the regulator 3.

3.2.7+# PI Receiver
Sweep Range

in the KuSP in order to
handle attached payload
inputs.

The initial design sweep
was too small to cover the
worst-case frequency error
& PI transmitter sweep
turn-around frequency
Timits.

in the KuSP were unacceptably
large.

Regulator will
remain a part of
the Pl and attached
payload inputs to
the KuSP will not
be regulated.

Analysis by both Axiomatix & TRW Sweep range design as

defined the proper sweep range
maximum values. Requirement
must be regularly updated.

of the PDR is probably
0K, but marginal.

Lt




Table 3.1. Major Issue Summary (Cont'd)

Issue Issue Nature Effort Toward Resolution Resolution
3.2.8# PI Receiver 1. Maximum static phase 1. Axiomatix believes the 3° 1. Specification
Tracking Loop error is specified at specification is too strict; revision
Phase Error 3°. The receiver SPE 8° due to biases is recommended.
compatibility is about acceptable.

3.2.9+ PI Transmitter
Phase Noise

3.2.10 PI Transmitter
Sweep Rate

3.3.1 PSP Command
Idle Pattern

8°.

2. TRW has included the
circuit phase error
between the tracking
loop and wideband phase
detector in the SPE
accounting.

2. Axiomatix recommended that 2. TRW accepted
the subject error not be the recommendation.
included in the SPE account-
ing in terms of meeting the
Rockwell specification.

The phase noise performance Axiomatix has requested that Open Issue.
remains unknown and analyt- TRW measure the spectrum on the

ical predictions are not
assuring.

The two sweep rates of
30 kHz/s and 540 Hz/s are
generally improper for
most anticipated payloads.

The Rockwell specification
called for the pattern to
begin with a "1", but no
end state specification
was given.

breadboard synthesizer and trans-
mitter. Axiomatix will evaluate
results.

Analysis by Axiomatix as to The nominal sweep
proper rates & review of circuit rates have been
performance capabilities by TRW reduced to 10 kHz/s
have lead to a lowering of the  and 250 Hz/s.
rates.

Axiomatix requested that possible The specification has

requirements for a specified end been amended to call

state be investigated. for the idle pattern
to end with a "0".
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Table 3.1. Major Issue Summary (Cont'd)
Issue Issue Nature Effort Toward Resolution Resolution
3.3.2+ PSP Overall PSP degradation Breadboard-measured maximum Partitioning of the
Performance is specified at -1.5 dB. losses for both the tracking loss has been deter-
Losses Partitioning of the loss loop and synchronizer working mined unimportant
between the subcarrier together are about -0.8 dB. since the combined
tracking loop and bit syn- loss is so far below
chronizer is unknown. the maximum Timit.
3.4.1+ Network Tran-  The first and second IF Through critical parts screening Issue closed.
sponder First modules have a history of and selection plus very strict
and Second marginal performance and alignment procedures and testing,
IF Modules have been very difficult the problems have been minimized
Critical to align to maximum per- and no redesign has been
Performance formance specifications. necessary.
3.4.2 Network Measurements at TRW, AIL A series of tests over a nine- Final resolution not
Transpaonder and ESTL have all disclosed month period have isolated the made. A likely solu-
BER Degradation that significant and majority of the problem to some tion is replacement
in the Duplex unexplained losses, as peculiarities of the preamp of the connectors with
Mode measured by observed BER, assembly RF connectors. ones which do not have
occur in the dupliex the manifest problem.
operating mode.
3.5+ FM Transmitter Most units have shown a Design analysis and tests have Problem not completely

Frequency
Drift

general and significant
upward frequency drift
over a long period of
Some shift in units
having accumulated shelf
(off) time has also been

time.

observed.

shown that accumulated moisture
may affect the units and, in
particular, a certain capacitor
in the frequency-determining
circuits.

resolved but some pro-
duction changes with
regard to increased
subassembly and LRU
vacuum bake time to
remove residual mois-
ture has apparently
brought the problem
under control.
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Where a # is used, the problem arose due to the PI PDR in October. And,
where +# occurs, the issue is old, was once supposedly resolved but has
been reopened by the PI PDR. Each of the issues is addressed in discus-
sion form under the appropriate section headings following.

Finally, Figure 3.1 portrays the issues on a calendar basis,
indicating their beginnings, periods of activity when Axiomatix made active
contributions and point of resolution (or probable resolution). Figure 3.1
includes past history/progress/resolutions from the standpoints that it
repeats the CY78 activity as taken from Figure 7, page 30, of [1]. Note
that a number of issues have been opened and closed two or more times.

3.2 Payload Interrogator Issue Discussion

3.2.1 PI Triplexer Design

Transco, the triplexer supplier, elected to mount the arc sup-
pression diodes for the coaxial switch coils external to the switch hous-
ings as a method of ensuring switch reliability. (The logic of this
approach has not been fully comprehended.) A question therefore arose as
to if, because the diodes and their leads are unshielded, an EMI problem
is created. It was noted that, by definition, the switches are pulsed
only during nonoperational (i.e., nonreceiving) periods. Although this
may be correct and any EMI (it is only momentary in nature) created by
the switches should not affect the PI operation, it could have an effest
on other avionic equipment.

Analysis and some measurements made by Transco show that EMI
should not be a problem. TRW is confident that the configuration will
pass EMC tests when the triplexer is fully enclosed within the PI housing.

3.2.2 PI Receiver Input Sensitivity Range

At the February 1979 TRW monthly program review, a problem was
outlined concerning excessive size of the sensitivity attenuator pad trans-
fer switches within the triplexer (see section 5.1 of [1] for a descrip-
tion). One proposed solution was to replace the two transfer switches
with four SPDT coax switches which could be fitted into the triplexer
physical envelope. A second solution, and the one most favored by TRW,
was to eliminate the attenuators and switches completely, replacing them
with a breakdown diode power overload protector for the preamplifier input.
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This solution assumes that the only purpose for the baseline attenuators
fs that of protecting the preamplifier from overload and possible burnout
conditions.

One objection raised to the breakdown diode power limiter was
that it could possibly introduce in-band spurs into the receiver for high
signal levels as a result of the nonlinear diode characteristics. TRW was
therefore requested to obtain and test the limiter for intermodulation
products for several interference signal conditions. The results of these
tests, presented at the March monthly review, proved negative. Further-
more, the diode limiter characteristic showed that the maximum output of
the limiter was +13 dBm for an input signal level of +22 dBm and less
than 13 dBm for all other input levels up to 1 W (+30 dBm). Since the
preamplifier maximum allowable input is +20 dBm, a 7 dB protection margin
is obtained with the Yimiter.

Axiomatix believed that the diode limiter would serve to protect
the preamplifier and that it would not generate significant in-band spurs.
There was, however, a question of receiver signal level back-off and if
such capability should be retained. The question was not one of impro-
priety of the 1imiter but if the entire PI receiver could function prop-
erly under a condition of front-end limiting in the preamplifier, first
mixer and first IF circuits--a condition that the input power protector
cannot obviate. Thus, if the baseline design selectable attenuator pads

‘were deleted from the triplexer (in favor of using the input power over-

load protector exclusively), there would be no way of backing off the input
nower to a point where receiver 1imiting is prevented (input signal level
< =20 dBm). |

A decision was made by TRW and RI to proceed with incorporation
of the diode limiter and to eliminate all switchable pads. No tests, how-
ever, were subsequently conducted to determine if the receiver would func-
tion properly above -20C dBm. Axiomatix therefore submitted a RID at the
October PI PDR requesting TRW to conduct the necessary tests and determine
to what limit above the -20 dBm level the receiver can be expected to pro-
vide nondegraded output and remain essentially immune to false lock. TRW
quickly responded and provided the information tabulated in Table 3.2 which
shuws that, at an RF carrier level of +10 dBm (a level at which the IF
stage amplifiers are saturated), the receiver performs essentially the
same from a false lock perspective as it does at -20 dBm. Output waveform
degradation measurements have not yet been made.
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Table 3.2, PI Receiver Strong Signal False Lock Performance

RF Frequency RF Input Level Sideband False Lock Level
2209.926 MHz +10 dBm -27 dBc

=20 dBm -26 dBc

-50 dBm =26 dBc
2210.074 MHz +10 dBm -26 dBc

-20 dBm -26 dBc

-50 dBm -25 dBc

3.2.3 PI Receiver Preacquisition AGC

Axiomatix determined mcre than one year ago that the lack of
receiver gain control during periods when the coherent tracking loop was
out of lock and, therefore, coherent AGC is not generated, was giving rise
to several problems--false lock states, in particular. (See section 6.1.1,
page 133, of [1] for the detailed assessment.) Our recommendation to TRW
in January 1979 was that a noncoherent AGC voltage should be generated when
the receiver is out of lock and used to set the overall receiver gain.
After showing TRW the expected performance, they readily adopted the sug-
gestion and redesigned the AGC portions of the receiver. Breadboard tests
have proven that excellent performance is obtained. Additional details on
the design of the receiver AGC subsystem may be found in section 4.1.5.

3.2.4 PI Receiver False Lock Susceptibility

The problem of avoiding lock on small discrete frequency type
sidebands that fall within the PI receiver acquisition frequency sweep
range has been considered in great depth. Sideband lock has been given
the generic designation "false lock." Extensive analysis on the subject
appears in [1], Section 5.3, pp. 66-89, and in [2], Section 5.1, pp. 65-89.

Prior to new information supplied by TRW at the October PI PDR,
the capability of the PI receiver to preclude false lock was based upon the
operation of the PLL lock detector and its discrimination against inhibit-
ing receiver sweep frequency acquisition with respect to small discrete
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sideband levels as compared to that of the true carrier component.
Axfomatix had identified several basic and mechanistic problems with the
TRW approach, as follows:

(1) The "threshold” of false lock (generally specified by TRW
to be -26 dBc) would have a large tolerance due to AGC and lock detector
bias errors.

(2) There was a range of uncertainty below -26 dBc over which
false lock may or may not occur, depending upon various conditions.

(3) The lock detector filter bandwidth was sufficiently wide
to pass the true carrier beat note frequency with enough amplitude that
the receiver sweep could be discontinued prematurely.

(4) Overall performance was basically not analyzable and would
have to be determined by measurements.

It was revealed at the recent PI PDR that the basic philosophy
or mechanism by which the Pl receiver is rendered immune to sidebands lock
has been changed. The new approach has been given a preliminary evalua-
tion by Axiomatix and determined that it may be classified as a False Lock
Avoidance (FLA)* technique rather than the False Lock Detection (FLD)*
method which characterized the earlier design. It is believed that the
change is good in that it results in somewhat better understood and more
predictabie performance. The method involves sweeping the receiver VCO
sufficiently fast that sideband lock is precluded. This approach was sug-
gested by Axiomatix a year ago, but was not considered practical because
of the nearly complete design state of the receiver at that time. Subse-
quent problems with the receiver breadboard operation, however, forced TRW
to adopt the faster sweep (approximately 330 kHz/s rather than 10 kHz/s).

Since the change is so recent, full evaluation has not been made.
The basic theory and circuit mechanisms are discussed under section 4.1.6.

3.2.5 P1 Receiver Wideband Qutput Bandwidth

At the Pl PDR, it was disclosed that the receiver wideband output
bandwidth could be expected to range between 4.5 MHz (specification value)
and 8 MHz as a function of received signal operating level and filter element

*see [1], pp. 66-67.
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tolerances. A RID was initiated by Axfomatix on this issue. Axfomatix
believes that a bandwidth on the order of 8 MHz could compromise Ku-band
Tink performance. Axiomatix also maintains that nofse bandwidth rather
than 3 dB bandwidth should be the critical measure of output bandwidth.

The wideband output lowpass bandwidthi of the current receiver
design 1s not established solely by the lowpass filters following the
wideband phase detector (as had previously been believed based upon con-
ceptual design information). Rather, the last IF filter just prior to
the wideband phase detector is the most influential in meeting the 4.5 MH2
lowpass requirement. This filter has a 3 dB bandwidth of about 12 MMz
(6 MHz lowpass equivalent) while the actual lowpass filters in the base-
band circuits have respective bandwidths of 12 and 8 MHz, TRW's design
philosophy has been to bas: the overall bandwidth on the cascade of the
bandpass and lowpass filters in a manner wherein all these filters have
a significant contributing effect. The result is that, with temperature
and signal operating level variation (AGC) effects, plus allowances for
component tolerances, the effective 3 dB lowpass bandwidth may range any-
where between 4.5 and 8 MHz. Thus, 4.5 MHz is the low-end limit; the
expected bandwidth is on the order of 6 MHz.

In their analysis supplied to date, TRW has even included the
triplexer ripple characteristics in their result. Although this may be
appropriate to signal transfer, it has no effect on the noise produced at
receiver output as the effective noise sources follow the triplexer. It
is Axiomatix's position that noise bandwidth is more important than sig-
nal bandwidth. To this end, therefore, TRW is in the processof reviewing
their design with an eye to widening the IF bandwidth and narrowing the
output LPF bandwidth.

As this report is being written, TRW ic in the process of sev-
eral activities to determine how the problem may be circumvented without
the need for major redesign. Their investigation will include:

(1) Measurement of the output noise equivalent bandwidth on
the receiver breadboard

(2) Analysis of decreasing the bandwidth of the pust-detection
(output) lowpass filter.
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" (3) Review of IF bandwidth filter requirements.

Axiomatix will follow this activity ciosely. Ir addition, Axfomatix will
perform an independant assessment, the beginnings of which are sunmarized
in section 4.1.3.

3.2.6 PI Recejver Wideband Output Regulation

The issue of what type of regulator is needed and where it should
be located (PI versus KuSP) has a long-term history which may be summar-
f2ed as follows.

Axiomatix had previously analyzed the required nature of the
output signal regulator in order to optimize the performance of the bent-
pipe 1ink. (See [1], subsection 4.2.1.1, pp. 31-36, and [2], subsection
4.3.2, pp. 57-59, subsection 4.4.2, pp. 63-64, and section 5.4, pp 134-
149.) A signal-peak type of regulating loop located in the KuSP, rather
than an RMS type of loop within the PI, was Axiomatix's recommended
approach.

Hughes Aircraft (the KuSP hardware subcontractor) was requested
to provide engineering and cost estimates for including the peak regulator
in the KuSP. This information was made available at the February Hughes
monthly review but was judged by NASA and RI to be too costly. As a
result, TRW was asked to estimate the cost of redesigning the baseline Pl
RMS regulator so that it would have a peak regulating capability. TRW's
estimates also proved to be quite costly. The final approach, therefore,
was to retain the RMS regulator and accept the overall suboptimum perfor-
mance of the wideband bent-pipe 1ink.

Having made this decision, the final problem was to properly
define the signal interface between the Pl and the units to which the
wideband output interfaced, n-anely, the PSP, KuSP and CIU (payload station).
Again, Axiomatix presented tie results of analysis involving the peak-to-
peak to RMS ratios for various types of expected output waveforms. It was
decided that some noise peak clipping (and the resultant loss in SNR)
could be tolerated for the KuSP interface (bent-pipe link), but that a
lesser amount of clipping should be allowed at the inputs of the PSP and
Ciu. Finally, it was resolved at a meeting held at Rl on April 26, 1979
that the specification of the Pl wideband outputs should be the following:
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Output to PSP and CIU Qutput to KuSP
2.0 0.4 V RMS 2.0 20.4 V RMS
8 V p-p maximum 7V p-p maximum

This resolution was based in part on the fact that the TRW regulator char-
acteristic 1s, in fact, reasonably close to a true RMS measure (v=2) as
determined by breadboard measurements. '

For details concerning the RMS regulator and output circuits
design and performance, see section 4.1.4.

3.2.7 PI Receiver Sweep Range

The frequency range over which the Pl receiver must sweep to
sexrch for carrier lock due to nominal frequency uncertainty has steadily
widened over the past year. OCriginally specified at 250 kHz, the range grew
to :70 kHz (Amendment C-01) and then became 85 kHz early in 1979 (Amend-
ment C-01, Revision C). These increases were due primarily to the under-
lying frequency stabilities associated with the independent frequency
sources employed in the Pl transmitter and receiver, and viewed worst-case
when the two subsystems operate as a pair. In February 1979, Axiomatix
reviewed the then understood design and performance status and predicted
that the range could be as large as 2145 kMz. At the October PI PDR, TRW
presented that the minimum requirement was then :111 kHz and that worst-case
(due to temperature variation, production tolerances and aging) may be
4132 kHz. The measured breadboard receiver performance shows a minimum
range of +111 kHz and a maximum range of 121 kHz over temperature. Thus
the situation would appear to be somewhat marginal.

Little additional information is available from TRW. Their PDR
Data Package, Volume I, page 4-27, indicates, after some redesign to incor-
porate a 300 kHz narrow IF filter (raiher than 200 kHz), that the nominal
sweep range will be +125 kHz. Minimum capability can be expected as
$11) kHz, and maximum range could be +132 kHz. Presently, it is somewhat
coniusino as to whether a problem does or will exist.

3.2.8 PI Receiver Tracking Loop Phase Error

TRW estimates that up to 8° of equivalent tracking static phase
error (SPE) may accrue due to uncontrollable direct voltage offsets in the
PLL circuits. The total specification on PLL SPE is 3°. It should be noted
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that the 3° is allowable for static frequency error. Since the DC loop
gain for TRW's design is very large, frequency offset SPE is no problem.
Axiomatix feels that the specification is somewhat strict and perhaps not
appropriate in light of TRW's approach but, before a new value is suggested,
a better understanding of the receiver's true capability is needed.

TRW has identified a second type of phase error, namely, that
which will exist b: tween the PLL phase detector reference and the wideband
detector reference (due to uncompensated circuit phase shift.) A 6° value
has been advanced for this phase error by TRW; Axiomatix believes that this
is a reasonable value. The number has not been specifically specified by

"RI. TRW should not, however, add the 6° figure to the 8° and indicate

that the maximum static phase error is out of specification by 11°.

Further identified by TRW is a dynamic (but constant) phase error
due to the need to track the frequency ramp generated by sweeping the Pl
transmitter and “turned around" by the payload transponder. The value is
1.7°. No detailed analysis supporting this number appears in the POR
documentation. Since, for an imperfect second-order PLL, this dynamic phase
error increases with time, additional investigation of this area is war-
ranted. The maximum mean tracking phase error for all sources combined is
rot to exceed 15°. Clarification of definition appears to be needed.

3.2.9 PI Transmitter Phase Noise

The early issue on transmitter phase noise centered on if the
integrated phase noise from the carrier frequency plus 10 Hz to some arbi-
trarily large relative value (say, 5 MHz) would be less than 10° RMS. DS
payloads having transponder receiver bandwidths as small as 13 Hz (at abso-
lute threshold) formed the basis for the specification. Subsequent studies,
however, determined that, at maximum Orbiter/payload communication distances,
the minimum expected orerational DS transponder receiver bandwidth shouldn't
be less than 150 Hz. This, in turn, suggests that some relaxation of the
specification may be in order. But, before any such determination can be
assessed, adequate measurements of the PI transmitter phase noise spectrum
must be made. Analyses performed by TRW to date are not assuring without
experimental verification. Axiomatix has therefore submitted a RID to
request that TRW measure the phase noise spectrum from the carrier frequency
plus 10 Hz to the carrier frequency plus 5 MHz. Axiomatix will evaluate the
potential phase noise magnitude and implications once the spectrum measure-
ments become availabie.



23

3.2.10 PI Transmitter Sweep Rate

It had been established from information supplied by JPL
concerning the frequency ramp tracking rate of the DS standard transponder
that the maximum tolerance 600 Hz/second PI transmitter sweep rate would
1ikely be too rapid for reliable transponder receiver acquisition.

At a meeting held at RI on April 26, 1979 to review PI specifi-
cation issues and problems, the question of an appropriate PI transmitter
slow sweep rate for DS payloads was again raised. Suggestions were made to
the effect that perhaps the sweep rate should be lowered to 100 hz/second
(rather than the 540 160 Hz/s). TRW commented that their design approach
of using an RC-type of integrator to provide the sweep voltage triangular
waveform could not be easily changed to provide the lower rate without some
sacrifice in linearity. Since linearity was considered to be a "soft"
requirement, TRW was requested to perform some evaluation tests on the
breadboard transmitter to ascertain just how low the sweep rate might be
reduced without the need for major redesign. TRW conducted tests on the
Pl transmitter breadboard which showed that the 540 Hz +10% sweep rate
could be lowered to 100 Hz +40% without changing the basic circuit design
or construction. Of the :40% tolerance, +23% is sweep period variation and
the remainder is attributed to variations from a straight line..

One problem with a 100 Hz/second rate is the very Tong time nec-
essary to sweep the entire frequency uncertainty range of £33 kHz. It
would take 11 minutes since the sweep profile is such that the total range
must be covered twice. Axiomatix therefore felt that, although the sweep
rate certainly ought to be lowered, 100 Hz/second could be unnecessarily
too slow. For this reason, Axiomatix undertook an analytical study to
determine the proper sweep rate for the minimum operating conditions that
would prevail between the Orbiter and DS payload.

Axiomatix's analysis involved the use of the phase-plane method
to obtain critical sweep rate values as a function of PLL natural frequency
and damping factor. Of particular importance is the fact that over the
conditions of interest, the DS transponder has a damping factor on the
order of 3. After obtaining by computer solution the critical or absolute
maximum values, a 20% backoff criterion was applied to allow for mechanis-

tic performance. In addition, the sweep rate specification was based upon
the transponder tolerance minimums in order to guarantee that the sweep

rate would be proper for any transponder.
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It was finally established through working with TRW engineers
that a +30% tolerance on the sweep rate would be appropriate. Thus, the
new specified rate was selected so that the +30% value would equal the
20% absolute maximum backoff from the value calculated for the least fav-
orable transponder tolerance conditions.

The new slow sweep rate for the Pl transmitter is 250 Hz/second

+30%. This value has been incorporated into the TRW design and appears in
Rockwell's Revision B-C02 amendment.

3.3 Payload Signal Processor Issue Discussion

3.3.1 PSP Command Idle Pattern

At the PSP PDR, Axiomatix submitted a RID against the command
idle pattern specification which, at that time, read:

“The idle pattern of alternating 'l's and '0's starts with

a l]l.u
Axiomatix suggested that, if the idle pattern start state is specified,
perhaps the end state should also be specified. The result has been a
specification change, to wit:

"The idle pattern of alternating '1's and '0's starts with
a '1' and ends with a '0'."

3.3.2 PSP Performance Losses

In [1], pages 34, 48 and 140, Axiomatix expressed concern over
PSP internal losses due to subcarrier tracking error, bit sychronization
errors and implementation-related degradations. Much of this early con-
cern was due to insufficient design and performance details from TRW.
These problems have more recently been dispelled by various actions.

The PSP PDR supplied answers to essentially all of the questions
and, as a result of the details and data supplied, all major concerns were
resolved. In particular, the SNR degradation performance of the combined
subcarrier and bit synchronizer tracking loops was determined by breadboard
measurement to be -0.8 dB for worst-case conditions. Since the specified
overall loss is not to exceed 1.5 dB, there is sufficient margin, and it
is relatively unimportant as to the partitioning of loss between the two
loops. Diagnosis with an eye to improvement is not needed.

i
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3.3.3 Minor Specification Changes Identified by the PSP PDR

The PSP PDR was held at TRW on May 2-3, 1979. The review was
well prepared and presented, and no significant problems in design were
uncovered. TRW has done an outstanding job of designing the PSP in a tech-
nically excellent fashion to comply with the design and performance speci-
fications. Axiomatix's detailed assessment of the PSP design and perfor-
mance is presented under section 4.2.

Four over-specification items were noted by TRW, as follows:

(1) Power 32W versus 26W

(2) Initialization Time 3 ms versus 1 ms
Upon Power Transient

(3) Initial Command 1.5 bit time versus 1.0 bit time

Data Output Time

(4) Input Common Mode <
Rejection versus <40 dB (0-2 MHz)

No objections were raised concerning these items and RI took an action to
incorporate them into a specification amendment.

A< of the writing of this report, the PSP design is complete.
Four recent PSP/MDM interface changes are in the process of implementation.
These changes resulted from RID's submitted at the May 2-3 PSP PDR., In
terms of the EM breadboard which is essentially complete through the assem-
bly phase, the changes will be effected by means of "haywires" on the com-
mand processor boards.

3.4 Network Transponder

3.4.1 iF Module Critical Performance

As reported on page 141 of [1], the network transponder second
IF module has had a chronic problem in terms of alignment and maintaining
performance specifications with time. More recently, the first IF modules
in the flight LRU's were found to exhibit degrading “dips" in their fre-
quency response and had to be realigned. It was determined that the pro-
cedures employed upon initial adjustment were not correct.

<40 dB (0-1 MHz) and < 30 dB (1-2 MHz)
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These modules have been assessed as marginal by Axiomatix due to

the basic nature of their analog circuit design. TRW has solved tne most

pressing problems--not by redesign--but by critical parts screening and

selection, and exhaustive alignment and performance verification on the

part of the original design engineer. Although this approach has proven

effective in the short term, the long-term performance/reliability would

appear to be speculative, and it is wondered how effective future "repairs"

will be if wholely different individuals are involved.

3.4.2 BER Degradation in the Duplex Mode

Early in 1979, ESTL tests of bit error rate (BER) utilizing the
network transponder in the STON high-power duplex mode showed a marked per-
formance decrease relative to that of nonduplex or power amplifier off
operation. ESTL had measured losses in excess of 1 dB while TRW had inde-
pendently (using different equipment) noted losses on the order of 0.5 dB.

The following summarizes the chronology highlights of the investigations
that followed.

Initially, diagnostic tests by TRW of the observed STDN high-
power duplex mode BER degradation began to narrow the probable cause to

receiver increased noise figure due to suspected leakage in the diplexer.
TRW consistentiy measured an NF increase of 0.4 dB, which correlates well

with the observed BER degradation of 0.5-0.6 dB. The problem did not

appear to be caused by spurs or frequency coherence conditions.

As the testing continued, it rapidly became apparent that there
was no readily identifiable cause for the problem but, rather, it appeared

to be some elusive "gremlin" within the transponder. Thus, in order to

isolate the source, a series of tests involving equipment substitutions

and configuration changes took place. The results of this activity may

be summed up by the following observations (expressed by TRW after about
four months of testing):

(1) NF degradation is the same with the power LRU amplifier
and the AIL TWT amplifier

(2) BER degradation is approximately 0.2 dB higher than NF
degradation, probably due to test set contributions for BER

e BALA e e



an
-

27

(3) BER degradation is approximately the same ior the AIL test
diplexer and the NASA triplexer

(4) BER is approximately the same for the AIL paramp and the
Avantek transistor amplifier

(5) BER degradation is subject to variations which appear to
be related to phasing and temperature

(6) The most significant contributor to high values of BER

degradation appears to be the diplexer:

(a) Previous test results indicate BER degradation is pri-
marily caused by the preamp LRU

(b) BER degradation does not change when the paramp is
replaced with a transistor amplifier

(c) High BER degradation in the qualification preamp LRU
is definitely caused by the dipi:-xer and/or connectors.

As time increased, the possibility grew that the diplexer/preamp
connectors were the source of the problem. Some tests were conducted to
determine if the hermetically sealed connectors used within the diplexer/
preamplifier assembly were operating nonlinearly as a function of incident
power. Since the cables and their connectors within the assembly could
not be changed, some special cables with hermetically sealed cornectors
were fabricated and added in series with the cable from the test set to
the preamplifier. The theory was that, if the connectors were a problem,
addition of the external cable with its connectors would result in further
degradation. In order to negate the effects of the added cable apart from
the hermetically sealed connectors, tests were also run with "identical”
cables having commercial connectors. The tests appeared to indicate that,
indeed, the additional hermetically sealed connectors contributed about
0.2 dB of degradation as measured by BER. However, Axiomatix cautioned
that the test results should be regarded as inconclusive (at that stage)
because:

(1) The performance degradation observed was within the accur-
acy toleranccs of such tests

(2) No attempt was made to determine if the hermetically sealed
connector cables and the commercial connector cables were truly "identical"
in terms of insertion loss, VSWR, etc.

A
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(3) The tests were based upon only one cable tested for the
stated condition only.

Continuing tests disclosed no additional possible reasons for
the BER losses. The evidence continued to show that the most probable
causes were a combination of VSWR and RF connector heating which might
invoke some sort of contact metal "diode phenomena." During September,
AIL and NASA conducted some rather conclusive tests which verified that
some phenomena associated with the connectors does cause the BER degra-
dation. Two significant observations were made:

(1) Replacement of the qualification unit J2 connector (a con-
nector with magnetic stainless steel shell and Kovar center pin) with a
commercial (brass) connector reduced the test case noise figure degrada-
tion from 0.7 to 0.1 dB.

(2) Application of a magnetic field perpendicular to the nor-
mal J2 connector using Alnico magnets reduced the test case noise figure
degradation from 0.7 to 0.1 dB.

The mechanism by which the magnets reduce the degradation is essentially
unknown; it is suspected that the magnetic field effectively saturates
the connector shell and Kovar pin so that the nonlinear action resulting
in the degradation is suppressed.

ESTL also conducted a series of tests in both the STDN and TORS
transponder operating modes for which a magnetic field was applied to the
J2 connector. The results of these tests are summarized as follows:

(1) Degradation with power amplifier on varies between 0.7 and
1.6 dB

(2) Degradation is not affected by TDRS spreading, convolu-
tional encoding or encryption/decryption.

(3) Use of magnets with 1000 gauss strength caused degradation
reductions of 0.5-0.8 dB in the high-frequency mode and 0.1-0.3 dB in the
lTow-frequency mode.

A recent analysis made by TRW shows that the transmitter dummy
antenna high-power load temperature rise can contribute up to 0.3 dB of
noise figure increase.
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Finally, some tests at both AIL and TRW indicate that there may
be some intermittent ionic breakdown in some of the cables under high-power
stress. Further effort is needed to verify this possible problem.

Just what the final resolution will be is not yet fully apparent.
Based on all the evidence to date, the plan would appear to call for
replacement of all J2 connectors exhibiting the above-mentioned degradation
phenomena with approved equivalents having nonmagnetic properties.

3.5 FM Transmitter Frequency Drift

It was noted in [1], page 51, that two FM transmitters had experi-
enced an unexplained upward frequency drift over a protracted period of
time. Figure 3.2 graphically portrays the history of S/N 202. Initial
investigations disclosed that the problem was not caused by run-away in
the temperature compensation circuits associated with the frequency
oscillator.

A1l evidence to date indicates that the real problem is probably
the effects of moisture on several of the frequency-determining capacitors
that are not hermetically sealed. Moisture tests on an Erie capacitor
showed that it was capable of a 0.18 pf change for a 0-96% humidity change.
This, in turn, could result in a 700 kHz frequency variation.

Two production changes resulted from the months of investigation
into the FM transmitter drift problem, as follows:

(1) Increase subassembly vacuum bake from 12 to 24 hours and
implement environmental control subsequent to bake

(2) Add a 24-hour LRU vacuum bake with cover removed just prior
to sealing.

In addition, the ESTL LRU will have its Erie capacitor (suspected
to have a high moisture sensitivity) changed for a sealed capacitor and the
unit will then continue to be monitored to ascertain its drift history.
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3.

4.0 AXIOMATIX SUPPORTING STUDIES AND ANALYSES

4.1 Assessment of the PI Design and Performance

A preliminary design review on the Payload Interrogator (PI) was
held by TRW October 10-11, 1979. As a result of this PDR, a large data
package (D02694) covering the P1 design, performance analysis and test
data was made available.

In the following subsections, Axiomatix presents its evaluation
of the PI design. Several objectives are considered, including:

L O

(1) Design soundness

(2) Circuit integrity

(3) Alternative approaches (that may have been better)
(4) Perfcrmance critique

(5) Expected future problems.

The subsection topics or headings are representative of the areas that
have received the most »ttention by Axiomatix over the two-year period
in which the PI design has evolved.

4.1.1 Overall Philosophy

Basically, the Pl is a transceiver consisting of a receiver and
a transmitter which are frequency excited or referenced to a universal fre-
quency synthesizer that allows the Pl to operate on any of 861 channel pairs.
The transmitter operates on two distinct bands--1763-1840 MHz (L-band) and
2025-2120 MHz (S-band) and the recefver covers the band 2200-2300 MHz (S-
band). Table 4.1 lists the principal operating characteristics of the
receiver, and Table 4.2 are those for the transmitter.

Figure 4.1 shows a functional block diagram for the PI and will
be used to illustrate the following descriptive discussion.

A single RF port connects the Pl to the payload antenna cable as
the payload antenna serves to simultaneously receive and transmit signals.
This port connects into the receiver input and transmitter output through
an assembly known as the triplexer. The triplexer consists of six cavity-
based bandpass filters which divide the receiver band and hoth transmit
bands approximately in half. A detailed description of the triplexer is
found under section 4.1.2. Immediately following the triplexer receive
switch and located at the input to the preamplifier is a power overload




Table 4.1. Principal PI Receiver Characteristics

‘....‘n........-..-.----P-.....‘O.

' Parameter

......-.--....-.-...---'--....-..

]

+ Input Frequency Range
]

¢« Input Signal Level
+Operating Range

:Asc Range
[}
]

:Noise Figure
:Thresho1ds: Acquisition
: Tracking
:Acquisition Sweep Range
:Acquis1tion Sweep Rate

[]
+ Frequency Rate Tracking
[ ]

+ False Lock Immunity
(]

¢+ Tracking Bandwidth
. -

- Maximum Phase Noise

]

+ Maximum SPE

'

+ Throughput Bandwidth

]
+ Output Signal Regulation
]

+ Throughput SNR Losses

' Value ' Units '
' ' '
v 2200 - 2300 MH2 '
[] ] ]
' -124 to 410, dBm X
(] [}
[} [ ] t
« =124 to -20 dBm '
(] ] ]
] []
t [ ] []
' 7.0 max ¢ dg '
(] [] [}
! -122.5 ' dBm '
[} [} []
' ']2400 ] dam J
] [] [}
' +125 ' kHz '
] L] ]
' 330 ' kHz/sec
’ ] ]
. 17 ' kHz/sec '
L} L} ]
[ [] (]
[ ] [] 1
[] [}
] ] []
*Sidebands <-26 dBc '
[] ) []
' 320’ ‘ H2 '
H ] ]
' 15 + Degrees-RMS
[} ] ]
' 19 ' Degrees
] ] []
] <5.5 ] MH; ]
[] [] ]
« 2.0 +0.4 VRMS '
(] t ]
' 2.1 max dd '
- e e e e e e = e @ = » =« @« o =» | Y
~ THY
REP“O U‘Cl‘\);‘ﬁ“; g POR
ORIG '

32

s i

nsdon e kbin I itk




Table 4.2. Principal PI Transmitter Characteristics

Parameter Value Units
L-Band Frequency Range 1763 - 1840 MH2
S-Band Frequency Range 2025 - 2120 MHz
Carrier Frequency Tolerance +0.0012 %
Carrier Phase Noise 10 max degrees-RMS
Output Spurs < =65 dBc
Phase Modualtor 0.2 to 2.5 radians
Frequency Sweep Ranges ;;g :::
Frequency Sweep Rates 2;3 kn;;::z
Power Level: High 42 dBm
Medium 33 dBm
Low 10 dBm

3
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limiter. This Yimiter functions to protect the FET preamplifier itself

from any damage for applied power levels as large as +36 dBm. The preamp-

lifier output is input through an image frequeicy-rejecting BPF to the ;
first mixer. .

The function of the first mixer is to downtranslate the received
signal to a fixed intermedfate frequency (IF) of 215 MHz. Siice the input
sigral carrier frequency may correspond to any one of the designated chan-
nals on the range 2200-2300 MHz, the mixer reference supplied by the
receiver synthesizer (RX) must also cover a 100-MHz range (1985-2085 MHz).
Following the mixer is a wideband If amplifier assembly (IFAS) consisting
of several stages of gain-controllable (AGC) amplification and bandpass
filters.

A second mixer further downconverts the 215 MHz first IF signal
to the 31 MHz second IF. The reference for this second mixer is derived
from the tracking ioop VCX0, so the second mixer represents the input to a
quasilong loop phase-locked loop (PLL) architecture. The second mixer s
followed by an IFAS. At the output of the IFAS, the signal is effectively
split into two principai channels.

The wideband channel provides for modulation recovery and output
to the appropriate processing units. A wideband phase demodulator refer-
enced to a 31 MHz oscillator (which becomes phase coherent with respect
to the signal carrier component by virtue of the carrier tracking Yoop dis-
cussed subsequently) translates all of the signal first-order sidebands to
the lowpass or baseband frequency region. The baseband waveform (which
generally consists of signal-plus-noise) is then reguliated to a fixed RMS
value prior to being output.

A second 31 MHz channel is narrowband (approximately .20 kHz IF
bandwidth) by virtue of the placement of a crystal BPF prior to two quadra-
ture reference-driven demodulators. One of these demodulators, known as the
loop phase detector, produces a carrier frequency/phase error voltage which
is subsequently filtered and applied to the voltage control input of the
PLL VCXJ. The VCXO output is frequency multiplied by a factor of 10, whence
it becomes the reference to the second mixer, thus completing the PLL cir-
cuit. for the conditions of proper PLL tracking, the frequency and phase
of the received signal discrete carrier component at the input to the loop
phase detector is in frequency-synchronous phase-quadrature with the 31 MHz
derived reference.
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Prior to achieving a condition of phase lock, the frequency
difference between the received signal and the receiver references may be
very large (>:+100 kHz). Thus, as an aid to attaining lock, the VCX0 fre-
quency is swept over the uncertainty range by means of the sweep loop.

Once a state of lock is established, the sweep loop is disabled by the
lock detectcr circuit.

The second demodulator of the narrowband quadrature pair is known
as the coherent amplitude detector (CAD). If, when the PLL is locked, the
input and reference to the 1oop phase detector have a 90° phase difference,
the input and oference to the CAD have a 0° phase relationship. As a
result, the CAi: vutput is a direct (zero frequency) voltage with amplitude
proportional to the level of the received carrier. Such a voltage has two
distinct uses: (1) as a means of indicating phase lock, and (2) the basis
for receiver automatic gain control (AGC).

To implement a lock detector, the CAD output is input to a
two-pole small bandwidth LPF which is followed by a comparator referenced
to a fixed threshold. Wnen the PLL is out of lock, any direct signal com-

ponent and noise voltage appearing at the LPF output are essentially smaller

than the threshold so that the comparator output will indicate a "false" or
out-of-lock status. Conversely, if the PLL is locked, the direct voltage
appearing at the LPF output is sufficiently greater than the threshold so
that the comparator output becomes “true", indicating a state of in-lock.

An AGC voltage is formed by simply offsetting the CAD output
(i.e., adding a reference voltage, RC), lowpass filtering, and feeding the
result back to the voltage-controllable gain amplifiers within the first
and second IFAS's. Since AGC is also needed for receiver acquisition con-
ditions when the PLL is out of lock and no direct voltage is produced at
CAD output, a noncoherent AGC voltage is derived and used in this state.
The implementation involves rectifying the 31 MHz output of the crystal BPF
to obtain the AGC measure, adding a reference voltage RN, and switching the
result into the AGC LPF (in lieu of the CAD output). Switching between non-
coherent and coherent AGC is dependent upon which of the respective voltages
is the largest (see section 4.1.5 for details).

Frequency synthesis for both the receiver and transmitter is
based upon a master 80 MHz temperature-controlled crystal oscillator (TCX0).
Transmitter carrier phase modulation takes place at a fixed frequency
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which is subsequently translated to the proper output frequency w!‘hin the
transmitter synthesizer (TX). In order to frequency sweep the transmitter
carrier, o VCX0 sweep circuit is used, with its output also being input to
the transmitter synthesizer. Thus, the output of the transmitter synthe-
sizer is a discrete carrier, phase modulated and frequency swept signal
with a nominal (no sweep) carrier frequency coresponding to the designated
channel.

[T

The transmitter synthesizer output is amplified to a level neces-
sary to drive either of the output power amplifiers. Separate power amp-
lifiers are used for L-band and S-band channels (respectively, LPA and SPA).
Only one amplifier may be on or active at a given time. Either amplifier
is capable of providing three selectable output power levels as listed in
Table 4.2. Power amplifier output is switched into the appropriate tri-
plexer subband.

Overall, the PI design philosophy is sound. The architecture,
in terms of the frequency plan, appears to be excellent. Circuitwise,
the triplexer, preamplifier, IFAS and transmitter power amplifiers are
well designed and implemented with up-to-date (but conservative) technol-
ogies. The frequency synthesizers embody acceptable designs; however,
their performance evaluation awaits future testing. Marginal (and poten-
tially troublesome) designs (at least philosophically and, in some cases,
due to circuit choices) exist in the phase-lock and frequency sweep func-
tions. Detailed assessments are found in the following subsections.

4.1.2 Receiver RF and IF Circuits

4.1.2.1 Triplexer design and performance

Transco Products, Inc. is the subcontractor for the triplexer.
Figure 4.2 is the triplexer functional diagram. A brief descriptic. of
the triplexer design follows.

The triplexer consists of two sets (highband and lowband) of
three filters. Each set has a receive filter, NASA (S-band) transmit
filter and DOD (L-band) transmit filter. Either the highband or lowband
set is selected or switched by means of four coaxial switches. The fil-
tars proper are implemented by means of cascaded cavities with adjustabie
resonators.
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Each filter channel utilizes high-Q combline structures with an :
integrated cross-coupled notch network to provide optimum electrical char-
acteristics. Selection of the appropriate filter channel is provided by
a switch matrix which is integrated into the triplexers without the neces- i
sity for external RF cables. Each switch utilizes an identical modifica- :
tion of a space-qualified design that allows integration without RF cables. é
Thus, the resultant insertion loss is reduced and the reliability is
enhanced. Additionally, lowpass filters are incorporated into the three
RF interfaces to obtain high stop-band attenuation up to 16 GHz.

The DOD and NASA transmit filters are of identical form in each
band set. They embody, respectively, N = 6 and N = 8 resonator sections
with elliptic-type response. N = 8 and N = 10 resonator sections with
elliptic-type stop-band response are used for the respective low and high
frequency receive channels. These designs have been chosen to provide
the best possible amplitude response characteristics within the mechanical
configuration constraints.

Each filter has been designed using exact synthesis techniques.

The physical configuration consists of an aluminum block within which the
individual cavities have been machined (or milled out). This block,
called the housing, is designed for maximum efficiency. It provides suf-
ficient wall/surface material for covers and components mounting while
maintaining miniumum wall thickness by a special undercut machining oper-
ation. This maximizes the unloaded Q, allows low insertion loss and min-
imizes weight. The entire housing is silver-plated.

The covers, together with the housing, form complete resonator
cavities, and are also fabricated from an aluminum block and silver-plated.
Resonator tuning is attained by adjustable capacitors for each cavity and
constructed as shown in Figure 4.3. The capacitor posts and hats are
fabricated from aluminum rods and silver-plated. Each resonator tuning
screw is provided with a lock nut which is tightened after proper align-
ment is attained. It is also noted that the coupling to the filter non-
common ports is capacitive and that coupling to the common junction (see
Figure 4.2) is inductive.

The switches are mounted on the sidewalls of the housing with
the actuating leaves projecting through the housing wall. Associated with
each switch coil is an arc suppression diode, and all diodes are fixed to
a common board which is atso mounted to the housing sidewall.
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Overall, the triplexer design, both electrically and mechanically,
is judged very sound. The only potential mechanical problem is that the
capacitor adjusting screws can be turned so that the two hats will make
physical contact. This would appear to be a problem only during alignment
and should be prevented by means of very careful procedures. It is
believed that, once correctly adjusted, the capacitor hats have sufficient
clearance to prevent contact due to temperature expansion or other mechan-
ical stresses on the triplexer housing.

The mounting of the arc suppression diodes externally without
a cover caused some initial concern over the possibility of EMI. However,
considering that the triplexer will be mounted within the PI sealed hous-
ing and based upon some initial EMI measurements by Transco, there does
not appear to be a problem.

Transco fabricated a brassboard triplexer and made performance
measurements in order to verify the calculated design and obtain the
data necessary for refining the engineering model design. The engineering
model passband measured results are tabulated in Table 4.3.* In terms of
the measured stop-band performance for the engineering model, both receive
channels were within specification while the transmit channel filters
were found tc be outside of specification (worst case 5 dB) at certain
high frequency points. These problems will be corrected by minor redesign
of the lowpass filters and some resonator readjustments.

4.1.2.2 Power limiter and preamplifier

The triplexer design shown in Figure 8, page 54, of [1] had two
fixed-pad attenuators capable of being switched into the circuit between
the triplexer output and the preamplifier input so as to accommodate very
strong received signals. As was pointed out on page 46 of (1], however,
no operational criterion had been established as to how and when these
attenuators should be set to the various options (0, -13 or -33 dB).
Certainly they could not be relied upon as "burnout protection" for the
preamplifier as there was no guarantee that they would be set at maximum
attenuation when an excessively strong signal might be applied to the
receiver input.

*
The triplexer specified performance may be found on pages
53-59 of [1].
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Table 4.3.

RECEIVE CHANNEL

INSERTION LOSS
PASSBAND RIPPLE
PASSBAND VSWR

D0D_TRANSMIT
INSERTION LOSS
PASSBAND RIPPLE
PASSBAND VSWR

NASA TRANSMIT

INSERTION LOSS
PASSBAND RIPPLE
PASSBAND VSWR

REQUIREMENT
1.9 d8, max.

+ 0.2 @8, max.
1.25:1  max.

1.7 d8, max.
+ 0.2 d8 max.
1.25:1 max.

1.7 d8, max.
+ 0.2 dB max.
1.25:1 max.

Passband Performance Summary
PI Triplexer Engineering Modal

L0 FREQ
1.5
+0.14d8
<1.25:1

1.1 d8
+0.14d8
<1.25:1

1.2 @8
+0.1 d8
<1.25:1
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HIGH FREQ
1.4 68

+0.1 a8
<1.25:1

1.2 48
+0.1 d8
<1.25:1

1.3 d8
<1.25:1
d.25:1
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As the initial design of the triplexer evolved, it became clear
to Transco and TRW that the attenuator pads and their associated coaxial
switches were just too bulky to fit within the triplexer physical envelope
specification. As a result, TRW sought to eliminate them in favor of an
overload diode-type of limiter placed between the triplexer output and the
preamp input. (Actually, this had been an earlier design approach that was
abandoned by TRW when they believed that the limiter would significantly
degrade the overall receiver noise figure. The subsequent selection of a
very low noise FET input preamp minimized this objection.)

The use of a power limiter solves both the problem of operating
the receiver at very strong signal levels and protecting the preamp against
excessive input damage. Aertech Industries supplies TRW with both the 1im-
icer and the preamplifier, although the limiter is physically placed at the
triplexer assembly and the preamp is contained within the first IF module.
The preamp itself can tolerate up to +20 dBm without damage, whereas the
maximum output allowed by the limiter is +13 dBm for any input power up to
+36 dBm. Thus, a 7 dB safety margin exists. ;

The limiter begins to take effect at about a O dBm input. Mechan-
ized using PIN type diodes, the 1imiter appears as a nonlinear resistor in
shunt with the 500 coaxial signal path. As a result, as maximum 1imiting
takes place, a mismatch occurs, increasing the VSWR. However, this hap-
pens for signal levels higher than any operating value and therefore has
no receiver operational impact. For input levels below the limiting thresh-
old, the insertion loss is about 0.5 dB and the impedance is 50q.

The preamplifier has between a 26 and 31 dB gain and employs
input FET's to obtain a maximum noise figure (including the limiter) of
3.1 dB. Maximum 1 dB gain compression output power is specified to be
+5 dBm.

Overall receiver noise figure, as seen at the source input, is
determined by the preamp NF, plus insertion losses associated with the
triplexer, cables and connectors. TRW calculates a combined component,
worst-case, noise figure of 6.8 dB. The specified maximum value is 7.0 aB.
Axiomatix has reviewed TRW's analysis and early test data, and believes
that the projected NF maximum is correct and plausible.
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4.1.3 Bandwidth and Transfer Characteristics

As of the PI PDR in October 1979, the modulation (carrier side-
bands) transfer characteristics of the receiver were dependent upon the
cascade of a number of filters within the receiver IFAS's. Figure 4.4
shows the various filter and amplifier cascades that comprise the receiver
from the preamp through to the wideband output.

In designing the receiver frequency selective capanilities,

TRW was concerned with simultar=ously meeting two specifications: the
first dealing directly with the wideband output 3 dB bandwidth, and the
second implying roll-off or attenuation characteristics outside a central
region about the carrier. These two specifications are (paraphrased):

(1) The wideband output channel to the KuSP shall have a

one-sided > dB bandwidth of 4.5 MHz

(2) The presence of a -65 dBm signal, modulated or unmod-
ulated, within the frequency regions outside of the
carrier frequency :15 MHz shall not degrade the per-
formance of the receiver by more than 1 dB.

Frankly, Axiomatix does not fully understand TRW's design phil-
osophy or explanations offered for performance estimates. They maintain
that, in order to meet the interference specification, (2) above, the
first IF filters (BPF2 + BPF3) must have a minimum attenuation of -12 dB
at +15 MHz from center frequency. However, TRW's analysis (see subsec-
tion 4.23.2, page 4-155 of the POR Data Package, Vol. I) and Axiomatix's
analysis (see section 5.2, pp 59-66 of [1]) of the interference degrada-
tion mechanism do not include the skirt responses of the IF filters as
they have no effect on the problem. Yet, when TRW was asked (by Axiomatix)
why they cannot widen certain IF filters, their response has been that
they can if the interference specification is relaxed somewhat. At this
point, it must be noted (as was previously done on page 66 of [1]) that
TRW originally misread the interference specification in that they took
the degradation to be -0.1 dB rather than -1.0 dB. Thus, a 14 dB margin
on equivalent noise spectral density generated by the interference already
exists; no specification relief therefore appears necessary.

Turning now to the central problem created by the current
receiver filter design, Table 4.4 lists the parameters for the filters
identified on Figure 4.4. As may be seen, the narrowest filter that

s
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Table 4.4, PI Recefver Principal Filter Parameters
(Refer to Figure 4.4)
Nominal

Desriig]ntaetri on F rFeznuteen::y Nugg?:s“ Ba;gw?gth
BPF, 2250 MHz 3 150 MHz
LPF, 215 MHz 3 600 MHz
BPFZ 215 MHz 5 18 MHz
BPF3 215 Mhz 5 18 MKz
BPF, 31 MHz 3 31 MHz
BPF5 31 MHz 3 12 MHz
| e | R
h:g Baseband y 700 Hy-
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should predominate the wideband output bandwidth {s BPFS. which has a
two-sided IF bandwidth of 12 MHz or a one-sided lowpass equivalent band-
width of 6 MHz. Now, TRW's design philosophy 1s that the 4.5 MHz lowpass
3 dB bandwidth is met by the cascade of all filters listed in Table 4.4.
Thus, each filter contributes more or less and, when each and every fil-
ter is represented by its nominal parameters, the 4.5 MHz is attained.
The problem is that, with temperature and other variations (aging and
manufacturing tolerances), each filter either shifts its center frequency
(some upward and some downward) or detunes, to the effects that, under
worst-case condftions, the cascaded response may be as large s 8 MHz.

A nominal bandwidth on the order of 6 MKz can be expected.

Axiomatix does not understand why some of the IF filters cannot
be widened, especially BPFZ. BPF3 and BPFS. and the baseband LPF/HPF fil-
ters narrowed so that these latter filters predominate and effectively
establish the wideband output bandwidth. Since the baseband filters are
RC types, they are much less subject to temperature changes and aging and
manufacturing tolerance varfations than are the IF filters. Such, in
1ieu of additional qualifying factors, is Axiomatix's recommendation.

4.1.4 Wideband Output Regulation

As was indiczted in subsection 3.2.6, a wideband output RMS type
of regulating loop was selected based upon economic considerations. Axjo-
matix's preference and recommendation prior to the decision was that the
regulating Joop be of the signal-peak type (see 5.4.1, pp 134-142 of [2];.
This was based upon the fact that the peak regulator optimizes the Ku-band
link FM deviation for all types of waveforms, providing maximum bent-pipe
SNR performance for all waveform conditions. The RMS regulator, on the
other hand, may have its output scaled to provide optimum deviation for
any chosen waveform, but the deviation for all other waveforms will be
suboptimum. If, for example, the RMS regulator output is optimized for
the Gaussian waveform (characteristic of PI low SNR conditions), the FM
transmitter will be underdeviated for all other waveforms (high SNR
conditions). Table 4.5 lists the FM transmitter mean deviations for the
two types of regulators and various waveforms.

In addition to wanting optimum mean deviation, there is some
maximum deviation (set by specification and design) which can be allowed.
Again, the peak regulator always satisifes the maximum deviation criterion
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Table 4.5. Bent-P e FM Transmitter Mean Deviations (MHz)

RMS Regulator Peak Regulator
One Sinusoid 3.7 7.8
Two Sinusoids 3.7 5.5
Three Sinusoids 3.7 4.4
Four Sinusoids 3.7 3.9
Square 3.7 11.0
Gaussian 3.7 3.7

but the RMS regulator may not. The maximum deviation for the bent-pipe
transmitter is 11 MHz. Now suppose the RMS regulator is used and its
output is scaled to provide optimum deviation for a single-sinusoidal
waveform. From Table 4.5, the mean deviation will be 7.8 MHz. If a
Gaussfan waveform rather than the single sinusoid then appears at the
input to the RMS regulator, the RMS regulator will automatically scale
the Gaussian waveform to cause a mean deviation of 7.8 MHz. But the
peak-to-peak to RMS ratio of a Gaussian waveform is on the order of 3:1;
therefore, the peak deviation will be 23.4 MHz, or more than two times
larger than the maximum deviation limit.

To prevent overdeviation, an amplitude clipper is usually
employed at the input to the FM transmitter. Thus, for the Gaussian
waveform example just cited, it would be clipped at its 1.40 level, caus-
ing distortion and SNR loss. For the specified nerformance finally
agreed upon (see 3.2.6), the nominal clipping level should be 1.75¢,
and worst-case, 1.460. TRW's RMS regulator design and performance is
now reviewed.

Figure 4.5 is a block diagram of the wideband output regulator.
Regulation error is generated by the RMS detector relative to a voltage
reference, and signal drive correction to the I video amplifier is made
via the voltage-controlled variable attenuators. The attenuators are
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simply two L-pads with the shunt arms being formed by FET's which function
as voltage-variable resistors. Overall, the regulation loop design is
sound.

Two observations concerning the regulator performance are made.
The first is that the tolerances for temperature, production and aging
are such that a +0.34 V variation of a 2.0 V RMS sine vave can be
expected. This is within specification.

The second comment is that the RMS detec.or does not have a
true RMS chararteristic with respect to all waveforms. Measurements made
on the breadboard established that, if, for a sine wave, the nominal output
is 2.0 V RMS, for a square wave it will be 1.93 V RMS,and for 6 MHz lowpass
noise, the output will be 2.33 V RMS. Table 4.6 tabulates the expected
RMS output for true RMS (v=2) and true linear (v=1) characteristics for
comparison with TRW's measurements. It is seen that, for a square wave,
the regulator is between linear and RMS, while the Gaussian (noise) wave-
form case would appear to act as v<1 (although it is expected that com-
pound nonlinearities obscure the actual detector characteristics). The
net result of the TRW performance characteristic is that bent-pipe FM per-
formance will be even more suboptimum than for a true RMS regulator, which
has already been established as significantly suboptimum relative to a
peak regulator for the case of square wave (data) signals (see Table 4.5).

Table 4.6. Regulator Characteristic Comparison

Nominal RMS Output (Volts)

Waveform True RMS (v=2) True Linear (v=1) TRW Characteristic
Gaussian 2.00 2.24 2.33
Sinewave 2.00 2.00 2.00

Squarewave 2.00 1.82 1.93
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TRW states that, by individual unit adjustment, the +0.33 V
change when going from a sine wave to nofse can be reduced to +0.25 V.
Thus, the overall tolerance on a noise waveform will be +0.59 V. Taking
the worst-case positive tolerance value of the regulator output to be
2.59 V RMS, the peak clipping to RMS ratio of the noise will be 1.350.
This means that the noise will be clipped 2 fair percentage of the time.
The estimated SNR degradation due to this process is about -0.2 dB.

4.1.5 AGC Design

Figure 4.1 shows that the receiver AGC loop switches between
the coherent (CAD) and noncoherent (rectifier) sources. The method by
which this is actually accomplished is shown in the circuit of Figure 4.6.
Diodes DC and DN act as the switch. When the PLL is out of lock, the
direct voltage output of the CAD is zero and, because of the 8.2 V zener
bias established by the coherent AGC amplifier, the diode DC is reverse
biased (switch open). On the other hand, the AM detector (rectifier)
produces a voltage which the overall AGC loop seeks to maintain constant.
The noncoherent AGC amplifier output is such that diode DN is forward
biased (switch closed).

Now when PLL Tock is attained, the CAD output is sufficient to
close the switch DC' Further, in order to totally disable the noncoher-
ent AGC (i.e., open DN), the lock detector output (COMP output) is
switched into the noncoherent AGC amplifier, with the result that diode
DN is forced to a reverse-bias state irrespective of the AM detector
input level. Thus, the noncoherent AGC voltage makes no contribution to
the receiver gain control function when the receiver is in lock.

The design of the AGC loop and coherent/noncoherent switching
circuits is both proper and practical. In discussing the design with
TRW's engineers, Axiomatix noted that the effective noise bandwidth of the
AGC amplifiers (they have a unity gain plus proportional integral transfer
characteristic with regard to their + inputs) is large. TRW had observed
this fact in the breadboard testing and has since decided to incorporate
an additional AGC LPF within the overall loop. The location of this fil-
ter is shown in the upper right-hand corner of Figure 4.6.
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4.1.6  Tracking Loop Design and Performance :

3

s It is stated at the onset to this subsection that the circuit 4
designs for the PLL filter and sweep functions are, in Axiomatix's opin- i )
ion, some of the least acceptable found within the PI. The primary prob- - H

lem is centered on the fact that a single operational amplifier, whose ;

s configuration zero-frequency gain is equal to the amplifier open-loop

gain, is used both for the PLL second-order loop filter and to generate
the receiver frequency sweep sawtooth waveform. Figure 4.7 shows the
functional aspects of the active circuit configuration. _
‘§ The loop filter time constants are T = R,C and Ty = R2C. in 5 A
open loop, the PLL will have a gain of GK, where G is the zero frequency ‘
gain of the LM 108 operational amplifier (about 110 dB), and K is the
remainder of the PLL loop gain and comprises the phase detector sensitiv-
ity, the VCX0 transfer gain, the frequency multiplication factor (x10),
j and any miscellaneous gain (or loss). For the current TRW design,
6K £ 5.1 x 10°
One good feature of the loop filter configuration is that the
time constant T depends only upon the gain K and not the gain GK. Thus,
the resistor and capacitor values are of reasonable electrical size.
Further, the very large open-ioop gain, GK, forces the loop static phase
error (SPE) for very large frequency error to be gquite small. For
example, when the tracked frequency error is 100 kHz, the SPE will be only
0.007°. Although this appears to be quite commendabie (in fact, it is
over design), there is an equivalent price paid in terms of amplifier
offset voltage and currents and their drift with temperature and aging.
Generally, the higher the amplifier gain, the larger the output offset
voltage. Therefore, when the operational amplifier has no effective
feedback at zero frequency, the output offset voltage can be expected to
§ be large. TRW reports that the equivalent SPE due to offset voltage is
expected to be 8°. What is meant by this is that the phase detector
must generate a canc2lling voltage at its output in order to maintain a

._.._,...“4.,,_‘,,“
.

,.A--...v,.-—.,._

5 proper phase lock condition.
: It is educational to calculate what just a little zero frequency

- feedback stabilization around the operational amplifier might accomplish.
! Suppose that a resistor, R3, were connected across the operational ampli-
fier as shown in Figure 4.7. Assuming, for the sake of example, that
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all of the output offset voltage is due to an input offset multiplied by
the gain, G, of the amplifier, the relationship between the input and
output offset voltages is:

Ry 1
voffset = 1+ ﬁ? T+ (1/6)(T + R37R]§ Y (4-1)
Now, when R3 = w,

v £ [1+G] Vo - (4-2)

offset

However, let R3 now be chosen so that R3/R] = G/100. Then,

. 6
Voffset - [‘ + Wcﬂ Yo - (4-3)

The result is that the zero frequency gain is reduced by a factor of 100,
but so is the output offset. This will correspondingly reduce the offset
voltage equivalent SPE to (ideally) 0.08°. At the same time, the SPE due
to the maximum tracked frequency error will increase from 0.007° to 0.7°,
so that the overall SPE from both effects wiil be about 0.8°. 1In real-
ity, the improvement will not be quite so pronounced as not all of TRW's
8° SPE equivalent error is generated by the subject amplifier. The point
is, however, there exists a feedback constrained gain which minimizes the
overall SPE effects, and TRW should determine the best vaiue for R3 and
include R3 in their circuit.

The second major concern is the method for implementing the
sweep voltage and control circuits. Viewed from the sweep perspective,
the configuration of Figure 4.7 acts as an operational integrator having
two switched time constants, RSC and RRC. With the sweep retrace switch
open and the sweep switch closed, the output of the operational amplifier

is a positive slope ramp that begins nominally at -Vg and increases to
+Ve. When the s Timit is reached, the limit detector and Schmitt trig-
ger assembly close the sweep retrace switch which connects the +12 V
source into the circuit through the short-time constant (RRC), forcing a
rapid return to the -VS voltage. This limit is detected and the sweep
retrace switch opened, at which point the cycle repeats.
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- The sweep rate or ramp slope is affected by (1) the RSC time

Lo constant, and (2) the effective charge source voltage (set by the 5 kq

: pot). In addition, the total sweep limits are established by the accu- : .
racy of the limit detecting Schmitt trigger. This latter circuit is :
mechanized using a type 741 operational amplifier connected in a posi- |
tive feedback configuration. Since TRW has not, to date, documented the ’
design (especially the Schmitt trigger circuit), it is not at all clear

to Axiomatix why they selected this particular approach. (Axiomatix

believes a number of superior and less potentially troublesome designs

should have been studied.) The concern is with the performance varia- ,
tions that may be expected with temperature, aging and power supply
changes. Further, there are three pots that must be adjusted* in order 1
to bring the circuit parameters within operating specifications. It can ‘ |
only be wondered that there will not be trouble encountered with the :
flight units. The design appears to be too dependent on small tolerance ' i
component values and perhaps critical adjustments. Axiomatix therefore ‘
suggests that potential failure mechanisms be identified and evaluated.

Since the receiver false lock performance is dependent upon maintaining !
a proper sweep rate (see section 4.1.7 following), any circuit changes

which can cause the rate to fall outside its prescribed 1imits (either

too fast or too slow) are potential failure mechanisms. Also, failure

of the Schmitt trigger to switch when either sweep limit is reached is

a failure which will render the receiver essentially inoperative.

N

4.1.7 Acquisition and False Lock Susceptibility

A background for the problem of swept acquisition lock on car-
rier modulation sidebands (called false lock) is found in [1], pp 66-75.
From the time that [1] was written in January 1979 to the PI PDR held in
early October 1979, the philosophy used by TRW to abrogate false Tock
changed significantly.

TRW's old approach was to sweep the PI receiver tracking loop
VCO frequency at a moderately slow rate (10 kHz/second) and rely on the
discriminating performance of the lock detector to indicate carrier lock

*

An examination of the schematic diagram for the circuit board
of the phase lock and telemetry assembly discloses that no less than six
pots are available for alignment, three for the sweep circuit, one for
the AGC and two for the AGC telemetry.
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(and thus disable the sweep) but not indicate sideband lock. As a result,
accurate receiver gain control in both the out-of-lock and in-lock phases
was essential, as a single fixed lock detector threshold voltage was
employed. A very serious problem with this old approach was that, at
strong signal conditions, the beat note frequency between the received
carrier and the receiver effective reference could, if the lock detector »
Towpass bandwidth were large, cause the sweep to be terminated before the :
beat note frequency had become sufficiently small to allow the phase-locked
loop to self-capture. As a result of these problems, the acquisition per-
formance was difficult to analyze.

The new method allows the receiver frequency sweep to be very
fast--sufficiently rapid that sideband lock is obviated--but not so fast
that true carrier lock is compromised or uncertain, even at threshold
SNR's. Furthermore, the lock detector lowpass bandwidth is rather narrow
(approximately 4 Hz, see Figure 4.6., thereby eliminating the beat note
problem. It should be noted that, from both conceptual and theoretical
perspectives, the new approach is the correct one (as Axiomatix had advo-
cated when sideband lock first became an issue).

TRW now bases the selection of the PLL parameters on maximizing
the acquisition sweep rate. Thus, the largest PLL natural frequency
allowable is desired. A minimum PLL SNR of 6 dB corresponding to acqui-
sition carrier threshold of -122.5 dBm is specified by TRW. Taking a
receiver maximum noise figure of 7 dB and allowing a 2 dB margin for
implementation losses, a receiver noise bandwidth (ZBL) of about 3230 Hz
is calculated, which corresponds to a PLL natural frequency of w, =
2 2560 radians/second (loop damping factor slightly larger than unity).

Although TRW calculates the maximum allowable sweep rate for
0.9 probability of acquisition on the true carrier when the PLL SNR is
6 dB, they have found by running tests on the breadboard that the theo-
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3. retical sweep rate is too fast for reliable performance. Gardner's
| formula ([3], equation 4-33) gives
i
| /2] 2
1 F - (SNR), ﬂwn (
= J | 4-4)
lg fo (max) = - > ’
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% which, for the above stated conditions, results in fsw(max)= 520 kHz/s.
% P TRW's experimental investigations have determined, however, that fow =
f 330 kHz/s is the practical rate. This number includes allowance for the
% received signal carrier sweep of 17 kHz/s which could add directly to
i the receiver local sweep, tolerances and some acquisition margin (not
‘e delineated by TRW).
? Axiomatix had previously established that the ratio of sideband
f to carrier amplitude given by
e ALY (4-5)

. will theoretically preclude false lock. Calculating the ratio for fsw = |
-3 330 kHz/s and TRW's largest expected value of w = 2923 rad/s results in |
an answer of <-12.3 dBc. This result assumes, however, that both the ’
carrier and the sideband levels remain relatively unaltered irrespective
of the frequency error or sweep process. In reality, such is not the
case as, for large frequency errors, the carrier may actually be attenu-
ated by the skirts of the crystal IF filter. When this happens, the non-
coherent AGC increases the receiver gain so that W, also increases. Thus,
allowance must be made for this condition. In their analysis presented
in the PI PDR Data Package, Vol. I, page 4-36ff, TRW accounts for this i
phenomenon in an unacceptable (and difficult to comprehend because of its f
sketchiness) manner. Their predictions, especially those dealing with
extrapolations from measured breadboard results to flight unit expected
performance on page 4-37, should, in Axiomatix's opinion, be disregarded.
TRW's breadboard measurements showed that false lock would not occur if
the sideband level were <-23 dBc. This is over 10 dB different from the ;
Timit calculated using equation (4-5). Although several dB of this dif- '
ference can be accounted for due to the aforementioned crystal filter
effect and tolerances, the remainder is unexplained. At this point,
Axiomatix feels that more careful measurements should be taken and that
further analytical development is needed. The matter of resolution and
predicted performance for the flight units therefore remains open.

B A
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4.1.8 Frequency Synthesis

Figure 4.8 is a simplified functional diagram of the Pl
frequency synthesizer. The principal frequency source is the temperature-
controlled crystal oscillator (TCX0) having an output frequency of 80 MHz.

Frequency output of the receiver synthesizer portion is given by

fay ® Eso{}ngzo] MHz (4-6)

where N is a frequency division integer that establishes the desired
channel frequency and D is the interchanne) step size scaling factor. N
and D are tabulated in Table 4.7 for the various payload options.

Table 4.7. Synthesizer Integer Values

Integer STON OSN SGLS
N CN + 519 CN - 43] 40CN - 35460
D 1280 432 1280
E 240 240 256
F 221 221 205
CN = Channel Number

The transmitter output frequency is either S-band (STON/DSN)
or L-band (SGLS) and is given respectively by:
(S-band) fry

(L-band) fo

here the ratio F/E is the

quency ratio (see Table 4.7), and fys and fVL are, respectively, the
S-band and L-band sweep VCX0 nominal frequencies.

Eeo %E +10 fyq + 128{] MHz

an .g{,+ 6 fy + 128({’ MHz

payload transponder receive-to-transmit fre-
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Channel frequency synthesis is implemented using an indirect
phase-lock method. TRW has done a good job with respect to design detail
and analysis. Because the changes of integer values directly affect the
PLL Toop gain, TRW has placed a three-position attenuator in the loop
following the loop filter. This attenuator, automatically switched
according to the channel number selected, holds the PLL natural frequency
within prescribed variation 1imits (about :3 dB) over the entire set of
channels. TRW makes use of a rather novel PLL phase detector (identified
as the FSP-1X), which produces a direct voltage output as a function of
both frequency error and phase error (when the two input frequencies are
identical). This {is a very important feature when it is considered that
the loop is required to frequency-slew as much as 100 MHz (e.q., from
Channel 1 to Channel 808 in the STON mode). Without some form of AFC
acquisition, the basic PLL cannot accommodate such frequency steps and
self-acquire. The combination frequency/phase error characteristics
also diminishes the possibility of false lock. Another good performance
feature is that the loop is designed to operate in the in-lock state
with an intentional phase error. This property avoids the generation of
"digital” phase noise which occurs at the phase detector output within
the vicinity of 0° phase error.

One concern of Axiomatix has been the phase noise output of
both the transmitter and receiver svnthesizers. Most of the receiver
synthesizer phase noise may be trac.J back to the inherent instability
of the TCX0. If the TCX0 has a phase noise modulation denoted by eT(t).
the receiver synthesizer output has a phase noise given by

o, (t) = 2(§ +12) or(t) . (4-9)

This has a maximum value of aRx(t) = ZGST(t). The transmitter, on the
other hand, has phase noise components derived from both the TCX0 and
one of the VCX0's and, for the STDN mode. the transmitter phase noise is

or, (t) = 2(NE+8) ar(t) + 10 6y(t) (4-10)
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where ev(t) is the phase noise modulation of the VCX0. The maximum value
is °Tx(t) & lseT(t) + lOev(t). In addition to the crystal oscillator
sources cited, other phase noise components arise from the synthesizer
P.L VCO's and the frequency division and phase detector circufts. All

of these latter components tend to make their greatest contributions out-
side of the synthesizer PLL bandwidth, i.e., >24 kHz from the nominal
carrier frequency. Most of the phase noise data supplied by TRW to date
has been taken from breadboard measurements and is both sketchy and some-
what imprecise (due to the limitations of the test equipment available).
One possible performance problem is that the phase noise spectral density
of the receiver synthesizer +15 MHz from the nominal frequency may be
some 3 dB greater than that needed to meet the -65 dBm interference degra-
dation specification. Axiomatix has requested refined phase noise mea-
surements of both the transmitter and receiver synthesizer outputs.

Probably the poorest circuit design found in the entire frequency
synthesizer is the sweep generator. The sweep waveform (triangular) is
obtained from circuits not unlike those already described for the receiver
sweep (see section 4.1.6). An operational integrator utilizing an LM108
amplifier is employed in conjunction with an LM139 voltage comparator
which dete.ts the ramp limits. By the use of an integrator input polar-
ity reversal switch and comparator reference value switches, a triangular
waveform vhich begins at 0 V, increases to +4 V, reverses and decreases
to -4 V and reverses again to return to 0 V, is generated.

The most critical problem associated with the sweep circuit
design is that, at the slow sweep rate (250 Hz/s), the nominal integration
period (+4V to -4 V) is some 246 s. Because of operational amplifier off-
set voltage and current drifts over such a rather long time, TRW can meet
the slow sweep rate with a tolerance of no better than :30%. Nor will
the sweep be perfectly linear over the entire period.

As a result of the sweep circuit design philosophy, no flexibil-
ity outside of providing two distinct rates has been possible. One desir-
able feature would be to begin the sweep at the -4 V limit, increase to
+4 V, reverse and decrease to O V. This would save 25% of the time
required to make the sweep cycle (important at the slow rate). Still
another capability could be the starting of the sweep at any prescribed
value and ending (and holding) at a second value. Such would allow for
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a priori knowledge of the probable payload receive frequency to be used

to significantly shorten the acquisition time at the slow rate. !a order
to accommodate such capabiiities, an entirely different sweep design

must be employed. An approach would make use of an up/down counter which
could be set and stopped at any preprogrammed limits, a variable/selectable
counter clock frequency, and a digital-to-analog converter having an inter-
polative step filter. Not only can flexible sweep profiles be generated

by such a mechanization, but the tolerance problems associated with slow
ramps are virtually eliminated. Further, a large number of sweep rate
options are possible by simply changing the counter clock frequency

through a programmable divider operating from a master clock source.
Therefore, Axfomatix recommends that, whenever some future Pl redesign/
upgrade program is initiated, the suggested approach be adopted to

repiace the analog operational-integrator method. (This recommendaticn
also applies to the receiver sweep circuits.)

4.1.9 Transmitter Power Amplifier

The transmitter power amplifier is an excellent example of mod-
ern solid-state design using distributed microstrip technology, together
with paralle! combining of the power transistors using hybrid coupling.
Emphasis has been given to efficiency and the problem of heat dissipation.
Detailed, well-written, descriptions of the design and performance are
given in the TRW PDR Data Package, Vol. I.

It is instructive to briefly review the method by which the
three power levels are obtained. Figure 4.9 shows the power switching
configuration along with the PIN diode switching matix. The input is
nominally 4 W at node A. In the high-power mode, the 4 W is split
(insertion loss is ignored in this simplified discussion) into 2 W at
each power amplifier (PA) input; little significant power is reflected
to port B. Each PA produces about 8 W at its output, with the combination
appearing as 14 W at the output node D. In the medium and low-power
modes, the PA's make no contribution to the output as the PIN diodes at
their inputs and outputs are shorted, thus providing reflective loads to
the hybrid ports. As a result, the power incident at A is reflected to
B, from whence it is transferred to point C via the lower leg in the
medium-power mode, or to point C through the power attenuation leg in
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the low-power mode. Power incident at node C is reflected to node D
(because of the shorted diodes), thereby completing the circuit to the
output.

Performance of the breadboard power amplifier is summarized in
Table 4.8.

Table 4.8. Power Amplifier Breadboard Performance

Output Power
Mode Measured Specification
High 40.6 - 42.2 dBm 40.2 - 43.5 dBm
Medium 30.9 - 33.5 dBm 30.2 - 33.5 dBm
Low 10.5 - 12.8 dBm 7.2 - 10.5 dBm
Spurious <70 dBc <- 67 dBc

4,1.10 Receiver Performance Assessments

3ased upon TRW's analysis and breadboard receiver test results,
Axiomatix has made the following determinations.

In terms of acquisition and tracking thresholds, breadboard
measurements have established the absolute acquisition threshold carrier
value (PACQ = 0.9) to be -127.2 dBm and the tracking threshold carrier
level to be -130.0 dBm (mean time to loss of lock equal to 10 s). Since
the breadboard tests do not include the front-end loss of up to 2.9 ¢B
due to triplexer, cabies and connectors, this must be accounted for.
Table 4.9 tabulates the expected and specified performance. The margins
shown would appear, at this point, to be adequate for allowances or
degradation that may occur in the flight units due to tolerance and manu-
facturing variations.

As regards throughput performance, Axiomatix had previously
identified the component loss parameters, and TRW has also established
most of them by means of analysis and testing. Axiomatix's evaluation
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Table 4.9, PI Receiver Carrier Threshold Performance

Measured Specified Margin

Acquisition
Threshold -124.3 dBm ~122.5 dBm 1.8 dB

Tracking
Threshold -127.1 dBm -124.0 dBm 3.1d8

of these losses appears in Table 4.10 for both standard and nonstandard
(bent-pipe) modulations. For the standard modulation case, the margin,
by design, is small and a reasonably high confidence prevails that the
flight units will attain the indicated level of performance. As for the
nonstandard modulations, the rather large filtering loss is based upon
the possibility that the receiver throughput bandwidth could be as nar-
row as 3 MHz (see the discussions under 3.2.5 and 4.1.3). This is a
worst-case estimate and could improve by better than 0.5 dB if a band-
width closer to the 4.5 MHz specified value is attained.

Table 4.10. Anticipated PI Receiver Throughput Losses

Conponent Modulation Woduiat ion
Filtering -0.2 dB -1.0 dB
Interference -1.0 dB -1.0 dB
Tracking an 05 0. @
Nonlinear -0.2 dB -0.4 dB

Total -1.9 dB -2.9 dB
Allocation -2.1 dB ~2.1 dB
Margin +0.2 dB -0.8 dB
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4.2 Assessment of the PSP Design and Performance

TRW held a preliminary design review for the Payload Signal
Processor May 2-3, 1979. A design data package and the viewgraphs used
at the formal presentation were distributed. In the subsections that
follow, Axiomatix presents its assessment of the PSP design, performance
and potential problems.

4.2.1 Overall Philosophy

The PSP consists of two basic processors--one to handle telem-
etry data and the second to process and encode command messages. Telem-
etry input is in the form of data biphase modulated onto a subcarrier
which is serially processsed in such a manner as to (1) PSK demodulate
the data from the subcarrier, (2) bit synchronize and matched-filter
detect the data, and (3) frame synchronize the data. Table 4.11 lists
the principal PSP telemetry signal processing capabilities.

Commands are handled in such a manner as to (1) accept command
messages in "burst" form and buffer store, (2) perform a validation
check, (3) rate convert to the appropriate bit rate and prefix with an
idle pattern, and (4) biphase modulate the serial command word onto a
subcarrier. Data rates and signal characteristics for the command sig-
nal generation portion of the processor are tabulated in Table 4.12.

Table 4.12. PSP Command Signal Characteristics

Parameter Value Units
Subcarrier Waveform Sinusoidal -
Subcarrier Modulation PSK, +90 Degrees
Subcarrier Frequency 16 kHz
Idle Pattern Alternating

"ones" & "zeros"

Bit Rates 2000 + 2N, bps
N=0,,2,..8
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Table 4.11. PSP Telemetry Signal Processing Capabilities

Parameter Value Units
Subcarrier Waveform Sinusoidal -
Subcarrier Modulation PSK, $90 Degrees
Subcarrier Frequency 1.024 MHz
Bit Rates 16+ 2N, Kbps

N=0,1,2,3,4,
Bit Format NRZ-L,M, or S, or -
Manchester-L,M, or S
Word Length 8 Bits
Minor Frame Length 8 to 1024 Words
Master Frame Length 1 to 256 Minor Frames

Transition Density

> 64 transitions in 512 bits

5\

< 64 consecutive bits w/o transition
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A functional block diagram of the PSP appears as Figure 4.10
SN and the ensuing paragraphs provide a description of each of the principal
: blocks/functions.

Telemetry signal input may be derived from either the Payload
Interrogator (PI) which represents the operational input, or ground sup-
port equipment (GSE) for preflight test purposes. As the input signal is
a biphase-modulated suppressed subcarrier waveform, the PSK demodulator i
functions to regenerate a coherent subcarrier reference which is used to
phase demodulate the data from the subcarrier. Thus, the output from
the PSK demodulator is the telemetry bits. Subcarrier regeneration and

Y VPR VY RN S

o s

ste e ke

tracking is accomplished by means of a polarity-type Costas loop, details 1
of which are found under subsection 4.2.2.

The bit synchronizer is a digital data transition tracking loop
(DTTL) of proven design and performance. Data detection itself is per-
formed by integrating across an entire bit (in-phase integration or 1
averaging) and taking the resulting polarity as representative of the bit ?

value (+1 or -1). Bit clock synchronization is accomplished by means of
integrating between bits (mid-phase integration or averaging) and using
the resulting measure as an error signal which subsequently corrects the
local bit timing clock source phase to maintain proper alignment with
the received bits. Details of the bit synchronizer are provided in
subsection 4.2.3.

At the output of the bit synchronizer, a received serial telem-
etry data bit stream exists and is identical to that generated by the
payload, with the exception of occasional bit errors. This data stream
consists of random (insofar as processing is concerned) telemetry infor-
mation, plus regularly inserted frame synchronization words. It is these
frame synchronization words that the frame synchronization processor
searches forand locks onto so that the telemetry stream output by the
PSP is frame synchronized.

PSP control/mode information and command data are transferred
to the PSP from the general-purpose computer (GPC) via the MDM interface.
For this purpose, a serial bilateral data bus operating at a rate of
1 Mbps is employed. Also, over this same serial bus, the PSP is able to
transmit a status message to the GPC for the purpose of configuration and
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command data validation. Input/output in the proper mode is established
to the PSP from the MOM using dicurete (one-bit message) lines.

Within the PSP, a 1 MHz serial data interface is provided
which performs data word detection and synchronization. A1l timing is
generated from a master 12 MHz clock, The word validation logic examines
the serial interface output to (1) check the integrity of the Manchester
data waveform, (2) check parity, and (3) look for end-of-data identifica-
tion. Failure to pass any of these tests results in inhibiting the
Manchester-to-NRZ conversion operation.

A1l word valid Manchester data is converted to serial NRZ-L
data, after which it is clocked into the dual buffer. The dual buffer
consists of two storage memories: one which receives current data at
the 1 Mbps rate, while the other is clocked out at a rate proportional
to the 1,024 MHz clock. Thus, new command messages from the GPC/MDM may
be received and stored at the 1 Mbps; rate while, at the same time, com-
mand data may be transferred to the command subcarrier mydulator at the
selected payload command bit rate.

The message valid logic examines all messages received from
the GPC/MDM for illegal codes. Any illegal form detected is sufficient
to inhibit further processing operations. A failure to pass message
validation is transmitted through the status message generator back to
the GPC and a message repeat is requested.

The portion of the GPC message which corresponds to the PSP
configuration information is processed by the configuration control
which, in turn, is responsible for setting the PSP mode/operating param-
eters. Configuration status is transmitted back to the GPC via the

‘status message generator. Command message verification is also made

using status message reportback to the GPC.

Valid command bits to be transmitted to the payload are clocked
from the command buffer at the proper bit rate. Each command is pre-
fixed with a command idle pattern of alternating "ones" and "zeros".

(In fact, the command idle pattern can be transmitted any time when
requested and in lieu of actual command bits.) Command bits or idle
pattern bits biphase modulate a 16 kHz sinusoidal subcarrier which is
output to the PI.
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Overall, the PSP, in Axiomatix's opinion, is well-designed and
embodies up-to-date implementations. A good portion, both electrically
and mechanically, is patterned after the Network Signal Processor (NSP)
which has successfully completed qualification testing. Nowhere in the
PSP circuits or performance measurements has Axiomatix found significant
weaknesses. Therefore, the ensuing discussions will not be extensive,
and will touch on only some of the more salient design details.

4,2.2 Subcarrier Demodulator

In some respects, it is useful to show the subcarrier demodu-
lator and bit synchronizer as integral units since they function together
to produce the detected telemetry bits from a noisy input signal., Fig-
ure 4.11 shows the combined block diagrams. Basically, the subcarrier
demodulator and tracker are implemented using analog circuits while the
bit synchronizer, on the other hand, is mechanized in a sampled data
fashion using a microprocessor programmed algorithm. The analog-to-digital
interface is comprised of a three-bit A/D converter (two bits magnitude
plus sign). ADC sampling rate is 1.024 MHz for an analog input process
whose 3 dB frequency is 250 kHz and rolls off at a rate of 12 dB/octave.

Figure 4.12 is a functional circuit diagram of the subcarrier
demodulator. The irput BPF is a six-pole LC T-section design which has
a 3 dB bandwidth of 550 kHz. This would seem a bit more elaborate than
is necessary as its only real function is to attenuate the input noise
spectrum above, say, 1.25 MHz, so that no significant contribution from
this region is made due to frequency translation by the odd harmonics of
the following phase detector references. The phase detectors themselves
are double-balanced transformer-driven diode-ring mixers (WJ-M9BC).
Following each mixer is a selectable bandwidth single-pole lowpass fil-
ter. A somewhat curious aspect of the design is that TRW chose to switch
the capacitor rather than the resistor to change the bandwidth. Presum-
ably, this is done to maintain the resistive load to the mixer constant.
However, it should also be noted that the mixer load is 1.16 k@ rather
than the usual 502 loal--this probably to minimize mizer conversion 10ss.
Another interesting observation is that TRW specifies 1% tolerances for
the arm filter capacitors. Since the actual 3 dB bandwidth of the arm
filters is not critical to the noise performance of the tracking loop as

W
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long as the bandwidth is on the order of twice the data bit rate, the

z 'y requirement for such accuracy is not apparent,

{ Following the lowpass arm filters is a chopper multiplier

5 assembly which essentially "multipiies" together the outputs from the

\ two arm filters. It is this product that forms the Costas loop error siq-
. nal. Use of a chopper multiplier, with the switching or two-state signal

being derived from the I-LPF output by means cf a hard 1imiter, has been
found, through experience, to produce good loop performance and 1ittle
problem from direct voltage offsets (as is often a big problem with ana-
® log multipliers). The limiter consists of a high-gain operational ampli-
fier followed by a comparator (LM161) which produces a pair ot complemen-
tary logic waveforms at its outputs. The chopper itself is mechanized in
the form of operational complementary drivers whose outputs are alternately
? switched, using FET switches operated by the 1imiter complementary wave-
forms, into the loop filter.
An operational type of loop filter is employed whose zero fre-
» quency gain is equal to the operational amplifier open-loop gain. (See
 § remarks under subsection 4.1.6.) The LPF following the loop filter func-
tions to attenuate high-frequency components, caused by the data modula-
tion on the subcarrier, so that they cannot modulate the VCO. The VCO
and the frequency dividing logic which follows it are comprised of stand-
ard, well-known, circuit configurations. One note is that the VCO is
clamped so that it cannot be driven more than :100 Hz from its nominal
frequency (20.48 MHz).

Demodulated data is recovered from the I mixer or phase detec-
tor and transferred through a two-pole LPF to the three-bit ADC. TKW
selected the three-bit quantizer based upon analytical examinations of
expected data SNR losses and the dynamic range of the input signal as a
function of SNR and data rate. C(Clearly, the fewer bits for the ADC, the
smaller the processor (in terms of effective register sizes) that follows.
Axiomatix concurs with TRW's choice. The only qualifying comment is that
the sampiing rate appears unnecessarily aigh. At the largest data rate
of 16 kbps, a 1.024 MHz sampling frequency produces 64 samples per bit.
Other programs and implementations of a similar nature have shown that
16 samples per bit is sufficient and that the 0.1-0.2 dB performance gain
attained by the higher sampling rate is not worth the cost (especially
when it is considered that the PSP performance margin is about 0.7 dB).
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TRW selected the Costas loop tracking bandwidth of ZBL- 100 Hz
(minimum) based upon the maximum frequency uncertainty of the received
subcarrier and the local VCO. The design bandwidth is about 150 Hz to
allow for tolerances and aging. Analysis and testing by TRW has estab-
lished that a loop minimum SNR of 10.5 dB is required to meet the sub-
carrier acquisition and tracking requirements. Since this value is needed
independent of data rate, the minimum Eb/N0 that may be accommodated is
a function of data rate. Table 4.i3 shows the min{mum Eb/N0 for each
data rate.

Table 4.13. Minimum PSP Eb/N0 Needed to Meet Costas Loop
Acquisition and Tracking Requirements

Data Rate Acquisition Eb/N0 Tracking Eb/NO

1 kbps 9 d8 8 dB

2 kbps 7 d8 7 dB

4 Kkbps 5 dB 5 dB

3 kbps K 3 ds

1t. kbps 3 d8 2 dB

4.2.3 Bit Synchronizer and Frame Sync Detector

A microprocessor is utilized to implement nearly all of the
bit synchronizer functions portions of the frame syncnhronization algerithm,
Figure 4.13 shows the functional embodiment of the bit synchronizer oper-
ating in the NRZ data mode. The microprocessor external presumming oper-
ations are necessary in that the clock rates are too fast to be accommodated
within the microprocessor. Basically, the presums represent integrations
(ADC samples sums) over quarter-bit periods. Thus, at the 16 kbps data
rate, they are sums taken over 16 three-bit samples. The presums are
then added in pairs (as indicated in Figure 4.13) to obtain half-bit
integrals which are input to the microprocessor.
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The microprocessor operates to calculate the quantities needed
to form the digital data transition tracking loop (DTTL) algorithm.
Principal functions include in-phase and mid-phase integrate-and-dumps,

a transition detector, and a clock phase advance/retard capability. This
latter operation adjusts the epoch of the presum process. Data detection
is obtained by extracting the sign of the in-phase integrator.

The microprocessor is an eight-bit machine developed by TRW.

As TRW has done a commendable job of documenting the algorithm and pro-
gram in the PSP PDR Data Package, Vol. I, further explanation and comment
is unnecessary here. Additionally, the telemetry frame sync algorithm is
both standard and straightforward, and no special problems exist with
respect to its performance.

Prior to breadboard implementation, the PSP bit synchronizer
functions were simulated and tested using a general-purpose digital com-
puter. Breadboard measurements were subsequently performed with regard
to acquisition and bit error probability (BEP). Table 4.14 summarizes
typical NRZ acquisition performance, and Table 4.15 lists the BEP devia-
tions from theoretical as measured in AEb/N0 (dB).

4.2.4 Data Processing

The command data processor is a very complex algorithm that
performs the major functions outlined under subsection 4.2.1. It is
mechanized by means of hardwired logic. Because of its extensive nature
and the fact that no major design deficiencies have been uncovered, a

further explanation of its operation will not be presented in this report.

The interested reader is referred to the PSP PDR Data Package, Vol. I,
Sections 3.1.5 and 4.1.5.

4,2.5 Command Modulator

A feature of the 16 kHz subcarrier biphase command modulator
is that the entire modulated waveform is synthesized by means of a sam-
pled data method. Figure 4.4 shows the functional configuration. A
linear up/down counter is used to produce sample values of a triangular
wave of frequency 16 kHz. Thus, the 1.024 MHz clock is effectively
divided by 64, or there are 64 samples per cycle. Whenever the command
bit reverses polarity, the direction of the count is reversed at a point
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Table 4.14.

Bit Synchronization NRZ Acquisition Performance

Ey/No | Rate | Mean Bits | SO Bits | for 505
(dB) (kbps) To Acquire To Acquire Lock Prob.
2 16 212 90 272
4 16 180 48 237
6 16 160 33 199
10 16 144 19 164
2 1 217 92 379
4 1 173 37 216
6 ] 165 33 208
10 1 153 20 178

0.1% Data Rate Uncertainty

50% Transition Density
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Table 4.15.

Bit Synchronizer Measured BER Degradations

Data Rate AE /Ny (NRZ-L)--dB AE, /N, (Manchester)--dB
3 5 7 9 Eb/NO-dB 3 5 7 9
1k -0.50 -0.43 -0.55 +0.32 -0.59 -0.77 ~0.22 -0.22
2k -0.56 -0.30 +0.03 +0.45 -0.56 -0.45 -0.55 -0.24
4k -0.20 -0.20 -0.02 +0.13 -0.48 -0.40 -0.44 -0.37
8k -0.31 -0.23 -0.33 -0.42 -0.49 -0.51 -0.46 -0.57
16k -0.35 -0.34 -0.51 ~0.89 -0.47 -0.47 -0.40 -0.60

0.00% Data Rate Uncertainty

50% NRZ-L Transition Density
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corresponding to the next triangular wave zero-crossing. For example,
if the counter is increasing its count, when it reaches the value cor-
responding to the zero-crossing (a designated number), the counter is
changed to the decreasing mode so that the count begins to decrease
(rather than continuing to increase, had the command bit polarity
remained unchanged). This, in effect, causes biphase modulation of the
triangular wave.

The triangular wave sample values are used as sequential
address locations for numbers stored in the PROM. These numbers repre-
sent sample values of a 16 kHz sinewave. Therefore, the output of the
DAC is a series of pulses whose amplitudes synthesize in a stepwise fash-
ion a sirewave with 64 steps per sample. Since the addressing triangular
wave samples are biphase modulated, so is the resulting sinewave.

A two-pole lowpass filter with a 3 dB frequency of 512 kHz is
used to smooth the step-approximated sinewave. Its output thus becomes
a nearly pure biphase modulated sinewave (harmonic content = 0.2%), with
a nominal frecuency (16 kHz) accuracy of +0.001%.




4.3 Network Transponder QPT Evaluations

4.3.1 Task Plan

The purpose of this report is to summarize thé findings after
reviewing the TRW S-band network transponder qualification test procedure
(QTP) WR-06Q-04, Rev. A2. This report is the result of a very extensive
review of the TRW QTP and meets the task objectives.

The objective of the TRW network transponder QTP review was to
examine the test procedure in detail. To be included was an assessment
of the following items:

(1) Nature of the tests

(2) Appropriateness of the tests

(3) Inconsistencies

(4) Omissions

(5) Usefulness of the test data

(6) Test procedures, equipment and methods.

i
'
4
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4.3.2 Approach

The review was divided into two phases. The first phase addressed
the overall TRW QTP test philosophy. Phase 1 examined the major test
items such as thermal cycle, vibration and life tests.

The second phase addressed the individual TRW tests to determine
whether the test satisfied the applicable paragraphs of the Rockwell
International (RI) specification. Phase Il examined the detailed test
items such as acquisition, bit error rate and RF power output tests. In
both phases, the baseline document was Rl Specification MC 478-0106,

Rev. E, Seq. 04.

During the first or major test item review phase, some omissions
and inconsistencies were discovered. For the second or detailed test {tem
review phase, a test matrix was constructed to help uncover omissions and
inconsistencies and determine the appropriateness of the tests. This
test matrix also indicated some omissions and inconsistencies. Many of
these apparent omissions and inconsistencies are being addressed or have
been explained by the appropriate RI personnel.
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4.3.3 QTP Description

‘ihe objective of any QTP is to qualify the equipment design
whereas the acceptance test procedure (ATP) objective is to verify that
the equipment has been correctly manufactured. A proper QTP, therefore,
will test equipment at specification limits to uncover design
deficiencies.

The purpose of TRW QTP WR-06Q-04, Rev A2, is to ensure that
the S-band network transponder design meets Rockwell International (RI)
equipment specification MC 478-0106, Rev E, Seq. 04 and, for the most
part, the QTP tests the transponder at the specification limits. Once
qualification testing is concluded, subsequent transponders are accepted
upon completion of the less rigorous ATP. Qualification testing, there-
fore, is vital in assuring that the transponder will meet its mission
requirements.

The two-volume TRW network transponder QTP consists of the
RI-specified tests shown in Table 4.16. The first full functional test
shown in this table provides the baseline data for comparing the tran-
sponder performance before and after the qualification test. During each
test, selected functional tests are conducted to verify that the unit is
meeting the performance requirements. At the end of most tests (such as
thermal cycle and vibration), a limited functional test confirms that
the transponder has not been degraded from the previous test. In the
event of a failure, the limited functional test serves to isolate the
test phase during which the failure occurred. For additional details,
Table 4.17 lists the objectives of each test shown in Table 4.14.

Table 4.16. Test Sequence

1. Full Functional Test 7. Thermal Vacuum Test
2. Power Test 8. Limited Functional Test
3. Thermal Cycle Test 9. Life Test
4. Limited Functional Test 10. Shock Test
5. Vibration Test 11. Full Functional Test
6. Limited Functional Test 12. Leakage Test
13. EMC Test
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Table 4.17. Test Purposes !
1. Full Functional Test §
Provides baseline comparative data. !
2. Power Test ‘ é
Selected functional tests are performed to assure that the {
transponder meets all performance requirements including power :
consumption under high and low primary input power conditions.
3. Thermal Cycle Test
The unit is cycled limit-to-limit 10 times and selected functional
tests are conducted at high and low temperature extremes to verify -
acceptable performance.
4. Limited Functional Test
This test verifies the postthermal cycle transponder performance.
5. Vibration
The unit is subjected to two different vibration tests in each of
three orthogonal axes--qualification acceptance vibration test
(QAVT) and flight vibration test. Selected functional tests are
performed during both vibration tests.
6. Limited Functional Test
This test verifies postvibration transponder performance.
7. Thermal Vacuum Test
Selected functional tests are conducted to assure that the tran-
sponder meets all performance requirements in a low-pressure,
constant-temperature environment.
8. Limited Functional Test
This test verifies postthermal vacuum transponder performance.
9. Life Test

The transponder is subjected to a given number of on/off cycles in
each prime mode of SGLS, STDN and TDRS, followed by a selected
functional test.
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Table 4.17. Test Purposes (Cont'd)

10.

1.

12.

13.

Shock Test

With the unit off, the transponder is shock-tested in each of
three orthogonal axes (both directicns)

Full Functional Test

By comparing this test with the first functional test results,
any performance degradation is detected.

Leakage Test

Since the unit is pressurized internally, the leak rate must be
verified.

EMC Test

This test determines the electromagnetic compatibility of the
transponder.
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4.3.4 QTP Assessment

Overall, TRW is very adequately meeting the intent of the RI
specification, however, some questions need to be resolved. There are
some significant questions concerning the test procedures and test meth-
ods used for verifying the transponder performance as well as some ques-
tions relating to the QTP documentation itseif,

The documentation questions are included in this report because
the QTP contains baseline data that will be required in the future. Any
potential confusion or inconsistencies will hinder personnel 1n using the
datz or the test procedure.

The QTP assessment is divided into three sections. The first one
discusses questions dealing with the major QTP tests, the second discusses
questions dealing with the detailed QTP tests, and the third discusses

questions dealing with RI specification paragraphs not tested during the
TRW QTP.

4,3.4.1 TRW major QTP test items assessment

This section discusses those questions dealing with the major
test iiems such as thermal cycle and vibration tests. (Reference Table 4.18
for summary. )

Each major test item was reviewed in detail and compared against
the Rl requirements. Also, each major test item was reviewed from the
viewpoint of an independent observer.

Since the network transponder is very complicated, some judgments
had to be exercised by RI and TRW as to how to adequately test the unit
in a reasonable time frame. The judgments exercised by RI and TRW appear
to be adequate to ensure proper testing. Five observations made during
this phase of the QTP assessment are described in detail below.

4.3.4.1.1 Paragraph 1.3, Test Description, Yol. I, Page 1

This comment concerns the QTP documentation. The test sequence
outlined in Table I of the QTP is slightly different than the sequence
outlined in the RI specification. TRW tests EMC following the shock
test, yet RI specifies EMC following the power test. The purpose for
mentioning the difference in sequences is to avoid any future quality
assurance and inspection problems.
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Table 4.18. S-Band Network Transponder

TRW-Major QTP Tests from WR-06Q-04 Rev A2

Item | TRW QTP

No. | Paragraph Comments Resolution

1. 1.3 TRW tests EMC following shock
test, yet Rl specifies EMC
following power test.

2. 2.3 TRW document WR-06H-2C is
required for test 3.3.14,

BER, but this document isn't
1isted in Paragraph 2.3,
Applicable Documents.

3. 3.7 RI specifies that the unit RI states that the +95°F air
be cycled between two tem- and +45°F air are the absolute
perature extremes of +120°F |worst-case temperatures that
air and -20°F air but allows [the unit will experience. Fur-
ti.e functional tests to be ther investigation is warranted
performed at +95°F and +45°F, toid:termine 1f adequate margins

exist.

4. 3.9 RI requires specific speci- |Many of the {tems are indirectly
fication paragraphs to be tested since all telemetry,
tested during vibration; how- |input power and transmitter out-
ever, TRW included only some |put power are continuously mon-
of the detailed QTP tests to |itored by strip chart. The
test these paragraphs and only concern is that there is
eliminated others. The most |no specific QTP paragraph that
apparent reason for this is l|requires strip charts to be
the limited amount of time reviewed.
available to conduct tests
during vibration.

5. 3.9 Confusing nomenclature,

"phase noise," used instead
of "carrier phase stability."

a2 d
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4.3.4.1.2 Paragraph 2.3, Applicable Documents, Vol. I, Page 2

For the BER tests (TRW Test 3.3-14), TRW document WR-06H-20 1s
referred to in QTP Vol. I, pp 68, 78, 131 and 168, and in QTP Vol. 11,
pp 115 and 187. This document is not listed in Paragraph 2-3, Applicable
Documents, however.

4.3.4.1.3 Paragraph 3.7, Thermal Cycle Test--General, Vol. I, Page 9

The thermal cycle test consists of 5.5 cycles from +120°F alr
(+122°F baseplate) to -20°F air (+37°F baseplate), with major functional
tests at the end of the 5.5 cycles. The major functional tests are con-
ducted at +95°F air (+112°F baseplate) and +45°F air (+72°F baseplate).

RI states that +95°F and +45°F represent the absolute worst-case
temperature extremes that the transponder will experience in actual oper-
ation. If there is a possibility that the transponder will ever experi-
ence these temperature extremes, it would be prudent for qualification to
require the unit to function at higher and lower temperatures than those
presently specified.

4.3.4.1.4 Paragraph 3.9, Vibration, Vol. I, Page 20

RI specifies that a number of tests be performed during vibration
yet, in Table 8, QAVT Vibration Test Matrix, Vol. I, p 26, and in Table 9,
Flight Vibration Test Matrix, Vol. I, pp 27 and 28, TRW performs only some
of these tests. Because of the relatively short time available for qual-
ification and flight vibration and the relatively long time required to
perform the Rl-specified tests, it seems that TRW made a reasonable choice
of tests to fit into the time allotted for vibration.

TRW uses very specific and detailed tests to verify power consump-
tion, loop stress telemetry, AGC, transmitter output power stability and
the transmitter output power monitor. TRW eliminated these specific tests;
however, many of these items are tested indirectly since all telemetry,
input power and transmitter output power are monitored continuously on a
strip chart recorder. The only concern is that there is no specific
paragraph in the QTP requiring that the strip charts be reviewed for
out-of-specification conditions.




4.3.4.1.5 Paragraph 3.9, Vibration, Vol. I, Page 20

This comment concerns nomenclature which might cause confusion.
Using the term "phase noise" in four places to describe TRW Test 3.3.18
seems confusing since all the appropriate data sheets in the QTP and the
ATP use the term “carrier phase stability." “Phase noise" is used in
Table 8, Vol. I, p 26, items 1-4; Table 9, Vol. I, p 27, items 1-4; para-
graph 3.9.4.1, Vol. 1, p 29; and paragraph 2.9.5.%, Vol. I, p 31.

4.3,4.2 TRW detajled QTP test assessment

This section discusses those questions dealing with the detailed
test items such as acquisition, bit error rate and RF output power tests.
(Reference Table 4,19 for summary.) .

Each detailed test was reviewed and compared against the RI
requirements. The detailed tests appear very adequate and only six obser-
vations were made, as described below.

4.3.4.2.1 Test 3.3.1, Power Consumption Test

This comment concerns documentation. In Configuration 1, the
input frequency should be 1775.733 MHz, not 1775.773 MHz (probable typo).
Test 3.3.1 data sheets are in Vol. I, pp 43, 44, 111, 148 and 185, and in
Vol. 11, pp 65 and 134.

4,3.4.2.2 Test 3.3.3, Qperational Modes Test

This is another documentation comment. In Configuration 7, the
input level should be -70 dBm--not -80 dBm (probable typo). Test 3.3.3
data sheets are in Vol. I, pp 47, 113 and 150, and Vol. 11, pp 65 and 134.

4.3.4.2.3 Test 3.3.9.3, Acquisition Time and Carrier False Lock

This test allows an acceptable acquisition time of < 12 seconds
for all four primary modes. Twelve (12) seconds applies only to the TORS
mode and < 6 seconds should be specified for SGLS, STON and STON Hi-Power
modes, as per the RI specification. Test 3.3.9.3 data sheets are in Vol. I,
pp 48-51, 117-118, 154-155, 188-189, and Vol. 1I, pp 46-47, 66-67, 82-83,
106-107, and 140-141.

e e e -
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Table 4,19, S-Band Network Transponder
TRW Detailed QTP Tests From WR-06Q-04, Rev. A2

2 Item | TRW Test
‘ No. Number Comments Resolution

1. 3.3.1 Typo--Configuration 1. Should be

[ &

2. 3.3.3 Typo--Configuration 7. Should be
-70 d8m--not -80 dBm.

3. 3.3.9.3 | Specifies acceptable acquisition
time of < 12 seconds for all four
primary modes. This 12 seconds
applies only to TORS; < 6 seconds
S/B specified for SGLS, STON and
STON Hi-Power.

4. 3.3.74 | (1) TRW should verify proper
operation within the RI-
specified BER range sometime
during qualification. Vibra-
tion or temperature would be
a good test indicator.

(2) The test points used to verify
STON Hi-Power, high data rate
with ranging, are out of spec.

(3) The TDRS BER tests are
inadequate.

s

5. 3.3.21 |Pass limit indicated S/B < 2.0 dB,
not < 1.0 dB for TORS.

Py 6. 3.3.14 | This review did not verify chet test
and equipment switch position changes
3.3.22 |listed for each test were correct;
however, there is suspicion that the
switch position changes required by
the test operator were not listed
s for test 3.3.14, configurations 13
and 15, and for test 3.3.22.
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4.3.4.2.4 Test 3.3.1.14, BER

There are three comments concerning the bit error rate tests.
The first comment concerns the test points which TRW selected to verify
compliance with the BER requirements. Figure 4.15 illustrates both the
Rl specification BER versus input signal and the TRW test points. TRW
conducts extensive BER tests but, as Figure 4.15 indicates, TRW is test-
ing at points higher on the BER curve than the range which the RI speci-
fication covers. The comment is that, at least sometime during the QTP,
proper operation within the RI specification range should be verified.
There is no issue that TRW is testing at points higher on the BER curve
than the range of the RI specification. This is reasonabie since per-
forming all of the BER tests within the RI specification range would
require extremely long time periods. For example, to verify error rates
of 10'6, a sample of at least 108 counts would be required to perform
the test. Besides requiring long time periods to perform the BER tests

.. at 10'6. keeping test conditions constant of 52.1 minutes is difficult.

The issue is that, even though the transponder performs adequately at
points higher on the BER curve, anomalies may still occur at the lower
BER levels.

One good test indicator would be to verify the BER within the
RI specification range during vibration since vibration tends to intro-
duce phase instabilities. Another good test indicator would be to
verify the BER within the RI specification range over temperature.

The second comment concerns an out-of-specification condition.
By extrapolating the RI BER curve, it appears that TRW tests at input
signal levels that adequately meet the RI BER specification for all
direct modes. However, for the case of STDN high power, high data rate
with ranging, the TRW test points are outside the extrapolated RI curve.

The third comment concerns the TDRS BER tests which appear
inadequate. For the nonspread spectrum, uncoded transponder modes of
SGLS, STDN and STDN HI-POWER, the BER qualification tests are straight-
forward. The transponder receives data at a given RF power level and
rate, and the data is sampled for a given number of counts. ODuring the
sampling time, the input data is compared with the output data to deter-

mine the number of bit errors. Finally, the number of errors is compared

to the pass/fail criteria.

e
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The BER tests for the TORS mode become somewhat complicated
because the TDRS mode employs convolutional encoding. One method that
can be used to verify the TDRS BER performance is to monitor the data
prior to encoding, encode the data, input the RF signal to the transpon-
c¢ar at a given power level, and monitor the output of the network signal
processor (NSP). This would simulate actual operating conditions. By
carefully calibrating the test setup, a most representative measure of
the system BER performance would be obtained. In fact, this method is
as straightforward as that employed for the other three primary modes.
In order to implement this testing method, however, an NSP would have to
be dedicated to the acceptance and qualification tests.

TRW elected not to dedicate an NSP to the transponder acceptance
and qualification tests, so they selected a second method to verify TDRS
BER performance. Appendix B is TRW document WR-06H-20A, "Procedure to
Calibrate the Shuttle LRU Test Set Commercial Bit Synchronization Against
the EM NSP Bit Synchronization." This document, along with the tran-

© sponder QTP, outlines a methdd to test ihe BER performance without®a

dedicated NSP.
The TRW approach is outlined as follows:

(1) The BER performance at 32 kbps coded and 32 kbps uncoded
is measured using the engineering model (EM) transponder and the EM NSP.

(2) The BER performance at 32 kbps uncoded is measured using
the EM transponder and a commercial bit synchronizer/detector.

(3) By comparing the uncoded results obtained with the NSP and

the uncoded results obtained with the commercial bit synchronizer/detector,

a calibration "delta" between the two BER curves is obtained.

(4) With the commercial unit then “calibrated" against the NSP,
the input data rate is dropped from 32 to 10.29 kbps to simulate the
"coded" bit rate.

(5) The 10.29 kbps bit rate was determined by TRW to be that
rate at which the uncoded BER curve intercepts the 32 kbps coded BER
curve at an error probability of PE = 10'4. Thus, TRW uses 10.29 kbps

uncoded to simulate 32 kbps coded.

Mk s Bl s o W
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(6) A BER curve is generated with the results obtained at
10.29 kbps. By taking this curve and adding 0.3 dB, a pass/fail curve is
generated for the EM transponder and commercial synchronizer combinations.

(7) By using the calibration "delta" and the curve obtained for
10.29 kbps, TRW states that the results are equivalent to the RI speci-
fication at an error probability of PE = 10'4.

(8) Subsequent transponders tesied with the commercial synchron-
izer are now compared to the EM results at PE s 10'4 for a 10.29 kbps
data rate; a criterion for passing is that the results fall within the
EM BER pass/fail curve at Pg = 1074,

(9) In the QTP, TRW identifies and quantifies various sources
of data degradation, such as spread spectrum code phasing error, filter-
ing, phase noise, phase bias and phase bias shifts over temperature, as
additional indicators to the transponder performance. These sources of
data degradation are used as additional pass/fail criteria for both the
TORS low (32 kbps or 96 ksps) and high (72 kbps or 216 ksps) data rates
as simulated by 10.29 kbps and 26.18 kbps, respectively. The 26.18 kbps
is used to simulate the 72 kbps high data rate and is derived in a man-
ner similar to that used to derive the 10.29 kbps used to simulate the
32 kbps low data rate.

There are three problems with the procedure TRW uses to verify
TDRS BER performance, listed as follows:

(1) There is an underlying assumption that the calibration
"delta" between the EM NSP and the commercial bit synchronizer is con-
stant since it is measured only once. Slight changes in the test setup
and time could influence this “delta."

(2) The relative BER performance of all transponders is being
verified at only one point, Py = 10'4, and at only the low data rate of
coded 32 kbps as simulated by uncoded 10.29 kbps. The BER performance
is not verified at the high data rate of coded 72 kbps.

(3) The transponder bandpass characteristics are designed to
accommodate the specific high data rate of 72 kbps (216 ksps), but making
verifications at the simulated lower rate of 10.29 kbps does not indicate
the amount of filter loss. It is possible that there could be degradation
at the high data rate that would not be detected when using the simulated
iow rate.
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The method used by TRW to verify the TDRS BER performance raises ]
some questions as to the adequacy of the test. TRW states in the docu-
ment shown in Appendix B that the method used "... is significantly : :
poorer than that which can be obtained using the method outlined in the ;
functional test procedure (FTP). This 1s why the FTP method is used for
primary sell-off."

TRW is using the same method in the QTP as in the FTP to verify
BER performance, but this applies only to the SGLS, STDN and STDN HI-POWER
MODES. The method outlined in this report is the one used to verify
TDRS BER performance. Since the TDRS test method is significantly poorer
and TDRS performance is somewhat critical, it is strongly suggested that
an NSP be used to verify the TDRS mode, especially at the 72 kbps data
rate.

L e

4.3.4.2.5 Test 3.3.21, Transmitter Frequency Response Test

Pass 1imit should be specifiet as <2.0 dB--not <1.0 dB for the
TORS mode. Test 3.3.21 data sheets are in Vol. I,.rages 143 and 180, and . .
Vol. II, page 170.

4.3.4,2.6 General

This comment concerns documentation. In each test data sheet,
switch position changes are listed so that the operator can change test
modes. While this review did not get into the detail of whether or not
the switch position changes listed actually place the transponder in the
required mode, there are two situations that appear suspicious. In
test 3.3.14, BER, configurations 13 and 15 show no switch position appears
to change modes. Also, in test 3.3.22, Loop Stress Telemetry, no switch
position changes are shown.

e et i e i — el e ——————— . I |
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Test 3.3.14 data sheets listing configurations 13 and 15 are in
Vol. I, pp 65, 75, 128, 165 and 193, and Vol. II, pp 51, 70, 87, 112 and '
154. Test 3.3.22 data sheets are in Vol. I, pp 92, 93, 114, 181 and 203, ;
and Vol. II, pp 61, 97 and 171.

4.3.4.3 RI paragraphs not tested during QTP J

This section discusses those questions dealing with the RI para- ?\
graphs not tested during the QTP. A test matrix was constructed to com-
pare the RI specification paragraphs with the appropriate TRW detailed
tests. This test matrix is shown in Table 4,20. A

As the matrix indicates, TRW does not necessarily test each RI ]
paragraph in all four primary modes. During the review, the requirements
for each paragraph were compared to the test methods used and the modes
tested. The conclusion is that the modes which TRW selected for testing
each paragraph are comprehensively adequate.

Table 4.21 1ists those 10 paragraphs which were not tested during
the QTP. Some of the paragraphs are tested prior to final assembly and
one paragraph (RI 10.3.2.1.2.1.3.1), dealing with RF overioad protection
at the common port appears to have been overlooked.

4.3.5 Recommendations

Overall, TRW is meeting the intent of the RI specification. The
test methods and procedures used to perform the RI specification verifi-
cations adequately test the S-band network transponder in all the critical
modes. It is recommended that all issues discussed in this report be
addressed and resolved, especially the three following items:

(1) Section 4.3.4.1.3, Thermal Cycle Test.

To determine if acaquate performance margins exist, the
functional tests should be conducted at the specification extremes of
+120°F and -20°F instead of +95°F and +45°F.

(2) Section 4.3.4.2.4, BER.

o Proper operation within the RI-specified BER range
should be verified at least once

® An NSP should be used to perform the TDRS BER tests.

(3) Table 9, item 4
o Test the common port for RF overload protection,
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Table 4.21.

10

S-Band Network Transponder

RI Specificaticn Paragraphs (From MC 478-0106, Rev. E, Seq. 4)
Not Tested During TRW QTP

Item{ RI Specification Item Not Tested
No. Paragraphs During QTP Resolution
1. | 10.3.2.1.2.1.1 Warm-up time. Engr'g mode) tests indicated
design greatly exceeds reqm'ts.
2. | 10.3.2.1.2.1.11 Transmitter output |Will be done at integration of
disabled duri SRU's prior to QTP.
prime mode or freq.
mode switching.
3. 110.3.2.1.2.1.1. NSP 1/2 transmit Requirements to be deleted.
data disable.
4. |1 10.3.2.1.2.1.3.1 ., No damage from RF RI investigating. o
overload at com-
mon port.
5. { 10.3.2.1.2.1.3.2 TDRS ranging Requirements to be deleted.
requirement.
6. | 10.3.2.1.2.1.4 Receiver noise Measured prior to final assy.
figure.
7. | 10.3.2.1.2.1.4 Receiver frequency |Data supplied by triplexer
response. vendor.
8. | 10.3.2.1.2.1.4.1.3.5 | Tracking phase No ext. test points available
error. to make measurements. Loop
stress measurement can be
translated to static phase
error.
9. | 10.3.2.1.2.1.5.2 RF power output dis-|Will be done at integration
able (same as #2). |of SRU's prior to QTP.
10. | 10.3.2.1.2.1.5.2.1 Power output No specific test, but RF output
-stability. power continuously recorded on

strip chart.
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4.4 ESTL Network Equipment Verification Plans Evaluation
4.4.1 Task Plan

The purpose of this report is to summarize the findings to date
after evaluating the network equipment verification test plans. These
tests, which are performed in the NASA Lyndon B. Johnson Space Center
(JSC) Electronic System Test Laboratory (ESTL), are designed to estab-
1ish that the communication 1inks between the Orbiter and ground stations
are compatible and that the system performance will meet the requirements
of the Shuttle program.

To implement these tests, Orbiter and S-band network equipment
hardware has been obtained and installed in a representative mission con-
figuration in the ESTL, Therefore, the communication links to be evalu-
ated during the tests are equivalent to those which will be used during
an Orbiter mission. The only significant differo1ce is that the RF paths
will be through hard-1ine, space-loss siruiators.

The objective of the network equipment verification test plans
evaluation was to examine the ESTL S-band test procedures ing,details To
be included was an assessment of the following items:

(1) Nature of the tests

(2) Appropriateness of the tests

(3) Inconsistencies

(4) Omissions

(5) Usefulness of the test data

(6) Test procedures, equipment and methods.

4.4.2 Approach

Before discussing the approach used in reviewing the ESTL test
procedures, some history of the ESTL test program is necessary. NASA
Task 501, as defined by Space Shuttle Program Manager Direction No. 51,
establishes the scope of the Shuttle communication and tracking systems
space-to-space and space-to-qround radio frequency performance and com-
patibility evaluation conducted in the JSC ESTL. This evaluation is

accomplished through systems verification/certification tests using Orbiter

prototype and qualifiable or flight equivalent hardware as available in
conjunction with other Shuttle communications and tracking elements to

[N S
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evaluate basic end-to-end system compatibility and performance and to i
verify/certify that operational system performance meets program require-
ments prior to manned flight usages. ;

The evaluation is divided into test series, with each series P
involving the Orbiter hardware and equipment representative of one of
the elements with which the Orbiter must communicate. Seven test series
have been designated. These series are:

(1) Orbiter (ALT configuration) - STON and ATR direct link

(2) Orbiter-STON S-band direct 1ink

(3) Orbiter-TDRS S-band relay link .
(4) Orbiter-EVA UHF 1ink

(5) Orbier-AF/SCF S-band direct 1ink
(6) Orbiter-TDRS Ku-band relay link
(7) Grbiter-Payload S-band 11nk

For each series of system verification tests, a systems develop-
ment test requirements and status (TRA3) report is pubiished in acccrdance
with the "Space Shuttle Program, NASA Task 501, Communications and Trgcking
Syftems Grdund Testing, System Development Plan," JSC 09687, December 1975.
The TRAS reports, which are reviewed and approved by the Communications
and Tracking System Ground Test (CATSGT) panel, thus provide the testing
criteria for systems verification.

Once the TRAS reports have been accepted, a test plan is devel-
oped which outlines the strategy with which the TRAS requiriments will be
accomplished. After the test plan, a set of detailed test prucedures is
generated which outlines the system verification test methods.

As previously mentioned, the objective of this report is to
summarize the findings to date after evaluating the ESTL S-band test pro-
cedures in detail. To accomplish this objective, the appropriate S-band
TRAS reports were studied and summarized. Next, the appropriate S-band
test procedures were studied and summarized and, finally, the TRAS sum-
maries and the test procedure summaries were compared to each other to
determine inconsistencies and omiss’cns,

Axiomatix has been supplied by NASA with three TRAS reports
required for this evaluation which are 1isted as follows:

@  System Development Test Requiremenis and Status (TRAS)

Report for STON S-Band Direct Link, JSC 11300,
September 28, 1977
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® System Development Test Requirements and Status (TRAS)
Report for TDRS 3-Band Relay Link, JSC 11757,
Septemder 26, 1979

®  System Development Test Requirements and Status (TRAS)

Report for AF/SCF S-Band Direct Link, JSC 13022,

April 11, 1978.
These three TRAS reports represent the three primary S-band equipment
operational modes of GSTON, TORS and AF/SCF (SGLS). Axiomatix has
requested the three corresponding test procedures but NASA has supplied
Axiomatix with only one of the required test prccedures, "System Ver{-
fication Test Procedures for STON P Direct Link," EE7-78-107, June 1978,
Volumes I-IV,

The approach used in this report, therefore, is to compare the

STON TRAS report with the STDN test procedures. In order to continue
further test procedure evaluations, NASA must furnish Axiomatix with the
TDRS and AF/SCF test procedures.

¢ s v Agsessacnt To Dete . .

The evaluation to date compares the STON TRAS report with the
STON test procedures. In Table 4.22. the required test parameters are
listed for each TRAS number, along with the equipment operational mode
in which the tests are to be conducted.

Table 4.23 1ists the STDN PM direct Tink ESTL test procedure
sections, along with the TRAS number each test section professes to meet.
The purpose of this table is to give the reader an overview of the ESTL
STDN S-band tests and, at the same time, correlate the test procedure
sections with the TRAS requirements.

Table 4.24 1ists the STON PM direct 1ink ESTL test procedure
sections, a brief test description and the operational mode in which each
test is conducted. This table allows the reader to quickly determine
the conditions for each test and, at the same time, highlight any “holes"
in the testing program,

By comparing Tables 4.22 through 4.24, any omissions and incon-
sicstencies are apparent. Also, by carefully studying the STDN test pro-
cedures, comments are possible concerning the nature and appropriateness
of the tests, equipment and methods.
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Table 4.22. Orbiter-STDN Direct PM S-Band TRAS Requirements
Channe’
TRAS No. Link Tested Parameters _Operational Modes |
sD-101 | PM Uplink TOM @® BER fo High-Frequency Mode
(Forward Link) e High data rate with
& without ranging
e Low data rate
J. Low-Frequency Mode
o Selected tests
SD-102 PM Uplink Synchronization |@ BER {. High-Frequency Mode
(Forward Link) (ToM) @ Synchronization Lock e High data rate with
@ Percent data loss & without ranging
o Low data rate
SD-103 PM Uplink Synchronization Synchronization data quality |@ High-Frequency Mode
(Forward Link) (ToM) e High data rate with
_ SD-103 accomplished concur- & without ranging
! rently with SD-102 e Low data rate
SD-104 PM Uplink Command BER High-Frequency Mode
(Forward Link) @ Message rejection rate e High data rate with
& without ranging
e Low data rate
SD-105 PM Uplink Command P Command data quality r. High-Frequency Mode
| (Forward Link) e High data rate with
} SD-105 accomplished concur- & without ranging
| rently with SD-104 o Low data rate
| el
t (=]
| >
-h
o

(UAH parameters to be tested as a function of RF total received power.
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Table 4.22. Orbiter-STON Direct PM S-Band TRAS Requirements
(Cont'd)
Channel
TRAS No. Link Tested Parameters _Operational Modes |
SD-106 PM Uplink Voice @® Voice quality r. Selected Modes
(Forward Link) @® Intelligibility
@ _Speech-to-noise ratio_ _ _| _ _ _ _____ _...._
I @® Signal-to-noise ratio |@® High-Frequency Mode
@® BER e High data rate with
@ Percent data loss & without ranging
e Low data rate
SD-107 PM Downlink TDM ® BER @ High-Frequency Mode
(Return Link) e High data rate with
& without ranging
o Low data rate
Low-Frequency Mode
¢ Selected tests
® Additional selected tests
without uplink phase lock
SD-108 PM Downlink Telemetry @® BER I® High-Frequency Mode
(Return Link) ® Synchronization lock e High data rate with
® Percent data loss & without ranging
o Low data rate
SD-109 PM Downlink Telemetry ® Telemetry functional High-Frequency Mode
(Return Link) capacity e High data rate with
! SD-109 accomplished concur- & without ranging
rently with SD-108 e Low data rate
S
N
o
=4
wn

(”AH parameters to be tested as a function of RF total received power.
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Table 4.22. Orbiter-STDN Direct PM S-Band TRAS Requirements
(Cont'd)
Channel
TRAS No. Link Tested Parameters'® Operational Modes |
SD-110 PM Downlink Voice Voice quality o High-Frequency Mode
(Return Link) Intelligibility e High data rate with
Speech-to-noise ratio & without ranging
Signal-to-noise ratio o Low data rate
BER
Percent data loss
SD-111 PM Uplink and Voice Voice functional capability P High-Frequency Mode
Downlink (For- SD-111 uplink accomplished e High data rate with
ward and Return concurrently with SD-106, & without ranging
Links) SD-111 downlink accom- o Low data rate
plished with SD-110
@ Voice quality
SD-112 PM Uplink RF Carrier @® RF acquisition thres?oldW’P High-Frequency Mode
(Forward Link) @ RF acquisition time (2) e High data rate with
@® RF acquisition probability & without ranging
(2) 2) ® Low data rate
® Mean time to unlock( Low-Frequency Mode
@® Carrier to noise ratio o Selected tests
@® False lock susceptibility Selected tests without
® Ability to switch from PSK uplink TDM modulation
to ranging (PM) mode
S
(78
o
-h
N

(”Al'l parameters to be tested as a function of RF
2)Mith doppler offsets.

total received power.
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Table 4.22. Orbiter-STDN Direct PM S-Band TRAS Requirements
(Cont'd)
Channel
TRAS No. Link Tested Parameters Operational Modes 1|
’.—
SD-113 PM Downlink RF Carrier @ RF acquisition time (@) rﬁ High-Frequency Mode
(Return Link) @ RF acquisition preopability ® High data rate with
(2) & without ranging
@® RF acquisition threshold(2] e Low data rate
@® Mean time to unlock(2) P Low-Frequency Mode
@® Carrier-to-noise ratio o Selected tests
@ False lock susceptibility
@ Reacquisition time (2)

SD-114 PM Uplink and RF Carrier @ RF acquisition time (2) High-Frequency Mode
Downlink (For- e High data rate with
ward and Return & without ranging
Links) e Low data rate

SD-115 PM Uplink and RF Carrier ﬂ. RF Acquisition functional High-Frequency Mode
Downlink (For- capability e High data rate without
ward and Return SD-115 accomplished concur- ranging
Links) rently with SD-114 e Low data rate

SD-116 PM Uplink and Ranging Ranging 30 error P High-Frequency Mode
Downlink (For- @® Subcarrier predet?ction S/N| e High data rate
ward and Return @® Acquisition time (2)

Links)

Acquisition threshold
Postdetection S/N

Man parameters to be tested as a function of ﬁF total received power.
(2)N1'th doppler offsets
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Table 4.22. Orbiter-STDN Direct PM S-Band TRAS Requirements

Downlink (For-
ward and Return
Links)

Doppler Tracking

® Doppler functional capa-
bility

SD-120 accomplished concur-
rently with SD-118 & SD-119

(Cont'd)
Channel
TRAS No. Link Tested Parameters Operational Modes
SD-117 PM Uplink and Ranging @® Ranging functional capa- h. High-Frequency Mode
Downlink (For- bility o High data rate
ward and Return SD-117 accomplished concur-
Links) rently with SD-116
SD-118 PM Uplink One-Way Doppler |@ Doppler accuracy 1. High-Frequency Mode
(Forward Link) ® High data rate with
. & without ranging
o Low data rate
Low-Frequency Mode
e Selected tests
SD-119 PM Uplink and Two-Way Doppler |@® Doppler accuracy High-Frequency Mode
Downlink (For- e High data rate with
ward and Return & without ranging
Links) e Low data rate
® Low-Frequency Mode
® Selected tests
SD-120 PM Uplink and

High-Frequency Mode

o High data rate with
& without ranging

® Low data rate

(])All parameters to be tested as a function of RF total received power.

601
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Table 4.23.

Orbiter-STON Direct PM S-Band STDN Test Procedure

STDN PM
Direct Link
ESTL Test Channel
Procedure to be
Section TRAS No. Link Tested Type of Test
5.2.1.1.1 SD-101 PM uplink TOM Uplink BER and AGC voltage verification--daily
(Forward 1ink) measurement
5.2.1.2.1 SD-101 PM uplink TOM Bit error rate (active voice and commands)
& SD-102 | {Forward link)
5.2.1.2.2 SD-101  : PM uplink TDM Bit error rate (inactive voice and commands)
& SN 1. (Fo:ward link)
5.2.1.2.3 S e PM uplink TOM Percent data loss
& SD-103 | (Forward 1ink)
5.2.1.3.1 S0-104 PM uplink Command |Message rejection rate (active voice)
& SD-105 | (Forward 1link)
5.2.1.3.2 SD-104 PM uplink Command |Message rejection rate (inactive voice)
& Sc-105 | (Forward link)
5.2.1.3.3 SD-104 PM uplink Command |[Verification of receipt of 10,000 error-free
& SD-105 | (Forward link) commands
5.2.1.4.1 SD-106 PM uplink Voice Bit error rate
& SD-111 | (Forward link)
5.2.1.4.2 SD-106 PM uplink Voice Postdetection SNR (ATU output)
& SD-111 | (Forward link)

ott

N T T U
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Table 4.23. Orbiter-STON Direct PM S-Band STDN Test Procedure
(Cont'd)
STDN PM
Direct Link
ESTL Test Channel
Procedure to be
Section TRAS No. Link Tested Type of Test
5.2.1.4.3 SD-106 PM uplink Voice Postdetection SNR (AIU output)
& SD-111 | (Forward Vink)
5.2.1.4.4 SD-106 PM uplink Voice Postdetection SP/N ratio (ATU output)
& SD-111 (Forward 1ink)
5.2.1.4.5 SD-106 PM uplink Voice Postdetection SP/N ratio (AIU output)
& SD-111 | (Forward link)
5.2.1.4.6 SD-106 PM uplink Voice Postdetection SP/N ratio (ATU output)--MCC/
& SD-111 | (Forward link) GSTDN site/return loop voice
5.2.1.4.7 SD-106 PM uplink Voice Subjective voice quality (ATU output)--active
& SD-111 | (Forward link) commands
5.2.1.4.8 SD-106 PM uplink Voice Subjective voice quality (ATU output)
& SD-111 | (Forward link)
5.2.1.4.9 SD-106 PM uplink Voice Subjective voice quality (AIU output)
& SD-111 | (Forward link)
5.2.1.4.10 SD-106 PM uplink Voice Subjective voice quality (SMU output)
& SD-111 | (Forward link)
5.2.1.4.11 SD-106 PM uplink Voice Subjective voice quality (ATU output)--MCC/
& SD-111 (Forward 1link) GSTDN site/return loop voice
5.2.1.4.12 SD-106 PM uplink Voice Word intelligibility (ATU output)
& SD-1N (Forward 1ink)

LLt
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Table 4.23.

Orbiter-STON Direct PM S-Band STDN Test Procedure

(Cont'd)
STDN PM
Direct Link
ESTL Test Channel
Procedure to be
Section TRAS No. Link Tested Type of Test
5.2.1.4.13 SD-106 PM uplink Voice Word intelligibility (AIU output)
& SD-111 | (Forward link)
5.2.1.4.14 SD-106 PM uplink Voice Word intelligibility (ATU output)--MCC/GSTDN
& SD-111 | (Forward link) site/return loop voice
5.2.2.2.1 SD-107 PM downlink TOM Bit error rate (active voice)
(Return link)
5.2.2.2.2 SD-107 PM downlink TOM Bit error rate (inactive voice)
(Return link)
5.2.2.2.3 SD-107 PM downlink TOM Bit error rate (inactive voice)--effects of
(Return link)
5.2.2.2.4.1 SD-108 PM downlink TOM Evaluation of frame sync strategy--330 bit
& SD-110 | (Return 1link) sync/403 frame sync combination
5.2.2.2.4.2 SD-108 PM downlink TOM Percent data loss (active voice)--330 bit
& SD-110 | (Return link) sync/403 frame sync combination
5.2.2.2.5.1 SD-108 PM downlink TOM Evaluation of frame sync strategy--317D bit
& SD-110 | (Return link) sync/MSFTP-11 decom system combination
5.2.2.2.5.2 SD-108 PM downlink TOM Percent data loss (active voice)--317D bit
& SD-110 | (Return 1link) sync/MSFTP-11 decom system combination
5.2.2.3.1 SD-108 PM downlink Telemetry |Bit error rate (inactive voice)
& SD-109 | (Return link)

oLl
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Table 4.23.

Orbiter-STDN Direct PM S-Band STDN Test Procedure

(Cont'd)
STON PM
Direct Link
ESTL Test Channel
Procedure to be
Section TRAS No. Link Tested Type of Test
5.2.2.4.1 SD-110 PM Downlink Voice Bit error rate
& SD-111 | (Return link)
5.2.2.4.2 S0-110 PM Downlink Voice Postdetection SNR (ATU input)
& SD-111 { (Return link) ~
5.2.2.4.3 SD-110 PM downlink Voice Postdetection SNR (AIU input)
& SD-111 | (Return link)
5.2.2.4.4 SD-110 PM downlink Voice Postdetection SP/N ratio (ATU input)
& SD-111 | (Re<urn link)
5.2.2.4.5 SB-110 PM downlink Voice Postdetection 5P/N ratio (ATU input)--MCC/
& SD-111 | (Return Tink) GSTDN site/return loop voice
5.2.2.4.6 SD-110 PM downlink Voice Postdetection SP/N ratio (ATU input)--MCC/
& S0-111 | (Return link) GSTON site/return loop voice
5.2.2.4.7 sD-110 PM downlink Voice Subjective voice quality (ATU input)
& SD-111 (Return 1ink)
5.2.2.4.8 sD-110 PM downlink Voice Subjective voice quality (AIU input)
& SD-111 | (Return Vink)
5.2.2.4.9 SD-110 PM downlink Voice Subjective voice quality (SMU input)
& SD-111 | (Return link)
5.2.2.4.10 SD-110 PM downlink Voice Subjective voice quality (ATU input)--MCC/
& SD-111 [ (Return link) GSTDN site/return loop voice

. TG e A e e Ve Lo A %3 D
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Table 4.23.

Orbiter-STDN Direct PM S-Band STDN Test Procedure

(Cont'd)
STDN PM
Direct Link
ESTL Test Channel
Procedure to be
Section TRAS No. Link Tested Type of Test
5.2.2.4.11 SD-110 PM downlink Voice Word intelligibility (ATU input)
& SD-111 ] (Return link)
5.2.2.4.12 SD-110 PM downlink Voice Word intelligibility (AIU input)
& SD-111 | (Return link)
5.2.2.4.13 SD-110 PM downlink Voice Word intelligibility (ATU input)--MCC/GSTDN
& SD-11 | (Return link) site/return loop voice
5.2.3.1.1 SD-112 PM uplink RF RF acquisition time
(Forward link) Carrier
5.2.3.2.1 SD-113 PM downlink RF RF acquisition time
(Return 1link) Carrier
5.2.3.3.1 SD-112 Two-way RF RF acquisition
& SD-113 Carrier
5.2.3.3.2 SD-113, | Two-way RF RF acquisition/mode switching
-114 & -115 Carrier
5.2.3.3 3 SD-112 Two-way RF Carrier tracking threshold
& SD-113
5.2.3.3.4 So0-113 Two-way RF RF acquisition (dynamic doppler)
-114 & -115 Carrier
5.2.4.1 SD-116 Two-way

RangingJRanging subcarrier predetection SNR
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Table 4.23. Orbiter-STON Direct PM S-Band STDN Test Procedure
(Cont'd)
STDN PM
Direct Link
ESTL Test Channel
Procedure to be
Section TRAS No. Link Tested Type of Test
5.2.4.2 SD-116 Two-way Ranging | Ranging tone postdetection S/N
5.2.4.3 SU-116 Two-way Ranging | 30 ranging error and range acquisition time
& SD-117
5.2.5.1.1 SD-102 Uplink One-way | Doppler accuracy
103 & -118| (Forward 1link) Doppler
5.2.5.2.1 S0-119 Two-way Two-way | Doppler accuracy
& SD-120 Doppler
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Table

4.24.

STDN Test Procedure versus Operational

Modes

STON PM
Direct Link
ESTL Test
Procedure

Section

P —

Test

=

STON Mode

STON High-Power Mode

Low Frequency

High Frequency

Low Frequency

High Frequency

Lo Data|Hi Data

W/0

Rng

W/ |Wolv/

Data
fnag| Png| Rng| (<.

Lo DatalHi Data

L

Data
anl(C.O.)

Ho

Lo Data|Hi Data

Lo DatalHi Data

UIOI W/

W/} u/
Rngfing

Data

tio
w/o| W/ |wol w/ | pata
(€.0.)[Ring | Rngfing (c.0.)

aily Measurement

e NSP - DDOD Mode, No Voice
e NSP - NASA Mode, No Voire

Uplink BER and AGC Voltage Verification

NHO

AT A0 LLTEnNaodded

r
.~

1ovd 1VNI

HOOd si

Voice and Commands)

® NSP - DOD Mode
® NSP - RASA Mode

Uplink TOM Channel -
Voice and Commands)

Aeplifier OFf
-Both M Ymtrs OFf, O Doppler

01 F™ Ymtr On, "° 8

(Tested at 0 Doppler) . 0 gg

-DFT FM ¥mtr On, |"" :g

(Tested at 0 Doppler) ) sn a8
-40 B

;0 48
0 48

-Both FM Ymtrs On,
(Tested at 0 nnoplﬂr)

Amplifier On
No Tests Conducted

off

-foth FM Ymtrs Off, O Doppler

01 FM Ymtr On, 0 &

{Tested at 0 Doppler) '-652 :ﬁ

0

~DF] M Xmtr ©n,
(Tested at 0 Doppler)

85838
&%&&%&

|-
-Both FM Xmtrs On, ’
{(Tested at 0 Doppler) .

Uplink TOM Channel - Bit Frror Rate (Active

Bit Error Rate (Inactive

e NSP - DOD Mode, Receive Only Mode, Power

+60 kMz Doppler

Coupling Loss
Coupling Loss
Couplimg Loss
Coupling lLoss
Coupling Loss
Coupling Loss
Coupling Loss
Coupling Loass
Coupling Loss

o 'SP - DOD Mode, Peceive Only Mode, Power

e NSP - DOD Mode, Xpond Mode, Power Amplifier

+60 kHz Doppier

Coupling Loss
Coupling Loss
Coupling Loss
Coupling Loss
Coupling Loss
Coupling Loss
Coupling Loss
Coupling Loss
Coupling Loss

|11

l

L1

li

|

|

e e e

G

NSP-DOD mode = Encrypted
NSP-NASA mode = Clear

9Ll
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Table 4.24. STDN Test Procedure versus Operational Modes (Cont'd) 3
STON Mode STON High. Power Mode
Low Frequency High Frequency Low Frequency High Frequency

ST M -
|l'ne(? Link Lo DatalHi Data Lo Data|Hi Data Lo Datalili Data Lo Data|Hi Data
| ESTL Test T Mo to > 1 fo : No
| Procedure W/OLW/ W0 W | bata 0| W (o) v | pata WO W/ W/l W/l Data | w0l W/ (wol ws | pata

Section N Test Enal Rng anlvr.q (.0.) Rng| Png| Rng| Rng {c.0.) Rng| Rng| Png| Bn 1€.0.) Rng| Rng|] Rng| Rn (€.0.)
5.2.0.4.3 Uplink Yoice Channel - Postdetection SNR ({Audio

Interface Unit Gutput)

o NSP - 00D Mode (No Tests Conoucted) LI T T T TTT T I TITTITT TTI11 ]

o NSP - NASA Mode/ACCU ODutput fnabled

Voice 1 (AJU-L) ‘“[_’ l

Voice 2 (AIU-R) X

§.2.1.4.4 Uplink Voice Channel - Postdetection SP/N Rs*io
(Audio Terminal Unit Output)

o ¥SP - (0D Mode (No Tests Conducted) D N Y I N I I Y O

® NSP - NASA Mode/ACCU Dutput Enabled

-ATU-L (Voice 1) l I
~ATU-R (Voice 2) X X
$5.2.1.4.5 Wplink Yoice Channel - Postdetection SP/N Patio

(Audin Interface Unit Output)

® WP - DOD Mode (No Tests Conducted) D l I_]:_[_I J rJ ” ] ] [ I l

e N'P - NASA Mode/ACCU Output Enabled

! -Voice 1 (AU-L) I l ] 7
-Voice 2 (AlU-R) ‘_| X

§.2.1.4.% Uplink Yoice Channel - Postdetection SP/N Ratio
(Audio Terminal Unit Output) -MCC/GSTON Site/
Peturn Locp Voice

® NSP - DOD Mode (No Tests Conducted) [ [ I [ I J r J l I “ [ l ] l
 NSP - NASA Mode/ALCU Dutput Enabled .

ATU-L (Jeice 1) X X ¥
| -ATU-R (Voice ?) O & !
1 iy

=10 N

-

11 JT7T

Uplink Voice Charael - Subjective Voice Duality
{(Audio Terminal Unit Dutput®

o NS"- TOD Node (No Tests Conducted) LTI T T T T T T I}
[

o NSF - RASA Mode/ACTU Dutput Enabled

$.2.1.4.7 -ATU-L (Vaice 1) Active Commands -
-ATU-R (Voice 2) Active Commands ] -
= I . (s}
$5.2.1.4.8 -ATU-L {Voice 1) Inactive Commands 11 21 2l x
i -ATU-R (Voice 2) Inactive Commands v N




Table 4.24.

»

STON Test Procedure versus Operational Modes (Cont'd)

X

ST'® M
Mrect Link
ESTL Test
Provedure
Section

Yoot

STOM Mode

STON High- Power Mode

Low Frequency

High Frequency

Low Frequency

High Frequency

Lo DatajHi Data

Lo Data

Hi Data

L
W/ w0 o/
Rngi Rng] Rrg

M/0
fnq

W ta

(:.o.)i::,g

N/

Rng} Rﬂl

W/0] ¥/
Rng

Ho
Data
{C.0.)

Lo Data

ni pata

Lo DatajMi Data

~/0
Rng| R

£.2.1.4.3

S.2.1.4.4

5.2.1.4.5

5.2.1.4.6

L2040

5.2.1.4.R

Uplink Voice Channel - Postdetection SHR (Audio
Interface nit (wtpyt)

® HSP - (VD Mnde (No Tects Congurted)
® NSF - BASA Made /ACCYH Mhytput Fnat.led

~Vofice 1 (AlU-1)
-Yoice ¢ (AIM-R)

Uplirk Voice Channel - Postdetection SP'N Re*io
(Avd 0 Terminal Unit Outjut)

e HSP - (NN Mnde {Nn Tests Condurted)
® PSP - HASA Mnde/ACCU Output Enabled

-ATU-L (Vnice 1)
-ATY-R (Voice 2)

plink Yoice Channel - Postdetection SP/N Patio
(Audin Intarface nit Qutput)

® HiP - DOD Made (Nn Tests Conducted)
@ NLP - NASA Mnde /ACCI Output Enabled

~Votce ¥ (AJU-L)
-Vpice 2 (AlY-R)

Uplink Voice Channel - Postdetection SP/N Ratio
(Audio Termina) Unit OQutput) -MCC/GSTIN Site/
Peaturn tncp Yoice

® USP - 00D Mode (No Tests Conducted)
o NSE - HASA Made/ACCYU Qutput Fnabled

AL (Redre 1)
“ATU-R (Vaice )

Upltink Voire Chacael - Subjectiva Voire Ouality
(Audin Terminal Unit Oytpyut!

® NSP - OIND Mnde (No Tests Conducted)
o NP - NATA Made/Arr1) Nytput £nabled

~ATI-U (Vrice 1) Active Commands
~ATU-P {¥nice 2) Artive Commands

~ATU-L (Vafce 1) Inactive Commands
~ATU-R (Yoice 2) Inactive Commands

o ' o
W/ |wof w/| oata Jurof ws Juso] ws | vata
gna] (€-0.) (.0.)

LI LT TTTTT MTTTT TTTTT ]

X

I

LLL T T TTTT]

LT 11

LITTT i

|

X 3 X
X

X
X

]

LI T 11

| .

LITITT TTTTTI

T

1
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-
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X
|

X
X
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-
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Tahle 4.24. STDN Test Procedure versus Operational Modes (Cont'd) 4
STON Mode STDN High-Power Mode
Low Frequency High Frequency l.ow Frequency High Frequency

STON PM
Direct Link Lo Data[Hi Data Lo Data[ni Data Lo Data[Hi Data Lo DataHi Data

ESTL Test No No No No

Procedure w/o| W/ |v/o| w7 | pata |w/o|ws Jwso)w/ | pata | [w/o}ws {wo] w/ | pata Jwso]w |wolw | sata

Section Test Rng Rnghkng Rng}(C.0.)| Rng|Rngj Rng|Rng] (C.0. )| | Rng|Rng] Rng] Rng| (C.0. )| Rng| R1g|Rng] Rraf (C.0. )

5.2.1.4.9 Uplink Voice Channel - Subjective Voice Quality
(Audio Interface Unit Qutput)

e NSP - DOD Mode (No Tests Conducted) L T T TV T 1TUTL T 1 i1 1 1 1] I 1 1 b ] |
@ NSP - NASA Mode/ACCU Output Enabled

-Voice 1 iAlU-L
-Voice 2 (AIU-R X

5.2.1.4.10 |Uplink Voice Channel - Subjective Voice Quality
(Speaker Microphone Unit Output)

Q
o NSP - DOD Mode (No Tests Conducted) LT 1Tt T T TT T m 1111 F 1 1t } %
2.

@ NSP - NASA Mode/ACCU Output Enabled
-Voice 1 (SMU-L)
-Voice 2 (SMU-R) X

5.2.1.4.11 ]Uplink Voice Channel - Subjective Voice Quality
(Audio Terminal Unit Qutput) - MCC/GSTDN
Site/Return Loop VYoice

o NSP - 00D Mode (No Tests Conducted) FTTTT1 T T T HTTT11] FLTTTTUD 1
® NSP - NASA Mode/ACCU Qutput Enabled

-ATU-L (Voice 1) XX
-ATI)-R (Voice 2) X | X

5.2.1.4.12 |Uplink Voice Channel - Word Intelligibility
(Audio Terminal Unit Output)

® NSP - DOD Mode (No Tests Conducted) L LT T 1 1T 1 11 H 1T 11 1 1 1 1 11 1
e NSP - NASA Mode/ACCU Qutput Enabled

-ATU-L (Voice 1) x| x|x|x

-ATU-R (Voice 2) Xix

5.2.1.4.13 |Uplink Voice Channel - Word Intelligibility
(Audio Interface Unit Output)

o NSP - DOD Mode (No Tests Conducted) LI T 11 LT T 11 T T TTT1T 1
@ NSP - NASA Mode/ACCU Output Enabled

-Voice 1 (AIU-L)
-Voice 2 (AIU-R) X

5.2.1.4.14 |Uplink Voice Channel - Word Intelligibility
(Audio Terminal Unit Output) - MCC/GSTDN

Site/Return Loop Voice =
® NSP - DOD Mode (No Tests Conducted) LT T TTTT MTTTT TTTTT 1%
@ NSP - NASA Mode/ACCU Output Enabled

-ATU-L }Voice 1) Xix
-ATU-R (Voice 2) X
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Table 4.24. STDN Test Procedure versus Operational Modes (Cont'd)

STON Mode STON High-Power Mode
Low Frequency High Frequency Low Frequency High Frequency
STDN PM
Direct Link Lo Data(Hi Data Lo Data]Hi Data Lo DatalHi Data Lo DatajMHi Data
ESTL Test No o No No
Procedure wsol w7 |wsol w/ | pata |wso]uy [w7o] W/ | Data || u/0] W/ [W/O W/ | Data [w/0} W/ IW/0] W/ | Data
Section Test Rng |Rng |Rng|Rng | (C.0. ){Rng [Rng [Rng {Rng (€.0.){{Rng{Rng|Rng JRng (C.0O. )inng Rnglknq Rng| (C.0.)

5.2.2.2.1 | Downlink TOM Channel® - Bit Error Rate
(Active Voice)

e NSP - DOD Mode/ACCU Output Enabled

-BER/330 Bit Sync Output
-BER/317D 8it Sync Output

o NSP - NASA Mode (No Tests Conducted)

5.2.2.2.2 | Downlink TOM Channel® - Bit Error Rate
(Inactive Voice)

e NSP - DOD Mode/ACCU Cutput Enabled

-330 B8it Sync Output
e Both FM Xmtrs Off, O Doppler X{ x| X
+60 kHz Doppler X{ x| x}|x X1 X
e 01 FM Xmtr On, 0 Ooppler X
160 kHz Doppler
o DF1 FM Xmtr On, 0 Doppler
+60 kHz Doppler
® Both FM Xmtrs On, O Doppler 3 X ‘
+60 kHz Doppler !

-317D Bit Sync Output \
e Both FM Xmtrs Off, O Doppler X)X i
+60 kHz Doppler X1 X

s FM Xmtrs On (No Tests Conducted)

& NSP - NASA Mode (No Tests Conducted)

5.2.2.2.3 Oownlink TOM Channel ~ Bit Error Rate
{inactive Voice) - Effects of MFR Channe)
Gain Differences

o NSP - DOD Mode/ACCU Output Enabled
-330 Bit Sync Output

CHA = CHB PoweEc
CHA 6 dB > CHB
CHA 10 d8 > CHB
CHA 16 dB > CHB
CHA 20 dB > CHB
A1) Power in CHAS

-3170 Bit Sync Output (No Tests Conducted)
o NSP - NASA Mode (No Tests Conducted)

{

t

|

|

|

]

|

|

[>e =
A

|

|

|

+

i

———.T.—-d——---—--—u

3 D

x >
> >

coocoo0e
| 3¢ 3¢ 3¢ 3¢ > >

o¢l

3%or all downlink tests, the uplink modulated with corresponding signal combination. unless noted.
bCondJcted with and without uplink modulation.
€At various attenuator settings.
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Table 4.24. STDN Test Procedure versus Operational Modes (Cont'd)

8
STDN Mode STON High-Power Mode
Low Frequency High Frequency Low Frequency Pigh Frequency
STDN PM
Divect Link Lo Data|Hi Data Lo DatalHi pata Lo oatallﬂ Dats Lo DatajHi Data
ESTL Test No No No
Procedure W/0Q W/ [W/OlW/ | Data fW/0] W/ [W/0]W/ | Data [|w/0f W/ (/017 | Data {W/0] w/ {vs0] W/ | Data
Section Test ng Rng [Rng [Rng } {€.0.)|Rng|Rng JRng JRng | (C.C.) |Rng|Rng jRng RRng (C.o.)il!ng Rng|Rng jRng | (C-0.)

5.2.2.2.4.1| Downlink TOM Channel? - tvaluation of Frame Sync
Strategy - 330 Bit Sync/403 Frame Sync Combination

e NSP-?

-Four Frame Sync Strategy Settings [LLj I I l h( Lr ]rI ] I 1 I l L l I I

5.2.2.2.4.2| Downlink TOM Channel® - Percent Data Loss
(Active Voice) - 330 Bit Sync/403 Frame Sync
Combination

o NsP-? LI P T T IxIxIxIx W T T TT T TTTT 1]

5.2.2.2.5.1] Downlink TDM Channel? - Evaluation of Frame Sync
Strategy - 3170 Bit Sync/MSFTP-11 DECOM System
Combination

e NSP - ?

-Four Frame Sync Strategy Settings LL[ [ T [ I 1Xl [ ” l J ] I _[ [ l l1 ]

5.2.2.2.5.2] Downlink TOM Channel® - Percent Data Loss
(Active Voice) - 3170 Bit Sync/MSFTP-11

o NSP-7 (LI DI T T TTT TTTTT 1

5.2.2.3.1 Downlink Telemetry Channel? - Bit Error Rate

e NSP -7 Active Voice
Inactive Voice X X x| x

5.2.2.4.1 Downlink Voice Channel? - Bit Ervor Rate
® NSP - DOD Mnde/PSS Enable On

-Voice 1 (DEMUX X1 x1 x| x

-Voice 2 {DEMUX | L o lxix | 1 ]— 1 _ N N
» NSP - NASA Mode (No Tests Conducted) ~ ] ]

5.2.2.4.2 Downlink Voice Channel? - Postdetection SNR
{Audio Terminal Unit Input)

o NSP - DOD Mode (No Tests Conducted) A N OO D S N A N N O O A D O |
o NSP - NASA Mode/ACCU Enable On

-Voice 1 éoown Xp x| xtx

-Voice 2 (Down X1 X

3or all downlink tests, the uplink modulated with corresponding signal comhination, unless noted.

et
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. Table 4.24. STDN Test Procedure versus Operational Modes (Cont‘'d) , 7
STON Mode STDN High-Power Mode
Low Frequency High Frequency Low Frequency High Frequency

STON PM

Direct Link Lo Data Hi Data Lo DatajHi Data Lo Data]Hi Data Lo DatajHi Data

ESTL Test No No llo No
Procedure H/O Data |W/0{ W/ JW/0] W/ | Data J1W/O0] W/ {W/OL W /0 N/ [N/01 W/ | Data
Section Test Rng Rng an (C.0. )| Rng| Rng| Rng|Rng |(C-0-) l{ Rng] Rng|Rng i(c 0 )| Rng| fing{ Rng| Rng}(C-0.)

5.2.2.4.3 Downlink Voice Channel? - Postdetection SNR
(Audio Interface Unit Input)

o NSP - DOD Mode (No Tests Conducted) F1TT7T T 1T ©LLE T 1 T 111 [T TTTT 1
; e NSP - NASA Mode/ACCU Enable On

-Voice 1 (Down X
-Voice 2 (Down

5.2.2.4.4 |Downlink Voice Channel® - Postdetection SP/N
| Ratio (Audio Terminal Unit Input)

o NSP - DOD Mode (No Tests Conducted) LT T 11 L1 1 1 111 |
o NSP - NASA Mode/ACCY Enable On

-Voice 1 {Down) X1 Xpxgx

-Voice 2 (Down) X x

5.2.2.4.5 Downlink Voice Channel? - Postdetection SP/N
Ratio (Audio Interface Unit Input)

o NSP - DOD Mode (No Tests Conducted) (TTTT 1T 111t 1 vt i L L1 1 i }
o NSP - NASA Mode/ACCU Enable On

-Voice 1 {(Down) X
-Voice 2 {Down)

5.2.2.4.6 |Downlink Voice Channel? - Postdetection SP/N
Ratio (Audio Terminal Unit Input) - MCC/GSTDN
Site/Return Loop Voice

o NSP - DOD Mode {No Tests Conducted) r[ l ll l 1 I | l ]] | l l I J rr I j l

@ NSP - NASA Mode/ACCU Enable On
~-Voice 1 (Down) Xi{xpxgx ]I

-Voice 2 {Down) X x

5.2.2.4.7 |Downlink Voice Channel® - Subjective Voice
Quality (Audio Terminal Unit Input)

© NSP - 00D Mode (No Tests Conducted) 0 N T N T NN N N N N

@ NSP - NASA Mode/ACCY Enable On
-Voice 1 *Dom; XEXpxix
-Voice 2 (Down X1Xx

3tor all downlink tests, the uplink modulated with corresponding signal combination, unless noted.
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Divect Link
ESTL Test

Procedure
Section

STON PM

Low Frequency
Lo Data

Table 4.24. STON Test Procedure versus Operational Modes (Cont'd)

STON Node

5.2.

5.2.2.

Test
2.4.8

Quality (Audio Interface Unit Input)

@ NSP - DOD Mode (No Tests Conducted)

o NSP - NASA Mode/ACCU Enable On
-Voice 1 {Down)

-VYoice 2 (Down)
4.9

Downlink Voice Channel® - Subjective Voice

Hi Data

wW/o|w/

to Data

High Frequency

Hi Data

STON High-Power Mode

Low Frequency

No
W/0] W/ | Data
Rng |Rng] Rng| Rngl (C.0.)

W/0| W/

No

High Frequency
Lo DataHi Data

CITT 11

w/o| w/
fng| Rng| Rng

Data
Rng|(C.0.)

Lo Data

Hi Data
Data jw/0]w/ w/oiw/
Rng| Rngf Rng|Rng} (€.0.)] Rng anq

Y No
u/ol w wojw
R

Data
Rng|Rng {c.0.)

5.2.2.4.

5.2.2.4.11

5.2.2.4.12

Downlink Voice Channel® - Subjective Voice
Quality (Speaker Microph

Unit Input)
o NSP - DOD MuJe (No Tests Conducted)

@ NSP - NASA Mode/ACCU Enable On
-Voice 1

-Voice 2 (Down
10

Downlink Voice Channel? - Subjective Voice
Quality (Audio Terminal Unit Input) - MCC/GSTON
Site/Return Loop Voice

e NSP - DOD Mode (No Tests Conducted)
@ NSP - NASA Mode/ACCU Enable On

-Voice V (Down)
~Voice 2 (Down)

Downlink Voice Channel® - Word Intelligibility
{Audio Terminal Unit Input)

@ NSP - DOD Mode (No Tests Conducted)

® NSP - NASA Mode/ACCU Enable On

-Voice V (Down)
-Voice 2 {Down)

[T T 11

T 11]

X

L1171

]

CT T 11

{1

[T T 1

FT 11 1

L1 11

[ 1

[ 1

XiX

1i

[ {11

XX

| I .

1 I O

Downlink Voice Channel? - Word IntelVligibility
(Rudio Interface Unit Input)

e NSP - DOD Mode (No Tests Conducted)

[ T T 11

X

X

X
X

LTI 11 1

@ NSP - NASA Mode/ACCU Enable On
~-Voice 1 (Down

-Voice 2 (Down

L1 1

[T 1T1

I |

Acor all downlink tests, the uplink modulated with corresponding signal combination, unless noted.
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Generally, the STDN S-band PM direct 1ink test procedures meet
the TRAS requirements. The procedures appear to be well thought out,
well-written and very comdlete. It should be noted that the STON TRAS
report was written in September 1977 and the STON PM direct link test
procedures were written fn June 1978. Many of the STON direct 1ink tests
have been recently completed in the ESTL; however, there has been a sig-
nificant time period between completing the documentation and conducting
the tests. During this time period, a number of equipment operating
parameters have been changed which are not reflected in the STON TRAS
reports or the STON procedures. The ESTL personnel are aware of many of
these changes, have in some instances modified the tests to reflect the
current situation but have no plans to formally change the documentation.
Therefore, many of the comments discussed in this report have already
been addressed by the approrpiate ESTL personnel.

The STDN PM direct link test procedure comments are divided
into two sections. The first section concerns the test parameters and
equipment used and the second section compares specific tests with the
corresponding TRAS number.

4.4.3.1 General STDN test procedure comments

In reviewing the STDN S-band ESTL test procedure, there are
four comments concerning the test parameters and equipment used. The
four comments are:

(1) On pages II1-4 and 1I1-5 describing the uplink and down-
link signal performance requirements, respectively, the PM modulation
indices have been changed because of interference on the ranging chan-
nel. Also, the required Prec/No has been changed as documented in
"Space Shuttle Communications and Tracking Link Circuit Margin Summary,"
April 1979, EH2-M79-039, and will be reflected in ICD 2-0D004 in the
next revision (PRIN 14). On page III-4, 66.0 dB-Hz s/b 61.8 dB-Hz for
combination 25 and s/b 58.3 dB-Hz for combination 25A. On page III-5,
63.7 db-Hz s/b 68.3 dB-Hz, 60,7 dB-Hz s/b 65.3 dB-H, 66.0 dB-Hz s/b
70.7 dB-Hz for combination 3 and s/b 67.7 dB for combination 4.

-
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(2) On page I11-6 and throughout the remainder of the test
procedure, the maximum doppler offset specified is t60 kHz; however, in
the latest network transponder specification, RI Specification MC 478-
0106 Rev. E, Seq. 04, the +60 kHz has been changed to £55 kHz.

(3) It should be noted that the doppler extractor (DE) has
beer, eliminated from the S-band system; however, the DE is required for
the ESTL to perform a number of tests. The point is that the DE which
the ESTL possesses is no longer being evaluated as part of the S-band
system but is being used as a piece of test equipment.

(4) In some tests, the NSP is in the DOD mode while, in other
tests, the NSP is in the NASA mode. When the STDN procedures wer: writ-
ten, the DOD mode indicated encrypted operations and the NASA mode indi-
cated clear or nonencrypted operations. Since the STON operational mode
is strictly NASA, it would seem illogical that a portion of the tests
were to be conducted in the DOD mode.

The apparent illogic is really a moot point because, since
the STDN procedures were written, a number of operational changes have
evolved. For uplink operations, both the DOD and NASA modes will now be
encrypted and, for downlink operations, the DOD mode will now be encrypted
while the NASA mode now may or may not be ecrypted. For the purposes of
this report, however, DOD mode will still mean encrypted and NASA mode
will still mean clear or nonencrypted.

The comment is that some of the ESTL tests no longer
reflect current operational practices. For example, there are a number
of STON uplink tests that are in the clear mode when the encrypted mode
should be used. It would be desirable to reconduct some tests.

4.4.3.2 Specific STND tests/TRAS comments

Table 4.25 summarizes the comments resulting from comparing the
specific ESTL STDN tests with the TRAS requirements. Some of the comments
have already been discussed in the previous section, such as the change
in the required Prec/No, the new doppler maximum offsets and the NSP
being tested in either the DOD or NASA mode. There are, however, some
new comments such as mean-time-to-unlock and carrier-to-noise ratio
tests not being conducted as required by the TRAS and the acquisition
time changing as a result of a network transponder performance specifica-

tion change.

.lIIlIIIIIllllllllllllIlllllllIIlll--------:;____________________________
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Table 4.25. Tests versus TRAS
. STON PM
Direct Link
ESTL Test
Procedure
" Section TRAS No. Test Procedure Comments
5.2.1.1.1 SD-101 @ NSP tested in DOD mode only
5.2.1.2.1 SD-101 @ NSP tested in DOD mode only
and
SD-102
5.2.1.2.2 SD-101 @® NSP tested in DOD mode only
SDa-nldOZ @® 160 kHz doppler offset outside of tran-
sponder specification of +55 kHz
@® Prec/No = 66.0 dB-Hz used for the high
£ and low data rates, with ranging, success
criteria has been changed to 61.8 dB-Hz
and 58.3 dB-Hz, respectively.
5.2.1.2.3 $D-102 ® 0K
8 and
SD-103
5.2.1.3.1 SD-104 @® BER's cannot be measured for the command
and and channel (test points not available).
5.2.1.3.2 S0-105 Decoded command channel serial BFR extrapo-
. lated using message rejection rate data.
5.2.1.3.3 SD-104 ® 0K
and
SD-105
» 5.2.1.4.1 SD-106 ® NSP tested in DOD mode only
and
SD-1M
5.2.1.4.2 SD-106 @ NSP tested in NASA mode only
5.2.1.4.3 and
» 5.2.1.4.4 SD-111
5.2.1.4.5
5.2.1.4.6
5.2.1.4.7
5.2.1.4.8
5.2.1.4.9
’ 5.2.1.4.10
5.2.1.4.1
5.2.1.4.12
5.2.1.4.13
5.2.1.4.14 ’
t NSP-DOD mode = Encrypted
’ NSP-NASA mode = Clear
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STDN PM
Direct Link
ESTL Test
Procedure
Section | TRAS No. Test Procedure Comments
- SD-106 Percent data loss not performed specifically
and for uplink voice channel
SD-1M
5.2.2.2.1 SD-107 @ NSP tested in DOD mode only
® PREC/No = 63.7 dB-Hz; s/b 68.3 dB-Hz
5.2.2.2.2 SD-107 @ NSP tested in DOD mode only
@® 160 kHz doppler offset outside of tran-
sponder specification of 55 kHz
@ PREC/No = 63.7 dB-Hz; s/b 68.3 dB-Hz
“ PREC/No = 60.7 dB-Hz; s/b 65.3 dB-Hz
® PREC/No = 66.0 dB-Hz; s/b 70.7 dB-Hz
for combination 3 and 67.7 dB-Hz for
combination 4
5.2.2.2.3 SD-107 @® NSP tested in DOD mode only
5.2.2.2.4.1 | SD-108 ® NSP mode not specified
5.2.2.2.4.2 and
5.2.2.2.5.1 | SD-110
5.2.2.2.5.2
5.2.2.3.1 SD-i08 @ NSP mode not specified
sonhg | @ PREC No = 63.7 dB-Hz; s/b 68.3 dB-Hz
@ PREC/No = 60.7 dB-Hz; s/b 65.3 dB-Hz
@® PREC/No = 66.0 dB-Hz; s/b 70.7 dB-Hz
for combination 3 and 67.7 dB-Hz for
combination 4
5.2.2.4.1 SD-110 @® NSP tested in DOD mode only
and
S$D-1

NSP-DOD nmode = Encrypted

NSP-NASA mode = Clear
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STON PM
Direct Link
ESTL Test
Procedure
Section TRAS No. Test Procedure Comments |
5.2.2.4.2 SD-110 | @® NSP tested in NASA mode only
5.2.2.4.3 and
502020404 so"]]
5.2.2.4.5
5'2.2.4.6
5.2.2.4.7
5.2.2.4.8
5.2.2.4.9
5.2.2.4.10
5.2.2.4.11 SD-110 |@ NSP tested in NASA mode only
oy |® PREC/No = 63.7 dB-Hz; s/b 68.3 dB-hz
® PREC/No = 60.7 dE-Hz; s/b 65.3 dB-Hz
@® PREC/No = 66.0 dB-Hz; s/b 70.7 dB-Hz
for combination 3 and 67.7 dB-Hz for
combination 4
5.2.2.4.12 SD-110 |@ NSP r2sted in NASA mode only
oy | @ PREC/No < 63.7 dB-Hz: s/b 68.3 dB-Hz
5.2.2.4.13 SD-110 | @ NSP tested in NASA mode only
. |@ PREC/No = 63.7 dB-Hz; s/b 68.3 dB-Hz
@® PREC/No = 60.7 dB-Hz; s/b 65.3 dB-Hz
® PREC/No = 66.0 dB-Hz; s/b 70.7 dB-Hz
for combination 3 and 67.7 dB-Hz for
combination 4
- SD-110 Percent data loss not performed specifically
and for downlink voice channel
So-11
5.2.3.1.1 SD-112 $60 kHz doppler offset; s/b £55 kHz

4-second acquisition time; s/b 6 seconds

Mean-time-to-uplink and carrier-to-noise
ratio tests not conducted

High-frequency mode, iiigh data rate with
ranging tests not conducted.

NSP-DOD mode = Encrypted

NSP-NASA mode = Clear
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Tests versus TRAS (Cont'd)

5.
b
£
}

STON PM
Direct Test
ESTL Test
Procedure
Section TRAS No. Test Procedure Comments
5.2.3.2.1 SD-113 @ 160 kHz doppler offset; s/b 58 kHz
@ The downlink tests with the ranging
channel enabled cannot be performed as
described with only the carrier present on
the uplink
@® Mean-time-to-unlock and carrier-to-noise
rati. tests not conducted
5.2.3.3.1 SD-113 @ 160 ¥z doppler offset; s/b 255 kHz
5[’;“‘;4 @® The 8-second two-way acquisition time
$D-115 s/b 10 seconds (6-second uplink acquisition
+ 4-second downlink acquisition)
5.2.3.3.2 SD-112 @® :60 kHz doppler offset; s/b 255 kHz
and
5.2.3.3.3 SD-113
5.2.3.3.4 SD-113 @ Maximum transponder specification doppler
SD-114 rate s 5 kHz/s; maximum test rate {s
and -4 kHz/s.
SD-115
5.2.4.1 SD-116 @® 1.0 radian modulation index as specified
has been changed
5.2.4.2 SD 116 @® 0.6 radian modulation index as specified
has been changed
5.2.4.3 SD-116 @ PREC/No > 66.0 dB-Hz; s/b 61.8 dB-Hz for
and uplink and 70.7 dB-Hz for downlink
S0-117 | @ 460 kHz doppler offset; s/b £55 kHz
5.2.5.1.1 SD-102 @ PREC/No = 66.0 dB-Hz; s/b 61.8 dB-Hz
S0-193 | @ 60 kiz doppler offset; s/b 55 kHz
SD-118
5.2.5.2.1 SD-119 @ PREC/No (up) > 66.0 dB-Hz; s/b 61.8 dB-Hz
b | @ PREC/No (down) > 63.7 dB-Hz; s/b 68.3 dB-Hz
@ PREC/No (down) > 60.7 dB-Hz; s/b 65.3 dB-Hz
® PREC/No (down) > 66.0 dB-Hz; s/b 70.7 dB-Hz
@ :60 kHz doppler offset; s/b £55 kH2
NSP-DOD mode = Encrypted

NSP-NASA mode = Clear




PRGNy T T O T A T T N 7 g

132

4.4.4 Conclusions

Overall, the STDN test procedures are well thought out,
well-written and generally meet the TRAS requirements. Of the comments
outlined in this report, most have been addressed by the ESTL personnel
even though the ESTL has no plans to formally change the test procedure
documentation.

The major concern, of course, is the STDN tests that have been
conducted with the NSP in a mode that no longer reflects the current
operational practices. It is recommended that at least some tests be
reconducted with the NSP in the proper mode in order to assure that the
equimment will meet mission requirements.

As previously stated, Axiomatix possesses all three TRAS
reports: STDN, TDRS and AF/SCF (SGLS). Axiomatix has requested all three
corresponding test procedures but NASA has supplied only the STON pro-
cedures. This report. therefore, has evaluated only the STON procedures
and Axiomatix will require the other two procedures should NASA desire
a similar evaluation.
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4.5 Peak Regulator Design and Performance

During the first quarter of 1979 and prior to the decision
being made to use the PI internal RMS type regulator for the wideband
bent-pipe signal amplitude control (see subsection 3.2.6), Axiomatix
pu~sued a laboratory investigation of the performance of a signal-peak
type regulator. The purpose for this activity was twofold:

(1) To demonstrate the simplicity of implementation using
readily available integrated circuits

(°) To show that the peak regulating loop would be stable

.

and perfori. .0 expectations for all input waveforms.

Figure 4.16 is a circuit diagram for the Axiomatix peak regu-
lator breadboard, and Figure 4.17 shows the companion timing logic cir-
cuits. Most of the regulator design is based upon operational amplifier
configurations. The amplifiers having the AD prefix are Analog Device
types, and AD583 is the sample/hold amplifier. Block AHO152 is a FET
switch used to discharge the peak detector capacitor (100 pf). Clamp
for the error voltage amplifier output is provided by the pair of
reversed IN457 duo-diode groups. Timing waveforms are produced by mono-
stable multivibrators.

The RCA CA3002 was originally selected because of its large
gain control capability--up to 70 dB for a 1.5 V control voltage differ-
ential range. When the amplifier was tested to ascertain all of its
operating characteristics, it was discovered that the maximum input
voltage had to be limited to 150 mv p-p. Above this value, virtually
independent of the gain control bias, the amplifier output exhibited a
voltage saturation (compression) condition. The result was that the
amplifier could not be driven to the levels intended in the original
design. This, therefore, necessitated an adjustment of the intended
operating point and resulted in a regulating range of 10 dB below the
nominal input and 6.5 dB above the nominal input (rather than +20 dB).
It was decided, however, that this would not compromise the prime rea-
son for the breadboard evaluation of demonstrating excellent peak-to-
peak regulation as a function of a variety of complex waveforms plus
4.5 MHz Towpass noise.

o ) st 4
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The initial regulator breadboard was constructed with a full
wave linear rectifier. This circuit performed very well as a function
of input frequencies up to 2.5 MHz. Above 2.5 MHz, however, unsymmet-
rical phase shifts appeared between the waveforms produced by the indi-
vidual half-wave rectifier outputs. Further, the overall frequency
response was limited to about 3 MHz due to the inability of the ADS507
amplifiers to preserve the harmonic structure of the full-wave waveform
above this frequency. Rather than redesign the full-wave rectifier using
different (wider bandwidth) amplifiers, it was decided to use a linear
half-wave circuit instead, as all the contemplated input waveforms are
amplitude symmetrical. This change eliminated two AD507 amplifiers,
with the result that the half-wave rectifier response was found to be
L adequate up to 4.2 MHz utilizing IN914 diodes.

‘; » A1l the remaining circuits performed essentially as expected.
The peak error sampling rate was chosen as 1 kHz, and the peak detector
averaging time per sample is 0.99 ms. Thus, for any of the various wave~
‘ form shapes considered, where the lowest subcarrier (sinusoid) frequency
B is expected to be about 30 kHz and random noise occupies the full 4.5 MHz
! bandwidth, each peak sample should be very close to the true peak value
of the waveform. Averaging over a thousand or so error samples also
provides the loop with a reasonable rapid response to dynamic input
0 level changes, but is sufficiently long to obviate response to very
t short signal transients or the possibility of an occasional impulse
: noise burst.
Table 4.26 summarizes the regulator performance measurements.
As can be seen, the regulation range of -10 dB to +6.5 dB about the
nominal (calibration) point was achieved.
The throughput frequency response of the regulator was measured
exclusive of the LPF, and the 3 dB frequency was found to be about 5.2 MHz,
*f:; the main contributor to the roll-off being attributed to the +20 dB output
' amplifier. With the input LPF connected, the throughput 3 dB frequency
was 3.9 MHz.

The remainder of the measurements made on the regulator were
rather qualitative and consisted of mixtures of signal waveforms and noise.
 { A 1.024 MHz sine wave (representative of a subcarrier), a 200 kHz square
wave (representative of NRZ data), and random noise were combined at vary-
ing levels and the regulator input and output observed on the scope. The
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Table 4.26. Measured Peak Regulator Performance

g » vi v0 % Error
E 25 860 4.0
k Exceeds Regulator Specification
: 50 970 . 3.0
" 100 992 0.8
? 100 996 0.4
i Calibration
: 178 1000 0.0
i
. 300 1002 0.2
. 400 1006 0.6
500 1009 0.9
600 10N 1.1 l
700 1018 1.8 Exceeds Regulator Specification
800 1028 2.8 ‘
900 1050 5.0
CA3002 Amplifier in Compression
1000 1100 10.0

A1l voltages are in mV-peak

-

WA A - A v e AL i By



B a2 L, 4 o4 SO O
v ¢

138

performance was judged to be as expected. It was estimated that the
regulator was able to hold regulation on the 4.5 MHz noise peaks at
about 2.75¢.

The regulator was never observed to exhibit instability, and
was able to accommodate input on/off step transients.

Except for the somewhat 1imited regulator dynamic range of
16.5 dB, all other aspects of the peak regulator design and breadboard
evaluation met the objectives set for the effort. If, in the future,
it is desired tc increase the dynamic range to the original design goal
of 40 dB, this may be done by replacing the CA3002 amplifier with a FET
or diode current contrclled attenuator configuration.
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5.0 CONCLUSIONS

This report has covered Axiomatix's fnvolvement and assessments
with the evolving S-band hardware at TRW. The LRU's covered have been:

LN BBl o St

(1) Network Transponder

(2) Network Signal Processor
(3) FM Transmitter

(4) FM Signal Processor

(5) Payload Interrogator

(6) Payload Signal Processor.

The first four LRU's, which collectively represent the network
hardware, have all passed through the qualification testing phase of
development. As a result, Axiomatix's future involvement with these
units will likely be 1imited to their performance as derived from sys-
tem tests and any malfunction problems that might be attributable to
basic design flaws.
Items (5) and (6), the payload PI and PSP units, have both
passed through the preliminary design phase, but await critical desian
evaluations. (The CDR's are presently scheduled for April 1980.) As
indicated in Sections 3.0, 4.1 and 4.2, there exists a number of open
design and performance issues on these LRU's. Thus, Axiomatix will con-
tinue to monitor their development progress and provide supporting anal-
ysis with regard to design and performance for at least another year. ;
Other work has involved evaluation of the network transponder §
QTP and the ESTL network equipment verification plans. The QTP review
has been completed. More activity, however, is planned with regard to
the ESTL procedures as the work to date has only classified the tests
in matrix form--it has not evaluated the test configurations in detail
nor analyzed the data already produced from some testing.
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N APPENDIX A
1 DESCRIPTIONS OF THE PRINCIPAL AVIONIC EQUIPMENT z
* 1.0 ORBITER AND PAYLOAD COMMUNICATION SYSTEM OVERVIEW

R Figure A.1 is an overall interconnection diagram showing the

t Shuttle Orbiter principal communication hardware LRU's as well as the
functional payload subsvetems. The following sections describe at a
functional detail level those Orbiter LRU's with which this contract has
been concerned. Descriptions for the Payload Interrogator and the Pay-
load Signal Processor are found in the main body of this report, subsec-
tions 4.1.1 and 4.1.2, respectively.

L 2.0 S-BAND NETWORK TRANSPONDER

A functional network transponder block diagram §s shown in Fig-
ure A.2. The received signal, processed through the preamplifier in the
TDRS mode or through the transponder triplexer receiver filter (high or

. & Tow) in the SGLS or STDN direct 1ink modes, is amplified by a low-noise
S-band input amplifier prior to downconversion to approximately 240 MHz.
A second coherent downconversion brings the signal to 31 MHz where, in
the TDRS mode, despreading is accomplished by the spread spectrum pro-
cessor which uses a noncoherent code search loop. The TDRS despread
signal is routed to the carrier Costas loop used to derive phase tracking
information. In the SGLS and STDN modes, the Costas lonp configuration
is also used to track the residual carrier. Demodulation of command and
ranging signals is accomplished using an off-1ine wideband phase detector
so that the Costas loop detector predetection bandwidth is optimized for
tracking performance. Both tone ranging and data outputs from the
receiver are noncoherently AGC'd to maintain a constant RMS signal-plus-
noise level to the associated subsystems.

A1l frequencies are derived from two switchable VCX0 subassem-
blies and one reference crystal oscillator. The reference oscillator
operates at 31 MHz and thus places the second IF at 31 MHz. This is suf-
ficiently high in frequency to provide good first IF image rejection and
still allow the use of narrowband second IF filters. Channel selection
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is provided by changing the VCX0 frequency. Each VCX0O subassembly
contains four VCX0's for two-channel operation in either the SGLS or
STON/TDRS modes. A simple unique multiplier configuration is used,
employing phase-locked oscillators to accomplish the %25 (second LO),

x14 or x15 (first LO), and x15 or x16 (transmitter drive) multiplication,
8y simply changing the divider feedback ratios, the multiplication factor
can be changed. This technique provides the wide percentage bandwidth
multiplication required for multimode operation while yielding very low
spurious products. The final first local oscillator multipification ratio
x6 or x7) is selected as a function of mode.

The third mixer in the second LO chain offsets the second LO fre-
quency using a 62 MHz reference signal so that the second IF is fixed and
does not vary as a function of received frequency. Therefore, the spread
spectrum processor and the Costas loop preselection filters operate at
the same frequency regardless of input channel selection. The drive fre-
quencies to the third mixer are at twice the first IF and twice the ref-
erence oscillator frequency. This eliminates the potential problem of
generating a aigh-level signal at the third mixer exactly equal to the
first IF frequency, which could result in a self-lock condition.

Downlink STDN or SGLS linear modulation is accomplished at
about 560 MHz, then multiplied by 4 to S-band. An S-band solid-state
power amplifier provides a low-level (TDRS) or high-level (STDN/TDRS)
output depending on mode selection.

3.0 NETWORK SIGNAL PROCESSOR (NSP)

The block diagram of the Network Signal Processor (NSP) is
shown in Figure A.3.

The NSP consists of individual forward l1ink return 1ink, and
record mode processing circuits. The three processes operate concur-
rently, thus providing full duplex operation of the forward and return
links in addition to the record mode proce.sing.

Mode controls define the particular data rates, the nature of
the data, the need for convolutional encoding and decoding, and the need
for voice delta modulating or demodulating. Interface controls define
the input data source and the PCM telemetry source.

S P DR ST



GSE

Sta ID___
MDM Clock {Doppler Extréctor
. ¥ Invert Data Cmd — Data ta e ) anal
om : QCK o A Demod nalog
Z-Band #1 Bit Sync b Sync] "¢ r]SJ:(nc Demux - d Ef Yoice to
Xoander Bit | Lockl_tecoder JClocky 0 A Demo ACCU 1 & 2
Error
Data Clock Data Clock  Data Clock
Data ] Dat
ata
Lq Data CMD . \
Selector %%—k-‘ Viterbi H L—e{ Selector Sutl')’:)oit (I/O Bu]ffer ‘:;;dlg];::cr DPS
A (0314 o1 Decoder r.LSﬁ_.a B Yok Incl 1 MHz |g* MDM
Clock Cloc Decoder |Clock,, Clock) Dé Rea -
* iscr
Data f—f LMsg Valid I
From Clock | %E,
COMSEC '™ Data e
unit - C1 9 =
ock 2 =
- > C:‘
Data Clock o=
Clock i Clock ‘pm T E
COMSEC 25 e -— 2 Master = =
COMSEC < Data Data o Di2-L Data Unit ==
Unit l Clock Big-L Data I] 8 2 —
Selector . W
c Multiplexer ‘ Lo oS
Clock Clock A Mod lAnalog Voice 2.
- o Clock | S =
E?tak — Data ™% From Accu = =
oc ‘ =
To |~ 82 to tal“ [ Clock ] 5 Mod j‘ &2
iég:;gr‘« ‘60:359 Data PConvo‘i (dock &lock rClock
Encoder Clock Frequency 1.152 MHz
BiooL Converter PCM Clock
14~
GSE Data
&
Figure A.3. Network Signal Processor Functional Diagram




A6

A1l input data is introduced through the bit synchronizer, with i
four input controls identifying the data source, one f{nput control identi- i
fying the data rate, and another input control identifying the hard or i
soft decision. When bit synchronization is achieved, a status bit is E
provided to the MDM.
The bit synchronization data output and the derived clock are
delivered to the convolutional decoder through selector A which has data
invert control logic. Selector A is where the mode control determines {f
the convolutional decoder is to be employed. In the coded mode, the con-
volutional decoder provides its own data inversion capability. At selec-
tor B, if the data is identified as DOD data by mode control, it is output
to the COMSEC unit and clocked back .nto the NSP after decryption.
Following detection (and decoding), the data is presented to
the frac.c synchronization logic for frame pattern recognition. Once
frame synchronization lock has been achieved, a lock signal informs the
MDM of the frame synchronization status. Finally, the forward 1ink func-
tion of demultiplexing and rate buffering is performed.
Command data is checked for errors in the BCH decoder, modified
appropriately, and stored in a buffer. A message-valid pulse is sent to
the MDM for every command word that passes the BCH and vehicle address
checks. After 10 commands have been received, a signal is sent to the
MDM indicating a data-present status. Upon request., 32 16-bit words are
sent to un associated subsystem. The first word contains the status of
the NSP, words 2 through 31 contain commands, and word 32 contain a bit
for each command transmitted, representing the validity of that command.
The return 1ink consists of multinlexing telemetry and voice
data. The multiplexing function is keyed to the frame synchronization
pattern included with the telemetry data. For DOD date, once the multi-
plexing function has been performed, the data is routed to the COMSEC
equipment for encryption. A1l data (NASA or DOD) may also Le convolu-
tionally encoded as desired. Finally, the coded or uncoded data is NRZ-
to-Manchester converted pricr .0 transmission, Return link data is
provided simultaneously to the S-band and Ku-band network.
The record mode multiplexes the voice data only with the
selected 138 kbps PCM data. In NASA submode 1, the 128 kbps telemetry
is multiplexed with the two dedicated voice channels. In NASA submode 2,

Y
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the 128 kbps telemetry is simply routed to the drivers for transmission
to the recorders. In the DOD mode, the recorder data is taken from the
return 1ink COMSEC encrypter (effectively bypassing the entire record
mode processing logic).

4.0 FM SYSTEM

Figure A.4 shows the diagram of the FM Signal Processor (FMSP)
and Transmitter. The functions of baseband moduiation, mixing, routing,
impedance matciiing, and operational switching are accomplished by the
signal processor. Payload signals, whether they be wideband analog,
high-rate digital, or low-rate digital, are buffered in a matching net-
work and passed through the mode selection and wideband amplifier to
the FM transmitter,

The FMSP and FM transmitter provide a capability for transmis-
sion of data not amenable for incorporation into the limited-rate PCM
telemetry data stream. The data to be transmitted via FM include tele-
vision, digital data from the main engines during launch, wideband pay-
load data, or digital data from the PR or the API. Video and wideband
digital and analog signals are routed to the FM transmitter with only
matching and filtering, but narrowbaid digital engine data a:i2 placed on
subcarriers at 576, 768 and 1024 kHz. No pre-euphasis or other special
processing is employed.

The FM transmitter provides the functions of carrier frequency
modulation and RF power amplification. It operates at 2250 MHz with an
output power of 10 W. Both baseband and RF filtering are provided to
reduce out-of-channel interference to the Network Transponder, PI, and
payload receivers. The nominal RF bandwidth is 10 MHz.

4.1 Ku-Band Signal Processor (KuSP)

The Ku-Band Signal Processor (KuSP) shown in Figure A.5 performs
the functions of data and signal processing for the Ku-band forward and
return links. For the forward link, two modes are available:

(1) A special mode for amplitication and impedance matching
of data from the Ku-band receiver and communication processor assemblies
for delivery to the NSP.
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(2) A normal mode which performs the operations of bit

synchronization, clock generation, ambiguity resolution (data and clock),

bit detection, frame synchronization, and data decommutation of Ku-band
received data.

Return link signals are handled in the KuSP by modulating the
data in one of two modes before up-conversion to Ku-band frequencies.
The two selectable modes multiplex three channels carrying a wide vari-
ety of data. In mode 1, the PM mode, the high-rate data channel is con-
volutionally encoded before modulation onto the carrier. The lower rate
data channels 1 and 2 are QPSK modulated onto a square-wave subcarrier
which is, in turn, PSK modulated in quadrature with channel 3 onto the
carrier,

6.0 PAYLOAD DATA INTERLEAVER (PDI)

A block diagram of the Payload Data Interleaver (PDI) is shown
in Figure A.6. It is basically a multiplexer capable of combining vari-
ous asynchronous data streams into a single serial data stream. The PDI
provides for reception of up to six asynchronous payload PCM streams,
five from attached payloads and one from the PSP that is active (detached
payload). An input switch matrix selects four of the inputs for the bit
synchronizers. The "chain" functions of bit synchronization, decommuta-
tion and word selection are provided for up to four simultaneous PCM
streams in two possible modes:

Mode 1: In this mode, a chain bit synchronizes, master-frame
synchronizes, minor-frame synchronizes, and word synchronizes to the
incoming data stream. The word selector blocks data into proper words
for storage in the data RAM and/or toggle buffer. PCM code type, bit
rate, PCM format, synchronization codes, and word selection are program-
mable under control of the decormutator format memories. Two word
selection capabilities for this mode of operation are as follows:

Type I: The first type selects all, or a subset of, the
words in a payload PCM format minor frame (or master frame for formats
without minor frames) for storage in the toggle buffer.
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Type II: The second type of word selection is by
parameter. The specification of a parameter consists of its word location
within a minor frame, the first minor frame in which it appears, and its
sample rate. The specification is provided as part of the decommutator
control memory format load.

Mode 2: In this mode, a chain bit synchronizes to the incoming
data, blocks it into 8-bit words, blocks the 8-bit words into frames, sup-
plies synchronization pattern at the start of each frame, and includes
the status register as the last three 16-bit words of each frame, A
homogeneous data set for this mode of operation is defined as all infor-
mation within this PDI-created frame. Code type, bit rate, frame length,
and synchronization pattern are programmable under control of the decom-
mutator format memories, The frames are supplied to the toggle buffer
for storage as homogeneous data sets. No data is supplied to the data
RAM in this mode of operation.

A status register containing the status and time for a given
chain operation is provided by the word selector to the Toggle Buffer
(TB) control logic. This logic regulates access to and from the half
buffers by the word selectors and the data buses. All requests for TB
data by the data bus ports are processed through the Fetch Pointer Mem-
ory (FPM) and the Toggle Buffer Identitier (TBI), The TB control logic
also partitions data from the word selector into homogeneous data sets
for access by the data bus ports,

The FFM is used to identify which TB is to be accessed by a
data bus port. It also allows access to any location in the data RAM
by any of the PDI data bus ports at any time. FPM control logic routes
all requests for TB data to the location in the FPM identified by the
data bus command word. It further provides for loading and reading of
formats to and from the FPM at any time by the data bus ports,

A data RAM for storage of data from the word selector by param-
eter is provided. The data RAM control logic steers data provided by

the word selector into addresses in the data RAM specified by the decom-
mutator control memory.

There are three data bus ports for interface with the Orbiter
GPC that have read and write access into the switch matrix, the decom-
mutator control memory, the FPM, the PDI, and the data RAM.
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An IRIG "B" receiver/decoder accepts an IRIG "B" code from an
external source, decodes time, and supplies it to the four status
registers.

7.0 MULTIPLEXER/DEMULTIPLEXER (MDM)

The primary interface unit between the GPC and other subsystems
is an MDM, shown in Figure A.7. The MDM's act as a GPC-to-Orbiter format
conversion unit. They accept serial digital information from the GPC's
and convert or format this information into analog, discrete or serial
digital form for transfer to Space Shuttle subsystems. The MDM's can
also receive analog, discrete or serial digital information from the
Space Shuttle subsystems and convert and format these data into serial
digital words for transfer to the GPC. In addition, MDM's are used by
the instrumentation subsystems, but only in a receive mode. Each MDM is
controlled through either the primary port connected to the primary ser-
ial data bus or through the secondary port connected to the back-up
serial bus if failure is encountered with the primary system. The input
and output of the MDM are via a multiplexer interface adapter (MIA).
When the Word Discrete is switched to a logical "1" state, the Orbiter
subsystem is enabled to transmit individual words to the MDM. The burst
data rate to the MDM is 1 Mbps, and the first three bits of each MDM
word are used for word synchronization and are different from the normal
Manchester-coded bits. When the Message Discrete is switched to a logi-
cal "1" state, the Orbiter subsystem is initiated to transfer multiple
words under the control of the Word Discrete, beginning with the first
word.
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APPENDIX B

PROCEDURE TO CALIBRATE THE SHUTTLE LRU TEST SET
COMMERICAL BIT SYNCH AGAINST THE EM NSP BIT SYNCH.
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1. OBJECT

The general object of this procedure is to calibrate the LRU test set
commercial bit synchronizer against the EM NSP bit synchronizer in order to
allow a meaningful evaluation of the absclute BER performance of the flight
transponder when tested with the LRU test set. The specific information
which can be obtained from this calibration data includes:

@ Verification that the flight transponders will perform approximately
the same as the EM transponder when operated with the EM NSP.

e Verification that there are no anamolous and/or catastrophic BER
degradations which will not be detected using the (primary)
functional test procedure pass/fail degradation criteria and
test method.

This calibration data is not to be used in the calculation of the

(RI specified) transponder degradation performance. Rather it is to be

used to carry out an independent cross-check which will increase con-
fidence that the BER performance of the flight transponder, when operated
with flight NSP's, will be as expected based on the results of the LRU tests.
THERccunagy-0f - Lransponder-RER- degradation resylts. which-can-he obtained
weing thizcalibratica-deta-issignificantly poorer.than . tnat which can be
vbtained-using the method ovtiined in_the functional test procedure {FTR).
Tt I WhY e TP method-ds-used £or primary sell-of f. Nevertheless,

each transponder must pass the test outlined in this procedure, as well as pass
the primary FTP test.

2.  APPROACH

The general approach is to measure the performance of the EM transponder
with the EM NSP bit sync using the subsystem test set at TRW Redondo Beach.
Next, to ship the EM transponder to TRW CE Colorado Springs and to remeasure the
same data using the commercial bit sync with the LRU Test Set. Finally, to
ship the EM transponder back to TRW Redondo Beach and to confirm that the
shipping process did not change performance. The specific steps include:
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2.1 Measure the BER performance at 32 Kbps coded and 32 Kbps uncoded using
the EM transponder and EM NSP; use the subsystem test set; obtain BER as a
function of C/No' (Typical curves are shown in Figure 2-1a and 2-1b). Verify
that BER performance is comparabie to previous measured results.

2.2 Ship EM transponder to TRW CE.

2.3 Measure the BER performance at 32 Kbps uncoded using the EM transponder
and the commercial bit sync; use the LRU Test Set; obtain BER as a function of
C/No (see Figure 2-1c for typical result). The difference ("delta") between
this curve and the uncoded curve obtained in Step 2.1 is the calibration factor
which allows the prediction of the ultimate subsystem performance of flight
units tested with the LRU test set. Notice that this difference "delta" in-
cludes the difference between the subsystem test set measurement of C/No

and the LRU test measurement of C/No. as well as the intrinsic performance
difference between the two bit syncs.

2.4 Measure the BER performance at 10.29 KBPS uncoded using the EM
transponder and the commercial bit sync; use the LRU test set; obtain BER
as a function of C/N° (see Figure 2-2a for typical result). This is the
curve that allows a direct comparison of the flight transponder with the EM
transponder, and is the basis for the secondary pass/fail criteria, which this
procedure is designed to provide

2.5 [Establish the flight transponder secondary pass/fail 1imit by
adding 0.3 dB to the results of Step 2.4, as shown in Figure 2-2b. (The
0.3 dB includes an allowance for bit sync performance variation, plus an
allowance for C/N0 setting uncertainty).

2.6 Ship EM transponder to TRW Redondo Beach.

2.7 Repeat Step 2.1; verify that results are within 0.2 dB of Step 2.1.




Figure 2-1(0). Typica! Rewlts,
32 Kbps Coded,
with NSP

Figure 2-1(b). Typical Results,
32 Kbpt 'Uncoded,
with NSP

Figure 2-1(c). Typical Resits,
32 Kbpe Unceded,
with Cemwnerciol
Bit Symnc (Also
Shows the Difference
(4) Between it end
the NSP Resuits)
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Figure 2-2(c). Typical Results,
10.29 Kbps
Uncoded, with
Cemeneccial Bit
Sync
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APPENDIX A — MEASUREMENT OF C/N, USING THE SUBSYSTEM
TEST SET

There are two C/N programs (C/NB and CNO); both programs have a
different method of measuring C/N. It is understood that the ideal
receiver is set up properly when the answers of both the programs
(C/NB and CNO) agree within .06 dB. A brief description of the
programs is contained below. Figure Al is the test setup. The
FORTRAN listings are also attached.

1. PROGRAM C/NB

a) Measure noise level at D with A and B terminated and C
in thru position.

b) Set signal to same level at D as measured at D above
with signal routed in thru directional coupler port via B,
and C terminated.

c) Add noise to above (b) signal by switching C to thru
position with separate signal and noise now applied
to the Ideal RX at coupler. Note level at D. (This
should be 3.0 dB increase.)

d) Add signal to noise at A and terminate B. Use "Power
Set" program to set level noted at step (c) above.

e) “power Set" level in (d) above is level that carrier
equals noise.

2.0 PROGRAM CNO

a) Suppress signal at A and terminate B and C in
thru position.

b) Measure noise at D (note level).

c) Using "Power Set" program {ncrement signal until level
is within .01 dB of the level measured in (b) above
+3.00 dB. (Note Power set level.)

d) Power set level in (c) above is carrier equal noise.
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C/NB T=00004 1S ON CROJ020 USING 00044 BLKS K=0016 i
0001 (OREN C/7HO TEST PROGRAN
00 20FKEM BYIET IV A AR AN A AR AV AR AP A AT AP R AR S
0( JOREM SIGNAL & WOISE MATCHING & SUMMING
00ue GOREH
0005 SOREH ===‘I=S.:‘S====:‘:===!===:.2‘."t-Eg"‘ﬂ"Il-.-'..-..'-"t...-
0006 G6OREM GET PROGCRAM TURN-ON PARANETERS & INITIALIZE
0007 A A e s
0008 BOREM
0009 120REN Pz = UUT CONFIGURATION ® FGR C/NO TEST - TEST SETUP BYPASS
0010 130RENM = NEGATIVE VALUE: CAUSES TEST SET SETUP BYPASE
0011 140REM = 9999 ' CHUSES UUT CONFIGURRTION EVFHES
0012 1SOREM
0013 160REM P3 = C(UNUSED>
0C14 {70PEM

0015 18O0REN P4 = INPUT SIGNAL POWER FOKk C/NO SETFOINT - TRUE YHLUE IN DENM
0016 190REM = 0 ! UUT CONFIGURATION TAELE VALUE
0017 200REM
0018 Z40FPEM
0019 25S0LET P2=7001
0020 R260LET P3=0
0021 270LET P4s=s9
0022 Z20PENM
0023 290FEM LS = LU @& FOR HARDCOPY OGUTPUT
0024 300LET LS=¢
0v25 S1OREM L9 = LU @& FOR DEBUG OUTPUT
0026 320LET L9= \OUCIB
0027 I30FEM B = NOISE BANDWIDTH (DB) REPROD Yk
06~2 3I4O0LET B=0 ORIGINAL F:
0 3S50REM R = INITIAL PWR RESET FOR FINAL C/N
00350 360LET R=-101
0031 3JI7O0REM
0032 3BOREN
0033 390PRINT #L9:"TURNON PAPMS *";:P2,P3.,P¢
0034 &4OCRENM
78 41 OREN m=z=z=cszzz=szs=
Z6 420REM TEST SET SETUP
0037 430REM =~-=-rcecceccccececa
0038 440REN
0039 450IF (P2<0)GOTOD So00
0040 4gOLET E1=SETUP(700)
0041 4701F C(CE1#0)GOTD 3440
0042 48OPEN
00473 490RENM ==zc-=S=S - == ST SEC S EEEECICSCIEZREECEECSSE SIS ST SSSESZESZSSSSECSEESSSSER
0044 SOORPEM UUT & INPUT SIGNARLS CONFIGURATION
0045 SI1O0REN --=----ccrccccrcnmencrmrccccecena-
0046 S20RENM
0047 S3QPRINT "C/K - PUP LEVEL COPRELATION"
0048 TJE4OPRIMT #LB.*" C/N - PWR LEYEL CORRELATION"
0049 TO50RCHM BASIC TIWRE-DATE COKYERSION & PRINTOUT
0050 JECLET D9=TIMC(2)
005! STOFOR m9=1T0 12
0052 SSOLET §9=31
0053 S901IF (H®9=2)LET $9=28
0r €00IF (M9=40R RM9=60R M9=90R M9=11)LET §9=30
0. 6101IF (D9<(= S9)GOTO 640
V056 E20LEY D9I=09-89 -
0057 G6IONEXT M9
0058 640PPINT WLB:® DATE =";NM9:*/";D9;"/*;TINC3I),"TIME =" ;TIMCL);*:*";TINCO)

ECS ESsS T EEC- S EECS ETESCEESEREZT ST ST CSESSSESsST===ESEssSS=
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0059
00c0
0061
00e?
00
006~
0065
0066
0067
008
0069
0070
(V|
0072
0073
0074
0075
0076
0077
0078
Q079
0080
0081
0082
0083
0084
085
0086
0087
ooen
0¢
0090
0091
0092
0093
0094
0035
0096
0097
098
. 099
0100
0iotl
0102
0103
0104
0105
0106
0107
041068
0109
0119
o111
0112
0113
0!
o)
D I 3
0117
0118

6S0PFINT "CONFIGURATION ® =*;Pg WR-06H-20 A
$60PRINT 8LB.;* COMFICURATION # =%;p2
67O0PRINT

EROFPPINT “TERMINATE POVER WMETER EXTERNAL PORT IN S0 ONMS®
$90PARUSE

7O0REN

7TI101F (ABS(P2)=9999%)GC0T0 760

T20REN

730LET E1=CFC(ABS(P2))

7401F CE180)GOTO 3440

7SOREN

7601F (RBS(P4)=0)GO0TD 790

770G0T0 §7¢

FBOREN

7901IF (RBS(PZ)>89999)L0T0 830

GOOLET E1=-901

B10GOTO 3440

BE20REMN

E30REM KRETRIEVE CONFIG TABLE POWER
E40CALLCTPUR(PY)

BS5OREMN

BOOREN m=zcscscs-rETrEr TS CCCSCErrINREEECECEETREECCCESZZSCESSEESEECSEESESEES
6TOPEM PARAMETER RECOVERY

B3 OREMN ~---cccccrcccccca-

B90REM

SO0CLET P=-RBS{P4)

910REM

920CALLROBIT(36.,8.,CG)

930IF (G#1XG0TO 970

SQ40PRINT *"STDN HI-PWKk MODE"
950PRINT &L8:" STDN HI-PWK MODE"
960G0TO 1060

970CALLRDBIT(36.,9.6G)

9801F (G®#1)GOTO 1030

990LET G=G+1

100OPRINT *TDKS MODE"

1010PRINT #L8&:" TDRS MODE"®

1020C0T0 1060

1030LET E1=-902

1040C0T0 3440

10SO0REM

1060CALLRDBIT(36.,1.,F)

10701F (F=0)PRINT *FREQ LO"

10BI1F (F=0)PRINT @#LS8B;" FREQ LO"
10931F (F=1)PRINT "FREQ HI*

11091F (F=1)PRINT 8L8;" FREQ HI®
1110PRINT "NOLSE BW =",B

1120PRINT #L8." WOISE BV =",B
1,30PRINT oL®8

1IR0REN

115300 EM =zccrcrrRERCrERCSCCCCTEr ER S EFERSESECECE SRS S NS REEEENEEESSSSEEERS
LT1£40RER L0 CETUP ¢ WODE RESEY

f4{P0REN ~--mccccccrcrcc e

1160REN

1190LET E1=CH(61,0)
12001F CE180)CO0T0 3440
1210REN

T12291F XFYCOTO 1290

1230LEY E1xFQ{1,2041,.947,916)
12401F CE180)CO0TD 3440
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0119
0120
0121
012"
01

012+~
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
014
0142
0143
0144
0145
0146
0147
012"

01350
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0lel
01€2
0163
0164
01ES
0lee
0167
0168
0169
0170
0171
o172
0173
0!

0176
0177
0178

1250LET E1=FQ{2.1841.947.916) WR-06H-20 A
12601F (E180)C0TO 3440

1270G0T0 1340

1265PEH

1295LET E1=FQ{1,2106,406,250)

13001F CE180)G0TO 3440

1310LET E1=F0:2.1906.405,250)

13201F C(E100)C0TO 3440

1330REM

1340LET E1=AT.2,139)

13501F CE180)C0TO 3440

1360LET EL1=S¥:27,0)

13701F CE180)G0TO 3440

1380LET E1=SW:26,1)

13501F (E100)C0TO 3440

1400LET E1=6W:44,1)

14101F CE180)G0T0 3440

14 20REM REPRODUCIB])
1430LET E1=PW{-1000) 0 : .
14451F CE180OGOTD 3440 RIGINAL PAG
1450LET E1=Su{44,1)

14601F CE180)C0TD 3440

1470REM

1485LET E1=SU:46,0)

14991F CE180)G0T0 3440

1500LET E1=5K 47,0)

1S101F CE189)G0TO 3440

1525LET E1%SW 48,0)

15351F C(E180)GOTD 3440

ITY OF THE
1S POOR

1S49REN

1SSOREM SWITCH ASSY CONNECTIONS
1S60REM LH --> FH TX 2
1S73REM UL --> DPLXR HI OR LO

1360F00 K=47T70 358

1595LET E1=CM(K,0)

16001F C(E180)C0T0 3440

16 1O0NEXT K

1620LET E1=CH{48,1)

16301F (E180)G0T0 3440
1640LET E1=CMI{S54,1)

16501IF C(ELR0)GOTD 3440
1660LET E1=CM{5S5.,1)

16791F (E180)GO0TO 3440
16801F (F=0)LET E1=CN(S51,1)
16901F (E180)GOT0 3440
17001F (F=1)LET EI1=CNM(52,1)
17:101F CE180)CO0T0 3440

1729REM

17309REN EEZ I Nr S XTI ESESSCCESEEECEECECSCESECEEEESSICESSSESIESSTISIESESEZIESSSRS
IT4OREN IHSTRUCTION OUTPUY

I?SOREN -----cccccocccncee

1T6£9REN

3770PRINT *CONNECY PREAMP DUTPUT 'J& T0 IDEAL RCVK s-BAND INPUT®
1260FPKINT “CONMECY S¥ ASSY OUTPUY “J7’ TO COUFLED PORT OF 10 DB COUFPLEK™
1790PRINT *"POYER UP ‘RF’, ’IF’, AND "LO’' AMPLIFERS®

1900PRINT “CONNECT IDEARL RCVP ‘IF’ RMF OUTFUT TO SFECTRUM ANALYZER
IR1O0PRINYT “CONNECY YDEAL RCVYR ‘LD’ YO uUPLIWK SOURCE PORT®

IB20REN

1830REN

{B4ORFM EZcEsEEEENE N RS EEEE X FEE NN EE P EE X EEEE EECEEESEEESTSSEESESREZIES

¥




0:7?9 18SOREMm TUNE “JF’ FILTER
0180 186OREM WR-06H-20A
0181 1B70REN
0182 - ~1BBOPRINY “CENTER “RF’ -4 ~1F* FILTERS ON CARRIER AT 200 WH2"
01P~ 1890PAUSE
2 2900LET Et=B (46, 1)
0185 19101F CE180)COTD 3440
9186 19DOLET €1=Syi{47,1)
0187 19351F CE183)GOTO 3440
0188 1940LEY E1=S¥(¢8,1)
0189 J9501F CE18#0)G0TD 3440
0190 1960RENM
6191 197CLET El1=PW.-ABS.P4)e10)
0192 QINOIF CE180)GOTO0 3440
0193 1990LET E1=5W{44,1)
0194 20001F (£180)C0T0 3440
0195 2010KEM
0196 2029PRINT *CONNECT IDEAL RCVR ‘IF’ AMP OUTPUT TO POYER METER EXT PORT"
0197 2039PKINT *DI5SCONNECT 10 DB COUPLER COUPLED PORT INPUT & TERMINARTE"
0198 2040PRINT * ‘COUPLER’ NITH 50 OHM LOAD"
0199 2050PKINT *D0 WNOT MAKE ANY POWER METER CALLS WHICH REQUIRE ZEROING
0200 2060RENM -
0201 2070PAUSE
0202 20BOREM
0203 2090REM ==cS=S= S-S SESCESCRECCCSEESEECCECCSCSCTIEZESEICSSSEESSIESSSSSRESS ==
0204 210uREM KEARD PKEAMP NDISE LEVEL
0205 2110REN eveccecceccccrncccncccnns
0206 2120REM
0207 Z130LET E1=SW{37.,1)
0208 21401F C(E180)COY0 3440
52 21S5OPKINT *"WAIT FOR WNOISE LEYEL ON PWR METER TO SETTLE"
- 2160PAUSE
0211 2170LET E1=PN{1,.N.,-10)
0212 2Z1BOIF (E180)GOTOD 3440
0213 2190PRINT
0zl4 Z2200PKINT *QUTPUT PREAMNP NOISE PUR="; N
'S 2210PKINT SLB:" OUTPUT PREAMP NOISE PWR=";N
16 Z220PKRINT
0217 2230REM
0218 2240REM mescrz e REEEE S EEEE RS CCEEEEAE FE E R E EEE RESECREESECESEEEEEEX TS ER
0219 22590REM READ ‘IF’ ANWP MWOISE FLOOR
0220 Q260REN =---=cecccccwceceveccrescs
0221 2270REM
0222 22BOPRINT =DISCONNECT THRU PORT INPUT *
0223 2290PRINT *TERMINATE COUPLEK WITH S50 OHM LOAD"
0224 2300PAUSE
0225 2310REM
022¢ 2I20LEYT E1=PHNC1.Y.-10)
0227 ISBOIF'1€1-0)GOTO 2380
0228 23I40IF LE19-2275C0T0 3440
0229 R2350PRINKT #LE:*" “1F’ AMP WOISE FLOOR ¢ 70°
0230 2IGOPKINT “‘1F“ -ANP HOISE FLO00K (—PO*
0231 23ITHL0TD 2420
0232 23IBLPRINT #L8:* “IF’ ANP NOISE FLOOR =°:Y
0233 2395PRINT *"'I1F’ ANP MWOISE FLOOR =*;Y¥Y
0234 Z2400RENM .
Ly P2410RFN mecree e E e NSNS Al E NN R R E S RS R RS SN N SE ENESEEREEEEREREEREES
02,0 —2¢20REN —READ ﬂ-"fﬂﬂ.-tff!t'
0237 24IOREM ~~--recccncca- cercose-
0238 2440REHN

-

-

'

-
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5239

2240
2241
v2edn
22

Y24~
2245
2246
2247
7248
2249
2250
2291
3252
"2253
2254
2255
V256
0257
2258
2259
2260
2261
2262
2263
Vo4
Y2e S
2266
v267
D2F°
¢

027v
2271
pere
0¢73
Dz7+4
02795
0276
0e7?
0278
0279
02890
¢eBl
0282
0283
028¢
0285
0286
0287
0288
0289
0290
0291
0z92
0293
0¢

62

24SOPRINT °*RECONNECT COUPLED PORT INPUT * WR-06H-20A
2460PAUSE

2470REM |

248HLET E1=PNI1,%,-10)

2490PRINT OL9:°OUTPUT SIGNAL PUR=",S
“25001F (E130)COTO 3440

2510REM SIGCNAL POYER HOMING LOOP

2520FOR K=1T0 30

2530LET E=S5-N

RS4OLET I=-CINT(100¢E)/100)

25501F (ABS(I)=0)GOTD 2540

2560LET P=Fe«]

Z570PKINT #L%:" SIGNAL INC=";I1,"INFUT SIGNHL FUF=";F
RSBILET EL1=AT3AD(-1)

25991F CE189)C0T0 3440

2600LET E1=PN{1,5,-10)

2610PKINT @L9:"O0UTPUT SIGNAL PUR=",S

262olF (E180)COTO 3440

26 30NEXT K

26 40RENM

26SOPKINT *THPUT SICHNAL PWR TO COUPLER =";P
2660PRINT #LB:* INPUY SIGNAL PWR TO COUPLER =";P
2670PRINT *OUTPUT SIGNAL = *;S,"NOISE = “;N
26BIPRINT #L8;" DUTPUT SIGNAL PWR = *;

2690REN =s=ssss=s=-=cTSSC=ZCCZIESZESICECESIESESEESSSEISSSISSSssSsSESESSEsSEsEssss
¢700REN READ CW SIGNAL + NOISE LEVEL

27 10REM

2729PKINT °*RE-CONNECT THRU PORT INPUT *

¢?7 30PHUSE

2740LET E1=PMI1.,T,-10)

27501F CE189)G0TO 3440

2760REM

2770PRINT

27B80PKINT °*OUTPUT SIGNAL + NOISE = *;7
2790PRKINT #LB:" ODUTPUT SIGNAL + NOISE PWR = ";T
2BOOPRINT #LE

29 10PRINT

2820REM

2B8J0REM ====S=S=SSCSEESEECCESECSESCSESESECIESEEESSESESSCSSESSSSISISESESSSRESEES
2840REM RESET PUR

S R N e e e e

2860REM

¢870PKINT “TERMINATE POWER METER EXTEKNAL PORT"
2880PAUSE

2B90REN

2900LET E1=S¥{46,0)

291¢1F (E180)GOTO 3440

292OLEYT E1=S4.47,0)

P9301F C(E100)COTC 3440

ZICOLEY E1=SVW(48,0)

29501F (E180)G0TO 3440

ROGIREN

RITOLET FP=R

29B0LET EL1=PU{Pel0)

29901F CE180)C0T0 3440

JOOOLET E1=SW . 44,1)

J30101F CE100)COTD 3440

0296 --3020REN

0287
0298

3030PKINT *RECOMNECT “IF’ OUTPUT TO PWR METER EXTEKNAL PORT®
J040PAUSE
(11




0300
0301
0302
036"
03
0305
0306
0307
0308
0309
0310
03l
0312
0313
0314
0315
A31e
317
0318
0319
0320
0321
0322
0323
0324
03295
0326
¢327
0228
037
03
0331
032
0333
0334
ek & 3.
337
0338
0339
0340
} L34l
0342
0343
0344
03495
024¢
¢ 0347
0348
0349
0350
0351
0352
g 0353
¢3¢ 4
03
03-/\‘
0357
0356

305CREM
3060REN
J070LET E1eSV{37,1)

30891F CE1907C0TD 3480 MR -06H4-20A
3090LET EL1=PN 1, X, ~10)

31001F CE180)GOTO 3440

TLIOPRINT OL9: "OUTPUT PURe",X

J120REN

J130PEKX  SIGNAL POYER HOMING LOOP

3140F0R K=1T0 30

3150LET EexX-T

3160LET 1=-CINTC1008E>/100)

FI701F (mB5<1)862G0TO 3260

F1BOLET Pupel

3190FFINT #L9:* SIGNAL INC=*:1,*INFUT SIGNAL PuRk=";P

3200LET E1=AT3IADC~1) ~

32ivIiF (E10V)GOTO 3440

3220LET E1=PHI{.X,=10)

3230FRINT 8L9:*OUTPUT PWR=",X

32421F (E180)COT0 2440 REPRODUC ™ AR m
3ZSONEXT K ORKn&ag(g”Eulw“b THE
“B260REN NAL PAGE IS POOR
3270PRINT

J280PRINY “INPUT SIGNAL PWR TOD PREANMP =*;P
3299PRKINT BLB:" INPUT SIGNAL PWR TO PREAMP =";P
3360PRKINT "QUTPUT POWERS = ":%.T

III0PRINT ALE:" QUTPUT SIGNARL + NOICSE PWF = " ;X
JI2HIPRINT oL8

333UPEM

JI40LET E1=ATLL,-1200)

33501F CE18v)IGOTOD 3440

JIECOLET E£1=AaT:2.-1300)

J3I701F (E180)G0TD 3440

3IBOLET E1=SWi27,1)

33901F (E180)CG0T0 J440

J400REN

3410RENM

34255T0P

SEAJOREM HHULALALALNN AN NIONRANN NN AN SN AN AN SRR
J443REN ERROR HANDLING RCUTINE
3450RENM

T4cOPKINT #L9; “ERRGR*, EI

347vLET EJ=ERRCKCELD

3480LET E1=0

3493STOP

JSOORER
ISIOREM AHALAALLLOALAANAN A LA RN AN SRR AAR NIRRT R NN N AN AANAARASSS

"."0\‘\\“\'\‘\\ BN

S20REM AANALAA NN N AL LA S AL SR AA RGN N AR LG AN LG
P530REN VAKIABLE DEFINITIONS

gItsrEN

ISSOREM B = MWOISE BANKODWIDTH IN DB

SSEOREW E = POUVER LEVEL ERROR

3S79REM E1 = ERROR RETURN CODE

3S6OKEN F = MI-LO FREQ INDEX

3599PEM € = SGLS OR TORS-STDN MODE INDEX

TL0FE® 1 = POVER INCREMENT EY PIN DIODE ATTENURTOR

ISI0REM K = L7DP YMDEX

TBEOPEN Y(LBIW WARDCOPY LIST LU W
3630KEM CL9>= DEBUC LIST LU #
J640PEN W T INPUY HOISE POVER

16




T —

05%9%
¢3¢0
03¢€!
0352
03/

03¢

03eS
0366
36T
03¢t

3¢ SWFEN
JeEOREN
IL7OFEN

"IEROPER

3690RENM
J700REN
I710RE"
JT20REN
3730PE
J740END

Pl
Pz

P4

INEUT

S1CNmL FOWEFR

CONSOLE LU ® FOR INSTRUCTYICON OUTPUT

UUT CONFIGURATION & FOR C/NO TE:T

NTRED PAPN
INPUT SIGNAL POWER FOK C/NO - TRUE YALUE 1IN DBM
PR RESET VALUE

SIGCNAL ¢ NOISE QUTPUT PUF
SIGNAL + NOISE QUTPUT PUR

;l"

aMP NOISE FLOMS

m

WR-06H-20A

TEST SETUF BYPHKES




CNo T=00004 ]S ON CRO0OOO2 USING 00012 BLKS k=001¢
0059 SIOPRINY

0080 JO00PRIWY 0001 10REN

0061 GI10PRINT 23)  REMOVE FR 5005 ooppe IDEAL RECEIVER T/ND TONFICURATION o~
0064 SAORERSEIEDOEEEDeNIR00s " wyppy TABLES BP . WN

060i€ €:OREN P2=ROTSESSICNAL  gons  20LET P2eCTPAKC2)

¢¢iT A7ORER P3=NUISE 93 0 UB 4008 @OREM

neiB  6BOREN 0009 9OREN
vec®  BIOLET 1=5wids. 1) 0010 J0O0REM P2=UUT CONFIGURATION @
aATA  TPOOLET TeCu’3? O Vuld  11OKER FoesnIOWTIVE® TEST SET EvPass
0071 FAQLET I=PR.L.PL. -1V 0012 120REM P2+9999 UUT BYPASS
“%2  T725LET Dlso i3 13CREM

073 JI3VPEKesveensteensvesnny 0014 1401F (’2(0‘COY° 710

4 T4CLET 1=S¥4%.0) 0015 1SO01F (P2=99959,60TC 180
0675 7SOLET We=o 0016 160FPEM LET E1=CF(ABS(P2))
607¢ T76OLEYT T=PWII1.P2,-10) 0017 1TGREMeevescevncesvesoevees L0 FOP IDEAL RX AT
0077 T?70LEY PI=P|e2 O0r1E  JQULET 1=SWI27,0)
e TILIF ABLUR2-PIYT TITHEY 0019  190LET 1=5W(26.1)
0079 790LET Dl=-(P3- PZ) 0020 200LET leSV(44,1)
0080 BOOLET D2eDT/2 f021 215PEw PEAL UUT FREQ MODE Bi1=0 =FREC
0081 BI1OLET D3=D2+D3 0N22 Z2PNCOllRDPITC(36,1.B1)
V0L ECCLET Dé=-D3vi0 06T LIuFEM RERD UUT MODE SGLS/TDRSS B2=0 =S50
6003 EI0LET DS=L1eD4 VueA  CQUCHLLKDBIT(36,9 . K2)
7084 B4OLET 1=ATIADD2) 0025 25CI1F Bi=1AN. EL=160T0 2%0¢
0085 ESOPRINT * * 002€ 2601F P1=0aND B2=1G0T0 320
cesi  EL0C0T0 Y60 CO27  Z°alT Ei=1AND BPZ=0GOTO 350
COBT B7UREM BASIC TIME DRTE Cypnae  zoo1f pruoaND B2=0COTO 280
o ECOLET DA=TINI2) TH Z90LET A=1906
0y E90FOK M3=1T0 12 00. 300LET B=406
0090 90O0LEY S§9=131 0031 310C0T0 410

0091 SLUIF (M9=DILET §9%26 = 0032 320LET A=1841
0092 9201F (M9=aOR MI=6OR M9= .55 I T 0 BToll
0023 $3vIF (D9 §9)G0TC 933 ao3i 3400070 410
"A96  S4OLET DI=DI-S9 STE  TSOLET Sn il
“5  GSONEXT 89 $3F  JUELET BeTbE
"OC  SEOPRINT * DATE =®:M3:°% o000 32,6010 410
0097 STUPRINT 86 *DATE =*im9. o0 oot ld 4o
0098 9BOPRINT *  IDEAL RX €/ oo0 oo oo o= 30

0009  A90PRINT B€:%  IDEAL P50 0 LoopEm MO ES SCLS.STDN,STDN LO,TDRES

0100 1000PRINT ° RETHOD' 0041 @10LET 1FGc2.4.B,0)
npad 42%LEY I=mAT2.-1309
e hg GIUFEN #svvamavenvevecnnve SET KF INPUT TO IDE-
0044 40PFINT TERMINATE EXT POVER METER INTO

0045 €5 FnUSE

(<N (R 400PFINT * *

vod?7 ATO0LEY L1=-990
0048 “WBOLET YT=PW(L])
0049 ®IOLEY I=5w.44,1)
00S0 SEORENM

y OF Tib 0051 MIDPRIMT *1)  BREAK IF OUTPUT OF FIRST RIXEF
w5 G0R 0052 S20PRINT * SPECTRUM ANALYZER AND TUNE §-E-
REPROL \1, PAGE 15 065 EIOPRINT 238 +-50 NHI AND RECONNECT AND
ORIGINA 0054 SAUPRINT * *
00 SEAPRINT ¢
004, SEOPPINT *25  BREAX 1F DUTPUT TF 2WD WP Bed7
0057 S70PRINT * ANALYZER AWD TUNE WOISE FILTEF
0058 SIOPRINT * SYMETRICAL RESPONSE®

I8




0039

0060
0061
00

Vo

0064
0065
0066
C4e7
00 B
00e?
nATH
0071
$072
0073
SeT 4
0075
0076
0077

¢

0079
0080
0081
00te
60°3
0084
0085
008¢
0087
oc
06
0090
09
00%2
0Os3
A0S 4
)39
qoc
0097
2098
0neY
01u0

ssoPRINTY
SOOPRTWY WR-06H-20 A
G10PRINT *3) REWOVE FROM ANALYZER AND COMNECT TO *

620PRINT °* EXT POWER METER JJo  THEN TYFE GO'

630PAUSE

CAORENS 63400 0ESTTT N0 0veSe ~ WEASURE NOISE VITH PN scesesscersncees ||}
6SOREMN P1=NOISE LEVEL

650REM P2=ROTSE+SICNAL

S7OREM P3=NCIZE 3 0 UB

6BOREN

6IDLET 1=5wi 42.1)

FOOLEY T=Su 37 1

l‘ui!. I1=PE. 1. P),~-1¢C)

T2OLET D3I=0

JIVREKesvnensvoensveovvere NEASURE SICHNAL VITH PM seeavenesvstneran
T4OLEYT I=SW 48.0)

7SOLEY M=o

7eO0LET T=PNI].P2,-10)

T70LEY P3=P1+3

TECIF ABS F2-P2) . OJITHEN 9t

7H9O0LET Bi=-(P3I-F2)

BOOLET D2=D1/2

EL1OLET D3=D2+D3

ESOLET De=-D3+ (¢

BTIOLET DS=L1e¢04

B4OLET I=ATIADID2)

ESOPRINT * *

§.00070 760

67VREM BRSIC TINME DATE CONVEFRSION & PRINTOUT

EQOLET DO=TIN 2}

690F0Fk M9=1TD 12

S00LET S$9=31

910IF (M9=2)LET S9=25b

9201F (M9=40R MI=60R WI9=90R MI=11)LET §9=30

@3viF (D%.= S9,G07TC 933

S40LET D9=D9-S59

9SONEXT N9

90 OPPINT * DATE =®;M9; */7%:D9: 2/ TIM IV *TIME =" T IM:I VLRI TINNO)
S7OPRINT 06:;°DATE =°;M9:°/°:D9:*/";TIN - 3);"TIME =";TIPM<3);*":";TIMLO)
980PRINT * IDEARL RX C/NO MEARSUREMENT®

Q90PRINT §6:° IDEAQL ®Y C/N3 MEACUPEMEWNT®

1000PRINT * METHOD: SIGNAL INCREMENTED TO 3 00+- O01DB QROVE NGISE™
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