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1.0 EXECUTIVE SUMMARY
1.1 Purpose of Effort

The primary objective of this effort has been to examine and
critique the design of the Hughes Aircraft Company (HAC) manufactured
Ku-band radar/communications system for the Orbiter. The current contract
is composed of two exhibits, A and B, with four subtasks in Exhibit A and
three in Exhibit B. The emphasis of the s btasks has evolved during the
course of the contract in response to changinj requirements, and the term
of the contract has been extended in paralle’ with HAC's delays in deliy-
ering hardware and documentation. For example, the radar range test
evaluation task was deleted since this test is to be conducted well after
the expiration of the contract. A system test evaluatior task was added
in its stead.

This final report covers the following tasks from Exhibits A
and B:

Al - Ku-Band High-Gain Antenna/Widebeam Horn Design
Evaluation

A2 - Evaluation of Ku-band SPA and EA-1 LRU software

A3 - System Test Evaluation

A4 - Critical Design Review and Developi.:r* Test Evaluation

Bl - Ku-Band Bent-Pipe Channel Performance Evaluation

B2 - Ku-Band LRU Interchangeability Analysis

B3 - Deliverable Test Equipment Evaluation.

The effort expended on tasks A1, A2, A3, Bl and B3 has been docu-
mented in interim reports [1-5] and in monthly reports. The completion of
tasks A4 and B2 was predicated on the availability of CDR data package and
HAC LRU development specifications This documentation has only recently
been made available; hence, these two tasks are not covered in separate
interim reports but, rather, are include¢ as Sections 5, 9 and 10 of this
final report.

In those areas where deficiencies have been found, Axiomatix has
suggested modifications and improvements to the Ku-band system and the
associated test procedures.

'
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1.2 General Approach

Axiomatix personnel have worked with NASA, HAC and Rockwell
personnel while carrying out this contractual effort, By mutual consent
of Axiomatix and the cognizant NASA personnel, effort within each subtask
was directed to those problem areas of most concern and in which improve-
ments could realistically be made within the present scope of the HAC
hardware contract.

Axiomatix personnel have attended all regularly scheduled program
reviews, design reviews, and special meetings concerning aspects of the
Ku-band system relevant to the Axiomatix effort. Monthly reports have been
submitted detailing the monthly activity and, in some cases, detailing tech-

nical results. Interim reports have been submitted at the completion of
each subtask.

1.3 Contents of the Final Report

Section 2.C is an introduction to the final report which ties
together past Axiomatix etforts with the current effort, describes the
contents of this report in greater detail, and summarizes Axiomatix con-
clusions and recommendations.

The relationship becween each Ku-band subsystem and its relevant
sections in this report is depicted in Figure 1.

Section 3.0 documents Axiomatix efforts under task Al, High-Gain
Antenna/Widebeam Horn Evaluation. In the course of this effort, the exist-
ing antenna design was evaluated with the goal of understanding the causes
of deficient performance, particularly in terms of excessive sidelobe
levels. Several recommendations have been made and one has been incorpor-
ated--that of fences on the high-gain feed to reduce mutual-coupling
effacts between the main feed and the monopulse elements.

Section 1.0 covers task Bl, Bent-Pipe Channel Performance Eval-
uation. Emphasis was placed on the mode 1, channel 3 performance. HACL
has gone through several design iterations for a mid-bit data sampler at
the high data rate digital port, and Axiomatix has reviewed those designs
and made suggestions for improvement. Included in this effort is an anal-
ysis of the effects of long cable lengths at this input port in terms of
data-dependent voltage variations and rise time effects. Axiomatix has

provided results of this analysis to Rockwell for incorporation in the
SPA specificaticn.
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Section 5.0 covers the analytical portion of task A4, Critical
Design Raview and Deveiopment Test Evaiuation. Emphasis was placed on
analysis of racar parameters difficult to measure in development tests:
constant false alarmm rate (CFAR) threshold and radar performance as a
function of scan overlap.

Section 6.0 details the Axiomatix effort for task A2, SPA and
EA-1 Software Evaluation. Only FA-1 software considered as documenta-
tion of the SPA software was not available. This etfort consisted of
examining in detail the inner workings and structure of the EA-1 software.
Some of the more subtle aspects of the software are discussed in detail in
this section, with the intent of providing additional clarity. A minor
bug was found and has been corrected in a subsequent release. Included are
recommendations for a more efficient use of processor memory and time.

Section 7.0 covers task B3, Deliverable System Test Equipment
(DSTE) Evaluation. This section presents a concise description of the
DSTE test modules and a series of matrices relating the Rockwell specifi-
cation to the test modules. Recommendations are made concerning improved
documentation and DSTE sell-off procedures.

Section 8.0 covers task A3, System Test Evaluation, and is
closely related to the DSTE described in Section 7.0. The modified ver-
sions of the DSTE/Rockwell specification cross-reference matrices are pre-
sented in this section. These modified matrices show which of the test
modules were actually used in ADL system test. Axiomatix concludes that
more test modules should be used to make system test more meaningful

Section 9.0 covers task B2, LRU Interchangeability Analysis.
This sectior is devoted to an analysis of inter-LRU signal parameters and
the sensitivity of the LRU's to parameter variations.

Finally, Section 10.0 covers the remainder of task A4, Critical
Design Review and Development Test Evaluation. This section presents a
detailed analysis of the development test data from the SPA and EA-1 COK.
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1.4 Summary, Conclusions and Recommendations

1.4.1 High-Gain Antenna/Widebeam Horn

Electrical and physical characteristics of the antenna system
have been evaluated. Test data shows higher-than-anticipated sidelobe
levels. Axiomatix has found several design factors which can contribute
to these sidelobe levels. The structure, shape and composition of the feed
support bipods have been evaluated. Axiomatix suggests pod relocation as
a means of suppressing the sidelobes in the azimuth plane. Alternate feed
designs are suggested, including shaping of the teflon plug in the sum
feed to promote spherical wavefronts, and the addition of "fences" to
decouple the main feed and monopulse elements.

The design was also evaluated for deleterious temperature effects.
Because no sersitive resonant cavities or tuned elements which might be
detuned by thermal dimensional changes are incorporated in the design,
Axiomatix concludes that the antenna performance should not be temperature
dependent.

1.4.2 Bent-Pipe Channel Performance

HAC has experienced difficulty with the mid-bit data sampler at
the high data rate digital input port of the SPA. Initial designs were
not stable over the wide range of data rates (2 - 50 Mbps), input voltages,
clock/data phase offset and rise times. In fact, the input signal volt-
age and rise time variances due to data-dependent cable effects had not
been adequately characterized to permit an effective design. Axiomatix
undertook an investigation of the effects of RG142 cable on various data
patterns. The result is that a worst-case peak-to-peak voltage loss of
13% exists at the higher frequencies. Rise time effects were found to
exhibit a complementary error function behavior, with a rapid initial
rise followed by a slow rise (or fall) to steady state. These results
have been presented to Rockwell for incorporation into the Ku-band
specification.

Various HAC mid-bit detector designs have been evaluated by
Axiomatix. The design selected incorporates a variable threshold for
clock and data to accommodate the variability in input levels, a phase-
frequency detector to track the input clock, and an out-of-lock detector
to prevent anomolous lock. A complex bit timing error detector is used
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which relies on the leading edges of data transitions to perform phase
synchronization between data and clock. Axfomatix concludes that this
version of the mid-bit detector will successfully track with a 25% data
asynmetry and up to 90° phase shift between data and clock.

1.4.3 Radar Threshold Analysis

The statistics of the CFAR threshold for the Ku-band radar are
derived. Exact analytical results are developed for both the mean and
standard deviations in the designated search mode¢. The results are pre-
sented graphically as a function of signal-to-noise ratio {SNR) and range
gate noise correlation.

The standard deviation is shown to be very sensitive to SNR
and very insensitive to the noise correlation present in the range gates
of the designated search mode.

1.4.4 Radar Performance as a Function of Scan Overlap

Stability of the deployed assembly may cause the antenna scan
overlap to fall below the recommended value for off-zenith-centered scans.
This will cause a degradation in the probability of target detection.
Axiomatix has derived the relationshiop between the antenna overlap, dwell
time and antenna gain, and their effects on the received target SNR and
the resulting probability of detection. The results are presented as
probability of detection versus target range and scan overlap. Maximum
target energy is received when the scan overlap is approximately 45%, and
probability of detection decreases to zero as overlap is decreased to zero.

1.4.5 EA-1 Software

Release IV of the EA-1 software has been evaluated with the in-
tent of providing increased understanding of the algorithms and an alter-
nate verification of performance. This software is used to countrol the
status of the Ku-band system via commands from the MDM and the Orbiter D&C
console. In addition, software routines control antenna scans, perform
radar self-test, and provide general housekeeping functions for the system.

The initial phase of this evfort entailed a detailed study of HAC
documentation. During this phase, a cross-reference listing of program
status flags was generated to facilitate understanding of the relationship

between the various routines. This listing is included in the final report.
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After the familiarization phase, the software was examined for
potential problem areas and possible suboptimal coding techniques. A
minor bug was found in the procedure termination routine and has been
reported to HAC. An example of reconfiguration, one of the more complex
executive functions, is presented in detail. Self-test tasks are dis-
cussed in detail and tables of MDM and D&C outputs are given for various
phases of the self-test routine.

It was found that HAC uses a fairly time-consuming method of
storing status flags. Flags are stored eight bits per computer word,
which me ~1s that each time a flag is accessed, the flag bit must be
stripped from the word. Axiomatix recommends an alternate technique for
storing flags should execution time become critical in the EA-1 processor.

In general, the HAC documentation of the EA-1 software is excel-
lent, although inclusion of a cross-reference listing of all variables
would be useful.

1.4.6 Deliverable System Test Equipment

Axiomatix has evaluated the Deliverable System Test Equipment
(DSTE) which has been delivered to ADL and will be delivered to ESTL. The
DSTE is capable of performing system level developmental testing of the
Ku-band equipment and is functionally organized into LRU test panels.

The DSTE is semiautomated, and HAC has generated a number of com-
puter programs to test the Ku-band system. Axiomatix discusses these pro-
gram modules in this report. In addition, Axiomatix has generated a series
of matrices which are used to compare the Rockwe]] specification to the HAC
test modules. These matrices also serve to identify those modules used to
sell off the DSTE to the customer.

Axiomatix concludes that the modules provide a good selection of
tests to exercise the system; however, not all modules are used, which
1imits the verification of the Ku-band system conformance to the Rockwell
specification. Utilization of additional test modules or the Manuai Con-
trol Program (MCP) mode wculd greatly increase the present capabilities.
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1.4.7 System Test Evaluation

Axiomatix has reviewed and evaluated HAC Ku-band system test
data. The approach involved discussions with cognizant Rockwell and HAC
personnel to determine which tests were used for system verification. The
results are presented in matrix form, using a format similar to the matrices
employed to describe the DSTE.

The test modules used by HAC were originally generated for devel-
oped tests and were not intended for system verification; however, it would
have been too costly and time-consuming to develop modules specifically to
verify conformance to the Rockwell specification. A total of eight communt-
cations mode test modules and six radar mode test modules, of a total of
31, were used in system test. An additional six tests were also used.

The result is that compliance to the Rockwell specification was
not verified to a significant degree; however, the system tests did show
functional performance. Axiomatix recommends that additional test modules
be generated to show compliance with the specification.

1.4.8 LRU Interchangeability

The LRU interchangeability task examined the LRU-to-LRU and
the LRU-to-Orbiter interfaces to determine electrical compatibility. The
conclusion is that the LRU's are not interchangeable since there are a
number of serious interface def.ciencies.
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1.4.9 Critical Design Review and Development Test Evaluation

Axiomatix has reviewed and evaluated the SPA and EA-1 test data
presented at the respective design reviews. The results of the investi-
gation are presented in block diagram form for the SPA and in matrix form
for the EA-1. The rationale is that the SPA is data oriented, and the
test results can best be depicted by tracking the signal flow through the
LRU. The EA-1 is more control oriented, and the results can best be high-
Tighted in matrix form since data flow, or processing, is not a critical
function of the EA-1.

In general, the SPA ADL LRU test< were fairly thorough; however,
Axiomatix has four concerns, as follows:

(1) Most of the rcturn link failures are serious.

(2) Return link output signals have not been adequately measured.

(3) The effects of input signal tolerance variations on return
link and forward link performance are unknown.

(4) The minimum mode 2 return link data rate, 16 kbps, was not
tested.

Axiomatix recommends that these concerns, which are discussed in
greater detail in the report, be resolved as soon as possible.

A number of test omissions were found in the EA-1 CDR test data;
however, cognizant personnel at NASA, Rockwell and HAC are aware of these
problems, hence they have not bezen restated in this report. The matrices
presented in Section 10.0 relate for the first time the HAC LRU specifi-
cation to the Rockwell requirements. Axiomatix concludes that the HAC EA-1
tests are well documented and adequately test the EA-1 performance.

1.5 Continuing Effort

Axiomatix will continue to support the Ku-band system development
and performance evaluation and will work with NASA, Rockwell and HAC person-
nel to solve design and operational problems in a timely and efficient
manner.
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2.0 INTRODVICTION

This final report documents the Axfomatix effort under NASA/JSC
contract NAS 9-15795A/8, “Shuttle Orbiter Ku-Band Radar/Cormunications
System Design Evaluation." The effort is a critique and design evaluation
of the Hughes Aircraft Company (HAC) Ku-band radar/communicatfon system
and its associated test equipment and documentation.

P Statement of Work
2.1.1 Objectives

T e

The overall objectives of the effort have been to evaluate the
Ku-band system performance and provide recommendations for improvements
when technically desirable and economically feasible. Axiomatix has
maintained a flexible approach: within each contractual subtask, Axio-
matix has concentrated on those areas of concern which are deemed most
critical and worthy of investigation at any given time. As a result,
Axiomatix has been able to respond to the needs of NASA/JSC in a timely
manner to provide expertise and technical rescurces when and where they
were needed.

The Axiomatix effort can be divided into three principal areas
of endeavor, as follows:
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(1) Critique and evaluate HAC hardware for conformance to
specification, based on design evaluation, test results
and analysis.

h (2) Evaluate the capability of HAC test procedures and equip-
ment to verify LRU and system performance.

(3) Provide rapid response to NASA for technical consultation
in areas of concern under the aegis of this contract.

2.1.2 Task Statements

During the course of this contract, emphasis has evolved from :
Shuttle rendezvous radar to communications. As a consequence, the tasks §
in this contract have been modified to reflect this change. In addition, ;
delivery of HAC hardware, test results and documentation has been delayed.
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The current contract consists of two principal parts, Exhibit A
and Exhibit B. Exhibit A consists of the follow tasks:

Task 1. Ku-Band High-Gain Antenna/Widebeam Horn Design

Evaluation

The contractor shall analyze the Ku-band high-gain antenna and
widebeam horn antenna performance and assess the design changes needed to
meet NASA requirements for radar and communication modes. Also, assess
the need for polarization switching from linear to circular for communica-
tions operation. The contractor shall make recommendations to NASA for
specific hardware design changes and/or changes to the procurement tech-
nical specification that will assure satisfactory compliance with the NASA
performzrice requirements for all modes of operation.

Task 2. Evaluation of Ku-Band SPA and EA-1 LRU Software

The contractor shall evaluate the Ku-band software (firmware)
logic flow diagrams as to conformance with the intended functions required
of the SPA and EA-1 LRU's. Implementation of the algorithms defined by
the flow diagram in software code will be examined in detail for potential
problems.

The contractor shall provide a narrative description of the soft-
ware functions, algorithms and programming techniques in order tc facili-
tate understanding the systems and ease software modification and mainten-
ance. The contractor will make recommendations as to modifications, where
applicable, to simplify the software and/or increase reliability.

Task 3. System Test Evaluation

The contractor shall evaluate and assess the data obtained by
the Ku-band hardware vendor during system testing. The data shall be
evaluated to assure that the Ku-band system as a whole is in compliance
with the requirements of the t.chnical specification. For those areas of
the hardware design that do not lend themselves to verification by direct
measurement during test, the contractor shall perform appropriate analysis,
using the data available, to assure conformance with the requirements.
The contractor shall identify any areas of nonconformance and provide an
assessment of the impact to overall system performance.
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Task 4. Critical Design Review and Development Test Evaluation

The contractor shall evaluate the data provided for the Critical
Design Review (CDR) and evaluate and assess the data obtained by the Ku-band
hardware vendor during LRU tests. The data shall be evaluated to assure
compliance with the requirements of the technical specification for each
LRU and the overall Ku-band system. For those areas of the hardware design
that do not lend themselves to verification by direct measurement during
test, the contractor shall perform appropriate analysis, using the data
available, to assure conformance with the requirements. The contractor
shall identify any areas of noncoriformance and provide an assessment of
the impact to overall system performance as a result of the CDR and LRU
tests. The contractor shall provide recommendations to NASA for changes
(1f required) to the hardware design to meet the requirements of the tech-
nical specification.

Exhibit B consists of the following tasks:

Task 1. Ku-Band B.nt-Pipe Channel Performance Evaluation

The contractor shall analyze implementation of the Ku-band Sig-
nal Processor Assembly (SPA) and the Electronic Ausembly-1 (EA-1) to deter-
mine performance of the wideband bent-pipe channel and the narrowband
bent-pipe channels. The contractor shall analyze the interfaces between
the Payload Interrogator (PI) and the SPA and between Payload Station (SP)
and the SPA to determine the effect of interface signal variations on com-
munication channel crosstalk and signal distortion. From these analyses,
the cuntractor shall recommend solutions to any performance problems iden-
tified. These recommendations may involve changes to the interface char-
acteristics between the PI and SPA and between the PS and the SPA as well
as optimizations of the SPA and EA-1 implementations.

Task 2. Ku-sand Line Replaceable Unit (LRU) Interchangeability
Analysis
The contractor shall review the system specifications, the LRU
specifications, the engineering model system test results, the acceptance
test plan (ATP), and the qualification test plan (QTP) to determine the
LRU interchangeability. The contractor shall investigate ways of simpli-
fying ATP QTP and reducing the system test time by demonstrating that
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to the degree of LRU interchangeability, LRU tests can be used to satisfy
the requirements of the system test.

TYask 3. Deliverable Test Equipment Evaluation \

The contractor shall evaluate the Deliverable Test Equipment
(DTE) design for use in the Avionic Development Laboratory (ADL) and the
Electronic System Test Laboratory (ESTL). The Contractor shall evaluate
the software (firmware) used to operate the DTE in terms of the ADL and
ESTL test requirements. The contractor shall make recommendations to NASA
as to software (firmware) or hardware changes to the DTE that will simplify
ADL and ESTL tests and reduce the required test time.

2.2 General Approach

During the course of this contract, Axiomatix personnel have
worked with cognizant NASA, Rockwell and HAC personnel to help solve on-
going problems and provide expertise in areas of concern requiring fast
response. Axiomatix personnel have attended all scheduled program reviews,
design reviews and special meetings at Rockwell and HAC concerning problem
areas which are relevant to the Axiomatix contract. Examples of the latter
effort are SPA bit synchronizer reviews and EA-1 Block III servo meetings.

Monthly reports have been submitted which describe activities
during the reporting period and which, in some cases, describe detailed
technical results. Interim reports have been submitted for all tasks
except Task A4 and B2.

Task A4, "Critical Design Review and Development Test Evaluation."
was delayed due to slips in the Critical Design Review (CDR) schedule and
a lack of test data. Task B2, "LRU Interchangeability Analysis,” was
delayed due to the lack of current LRU dev:iopment specifications from HAC,
As a result, both interim reports are included in this final renort in
lieu of submission under separate cover.

Where deficiencies have been found, modifications and improve-
ments to the Ku-band system and test procedures have been suggested.
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2.2.1 Relationship to Other Tasks

The effort described in this report represents an extension of
past Axfomatix work on the Ku-band system, and Axiomatix will continue to
provide NASA with expertise under ongoing contracts. The EA-2 anZ DA CDR
test data will be evaluated under a separate contract, and Axiomatix will
continue to monitor, critique and evaluate the Ku-band system as required
by NASA/JSC. ;

2.3 Contents of the Final Report

: The relationship between the sections in this final report and
l the Ku-band system units, including deliverable test . ,uipment, is depicted
) in Figure 2. The circled numerals represent the sections in this report.
| The sections are ordered as follows: the first four sections cover efforts ;
relevant to the four LRU's; the next two sections cover the Deliverable
: System Test Equipment (DSTE) and the results of system test; the next sec- :
: tion covers interchangeability analysis; finally, the last section describes f
? the test data presented at the EA-1 and SPA critical design reviews,
Section 3.0 presents results of the Axiomatix evaluation of the
Ku-band high-gain antenna and widebeam horr, which is covered under Task Al.

Axiomatix personnel reviewed the results of antenna tests conducted by HAC,
investigated the detailed design of the antenna and consulted with Hughes
’ personnel.

Section 3.1 is an introduction to the problems associated with
the antenna system. The primary problem encountered is a high sidelobe
level in the high-gain antenr Section 3.3 is a general description of
the high-gain antenna, including reflector, support structure and feed
elements. Section 3.4 is a discussion of the measured RF performance of
the high-gain antenna. In section 3.5, Axiomatix presents results of an

investigation into possible thermal efforts on the antenna performance
since these effects are difficult to measure experimentally. Section 3.6
presents the results of the Axiomatix study, including recommendations for
performance improvement. Section 3.7 covers aspects of the widebeam horn
in a manner parallel to the sections covering the high-gain antenna and,
in section 3.8, Axiomatix presents conclusions reached as a result of the
study.
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Section 4.0 describes Axiomatix's evaluation of the wideband
bent-pipe channel performance, including aspects of the signal input param-
eters relevant to the channel performance. Since HAC has experienced dif-
ficulty with the SPA bit synchronizer at the mode 1, channel 3 input,
effort has been concentrated on this item. This effort is covered by
Task Bl of the contract.

This section is divided into three primary areas of investiga-
tion. The first covers input parameter characteristics critical to the
channel performance. Included is a discussion of the cable and connecter
effects on the parameters. This port is connected to the data source via
a 92' cable and up to seven connector pairs. This cable has a seveve
effect on pulse rise time and voltage levels. NASA had noticed data-
dependent voltage effects at the cable output and, in this section,
Axiomatix presents analytical results confirming this observation and
permitting an accurate prediction of the expected variations. Results of
this analysis have been incorporated into the Rockwell specification.

The next two major areas of investigation cover detailed critiques
of the HAC-proposed bit synchronizer. These devices are intended to sample
input data as close as possible to the center of the data bit at a rate
determined by the source clock. The effects of all relevant data/clock
parameters are examined and performance margins are presented. Timing
diagrams are used extensively to describe the bit synchronizer performance
and an analysis of a linearized model of the phase/frequency detector is
included to supplement the results from the timing diagrams.

Section 5.0 covers the analytical portion of Task A4, "Critical
Design Review and Development Test Evaluation." Emphasis was placed on
an analysis of radar parameters difficult to measure in development test:
constant false alarm rate (CFAR) threshold and detection performance as a
function of scan overlap. The HAC radar computes a detection threshold
based on prior samples of noise and signal-plus-noise. The threshold is
scaled to produce an average false alarm rate predicated on assumptions
concerning the noise characteristics. Axiomatix has derived an exact
formulation for the threshold statistics, mean and standard deviation,
based on the HAC radar signal processing and Gaussian noise statistics.
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The resultant values are plotted as a fun.tion of signal-to-noise ratio
(SNR) and noise correlation from range gate to range gate, and compared
with simulation results.

Radar detection performance is a fun' .ion of scan overlap.
Stability considerations of the deployed assenoly have forced HAC to mod-
ify the antenna servo, resulting in degraded scan performance due to less
than optimum scan overlap. In section 5.2, Axiomatix derives the relaticn-
ship between antenna dwell time, scan overlap, antenna gain and received
target SNR, and the resultant probabilities of detection.

The EA-1 is the primary control element in the Ku-band system,
and the tA-1 software is the "brains" of the EA-1. Axiomatix has evalua-
ted the EA-1 software under Task A2 of the contract, and results of this
effort are given in Section 6.0 of the report. This software performs
various control functions and mathematical transformations, including gen-
eration of the radar and communications scans, mode control of the Ku-band
system in response to MDM and D&C inputs, and radar self-test.

The Axiomatix effort had two objectives. The first was to bet-
ter understand the inner workings of the software and to document these
findings; the second was to evaluate the ability of the software to perform
the desired functions. Several examples of software functions are dis-
cussed in detail to aid comprehension, and a cross-reference listing of
status flags is given, The latter is an aid to understanding the inter-
action of the various software routines. Self-test is discussed and the
status of the MOM and D&C outputs is presented as a function of the current
self-test task being executed.

The Deliverable System Test Equipment (DSTE) is evaluated in
Section 7.0 under Task A3 of the contract. Under a separate contract,
Axiomatix personnel have attended the DSTE seminar presented at Hughes.
This experience, and the evaluation of available documentation, have
enabled Axiomatix to report on the ability of the DSTE to perform as
intended. The DSTE consists of LRU test panels, a minicomputer system
for test control, a Ku-band signal conditioner, a power control panel
and some general-purpose test equipment, and is capable of performing
system level development tests. Thirty-one (31) test modules (software)
were written to exercise the Ku-band system.
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The basic approach taken by Axiomatix was to generate a matrix
to compare the Ku-band system requirements as detailed in the Rockwell
specification to the 31 test modules. Ideally, the test modules should
test a majority of vhe Rockwell System requirements. In this same matrix,
the modules used to sell off the DSTE will also be identified.

Section 8.0 covers Task A3 of the contract, "System Test Evalua-
tion", and is closely related to the DSTE task described in Section 7.0.
Axiomatix has reviewed and evaluated data obtained by HAC during Ku-band
system testing. Results are presented in matrix form similar to the for-
mat used in Section 7.0. Those modules actually used in system test have
been flagged in the matrices. A brief description of additional tests is
also included.

In Section 9.0, Axiocimatix evaluates the Ku-band LRU interchange-
ability which is covered by Task P4 of the contract. The Ku-band communi-
cations and radar system consists of four LRU's: EA-1, EA-2, SPA and DA.
Because of the sheer number and complexity of the interfaces and since
the LRU is the basic building block of the Ku-band system, it must be
assured that each LRU is interchangeable with another similar LRU.

The approach for completing the LRU interchangeability study
(Task B2) was to examine each of the LRU-to-LRU and LRU-to-Crbiter inter-
faces using the Rockwell Ku-band specification and the four Hughes LRU
specifications for baseline information to determine electrical compati-
bility by verifying that the document describing the signal output was
consistent with the document specifying the signal input. Since electri-
cal compatibility was the objective of this studyv, only interface param-
eters such as input/output impedances, rise/fall times, proper voltage
levels and proper power levels were compared. Performance parameters
such as SNR, BER, spurious products and phase noise were not included in
this study since performance parameters are verified during development,
acceptar-e and qualification testing. Therefore, this study centered on
examining the electrical compatibility of all the interfaces.

The remainder of Task A4, "Development Test Evatuation," is
discussed in Section 10.0. Section 10.1 covers the SPA and Section 10.2
covers the EA~1. The results of the evaluation are presented in block
diagram form for the SPA, with each test highlighted in the appropriate
signal flow path, and represent ADL tcst data presented at the CDR.
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The EA-1 evaluation is based on both ADL and ESTL test results
and 1 presented in matrix form. The HAC specification number is corre-
lated with the HAC test number and the appropriate Rockwell specification.

2.3.1 Issues Not Covered in Major Sections

During this contract, Axiomatix was asked by NASA/JSC to provide
expertise to help solve minor and, in some cases, major problems on a
rapid-response basis. The results of these efforts sometimes did not war-
rant a formal report, and could usually be covered with a brief telephone
! call or informal memo. These issues are not covered in thi¢ report. One
; major issue not reviewed in a separate section is the question of the
»
|

Block III servo. Axiomatix was privy to several meetings concerning this
problem and has made suggestions to aid in the problem resolution. One
suggestion, the addition of dither, will be incerporated into the system.
However, Axiomatix did not issue an interim report; hence, no major sec-
tion has been dedicated to the Blozk III servo.

2.4 Conclusions and Recommendations

S T . T -

2.4.1 High-Gain Antenna and Widebeam Horn

The high sidelobe levels of the high-gain Ku-band antenna are a

primary influence on the antenna system performance. Several relatively
' , easily verifiable improvements have been suggested to decrease the side-
lobe levels of the high-gain antenna. If effective, these changes may
negate the necessity of alternate, more expensive, changes to the Shuttle
| radar/communication system. In particular, specific recommendations have
been made to correct the three areas which have been determined to be con-
tributors to the high sidelobe problem. First, the concept of leakage
radiation shorting elements on the ground plane was introduced to minimize
the parasitic mutual-coupling effects between the sum feed and the mono-
pulse elements. Second, the ieed support pods have been identified as
obstacles in the primary sum feed pattern and, therefore, pod relocation
and shaping and material substitution were suggested as possible remedies
to the illumination taper blockage on the reflector. Finally, some ideas
on encouraging the launching of quasi-spherical waves from the sum feed
were outlined to minimize phase aberrations for the parabolic system.
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Thermal effects do not appear to be a problem for either the
high-gain anteana or the widebeam horn.

2.4.2 Bent-Pipe Channel Performance Evaluation

Long runs of cable in the Orbiter from the data source to the
SPA can cause severc frequency-dependent variations in data quality which
inpact the design of the SPA high data rate digital input port. As a
result of this investigation, the Rockwell specification has been modified
to include more scvere variations in input voltage variations and degraded
pulse rise times, and HAC has been forces to include an adaptive threshold
at the mode 1 channel 3 input. Axiomatix concludes that, with this modi-
fication and incorporation of the bit synchronizer/midbit detector ana-
lyzed in section 4.5, source data with parameters within specification
presented at this port will be tracked and sampled correctly.

2.4.3 Radar Performance

In section 5.1, Axiomatix derives statistics of the CFAR thresh-
old mean and standard deviation for the HAC radar. The analytical results
are more optimistic than the simulation results, for which no explanation
is offered.

The nomalized standard deviation is shown to be very sensitive
to SNR and very insensitive to the noise correlation present in the range
gates of the designated search mode. The substantial variation in the
CFAR threshold is dominant at large values of SNR where the normalized
standard deviation is greater than 0.3. Whether or not this sign‘ficantly
affects the resulting probability of detection is a matter which deserves
additional attention.

On the optimistic side. the threshold setting and target return
are correlated; this leads us to conjecture that this variation may not
appreciably affect the probability of detection. On the pessimistic side,
there is a substantial variation of the CFAR threshold setting away from
that developed from the noise-only condition.

In Section 5.2, the relationship between scan overlap and prob-
ability of detection is derived.
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Maximum target energy is received when the antenna scan overlap
is approximately 45% when measured with respect to the half-power beamwidth,
This compares reasonably with the commonly accepted value of 30% when the
approximate nature of the antenna mainlobe model is considered. Probabil-
ity of detection decreases with Tower values of scan overlap until zero
detection is "achieved" with no overlap. These results should be consid-
ered when deciding which values of scan overlap are tolerable.

2.4.4 EA-1 Software

The EA-1 software is well documented and annotated, with the
exception of the omission of a cross-reference listing in the documenta-
tion. In this report, Axiomatix has provided a cross-reference 1isting
of status flags to partially fill this gap. A minor bug in the procedure
termination routine has been found and the fix is discussed in section 1.1,
Executive reconfiguration and self-test are examined and appear to perform
as expected. Discussion of the MDM output during self-test is very brief
in the HAC documentation; a more complete discussion of the MDM outputs
is provided in this report. A change in the method of flag storage is
recommended if processing time becomes a critical factor in future versions
of the EA-1 software.

2.4.5 Deliverable System Test Equipment

The 31 test modules provide a good cross-section of tests with
which to exercise the Ku-band system. However, based on the test modules
currently available, the DSTE is very limited when being used to verify
the Ku-band system performance as per the Rockwell specification. Addi-
tional test modules or utilization of the MCP mode would greatly increase
the present capabilities.

2.4.6 System Test Evaluation

The 31 test modules can provide a good cross-section of tests
to exercise the Ku-band system; however, only a limited number of tests
were run. If compliance to the Rockwell Rev. B specification was to have
been confirmed during system tests, then the tests were very superficial
since only a small number of Rev. B paragraphs were verified, as shown in
the section 8.5 matrices. If the purpose of the system tests was to gain
additional confidence that the system was functioning, the tests served
their purpose.
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It {s Axiomatix's opinion that, at some time, compliance to the

Rockwell Rev. B specification must be demonstrated, and the longer it takes

for this demonstration, the more potential exists for serious system prob-
lems. It is recommended that additional test modules be generated for the
STE and DSTE's which are capable of specification compliance verification.

2.4.7 LRU Interchangeability

Tables 15-23 provide the results summary for the LRU interchange-
ability study. Even though some LRU's are presently functioning as a sys-
tem, the conclusions from Tables 15-23 are that some serious interface
deficiencies exist which must be corrected in order to assure LRU inter-
changeability. The conclusion of this study is therefore that the LRU's
are not interchangeable at the present time.

In order to assure LRU interchangeability, Axiomatix makes the
following recommendations:

(1) Each interface discrepancy listed in Tables 15-23 must
be addressed by Rockwell and/or Hughes and resolved. Full resolution
includes making the appropriate documentation changes to the Rockwell
and/or Hughes LRU specifications.

(2) In this study, Axiomatix reviewed only the Rockwell systems
specification and the four Hughes LRU specifications. Careful attention
must be given to determine whether or not the LRU's are built per their
respective specifications, and it is recommended that the development and
acceptance tests be reviewed to assure hardware conformance.

(3) Most interfaces specify some input/output voltage toler-
ances and, to assure LRU interchangeability, the affected bus voltage
variations must be tested. It is recommended that the acceptance tests
and development test exercise the interfaces over the bus voltage range
of +24 VDC to +32 VDC. The EA-1 ATP already performs some tests as a
function of bus voltage. However, each ATP should be reviewed in detail
to verify if such bus voltage tests are conducted and, if so, which
interfaces or performanie parameters are tested.
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2.4.8 COR Test Data Evaluation

In general, the SPA ADL LRU tests were fairly thorough. AN
the possible input signal combinations and the minimum and maximum data
rates (except for one case) were tested and verified. The forward 1ink
digital output signal parameters were measured and found to meet the Rock-
well requirements.

After evaluating the test data, Axiomatix has four concerns,
listed as follows:

R A T

B R i gt s

(1) Most of the return link failures are very serious in nature
and must be resolved as rapidly as possible. Axiomatix recommends that
Hughes respond to each of the failures listed in Tables 30 and 31, indi-
cating the corrective action and submitting additional test data.

(2) The return link cutput signals (reference Table ) have
not been adequately measured. Axiomatix recommends that Rockwell update

, the Ku-band specification to eliminate all TBS's and that Hughes supply
| additional test data.

(3) The effects of input signal tolerance variations on return
link and forward link performance are vaknown. It is possible for toler-
ance variations to have a very serious impact on system performance.
Axiomatix recommends that additional data be supplied, either in the form
of previous SRU data or new test data, to verify the effects of signal
v variations (reference Tables and ).

T T e

(4) The minimum mode 2 return link data rate, 16 kbps, was not

. tested. Axiomatix recommends that future tests include 16 kbps for mode 2
' return link.

In reviewing the EA-1 CDR test data, 2 number of test omissions
and failures were apparent. S5ince the Axiomatix evaluation revealed
Y nothing that is not known to NASA, Rockwell or HAC, or has not been docu-
: meated, Axiomatix feels it unnecessary to restate the omissions, failures
' and corrective action plans.

It is the opinion of Axiomatix that the Hughes tests were well
dorumented and adequately tested the EA-1 performance. Finally, one bene-
fit resulting from this CDR test data review by Axiomatix is that a docu-
ment now exists in section 10.4 which, for the first time, relates the HAC
EA-1 LRU specification to the Rockwell requirements.
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3.0 HIGH~-GAIN ANTENNA/WIDEBEAM HORN
3.1 Introduction/Background

Axiomatix has been tasked by NASA JSC to evaluate the design of
the Shuttle Ku-band high-gain antenna and widebeam horn antenna. This is
Task #1 of Contract NAS 9-15795. The high-gain antenna 1s used for both
rendezvous radar and communications. In the radar mode, the antenna i,
linearly polarized and, in the communication mode, it is circularly polar-
ized. The widebeam horn antenna is to be used for sidelobe discimination
in the radar mode and as a TDRS acquisition aid in the communications mode.

In this section, we describe the antenna suit, with emphasis on
the design asperts which produce performance degradation. Design changes
are suggested to improve the antenna system performance. In addition to
the electrical (RF) problems being encountered, mechanical resonances in
the antenna structure as well as excessive drifts, possibly due to servo
components and gyros, have seriously impaired the scan performance of the
antenna, particularly in the radar mode. The resonance and drift problems
are currently under active investigation by Rockwell, HAC and Axiomatix.
Results and recommendations in this area will be covered in a subsequent
report; however, in anticipation of continued scan difficulties, the radar
detection performance as a function of scan overlap has been analyzed and
is included in section 5.2.

A primary area of concern of the high-gain antenna performance
is the higher-than-expected sidelobe levels. In the communications mode
(circular polarization), a sidelobe level of -20.6 dB has been measured
in the azimuth plane. This is close to the expected variation of the
received TDRS forward link signal, and acquisition with a sidelobe cannot
be precluded.

If the sidelobes cannot be reauced to acceptable levels, an alter-
nate technique must be used to reduce the possibility of sidelobe acquisi~
tions. Candidate schemes include tighter power control of TDRS, reduced
receiver sensitivity or multiple-detection thresholds.

In the radar mode (linear polarization), a sidelobe level of
-16.8 dB in the azimuth plane hac been measured. The radar sidelobe avoid-
ance technique uses the widebean horn to discriminate a sidelobe from the
peak of the high-gain antenna. It is anticipated that the horn will be
circularly polarizec tc optimize communication performance; hence, a 3 dB
degradation will be experienced in the radar mode. However, if the proper
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technique {s used for radar sidelobe avoidance, 1.e., relative comparison
of the received power in the high-gain antenna and the horn, there appears
to be adequate margin.

In order to improve the sidelobe levels of the high-gain antenna,
Hughes has experimented with several types of feeds. In this report,
Axiomatix suggests other passive changes to improve the sidelobe levels.

The impact of maintaining linear polarization with the widebeam
horn on TDRS acquisition is examined, as 1s the impact of circular polari-
zation on radar sidelobe avoidance. With linear polarization, the Shuttle
cannot meet EIRP specification in the communication myde, which means that
TDRS must open-loop point the KSA antenna accurately enough to ensure that
adequate power is received at the Shuttle for a successful scan.

3.2 Summary

In Section 3.3, we describe the physical cnaracteristics of the
high-gain antenna reflector and feed elements. Deficiencies in the sum
feed are discussed, and lack of atmospheric venting is posed as a potential
problem area. In seczion 3.4, we discuss the measured RF performance of
the high-gain antenna and relate the high sidelobe levels measured to the
physical characteristics of the antenna.

Concern has been expressed as to temperature effects on the
high-gain antenna performance. In section 3.5, we discuss attributes of
the feed which might be influenced by temperature extremes and conclude
that the antenna should be insensitive to temperature variations.

In section 3.6, we give detailed suggeitions for improvements to
the high-gain antenna system. In particular, the feed support bipod struc-
ture is considered a significant contributor to the high sidelobe levels
measured in the azimuth plane. Pod relocation, material changes and shaping
are suggested as improvements. Alternate feed designs are presented to
further improve system performarce. The exact degree of improvement will
be dirficult to estimate analytically; it is suggested that these changes
be implemented experimentally and the effects measured.

Section 3.7 contains a description of the widebeam horn, with a
discussion of potential temperature effects due to the polarizer.
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3.3 . General Description, High-Gain Antenna

The Ku-band high gain antenna system is a prime focus paraboloid
with linear polarization for the rendezvous radar function and right-hand
circular polarization for the comunications mode. A monopulse comparator
subsystem s included to maintain tracking capabilities during operational
use. The antenns system is stowed in the Orbiter payload bay during Yaunch
and reentry and is only deployed on orbit for rendezvous and communications
in space.

Because of the tight stowage requirement, the focal length
f(10 inch) of the paraboloid had to be substantially decreased to fit
within the volume allotted. The diameter of the dish itself (36 inches)
was maintained to be as large a5 deemed feasible to achieve the narrow
3 dB beanwidths (1.6°) desired. Therefore, the subsequent f/D rativ, a
design parameter of reflector antenna systems, was extremziy low (0.23),
and this greatly affected the overall antenna performance from that pre-
dicted by Hughes during the Conceptual Design Review.

In order to reduce the weight of the deployed antenna system,

a lightweight graphite epoxy paraboloid antenna was employed. This
reflector is composed of layers of woven carbon fiber cloth impregnated
with epoxy formed on a master mandrel to mold it to the appropriate con-
tours. Stiffening structures, also made of graphite epoxy, are then
bonded at the rear of the reflector to add strength and reduce inertial
flexing of the surface. The reflector surface itself is not metallized,
depending on both the anisctropic conductivity and the dielectric mismatch
of the epoxy/free space interface for high reflectivity.

The feed for the antenna system is composed of a sum horn and
monopulse-tracking elements, the combination of which create a parasitic
mutual-coupling effect which appears to degrade the system performance.

In order to describe the feed system, however, the two subsystems will
be described separately.

3.3.1 Antenna Sum Feed

The sum feed is composed of a short section of square waveguide
that gradually tapers into the circular waveguide feed aperture which is
0.5 inch '1 diameter. Since the physical dimensions of the aperture
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were reduced to permit the placement of the surrounding monopulse
elements, the sum feed aperture is filled with a shaped teflon plug to
increase the effective circular waveguide diamater sufficient to sustain
the proper propagating modes.

The placement of the orthogonai coaxial probe feeds which create
the circular polarization canability was experimentally determined by
actual measurements. Theoretically, the optimum placement of the probes
1s a quarter of the guide wavelength in front of the short, which is the
position of maximum electric field. Due to the tight space restrictions,
the orthogonal wire short of the probe closest to the aperture was placed
closer than desirable to the second probe, which can adversely affect the
cross-polarization isolation. Earlier, coplanar orthogonal probes were
attempted but, due to mutual-coupling effects, this approach was discontinued.

The lengths of the center coaxial probes extending into the wave-
guide were also experimentally determined by adjusting the length of a
variable center conductor probe into a matched load terminated waveguide
and measuring the return loss. This design approach generally is valid,
except that, for short waveguide sections with multiple discontinuities,
the final overall matching must be accomplished after the total feed,
including the monopulse elements, are assembled. 3ince the voltage stand-
ing wave ratio (VSWR), a measure of the impedance mismatch, was subsequently
reduced from 1.5 to 1.2 or less during the latter phases of testing, it is
assumed this latter procedure was performed.

The actual sum feed aperture extends 0.1 inch past the two-inch
square ground plane. This circular ")ip" provides some reduction in the
mutual coupling effects between sum feed and the adjacent monopulse elements.
The inserted teflon plug, which is physically captured within the circular
waveguide when the back half of the feed section is attached, completely
fills the waveguide, The tapered aperture end is about 0.3 inch long. The
opposite end is counterbored to facilitate the transition to the square wave-
guide. Various dielectric rod antenna shapes were extended out from the
radiating circular aperture but, because of the mutual coupling effects with
the monopulse elements and the related high sidelobe levels, a tapered teflon
plug that did not extend past the circular waveguide lip was finally chosen.
It appears that this 1ip aids in the launching of the radiated wave; however,
some diffraction effects are still obviously present. The height of this
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Vip was experimentally determined to minimize the sidelobe level, which
increased substantially after incorporation of the monopulse elements
around the sum feed. I¢ appears that little more could be done to increase
this 1solation, such as corrugations 7 chokes, since the monopulse elements
are located immedfately adjacent (in fact are bent around) the sum feed.
One possible modification to reduce this mutual coupling is included in 4
section 3.6, which lists reccinmendations for improvement. !
No impedance transition provisions (such as a tapered horn) into
free space were included in the design. In fact the best description
of the radfating aperture would be a rather abrupt dielectric/free-space
interface at the end of a circular waveguide. Therefore, it is question-
able whether a spherical wavefront is radiated from this open-ended wave-
guide sum feed. The concept of generating a plane wavefront from a para-
boloid relies on a spherical wavefront emanating from the prime focus;
therefore, some of the inherent degradation in expected low sidelobe levels
can be attributed to the sum feed design. Another area of concern is the
il1lumination at the edges of the reflector dish is partially blocked by
the side support pods, which greatly distorts the illumination taper. )
An earlier version of this antenna system used a four-inch square
ground plane housing the monopulse phase comparator in conjunction with
the feed. Obviously this constituted too much blockage of the antenna
system and significant improvements in sidelobe levels were noted when the
ground plane cross-section was reduced to a two-inch square feed and the
large comparator was relocated along the feed support.

P

3.3.2 Antenna Monopulse Elements

The monopulse elements consists of four short waveguide sections
terminated into receiving slots which detect comparative phase differences
between opposite pairs of elements, thereby indicating the proper direction
the antenna must be pointed to perform the tracking function. Again coaxial :
probes are used as transducers to transfer the signals in the waveguide %
to the semirigid coaxial cables which go to the comparator circuit JTocated |
on the feed mount. The placement and lengths of the coaxial probes, as
well as the dimensions of the slots, were experimentally derived by radiating
into a matched load or free space and minimizing the VSWR. The length of
the short waveguide sections was determined by the allotted feed envelope,
and no resonance effects were utilized in the overall design. The basic
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feed performance was determined to be essentially frequency independent
within the frequency range of interest. Therefore, it {s also relatively
temperature independent. (A more detailed discussion of the thermal
effects will be made in a later section which will delve into the large
temperature extremes to be encountered).

A number of different types of monopulse elements were tested.

A standard monopulse system successfully employed on other programs
consisted of printed circuit dipoles and, therefore, these elements

were initially used. Various geometric configurations such as "in-line"
and "star" layouts were tried, but the final monopulse system utilizes
slots in a ground plane forming a small planar array surrounding the sum
feed. The reasons that this particular design was selected were that its
performance was comparable to the other configurations, fabrication was
simpler and di‘mensional reproducibility was better. The presence of the
dipoles protruding above the ground plane also increased the amount of
coupling of the sum feed to the monopulse elements.

The feed is machined out of a block of aluminum which is then gold-
plated to reduce resistive losses and minimize the effects of corrosion.
The feed consists of two halves which are bolted together. The front half
consists of the circular sum feed and the slotted waveguides of the mono-
pulse elements. The rear half contains the sum feed squ:re waveguide and
the coaxial probe conrections. Since intricate machining is required,
electron discharge machining (EDM) is extensively used to form precise
corners.

A front and cross-sectional views of the sum feed and monopulse
elements are sketched in f'igure 3 to illustrate the design. Figure 4
shows the overall feed and support structure with the attached monopulse
comparator circuitry. It can be seen that the feed does cause significant
blockage in the crucial central portion of the dish, even after the
reduction of the feed cross-section by relocating the phase comparator
circuitry.

3.3.3 Additional Feed Design Considerations

One aspect of the design that has not been discussed but must
not be overlooked is to incorporate adequate venting provisions to pre-
vent damage to the protective 5 mil kapton windows over the monopulse
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elements and the inserted teflon plug of the sum feed due to the abrupt
pressure changes arising from launch. The large pressure differentials
can cause separation of the windows or loss of the teflon plug, the
latter effect being critical since the sum feed cannot propagate Ku-band
microwave signals without the dielectric medfum in the reduced diameter
circular waveguide. Even 1f only partial ejection of the teflon plug
occurred, the resultant protrusion would behave 1ike a dielectric rod
antenna with the earlier observed effect of parasitic coupling to the
monopulse elements and therefore result in much higher sidelobe levels.
Vents can be introduced in a number of positions without greatly
affecting the RF performance. For example, since the feed is a two-piece
flanged seciion, small holes can be machined at the flange face in the cor- i
ners of all five waveguides since the electric fields are negligible there. i
Similarly, small holes can be drilled at the corners of the rear walls of i
the waveguides at the plane of the short, but this {s more difficult to
align. Since the semirigid coaxial cable probe is usually filled with a )
dielectric (teflon) and the signal strength is greatest there by design,
it is probably wise to avoid these areas for venting purposes. i
Hughes has subjected a breadooard feed design to an abrupt vacuum
test, with no adverse effects. It was felt that adequate venting was
provided by the nonhermetic seal connector probes and loose-fitting flanges. 3
The test involved decreasing the pressure from atmospheric to 10'3mm (Hg) of
vacuum in about 15 seconds. Althsugh it appears adequate, more details
of the exact launch profile depressurization should be known, and prudent
desian would incorporate venting provisions to accommodate multiple launches.
Another concern is the effect of ultraviolet light from the sun
affecting the material properties of the teflen plug in the sum feed
which is critical to the proper operation of the radar and communication
modes. Although, in the low f/D ratio antenna system, the feed is blocked
effectively from direct exposure tc the sun, whatever energy that is reflected 5
from the reflector is highly concentrated since it is focussed at tne feed. ‘
A protective kapton window might also be considered to cover the sum feed
aperture, similar to the kapton windows used for the monopulse elements.

b i B s i ST 5 bt ae




EE R Gadindi-aaan s salie

3

3.4 RF Performance

The RF performance of the Ku-band antenna system reflects the
fact that a low f/D ratfo prime focus system was selected over a larger
f/D ratio system such as a Cassegrain with a subreflector. The higher
than expected sidelobe leels, which may resuit in inadvertent sidelobe
acquisition, arise from two separate effects. First, the center-fed
parabola has a large amount of blockage frcm the feed, feed support, and
pods. Second, the sum feed system, composed of a dielectric loaded cir-
cular waveguide, is not noted for its illumination taper or its spherical
wavefronts, and parasitic mutual coupling to the monopulse elements is evi-
dent. It is essential to characterize the apparent causes of these limita-
tions so that future modifications, if required, will be straightforward.

The measured principal plane antenna patterns are shown in Figures 5
and 6 for two typical modes: linear polarization and circular polarization
at 13.77 GHz. Examining these pattern¢ reveals some bdasic characteristics
which will gcnerally suffice to describe the patiern at other frequencies,
since 1t was designed to be a wideband system. As depicted in the circular
polarization case pattern of Figure 5, the elevation plane (denoted by EL)
possibly shows the blockage effects of the feed support by the lower than
-30dB sidelabe. Generally this obstructed energy is simply redistributed,
and it is not uncommon to find sidelobes in another region greater than
would be measured if the blockage did not exist due to the disturbance in
the interference patterns. Although a raster scan was made of the immediate
vicinity of the main beam, a more thorough program of antenna pattern measure-
ments should be conducted for the final flight version to verify that no
extraneous sidelobes of substantial magnitude exist.

The measured 3 dB beamwidth is broader than originally specified
(1.5°-1.6°) but the increase does not appear to be significant. The
measurement techniques used the expanded scale (6x magnification) to
resolve the angular relationship to greater than tenths of a degree, and
calibration curves of the pattern measurement system were taken at a later
date to confirm that nonlinearities did not exist. In practice, especially
when the flight model antenna patterns are measured, calibration verifica-
tion curves using a series-connected precision attenuator might be recorded
both before and after a series of patterns to conclusively demonstrate the
validity of the beamwidth and sidelobe levels.
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The -16.8 dB sidelobes in the azimuth plane are unreasonable.
Although this behavior is attributed to a nonideal ADL paraboloid reflec-
tor, there may be some other suitable explanations. One possibility,
which will be discussed in the last section dealing with recommended
improvements, addresses placement of the graphite epoxy feed supporting
pods which are in the azimuth plane and block the illumination taner.
Another is the existence of parasitic mutual coupling of the sum feed
with the monopuise elements since the primary sum feed radiation pattern
is greatly distorted when the monopulse elements are added.
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3.5 Thermal Effects on the Ku-Band Feed

The calculated temperature extreme that the Ku-band feed will
be subjected to 1s approximately -170°F (160°K). Therefore, some
concern has been expressed as to the temperature dependence, if any,
of the feed. Attempting to utilize the existing knowledge of the
present design, especially the measured wideband frequency performance,
it does not appear that there are any critical temperature-dependent
effects which might adversely affect the feed performance, excluding
possible mechanical stresses and material phase transitions. The
design parameters were rather loose; mary aspuects of the design were
experimentally determined and, therefore, not subject to precise dimensions.
As a result, thermal expansion and contraction etfects were, therefore,
minimized for this wideband system. No sensitive resonant cavities or
filters which might be detuns< by thermal dimensional changes were incor-
porated into the design. The close.t structures that resemble a resonant
cavity are the short waveguide sections of the monopulse elements with
the radiating slots. Experimentally, however, these elements have been
measured to operate over the range 13.75 to 15.15 GHz and therefore do
not seem temperature-sensitive since they are not frequency-sensitive.

Under standard laboratory conditions, it is very difficult and
expensive to measure the performance of an antenna system over the antici-
pated operating temperatures of space since the feed would have to be
cryogenically cooled below the dew point of the surroundings, necessitating
enclosure within a vacuum chamber. Further, the essential antenna parameters,
beamwidth and sidelobe level measurements require far field pattern measure-
ments, so that a large transparent vacuum chamber window would be required.
Thus, the temperature-dependence measurements of an antenna system would
have to be considered impractical on the ground. The best one could
realistically achieve is, possibly, to measure the return loss of a cooled
and heated feed assembly in a vacuum chamber with the feed pointed at a
matched load. Swept frequency measurement could then establish whether
temperature-dependent effects exist.

In response to the concern shown over the temperature dependence,
a simple heating test of the feed was made using a heat gun during antenna
pattern measurements. As would be expected, no effects were noted. It
is felt that such tests are not truly representative since the feed will
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assume a2 very low temperature, and the temperature differential calculated
will be much larger than can be achieved under these conditions.

Rather than speculate on the effects of the calculated cold
temperatures, 1t might be more productive to examine potential solutions
to the problem. The present thoughts involve adding a strip heater to
the feed assembly similar to that used to warm the monopulse comparator
circuitry. Rather than using active heating, however, if passive means
are available for thermal control, then these methods should be looked
at instead of wasting valuable electrical power. A thermal enclosure
about the feed and feed support would greatly reduce the temperature
extremes presently expected. This enclosure could be in the wedge shape
described later to minimize RF blockage effects. It would also serve
to protect the feed, comparator, and connecting cables from physical
damage due to deployment and stowage.
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3.6 Recommendations for Improvement

One of the goals of the Ku-band antenna study is to make recom-
mendations, {f possible, to improve the performance of the system. After
describing the antenna in some detail, some arecas of improvement became
apparent, especially in regards to the higher-than-expected sidelobe levels.
This section outlines some modifications which seem reasonable to investigate
further,

One of the explanations for the poor sidelobe performance of the
Ku-band antenna is the mutual-coupling effects between the sum feed and the
monopulse elements. The primary sum feed antenna pattern is disturbed signifi-
cantly when the monopulse elements are added. The original 20 dB taper on the
reflector is reduced to a 10 dB taper. In order to reduce this mutual coupling,
the addition of shorting elements on the ground plane to place the null from
the VSWR on the monopulse slots is proposed. Earlier Hughes tests of a similar
technique indicated substantial perturbations in pattern measurements by the
placement of obstacles on the ground plane, but efforts were discontinued due
to the poor results. In the next section, we describe a more systematic
technique for the placement of shorting elements.

The other major contributor to high sidelobe levels appears to arise
from the blockage of the primary sum feed illumination pattern by the adjacent
feed support pods in the azimuth plane. Three modifications are suggested. The
first is to relocate the pods out of the azimuth plane, preferably into posi-
tions 120° from the feed support to disrupt the cumulative blockage of both
pods in one plane. If it is determined that little mechanical support of
the feed is actually required, then possibly only one support pod parallel to
the boresight of the sum feed might be studied. A better solution is to
attach the pods at 120° angles to the edge of the reflector such that the
pods block only the secondary pattern from the illuminated reflector. The
amount of effective blockage for this configuration is much less, even though
the pods are longer. Finally, a nonconductive material can be used to fabri-
cate the pods instead of conductive graphite epoxy.

A more subtle design method might also be used to decrease the
effective blockage cross-section. Shaping the pods and feed support into
diamond and hexagonal wedges can greatly reduce the deleterious effects of
the obstacles.

And finally, in order to control the laurching of spherical wave

fronts by using a dielectric lens concept, some possible design shapes for
the dielectric plug are developed.
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3.6.1 Reduction of Mutual-Coupling Cffects

There was a noticeable degradation in the {1lumination taper of
the primary pattern of the sum feed when the monopulse elements were in-
corporated. In order to attempt to alter this deleterious interaction,

a slight modification of the ground plane is proposed to create an effective
short for the leakage radiation diffracted around the 1ip of the sum feed.
This short is positioned to take advantage of the directionality of the
leakage radiation compared to the incident radiation from the reflector.

Basically, the idea 1s to position a null from the resultant stand-
ing wave from the short at the slot center. As Figure 7 indicates, the
location of this annular ring sector is 3/4x trom the sum feed. The height
of the short should be appruximately that of the extension ot the lip of
the sum feed, but the exact dimension would probably be experimentally
determined.

The incident radiation from the reflector should not be adversely
affected by this annular ring sector short by geometrical considerations
since the height is small compared to a wavelength and the separation
between the annular rings is greater than A/2, which avoids reactive
termination conditions as in corrugations.

If improvement is noted, then it would be logical to add other
annular ring sectors A/2 beyond the first one to improve the effectiveness
of the short.

3.6.2 Pod Relocation

The blockage effect of a center fed paraboloid is especially
critical since the majority of the illumination taper of the feed is
in the central area of the dish, and therefore any obstruction greatly
alters the antenna pattern, usually by broadening the beamwidth and
increasing the sidelobe levels.

The most Jogical explanation for the degraded sidelobe behavior
for the linear polarization case (and therefore the circular polarization
cese) is the use of horizontal graphite-epoxy support pods for mechanical
rigidity of the main feed support. Since graphite epoxy is considered
conductive, these pods have a large effect blockage cross-section, simi-
lar to the reason for changing the orientation of linear polarization with
respect to the feed support.
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A sketch of the physical relationship between the sum feed pods
and reflector is shown in Figure 8a. Although the pods are relatively
short, they would exert substantial influence on the patterns since they
are positioned sc that all radiation in that plane 1s blocked. Since the
f/D ratio of the antenna 1s so low, the effective blockage cross-section
is large because the angles subtended ty the pods increase when the pods
are located closer to the focus. In this particular case, the pods are
so close to the center of the paraboloidal reflector that they intrinsically
will obstruct the primary pattern of the sum feed even before 1lluminating
the reflector, as depicted in Figure 8b, If the edge of the reflector is
roughly +£70° from the sum feed, the pods are approximitely :30° from the
center (more exact angular relationships should be obtained if further ar 1-
ysis 1s desired). Thus, the primary pattern of the sum feed is completely
blocked in the azimuth plane beyond the 30° from boresight. Further, the
central portion of the primary pattern after reflection is blocked by the
feed, but this blockage cross-section has been greatly reduced by the
relocation of the phase comparator and the reduction of the ground plane
area to 4 square inches. Thus the presence of the support pods, being
conductive, completely disrupts the primary and secondary patterns, result-
ing in poor sidelobe levels.

If the support pods were attached to the edge of the reflector .
instead of the central area, the effective blockage cross-section would be
reduced and the sidelobes correspondingly reduced in magnitude, as sketched
in Figure 8¢.

3.6.3 Pod Orientation

Conductive support structures are known to affect patterns for the
case when the elect:ic field is parallel to the conductive member. The
explanation, it appeared, was that the conductive member acted in a manner
to electrically short the incident electric fields, creating a standing

wave in the vicinity of the parallel member. Electric field vectors ortho-
gonal to the conductive member, however, can propagate around the obstacle
since electric fields can exist normal to. a conductive surface. For the
case of circular polarization, since the electric field vector rotates,

the standing-wave phenomenon in similarly applicable for the parallel
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component of the electric field but not for the orthogunal component.
Therefore, a polarizing mechanism exists similar to the wire grid struc-
tures used to filter out the orientation of linear polarization parallel
to the wires.

This effect wzs noted early in the development of this Ku-band
antenna. The sidelobe levels decreased when the orientation of linear
polarization was rotated to the azimuth plane, which is perpendicular to
the feed support. However, now the suppori pods became aligned parallel
to the electric field and became predominant biocking mechanisms, although
to a lesser extent.

If the support pods were located 129° from the feed support, the
sidelobes would be further reduced since the blocked areas are not in the
same plane. Therefore the magnitude of the perturbation is caused by only
one pod, which is not the present situation where there are two pods in the
azimuth plane, the plane which has the high sidelobe problem. By distributing
the disturbances due to the pod placement about the antenna pattern, it is
possible to reduce the sidelobe contribitions ir any single plane, thereby
decreasing the sidelobe level.

3.6.4 Pod Material

The reason why the side support pods result in such large blocka e
is the fact that graphite-epoxy is quite conductive and, therefore, creates
standing-wave patterns in the region of the pods.

One solution is to fabricate the pods from less conductive material
such as fiberglass or kevlar. These materials, being dielectrics, would
cause some phase shift problems for the rays incident upon the pods, but
actual blockage would be minimized.

One potential problem area if materiat substitution is used is
thermal expansion differentials since graphite epoxy is noted for its
low coefficient of thermal expansion. For the relatively short pod
lengths considered here, however, this should not deter the serious con-
sideration of this approach.
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3.6.5 Poa Shaping

Another approach might be considered to further improve the
side-1obe levels. Earlier work by Ruze [1] and Kay [2] discussed the
improvement in gain of antenras when blockage of the obstacle was tapered
to allow incident radiation to propagate around the obstacle rather than
be reflected away by flat surfaces. Their problem was to minimize the
effects of metallic structures supporting a radome. On a comparative
scale, that type of blockage was very small since, on a cross-sectional
basis, the width of the structural members were quite small compared to
the antenna reflector cross-section. However, for the case of this
Ku-band antenna, the feed and feed support structure are quite large
compared to the reflector and the microwave wavelengths. Therefore, the
shaping of the obstacle should have a correspondingly larger improvement.

The specific shape to be considered is a pyramid over the feed and
& hexagonal wedg2 or a variant thereof along the feed support which will
permit some radiation, however distorted, to be collected by the reflector.
Ideally, the hexagonal wedge "as long tapers on both sides which behave as
transitions and provide a grazing incidence angle to the incident radiation.
Since the illumination taper is greatest at the center of the dish, the
region where the feed is mounted, this area is intirirsically the most
critical. An easy test to determine the feasibility of this approach con-
sists of a simple substitution whereby a section of heavy-duty aluminum
foil is folded into the appropriate shape and taped onto the breadboard or
engineering model. The result should be readily apparent by the measurement
of sidelobe levels. This shaped refiector along the feed/feed support can
also serve as a thermal shield to reduce the large temperature extremes cal-
culated to exist at the feed. A fiberglass shell bonded with heavy-duty
aluminum foil which is painted with white thermal control paint will help
to passively maintain the feed at a higher temperature than the presently
calculated -170°F (nonoperational state) and reduce temperature fluctua-
tions on the phase comparator circuitry which have temperature-sensitive
varactor diodes subject to "carrier freeze-out" at low temperatures.
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3.6.6 Dielectric Plug Design

One design requirement discovered during the early phases of the
Hughes antenna feed deveiopment was the control of the fllumination taper
which was too uniform and, therefore, resulted in extremely poor sidelobe
levels. After many trial tests, the present dielectric plug shape was
evolved which resulted in a satisfactory primary feed pattern without
the monopulse elements with a 20dB taper. (The presence of the monopulse
elements, and the mutual coupling, however, reduced it to a 10dB taper.)
This shape is sketched in Figure 9a, which shows a 0.5 inch diameter
circular teflon plug tapered at the aperture end to simulate a dielectric
rod antenna which concentrates the radiated energy in the dielectric as
though it was a dielectric waveqguide. The other end of the plug, facing
into the coaxial probe transducer, is counterbored to form a transition
from the square waveguide to the circular waveguide section. This "concave"
surface is conducive to creating a nonplanar wavefront since the central
portion of the propagating mode travels at a higher velocity than at the
perimeter of the circular waveguide, thereby creating a "bulge" in the
wavefront which might result in a quasi-spherical wave at the aperture
end since the circular waveguide section is relatively short. However,
on the aperture end, the tapered dielectric section used to concentrate
the radiated energy acts to slow the central portion of the propagating
mode, thereby compensating for the concave surface at the opposite end. A
sketch of the probable phase fronts for the present design, which coincides
with that actually measured, is shown in Figure 9b. Since the tapered rod
was experimentally found to be essential i1 creating a satisfactory illumi-
nation or amplitude taper in the primary pattern, any suggested modifica-
tions to improve antenna performance must realistically use this baseline
design.

3.6.7 Modifications to Promote Spherical Wavefronts

Since collimation from paraboloids rely on a spherical wave emana-
ting from the focus, it would seem logical that an effort be made to alter
the sijutation to favor creating at least a semblance cf such a spherical
wave. This nonspherical wavefront effect would be accentuated for lower
f/D antenna systems since a longer focal length geometrically reduces the
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magnitude of the deviation from a true spherical wave, measured in fractions
of a wavelength. The optical equivalent of this situation {s spherical aber-
ration, where the degree of distortion corresponds to the sidelobe problem.
A spherical wavefront requires that the central portion of the
radiated energy from the feed be launched into free space earlier than the
planar wavefront within the dielectric-filled circular waveguide. A sV=tch
of the proposed modifications to the existing teflon plug is illustrated in
Figure . Note that the present design configuration is generally maintained
since it has successfully evolved by extensive testing to a satisfactory per-
formance level. Since few further modifications to decouple the sum feed from
the monopulse elements are obvious, the spherical wavefronts concept, which
has 10t been emphasized earlier, is pursued.
One method to create this desired effect is to drill a small hole
in the center of the teflon plug, thereby creating a propagating mode which
can have a longitudinal component of electric field, creating the "bulge"
that generates the required curvature at the radiating aperture. Since
this perturbation is distributed, the cumulative effect is to cause a high
degree of distortion, with the faster central portion of the mode "dragging
along" the slower edge portion which serves as a slow wave structure. The
depth and df{ameter of the hole would have to be determined by analysis,
but the concept does permit a degree of control over the shaping of the
launched wavefront which has not been investigated previously. And, if
this hole traverses the entire length of the dielectric plug, it can also
serve as a convenient means of venting the square waveguide section of the
sum feed to relieve the contained atmospheric pressure during the launch.
Another method of creating a quasi-spherical wave is to shape the
dielectric aperture as a lens system. Since a planar propagating wavefront
exists within the circular waveguide, the “hulge" can be encouraged by a
concave surface, such that the aperture appears indented in the center of
the plug. Since the central portion is launched =arlier than the edges,
a more exaggerated curved wavefront results. Again, further analysis would
be required for determining the optimum curvature if the concept is pursued,
but a simple experimenta’ verification can be obtained by machining a test
teflon plug and comparing the resulting sidelobe levels.
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A sketch of the desired phase fronts resulting from these
modifications is shown in Figure 10b. Note that, although perfect spher-
ical waves are not produced, the general wavefront is not as distorted
in terms of the magnitudes of the phase deviations as in Figure 9b .

3.6.8 Differential Monopulse Element Nulls

The explanation used in Axiomatix Report R7804-3 for the absence
of a well-defined null in a particular plane difference channel was attrib-
uted to the geometrical relationship of the dipoles to the incoming phase
front on which the monopulse tracking system is based. This phase front
problem would be more apparent for lower f/D ratios of the antenna reflec-
tor systems. The orientation of linear polarization in the plane of
incidence suffers from a lack of phase resolution since it approaches the
dipole at the grazing angle. Because of this grazing angle of incidence,
the phase itself cannot be well characterized by the dipole, which is of
the order of half a wavelength long. An attempt to pictorially describe
this phenomenon is shown in Figure 1la, which shows that the phase front
from the edge of the reflector is incident on the monopulse dipole at
close to a grazing angle. A more detailed description is shown in
Figure 11h which shows the phase relationship of the incidert wave on
the dipole for the ray path designated by A. It is seen that the phase
relationship cannot be well defined for this orientation of polarization
and this particular dipole orientation. This is not true for the ray
path designated B since the electric field vector would be oriented paral-
lel to the dipole, and a prominent null would exist.

One corrective measure would be to use a curved dipole as shown
in Figure 11c. This configuration would most closely resemble the focused
spherical phase front and would thereby avoid the shallow null problem.

The present monopulse desi3an uses slots in a ground plane, and
the same explanation is valid except that now the shallow null is trans-
ferred to the orthogonal plane from the case of the dipole. But since
the orientation of linear polarization has been rotated to the azimuthal
plane, the shallow null is still in the elevation plane. The grazing
angle for the slot configuration is shown in Figure 114, where, due to
the finite width of the slot, phase resolution can be degraded for a
low f/D system unless a complex spheroidal ground plane is used.
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3.7. *u~-Band Wide-Beam Horn

The Ku-band wide-beam horn has two distinct functions. The
first use 1s to determine main beam acquisition for the rendezvous
radar by establishing a threshold level for comparison with the narrow
beam antenna sidelobes. The second function is the wide area acquisition
of the TDRS signal for communications.

Since the TDRS signal is right-hand circularly polarized (RHCP) and
the radar is linearly polarized, there has been some compromise in the
radar performance. There is an inherent 3dB loss when linear polarization
is received with a RHCP horn since the linear polarization is composed
equally of right and left-hand circular polarization components.

The purpose of this section is to describe the wide-beam horn in
some detail and determine the system trade-offs. Since the horn was initiaily
designed for linear polarization as a result of a possible Skylab mission,
the antenna pattern measurements with the circular polarization transducer
are not available at this time. However, the earlier linear polarization
measurements indicate reasonable performance parameters.

3.7.1 Physical Description

The basic conical horn design is a cone with a slope length of 7.7
inches, an aperture diameter of 3.2 inches and a double cone angle of 24°, as
sketched in Figuire 12, The circular polarization (RHCP) transducer is
located immediately behind the horn and consist: of a section of circular
waveguide with four pairs of tuning screws 45° to the incident linear
polarization which act as reactive elements to generate the differential
phase shifts required to change the linear polarization to circular polari-
zation.

Some of the general design ?raphs used to create the differential
phase shifts are shown in Figure 13 3] to explain the multiple-lumped-
element loading concept of this type of transducer. Instead of a square
waveguide, the linear polarization is introduced into the circular wave-
guide at a 45° angle to simulate a power splitter since the equal orthogonal
components parallel and perpendicular to the tuning screws then undergo the
differential phase shifts which result in generating circular polarization.
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3.7.2 Pattern Measurements

The only Ku-band wide-beam antenna pattern measurements released
to date have been the linear pclarization patterns taken for the proposed
Skylab mission. Since the wide-beam antenna is being converted to right-
hand circular polarization (RHCP), the patterns themselves can be used
only as a representative sample of what might be expected for the RHCP
case, although the efficiency of the circular polarization transducer
over the broad frequency range will greatly affect the final patterns.

The most noticeable characteristic of this type of conical horn
is the varying beamwidths in the E and H planes &t the same frequency,
as showr in Table 1.

Table 1. Ku-Band Wide Beam Horn-Linear Polarization

Freq. (GHz) Gain (dB) 3dB Beanwidth (°) - E and H Planes
at rotary joint

13.77 18.4 16.6/18.8
13.90 19.0 16.4/19.9
14.00 18.8 16.7/19.0
15.15 13.7 14.4/17.3

This distortion from a “circular" beam causes ellipticity and, therefore,
RHCP polarization loss off-boresight. If the gain magnitude is important,
then another horn like the corrugated conical horn which has similar E and
H plane beamwidths might be considered as a substitute.

As was mentioned previously for the narrow-beam antenna, the
inclusion of calibration curves with an in-line precision attenuator both
before and after a series of pattern measurements is essential to verify
the validity of the beamwidths and gain.

3.7.3 Design Comments

The smooth conical horn has the disadvantage of greater eliipticity
off axis due to the different beamwidths in the E and H planes. Corrugated
conical feed horns, on the other hand, are noted for their more equal beam-

widths in both planes, and some thoughts on considering other types of
horns might be fruitful.
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The use of the multiple-lumped-element loading technique by Hughes
for creating circular polarization does optimize the wide bandwidth require-
ment since the frequencies are 13.775 GHz for the communications receive
mode and 15 GHz for the communications transmit mode. It is also easy to
design by using lockable tuning screws for final adjustments.

However, because of the existence of tuning screws, there is some
frequency dependence for ihe circular polarizer and, therefore, certain
precautions should be taken. For example, the operation of the circular
polarizer should be measured outside the specified frequency range to
determine the frequency sensitivity characteristic and thereby deduce
the expected temperature sensitivity. Since the tuning screws are located
fairly close together and the probe iengths are short, it is not expected
that temperature effects would be significant. Again, as in the case of
the narrow-beam Ku-band feed, it is recommended that passive means of
thermal control be employed to protect it against temperature extremes and
resulting thermal gradients from the abrupt operation of the transmitter.

s Ean SRR R bR, ThE e

e A s e

i

)
r
]
\’




 ——

57

3.8 Conclusions

The high sidelobe levels of the high-gain Ku-band antenna are
a primary influence on the antenna system performance. Several relatively
easily verifiable improvements have been suggested to decrease the side-
lobe levels of the high-gain antenna. If effective, these changes may
negate the necessity of alternate, more expensive changes to the Shuttle
radar/communication system. In particular, specific recommendations
have been made to correct the three areas which have been determined to
be contributors to the high sidelobe problem. First, the concept of
leakage radiation shorting elements on the ground plane was introduced to
minimize the parasitic mutual-coupling effects between the sum feed and
the monopulse elements. Second, the feed support pods have been identified
ac obstacles in the primary sum feed pattern and, therefore, pod relocation
and shaping and material substitution were suggested as nossible remedies
to the illumination taper blockage on the reflector. And finally, some
ideas on encouraging the launching of quasi-spherical waves from the sum
feed were outlined to minimize phase aberrations for the parabolic system.
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4.0 KU-BAND BENT-PIPE CHANNEL PERFORMANCE EVALUATION
4.1 Introduction
41,1 Background

This saction describes results obtained under Task #1, Exhibit
"8", "Ku-Band Bent-Pipe Channel Performance Evaluation." Since Hughes
has been experiencing the greatest difficulty with the wideband bent-pipe
channel, we have concentrated our efforts in this area. Specifically,
the SPA mode 1 channel 3 input port has a bit detector whi~h is the sub-
Ject of considerable redesign effort by Hughes. This port accepts high
data rate NRZ data (2 - 50 Mbps) anrd clock. The SPA input bit detector
attempts to sample the data at mid-bit in order to preclude sampling
during a transition. The inherent problem is the wide variability of
data rate and input waveform parameters.

The original bit detector circuit consisted of a derived two-
phase clock and a coincidence circuit. Proximity of data/clock transi-
tions would trigger sampling on the alternate clock phas~. This circuit
proved to be unsiable under worst-case conditions of data asymmetry and
rise time. A relatively simple modification, that of providing a four-
phase clock, 21so proved unsuitable at the higher data rates. As a
result, Hughes has had to design a new bit synchronizer,

4.1.2 Summary

This section describes the two principal designs considered by
Hughes as well as our analysis of these designs. During the progress of
this work, it became evident that the input waveform parameters had not
been adeguately characterized and specified. In particular, distortion
due to cable effects, in terms of frequency-dependert attenuation and
rise time, had not been accounted for, In section 4.3, we discuss the
model used to calculate the effects of cable attenuation and rise time
degradation. Resuits of this analysis were subsequently incorporated
in the Rockwell specification. Discussions of the two prime candidate
designs for a bit synchronizer are contained in sections 4.4 and 4.5.
The first synchrcnizer, which was proposed by Pat Conway,
is shown in Figure 15. Since a detailed description is given in
section 4.4, we will summarize by stating that this loop utilizes a
phase-frequency detector to frequency track the received data clock
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frequency and a mid-bit and transition point sample detector to generate
a bit timing error (phase error) signal to control the relative phase
between the local clock and the local data stream.

It was determined that the basic design was adequate with sym-
metric bits but could lock up with a large * ' ‘ing error and be quasi-
stable (timing will not change unless the ciu.' Ir bit sequence drifts).
.1is will result in incorrectly detecting some bits.

In particular, for the case of 25% asymmetry at 50 Mbps, the
following is true:

(1) With timing errors up to +2.5 ns (+12.5%), no timing
change is performed by the lToop and no bit errors will be made.

(2) With timing errors between +2.5 ns and +7.5 ns (+37.5%),
the loop error control will reduce the timing error and no bit errors
will occur.

(3) With timing errors between +7.5 ns and +10 ns (+50%),
the loop will not adjust the timing error, but bit errors will occur.

A second bit synchronizer was analyzed and is treated in detail
in section 4.5. This synchronizer also utilizes a phase-frequency detec-
tor as the first one did, but has a different and rather complex bit
timing error detector to adjust the phase between the received and local
bit epochs. Whereas the Conway synchronizer tracked transitions, this
synchronizer tracks rising edges of the bit stream only, [t was deter-
mined (section 4.5) that this new bit synchronizer will successfully track
the rising edges of the received data bits with 25% asymmetry and up to
a 90° phase shift between the received clock and the data bit timing,
Furthermore, the data bits will be sampled correctly under these cundi-
tions. In both synchronizers, it is advisable to zero the digital-to-
analog converter loop filter voltage in arder to aveid the possibility
of false lock.

4.2 Conclusions

Hughes has elected to implement the modified Pat Conway bit syn-
chron.zer as described in section 4.5. With input data and clock param-
eters within the specified limits, the bit synchronizer should track and
bit detect correctly.
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4.3 High Data Rate Channel Cable and Connector Loss Effects
4.3.1 Introduction

During the redesign effort of the mode 1 channel 3 bit
synchronizer, it became obvious that the current input specifications
were inadequate. The specifications did not account for data-dependent
losses, e.g., losses incurred due to cable attenuation of the higher
frequencies, whereas this effect had been noted in cable measurements.
In addition, rise time effects had not been adequately modeled. Since
the rnew bit synchronizer is going to incorporate a variable threshold
to adaptively set decision levels, it has become mandatory to more accu-
rately predict the input waveform parameters.

4.3.2 Data-Dependent Loss Effects

The concept of data-dependent loss is depicted in Figure 14.
A long run of 1's or 0's will allow the cable output voltage to reach
MAX "1" or MIN "0", respectively, whereas a single pulse preceded and
followed by data of the opposite serse will attain only MIN "1" or MAX
ng.

The analysis techniques involved modeling the frequency-
dependent loss of the cable and .onnectors, calculating the Fourier
transform of a single pulse, attenuating the Fourier coefficients, and
taking the inverse transform to ascertain the joss, In actual fact,
since the calculations were performed on a computer, the most simple
approach was to approximate the single pulse with a very low duty rycle
rectangular pulse train. Thus, the Fourier series was used.

Worst-case conditions assume 92 ft of cable with seven con-
nector pairs. From (4], we find that the cable attenuation of RG142
can be modeled as 1.92x10'4 f0'538 dB per 100 ft. This is derived from
the table on page 194 of [4) by using a linear regression of the tabular
data. The resultant correlation coefficikent is 0.9957, indicating that
the log of attenuation versus the log of frequency can be accurately
approximated by a straight line in the range of interest. Assuming SMA
connectors, the connector loss i3 given as 0.03'/?E;;‘d8 per connector.

The resultant data-dependent loss is calculated to be 11.4%.
That is, a single pulse will be 88.6% of the steady-state voltage dif-
ference. This can be written as:
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4.3.3 Cable Rise Time Effects

The response of a cable to fast rise time inputs cannot be
modeled as a simple filter. Cable measurements indicate a very rapid
initial rise, followed by a slow tapering off to the final value. From
[5] and [6], we find that the response to a unit step (1/S) input can be
given as:

Vit] = 1 - erf (2K,
4RVE

with ¢ the cable length, K the cable attenuation constant in ohms per
unit length per square root hertz, and RO the characteristic impedance.
This expression is obtained by multiplying the Laplace transform of the
cable transfer function by 1/S, then taking the inverse transform.

The parameter K is not necessarily readily available for all
cables. Cable specifications are normally supplied as dB attenuation
per 100 ft at a specific frequency.

We can determine K/P.O as a function of attenuation, as follows:

K\ VS
5 i) 7

E;

, the cable transfer function.
With s = jw and /5 = liii ,
2
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and

20 log L(T‘%)ﬁ d sﬂ

i A( B ) -
100 ft
i = 103 (%L) /=f log e
' 0
‘5 Thus,
i
)
| o+ i)
vF \log e /nx10
]
F which can be substituted into the step response to give
3.25x 1070 A
v(t) = erfc| = .
% t T
F
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4.4 Critique of a Hughes Shuttle Ku-Band Data Sampler/Bit
Synchronizer
4.4.1 Summary and Conclusions

A bit synchronizer proposed by P. H. Conway of Hughes Aircraft
is analyzed in a noise-free environment. This task is accomplished by
considering the basic operation of the loop via timing diagrams and by
linearizing the bit synchronizer as an equivalent, continuous, phased-
lock loop (PLL).

It was determined that the basic approach was a good design
which, with proper implementation of the accumulator, up/down counter
and logic should provide accurate mid-bit sampling with symmetric bits.

However, when bit asymmetry occurs, the bit synchronizer can
lock up with a large timing error, yet be quasi-stable (timing will not
change unless the clock and bit sequence drift). This will result in
incorrectly detecting some bits. The apriori probability of falling into
this quasi-stable region is equal to the asymmetry (defined in 4.4.6)
expressed as a fraction. This assumes a uniform distribution over T sec.
Thus, except for the case of no asymmetry, there is always some possi-
bility of remaining in lock but incorrectly detecting some bits.

As a final comment, if the timing difference between the bit
stream and the clock can be held to less than * ]'QSY T sec (T is the
undistorted bit duration), the bit synchronizer loop will never get into
the third zone, where bit errors are made but the loop holds lock.

4.4.2 Introduction and Description of the New Bit Synchronizer

The purpose of this report is to discuss one "fix" to the oper-
ation of a Chuttle Ku-band bit synchronizer which utilizes both clock
and data inputs. The present bit synchronizer has a jitter problem and,
consequently, occasionally will sample the same bit twice and skip the
following bit.

An alternative bit synchronizer suggested by P. H. Conway of
Hughes Aircraft {7] is shown in Figur .18 The loop is composed of a
Motorola high-frequency phase-frequency detector (¢-DET) [B-10] which is
capable of detecting both phase and frequency errors and is used to
track the clock, and a bit transition detector whicn attempts to track
the transitions of the data bits.
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The Q clock signal shown in Figure 15 is compared with the
received clock (clock in) which, by virtue of the phase/frequency detector,
produces a signal which has a dc component proportional to the frequency
error (if there is one). Then, when in frequency lock, it produces a
signal which has a dc component proportional to the phase error between
the input clock and the VCO output.

Now, if the digital-to-analog converter (DAC) output was rot
hooked up to the loop filter, the bit synchronizer would track the
recefved clock with negigible phase error. However, since the received
clock and data are at the same frequency but are not phase coherent, it
is necessary to bump the clock phase so that data samples are taken at
mid-bit. The function of the DAC is to proviae samples of the data at
the mid-bit point. The VCO clock runs at twice the rate of the received
clock and is divided down to the clock rate by the D flip-flop following
the VCO. Actually, this flip-flop provides both an I and a Q clock which
are phased one-half a bit apart, as shown in the lower left corner of
Figure

The 1 and Q clocks are used to sample the data one-half of
a bit apart, when synchronized. This sampling is effected by the two D

1ip-flops following the divide by 2 flip-flop. By using the "exclusive-
OR" of two successive cata samples, a transition detector is created,
thereby producing a binary one with a transition and a binary zero when
there is no transition. This control enables or disables the up/down
counter to count either up or down. By comparing the I and Q data sam-
ples (In and Q, in Figure 19, an estimate cof the error inthe actual
transition sample (Qn ) and the data transition location is obtained.

It is to be noted that the exclusive-OR output yields only the algebraic
sign of the error, not the magnitude. This error, assuming a data tran-
sition, will be accumulated in the up/down (L/D) counter until it either
underflows or overflows. The accumulator actually has two functions.

The first is to reduce the speed to the DAC; the second is to control
the quantization of the loop phase error control. The second up/down
counter feeds into a DAC which converts the accumulated count into an
analog voltage, which drives the bit synchronizer loop filter. In effect,
the up/down counter acts upon the bit timing error signal the same way
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an integrator would. This integration is precisely what is needed to
force the mid-bit data sampler into the mid-bit position! This fact
will be made clearer in subsection 4.4.5.

In conclusion, the bit synchronizer shown in Figure 15 is
designed to track the clock and sample the data sequence at the mid-bit
point. We now consider the phase/frequency detector and the bit detector
in more detail in the following sections.

4.4.3 Desciiption of the Motorola Phase/Frequency Detector

Both the MC4344/MC4044 [9] and MC12040 [10] Motorola phase/
frequency detectors can be used in a broad range of phased-lock loop
applications. Both sets of detectors are functionally equivalent, how-
ever, the MC12040 is capable of operating at higher clock speeds.

Because of the functional equivalence, we shall confine our discussion
to the MC4344/MC4044 unit.

The Motorola MC4344/MC4044 phase/frequency detector is com-
posed of a phase/frequency detector, a quadrature phase detector, a
charge pump and an amplifier. It is the function of the charge pump to
convert the pulses out of the phase/frequency detector to a DC value
which is essentiallv proportional to either the phase or frequency error.

In Figure 16, the phase/frequency flow table for the phase/
frequency detector is given, along with the charge pump/amplifier fre-
quency control.

in order to understand the usage of Figure 16, we shall consider
an example. Assume that the received clock (R input to the ¢-frequency
detector) lags the local reference (V input to the ¢-frequency detector)
by one-twelfth of a square wave clock cycle, as shown in Case I of Fig-
ure 17. Starting at state 8 in Figure 17, which corresponds to the R,V
pair being in state 1,0, we go to Figure 16a and note that state (8) (with
the parentheses) produces an output Ul = 1 and D1 = 1. Now, in the time
interval denoted by (7), we note that R,V = 1,1. Moving horizontally in
the same row to the left, one column (under R-V = 1,1), we find a seven.
Therefore, we look vertically in the column for (7) which we find one row
higher, with a corresponding output of Ul =1 and D1 = 1. The next
input is R=0, V=1. Moving horizontally in the fifth row, we find a 2.
Moving vertically to the second row, we find the (2), which has a
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corresponding output of U1=0, DI=1. Hence, at this point, the Ul output
drops to zero while the V1 remains at one, as shown in Figure 17. Con-
tinuing in this manner, we find that the phase/frequency detector goes
through the states (5), (8), (7), (2), (5), (8), etc., generating the
waveforms Ul and D1 shown in Case 1, Figure17. Now, by considering Fig-
ure 16b, we see that, when u1,01 = 0,1, the DC voltage out of the charge
pump/amplifier is increased and, when v1,01 = 1,1, the DC voltage does

not change. As a consequence, the DC voltage ipplied to the loop filter-
amplifier increases to the VCO input, causing the local reference to
catch up to the received clock.

By viewing Figure17 cases 11 and III, it is seen that a large
timing or phase error produces a larger DC voltage out of the charge
pump. By virtue of the way the charge pump works, the error control
signal, when properly smoothed, is proportional to the timing error over
the region :T, where T is the clock or bit period. In viewing the error
to be phase rather than timing, we find the error signal to be linear
over +2m.

In case IV of Figurel7, the situation when the timing error is
increased to %% T (or - %7 1) is shown. Even though the error is equiva-
lent to case ! of Figure 17, the error signal derived from the flow ta.le
of Figurel6 yields a different error control voltage. The reason for
this differance is obvious when one considers the S-curve of Figure 18.

Because of the memory in the phase/frequency detector, there
are two error control signals for each error position, or phase error, 6.
The arrows in Figurel8 indicate how the the loop behaves as the phase
increases, first to 2m and then to 47 on a different branch, then returns
to zero on the new branch. The original stable point was 0 rad on the
first branch but the second branch is stable at 2n rad (T sec).

The above discussions were concerned with phase or timing
errors. We now consider frequency errors. Using the flow table of
Figure 16a, we can establish that, when fR/fV = 10 or when fV/fR = 10,
zrror control amplitude is monotonically increasing with increasing fre-
gquency evror (it is not linear). The results are plotted in Figure 19
for the case of 10:1 frequency error and Figure 20 for 3:1 errors.

ek Rk R B il £ o it e




e e TR e TR e ool A A e A i At it dar i "w
Fi o T T el T :
ST LT A .t - Dl i

AN

radians
or
seconds

Figure 18. S-Curve of the Phase/Frequency Detector (Frequency Locked)

t

e - A . P . s e ek e et o
> < Lo aag® iy 7 hh ] i it e ks A e ok
" e " o e g "




E"-\—" o A A o S e o S T B S T T T e adi ﬁ'-r\‘?“"”‘“m'w‘wﬂw
3
5 R
-3
Ew v
‘; N
3 (2)(3)(2)(3)(2) |
; 1
: ut — !Great]y
‘ 0 Increase
i )fv
]
)
O .
{ : Caée IT. fv/fR =10
" J
0 - Greatly
S I Decrease
i fv
D1
0

Figure 19. Phase/"requency Detector When a Large Frequency Error Exists

el

.
e e e e e et ey s LT A TS YA J




VR T TN T

Case 1. fR/fV =3

S

o - e TR TREEEEREETERRT e TRRee e o " 2

— ,
| L
)

](7)(2)(3)(5)(8)(1)(3)(2)(3)(5)(8)(1) .
Ul 0
D1 1

0

Figure 20. Phase/Frequency Detector for a 3.1 Frequency Error

Increase

f\I

€L




-s
|
i

74

4.4.4 Description of the Data Detector

As was mentioned previously, the phase/frequency detector
provides an error signal to track the clock while the data detector pro-
vides a perturbation error signal to force the data sampling to be mid-
bit. The divide-by-two D flip-flop of Figure 14 produces both the I and
Q samples which are one-half a bit apart in time when the loop is in
frequency lock. The in-phase samples are delayed one bit in the second
D flip-flop, labeled "delay" in Figure 14 Using an exclusive-OR gate,
the present data bit is modulo-two added with the previous data bit. ‘
When the past and present data bits are of the same algebraic sign, ?
obviously no transition could have occurred; hence, sampling the tran- 3
sition point could yield no useful timing information so that the accum-
ulator is not enabled. Un the other hand, when a transition occurs, the
previous and past data bits do not agree and useful information can be

obtained from a transition sampie. The exclusive-OR gate enables the
accumulator only when a transition occurs.

Data bit timing error i formation is obtained by comparing the
present I and Q samples via an exclusive-OR gate. As shown in Figure 2},
when the clock timing samples are either late or early, the modulo-two
sum of In and Qn is either 0 or 1, respectively. Therafore, In(:)Qn,
where (® denotes modulo-two addition, determines in which direction the
loop timing should be adjusted in order that the Q samples lie very near
the transition of the bits. Therefore, the I samples will be in the mid-
point of the data bits, which is the result desired to avoid missing bit i

B ey

samples.

By using an accumulator with overflow, an up/down counter car
be used to reduce the speed of the up/down counter driving the DAC. Fur-
thermore, the accumulator sets the quantization error in the bit time
tracking accuracy. The DAC converts the up/down counter output to an i
analog voltage which, in turn, adds with the phase/frequency detector !

to produce the loop filter input signal.

When the bit synchronizer is not frequency locked, it produces
no useful information. Although it is not necessary, inhibiting the bit
detector DAC output during acquisition would improve acquisition time.
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4.4.5 Linearized Analog Equivalent Loop Analysis

In this section, we model the loop of Figure 14in a simplified,
linearized, loop structure shown in Figure 22. First we replace the
phase/ frequency detector with a phase detector (multiplier). Next, we
replace the data detector with a phase detector (multiplier). Finally,
the accumulator and up/down counter are replaced with an integrator since,
in effect, that is the function they perform.

In order to utilize this model, the clock and the data must be
replaced with sinusoidal signals, as shown in Figure 22. We have assumed
that the phase cf the data is arbitrary with respect to the clock which
is indicated by the phase angle y.

The phase error is defined to be the error between the lata
clock and the VCO reference, r(t). thus,

o(t) = o +y - 8(t) (1)

We shall now show that, for any value of y, ¢(t) » 0 as t + =. Note
that ¢(t) is proportional to e4(t). Now,

ey {t) = CLK(t)'r(t) = V2A sin(wyt+e) V2B sin(ugt +8) (2)

or

e](t) = AB sin (8-¢) (3)

where we have neglected the 2w0 term which will be filtered out by the
loop filter and VCO. Now,

o K,
Ez(t) = AB S1n(6'—9) + —§- 54(t) (4)
where
] t
s glt) = [ eq(u) du (5)

with 5 being the Heaviside operator. We use the Heaviside operator nota-
tion in what follows. Now we have
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€ €
CLK(t) ’@ ] 4
r(t)
Data
Clock
CLK(t) = V2 A sin(mot +6)
r(t) = V2B cos (wyt + )
DCLK(t) = VZ A sinfugt + 6 + y)

Figure 22. Simplified, Linearized Model of the Bit Synchronizer
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r(t)-DCLK(t) = V2B cos(wyt+6) YZA sin(wgt+ety)  (6)

54(t)
or
eg(t) = ABsin (o+y-8) = AB sine (7) |

If we linearize (3) and (7), we obtain

AB(6-5) (8)

é
:
:

91(t)

sa(t) AB(6-8+y) = e](t) + ABy (9)

Now we can also linearize (4) to yield g

"
ep(t) = AB(0-8) + ?g ABo (10)
i
; The phase estimate out of the VCO, 6(t), in Heaviside operator notation
' is given by
!
| K
§ = F(S) 1¥ €y = F(S) §¥-=AB(0-6) + §¥-AB¢ (1)
, where F(S) is the loop filter represented as a function of the LaPlace
variable S. MNow, § also satisfies, from (1),
; 8 = 8 +y - ¢ (12)
so that
| Ky | K
: gty -¢ = F(S) ??lAB(e'W) t < AB¢ (13)

Since 6 is unimportant in our analysis, we can let it be zerc, producing

from (13)
ABKVF(S)
1+ —< ¥(S)
(14)

BK,F(S) , ABKKGF(S) ]
s X

®(S) =




i
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where ¥(S) is the LaPlace transform of y(t), i.e.,

¥(s) = wu(t)} (15)

and ¢(S) is the LaPlace transform

o(s) = wfolt)) (16)

In order to evaluate how well the 1oop samples the midpoint of
the bit, we must consider the phase error, ¢(t), as time increases with-
out boiind. Letting the ¥(S) be modeled as a phase step in time so that

.

ws) = 2, (17)

where wo is a uniform random variable taking on values in the range (-,
n) and using the final value tneorem of LaPlace transforms, we have

Tim ¢(t) = 1im [Se(S)] (18)
too S+0

Hence, using (17) and (18) produces

ABK\F (S)
Vimole) = 1 (‘ fTs) Y
im¢(t) = 1lim

s 52

+ 1

Assuming a second-order loop requires that the loop filter be of the form

F(S) = - ~& (20)

so that (19) can be evaluated as

e
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Hma(t) =0, k| »o (21)

which means that, in our simplified and unquantized model,

ples are always taken midbit, as desired
tionship batween the clock and the data.
were not zero, the result of (21) would s
consider the tracking error, o(t),
removed, corresponding to KF = (0,

the data sam-
» irrespective of the phase rela-

It should be noted that, if ¢

till hold. It is interesting to
when the feedback integrator is

In this case, we find that

r. 141,
WOE2+ABK (‘?'-2——
e #0710 - " 72

{or accumulator up/down counter), the

olling the location of the data bit
samples. This fact satifies one's intuition.

We now establish that, while ez(t)+O as t-w, neither

ss(t) nor
e](t) approach zero as tww. From Figuare 22, it is obvious that
KF KF
es(t) = -§-e4(t) = TAB(GWJ-Q) (23)

Also,

(23)]

the oscillator output phase estimate is given by [using (11) and

(24)

Rearranging, we obtain

ABKF(S) Ky Ky
6*“‘—S~——-6 = AB -S--F(S)6+TF(S) 85 (25)
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Solving (25) for 6, we obcain

A %
; g FS) a(8) + < F(S) eg(s)

. — (26)
| ABKVF£8/
Rearranging (23) produces
ABK. ABK.
eg = —— (6(S)+¥(s)) -~ b (27)
Using (27) in (26) produces, after some algebra, the result (again let-
ting 6 = 0)
ABK,
. R
es(s) = - Y : (28)
| ABRCKF(S)/9?
,“ "V 4ABK TR/
i
Again using the final value theorem, we obtain
Vim e (t) - 1im 'ss,(s)i (79)
tom G b

so that, assuming ¢(t) is a wtep in phase of by rad, we have, using (28)
and the fact that y(S) - wo/ﬂ. that

:‘12! 65(') - /\B'[ro (30)

It can be shown that (30) also holds for a first-order lToop [where F(S)=1)

and it also holds for a step in phase nf o,

Now censider the steady-state value of r](f). We use [inear-

ized equations irn the folTowing, from (8), we have

fyT AR(-4) (31)

ol i cai heeid ol ik e i e Sk i hkdientnic
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and from (10) we have

. KF
ez = AB(G-O) + _g" 54
Also from (9), we have
eqg = € ¢t ABy

Now, since

N ] N K
§ = 'S—F(S) €y = F(S)—g— e]**—s—e4

we can use (33) in (34) to yield

From (31), we have

Now equating (36) and (35) produces (letting 8 = 0)

ABK,,K
. W.g_f_ ‘P(S)

. S
f—](s) = -

KVF(S) . KVKF R _l.
s ° A

Again assuming a step in the phase term y ) yields

€ i B R st s i S
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(32)

(33)

(34)

(35)

(37)
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A3k Ke %o
- 5
S S
81(5) = s (38)
F(S) K
[Fes) "vzr WL
L_ S S AB
using
1im €, (t) = 1im Se(S) (39)
toe S-+0
produces
Lim e (t) = -ABy, (40,

From (30) and (40) and Figure 22, we deduce that ez(t)+0.
There'ore, when tracking, the bit synchronizer operates in such a man-
ner that ez(t) = 0 and 61(t) = -Cs(t). Without the feedback, of course,
the loop would drive c](t) = 0.

4.4.6 The Effects of Asymmetry on Bit Detection

In this section, we address the problem of bit asymmetry on
both synchronization and bit demodulation. Bit asymmetry percentage 1is
defined by

|T] - To]

ASY = —T]-——_;—-T—O-' x 100% (41)

where T] is the bit duration of a "one" when preceded and followed by a
zero, and TO is the bit duration of a "zero" when preceded and followed
by a one. It is predicted that the total asymmetry due to rise time and
transmitted asymmetry will be in the region of 25-35% when the bit rate

is at 50 Mbps.
In Figures 23a-c,the case of 25% asymmetry is shown for an

alternating one/zero sequence, running at 50 Mbps, with three dictinct
timing error regions. Since T] = 15 ns and TO = 25 ns, we see that, in
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Figure 23a.

One/Zero Bi* Senuence . .th 25 Asymmetry and 0 to <2.5 ns Timing Error
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A = advance timing (increase VCO frequency)

R = retard timing (lower VCO frequency)
| INH = inhibit accumulator (don't change YCO frequency)
; Rb = 50 Mbps
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CONCLUSION: With timing errors in the region +2.5 ns to +7.5 ns, the

loop reduces the timing error and correctly detects the bits.

Figure 23b. One/Zero Bit Sequence with 25% Asymmetry and +2.5 to +7.5 ns Timing Error
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Rb = 50 Mbps

CONCLUSION: With timing errors in the region +7.5 ns to +10 ns, the loop does not

change its timing but it does incorrectly detect some bits

{50% error
rate for the square-wave data sequence).

Figure 23c. One/Zero Bi* Sequence with 25¢ Asymmetry and 7.5 to 10 ns Timing Error
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fact, ASY=25%. For the vertical lines, the Qi,l1 pairs determine which
way to adjust the phase oy the VCO according to Ini-Qn= 0+ ADVANCE
(INCREASE VCO VOLTAGE) and In+-0n= 1+ RETARD (DECREASE VCO VOLTAGE) when
In*'ln-l' 1, and no bit timing change when In"lnl' 0. For example, in
~igure 23a,region I errors are illustrated. For this timing relation-
sh'p, the input to the accumulator up/down counter would be the sequence
advance (A), retard (R), advance (A), etc. or, equivalently, ones and
minus ones to the accumulator which would nnt change the sample points
relative to the bit stream. In Figure 23b, the error is +5 ns, which pro-
duces a sequence of advances. In this region (22.5-:7.5 ns), the loop
would pull in tc the #2.5 ns region and correctly decode the data bits.
When a shift of C ns (7.5-10 ns) is considered in Figure 23¢,we find
that there would be a sequence of "'s and R's which would not reduce the
error but would cause bit errors to be made in the bit sampling process.
For the case of alternating one/zero shown, the detected bits are all
zeros, resulting in errors on every other bit. By carefully considering
Figures 23a-c, it can be concluded that, with 25% asymmetry, the follow-
ing is true (timing error is defined as timing difference between sam-
pling at the center of the bits and the actual sampling point):

1. k->h timing errors up to +2.5 ns, no timing change is
effected by the locp and no bit errors are made.

2. With timirg errors between x2.5 ns and +7.5 ns, loop
error control will reduce timing error and no bit errors will occur.

2, With timing errors between +7.5 ns and +10 ns, the loop
will not adjust the timing, but bit errors will occur.

The case of 35% bit asymmetry is illustrated in Figure 24 for
an alternating one-zero sequence. After careful study, we conclude that
the following is true:

1. With timing errors up to £3.5 ns, no timing change is
effected by the oop and no bit errors are made.

2. With timing errors between *3.5 ns and :6.5 ns, loop error
control will reduce the timing error and no bit errors will occur.

3. With timing errors between 6.5 ns and +10 ns, the loop
will not adjust timing, however, bit errors will occur.
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Sequences other than the one-zero alterniting sequence were
considered and the result was basicaily the same for any level of asym-
metry.

In conclusion, we see that three "zones" or timing errur regions

will apply. The first region is a dead zone in the sense that the no-
error control signal is generated in the accumulator because the error
signals alternate back and forth in algebraic sign. This region 2xtends
in magnitude from zero timing error to A§%ll saconds, where T is the
undistorted bit symbol duration. The bits are correctly detected in
this region. .

The second region extends from A§%il seconds to (
onds. In this region, the loop provides un error control signal from
the bit timing error detector which reduces the error to the outer edge
of zone 1. The bits are correctly detected in this region.

In the third zone, the error ranges from (l:%§X)T seconds to
T/2 seconds. This region ceuses the bit timing error detector to pro-
duce a sequence of alternating ones and minus ones which will therefore
not exceed the accumulator threshold and, consequently, not update the
loop {i.e., a quasistable lock point). Bit errors will occur in this
region. When the one-zero sequence is considered, only zeros or all
ones will be detected depending on whether the one bits or the zero
bits are of greater duration due to asymmetry. For arbitrary sequences
of ones and zeros, errors will occur although not at a 50% rate.

As a final comment, if we assume that the a priori probability
of the initial timing just after acquistion is uniformly distributed,
the probability of locking in the third region, where bit errors occur,
is given by

11%51 T sec-

n|—

- -(1;ASY>£— .

2

and therefore, only with zero asymmetry does this problem disappear. If

the timing error between clock and bit stream could be held to be less
1-ASY

than (——?—~)T seconds in magnitude, it is possible to avoid the

troublesome third region.
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4.5 Critique of the HAC Shuttle Ku-Band Leading Edge Bit Sync'wonizer

4.5.1 Summary and Conclusions

A bit synchronizer propos2d by Hughes Aircraft (Culver City)
is analyzed via timing diaor: s in a noise-free environment. This syn-
chronizer is, in part, a substantial revision of the bit syrchronizer
propused by P. H. Conway [11] of Hughes Aircraft Company (HAC).

Based on a review of a HAC note [12] and the timing diagrams
of Figures 26 through 33, it is believed that this new bit synchronize: will
track the rising edge of the data bits with 25% asymmetry and up to a 90°
phase shift between the received clock and data bit timing. In addition,
the data bits will be demodulated correctly.

It is not true that phase shifts larger than 90° will neces-
sarily be corrected by this bit synchronizer, as evidenced by Figures 32
and 33. However, the specifications currently require the loop to operate
over only a +75° phase shift between the received data stream leading edges
and the bit synchronizer leading edges; consequently, there should be
no problem.

4.5.2 Introduction and Description of the Leading Faye

Bit Synchronizer

The purpose of the bit synchronizer, shown in Figure 25, is to
track the leading edge of the incoming bit stream with the aid of the
received cliock and, from this, to regenerate a symmetric bit stream to be
processed by the convolutional encoder. In addition, the synchronizer
provides a clock +. une data rate as well as twice the data rate.

In Figure 25, two additional subsystems are shown; the first is
an adaptive threshold device that attempts to restore symmetry to the
bit stream, and the second is a false frequency lock detector. Since the
asymmetry corrector will be the subject of another report, we will now
discuss the false frequency lock detector.

The purpose of the false frequency lock detector is to ascer-
tain whether the bit synichronizer is in true lock or false frequency
lock. This is accomplished by counting both the received clock and the
synchronizer-generated clock in twc separate 8-bit counters. After either
one counts to its maximum count of 256, the other counter is inhibited
from further counting. At this point, the count of the unfilled counter
is compared to 256. If the error is small enough, true lock is accepted;

.
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otherwise, false lock 1s assuned. If false lock is detected, Lhe
digital-to-analog converter (DAC) voltage is set to provide 0 DC bias
into the loop filter, which allows the loop to reacquire in true lock.

The bit synchronizer loop is composed of a Motorola high-frequency
phase-frequency detector (¢-F) [9813] which is capable of detecting both
phase and freguency errors and is used to track the received clock, as
well as a bit timing detector, based on positive data transitions.

The phase-frequency detector has been discussed in some detail
in[11] and will not be discussed here except to say that its function is
to act as a discriminator in a frequency lock loop during frequency acqui-
sition and as a phase detector during tracking.

In effect, the ¢-F detector removes the frequency error between
the VCO and the received clock, then removes the phase error. The func-
tion of the flip-flops, least significant bit detector, and counter-DAC
unit is to position the clock-generated bit timing so that the Q-clock
straddlec the leading edge of each bit.

The VCO is run at 4- 100 MHz and divided by 2 by the D flip-
flop (F/F) following the VCO. From the Q output, the Q-clock is generated
and, from the Q output, the I-clock is generated. Flip-flop FDI then
provides samples of the I sample (mid-bit samples) whereas FDQ outputs
the Q samples (or transition samples). The function of FEQ is to delay
the I sample by one-half of one bit so that the positive data detector
gate will go high when a positive transition occurs. The up/down gate,
along with the J-AND and K-AND gates, set the JK flip-flop so as to
increase or decrease the counter count and, therefore, the DAC voltage.
This voltage is subtracted in the loop filter amplifier, thereby adjust-
ing the loop VCO phase relative to the receivad clock phase. Eoth the
Q-clock and the X2 clock, plus the resynchronized data, are sent to the
convolutional decoder. The function of the least significant bit tran-
sition detector is to provide a settling time of 2 ms before a new update
can be processed.

Now consider Figure 26,which illustrates how the loop provides
corrections so as to align the leading edge of the Q-clock with the lead-
ing edge of the bit stream. The top row illustrates an early data stream
in the solid line and a late data stream in the dasned line. The next
three rows illustrate the I, Q and X2 clocks.
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In the 5th row, the FDI D-type flip-flop samples the data stream
at the rising edge of the I-clock (CLK), whereas FDQQ outputs the Q-CLK
sample of the data in row 6. The 7th row indicates that the FDQU output
is simply the complement of Foqq. Notice that both FDQQ and FDQa-are
dependent on the data timing relative to the Q-CLK timing.

Row 8 illustrates the output of FEQQ which is a one-half-bit
delay of the 1 samples. FEQﬁ is the complement of Fqu. In the 10th row,
the positive transition detector output AND-gate is shown. Notice that a
pulse occurs one-half a bit after the occurrence of the leading edge of
each bit.

The 11th row illustrates the up/down gate output for both late
and early data streams. In the 12th row, the count enable flip-flip is
indicated. In order for the count enable to be high, the reset input
must be at the O state and the transition detector must be high when the
Q-clock arrives. When the Q-output is high, the up/down counter is free
to accept a unit change in its count.

In the 13th row, the 1 kHz clock tick marks are shown, for
convenience, at a much higher rate than 1 kHz. The counter enable (Q)
output of the flip-flop of row 14 is the inverse of the 12th row output.

Row 15 depicts the output of the J-AND gate, illustrating the
difference for early and late data streams. In the same manner, row 17 :
illustrates the output of the K-AND gate. In row 16, the inverse of i
the up/down gate is illustrated.

Row 18 illustrates the least significant bit output of the up/
down counter which feeds the LSB delayed flip-flop. This control stays
high for 2 ms rather than 1 ms since the up/down counter is enabled just
after the next 1 ms clock occurs, which therefore requires 2 ms to change
the LSB.

In row 19, the least significant bit detector flip-fiop output
stays high for 2 ms, as can be seen from the sketch. The reason for the i
2 ms duration is the same as for the LSB 2 ms duration. The reset coutrol ;1
for the counter enable F/F is just the modulo 2 sum of the LSB and the %f
LSB-delayed F/F, which is shown in row 20.

In the 21st row, the JK F/F called FHQ(Q) provides the advance
or retard signal which, when clocked into the up/down counter and converted
via the DAC, provides the timing error reduction. This advance or retard




3
2N

0 T B

R T T T e s T v

102

1s relative to the Q-clock epoch times. Finally, the last row illustrates
the times when the counter is updated to correct the loop timing. Notice
that the correction will be an advance of the VC0-generated clock when the
leading edge of the bit stream leads the clock and a retard if the data
leading edge is retarded from the clock.

4,5.3 Timing Diagrams Under Imperfect Data Streams

In this section, timing diagrams are presented which consider
data asymmetry of 25% and various timing errors. In Figure 17, the case
of 25% asymmetry is illustrated via a timing diagram. Asymmetry is
defined as

where T] is the bit duration of a “one" when preceded and followed by a
zero, and T0 is the bit duration of a "zero" when preceded and followed
by a one. It is currently expected that the total asymmetry due to rise
time and transmitted asymmetry will be no more than 25% at 50 Mbps, and
less at low bit rates.

In the last row of Figurel17, it is seem that the updating is in
the correct direction; that is, the Q-clock is advancing. We conclude
from Figurel7 that errors up to 90° (data leading edge of the Q-clock)
are acceptable to the bit synchronizer when the data "ones" are larger
than the data "zeros" with 25% asymmetry.

In Figure 18, the same case as in Figurel17 is illustrated, except
that the data lags the Q samples leading edge by 67.5°. As can be seen
in row 6, the Q samples are all zero; however, the last row of the timing
diagram indicates that the error correction signal retards the timing,
which is the proper action for the loop to take. We conclude from Fig-
ure18 that, with errors up to 90° (data lagging the leading edge of the
Q-clock) and 257 asymmetry, the bit synchronizer works properly so as to
decrease the timing error.

Figure19 illustrates the same case as Figure 18 except that the
phase of the 1 kHz clock has been changed to verify that the loop operates
properly, which it does.
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In Figure 20, the case when the data leads the Q-clock by 22.5°
is 1llustrated. This figure has the "ones" larger than the "zeros" but,
again, the bit synchronizer provides the correct correction so &s to
reduce the tracking error.

Figure 21 §1lustrates the case where data lags the Q samples
by 100° and has 25% asymmetry with the "zeros" wider than the "ones."

As can be seen from the last row, the loop still corrects in the proper
direction so as to reduce the timing error.

The point of Figure 224s to illustrate the fact that the bit
synchronizer has limitations as to how large a timing error can be toler-
ated. With the data lagging the leading edge of the Q sample by 190°, it
is seen that the loop has no response; that is, no loop correction occurs
since the counter enable is always at 0 or, equivalently, the counter is
disabled.

Finally, Figure 23 illustrates the case when, with 25% asymmetry,
and the data leading the Q-clock by 100°, the loop is incapable of provid-
ing updates to reduce the timing error.
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5.0 KU-BAND RADAR PERFORMANCE EVALUATION
5.1 Threshold Analysis

5.1.1 Introduction

In this section and section 5.2, Axiomatix evaluates radar
parameters which are difficult to measure experimentally., This effort
is covered under Task A4 of the contract, "Critical Design Review and
Development Test Evaluation.”

The constant false alrm rate (CFAR) thresholding scheme in the
St .tle Ku-band radar is analyzed for the "designated mode" of operation.
In particular, both the mean and standard deviations are determined for
the threshold level.

In search, there are two basic modes of operation: designated
and undesignated. In the designated mode, range being designated, there
are two overlapping range gates of width 3t/2, where v is the transmitted
pulse width. Four nonoverlapping range gates of width t are used in the
undesignated mode.

Sixteen pulses are transmitted at each of the five RF frequen-
cies. When range designation is available, the pulse width and pulse
repetition frequency are functions of the designated range.

Included below is a glossary of terms used in this section.

I = RF frequency index; Ie[].lmax]
L = Range gate index; {;}f ?gglyggzze

k = Time index for a specified pair (I,L); ke[O,N-1]

L

Doppler filter index; me[0,N-1], N=16

m

SR(L,k). SI(L,k) Real and imaginary parts, respectively, of the signal
component at the output of the Lth range gate, at

time k.

Real and imaginary parts, respectively, of the noise
component at the output of the Lth gate, at time k.

No(Lok)s N(L,K)

PSI(L,k) = _ Real part of the total output of the Lth gate at
SR(L,k)'+NR(L,k) time k.
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PSQ(L,k) = « Imaginary part of the total output of the Lth gate
S!(L.k)-le(L.k) at time k.

F(L,m) « Output of the

mth doppler filter following the Lth
gate.

FR(L.m). Fl(L.m) = Real and imaginary parts of F(L,m), respectively,

052 = Variance of the in-phase and

quadrature phase
Gaussian signal components.

onz = Variance of the in-phase and

quadrature phase
Gaussian noise components .

N = Order of the Discrete Fourier Transform (OFT) filter.
[*] = Norm of (.)

p = Noise correlation coefficient.

Je T

5.1.2 Designated Mode Threshold

The basic signal processi

ng of the Shuttle Ku-band radar for
the designated mode in search is sh

own in Figure 34. Only those signal
hreshold formulation are shown. For

a more detailed description of the signal processing for the Ku-band

radar, see [14].

The output of the IF fi

lter is downconverted to ; complex base-
band wavef.rm

I'+3Q = sI(1,0,k) + 3sQ(1,J,k) (42)

Before A/D, the I and Q waveforms for the kth pulse are given by

1+3Q = A P(t- kT,) exp!:j(wdt+61)] * () + N (t) (43)

where

1 = the random amplitude of the target return which has the

Rayleigh probability density function with parameter o 2
which represents signal power
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I+3Q = SI(1,d,k) + 3SQ(1,d,k)
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E F(L,m) = Fp(L,m)+ jF (L,m) |
H](f) 1,0 Doopler )
Filter . . + :
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Shuttle Ku-Band Radar

Figure 34, Signal Processing for Designated Mode in Search
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6; = a random phase uniformly distribiuted over (0,2r)

the doppler frequency, which is neglected in this analy-
sis. The effect of doppler on the fina) results is not
expected to be appreciable.

©°
—
[4 4
~
]

pulse shape of width t seconds

(PRF)"!

—t
“

Nc(t). Ns(t) = independent zero-mean Gaussian processes with one-sided
power spectral density No W/Hz and one-sided noise band-
width fC (fc= 237 kHz), which is the 3 dB bandwidth of
H](f) (see Figure 34).

The noise power in Nc(t) and Ns(t) is therefore given by

No e (44)

for each process.

The integration process of the presum is aiso shown in Figure 34,
for the designated mode in search. We assume that the received pulse is
ideally designated so that it appears exactly between the two range gates
of width 31/2, as shown in Figure 34. This, coupled with neglecting th2
doppler effect, maximizes the effect of the signal received from the tar-
get on the CFAR threshold.

With these assumptions, the presum output for the kth pulse

for the Lth range gate is

F+3t/2

J

ts

[:sr(t) +i som]dt

- |-

PSI(L,k) + j PSQ(L,k)

ts+3r/2
- exp(jelj't[ [Mc(t)+3 N(t)]de  (45)
S

where the sum of the samples at the output of the A/D is approximated by
analog integration. This is an excellent approximation since the number
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of samples in 3t/2 is sufficiently large at long ranges. The starting
time of the range gate integration is designated t..
The signal part of the presum output is designated

Ayt exp(jo;) = SplL.k) + 35 (L,k) (46)

where SR and Sl are independent zero-mean Gaussian random variables,
with variance °sz' This §s the same value found at the input to the
presum because of the no-malization in our definition.

The noise components of the presum output are designated

ts+3t/2 }
NglLok) + 3 Ny(Lok) = - f [XGEEEROI (a7)

ts

where NR and NX are independent Gaussian random viariables with variances

2 ’“o) 3.3
on (2] 2= 1% (48)

Formulation of the CFAR threshold for the designated mode in
search is shown in more detail in Figure 35. In particular, the outputs
of the DFT doppler filters are given by

N-1 |
Fm = S [pst(k) + 5 psa(k] exn(-5 2%) (49)
k=0

for both the early and late :ange gate outputs. Note that the doppler
filter outputs from the early and late range gates are correlated; this
affects the evaluation of the variance of this CFAR threshold.

The CFAR threshold, T, is formed via the following average

gy H N
é il
=1 L=-1 m=0
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where
1 = the RF frequency index, | = """Imax’ lmax =5
|, = the range gate index, L= -1: early gate; L= +1: late gate
k = the time or pulse index, k = 0,..., N-1, N =16
m = the frequency of doppler filter index, m = 0,..., N-1.

In the next section, the results of the statistical analysis of

T are discussed,

5.1.3 Performance of CFAR Threshold

The mean (ensemble average) of the CFAX threshold is determined
in section 5.1.4 and plotted in Figure 36. In this analysis, any doppler
frequency shift away from the center fregquency of the nearest doppler
filter is neglected. In addition, it 1s assumed that the range designa-
tion is ideal. Both of these assumptions maximize the effect of the sig-
nal on the statistics of the CFAR threshold.

Under the above assumptions, the average CFAR threshold value
for the designated mode versus the SNR at the output of the presum is

plotted in Figure 36, where
. 2/ 2
S\ v o, oy (51)

As expected, at small values of SNR, the effect of the signal

from the target disappears and the threshold becomes the value correspond-

ing to noise only.
Also included in Figure 36 is the result of the simulation

orted in [15]. The results of our analysis are normalized in Figure 36

rep
th that in [15].

so that the average threshold value at 0 dB coincides wi
At this time, we have no explanation for the significant dif-

the exact analytical and the simulation results since

even though we assumed maximum target

fererce between
their target dependence is Tess,

dependence.
In Figure 37, the normalized standard deviation of the CFAR

threshold is plotted versus the SNR at the output of the presum. This
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exact analytical result shows a significant dependence on SNR and a
negligible dependence on the normalized noise correlation coefficient p.
For the actual case, we have, as described for the range gates in Fig-
ure 34,

p = 2/3.

Inspection of the plot in Figure 37, however, shows little variation as
e varies from 0 to 0.7.

It is worthy to note the substantial variation in the CFAR
threshold, particularly at large values of SNR where the normalized
standard deviation is greater than 0.3. HNo attempt has been made to
determine the effects of this variation on the probability of detection.
On the optimistic side, the threshold setting and the target return are
correlated; this leads us to conjecture that this variation may not

appreciably affect the probability of detection. On the pessimistic side,

there is a substantial variation of the CFAR threshold setting away from
that developed from the noise-only condition.
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5.1.4 Derivation of Threshold Mean

Here we wish to derive the expected value E/T} of the random
variable T, defined as (see Figures 34 and 35):

1 1 N-
X
Té ¢y’ Si ji j{ |F(L.m,I)| (52)
I=7 L==1 m=0

where the dependence of F on the frequency range I is explicitly shown
| in (52) and where Cy is a normalizing constant.
' Before we proceed, let us first list the assumptions entailed
i in the following derivations.
’ Assumptions
\ (1) The in-phase and quadrature-phase components of the sig-

nal and noise are zero-inean, independent, Gaussian random variables (rv).

(2) For different RF frequencies, all rv's are independent.
We can therefore ronfine our interest to one specific frequency.

- T W

(3) For the same range gate (L) and different time slots (k),
the noise variables are independent, i.e.,
NR(L.k]) L NR(L'kZ) for k] # k2

(4) Real and imaginary parts of either signal or noise are
* always independent, i.e.,

L g R A sl i R gt

NR 1 NI R SR 1 SN .
: (5) For the same k but different gate, the noise components
t are correlated. The covariance matrix is
i - —
: 10,0
: , , , (0100 |
| R =feov Ne(=1.K) N (1K) NG (1K) N (1L = 0% |0y
0ep01
L ~
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Therefore, for different k's, the noise rv's are independent, regardless

of the value oY L.
(6) ‘or both range gates and all times k associated with one

RF frequency, the parts of the signal are identical, i.e.,
SR("vk]) s SR(-‘OkZ) = SR(‘ok3) . SR("k4)'

for every k].kz,k3.k4 {0, N]. Likewise for the imaginary parts of the

signal SI'
As an immediate result of assumption (2), the frequency
dependence can be dropped and T can be written as

1 N-1
T = c]'lmax‘ EE :E |F(L,m)|
L==1 m=0
N-1 T
= C z 2 |F(L,m)]
m=0 L=-1
N-1
= Ce Y x(m) (53)
m=0
where C = C]'Imax and we have defined the rv X(m) by
X(m) = (F(-1,m)| + [F(1,m)] (54)
In the following, we shall derive the expected value of X{(m). From (54),
it follows that
E{x(m)} = E{|F(-1,m)|} + E{IF(1.m){} (55)

and, because of the symmetry existing between the two gates, (54) simpli-

fies to

E{X(m)} = 2e{|F(V,m) |} (56)

It is obvious from (56) and the assumptions made that the first moment
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(ensemble average) 1s not a function of the range gate. Henceforth, we

will drop the gate-index dependence from the symbols listed before in
order to simply matters.

Let us call

ym & jfm) = [rEm) + F Zm) (57)

so that, from (53), (56) and (57),

N-1

E(T} = 26 ) Ely(m)) (8)
m=0

Since F(m) is the output of a DFT filter whose input is the set
{PSI(k) + jPSQ(k)}, we have that

N-1 _j 2umk

Fm) = > (PSI(k)+iPsq(k)}e = N
k=0

which means that

N-1

Fa(m) = PSI(k) cos 2"&""' + PSQ(K) sin 2",{,"" (59)
k=0
N-1

Fr(m) = - PSI(k) sin 2“,\““" + PSQ(K) cos Z"h'l"k (59b)
k=0

Since PSI(k), PSQ(k) are Gaussian rv's, (both signal and noise are Gaus-
sian), so are their linear combinations FR(m) and FI(m). which are also
zero mean.

We will need the covariance matrix of {FR(m),FI(m)}. From
(59a), we have that

-
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N-1 )
E{FR2(m)} = E1> (rsx(k) cos 2TK + psg(k) sin §ﬁ$g>
k=0
N-1 N-1
I <PSI(k) cos 21K 4 psg(k) sin -2-'-}}‘5>
k=0 1=0
ket
: <%sx(r) cos 23 + PSQ(x) sin 3%?%) (60)
But
efpsi?(i)) = EfsgZ(k) + N2(K) + 255 (k) Nk} = o+ o f (61a)
and, similarly,
2 2 . 2
efpsa?(k)} = o+ o (61b)
For k # T,
£{PSI(K)-PSI(x)} = E{(Sp(K) +Ng(K)) (5g(x) +Na(x))}  (Assumption 1)

E{SR(k)-SR(T)} + E{Ng (k) NR(T)} (Assumptions 3,6)

=g 2 (62a)

and, similarly,

E{PSQ(k)- PSQ(t)} = o’ (62b)

Also, from Assumption 4,

E{PSI(K)-PSQ(k)} = E{PSI(K)-PSQ(r)} = E{PSI(7)-PSQ(k)} = O (63)
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Substituting (61), (62), and (63) into (60) and after some manipulations,

we get
N-1 "1
E{FRZ(m)} = (vszﬂ,z‘)- z (cos2 —WM’" +sin? _Z_nank_)
k=0
N-1 N-1
2 z S‘ Fos 2mm (k-‘t)]
k=0 t-O
k¢t
or
E{FRz(m)} = N(osz-ianz) + 2052 EE(N-e) cos 2%?5 (64)

£=1

The corresponding result for E<F

{ I (m)} is easily shown to be the same as
in (64),

Before we examine (64) closer

» let us calculate the cross-
covariance temm

N-1
2
=0

(PSI(k) cos Zj"q"ﬁ + PSQ(k) sin 2",;“")

=
1]

o

-

N-1 N-1
z <—PSI(k) PSI(t) sin 2™MT (o 2mmk

N

(PSI(r) sin 2",\?“+PSQ(1) cos 2",:'" )I (Assumption 4)
l N

k=0 1=0

-

N
N-

N-
= o’ DY sin 2m (o (65)
P

-
—J

+ PSQ(k) PSQ(x) cos 2;?‘ sin gﬂm&)f

>
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We now notice in (65) that, to each term g= k-t>0 in the double summation,
there exists a corresponding term -g£=t-k<0 which, because of the sine
function being an odd function, cancels with the former term. Hence, ;

E‘Fk(m)'rl(m)} = 0, for all me[0,15] (66)

and this holds independently of N. The covariance matrix of FR(m).
Fl(m) can now be written as

il s e s

o
| A(M)-os2 + on‘ 0
. A b cov{r (m),F (m)} = N (67) ;
| . 0 A(m) o2 + o 2

S n i

| é
| where, from (64) and (67), it follows that 1’
\ N-1 )
i . N & 2nmmég
! A(m) 1+2 E; (1 - §) cos = (68)
| =

We will briefly examine A(m). We have that, for m=0,

T L T U Ty Iy

N-1 N-1
' A(o)=1+zz (V-8 =12 -5 ¢
‘ =
i
| =1+ 2[@ 1 - -igﬁ—g] = N (69)

To study the case m#0, let us assume that N is divisible by 4. Then, if
we call €' = N - ¢, it follows that

TR e T

[}
cos 23%5— = coS g‘7'\;=m(N-£) = cos g%?g

N
i

so that (68) reduces to
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/2-1
Am) = 1 +2 2 (]- ﬁn.ﬂﬁi) cos &!ﬁ"_{, cosmz
£=1
or
N/2-1
A(m) = 1 + 2 2 cos &'&"5 + cosmn (70)
£=1

If we now call ¢' = N/2-1, it follows that

cos 2nﬂ§'  cos 2rm(N/2-5) . (-1)™ cos 21mg

so that (70) yields

N/4-1
Alm) =1 +2 EE (1+(-1)m) cos 2%?5 + cos 5| + cosmn (71)
=1

An immediate conclusion of (71) is that A(m) =0 for m=odd. For m=even,
(53) reduces to

N/4-1
Am) = 2|1 + (-1)V2 4+ 2 ZE cos &% (72)
g=1

The above holds for an arbitrary N divisible by 4. In the general case,
(72) might yield a nonzero value of A(m), which nevertheless will be
small. However, it is straightforward to show that, if N is a power of 2
fanich is almost always the case in practice), A(m) of (72) identically
vanishes. Below we summarize the conclusion for the covariance matrix A:
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Nasz+02 0
N . ’ ims=90
0 o " +a
A = cov{FR(m).Fl(m)} . - 2 s n (73)
o 0
n
N 2 L
~O %

From (73), some useful conclusions can be drawn. First, we notice that
the noise components at the input affect all doppler filter outputs,
while the effect of the signal is confined to the m=0 doppler filter
only. Furthermore, the effect of the signal on that term is enhanced
by a factor of N as compared to the noise. Hence, for the moderate-to-
high signal-to-noise ratio (SNR) environment, we can claim that the
zeroth filter output is produced by the signal only and the other out-
puts by the noise only. Finally, we notice that, in all cases and for
every doppler filter output, the real and imaginary parts of the output

are independent. This enables us to conclude that y(m) of (57) is a
Rayleigh rv with mean

E{ym)} =[5+ v(m) (74)

where

/Nzosz + Ncn H

vi{m) = (75)

JNan‘ y mM#O

3
]
o

From (58), (74) and (75), it follows that

cm-[anasz + Na?+ (N-1) -f::?J

E{T)

or

E{T}

C'N/Zr_‘ }cs +0 ;N- + %-cn] (76)
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or in terms of the signal-to-noise ratio SNR = oszlonz.

E(T) ® C./ZruNwa, “snn + N' + ﬂ—ﬂ (77)

Typically, the constant C] in (1) is defined as

& = (78)

In this case, C = C]-lmax = 1/2N, and (77) modifies to

E(T) =\/5—--cn.[/SNR N N’I + N/N‘J (79)

For the specific application considered, N = 16, so that the factor
1/N = 0.06 can be neglected for even very moderate SNR (say, SNR>0 dB).
In this case, we conclude that E{T} varies linearly with (SNR)]/Z.

A final comment pertains to the values of SNR and °n2 of (79).
These are the values of the signal-to-noise ratio and noise power at the
input of the doppler filters. Since an A/D converter precedes these fil-
ters, the values of these parameters at the input of the A/D converter,
denoted here by (SNR)i and Ny respectively, relate to the A/D output
parameters (which are the inputs to the filters) by [14]

SNRi ( )
SNR = T 80a
A/D
and
On = oni \/LA/D (SOb)
where
LA/D = 1.0129 + 0.0129 - SNRi (81)
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If we incorporate (80) and (81) into (79), we get

. [y, w1
E(T) J;"’ni'ﬂl_ﬂ [ Go " | (82)

which is plotted in Figure 36 for N=16 as a function of SNR1 in d8.
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5.1.5 Derivation of Threshold Standard Deviation

We evaluate herein the variance °T2 of the random variable T,
as defined in equatfon (52).
From (53), it follows that:

-1 N1 K-l 7

i« 2N Em e S S xim) ximy) (83)
m=0 my=0 m,=0
i " |

where

Km) = JFS(-1,m) + FE(-1,m) + JFeE(hm) + FE(Im)  (8a)

To simplify matters, we will examine two distinct cases: moderate-to-high
and lTow SNR.

5.1.5.1 Moderate-to-High SNR

According to the previous comments of this section, we can justi-
fiably assume in this case that the zeroth doppler filter cutput X(0) is
produced by the signal part of the DFT input only, while all other X(m),
m#0 are produced by noise only.

5.1.5.1.1 Signal Output (m=0)

E{xz(O)} . (from (2)) = E{FRZ(-l.O)-rFIZ(-l.O)'+FR2(1.0)-+F12(1.0)

+ 2 [[F2(-1,0) +F,2(-1,0) (FR2(1.0)+F2(1-0))l (85)
R I 1 ‘

Since we have assumed that all random variables appearing in (85) are
exclusively signal functions, we can further invoke Assumption 6 accord-
ing to which

FR(-].O) = FR(I.O) and FI(-l,O) = FI(I,O).

e e

B T T R T P ST




125
Substitutiny the above into (85) yields
2000 o aple 2 Ao 2
efx (o)} = aefrp?(- 0} + aeiF 2(-1,0) (86)
From (73), we have (setting as2 > anZ) that g
2 e 2 2.2 é
, tfr’ (1.0l = BF (100 = Wy (87)
|
E so that (86) and (87) combine to give
2 2 2
E e{x (0} = 8o (88)

| 5.1.5.1.2 Noise Outputs (m#0)

2 2 2 2 2
E{m:o(m) S E)fR (1) +Fy (-1,m) + F2(1,m) + F°(0,m)

- T W

' g/(FRZ(-l.m)w[z(-Lm)) (FR2(1,m)+F12(1.m))} (89)

Since all random variables are produced by noise, it follows from (73)
that

| E{FRZ(q.m)} . E{F_Iz(l.m)} - E{FRZ(Lm)} - efr 20} - No £ 2 of

so that
Ei xz(m)} . 4Non2 +20D (90)
} m#0
f where
| p ¢ s{ﬁf(-um) + F Z(-1,m) (F”(1um) + F,z(l.mﬁf (91)

We now proceed to evaluate D. To do this, we need the joint statistics ';
of the zerc-mean, Gaussian rv's appearing in (91). Let us find the covar-
iance matrix Rof {Fp(-1,m), FI(-l,m). Fa(lsm), Fx(l,m)}, m#0.
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From (59a), we have that (assuming only noise input),

-1
2
E{FRZ(-l.m)} . E{ :E; (NR (k,=1) cos g%$5-+ Nx(k.-l) sin 2%?5)
k=
' (because of assumption 4)

2 z ( $2 ank*sinz ank) . Nonz - o2 (92)
k=0

and similarly for the others.
Furthermore, ’
N-1 N-1
E§FR(-1.m)-FR(1.m)} = Elz (NR(-I.k) cos z"rg"kwl(-l.k) sin ﬁ'—“—'i)

N
k=0 t=0

(We1+v) cos B+ n(1,0) sin 22m) (93)

which, because of Assumptions 4 and 5, reduces to

N-1
{F (-1.m).F (hm)} - E;z Ng (=1,K)Ng (1,k) cos? Zumk

N1,k (1K) sin? 2R <y 2 a 002 (gq)

Hence, the covariance matrix R is

0]
R = cov{FR(-l,m).FI(-l,m),FR(l,m).FI(l-m) = g° 8 (95)

T O - O
O - O ©

1
0
o)
0 1
e -J
Comparing (95) and Assumption 5, we draw the interesting conclusion that

the noise statistics remain unaltered after passing through the complex
DFT doppler filters.
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We are now in a position to evaluate D. If we change to
polar coordinates

Fa(-1.m) = Vg cos of Fa(lam) = v, cos o

and (96)

" then (91) is simply written as

= E{vE-vL} (97) |

The joint distribution of the envelopes VE and VL’ for the four Gaussian
rv's corrslated as in (95), is found from [16.] to be

o2y 24y 2
| VEVL ‘V V .o p l ‘ (VE +V

)
L
-1 exp
gy = JIRIE O 1R 72 l 217|172

\v8)
, for VE’VL
0 » elsewhere

>0

where IO(-) is the zeroth-order modified Bessel function. From (97) and
(98), it follows that

2 2
vaLo 0 02(v52+v )

L
© exp (-~ ————5—" dV_dV (99)

If we make the transformation

1/2
\ VE2 R ‘y-exp {2z}
:

o]

} 1/2
_ L2 = IR -y exp {-2z}
(o}

<<
t

Y
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whose Jacobian i¢

1/2
19| = lll%r__

g

and, upon substituting into (99), we get

D = l;%lfo dy -y . Io(ye)- f dz - exp{-y rosh (2z)}} (100)

The inner integral equals Ko(y) [17], where Ko(y) is the zeroth-order
modified Hankel function. Therefore, from (100),

D= J-Bglf ¥ Joldey) koly) ¢y (101)
o
0

where we have used the fact that Io(n) = Jo(jn)(do(.) is the zeroth-order

Bessel function).
The integral of (101) can be evaluated. From [18], we find that

V.Y
f. Ka(az) JB(LL) z ' dz
0

i o -(y+1) y-8-1 _
- of.plfrgetl). p(Betl).p T T ()
2
oF <B-Y;a+1 . B-Y§a+] . B+l - 92> (102)
a

where 2F](-) is the Gaussian hypergeometric function {18]. Applying (102)
for a=0, =0, y=-2, a =1, b = jo, we get from (101) that

p = LRI 2. 32 32015 (103)
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From [18], we find that
2F1(3/2 325 13 02) = (108)"2F (<172 <1723 14 o7)
-2 Z
- -9 2[R e - 20?6t 0w

where k() and E(-) are the complete elliptic integrals of the first and
second kind [19].

Upon substitution of (104) into (103), we find that
-2
o = 1&l.(.2 [zs(pz) - (1-6%) up?)] (105)
a

From (95), the determinant |R| can be evaluated to be

2

IR] = PO-f) = o B0?) (106)
From (105) and (106), we finally get
0 = NoZ [26(6%) - (1-67) k(?)] (107)
From (90) and (107), we derive that
2( _ 2 2 2 2
m§0=X(m) } = 2No Ez»f 2E(p") - (1-0%) k(o )] (108)

Equations (88) and (108) yield the result for the first summation in (83).

The second term (double summation) is now evaluated.
First let us assume that m, fn? and none of them equals zero.
In this case, both X (m]) and X (m2) are produced by noise, and from (84)
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E{x (m]) X (mz)} = E{\/(FRZ(‘] om1 ) + FIZ('] .,m] )) .(FR?}-] omz) + sz(_‘ omz—))}
Ofm, i, 40

+ E{/{F{(l.m,)w,’:n.m,)) '(FRZ(I.mZHFIZ(l.mZ))}

l

E{J(FRZM )+ 20-1m))) - (F 200 my) +FE(Lmy))g
‘ EMFRZ(I.m])+F12(l.m]))(FR2(-1.m2)+F12(-1.m2))$ (109)

We wil! now show that all random variables under the same square root are
mutually independent. To do this, let us evaluate

N-] N{‘ 2, k 2nm, k
E{FR(-]’m])rR(-."mZ) = Elz o (N ( i k)COS *‘“N—"'"’"N ( ] k)S"\ N )
mlfmz k=0 +-0
2ﬂm21' 2nm21 '
. NR(-I.r) cos '—Tr—”*Nx(-],T) sin N ‘
(Assumption 4)
‘ an]k 2nm?k
= :E NR -1,k) cos N cos _-TT“
%
2mm, k 2mm kl
2 . ] . 2
+ NI (-1,k) sin N Sin — ‘
)
2 N-1 an(m] '"?)
= Z cos N (110)
k=0

For N a power of 2 and mlflnz, it is easy to show that the summation in
(110) vanishes which in turn means that FR(-],m1) and Fp(-1,m;) are inde-
pendent. Identically, we show that FI(-1,m])_1_FI(-1,m2). Simiiarly,
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N-1
2vk(my -m,)
E‘FR(-!.m])-FR(l.mz)} = oanz 25 cos ————-%___2_ =0
k=0

Finally, by 1nterchanging 1 and -1, we get the symmetrical results for

both gates, which Justify our earlier claim that all ry's in (109) are
independent. Therefore,

E {X (lﬂ]) X (mz)} = 4EZ{JFR2('] .m,)*FIZ(-l.m] )}

O#m,rmzfo
. 4-(g/§)2 = 2uNo ¢ (1)

Second, assume that m]==m2='n# 0.
nal, X (m) by the noise and, due to

Because X (0) is produced by the sig-
the high SNR assumption, we get

EYX (m) X (0)} = E{X (m)} -E{x (0)] (see (73))
m#0

5 NoZ A el e 2 W o

n (112)

From the N2 terms involved in (87), one term is given by (88), N-1) terms

are given by (108), 2(N-1) terms are given by (112) and (N-1)-(N-2) terms
are given by (111). Summarizing, we get that

({1} - c2.[3N2032+(N-])-2N0n2[2+2E(02) - (1-0%) k(oz)]

+2(N-1).2aN/N 0.9, + (N-1)(N-2) 2nNoné]

. 2C2N20n2 E-snm(l JN) [é+2£(p2) - (1-0%) K(oz)]

4 2n(N-1) /SRR + (]._%) ) (N-z).{]

N

(113)
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But from (79), we have that (for high SNR)

E(T) = C - W27 . o [/Sﬁh(%‘)]

therefore,

2
EZ(T) = ZC?'N2 ‘o l:" SNR + "(NP;” + 2n(N-u./§N'R]

. v (114)
From (113) and (114), it follows that
var{T} = °T2
= {1} - (1)
= 2002 2|(4-n) snR + (1.1 2426(2) - (1-02) K(o2)
n N
+ (N-2)w - (N-1){I]
or
cTz . 2C2N20n2 [(4-") SNR + (1 ;}) H(o)]
where
Ho) = 2w+ 26(%) - (1-62) K(p?) (115)

(Moderate-to-high SNR)

The primary quantity of interest is the ratio aT/E{T} which,
for case 1.1 is given by

oy _ /?CNGH-J(d-n) SNR + (! -_:T) H(p)
E(T}

CNy V27 -G (/s““NR + L‘-)
n N

R O I T I
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or
1
= ———— o ]
T (/sm+__ﬂ-l> e
\ N

(Moderate-to-high SNR)

5.1.6.2  Very Low SNR (or Signal Absent)

In this case, all the doppler filter outputs are produced by
noise. If signal is also present (in order for this assumption to be
valid, even for the m=0 filter), we must have that

2
o
Nos2 << cnz +> —§—2-<< ]ﬁ .
n

Q

For N=16, such an inequality is satisfied for SNR in the order of
-20 dB or less.

From (108)(which also hoids for m= 0 now) and (111) (which is
now restricted only to m]#lnz). we get that

E{TZ} CZ[ZNzonz [2+2E(92)- (1-02) k(pz)]+ N(N-1) 2nNon2}

2C2N20n2|:2+(N-1) + 2E(o%) - (1-0%) Kioz)] (117)

For very low SNR, we have from (79) that

E(Th=C - /37 . N '\/Ncnz

therefore

E2(T} = 20 CO NS onz
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and

o var(T) = 0.2 = 2¢2% zEz + (N-1)w + 2E(p2) = (1-p2) K(p?) - N{]

or

® var(T} = 2C2N20"2 .+ H(p) (118)

where H(p) has been defined in (115). The ratio oT/E{T) for this case

° (2.0) is found to be
o7 mcon'”(p’
LR A

or

‘lE;‘}T } \/r,%? (119)

(Very low SNR)

independent of the SNR, as expected. The ratios of (118) and (119) have
been plotted in Figure 37 for various values of p The funct1on H(p)
depends on the complete elliptic integrals E(p ) and K(p ), which have

we give some values of H(p) as a function of p.

been tabulated for different values of the argument p [19]. In Table 2,
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H(p) versus p
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0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.99

H(pz)

0.42920

0.43313

0.44495

0.46475

0.49269

0.52902

0.57409

0.72843

0.69280

0.76850

0.84851
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5.2 _%Lgdation of Shuttle Radar Performance due to Pejorative
Antenna Scan Overlap

5.2.1 Introduction

Stability considerations of the deployed assembly (DA) fixed base
on the Shuttle may cause the antenna scan overlap to fall below the rec-
ommended value for off-zenith-centered scans. A lower antenna scan over-
lap will cause a lower antenna gain and can lead to shorter target dwell
times. This will cause a corresponding decrease in the probability of
target detection when the worst-case detection scenario i~ considered,
i.e., detection in the center of the overlap region.

This section will present the relationship between the antenna
overlap, dwell time and antenna gain, and their effects cii the received
target signal-to-noise ratio (SNR) and resulting probabilities of
detection.

£.2.2 Target Dwell Time Considerations

The target dwell time is a function of the total allowed scan
time, the scan frequency ard the antenna overlap between consecutive
scans. The spiral scan geometry is shown in Figure 38 including the
antenna overlap region. It should be observed that the overlap region
and, consequently, the chord corresponding to the dwell time are defined
in terms of the null-to-null beamwidth, 00 instead of the half-power
beamwidth, 9g- This has been done to account for the possibility of over-
lap below the 3 dB point.

Following the procedure outlined in [20], the dwell time, tq, for
a hybrid spiral scan is given by

6
L= Ts®n % (]'A)*OOs/fTSeﬂfs (1-) 2.2['“-7”— (]-Ai (120)

2n [em - %? (]-A)]

where TS = total scan time = 60 sec
8, = null-to-null beamwidth = 2.08°
90 = antenna chord sweeping acrostc the target
A = antenna overlap with respect to en
fs = scan frequency = 2 Hz
em = maximum scan limit = 30°
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Figure 38. ueometry of Spiral Scan, Including Overlap
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A high target dwell time 1s desirable since it increases the
received target energy. However, it should be noted that the dwell time
in this case 1s constrained by the total scan time allowed; too high an
antenna overlap precludes completing the volume to be scanned and is
physically impossible. A graph of the dwell time 1s given in Figure 39 as
a function of the antenna overlap. As expected, the time on target is
equal to zero when no overlap occurs. Maximization of the dwell time,
ignoring related effects such as antenna gain, is seen at a scan overlap
of 25-30% when measured with respect to the null-to-null beamwidth.

5.2.3 Calculation of Peak Antenna Loss

Since the worst-case detection will occur in the center of the
overlap region at some point down the antenna mainlobe, a loss must be
computed to account for the degraded peak antenna gain illuminating the
target. This is not the same as the beamshape loss, which is incurred as
the beam sweeps across the target and is included in the system loss
budget.

For small values of off-boresight antenna angles and excluding the
sidelobes, the antenna mainlobe weighting function may be approximated by

sin (19) ‘
W(e) = |— i

n6

(33)
where 6 = angle off-boresight = (I-A)en/z
3 d8 beamwidth = 1.6°

(121)

%8

®n

null-to-null beamwidth = 2.08°

For a=1, corresponding to complete overlap or the on-boresight case, the
weighting function is equal to one and the mainlobe is fully weighted.

As the scan overlap moves away from the center of the beam, the antenna
gain is weighted less. A revised value of the antenna peak can be found
as a function of the scan overlap, A. A plot of this modified peak gain
is given in Figure 40. As noted above, instances when a= 0.7 or higher are
physically unrealizable and are shown as limiting cases only.
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Figure 40. Weighting Factor of Peak Mainlobe Gain as a Function of Scan Overlap
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5.2.4 Pulsewidth and Pulse Repetition Frequency (FRF)

The pulse duration, t, of the RF pulse and the PRF are functions
of the designated range to target in the Shuttle Ku-band radar. These
signal parameters are summarized according to range in Table 3.

Table 3. Radar Pulsewidth and PRF as a Function of Target Range

Rarge to Target, mmi v(usec) PRF (Hz)
7.2 + 66.4 2987
3.8 -17.2 33.2 6970
1.9 - 3.8 16.6 6970
0.95 - 1.9 8.3 6970
0.42 - 0.95 4.15 6970
- 0.42 0.122 6970

5.2.5 Calculation of Average SNR

The average SNR, including coherent integration, is found from
the radar equation in the following form. The effects of the variable
scan overlap are included implicitly via the target dweli time and the
peak antenna gain loss, LB'

P PRt 62aE g
SR - (122)

(4n)3 R? KT, LL

B
where P_ = peak transmitter power = 60W
= antenna gain = 38.5 dB
Az = transmitted wavelength = 0.216 m

o = average target cross section = 1 m2
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R = range to target
k = Boltzmann's constant = 1.38 x 10~23 /%
T, = system noise temperature = 1500°K

L = system losses = 13.88 dB

-
]

B loss in peak antenna gain
and all other parameters were defined previously.

5.2.6 Probability of Target Detection

Frequency agility, using five RF frequencies, has been used in
both the search and track modes of the radar to minimize target scintil-
lation effects. Therefore, the target is modeled assuming Swerling II
scintillation statistics, i.e., a fast fluctuating target. The single-
scan probability of detection for this case is given by

Yp/(1+SAR)
N-T -x
_ X e 2
Ps = V- ) Ty o (123)
0
= 1-1|——, N- 124
N (1 + SAR) ] (za)

where Yb is the receiver bias level, N is the number of pulses integrated
noncoherently and 1[-] refers to the incomplete gamma function.

Radar performance is judged by the probability of detection over
two scans. This cumulative probability can be approximated by

= 2p__-p 2

2 W\
) ss " 'ss (125)

Pcum = 1-(1- PS

s
if it is assumed that the target range between scans has not changed
appreciably. Figure 41 shows the cumulative P4 for different scan cver-
laps, measured with respect to the antenna 3 dB beamwidth. For example,

4 = 0.3 means that the beam overlap is 30% higher than the half-power beam-
width point, with a probability of detection on one of two scans equal to
0.76 at 10 nmi.
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Figure 41. Probability of Target Detection, Servo Bandwidth = 2 Hz.
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5.2.7 Conclusions

Maximum target energy is received when the antenna scan overlap
is approximately 45% when measured with respect to the half-power beam-
width. This compares reasonably with the commonly accepted value of 30%
when the approximate nature of the antenna mainlobe model! is considered.
Probability of detection decreases with lower values of scan overlap until
zero detection is "achieved" with no overlap. These results should be
considered when deciding which values of scan overlap are tolerable.
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6.0 EVALUATION OF KU-BAND SPA AND EA-1 SOFTWARE é

6.1 Introduction :
This report covers Task No. 2 of Axfomatix contract number

NAS Y-15795A. Task No. 2 1is an evaluation of the Ku-band SPA and EA!

software. This report addresses the EAl software only as no ..cumenta-

tion has been made available by HAC on the SPA software. The intent of

this task is to augment the HAC documentation and provide a clearer

understanding of the software algorithms and programming techniques as

well as provide recommendations for improved efficiency and reliability.
The initial phase of this effort entailed a detailed study of

HAC documentation, primarily References 21 and 22. Additionally, Refer-

ence 23 was needed to correlate software input/output flags and commands

with hardware response. Understanding of the software was hampered by

the lack of a cross-reference listing of variables, particularly flags

used to transfer status between software routines. As part of the task

reauirement to augment the HACL dncumentation as well as facilitate our

own understanding of the software, a cross-reference table of inter-

routine flags has been generated. After the familiarization phase,

the software was examined for potential problem areas and possible sub-

optimal coding techniques. A bug was discovered in the procedure ter-
miration routine and the technique used to store status flags is not as
efficient as possible, from both the standpoints of memory usage and
processing time. Self-test routines were examined with the in*ent of
providing a more detailed description of MDM and D&C outputs.

6.1.1 Summary

A minor bug has been fcund in the procedure termination rou-
tine, SWTCH. The alpha and beta position loop integrators are not
zeroed, as is claimed. Rather, they are loaded with hex 6060. The fix
is to insert an LDI :00 after the LOADR S1, BINTGR+1 at location 0932.

In section 6.2, we have generated a cross-reference table of
status flags. This should aid in tracing the functional activity of
software modules, as a description of where a flag is used, set or
reset indicates how routines interact. Reconfiguration is one of the
more complex executive functions. An example of a reconfiguration is
presented in section 6.3, with a block diagram to indicate the critical
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paths. In sectfon 6.4, we dissect the self-test tasks and include a
series of tables which give the MDM outputs after each task as a function
of pass or fail. These tables are more detailed than those in [22].

The techniques used to store flags and status information, e.gq.,
storage of up to eight bits per word, requires that each access strip the
flag from the word. This means that extra memory and time is required
for each access. In section 6.5, we ,resent an alterate technique for
flag storage. Memory usage and processing time are not critical yet, but
proposed changes to the software to accommodate feed-forward may require
more stringent optimization.
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6.2 Flag Cross-Reference Table

6.2.1 Introduction

Table 4 1ists flags, or status bits, which carry information
between software routines or between software and external hardware. The

flags are listed alphabetically, followed by the module number, as defined

in [21] and Table 5, and the section within a module where the flag is
accessed. A letter following the module and section number indicates
the action which is taken with the flag. A flag can be tested (T), set
(s), reset (R) or toggled (X). A combination of letters 1ndicates sev-
eral actions being taken, in the order given. However, if a flag is
arted upon several times within one module, only the first of each type
is listed. For example, the entry

DETECT 12.6:S,R 20.1:7

indicates that DETECT is set and reset in module 12.6, the set status
flag routine, and tested in module 20.1, the self-test task 7. Local
flags, e.g., flags used within one routine, are not listed. Those flags
which are set by hardware input or used to output status information are
appended with the name of the appropriate input/output word. These names
are indications of the function: OMDM1 is MOM output word 1, and PIWI is
parallel input word 1.
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ACQEN
ACQINM

ANGTRI OIRAD1)

ASTOP

ATINE

ATTEN1 (POWS)
ATTEN2 (POWS5)
AUTO (PIW1)
BOOM (PIW4)
BSTOP

BTIME

COASTA (PIW2)
COMON (PIW4)
COMSTB (PIW4)
CTIME

DATAGO

DATAP (PIW2)
DATEST

DETECT

DOPOS

DOWN (PIW3)
DPLYF

DWELL

EAST (IMDM1)
EBW2

EBW3

FDW1

£DW?

EDW3

EVEODD

EVvi

EV1TEST

E2TEST

FAST (PIW3)
FSTSLO

Table 4. Flag Cross-References

3.1:R,S
12.6:S,R 13.4:7
3.1:7 18.5:7 20.1:7T

2.5:
2.1:
.3
.3:R 18.5:R 19.3:R 20.1:R 21.1:R

J1:T, 5.1:T712.3:T7 12.6:T 13.1:T7 13.4:7
T

:T,R,S 14.1:7

2

2.

2.3
3.1
3.1
2.5
2.5:
3.1
3.1
3.1
3

T,5,R 14.1:T
T,S
R 18.5:R 19.3:R 20.1:R 21.1:5

T,S

:T12.6:T
:T 12.6:7
T 12.6:7
:R 16.2:R,T,S

12.6:S,R 13.1:T

12.6:7 13.4:7

2.3:R 13.1:7 18.1:R 21.1:S,7T

12.5:S,R 13.1:T 20.1:T

1.4:7 18.1:R 19.1:S,R 19.2:R,S 22.1:S,R
15.1:T

1.

2.

N O O N N W O O w
W W = — W W e md e N

:T 14.1:R 15.3:S
:S,R 6.2:7

:T

(T 2.1:8 3.1:8
:T 2.1:S 3.1:
:S,T

:T 3.1:S

:R 3.1:R,S,T
:R,T 0.2:R 2.
:T 0.2:S 2.1:
:R 13.1:T 18.
:R 13.1:7 18.

w

:X 15.2:7
3.1:S

:R 21.1:5,7
(K 21.1:S,T

- — N,

15.1:7
3.1:7 12.0:T7 13.4:7 15.1:5,R
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Table 4. Flag Cross-References {Cont'd)

GAIN3 12.1:R,S |
GPCACQ (PIW1) 3.1:T 7.2:T 12.3:T 12.6:7 13.1:T 13.4:T
GPCDES (PIW1) 1.2:S 3.1:T 7.2:T7 12.3:T 12.6:T 13.1:1 13.4:T

3
;

>

bt T L - i 4t R e & e} b,

; GPCLS 12.3:T
& INCDEC 5.1:R,T,S 6.1:T
i INIT 0.2:S 2.1:5,R 3.1:T
INSTAB 1.2:R 2.3:R 7.1:T 7.4:T 12.3:R 19.1:R 19.2:R
k KOUNTL 5.1:5,T
. LAMP 18.1:R 21.1:5 21.3:7
| LATCH (PIW2)  3.1:T,R 12.5:R
a LEFT (PIW3)  15.1:7
| LINEAR (POW1) 12.5:R,S
| MAIN 13.4:R,T
‘ MAMINI 5.1:T,5,R 13.4:T
} MANUAL (PIW1) 2.6:T
; MCOMP 2.3:R
MFIRST 1.4:T 2.1:7,5 3.1:R,S 5.1:T 14.1:T 15.7:T 16.2:T
MINIST 0.8:T 2.3:R 3.1:5 5.1:T,R
MINI2 (IRAD2) 5.1:T
MODE 0.2:5 2.1:T 3.1:T,§
' MOTON (POW4)  2.2:R 2.3:S 14.1.S,R 19.3:R 20.1:R
NEWA (PIW4)  13.1:T 14.1:T
; NEWB (PIW4)  13.1:T 14.1:T
| NEWMDM (PIW1) 0.1:T 0.3:T 0.4:7 3.1:T 7.1:T
OPER (PIW2)  13.1:T 19.3:T
OUTFLG 1.4:T,R 2.3:R 18.1:S 18.4:S 18.5:5 19.1:5 19.2:5 19.3:5
| 20.1:S 21.1:S
: PFLAG 7.1:R,S 7.2:T 7.3:T,5
f PNTTRK 2.1:S 3.1:S,R
: PSON (POW1)  2.1:S 3.1:R
PTIME 2.3:R 3.1:T,5
RADACT (PIWI) 12.5:T 13.4:T
RADCOM }éléTT3.l:T 5.1:T 12.5:T 12.6:S,R,T 13.1:T 13.3:T 13.4:T

RADON (PIW1)  3.1:T12.6:7

kil il St e sctan. sl & i ki e s e s e e
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Table 4. Flag Cross-References (Cont'd) i%
RADSTB (PTW4) 3.1:T 12.6:T |
RDETCT (IRAD2) 12.6:T |
RGOOD (IRAD1) 13.1:T 18.5:T,S 19.3:R 20.1:T 22.1:R é
RIGHT (PIW3) 15.1:T |
ROPER (IRAD1) 18.4:T :
RRGOOD (IRAD1) 13.1:T 18.5:T,5 19.3:R 20.1:T 22.1:R :
RTRACK (IRAD2) 12.6:T f
: SCANNG 2.3:R 3.1:T 5.1:T,5,R 13.1:T 13.4:T 21.3:S
| SCANRC 5.1:T,R,S 6.2:T
| SCWARN 2.4:R 4.2:R,S 13.1:T 21.3:5
| SELF 2.3:R 13.1:T 18.1:5
SIGEN (POWS) 2.3:R 18.2:S 18.5:S 19.3:R 20.1:S 21.1:§
SIGNAL 12.6:R,S,T 13.4:T :
. SIGPC {IMDM1) 3.1:7T ]
; SIMAN (PIW2)  3.1:T
| SKEY (PIW3)  11.6:T 15.3:7T
SLEINT 15.1:5 15.2:T,R
SLEWNG 2.3:R 3.7:T 7.1:T 12.3:7 12.6:T 13.4:T 15.1:5,T.R
SLOW (PIW3)  15.1:T
, STCON1 (POW5) 2.3:R 18.5:R 19.3:S 20.1:R 21,1:R,S
STCONZ (POW5) 2.3:R 18.5:S,R 19.3:S 20.1:S 21.1:5,R
STCON3 (POW5) 2.3:R 18.5:S 19.3:5 20.1:S 21.1:5
| STCON4 (POW5) 2.3:R 18.5:R 19.3:R 20.1:R 21.1:K
STEST (IMDM1) 3.1:T
STON (POWS)  2.3:R 18.5:S 19.3:5 20.1:S 21.1:5
| STOWM (POW3)  2.1:R 14.1:R,S
: STUNST 3.1:5,R 14.1:T
f STWAIT 2.3:R 18.1:S 18.5:T 18.5:5 19.1:S 19.2:5 19.3:S 20.1:S
21.1:5 22.1:R
‘ SYSTST 2.3:R 13.1:T 18.1:R 21.1:5
‘ TARGET 2.3:R 18.4:T 18.1:5 19.3:R 20.1:S,R
TDEAST 3.1:T,5,R 13.1:T 13.4:T
TOWEST 3.1:R,T,5 13.1:T 13.4:T

TIMOUT 2.3:R 3.1:T,S,R 5.1:7T
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Table 4. Flag Cross-References (Cont'd)

TRACK 12.6:S,R 13.1:T 20.1:T 21.1:T 21.3:5

TRKING 2.3:R 3,1:T12,6:7 16.2:S

UNLOCK (POW3) 14.1:5S 15.3:R

UNSTOD 3.1:T 14.1:7

UP (PIW3) 15.1:7

WAITF 0.1:T,R 0.2:5 2.5:5

WEST (IMDMY)  3.1:T i
, XMIT (PIW4)  3.1:7 |
; ZERDIS 2.1.8 2.2:5 2.3:R 13.1:7T §
’ ZONEI 3.1:T 5.1:R 7.2:5,R 12.3:7T 15.3:T 19.1:R,T 19.2:R,T 22.1:R %
| ZONEO 3.1:T 7.2:S,R 12.6:T 15.3:R,S 5
|
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Table 5. Software Module Index

INTERRUPT/EXEC RTN
POWER UP RTN
INITIALIZE PROC
POINT PROC

IDLE PROC

PROC TERM PRCC
SLEW PROC

SCAN PROC

TRACK PROC
DEPLOY PROC
RECOVER PROC
SELF TEST PROC

INITIALIZE ROUTINE
IDLE ROUTINE

PROC TERM ROUTINE
QUTPUT STATUS ROUTINE
WAIT ROUTINE

CONF IGURE ROUTINE

ANGLE RATE XFORM
OBSCURATION CALC

SCAN1 ROUTINE

SCAN2 ROUTINE
SCAN3 ROUTTHE
SCAN4 ROUTILE

POSITION LOCP, MOD1
POSITION LOOP, MOD2
POSITION LOOP, MOD3
POSITION LOOP, MOD4

SHORT SHUTTLE TC GIMBAL TRANSFORM

ENCODER ROUTINE

ANALOG ROUTINE

INERT ROUTINE

INPUT DISCRETE ROUTINE
OUTPUT DISCRETE ROUTINE
SET STATUS FLAGS ROUTINE

MDM/D&C OU" PUT ROUTINE
INPUT LRU SERTAL ROUTINE
OUTPUT | RU SERTAL ROUTINE

DEPLOY ROUTINE

SLEW GENERATION ROUTINE
SLEW INTERPOLATION ROUTINE
DEPLOY ROUTINE
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16.2

18.1
18.2
18.3
18.4
18.5

19.1
19.2
19.3

20.1

21.1
21.2
21.3

22.1

Table 5. Software Module Index (Cont'd)

TRACK ROUTINE

SELF TEST INITIALIZATION ROUTINE
SELF TEST SEQUENCER

SELF TEST TASK2 CPU

SELF TEST TASK3 POWER FORM

SELF TEST TASK8 ANGLE TRACK

SELF TEST TASK4 iNITIALIZE ANTENNA
SELF TEST TASKS ANTENNA SERVO
SELE TEST TASK6 TRANSMITTER POWER CHECK

SELF TEST TASK7 RANGE ANC RANGE RATE CHECK

SELF TEST TASK9 RECEIVER SENSITIVITY CHELK
SELF TEST TASK10 COMPILE TEST RESULTS
SELF TEST TASK11 LAMP TEST

SELF TEST PAUSC ROUTINE

PR 00 SR P .
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6.3 Example of Reconfiguration
6.3.1 Introduction

In order to facilitate an understanding of the software and to
bridge the gap between the HAC-supplied 1isting and block diagrams, a
hybrid block diagram, Figure 42, was generated to provide an example of
a reconfiguration. Reconfiguration is probably the most complex of the
executive functions, and an understanding of this function wiil! &aid in
understanding the executive structure.

For purposes of the example, a reconfiguration from IDLE to
SELF TEST is illustrated. Four interrupt cycles are covered which
demonstrate the function of the termination procedure and the initiali-
zation routine for self-test. Each interrupt cycle is a separate diagram.
Each block is labeled with the absolute hexadecimal address of the routine
in ROM and contains descriptive text as to the function to be performed.
Action on variables or flags is underlined in the blocks. Blocks are
grouped within modules in order to ease cross-referencing with the soft-
ware listing.

6.3.2 Description of Reconfiguration

Initially, .n the IDLE routine, executive data word 1 equals
MIDLE (=2), executive bra ch word 1 (EBW1) = 12, EBW2 = 15 and EBW3 = 18.
The latter are the absolute mcmory locitions of the long branches to the
0.1-second sequence, the even and odd sequences of the idle procedure.
The 0.1-second sequence tests the even/odd flag, EVEODD, branches to
EVEN, executes INDIS (input discrete), executes MSDIN (input MDM), then
executes CONF, the configure routine on module 3. The configure routine
tests the status flags, notes that STEST is set, and sets EDW1 = MSELF.
Configure then notes that MODE is not equal to EDW1; hence, a new pro-
cedure is to be initiated. Since the current mode is not the termination
nrocedure, MODE and EDW4 are set to 8 to indicate that the termination
procedure is to be executed, MFIRST is set to 3 for the first pass through
and EBW1 is set to 51, EBW2 to 54 and EBW3 to 57.

After configure, the executive takes the even leg of the pro-
cedure, which is now the termination procedure, MTRM2. This procedure
executes TRS2G, the Shuttle-to-gimbal transform, then executes the
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termination routine, MTERMR, which sets EDW3 equal to 0, and returns to
the procedure. The termination procedure outputs discrete data, then
executes WAIT, which toggles the even/odd flag to odd and idles for the
next interrupt.

During the next interrupt, the executive branches to the ter-
mination procedure odd leg, which executes TRGZ2S, transform gimbal-to-
Shuttle, executes MSDOUT, MDM output, and finally executes WAIT, which
toggles the even/odd vYag back to even.

During the third interrupt, the self-test procedure is executed
for the first time. Configure tests tDW1 and MODE for equality. Since
they are not equal and the current MODE is 8, the termination procedure,
configure again sets MFIRST, the first pass flag, to 1 and configures for
self-test by setting the executive branch words. Upon return to the
executive, a long branch to the even leg of the self-test procedure is
executed. The selif-test initialization is rather busy. With MFIRST
equal to . STST2 executes self-test initializati~.n, STINIT, which does
a long branch to BEGIN. Various flags and buffers are initialized,
including the step counter, STPCNT, and LAMP, BEGIN returns to the self-
test procedure which inputs LRU serial data, then executes the self-test
task sequences. With STWAIT equal to 1 and STPCNT equal to O, a ten-
second pause is initiated and WAIT is executed.

Finally, the fourth interrupt results in the execution of the
odd leg of the self-test procedure. After the gimbal-to-Shuttle trans-
form, task 11 is executed. Since LAMP was initialized to 0, the D&C
lamps are not 1it. Task 11 relurns to the odd leg of the self-test pro-
cedure, which outputs discrete, outputs LRU serial, and outputs MDM data
since OUTFiL was set to 1 by STINIT. WAIT is executed and the even/odd
cycle repeats. A more detailed discussion of the self-test routines is
covered in the next section.
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MODULE § MODULE 1 MODULE 2 MODULE 3
INTERRUPT
003
LBR INTR
L — J 0C00
§ 00eB
ENABLE INTERRUPT, - LBR CNFG
BR EX2
T o I
Sk TEST INIT (=0)
D=EBW] BR EXBRAN TEST BOOM (=0)
TEST COMON (=0)
4 008A TEST RADON (=1)
TEST XMIT (=1)
| PCCL.0 = D (=12) TEST UNSTOD (wl)
| TEST STEST (el)
! o012 TEST RADCOM (=1)
L LBR ;D“J B LBR CSELF
? 61Dp )
b LBR EVODD | 1 0ES?
‘ 4 006C EDW] = MSELF = 9
ol LBR EO J BR C7000
! 00E4
| O 9 A\ - ‘ ‘0530
| 3R FVEN EDW2 = MODE (m2
{ R TR TEST MODE=EDW] (NO'
| T ExeT MSDIN T
; EXET cONF ! OEA4
I TEST FOBESNTERN (NO)
: 010F TEST INIT (=0)
) [ D=EBW2, BR EstAﬁ‘}= EDW1sMTERM (=8
! T MODE=EDW1
; IQQBA EBWIwE1, EBN2=5%4
i [ PCO. 0®D (=54) ] “EBWIs 5+ RETURN
| ¥ 0057
| LBR MTRM2 | 0806
| § 0218 LBR SWICH |
| | _ [EXEC TRS2G_ _ §_08AO
EXEC MTERMR ITEST EDW2=MSELF (NO)
TEST EDW2eMIDLE &ES)
SET EDW3=(
0227 ) r “XETORN
_ EXEC OUTDIS_ _ 080¢C
-
EXEC WAIT - LBR WAITR
t 0988
: TOGGLE EVEODD'
—ipL
WAIT FOR INTERRUPT)
{
INITIAL CONDITIONS: EDWl = MIDLE = MODE = EDW2 = 2,
EBWl = 12, EBW2 = 15, EBW3 = 18
EVEODD = @ (EVEN)
Figueve 42. 0.1-Second Interrupt; Configure from Idle to Self-Test
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MODULE g

MODULE 2

I T

0003

[ LBR INTR B

ENABLE INTERRUPT
BR EX2

§ _00CE
D« =BWI,
P __EXBRAN
0084
| PCO.0 = D (=51)
g 0051
[ LBR MTRM] ]
§ 0216
[ Ler EVODD |
4 006C

l LBR EO Il
§ OOE4

TEST EVEODD (=1)
BR ODD

00EC

D = EBW3
BR _EXBRAN

{ 008A
[ pco.om=p (=57) |
§ 0057

[ LBRMTRMI |

y 0235

_ EXEC TRG2S_
EXEC MSDOUT

TEXEC WAIT

080C

LBk WAITKR

09888

TOGGLE EVEODD
TDLE
(WAIT FOR INTERRUPT)

i st B i

Figure 42, (Cont'd)
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MODULE § MODULE ) MODULE 3 MODULE 18 MODULE 22
INTENRUPT 0600
o LBR CNFG |
0003 § 0c03
| LBR INTR |
TEST INIT (=0)
TEST BOOM (=0)
ENABLE TEST COMON (=0)
INTERRUPT TEST RADON (=1)
BR EX2 TEST XMIT (=1)
TES" UNSTOD (1)
{ 00CE TEST STEST (w))
D = EBWI TEST RADCOM (=})
R | BR CSELF
t 084
[ PCO.O=D(=5]) | 0E57
§ 0051 EDW1=MSELF (~9)
{  LBR mTRM1 | BR C7000
§ 0216 ' ¥ oEso
{ LBR EO | EOW2=MODE (=8)
EEED “TEST MODE =
EDW1 (NO)
TEST EVEODD(=0) BR C7010
BR EVEN % OEA4
f oor2 SET MFTXST=)
_EXEC_INDIS Eﬁgi(;§§$
EXEC CONF BR_C7030
OEBC
MODE=EDW1 (»9)
~EBWI = 5A
00F EBWZ = 5D
EBWS = 60
D e EBWI “RETORN
BR EXBRAN
{ 008A 800
[pco.o;o(-soﬂ ~ LBR BEGIN | 5803
5D 041 .
[(1eR seLFr2  } ol LBR s18T2 | 1 9822 LBR PAUSE |
535 INITIALIZE CWd
T LrereT WAL0, WALl
(VES) (OUTFLG=1, (YES)
. | LAMP = 0, BR INITST
s — tel e
.| EXEC LSDIN e RETURN LBR TENSEC
| Exgc StrAsK |, 4303 < op5
! IBR TASKSQ |
§ 4834 SET BUFF14
TEST STWALIT 1 TO COUNT
(YES) 50 0.2 SEC
0585 LBR PAUSE INTERRUPTS
) RETURN
q '
EXEC \}tﬁl‘
Figure 42. (Cont'd)
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MODULE § MODULE 1 MODULE 21
INTERRUPT
0003
[ LBR INTR 1
§ ooes
ENABLE INTERRUPT,
BR EX2
00CE
D = EBWL,
t 008
| PCo.0mD (=5A) |
4 005A 0418
| LBR sELFT) e  erstsm1 |
0060 0540
O LBR EO s LBR EVODD |
'§ 00E4
TEST EVEODD (=1)
BR_ODD
4 00EC
D = EBW3,
BR EXBRAN
§ 008A
[ pco.0=D (=60) |
§ 0060 0421
[ LBR SELFT3 }—={  LBR STST3 |
g '58C
FXEC TRG2S 5406
" EXEC STLAMP |-+  LBR TASK 11 |
059A 5764
" EXEC OUTDIS, _ TEST kg:gné 01,

_ EXFC_LSDOUT, _

TEST OUTFLG (=l1),
EXEC MSDOUT
RESET OQUTFLG

EXEC WAIT

Figure 42,

(Cont‘d)
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6.4 Self-Test Tasks

6.4.1 Introduction

Operation of the self-test portion of the EA-1 software is
examined with emphasis on the outputs generated at the completion of
earh self-test task. The intent is to provide a reference to augment
the HAC description of the outputs, as well as a guide to modification
of the software, should it be considered desirable to change the output
format. As an example, the present implementation does not provide an
unambiguous indication as to which task is currently in progress during
self-test. This would be changed by modification of a few memory loca-
tions, as described in subsequent paragraphs.

Self-test tasks are discussed in chronological order, with
key routines and parameters referenced to their absolute memory loca-
tions. MDM outputs are summarized at the conclusion of this section in
Tables 7 through 14,

The self-test routines make extensive use of macros specific
to self-test. These macros are expiicitly defined in the self-test por-
tion of [21]. Macro CONFIG A,B loads parallel input word one (PIWl),
bits 4 through 8, with the value A and bits 1 through 5 and 7 with the
vaiue B. Macro RANGA,B,C loads values A,B,C into EA2 serial input words
IRAD3, IRAD4 and IRAD5. Similarly, RANGRT A,B loads A and B into IRAD6
and IRAD7. These two macros allow the software to output specified val-
ues of the range and range rate to the MDM's and D&C using the MOM output
routine, MOMO (340F), which transfers data from the EA2 input to the MDM
and D&C output registers. ANGRTE A,B,C,D transfers the specified data
to the MDM output registers CMDM17 through OMDM20 in order to force dis-
play of angle rates. Macro POSIT A,B,C,D tores the data A-D in IMDM3
through IMDM6, the MDM input registers. This allows the software to
position the antenna to roll specified by A,B and pitch specified by C
and D, overriding angle designates read in from the MDM's. Macro DAVOLT
A,B outputs A and B to the digital-to-analog conver:er. This voltage is
used by the self-test multiplexer/comparator to determine if specified
signals exceed the voltage threshold. Macro ANDATA A,B,C,D is similar
in that it loads A and B into the analog output registers ADAM and ADAL
for setting the alpha axis rates and C and D into BDAM and BDAL to set
the beta axis rates. Actual output is done using the subroutine ANALOG,
also called SERVO, at location 3084.
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The self-test MUX selects one of four analog iaputs, as defined

in Table 6, and compares the voltage with the output of the alpha axis
rate D/A converter. During this test, the motors are turned off. The
difference of the two analog voltages is sent to the processors event
flag, EF3, for test.

In general terms, each self-test task uses a sequence counter,
SEQUEN, zeroed by the previous task, to govern which phase of the task
to execute. Typically, with SEQUEN equal to 0, the task initializes
ftself and sets a flag, STWAIT, to pause 10 seconds for display of MDM
and D&C output from the last sequence of the prior task.

A1l self-test tasks, with the exception of the lamp test, are
executed during the even cycle of the self-test procedure. The first
pass through the self-test procedure (MFIRST=1) will result in the exe-
cution of the initialization routine. This is entereu via

0570 EXEC PC1,STINIT
4800 LBR BEGIN
4812 BEGIN LOADR I0P,CW4 .

BEGIN, the initialization routine for the self-test procedure, resets
RAM WA10, WA1l and sets various flags:

SELF =1 indicate in self-test
TARGET = 1 turn on test target
DATEST = 0 reset status flags
E2TEST = 0

EITEST = 0O

SYSTST = 0

STWAIT = 1 set for 10-sec pauce
OUTFLG = 1 set to output MDM,

The self-test task sequencer, TASKSQ, uses the variable STPCNT to con-
trol the sequence of self-test routines. STPCNT is reset to O by virtue
of being located in WA10. BEGIN returns to the self-test procedure via
SET PCQ.

The self-test tasks are entered via

057t EXEC PC1,STTASK
4803 LBR TASKSQ
4834 TASKSQ SETT I0P,SIGEN.

Initially, with STWAIT set, TASKSQ branches to PAUSE, which implements
a 10-sec wait. At the conclusion of 10 seconds, PAUSE resets STWAIT to
enable the first self-test routine. During the final pass through PAUSE,

..

it B g
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Table 6. self-Test MUX Control
®
Y
, B | 5
Function STCON STCON2 swcoﬁi:] i
BETA ERROR 0 0 1 |
SIGNAL STRENGTH f
i
ALPHA ERROR 5
i
XMIT RF POWER :

PO T o % A



RS L

T et T SRR

S T W

R T

il s i cm el i i e ciaiid i

R e R e BRI » o mm-—-——'—-—ﬁ o - e e

183

STPCNT is tested and the routine branches to INITST (location 5846),

which initializes the MDM output. Data-good flags are reset and MDM
words are set as follows:

RANG (range) set to all 1's

RANGRT §range rate; set to all 1's

ANGRTE angle rate) set to O's,
Values of the angles are not modified by INITST.

During the first pass through the odd leg of the self-test
procedure, MOM output is initiated since QUTFLG had been initialized
to 1.

6.4.2 Tasks 1 and 2

At the conclusion of the first 10-sec pause, TASKSQ tests
STPCNT (=0) and branches to TSKCPU,

484E LBZ TSKCPU
5800 LBR TASK]
5806 TASK] LOADR T0,STPCNT

Task 1, the CPU self-test, has been eliminated. The net
effect of TASK] is to set STPCNT equal to 1 and return. Thus, during
the next pass through the even leg of the self-test procedure, TASKSQ
will branch to TSKPCS, the PROM self-test,

4854 LBA TSKPCS

4809 LBR TASK2

489C TASK2 LOADRS 10P,SEQUEN.

At the conclusion of the PROM test, the PRGM check sum flag is set and
STPCNT is set to 2 (task 3) if the test is successful. Otherwise, the
flag is reset, STPCNT is set to go to tazk 10, and self-test will be pre-
maturely terminated. New MDM output is not initiated after PROM test.

6.4.3 Task 2

During the next pass through the even leg of the self-test pro-
cedure, the EA2 power form task is executed:

484A LBA TSKPFC

480C LBR TACK3

4914 TASK3 LOArRS 10P, IRAD]
Task 3 first resets the four data-good flags, sets range and range rate
to all 1's and sets the angle rates to 0. MDM output is not conditioned
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on the results of the power form test. The radar operate bit from the
EA2 is tested and, 1if true, PFC flag is set to 80. STPCNT is set to 3
for task 4, QUTFLG is set to initiate MDM output, and control is returned
to the even leg of the self-test procedure. MDM (and D&C) data will be
output during the next pass through the odd leg of the self-test proced-
ure. However, STWAIT has not yet been set, and the first pass through
Task 4 will be executed without undergoing a 10-sec pause.

6.4.4 Task 4

The first pass through Task 4, which initializes the antenna
to zenith, again resets the data-good flags, sets range and range iates
to all 1's and the angle rates to 0's. Mode is set to GPC designate.
SEQUEN is tested to determine if this is the first or a subsequent pass.
SEQUEN is 0 during the first pass, having been cleared as part of work
area 10 (WA10+17). STWAIT is set to enablc the 10-sec pause and control
is returned to the self-test procedure. After the first pass through
Task 4, the task sequencer will branch to PAUSE, which tests STPCNT to
determine the current task. STPCNT is 3, which causes PAUSE to branch
to ZEN1 (5883). Using the POSIT macro, ZEN1 loads 0's into the angle
designates IMDM3 through IMDM4 and branches to POSLOP (5983). POSLOP
sets the position loop flag, DOPOS, and starts the 10-sec pause. With
DOPOS set, the position loop routine is executed every 100 ms prior to
executing either the even or odd leg of the self-test procedure. At the
conclusion of the 10-sec pause, DOPOS is reset, as is the ZONE! inner
zone flag.

During the second and subsequent calls to Task 4, SEQUEN is
set and TASK4 branches to DES (4C7B). DES again sets the angle desig-
nates to 0, tests ZONEI to determine if the antenna is within 0.3° of
the designate and sets the position loop flag. BUFF5, initially cleared
as part of work area 10, is tested for excessive time to reach zenith.
Ten seconds after the end of the 10-sec pause are allowed for the antenna
to reach zenith. If the limits are exceeded, DES branches to ABORT
(4CDO), which sets STPCNT to skip Tasks 5 and 6 and sets OUTFLG to ini-
tiate MDM output. Measured pitch and roll angles are stored in the [iDM
and 0&c output words, OMDM5 through OMDM8, and ODC1 through 0DC6, by the
gimbal-to-Shuttle transform routine 72S1 (2C0C), executed prior to MOM
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output . If the antenna is successfully positioned at zenith, DES
branches to READY (4CAA), which resets the position loop flag. The
ZONEI inner zone flag, the sequence counter SEQUEN, sets STPCNT for

Task 5 and sets OUTFLG for MDM output. In either case, no flag is set

to indicate the results of Task 4. However, if Task 4 fails and Tasks §
and 6 are not executed, ASD and TPLF will be O since they are in WAl
and an EA1 or DA error will be indicated. ASD (WA11+4) is set by Task 5
and TPLF (WA1145) is set by Task 6.

6.4.5 Task 5

Task 5 (4CDE) tests the ability of the servos to point the
antenna to designated positions within a specified time. This task is
divided into four sequences--0 through 3. Sequence 0 is initialization,
sequence 1 points to pitch=30°, roll=0°; sequence 2 points to pitch=
30°, roll=-30°; and sequence 3 points back to zenith. There are three
possible results of the Task 5 tests: unconditional pass if the antenna
reaches designate within 7 sec, conditional failure if it reaches desig-
nate within 7 to 10 sec in pitch or roll, and unconditional failure if
it fails to reach designate within 10 sec. During sequence 0, STWAIT is
set for the 10-sec pause and the sequence number is set to 1. The 10-sec
pause routine tests STPCNT (4) and branches to ANT (5899}, which tests
the sequence number, SEQUEN. With SEQUEN equal to 1, ANT branches to
ZENY (5883), which positions the antenna to zenith prior to the pitch
test. If the test passes or fails conditionally at the conclusion of
sequence 1, pitch output shoul:' read 30° and roil C°. If the test
fails unconditionally, Task 5 is terminated, STPCNT is set to go to
Task 7, OUTFLG is set to initiate MDM output, but STWAIT is not set for
the 10-sec pause--this is set in sequence 0 of Task 7. The 10-sec pause
prior to the roll *est (Task 2) designates the antenna to the pitch posi-
tion attained in Task 1 and the 10-sec pause prior to the zenith test
{Task 3) designates the antenna to the roll position from Task 2. As in
sequence 1, the designate positions are read out during the 10-sec pause
following sequences 2 and 3.
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6.4.6 Task 6

Task 6 (4EAC), the transmiticr power level test, consists of
three sequences. The first is initialization, the second tests the DA
operate bit, and the third verifies that the transmitted power exceeds
threshold. The initialization sequence sets the range and range rate to
all 1's and the angle rate to all 0's, as well as resetting the data-guod
flags, as in pricr tasks. Estimated range is set to 10,250 ft in IMDM?
through IMDM10 (6167-616A) for output to the EA2. STWAIT is set for the
10-sec pause, which again sets an estimated range of 10,250 ft. After
the first 10-sec pause, Task 6 branches to CHKOPB (4F41), which tests
the DA operate bit. The logic of the DA operate bit is depicted in Fig-
ure 43. If the operate bit is true, bit 8 of TPLP (61E5) is set. The
transmitter is enabled by the commands:

4F 4F RESETS 10P,SIGEN
4F58 RESETS 10P ,ATTEN]
4r6) RESETS I0P,ATTEN2.

Transmitter power level is selected by the following commands:

4F6A SETS 10P,STCONI
4F71 SETS 10P,STCON2
4F78 SETS 10P,STCON3.

Comparator voltage threshold is set by the macro:
4F8F DAVOLT TRP1,TRP2 .

OUTFLG is set, STWAIT is set and control is returned to the even leg of
the self-test procedure. The MDM output, pass or fail, will be the same
as sequence 3 of Task 5--range and range rate all 1's, angle rate all 0's,
pitch and roll 0's. After the second 10-sec pause, TASK6 branches to
CHKVLT (4FBA), which tests the status of external flag 3, EF3, which will
be true if the transmit power exceeds threshold. OUTFLG is set and MDM
output wiil remain the same as sequence 1, whether the test passes or
fails. STPCNT is set to 6 for task 7 and OJTLFG is set for MDM output.

6.4.7 Task 7

Task 7 consists of four sequences: initialization, radar
active, test target off, and radar passive. During the initialization
sequence, mode is set to manual by the macro
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500C TASK?7 CONFIG :88,:40.

Angle and angle rate flags are cleared, estimated rangc of 10,250 ft is
stored in the MDM input buffer, and TARGET is set. The TARGET flag is
sent to the EA2 during LRU serial output to turn on the test target.
POWS is set to 8D, which sets the test dipole to -17.5 dBm. SFQUEN is
set to 1, gimbal motors are turned off, and STWAIT is set to provide the
10-sec wait for display of Task 6 results. The pause routine branches
to RRWAIT (58DC), which again sets the estimated range to 10,250 ft and
configures the system to manual-active mode. After the first 10-sec
pause, TASK7 branches to ACTIVE (507A). Bit 8 of ACTFLG (61E6) is set
if the track status flag is true and bit 7 is set if the angle track
flag is false. ACTIVE then executes a call to RNGACT (5295) tc test if
the measured range is within limits. The range limits are 5570 and

507C ft. A 1 is returned in BUFF7 if range is within limits. ACTIVE

in turn sets bit 6 of ACTFLG if the range is valid and sets bit 5 if the
range-good flag, RGOOD. is true. ACTIVE then calls RRATE (52€2) to
determine whether or not the range rate data is within limits of +3 ft/s.
Ii the high-order bits of range rate (1RAD6) are 0, 3 ft/s (3C) is sub-
tracted from the low-order bits. A negative or 0 result indicates that
range race is less than 3 ft/s. Conversely, if the high-order bits are
all 1's, -3 ft/s is subtracted from the low-order bits. A negative
result indicates that ihe velocity is greater in magnitude than the
1imit. Passing ihe limit test results in bit 4 of ACTFLG being set, and
bit 3 is set 1f RRLOOD, the range rate gocd status flag, is true. Signal
strength from the test tarcet is compared with thresholds S1 and S2. If
greater than S1, bit 2 of ACTFLG is set and, if less than S2, bit 1 is
sat. The test target is turned off and OUTFLG and STWAIT are set. Note
that cutput to the MDM and D&C will reflect the ac.ual range and range
rate computed by the EA2, as well as the state of the data-good flags.
That is, the range and range rate flags will be 1 unless the test fails.
Pitch and 011 will be 0° if Tasks 5 and 6 are successful. Otherwise,
pitch and roll will reflect the actual pitch and roll as computed by the
gimbal-to-Shuttle routine, reflecting the measured gimhal angles. Angle
rates will be 0 since they had been set to 0 by previous routines and the
angle rate routine has not been called.
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The third phase of Task 7, sequence 2, tests the detect and
track flags with the target off. If DETECT is false, bit 8 of OFFRRR
(61E7) is set and, if TRACK is false, bit 7 is set. The test target is
turned back on, SEQUEN is set to 3 and OUTFLG and STWAIT are set. Range
and range rate data-good flags to the MDM will be 0 if the test passes,
as will angle and angle rate-good flags. Range and range rate will be 0
if the test passes since, from [24], EA-2 serial output is forced to 0
unless tracking. Pitch and roll will be as in the prior sequence and
angle rate will be 0.

Sequence 3 of Task 7, radar passive, starts at PASIVE (5194).
Bit 8 of PASFLG (61E8) is set if the track flag is true and bit 7 is set
if ANGTRK is false. PASIVE then calls RNGPAS (5260) to check if the
measured range is 10.240 + 250 ft. Bit 6 of PASFLG will be set if this
test is successful. Bit 5 is set if the range data-good flag is true.
PASIVE then calls RRATE to determine if the measured range rate is
0 +3 ft/s. If successful, bit 4 of PASFLG is set and bit 3 is set if
the range rate data-good flag, RRGOOD, is true. Signal strength is com-
pared with thresholds $S3 and S4. If it is greater than S3, bit 2 of
PASFLG is set and, if iess than S4, bit 1 is set. STPCNT is set to 7
for Task 8 and OUTFLG is set for MDM output. Range and range rate

data-good will be 1 if the test passes, range will be measured range,
10,240 + 250 ft, and range rate will be between +3 ft/s if the test
passes. Angle rates will te 0 and pitch and roll will be as in the prior
sequences. Note that tasks subsequent to Task 7 do not explicitiy turn
on the test target but rely on TARGET being set by TASK7. This would be
important if the tasks were to be shuffled for some reason.

6.4.8 Task 8

Task 8 (496D) has four parts: initialization, data-good flag
test, alpha error signal within limits, and beta error signal within

Yiriss. During initialization, the system is configured to auto-track
by the macro:

496D TASK8 CONFIG :40,:0.

Estimat + range is set to 10,250 ft and angle and angle rate good flags
are set to 1. SEQUEN is set to 1, POW5 is set to 8D to provide -17.5 dBm
at the test dipole, and STWAIT is set for the 10-sec pause to display the
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results of Task 7, sequence 3. The task 8 pause merely reestablishes
the cstimated range of 10,250 ft. Sequence 1 of Task 8, starting at
RFLG (49C5), sets bit 8 of ANTR (61E9) if range rate data-good is true
and sets bit 7 1f range data is good. POWS is set to 95 to command the
self-test MUX to measure the alpha error signal with the test dipole at
maximum power. OUTFLG and STWAIT are set, and control is returned to
the even leg of the self-test procedure. MDM output will consist of
range and range rate data-good flags equal to 1 if the test passes.

Angle and angle rate data-good flags are set bv software and will be 1
unconditionally. Range and range rate will be that provided by the test
target, presunably close to 10,240 ft and 0 ft/s. Angle rates will be 0,
pitch and roll will be 0 if Tasks 5 and 6 were successful; otherwise, the
angles are not predetermined.

Sequence 2, starting at DELELE (4A07) tests if the alpha error
is within Timits Y1 and Y2. The comments [21, pp. 536 and 537] are mis-
leading with regard to pass/fail conditions. Bit 6 of ANGR will be set
if the test passes and delta aiphs is greater than Y1. Bit 5:i11 be
set. by EL2FAL (4A49) if delta alpha is less than Y2. EL2FAL and EL2PAS
are misnamed. This is not a program error, just a confusion factor.

If delta alpha is within limits, measured roll angle rate output to the
MOM will be set to all 1's; otherwise, it will be set to 0's. Pitch
angle rate will remain 0. Range and range rate data-good flags will be
the same as in sequence 1, angle and angle rate data-good flags will be
as provided by the EA2, presumably 1 if the te:zt is successful. Range,
range rate, pitch and roll will be as in sequence 1. The self-test MUX is
set to measure delta beta with POW5 set to 85 and OUTFLG and STWAIT are
set. Sequence 3, the beta test, compares the measured delta beta with
thresholds Y3 and Y4. Bit 4 of ANTR is set if the delta beta is greater
than Y3 and bit 3 is set if less than Y4. Bit 2 is set if the angle
tra. k enable test is true. STPCNT is set to 8 for Task 9 and QUTFLG is
set. Pitch rate will be set to all 1's if the test succeeds or all C's
if it fails. A1l other outputs will remain the same as in sequence 2.

6.4.9 Task 9

Task 9 (5409) is the receiver sensitivity test. This uses
the test dipole at less than full power. During the first pass, the sys-
tem is configured to GPC acquisition mode by the macro
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5409 TASK9 CONFIG :10,:00.

Estimated range is set to 10,250 ft, angle and angle rate data-good flags
are forced to 1, SEQUEN is set to 1, and STWAIT is set for the 10-sec
pause. After the pause, a sequence equal to 1 causes a branch to TRKFLG
(545E). If TRACK is true, bit 8 of RSTY is set. SEQUEN is set to 2 and
the test target is set by loading hex CD into POW5. This sends the radar
signal strength to the comparator, sets ATTEN] = 1 and ATTEN2 = 0 for a
nominal output of -45 dBm to the dipole. A1l MDM outputs will be the
same as they were during the previous pause, except the mode flag will

be GPC ACQ and angle and angle rate data-good flags will be 1's.

Sequence 2 goes to SIGSTV (548E), which compares the signal strength
with thresholds R1 and R2. If signal strength is greater than R1, bit 7
of RSTY is set, ard bit 6 is set if signal strength is less than R2.

POWS is set to D5 1o measure delta alpha error voltage, SEQUEN is set

to 3, OUTFIG is set, and STWAIT is set. MDM output will be identical

to that of sequence 1. Sequence 3 goes to ALPHA (54F4) to compare the
delta alpha error signai with thresholds ALP1 and ALP2. If the error
signal is greater than ALP1. bit 5 of RSTY is set, and bit 4 is set if
the error signal is less than ALP2. POW5 is set to 4, OQUTFLG is set,

and STWAIT is set. Again, MDM output is identical to Tasks 1 and 2.
Sequence 4 goes to BETA (5555) to compare the de'ta beta error with
thresholds BETA1 and BETA2. If delta beta is greater than BETAl, bit 3
is set and, if less than BETA2, bit 2 is set. Range and range rate 1im-
its are tested using routines RNGPAS and RRATE, the same routines used by
sequence 3 of Task 7. Bit 8 of RSTYRR is set if the range is 10,240 ft

+ 250 ft, and bit 7 is set if the range rate is within +3 ft/s. STPCNT
is set to 9 for TASKIO, OUTFLG is set and STWAIT is set. MDM outputs
will be identical to those of sequence 3, with the exception of range

and range rate which will refiec. the values measured by the EA2 using
the Tower power test target.

6.4.10 Task 10

Task 10 tests the flags set in the prior tasks and sets E1TES",
E2TEST, DATEST and SYSTST, accordingly. SYSTST is set if all tests were
successful and resets otherwise. These four flags are output to the MDM
in status word 3. Range data to the MDM and D&C is set to 100,000 ft if
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all tests pass, or 1,000 ft if any test faiis. During the first pass
through task 10, MDM output 1is initiated with OUTFLG set to 1. LAMP is i
! set, and subsequent passes through task 10 will set SCANNG, TRACK and ;
SCWARN flags which, in turn, will light the search, track and scanwarn
1ights in the D&C panel. Task 10 will continue to be executed until j
self-test conditions are reset. 5
- A synopsis of D&C output is presented in Figure 44. Two cumu-
lative times are given. The maximum cumulative time assumes that all ;
tests pass, and the minimum assumes that Task 4 fails to point the antenna }
to zenith within 10 seconds, in which case Tasks 5 and 6 are not exercised.
There is more than a minute variability in time to complete self-test,
aepending on which tests fail, if any. Even if all tests pass, there is
a 28-second variability due to uncertainties in Tasks 4 and 5, the antenna

\
.

gimbal/servo tests.
The status of range and angle are shown in Figure 44 however,

they share a conmon display and only one can be displayed at any given

time.
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i Table 7 . MDM Output at Conclusion of Power Form Test

; Tasks 1-3, Sequence 1

;» MDi4 Qutput Pass Fail

\

E Mode Existing mode prior to self-test Same

3 Range Data Good 0 Same

; Range Rate Data Good 0 Same |
Angle Data Good 0 Same i
Angie Rate Data Good 0 Same 2

#‘1 Range AT 1's (2,621,440 ft) Same

f Range Rate A11 1's (1638.35 fps) Same :
Roll Angle Rate A1l 0's Same |
Pitch Angle Rate A1l 0's Same
Ro1l Indeterminate Same
Pitch Indeterminate Same

€Lt
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Table 8 . MDM Qutput at Conclusion of Zenith Positioning Test
Task 4

MOM Output Pass Fail
Mode GPC Designate Same
Range Data Good 0 Same
Range Rate Gata Good 0 Same
Angle Data fGood 0 Same
Angle Rate Data Good 0 Same
Range All 1's (2,621,440 ft) Same
Range Rate A11 1's (1638.35 fps) Same
Roll Angle Rate All O's Same
Pitch Angie Rate A1 0's Same
Ro11 0° Indeterminate
Pitch 0° Indeterminate
Comment Go to task 7
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9a. MDM Output at Conclusion of Servo Tes:

Task 5, Sequence 1

MDM Oué;ut Pass Fail
Mode GPC Designate Same
Range Data Gocd 0 Same
Range Rate Data Good 0 Same
Angle Data Good 0 Same
Angle Rate Data Good 0 Same
Ra~ge A1l 1's (2,621,440 ft) Same
Range Rate A11 1's (1638.35 fps) Same
Roll Angle Rate A1l 0's Same
Pitch Angle Rate A1l 0's Same
Roll 0° 0°
Pitch 30° Indeterminate
Comment Go to task 7

T bl b ATl e
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Tabie 9b. MDM Output at Conclusion of Ser.vo Test
Task 5, Seguence 2

MOM Output Pass Fail :

Mode GPC Designate Same é
Range Data Good 0 Same 2
Range Rate Data Good 0 Same 12
Angie Data Good e Same %
Ancle Rate Data Good 0 Same !
Range A1l 1's (2,621,430 ft) Same j
Range Rate A1l 1's (1638.35 fps) Same ;
Roll Argle Rate A1l 0's Same
Pitch Ang.e Rate Ali 0's Same
Roll -30° Indetermirate

Pitch 30° 30°

| Comment Go to task 7
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Table 9c. MDM Qutput at Conclusion of Servo Test
Task 5, Seguence 3

MOM Outiput Pass Fail

E Mode GPC Designate Same

% Range Data Good 0 Same

4 Range Rate Data Good 0 Same

Angle Data Good 0 Same

Angle Rate Data Cood 0 Same

Range A11 1's (2,621,440 ft) Same

Range Rate R11 1's (1638.35 fps) Same

Ro1l Angle Rate A11 0's Same

Pitch Angle Rate A11 0's Same
: Roll 0° Indeterminate
% Pitch 0° Indeterminate
‘ Comment Go to task 7

L
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Table 10a.

MDM Outout at Conclusion of Power Test
Task 6, Sequence 1

MDM Output Pass Fail
Mode GPC Designate Same
Range Data Good 0 Same
Range Rate Data Good 0 Same
Angle Data Good 0 Same
Angle Rate Data Good 0 Same
Range A1l 1's (2.621,440 ft) Same
Range Rate A11 1's (1638.35 fps) Same
Ro1l Angle Rate A1l 0's Same
Pitch Angle Rate A1l 0's Same
Ro11 0° Same
Pitch 0° Same

8.1




Table 10b

MDM Qutput at Conclusion of Power Test

Task 6, Sequence 2

Dit utput

Pass

Fail

Mode

Ringe Data Good
#ange Rate Data Good
Angle Data Good
Angle Rate Data Good
nange

Range Rate

Ro1l Angle Rate
Pitch Angle Rate
Roll

Pitch

GPC Designate
0
0
0
0
A11 1's (2,621,440 fti)
A11 1's (1638.35 fps)
A1l 0's
A1l 0's
0°
0°

Same

Same
Sime

1
|
|
:
%
Same ?
Same 4
Same %
Same

Same
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Table 11a. MDM Output at Conilusion of R,R Tast
Task 7, Sequence 1
MDi Output Pass a Fail
Mode Manual Same
Range Dat« Good 1 0orl
Range Rate Data Good 1 Oor 1
Angle Data Good 0 or1 Same
Angle Rate Data Good 0oril Same

Range

Range Rate

Roil Angle Rate
Pitch Angle Rate
Rol1

Pitch

5,320 + 250 ft

0+3 fps

A1l 0's
A1l 0's

0° if tasks 4 and 5 pass
Indetermirate otherwise

0° if tasks 4 and 5 pass
Indeterminate otherwise

Indeterminate if
range check faiis

Indeterminate if range
rate check fails

Same
Same

Same

Same

S TR T B i il s
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Table 11b. MDM Qutput at Conclusion of R,R Test

Task 7, Sequence 2

MDM Output Pass Fail

Mode Manual Same

Range Rate Good 0 Oorl

Range Rate Data Good 0 Oor 1

Angle Data Good 0 Oorl

Angle Rate Data Good 0 Oorl

Range A1l C's Inceterminate

Range Rate A1l 0's indeterminate

Roll Angle Rate A1l O's Same

Pitch Angle Rate A1l 0's Same

Roll 0° if tasks 4 and 5 pass Same
Indeterminate otherwise

Pitch 0° if tasks 4 and 5 pass Same
Indeterminate otherwise

Comment TA2 to EAl serial data

.orced to 0 unless tracking

i TR L
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Table 11c. MDM Output at Conclusion of R,R Test

Task 7, Sequence 3

MDM Output Pass Fail
Mode Manual Same
Range Data Good 1 0or’
Range Rate Data Good 1 Oor 1
Angle Data Good Oor 1 Oorl

0orl 0orl

Angle Rate Data Good

Range
Range Rate

Rol1l Angle Rate
Pitch Angle Rate
Roll

Pitch

10,240 + 250 ft

0+3 fps

A11 0's
A1l O's

0° if tasks % anu 5 pass
Indeterminate otherwise

0° if tasks 4 and 5 pass
Indeterminate otherwise

Indeterminate if
range check fails

Indeterminate if range
rate check fails

Same
Same
Same

Same

é8l




Table 12a.

MDM Output at Conclusion of Servo Angle Track Test

Task 8, Sequence 1

MDM Output Pass Fail
Autotrack Same
Range Data Good 1 0or?
Range Rate Data Good 1 Gorl
Angle Data Geod 1 Same
Angle Rate Data Good 1 Same
Shouvld be close to 10,240 ft Same
Range Rate Should be close to 0O fps Same
Rol11 Angle Rate A1l 0's Same
Pitch Angle Rate A1l 0's Same
0° if tasks 4 and 5 pass Same

Indeterminate otherwise
0° if tasks 4 and 5 pass Same

Indeterminate otherwise

Range and range rate as
provided by test target

P O R T R e e
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Tavic 12b. MDH Output at Conclusion of Servo Angle Track Test
Task 8, Sequence 2
MDM Output Pas: Fail
Mode Autotrack Same
Range Data Good 0 or 1 (same as sequence 1) Same
Range Rate Data Good 0 or 1 (same as sequence 1) Same
Angle Data Goocd 1 Same
Angle Rate Data Good 1 Same
Rar.ge Should be close to 10,240 ft Same
Range Rate Should be close to 97 fps Same
koll Angle Rate A1l 1's (-16.38°/s) All 0's
Pitch Anale Rate A1 0's Al O's
Ro11 0° if tasks 4 and 5 pass Same
indeterminate otherwise
Pitch 0° if tasks 4 and 5 pass Same
Indeterminate otherwise
Comment Range and rarnge rate as Same

provided by test target

vet
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Table 12c. MDM Output at Conclusion of Servo Angle Track Test
- Task 2, Sequence 3

MDM Output Pass Fail

Hode Autotrack Same

Range Uata Good 0 or 1 (same as sequence 1) Same

Range Rate Data Good 0 or 1 (same as sequence 1) Same :
fngle Data Gooc 1 Same %}
Angle Rate Data Good 1 Same %é
Ranae Should be close to 10,240 ft Same 1
Range Rate Shouid be ciose to 0 fps Same :
Rell Angle Rate A1l 2's or 211 1's depending Same

on out:ome of sequence 2
Pitch Angle Rate A1l 1's (-16.38°/s) A1l 0's
Roll 0° if tasks 84 and 5 pass Same

Indeterminate otherwise

Pitch 0° if tasks 4 and 5 pass Same
Indeterminate otherwise

S8l
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Table 13a. MDM Output at Conclusion of Receiver Sensitivity Test

Task 9, Seguence 1

MDM Output Pass Fail
Mode GPC Acquisition Same
Range Data Good 0 or 1 (same as task 8, sequence 1) Same
Range Rate Data Good 0 or 1 (same as task 8, sequence 1) Same
Angle Data Good 1 Same
Angle Rate Data Good 1 Same
Range Should be close to 10,240 ft Same
(same as task 8, sequence 1)

Range Rate Should be close to 0 fps Same
(same as task 8, sequence 1)

Roll Angle Rate A1Y 0's or all 1's depending on Same
outcome of task 8, sequence 2

Pitch Angle Rate Al1 0's or all 1's depending on Same
outccme of task 8, sequence 3

Roll u°® if tasks 4 and 5 pass Same

Indeterminate otherwise
Pitch 0° if tasks 4 and 5 pass Same

Indetermir.u%e otherwise
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: Table 13b. MDM Output at Conclusion of Receiver Semsitivity Test
§ Task 9, Sequence 2-4
MDM Qutput Pass Fail
‘ Mode GPC Acquisition Same
é Range Data Good 0 1 Same i
Range Rate lata Good 0orl Same
Angle Data Good 1 Same
Angle Rate Data Good 1 Same :
Range 10,240 = 250 ft Indeterminate f
Range Rate 0 + 3 fps Indetermirate i
Rol1l Angle Rate A1l 0's or all 1's, depending Same
on outccme of task 8, sequence 2
Pitch Angle Rate A11 0's or all 1's, depending Same
on outcome of task 8, sequence 3
Roll 0° if tasks 4 and 5 pass Same
Indeterminate otherwise
Pitch 0° if tasks 4 and 5 pass Same
Indeterminate otherwise
Comment Range, range rate anj range data Same -
good flags may differ from seq. 1 g
due to lower power
l‘“’i i 2 ik R b o e oL E ke wh s e S st ape it Pt e e rba ks 3 it e i




o ——

Table 14. MDM Qutput at Conclusion of Flag Compilation
Task 10
MOM Qutput Pass Fail
boe Manual Same
kange Data Good 0oril Same
Range Rate Data Good 0orl Same
Angle Data Good Same
Angle Rate Data Good 0 Same
Range 103,900 ft 1,000 ft
Range Rate Should be close tu 0 fps Indeterminate
(same as task 9, sequence 4)
Rol1 Angle Rate All O's Same
Pitch Angle Rate A1l 0's Same
Rol1 0° 0° it tasks 4 and 5 pass
Indeterminate otherwise
Pitch g° 0° if tasks 4 and 5 pass
Indeterminate otherwise
DA 1 Oor 1
El 1 Oor 1
E2 1 0orl
SYS 1 0
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6.5 Memory Usage Optimization
6.5.1 Introduction

In the present hardware configuration, the RCA processor is not
limited by available memory space. If feed-forward for the antenna servo
is implemented, however, time considerations may play an important role
in the processor's ability to perform the required functions. Initial
estimates by HAC indicate a timing margin ot 3-6% if feed-forward is
implemented.

One vay to improve the efficiency of the present software from
the standpoints of both execution time and memory requirements, would be
to redefine the multitude of flags in terms of one flag/word rather than
eight/word. This has the effect of requiring more memory to store flags
but effects a net increase in memory due to the simplified software
required to test or modify flags. An additional benefit is that compu-
tational speed is increased.

6.5.2 Suggested Modifications

With the current implementation, one flag word may hoid as many
as eight flag bits. In order to access an arbitrary flag bit, assembler
macre instructions are used which generate inline code as the program
is assembled. These macro instructions are used to GET, SET, RESET or
TOGGLE flag bits. ~“or example, the instruction

RESETS REGISTER,FLAG
is expanded to the following inline code:

L1 (Yow-order address of flag word)
PLO REGISTER

LDN REGISTER

ORI (flag bit to be reset)

XRI (flag bit to be reset)

STR REGISTER.
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This macro uses nine memory words and 12 machine cycles, with the
high-order byte of REGISTER preset to the high-order address of the flag
word. By contrast, if one word contained one flag, the flag would be
reset merely by clearing the word. This could be done with four instruc-
tions, versus : ix, using six memory words and eight machine cycles. Sim-
1larly, the SETS macro, which takes seven memory locations, five instruc-
tions and 10 cycles, could be implemented with five memory locat‘ons, four
instructions and eight cycles.

The use of one-bit flag words would require about 120 additional
memory words for flags; however, these would be gained back by the savings
of memory in one routine, CONFIGURE, which makes extensive use of flags.
Aaditional space would be required in input/output routines to format the
bit flags; however, this can be done with relative efficiency since the
flag access is not random as it is with the GET, SET and RESET macros.
Parallel output word 5 (POWS) could remain parallel since all bits of
POWS are typically loaded at the same time.

while there is no point ir modifying the existing software 1f
it is adequate to do the job, in the even’ that feed-forward requires too
much time, this technique could be tried. The effect of the suggested
changes can easily be tested merely by redefining tre macros, allocating
storage for the flags and redefining the input/output bit mapping.
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6.6. Conclusions and Recommendations

The EA1 software is well Jocumented and annotated, with the
exception of the omission of a cross-reference 1isting in the documenta-
tion. In this report, Axiomatix has provided a cross-reference listing
of status flags to partially fi11 this gap. A minor bug in the proce-
dure termination routine has been found and the fix is discussed in sec-
tion 6.1.1. Executive reconfiguration and self-test are examined and
appear to perform as expected. Discus.ion of the MDM output during
self-test is very brief in the HAC documentation; a more complete dis-
cussion of the MOM outputs is provided in this report. A change in the
method of flag storage is recommended if processing time becomes a crit-
ical factor in future versions of the EAl software.

j‘
|
|
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7.0 DELIVERABLE TEST EQUIPMENT EVALUATION
7. Introduction

As per WASA Contract NAS 9-157958, Task 3, this section reviews
and ovaluates the Hughes Aircraft Company's Ku-band test equipment which
will be de’ivered to both the Avionic Development Laboratory (ADL) and
the Electronic System Test Laborataory (ESTL). This test equipment was
previously known as the Deliverable Test Equip&ent (DTE); however, the
present nomenclature is the Dgliverable System Test Equipment (DSTE).

The DSTE is capablé of performing system level developmental
testing of the Ku-Band Integrated Radar and Communicatinns Equipment and
is functionally organized into LRU test panels similar to the Ku-band sys-
tem with the addition of a microcomputer system, a Ku-baad signal condi-
tioner, power control panel and general-purpose test equipment. Figure 45
is a functional block diagram of the DSTE,

The Hughes test philosophy entailed a cost-effective approach
wherein the LRU test equipment would be readily adapted for use in the
DSTE. Three individual panels, the EA-1 LRU, the EA-2 LRU and the SPA
LRU test panel, were developed and are being used as the primary signal
sources and signal detection circuits for the respective LRU's, Upon
completion of the EA-1, EA-2 and SPA LRU testing, the three LRU test
panels were integrated into a console to form the basis of the DSTE,

While the DSTE is capable of operating in an RF 1ink mode
where radiation is coupled between the Ku-band system antenna and a sim-
ulated TDRS satellite, the more typical operational mode is to use the
Ku-band Test Signal Conditioner (TSC). The TSC provides numerous func-
tions bui, essentially, the TSC upconverts the simulated forward link
data generated by the EA-1 test panel or the simulated radar target
return signals generated by the EA-2 test panel to Ku-band frequencies.
The upconverted signals are, in turn, injected into the deployed assembly
(DA) via RF connectors. Also, the TSC demodulates the returr link Q3PK
or FM signal which is input into the SPA test panel for data comparison
and validation.

The DSTE utilizes a power control panel that monitors the volt-

age and current supplied to the Ku-band system. The power control panel
provides protection circuitry to guard against bus reversal, overvoltage
and short-circuit conditions, and provides the logic circuitry to perform
the power-up/down procedures.
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The last major features of the DSTE are the test operator
interface and -the test computer system. The DSTE is basically semiauto-
matic, with primary control of the test operations by the test operator.
The test computer primarily performs the role of monitoring nonreal-time
functions, data logging, and management of the Ku-band system operating
modes. The test computer system includes a minicomputer, a dual floppy
disc system, a hard disc system (ESTL only), a CRT display terminal, a
high-speed 1ine printer, and a test contr.1/computer interface panel.

The DSTE was built into a modula''ized conriguration being
grouped functionally to minimize intercabl 'ng and to facilitate system
and LRU level testing. Figure 46 shows the DXSTE physical configuration
which consists of the following:

(1) A tiiree-and-one-half bay console housing the three LRU
test panels (EA-1, EA-2 and SPA), power supplies, the system-unigue
panels (power control, test operator panel and shaft angle encoder pro-
cessor), commercial measuring equipment and the test .omputer system.
Note: The ESTL configuration will be a four-bay console so that the
hard disc system and additional cooling blowers may be added.

(2) A mobile stand f-:r mounting the D’ 'RU and housing the
TSC panel,

(3) A two-bay, low-boy console with cold plates for mounting
the EA-1, EA-2 and SPA LRU's.

(4) A line printer on a stand.

(5) An additional three-bay console for user-supplied cormer-
cial test equirment.

Since the DSTE is semiautomated, Hughes generated a number of computer
programs to test the Ku-band system. The 14 communications mode tests
and the 17 radar mode tests and described in detail in Hughes document
TP32090-001, "Subsystem Development Test Procedures for the Ku-Band
Integrated Radar/Communications Equipment," dated October 23, 1979. The

31 test modules will be discussed in greater detail later in this report.
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7.2 Approach

To date, there i no existing document describing the DSTE in
detail. So, in order to understand the capabilities, a number of docu-
ments were reviewed. First, there is Hughes document HS237-528, “"Veri-
fication Plan for Ku-Band Integrated Radar and Communicaticns Equipment,"”
dated September 14, 1979, This Hughes document, which is sometimes
referred to as “TMO1," is a Rockwell contractually required plan that
permits Rockwell to evaluate the Hughes method of verifying the Ku-band
system requirements. In TMO1, a number of system tests are described,
and there is a discussion of the system test equipment (STE). The STE is
similar to, but not the same as, the DSTE.

Second, there is Hughes document TP32090-001 (previously men-
tioned) that describes the 31 test modules. This specification will be
used in this report tc determine the basic capabilitiec of the OSTE,

Third, Hughes document TP32012-074, "Ku-Band Sell-Off Test Pro-
ceuure," dated May 19, 1980, is used to sell off the ADL and ESTL DSTE's,
This procedure outlines which of the 31 test modules will be used Tor
sell-off.

Fourth, Rockwell document M-409-0025, "Integrated Communications
and Radar Equipment, Ku-Band," Rev B with changes, dated July 21, 1978,
is the Ku-band system specification., This document describes in detail
all of the system requirements and methods that must be used to verify
compliance to the specification,

The basic approach was to generate a matrix to compare the
Ku-band system requirements as detailed in the Rockwell specification to
the 31 test modules described in TP32090-001, Ideaily, the modules should
test a majority of the Rockwell system requirements. Irn this same matrix,
the modules used for DSIE sell-~off will also be identified.
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733 findings

The tirst task was to determinz exactly what each of the 14
communications test modules and the 17 radar test modules actually verify.
This was accomplished by reviewing TP32090-C21 and TMO1.

7.3.1 Test Module Descriptions

The reader must remember that originally there were no require-
ments for Hughes to perform system testing. The 31 test modules were
intended for system developmental tests only. When system testing was
eventually required, these modules were used to test the system, even
though they were not initially designed for that task.

7.3.1.1 Communications Test Module Descriptions

7.3.1.1.1 Coomunications power up/down consumption

The Ku-band communications subsystem power up/down sequence will
be tested to verify that the subsystem responds properly to the standby
and power on modes,

The test begins with the system switched to COMM STDBY from the
OFF condition. MDM status bits will be verified for correct mode. In the
COMM STDBY mode, the following power will be measured:

(1) Avionics power
(2) DA power
(3) HTR power.

Upon completion of the standby power measurements, the system will then

be commanded to COMM ON. The antenna unstowing procedure, along with ini-
tialization of the angle designation register, will be verified via the

MDM pitch and roll data and the shaft anqle encoder data. With the antenna
in the unstowed condition, the following power will be meazured:

(1) Avionics power
(2) DA power
(3) HTR power.

Upon completion of the power measurement, the antenna stowing procedure
will be verified via MDOM pitch and roll data and discrete signals {BOOM
STOW ENABLE I and 1I--high)  The system will then be commanded off and
the avionics and DA currents measured.
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7.3.1.1.Z Communications subsystem slant range

The purpose of this test is to demonstrate the capability of
the Ku-band system to acquire and lock on to a TDRS simulated signal.

The test consists of transmitting a 13.775 GHz CW signal from
an antenna located atop the south end of Hughes building #355 (Bird House)
to the Ku-band system located in the radome-enclosed area in building #358.

The Ku-band system antenna is manually slewed until a maximum
reading occurs, indicating that the DA antenna is pointing at the simu-
lated target The Ku-band antenna is then positioned away from the sim-
ulated target, but within the 10° half-cone search angle. Search is
initiated in GPC ACQUISITION antenna steering mode, and the Ku-band system
capability to acquive and lock up on the simulated target is verified.
Search is visually verified by the antenna motion. After the antenna
motion has stopped, system status is verified by reading the MDM status.

7.3.1.1.3 Forward link signal strength test

The objective of this test is to verify the Ku-band communica-
tions subsystem capability to provide acceptable conditioned AGC voltage
representing communications signal strength,

The Ku-band communications subsystem input signal level will
be varied and the corresponding signal strength voltage measured., The
sign2} level will be input at the DA test access connector and the MDM-3
signal strength voltage measured at the signal interface panel.

7.3.1.1.4 Forward link tracking threshold test

The tracking threshold level for the specified modulation types
will be verified for the communications subsystem, as follows:

Unmodulated carrier

(1)
(2) Data modulation on the carrier
(3) PN modulation on the carrier
(4) Data and PN modulation on the carrier.

The test starts with the Costas and PN (when PN is present)
Yoops tracking a known input signal of sufficient strength to cause
lock-on. The signal level will be reduced by 0.5 dB steps and held con-
stant for 60 seconds. The point where each loop loses lock will be

recorded (does not apply to the PN loop when PN is ahsent).
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7.3.1.1.8 Forward 1ink acquisition time test

Acquisition and lock-on time for the Costas loop, PN loop, frame
synchronization and data present (lock-on and dropout) are measured for
the following classes of forward 1ink input signals:

(1) Unmodulated carrier

(2) Data modulation on the carrier

(3) PN modulation only on the carrier

(4) Data and PN modulation on the carrier,

The forward link acquisition time measurements are made on an
electronics counter set for time interval measurement. Unless otherwise
specified, each test is repeated 10 times for the high input signal level
(upper C/N range) and 100 times for the low input signal level (lower C/N
range).

(1) The Costas loop acquisition and lock indication (within
330 ms) after the input signal is applied is measured for &1l four speci-
fied modulation types. Test is performed in mode 1,

(2) The PN loop acquisition aad lock indication (within 10 sec-
onds) after the input signal 1s applied is measured for the PN modulation
on carrier and data and PN modulation on carrier modulation types. Test
is performed in mode 1.

(3) Frame synchronization acquisition within two seconds after
PN acquisition when PN data are present and within two seconds after Cos-
tas lock when PN data are not present is measured. Test is performed in
mode 1.

(4) The time for the data present signal to go high, within
two seconds after PN lock is acquired when PN data are present and within
two seconds after Costas lock when PN data are not present, is measured.
The test is performed in mode 2 and a4t rates of 32 kbps and 216 kbps.

(5) The data present signal drop-out time (< 11 seconds) for
data interrupt on the forward link will be measured. The test is per-
formed in mode 2 and at the 2i5 kbps rate. The test is repeated 10 times
with high input signal rate.
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7.3.1.1.6 Forward Vink acquisition BER tests

Acceptable BER for the communications forward link input signal
levels and output data RMS jitter will he verified.

The bit error for various forward link input signal levels is
measured on the electronic counter., Signal detectYon is verified at the
start of each test and the bit error measured at the end of 60 seconds.
The test is performed for data modulation on carrier and data and PN mod-
ulation on carrifer. The mode 1, NSP 1 forward 1ink outpuc data RMS jitter
is m~asured on the electronic counter set for time interval measurement.

7.3.1.1.7 Functional test {return link)
The return link functional test objectives are as follows:

(1) To verify acceptable signal isolation and correct configu-
ration for return link data channels in response to management commands.

(2) To verify acceptable signal conditioning in response to an
asymnetrical HDR clock.

The functional tests will be conducted as follows:

(1) Signal isolation and correct configuration will be veri-
fied by injecting 125 kHz square-wave signal into two of the SPA return
link data channels while the third or selected data channel is provided
with the normal signal. The output signal shall be verified for the
selected normal signal and rejection of the nonselected signals. The
test will be repeated for all combinations of the return link data chan-
nels and selectable data source,

(2) Acceptable signal conditioning in the face of clock asym-
metry will be verified by first using an HDR clock with +20% asymmetry
aid insuring that the HDR bit stream output of the DA does not exceed
104 asymmetry. The test will be repeated for -20% HOR clock asymmetry.

7.3.1.1.8 BER test (return link)

The communications return Tink BER test objective is to verify
acceptable BER levels for all return link digital channels for normal and
abnormal inputs (asymmetrical convolutional encoder clock).
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Generally, BER can be determined directly by comparing the bit
stream out of the test device to the bit stream fed into the test device
and dividing the number of times a bit error occurs (extra bit due to noise
or loss of bit due to noise) by the total number of input bits occurring
during the time peviod of observation. However, because the BER for the
return 1ink s normally too low to determine directly in a reasonably
short time period, a known amount of noise will be injected into the test
channel in order to raise the BER,

By measuring the BER corresponding to each of several known
levels of noise, then plotting these points, the resulting curve can be
extrapolated to obtain the S/N ratio corresponding to a BER of 10'6.

This S/N ratio shall not be different from an S/N ratio measured for the
calibration configuration by more than a specified amount.

Additionally, the BER test will include measurement of BER for
the HDR channel 3, mode 1, clock in response to asymmetry in the convolu-
tional recorder clock signal.

7.3.1.1.9 Communications mode antenna stow/unstow test

The antenna is deployed to its unstowed position and directed
to the zenith, where roll and pitch gimbal encoder angles are verified.
The antenna is then directed to the stowed position and the roll and pitch
encoders are verified for the gimbal's stowed angular values.

7.3.1.1.10 Communications mode antenna stow/unstow test

The antenna's obscuration area is verified using values for
roll and pitch gimbal angles computed from the data in the obscuration
boundary table.

7.3.1.1.11 Communicatirns mode antenna stability test

The antenna's drift rate in inertial stabilization and the
antenna's drift and pointing accurdcy n body statilization are measured.
The antenna's angular position is set for different pointing designates
and the accuracy is checked. After two minutes at each pointing desig-
nate, the antenna's angular position s again read. From this data, the
drift rates in inertial stabilization mode and the angular drift in body
stabilization mode are computed.
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7.3.1.1.12 Communications mode antenna slew test

The antenna's manual fast and slow slew rates are checked in
elevation (up and down directions) and in azimuth (left and right direc-
tions). A plot is made to verify the antenna search scan.

The antenna wraparound rate is checked at various beta gimbal
positions. The antenna is positioned 5° from the alpha gimbal stop and
directed to go to a position 5° on the other side of the alpha gimbal
stop. Since the gimbal cannot go through its stop, the gimbal whips
around at the super slew rate to the designate angle. This rate is mea-
sured to verify that it is within the slew maximum and minimum tolerances.

7.3.1.1.13 Communications mode target acquisition and track test

The target acquisition and track functions of the antenna servo
system are performed to verify angular track accuracy, the main scan TURS
acquisition and track stability requirements, the low signal level TDRS
acquisition requirements and the loss in antenna gain during TDRS track.
The resultant data is either processed by the test equipment computer or
analyzed off-line to determine requirements compliance.

7.3.1.1.14 Communications antenna scan volume

Proper response to an invalid start scan commanded during GPC
DESIG, MANUAL, GPC ACQ and AUTOTRACK antenna steering modes is verified.
The operator then selects either the ambient scan volume test or the
thermal vacuum scan volume test. These tests use the X-Y plotter to
record the antenna scan trajectory for off-line analysis. Parameters
to be verified off-line are: number of scan circles, scan volume, 30%
scan overlap, scan time, scan dwell time and scan rates. The thermal
vacuum scan volume test consists of a search scan at each of four scan
centers. The scan centers in (ALPHA, BETA) are (0,0), (45,0), (-75,0)
and (0,45). The search cone is 20°. The ambient scan volume test con-
sists of a 20° scan cone.
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7.3.1.2 Radar Test Module vescription

7.3.1.2.1 Radar power up/down consumption

The Ku-band radar subsystem power up/down sequence will be
tested to verify that the subsystem responds properly to the standby and

power-on modes.
The test begins with the system switched to RADAR STDBY from the

OFF condition. MDM status bits will be verified for correct mode. In the
RADAR STDBY mode, the following power will be measured: avionics power,
DA power and HTR power. Upon completion of the standby power measure-
ments, the system will then be commanded to RADAR ON. The antenna unstow-
ing procedure, along with initialization of the angle designation register,
will be verified via the MDM pitch and roll data and the shaft anqgle
encoder data. With the antenna in the unstowed condition, the following
power will be measured: avionics power, DA power and HTR power. Upon
completion of the power measurement, the antenna stowing procedure wiil be
verified via MDM pitch and rol! data and discrete signals (BOOM STOW
ENABLE 1 & 11--HIGH) from the system.

The system will then be conmanded off and the avionics current

and DA current measured.

7.3.1.2.2 Radar self-test

The radar self-test begins with an invalid start command. The
response is noted and is followed by a correct initiation of the self-test
mode. The test operator evaluates the response of the D&C displays while
the DSTE evaluates the S/T information available at the MDM, The combined

evaluations determine the s21f-test validity.
Available to the operator at his discretion is a printout of

all the MDM data that was taken during S/T by the DSTE.

7.3.1.2.3 Antenna stow/unstow test
The antenna is commanded to execute the stow and unstowing pro-
cess. Along with visual verification, the stow and unstow angle position;

are measured and verified against known values.
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. 7.3.1,2.8 Radar waveform test

This test verifies the radar waveform design by measuring the
pulse width, PRF, power and frequency management of the transmitted wave-
forms. These parameters are obtained from 19 operator-selectable tests.
These tests are derived from appropriate combinations of GPC DESIGNATE and
MANUAL operation in the active or passive modes for both search and track,
2long with designating the range. A simulated target return is provided
to obtain the track waveforms. In addition, the frequencies of the 156 MHz
(T.0. reference) and 49.2 MHz (range clock reference) signals are measured.

7.3.1.2.9 Radar range accuracy test

This test module verifies the radar subsystems's measurement of
range in the active and passive modes. Two verification approaches are
provided: developmental and acceptance. The developmental approach
uses many data samples (1000 nominal, but operator controlled) to deter-
mine the statistical mean, variance and three sigma values of the data.
These computer-calculated statistical reports are then compared to the
system specification values. The acceptance approach uses a single data
sample which 1s compared to the combined random and bias specification
values. Fourteen range accuracy tests make up the test module. The
tests are configured to verify the radar subsystem's measuring capability
through the specified regime of operation.

7.3.1.2.10 Radar range rate accuracy test

This test module verifies the radar subsystem's measurement of
range rate in the active and passive modes. Two verification approaches
are provided: develop ontal and acceptance. The developmental approach
uses many data samples (1000 nominal, but operator controlled) to deter-
mire the statistical mean, variince and three-sigma values of the data.
These computer-calculated statistical reprots are then compared to the
system specification values. The acceptance approach uses a single data
sample which is compared to the combined random and bias specification
values. Twenty-three range rate accuracy tests make up this test module,
The tests are configured to verify the radar subsystem's measuring capa-
bility through the specified regime of operation.
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7.3.1.2.4 Antenna obscuration zone test

The obscuration profile for the A side is checked out. The
antenna {is positioned to seven locations, five of which are in the obscu-
ration area. The scan warn limit indicator on the MDM and D&C outputs are
monitored for the correct responses.

7.3.1.2.5 Antenna stabilization test

This portion consists o several tests. The drift rate in the
inertial stabilization mode and the antenna drift while in the Orbiter
stabilized mode are measured and verified to be witnhin specification. The
slew modes are verified by measuring the antenna slew rate for both fast
and slow rates in the azimutn and elevation planes, Finally, the antenna
is scanned about the -Z axis in a 12° cone.

7.3.1.2.6 Radar target track test

This test verifies radar target tracking in both angle-tracking
and nonangle-tracking modes. The passive mode is used in both tests.

The Ku-band radar subsystem :igaial strength indicator is dynam-
ically exercised by varying the input signal level. In addition, the
transmitted signal strength indicator is churacterized by measuring the
response to all three transmitter power settings.

7.3.1.2.7 Radar antenna scan volume test

Proper response to invalid start scan commanding during GPC
DESIGMNATE, MANUAL, GPC ACQUISITION and AUTOTRACK antenna steering modes
is verified. The operator then selects either the ambient scan volume
test or the thermal vacuum scan volume test. These tests use an X-Y
plotter to reccord the antenna scan trajectory for off-line analysis.
Parameters to be verified off-line are: number of scan circlies, scan
volume, 307 scan overlap and scan time of one minute maximum. The ther-
mal vacuum scan volume test consists of five scan cones for each of three

scan centers. Scan centers (pitch, roll) are (0,0), (30,30) and (-30,-30).

Search cones are approximately 60, 5U, Zu, <0 and 10°. The ambient scan
volume test consists of a 10° scan cone centered at (0,0).
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7.3.1.2.11 Radar target acquisition test

The radar target acquisition test module contains three test
segments: nonscanning acquisition, the sidelobe test and the mainscan
acquisition. This test module verifies that the radar subsystem will
properly transition from acquisition to target track., A brief descrip-
tion of the three test segments in this module is as follows:

(1) Nonscanning acquisition. This test verifies that the
radar system will detect and angle track a target placed within the 3 dB
beamwidth. The operator selects the antenna pointing direction, the
Jocation of the target relative to the antenna, the mode (active or pas-
sive), and whether the target is at short or long range.
The range will determine the settling time of the acquisition
loop. The antenna is not scanned during this test,

(2) Sidelobe test. The sidelobe logic of the radar operation
is verified. The operator designates the location of the target relative
to the antenna boresight. A default position for the target is available
and is set to 2.5°,

The test is conducted in the GPC DESIGNATE mode rather than
an angle-tracking mode. The nonangle-tracking mode will permit target
track (i.e., range and range rate track) but would preclude the antenna
servos from nulling out the target position. This enables the radar sub-
system to determine that the target is in the sidelobe and provide a
steady indication of this status.

(3) Mainscan acquisition. The mainscan acquisition tests the
system for target lock-on when the scanning antenna encounters a target
within the scan trajectory. The operator designates the scan center loca-
tion, the target location relative to the scan center, and the scan volume,

There are only 10 scar volumes, and not all scan volumes
need be employed; this choice is left to the operator.

Verification of target acquisition leading to track with
all related Ku-band system designators (e.g., track, detect status bits)
correctly responding will determine test acceptance.
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7.3.1.2.12 Radar moving-target acquisition test

This test consists of a target moving inward toward the scan
center as the antenna is scanning. Successful acquisition results in
stopping the antenna scan and ending in target track. There are five
test profiles that can be selected on the basis of test number, as listed
below:

Test No. Scan_Volume (°) Target Velocity (°/sec)
1 30 0.1
2 25 0.2
3 n 0.3
4 8 0.6
5 b 1.1

In each test, two signal levels maximum or minimum must be
designated corresponding to a 1 square meter or 10,000 square meter tar-
get. A third quantity must also be giver and allows for fine correction
of the test signal conditioner panel RF output level. The value is spec-
ified in decibels of attenuation. A positive value decreases the signal
level whereas a negative value increases it. Specifying 0 dB does not
change the programmed levels.

7.3.1.2.13 Radar recovery time test

The test consists of the Ku-band system locking on to a moving
target. Target eclipse takes place for a predetermined time interval;
the target then reappears. The test obseives whether or not reacquisition
occurs.

The four selectabie tests are listed below:

Test Ho. Loss Time
] 0.1 sec
2 0.2 sec
3 0.3 sec
4 Operator designated

The target is at 12 nm with 1 square meter cross-section and
moves normal to the line of sight. In addition to selecting the test
number, the operator must specify the following parameters:




2n
CF Correction factor for the RF signal levei. given in decibels
of attenuation
RB Range bias correction for test equipment, given in feet
v Target loss rate in °/sec; 2°/sec maximum.

7.3.1.2.14 Radar gimbal pointing control

The tests involve the Ku-band servo system capability to accu-
rately point the antenna, hold the designated position and verify part of
its dynamic response. In all tests, selected test locations are given,
The operator has, in most of the tests, the option of designating the test

I , . .

u location. The tests are partiticned into three sections and are described
i as follows:
]
i

(1) Gimbal pointing and stabilization test. There are four
selectable positions to which the gimbals are designated, with an option
for the operator to designate a fifth location. After reaching the
designate, the position holding test can be selected in either the hody

stabilized or inertial stabilized mode. The test positions in the alpha-
beta coordinates are:

- T W

1 0, 0 . :
2 0, 30 ?
3. 0, 60 ‘
4 -45, 45

5 Operator designated.

(2) Gimbal slew test. The test consists of measuring gimbal
slew rates as the antenna moves between designates. Two types of desig-
nates are used. The difference is whether or not the wraparound logic is

exercised. Straight slew has operator option of selecting the pointing
designates.

R s e

(a) Gimbal straight slew test. Test position for alpha :
. and beta (°) are: :

Initial Final
Test Alpha Beta Alpha Beta
1 0 65 0 0
0 -85 0 0

Operator supplied 5




Wraparound primarily exercises the alpha
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(b) Gimbal slew test with wraparound logic involved.

constant. Alpha moves from 145° to -205°,

Test No. Beta (°)
1 0
2 60
3 75
4 -60
5 -85
6

Operator supplied

7.3.1.2.15 Radar angle track--servo convergence test

The servo convergence test will verify the radar servo Toop

bandwidth. Several parameters are supplied to define the test.
Test No. Mode Bandwidth (Hz)
1 Passive 0.12
2 Passive 0.075
3 Passive 0.027
4 Active 0.075
5 Active 0.027

CF

RB

v
A,B
AR,BR

The test numbers are selected in addition to the following:

Correction factor

for the RF signal level, given in decibels
of attenuation

Range bias correction for test equipment, given in feet

Target LOS rate in °/sec
Antenna location expressed in degrees
Target location relative to the antenna, expressed in degrees.

The angle error signals are recorded on a strip chart recorder

or equivalent equipment.

gimbal with the beta gimbal held
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7.3.1.2.16 Radar angle track--dynamic tracking test

There are two major tests. The first measures the Ku-band
systems's capability to angle-track a tairg2t into the antenna pole loca-
tions. The second test verifies the capah, ity of tracking a target
accelerating normal to the line-of-sight (LDS). In the second test, the
operator has the option of specifying the test parameters in addition to

a preselected case.

7.3.1.2.17 Radar angle track--angle track statistics test

The angle-track statistics test derives statistical angle
parameters when the Ku-tand system is in radar angle-track. There are

two tests, as follows:
(1) Static angle-track. Antenna is positiored at coordinates

designated by operator. Angle-track is established. MDM and SAE angle
data are collected (500 vamples). Mean and 3-sigma values are derived.

(2) ODynamic angle-track. 500 samples of angle rate data from
MDM are collected with the Ku-band system tracking a target moving with
constant velocity. A baseline velocity of 0.06°/second can be selected,
Other rates up to 0.5°/second can be designated by the operator.

7.3.2 Rockwell Specification versus the DSTE Test Module Matrix

After reviewing the 14 communications and 17 radar test mod-
ules, the next task was to compare the module capabilities to the Rock-
well specification. Even though this task initially appeared to be
straightforward, some problems developed.

The first problem is that TP32090-001 gives very general test
descriptions. In the radar tests, for example, the system is initialized
to the GPC DESIGNATE mode, but it is not clear whether or not the test
module automatically switches to the GPC ACQUISITION mode in the course
of the test. In order to determine the answer to this question, it would
be necessary to review each software step fcr every test module. There
1s no convenient intermediate Hughes document between the software and
TP3209-001.

The second problem is that the test modules were generated
approximately two years ago, primarily for developmental testing. The
modules were not intended to be used to verify system per:ormance.
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7.3.3 DSTE Sell-0ff Procedures

The oreviously mentioned Hughes document TP32012-074 describes
the test modules to be used for DSTE sell-off. There are a number of
DSTE check-out tests but, essentially, Hughes is taking the ADL Ku-band
system after the LRU's have passed their respective ATP's and connecting
the ADL L%U's to the ESTL DSTE. Also, the ESTL LRU's will be connected
to the ADL DSYE. The assumption is that, since the LRU's have passed
their acceptance tests, if the same results are achieved using the ADL
LRU's with the ESTL DSTE and vice-versa, the DSTE's must be functioning
properly.

Hughes wil! be using two of the 14 communications test modules
and four of the 17 radar test modules to conduct the DSTE sell-off. The
sell-of f modules are listed as follows:

1. COMMUNICATIONS MODE

Forward Link Acquisition Time Test
Communications Mode Target Acquisition and Track Test

2.  RADAR MODE

Radar Power Up/Down Consumption Test
Ant :nna Obscuration Zone Test
Antenna Stabilization Test

Radar Target Track Test,

By examining tha Rockwell specification versus the DSTE test

module matrix, the two communications tests and the four radar tests simply

do not exercise the Ku-band system c¢r, for that matter, the DSTE to any
great extent. Granted that many of the DSTE components had been used for
the LRU ATP's, it is tha o:inion of Axiomatix that a more extensive sell-

oft procedure is required.

7.4. Conclusions/Recomendations

The 31 test modules provide a good cross-section of tests with
which to exercise the Ku-band system. However, based on the test modules
currently available, the DSTL is very limited when being used to verify
the Ku-band system performance as per the Rockwell specification. Addi-
tional test modules or utilizing the MCP mode would greatly increase the

present capabilities.
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Because reviewing the software in great detail would be too
costly and time-consuming and because the modules are for developmental
testing, some interpretation and judgments were used in generating the
matrix. While Hughes may take exceptions to the matrix in some areas,
Axiomatix feels that the matrix is fairly representative of the test
module capabilities.

The matrix is shown in section 7.5 but, before discussing {t,
some explanations are required. The Rockwell specification paragraphs
are listed along the left-hand side and the communications or radar tests
are listed across the top. Listed along the right-hard side are the ver-
ification methods required per the Rockwell specification. Of special
interest is the column just to the left of the test module columns which
indicates whether or not the test module completely tests a particular
Rockwell paragraph.

The reader must be cautioned that, because numerous asterisks
appear in the "not completely tested by the development test module" col-
umn, this does not mean that requirement never gets tested. It simply
means that the test module itself does not completely test the paragraph.

In reviewing the matrix, it is evident that the test modules do
not completely verify system performance with respect to the Rockwell
specification. It must be noted, however, that the DSTE may be placed in
a manual mode,

This manual mode is accomplished by loading the Manual Control
Program (MCP) into the computer; ncw the test operator is allowed to man-
ually key-in test parameters and comnands, In conversations with various
personnel, it has been stated that, with this manual mode, the DSTE can
simulate almost any Ku-band function or operating situation,

Since the test modules were never really intended to be used to
verify the entire system periormance, the manual mode or, perhaps, addi-
tional test modules should be explored in more detail. Unfortunately,
at this time, there appears to be no document which fully describes the
DSTE capabilities. While the present test modules seem inadequate to
fully verify system performance as required per the Rockwell specifica-
tion, generating new modules or utilizing the MCP so that parameters and

commands may be input manually would increase the present DSTE performance
capabilities.
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It is recommended that a DSTE capabilities document be generated
by Hughes which discusses in detail the DSTE performance characteristics,
With this document, the DSTE end users, NASA and Rockwell, could more eas-
ily generate new tests to meet specific needs.

It is further recommended that TP32090-001, “"Subsystem Develop-
ment Test Procedure for the Ku-Band Integrated Radar/Communications Equip-
ment," be expanded to include a more detailed test description. The reader
and test module user will now have a better understanding as to exactly
which Ku-band modes are really tested by the module.

A major area of concern is the DSTt sell-off procedure. In
Axiomatix's opinion, the present procedure is inadequate, and it is rec-
ommended that a more detailed sell-off procedure be used.
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o Output Angle e Data, Y h ¢ X
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e Inertial Stabilization ’ BRiEnw
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3.2.-1.3.4.% Target Coordinate Designation / / / / X
i 3.2:1.3.4.2 Search Volume / / 77 / 4 i
® GPL Acquisition Mode . . X
® GPC Designate Mode (Scan Inhibited) X X
e Manual Mode »
e Auto Mode * wme
3.2.1.3.4-3 Search Time Xl X1 X
3.2.1.3.4.4 Angle Rates During Search » | Xl x|
3.2.1.3.4.5 Search Angle Scan Mechanization oo X v X r_!_‘_L‘
:
| 3.2.1.3.4.5.1 Search le Scan Pattern * X
| Ang LJT'L X
: 3.2.1.3.8.5.2 Search Scan Angular Velocity Limit b »-L |
3.2.1.3.4.6 Manual Target Coordinate Designation o !J 2
3.2.1.3.4.6.1 Auto Mode / ] / / ] / X
® Search Initiation by Manual Control IDESR B
® Auto. Target Detect. & Acq. following o '_T‘—'
Manual nesig?u or Search Initiate rjapx
® Auto. Target Trec ol low) ect. ;0 X X
® Inertial §pace h_;iar Drift i’ite TWin. | .
for Specified Conditions X gz
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3.2.1.3.4.6.2 | Manua) Mode il
o Auto Angle Yrack'g Servos Disabled | X B &
e After Target Detection, Auto Target S = " ‘
Tracking in Range and Rate ] L_F X i
e Antenna Position in Orbiter Coordinates . 1 8 X
® 20.3% when Orbiter ¢ nates selected X
o Angle Data Dutput to GPC and DB . T
3.2.).3.% Prob. of Detection & False Alarm Rate - _;!
3.2.1.3.5.% Ground Clutter ® RlRjiX
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3.2.1.3.8 Radar Parameter Measurement Limits LR Eixlx |
32.2.1.3.9 Radar Parameter Measurement Accuracies Xix I SRS R
3.2.1.3.9.1 Radar Param. Meas. Accur. Convergence Time » X | ERE R
3.2.1.3.9.2 Meas. Accuracie. § Output Data Update Rate | * SRR
3.2.1.3.10 Break-Track Condition X X X I 3R
1
a:2.1-3.1 Radar System Power-Up/Down Procedure X | fi' |
3.2.3.3.12 Radar System Operation Sequence * X EiRx
3.2.1.3.13 Received Signal Strength Indication ? A X X1x
3.2.1.3.14 Radar System Desigr Kequirements [/ / / /} / | X
3.2.1.3.14.1 Transmitter . 3 X xixlx
3.2.1.3.14.2 | Microwave Losses o . l 2fxlx
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3.2.1.3.14.3.1 | Antenna Error Detecticn |
3.2.1.3.14.3.2 | Antenna Beam Sidelobe Lock-On / x
3.2.1.3.14.3.3 |Stabilization X "LJPL
3.2.1.3.14.3.4 olarization X .JJ.JJ_(,.LJ !
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3.2.0.3.14.4  |Receiver N/ /A 1
3,2,[.3,!5,!.)___!:31’" Signal Dynamic Range * XXX
3.2.1.3.14.4.2 | IF Preamplifiers . 1lsls
3.2.1.3.14.4.3 | Operating Modes Compatibility - ISR BE
3.2.1.3.15 Radar Self-Test X RiRix
3.2.1.3.16 Radar System Power Consumption X iR X
2.2.1.3.16.1 Power Consumption in Opevating Modes and X szl
Conditions
3.2.1.3.16.2 LRU Heater Power X Rz
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3.2.1.2.1.3 Orbiter-TOPS Link Acquisition & Handover |/ / /|/ / ,
3.2.1.2.1.3.} Link Acouisition Mode Definition . K Ix Ix
3.2.1.2.1.3.1.1 | Primary Acquisition Mode . x ix Ix
3.2.1.2.1.3.1.2 | Alternate Acquisition . X ix Ix
3.2.1.2.1.3.2 | Handover Requirements . X ix Ix
' 3.2.1.2.1.3.2.1 | Return Link Data //V/ X
3.2.1.2.1.3.2.2 | Data Transfer Sequencing * R §X IX
3.2.1.2.1.3.3 | Detection IF Bandwidth * _~ X Iz Ix
3.2.1.2.1.3.4 | Detection Requirements * | X Ix iz Ix
3.2.1.2.1.3.4.1 | Signal Uncertainties for Detection X Ix i
3.2.1.2.1.3.4 | Link Acquisition Time i Fi X
3.2.1.2.1.3.5.1 | TDRS Signa} Acquisition . X X X Ix
L 3.2.1.2.1.3.5.2 | Signal Processing Time X x Ix
| 3.2.3.2.1.4 Antenna Control Servos . XX X ix Ix
E 3.2.1.2.1.4.1 | Open-Loop Operstion . X ix iz
[ 3.2.1.2.1.4.1.1 | Angle Search X L
: 3.2.1.2.1.4.1.2 | Search Scan Mechanization X Ix Ix
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3.2.1.2.1.4.2.1 | Angle Tracking Accuracy X EiRix
3.2.1,2.1.4.2.2 | Angle Tracking Limitations Eix aln)
3.2.1.2.1.4.2.3 | Break Vrack Condition e L-I-J-
3.2.1.2.2 forward Link Data Subsystem - X l.u..l..
RN 2. 2.0 Forward Link Cata Subsystem Characteristics K | B R
3.2.3.2.2.1.% Forward Link Subsystem Characteristics > X 1SR
3.8 V22 Date Characteristics / [ t
3.2.3.2.2.2.1 Information Signal Characteristics ) |
3.2.1.2.2.2.1.1 | Mode | Forward Link Data » I BRERS
3.2.1.2.2.2.1.2 | Mode 2 Forward Link Data » Eixjix
[3.2.1.2.2.2.2 Spread Spectrum y (SRS R
3.2.1.2.2.2.3 Unspread Spectrum X I BRER
2 1 IS S8 Data Output » Xl 1L
3:.2:).2.2.8 Data Quality Estimation * Xix R 21
3.2.1.2.2.4.1 Data Quality Estimate Duration * Xix LLL{-L
3.2.1.2.2.5 Forward Link Performance . Rjxlx }-LLL
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3.2.1.2.3 Ku-Band Comm. Transmit Subsystem / X
3.2.0.2.3.1 Transmit Subsystem Description o X _I_J_‘
3.2.1.2.3.2 Return Link Data Requirements ot X iR x
3.2.0.2.3:-2.}% Mode | Dat2 Reguirements . LL‘_L
3.2.3.2.3.2.2 Mode 2 Data Requires.nts s EiRiX
3.2.1.2.3.2.3 Data Source Selection s X IlX
3.2.1.2:3 turn Link racteristics |

2.1.2.3.3 Re ink Cha ists // / b
3-2-1.2.3.3:) Modulation Type X
3.2.0.2.3.3.2 Data Channelization - iR FL
3.2.1-2:3.3.3 Return Link Operational Characteristics 4 X l_*LL_“_I_1
3.2.1.2.3.2.8 Return Link Data Throughput i EjRIx
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3.2.1.2.3.3.4.1 | Digital Data Throughput ¢ ilx
3.2.1.2.3.3.4.1.1 | Bit Transition Density E1x
3.2.1.2.3.3.4.1.2 | Data As-mmetry ! x I SR ERS
3.2.1.2.3.3.4.2__ | Analog Data Throughpw . alxlx
3.2.1.2.3.4 Modulation |
3.2.1.2.3.4.) Mode 1 Modulation . 1l
F}.?.l.?..’!.l.? Mode 2 Modulation . LR
3.2.7.2.3.4.3 Analog Data via Chanmel 2 o 2Nt
3.2:71.2.3-4.4 Unmodulated Carrier KR
3.2.1.2.3.5 Data Degradation Seleted-l—
3.2.4.2.3.5.) Mode 1 Degradation
3.2.1.2.3.5.2 Mode 2 Degradation
3.2.1.2.4 Communications B Subsystem | §
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8.0 SYSTEM TEST EVALUATION
8.1 Introduction

As per NASA Contract KAS 9-15795A, Task 3, this section reviews
and evaluates the data obtained by Hughes Aircraft Company (HAC) during
the Ku-band system testing. The Hughes testing involved verifying the
performance of the Ku-band system, composed of the EA-1, EA-2, SPA and
DA LRU's, by utilizing the system test equipment (STE).

To perform system testing, Hughes has manufactured three sets
of test equipment. One set, the STE, will be retained by Hughes. The
second and third sets, referred to as the deliverable system test equip-
ment (DSTE), will be delivered to the Avionics Development Laboratory
(ADL) at Rockwell, Downey, and to the Electronic System Test Laboratory
(ESTL) at JSC, Houston, respectively.

The STE and ESTL DSTE are both the same configuration, whereas
the ADL DSTE has a slightly different configuration. A1l three sets of
test equipment are semiautomatic and computer controlled with a number
of test programs, known as test modules, that may be loaded into the
respective computers via a floppy disk. The reader should reference
section 7.0 for a more detailed description of the DSTE and test module
capubilities.

Hughes has also manufactured two sets of LRU's--one set for
the ADL and the other set for the ESTL. This section will review the
ADL Ku-band syscem tests as conducted with the STE by Hughes.

8.2 Approach

The system tests were based upon Hughes document TP32090-001,
"Subsystem Development Test Procedure for the Ku-Band Integrated Radar/
Communications Equipment," dated October 23, 1979. This test procedure
and the 31 test modules it describes have previously been resiewed and
the result. disclosed in Section 7.0

The reader should also review section 8.5, which is composed
of matrices comparing the Ku-band system requirements as detailed in
Rockwell document MC409-0025, "Int :grated Communications and Radar Equip-
ment, Ku-Band," Rev. B with changes, dated July 21, 1978, to the 31 test
modules described in TP32090-001. These matrices will provide the basis
for the remainder of this report.
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The approach involved discussions with cognizant Rockwell and ,
Hughes personnel to determine which tests from TP32090-001 and which .f
additional tests were used by Hughes for system verification. After as- i
certa‘ning which tests were conducted, the section 7.5 matrices were used
to determine the Rockwell Rev, B specification paragraphs substantiated
by Hughes.

8.3 Findings

Hughes document TP32090-001, along with the test modules,
were originally developed for system development tests and were never
intended fYor system verification. Once system testing was required of
Hughes, the already developed test modules provided a number of reason-
able system tests. To prepare new test modules specifically designed to
verify the kockwell Rev. B specification would have been costly and
time consuming.

The initial plan for system verification, therefore, was to
run the 31 test modules, 14 communications mode tests and 17 radar mode
tests, as outlined in TP32090-001. As the tests progressed, a numter
of software and hardware problems developed with the test equipment and,
in addition, some LRU problems also developed. Because of these prob-
lems, the number of tests were reduced by the mutual consent of Rockwell
and Hughes personnel. Also, some tests were conducted manually instead
of computer controlling the STE with a test module.

A total of eight communications mode test modules, six radar
mode test modules and six additional tests were used for system
verification.

8.3.1 Communications Mode System Verification Test Modules

As previously mentioned, eight of the 14 communications mode
test modulcs were used. Detailed test descriptions are included in
Appendix A and, therefore, the eight tests will be listed as follows
with the appropriate Section 7.0 reference paragraphs:
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Reference
" Para
1. Communications power up/down
consumption 7.3.1.1.1
2. Forward link signal strength test 7.3.1.1.3
3. Forward link tracxing threshold test 7.3.1.1.4
5. BER test (return 1i:k) 7.3.1.1.8
6. Communications mode obscuration zone
test 7.3.1.1.10
7. Communications mode antenna stability
test 7:3:1:1.1)
8. Communications antenna scan volume 7.3.1.1.14

The ADL LRU's eventually passed the eight communications mode tests:
however, some tests were modified. Because cf problems with the STE
SPA data generator, both the forward and return link BER tests were
changed. Tests equivalent to those described in paragraphs 7.3.1.1.6
and 7.3.1.1.8, were cenducted using a Hewlett-Packard data generator
and the BER detector.

The forward link tracking threshold test, as discussed in
paragraph 7.3. .1.4, was rot completely run. Only Costas loop data
was gathered, with no PN loop threshold data being collected.

The communication tests used for system verification have been
identified on pages 5- 7 of section 8.5, the Ku-band subsystem tests
cross-reference matrix. This matrix references the test modules to the

3 Rockwell Rev. B specification.

§.3.2 Radar Mode System Verification Test Modules

As stated earlier, six of 17 radar mode tests were utilized.
Detailed test descriptions are included in section 7.5 and therefore the
4 six tests will pe listed as follows with the appropriate section 7.0
| reference paragraphs.

Reference
Paragraph
1. Radar power up/down consumption test 7.3.1.2.1
2. Antennz obscuration zone test 7.3.1.2.4
3. Antenna stabilization test 7:3:1:2.9
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4, Radar waveform test 7.3.1.2.8
5. Radar range accuracy test 7.3.1.2.9
6. Radar range rate accuracy test 7.3.1.2.10

The ADL LRU's passed the six radar mode tests. There were some initial
problems with the range and range rate tests but the LRU's passed the
tests after the STE was placed in the manual mode. In addition, the
radar waveform tests were also conducted manually.

The radar tests used for system verification have been identi-
fied on pages 1-4 of section 8.5. Notice that no angle-tracking tests
were performed since the new servo design has not been implemerited.

8.3.3 Additional System Verification Tests

Besides the eight communications mode and six radar mode tests,
six additional tests were also conducted. While no definitive test pro-
cedure exists at this time, each test will be briefly described as

follows:
1. The power consumption of each LRU while in various system

operating modes was measured.

2. The ability to hold track in the active mode with a target
at 300 nmi accelerating directly towards the system was verified.

3. In the passive mode, the target size was changed in a step

function manner to determire the change magnitude required to break track.

4. With the system in angle tracking, a small jerk in a or 8
was introduced to determine the system response.

5. Proper TWT bypass operation was substantiated.
6. The system was placed in AUTOTRACK and proper scan and
arquisition were ascertained.

Tests / through 6 were conducted primarily out of curiosity by the test
personnel to observe the system response. Hughes is presently document-
ing these test results and producing a more definitive test procedure

for fulure use.
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8.4 Conclusfons/Recommendations

As already mentioned in Section 7.0, the 31 test modules
provide a good cross-section of tests with which to exercise the Ku-band
system, but these tests are very l1imited when used to verify the Rockwell
Rev. B specification By examining the matrices in section 8.5, the num-
ber of Rev. B paragraphs actually substantiated during system tests may be
determined.

Because of the existing servo problem, no radar mode target
acquisition, antenna scan volume, target track or angle track tests and
no communications mode target acquisition, forward link acquisition time
or slew tests were conducted. Adiitionally, while the Costas loop track-
ing threshold was measurec, the PN tracking threshold was not determined.

If compliance to the Rockwell Rev. B specification was to have
vesn confirmed during system tests, then the tests were very superficial
since only a small number of Rev. B paragraphs were verified, as shown in
the section 8.5 matrices. If the purpose of the system tests was to gain
additional confidence that the system was functioning, the tests served
their purpose.

It is Axiomatix's opinion that, at some time, compliance
to the Rockwell Rev. B specification must be demonstrated, and the longer
it takes for this demonstration, the more potential exists for serious
system problems. [t is recommend:d that additional test modules be gen-
erated for the STE and DSTE's which are capable of specification com-
pliance verification.

Once the present servo proolem has pbeen resolved, it will be
imperative to conduct detailed system tests immediately to determine
tnat the new servo functions properly. It is recommended that the servo
redesign and testing be closely monitored since servo performence is so
critical to the system operation.

8.5 Ku-Band Radar Subsystem Tests Cross-Reference Matrix
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3.2.1.3.% Pass. Targ. Sig. Decorrelation Enhancement | * IR 1R
3.2:1.3.2 Antenna Angle Servo Requirements . Xix]lx Eix
3.2-1.3.2.} Target Inertial Angle Rate for Detectiomn Rix ]z
3.2.1.3.2.1.1 | Target Motion Direction Constrained . EJRIx
3.2.3.3.2.%.2 Target Motion Direction Unconstrained o J RiXix
3.2.1.3.2.2 hsgt ‘lrngr;lalme Rate for Tracking // V / t 4 B Y -
to 0.5°
3 0.5 to iﬂzﬁecon‘ i b  § !:T X
3.2:1.3.3 Radar Operating Modes - X X IX iIx X ) | XXX
3.2.1.3.3.1 GPC Acquisition Mode // # U/ Y/Y/Y/Y 4 X
® GPC Designates used for Antenna Position'g X X X X
® Automatic Angle Track X i
® Variable Search Volume ] X T [X
® Output Ramge and l%h’.u - - - r; X
o Outpus te Data-Good X X
R &‘%’Eﬁ:wua" Y
T'ﬁg t Angle Rate Data ; Pitch X YIXY Y
o Qutput e e Rate Data-Good Flag X 3% 1K X Y [X
® Inertial iubilizaﬂoa ¥ I":F X
e Sidelobe Lock Test fd rir X
3.2.1.3.3.2 GPC Designate Mode / X
® GPC Des ignates used for Antenna Position'g X ]
& Output te Data X gTT—
® Output te Data-Good FI X X [ X
| ® Outpu: Angle Data ; Pitc X LF‘T‘
—!—t‘. nertial Stabilization X X Y
[® Body Axis Stabilization L Y L 8 F_!:’r‘
3.2:3.3.3:3 Manual Mode /; |
5 ® ~to-Slew rf X
0 t Tate Data o 15 r‘ﬁ’r‘
. te Data-Good ;.r.Jl
[ e Data 1; Pitc d YIX
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- t Flag| * T |
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3.2.1.3.4.1 Target Coordinate Designation //; L ; / X
3.2.1.3.4.2 | Search Volume // / ] Y
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s te (Scan Inhibited) !
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3.2.1.3.4.4 M jle Rates During Search . X jayzx
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3.2.1.3.4.6 Manual Target Coordinate Desigration . Xz
3.2.1.3.4.6.1 ! Auto Mode // f 2
® Search Initiation | Control X X ~N
® Auto. Target Detect. § Acq. following s s lalz «
Manual Designate or Search Initiate
[ ® Auto. Target ?nci' FolTowing Detect. ¥ [ KR X
e [nertial !oace Wlar Drift 'Su T Nin a R 1l x
for Specified Conditions X
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9.0 LRU INTERCHANGEABILITY

The purpose of this section is to report the findings of the
Ku-band LRU interchangeability study. The Ku-band communications and
radar system consists of four LRU's: EA-1, EA-2, SPA and DA. Each LRU
interfaces with each of the other three LRU's (except that the EA-2 does
not interface with the SPA) and with the Orbiter. The interfaces consist
of digital data, digital control pulses, discrete conmands, discrete sta-
tus signals, analog information, RF signals and LRU power.

Figures 47 to 55 show the various interfaces between each of the
LRU's and between each LRU and the Orbiter. Each figure indicates the
signal name, type of signal and corresponding LRU connector number.
Because of the sheer number and complexity of the interfaces and, since the
LRU is the basic building block of the Ku-band system, it must be assured
that each LRU will be interchangeable with another similar LRU.

9.1 Approach

The approach for completing the LRU interchangeability study
was to examine each of the signal interfaces shown in Figure 47 to 55
using five documents for baseline information. The five documents are:

(1) Rockwell specification MC409-0025, Revision B, "Integrated
Communications and Radar Equipment, Ku-Band."

(2) Hughes specification DS32012-020, November 13, 1978,
“Development Specification Radar/Communications A Electronic Assembly,

Part 1 for the Ku-Band Integrated Radar and Communications Equipment"” (EA-1).

(3) Hughes specification DS32012-022, Revision B, September 19,
1980, "Development Specification, Radar/Communications Electronic Assembly,

Part 2 for the Ku-Band Integrated Racdar and Communications Electronic
Assembly, Part 2 for the Ku-Band Int:grated Radar and Communications Equip-

ment" (EA-2).

(4) Hughes specification DS32012-011, Revision A, November 3,
1980, "Development Specification Signal Processor Assembly for the Ku-
Band Integrated Radar and Communications Equipment” (SPA).
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Figure 47.

EA-1/EA-2 Signal Interface
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(5) Hughes specification DS32012-031, Revision A, October 13,
1980, “Development Specification, Deployed Assembly for the Ku-Band Inte-
grated Radar and Communications Equipment" (DA).

A1l five documents listed reflect the latest system changes with the excep-
tion of the EA-1 LRU specification which is stil1 being updated by Hughes.

Each interface was compared with applicable LRU and/or Orbiter
specifications to determine electrical compatibility by verifying that the
document describing the signal output was consistent with the document
specifying the signal input. Since electrical compatibility was the ob-
jective of this study, only interface parameters such as input/output
impedances, rise/fall times, proper voltage levels and proper power levels
were compared. Performance parameters such as SNR, BER, spurious products
and phase noise were not included in this study since performance param-
eters are verified during development, acceptance and qualitative testing.
Therefore, this study centered on examining the electrical compatibility
of all the interfaces.

9,2 Findings

In the process of examining the various signal interfaces, a
number of assumptions were made. The first assumption concerned the tol-
erances associated with the voltage levels defining a logic "0" and a
logic "1". In the SPA and EA-1 LRU specifications, the actual interface
circuits are not illustrated whereas, in the DA and EA-2 LRU specifica-
tions, most of the actual circuits are shown. Where the circuit is actu-
ally shown, as in the case of the DA and EA-2 documentation, it was
assumed that the interface driver and receiver would function cver volt-
age tolerances of the logic "1" and "0." For example, Figure 56 illus-
trates the electro-optical receiver used in a number of the £A-2 inter-
faces. It is assumed that the device will function over the logic "1"
voltage range of +28 + 4 VDC based on the fact that devices such as the
electro-optical receiver have known characteristics which have been docu-
mented by the manufacturers and verified by test.

However, where the actual circuit is not illustrated, as in the
case of the SPA and EA-1 LRU documentation, a potential problem is flagged
when an apparent incompatibility exists. For example, there is a conflict
in the requirements defining the signal OPERATE STATUS KuA between the DA
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and the EA-1. The DA specification states that the logic "0" supplied to
the EA-1 will be an open circuit, but the EA-1 specification states that
the logic "0" will be 0-2.5 VDC. Since the interface circuic diagram fis
not readily available to Axiomatix at this time, it 1s rot kihown {f the
EA-1 will function properly while supplied with an open circuit instead
of a low impedance voltage level for logic "GC." Hence, when situations
Just described arose during the interface study, a potential problem was
flagged.

In examining the various interfaces, Axiomatix felt it was use-
ful to identify certain electrical parameters as critical parameters that
should be m2asured. While all parameters defining an interface are impor-
tant, the second assumption in this report is that, in Axiomatix's opinion,
some electrical parameters may be deemed critical while others are not.
For example, the logic "1" and "0" voltage tolerances as previously dis-
cussed are important but, since the driver and receiver have already been
characterized, it is assumed that the interface will function over the
voltage tolerance range, Hence, the voltage tolerances are assumed to be
noncritical electrical parameters.

On the other hand, the LINEAR AGC signal between the EA-2
and the DA has a specified dynamic range. In this report, the LINEAR AGC
has been identified as a critical electrical parameters and the interface
should be tested to verify that the output voltage covers the fuil dynamic
range.

Another example of critical and noncritical electrical param-
eters as defined in this report is the logic timing of the EA-2 serial data
output to the EA-1 with respect to the £A-2 data cover pulse. The logic
timing is obviously very critical for system performance but, for the pur-
pose of this report (which is to verify the electrical interface compati-
bility), the logic timing was deemed noncritical since the timing has been
demonstrated by previous testing and analysis.

The purpose of identifying critical electrical parameters is to
identify areas where an interface should be exercised over its full range
to guarantee interface compatibility and, hence, interchangeability.

The third and last assumption deals with the five praviously
mentioned documents used in this study. Both the Hughes LRU specifications
and the Rockwell requirements specify the inter-LRU interface but, if a
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signal is between two LRU's, the HAC document is used as the baseline.
There was no effort in this study to correlate the LRU interface require-
ments outlined in the HAC LRU specifications with the same or similar
requirements 1isted in the Rockwell LRU specification appendices. If the
interface is between an LRU and the Orbiter, the Rockwell document is used
for defining the Orbiter interface, and the Hughes document is used for
defining the LRU interface.

Tables 15-23 1ist all the LRU-to-LRU and LRU-to-Orbiter inter-
faces, showing the signal source and signal destination along with the
applicable specification paragraphs. After reviewing each interface, a
determination was made as to whether or not the interfaces are compatible,
which electrical parameters are critical and, finally, if the critical
electrical parameters have been measured during Hughes testing.

The assumptions in dealing with the interface compatibility
determination and choosing the critical electrical parameters have already
been discussed. To date, Axiomatix has reviewed the SPA and EA-1 CDR LRU
test data but has not reviewed the DA and EA-2 data. Ffor this reason, it
is unknown at this time whether or nc* the critical electrical parameters
identified in this report have been tested by Hughes for the DA and EA-2,

By studying Tables 15 to 23, it is readily apparent that there
are a number of interface inconsistencies, some of which apply to speci-
fication or paperwork problems, but some of which are quite serious.

The most 1ikely candidate for a paperwork-type problem is where the signal
source supplies an open circuit for a logic "0" but the receiver specifies-
a 0-2.5VDC level. As previously itated, the actual interface circuit
schematic was not readily available to Axiomatix at the time of this study.
Examination of the schematic will resolve the problem, after which, the
appropriate specification may be che'ged to accurately describe the
interface or, possibly, the interface redesigned.

The more serious interface problems highlighted by this study
are such items as insufficient drive for the gyros, scale factor mis-
match for the a and 8 axis gyro rate data, the scale factor mismatch for
the linear AGC, the unclear alpha/bets lobing requirements, the need to
further characterize the track IF signal and the need to clarify the SPA/
Orbiter interface requirements.
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- : o 3 o IS i S Wiy | SREREE, RN T, (S duet SR
1. FA-2 Data Il’l-l l 3.1.2.8.2.3 N/A FA-2 |13.1.2.4.1.1.} WA Yes hene WA
- honit o ORI o i L d v st M P8EY 2841 A
A. EA-? Mata Transfer Clock{iA-1 | 3.1.2.4.2.1 N/A TA-2 rJ.l.?.l.l.l.? N/A Yes None LI
o sbisis: Jaudiifel : ST SO il (etisndopny ity [ROIE = AL N R ) S s ) (T |
5. EA-? Data Cover Pulse fa-1 3.5.2.8.2.2 N/A J(‘-’J 3:.3.2.8.0.3.3 WA VYes None WA
. ) o 1 i it issliiatiaial=n = L & A i
6. [A-? Status Cover Pulse FA-I 3.1.2.4.2.2 WA FA-2 |3.1.2.4.1.1.4 WA J Yes r e WA
-— - - - - - e S - ..-{ — - -— — - —— L— —— - e — — e — o —— - —
7. [A-2 Status FA-2 | 3.1.2.4.1.1.5 NA EA-1 [3.1.2.4.2.4 WA E Yes Ron> WA
) i L] e R Al My N Satic il S, G, T GOSN eIy S, | e
R. Radar Signal Strength EA-2 | 3.1.2.4.).3.0 N/A W[A-l 3.1.2.4.7.) WA Yes, provided |Test over fulll EA-2, unkwonm)
[A-1 interface | response at this time
is ispicwented EA-2, W,
i as showm in the
FA-2 Spec,
- - - 4 -4 - - — - e e —m— R s
9. Alpha Error and EA-2 | 3.1.2.4.1.3.2 N/A EA-1 [13.1.2.4.5.7 WA ::l. i'-‘“ Test over full EA-2,
Beta Error o nlerface | o ponse at this tise
and -"" EA-2,
per EA-7 Spec
! polarity clmﬂ relarity.
1 ified. e s
1- LR ‘“_4 ARECEn (e 4
10. Lobing Alpha-Seta FA-? 3.1.2.0.1.2 N/A FA-1 |3.1.2.4.4.2 WA Yes e WA
Radar
Lobing Phase 0/1R0 fA-2 3.0.2.8.1.2 N/A PA-1 |1.1.2.4.4.2 NA Yes Nrme WA
Radar
- —— - 4 - — e ] ———— - ——
11. 156-Mz Reference EA-I 3.3.2.8.2.2 N/A FA-2 13 1.2.4.1.3.} WA Perhaps, [A-1 This sigmal L)
Frequency 3-2.1.9.% specifies 2.5 [<hould be com-
RS 4N and pletely char-
EA-2, +2.3 acteripze 5y
+1.0 dhm SwsLw
Note: FA-1 is Rev. A, not Rey. R,
Table 15. EA-1/EA-2
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Note:

Comm Standby
Comm On

SPA Data
Data Transfer (lock
NData Cover Pulse

Status Data

216 kbps Data

1.876 GN: Reference

—

P 1Py

tA-1
| FA-1

- v

et as——m—————-.

Hughes | RY
“pec. Paraqraph

1.1.2.4.2.3
3.10:2.8.2.1
3.1.2.4.2.2

3.1.2.4.3.3.6

3.3.2.8.6.2

- -
.“-
-

o

EA-1 Spec is Rev. A iastead of Rev. B.

N/A
N/A
N/A

N/A

N/A

WA

Table 16.

~ ~—~
l!stllnﬁ
Criticai |Mave Critical
Electrical flectrical
Hughes LRY Rockwel i Are Interfaces | Parameters To| Parameters
LRU | Spec . Paragraph | Spec. Para. Compatibie? Be Neasured | Been Tested?
— - —_— - — - e S - R
SPA 13.1.2.4.3.2.3 WA No, EA-1 source None [ 7L}
SPA 13.1.2.4.3.2.3 WA is 10 s nawi- None L)
nal & SPA spec-
ifies IS 6ma
max. FA-) logig
0" is an open
circuit 8 SPA
specifies O V.
——f - -—— —— -——----ﬁ—-———A—- e S ———— ——— — — ——— -y
SPA [3.1.2.4.3.3.3 WA Yes Nnne Wa
S y M s A I veansinien i B stess mibaelsisianl
SPA | 3.1.2.4.3.3.4 | WA Ves None # N/A
SPA 3.1.2.4.3.3.8 WA Yes Rone n/A
= > TR & D— S—— -,___.{_..- - ——— - - e . o o— -
EA-1 13.1.2.4.2 04 WA Unknowm, load None LY}
s unspecified
—— e e S i E—— — - -
SPA [3.7.2.4.0.1.) WA Unknoam, FA-1 | Testover data Yes
wvoltage output | rate range of
wnspecified Wito 216 at s
aleng with
E—— I - i - — - — —cp——
SPA |3.1.2.4.2.3 WA Yes, FA-1 spec-| This sigmal L)
ifies *6 dim shouid b
nominal output | pletely char-
& SPA ml'dmm by
-1.72 dim nomi- |SAD & LW
nal input. tests
Cable josses
accownt for
appareat power
difference.
Spec should be
clarified to
show cable
losses.
MR IS Lo | 1 1
2
EA-1/SPA

- — T e St e i b =t -




SRR S e o T e

A.

Incoder Drive Ka A

Alpha {ncoder Indrx Kuh

Aloh Frneoder Duad Kuh
Alpha Dncdr Dutput Kuh

Aipha
Alpha

Alpha
Alpha

Reta
Beta
Beta

Rt
Bets

Beta
Reta

Note:

FA-1 Spec is Rtev A instead of Rev R,

Axis High KuA

Motor Drive 1 Kuh
Motor Drive 7 KuA

Axis liigh rul
Axis | ow Kuh

Fncoder Indey Yuh

FHcoder Quad Kuf

fncoder OQutput KFuA

Motor Dirive 1 Kuf
otor Drive 2 Kul

Axis Low ¥uh

i
FA-1
A

A

DA
DA

DA
DA
tA-1

DA
DA

———— e}

*
Cabiing IR drop sheald be spedified or acconnted for.

SOURCE i DESTINATION

Huaghes< | PH Rockwell Hughrs LRU
Spec. Faragraph _ | Spec. Paragraph  § LRU_;Spec. Paraqraph |
2451 N/A PA [3.1.2.8.2.3

R ) I DU RO -
1.72.8.2.4 X/A fA-1 {3.1.2.4.5.6

[ i | i
1.2.4.74 N/A FA ) 13.1.2.4.5.6
- - - - — - - - ; -
1.2.4.5.1 N A PA {3.1.2.4.19
1.2.4.5.1 ‘JA DA |3.1.7.4.19

- . - - - - o —
1.2.8.22 N/A EA-1 13.1.2.4.5.5
1.2.4.22 N/A EA-1 |3.1.2.4.5.5
|

1.7.4.24 KA fA-1 1212056

' 1 | ]
1.7.4.74 N/R EA-1[3.1.7.4.56
1.2.4.5.1 N/A LA [1.1.2.4.19
1.2.4.5.1 N/A o {3.1.2.4.09
1.2.1.22 N/A FA-1 ' 3.1.72.4.5.5
i.0.4.27 N/A FA-1]3.1.2.45.7%

|
Table 17. EA-1/DA

Rockwell
| Spec._Tara.

K/A

e

N/A
|
N/A

R/A
R/A

N/A
K/A

H/A

N/A

Mave Critical

drive level of
23to 31 ¥V, but
DA is 19 ¥V max®
PO - —_— -
Ho, EA-1 doesn' t!
specify load
impedance. [A-}
specifies high
scale factor =
12°/sec/volt &
iow scale fac-
tor=0.3"/sec/¥.
DA specifies
high = 0.4165
«0.0217 /sec/V B
Tow - 0.0R33
13.00427 sec/V.
Perhaps, ref.
item 2.

No, reference
item 3.

- —
Ne, reference
Hzm 4,

Test over full}

rate range.

Electrical

Are Interfaces | Parameters 16 | Parameters
| Compatible? Be Measured | Been Tested!

Perhaps® None N/A
Perhaps. CA-} None n/A
dors not speci-| i |
fy load imped- None n/A
ance. DA does
not specify that]
signal is
differential .
Ko, TA-1 speci-] Nane N/A
fies voltage None N/A

DA, unknowm

rate range. at this timel
EA-1, yos.
Hone N/A
| |
Kone N/A
None | N/A
Nnne N/A
Test over fu!?l DA, wnknown

at this time]

ER-1, yes.

€62

e e A




ks T — L —— L — i
- rey e, p .u,
| SONPCT | DE“TINATION |
R i R S SR Sy il Fele e e Critical  |Mave Critica
! ' i Electrical Electrical
| i Hughe< | 1 Rockwe 11 " Hughes 1PU Pockwell | Are Interfaces |Parameters To | Parameters
- e e LRU_} Spec. Paragraph .SPC;_D!*:LW&__,_.L!!L._'a'?c_'!'_orm-_r‘s't-. Para. | Compatible? | Be Measured | Beem Tested?
| B, Gyro Primary fxcitation :A-1 | 3.1.2.4.5.8 | N/A DA [~ 1.2.4.2 WA %o, TA-1 speci- N WA
) Yub : i ! fiesmax. sowrce|
| i ! ; ‘ t"r!;: 2 A
. nas
i ! i 2 max Irad cur
i . { , rent spic. of
i f ! L ; 20m 'os.
1 t - 4 -— _— —p e} B e 16 — e — —.1-———-——--—- -
[ 9. Gyro Soin Motor facita- TA-1 | 1.1.2.4.5.4 : N/A DA |31.72.4.20 N/A Mo, TA-1 speci- None WA
' tion 2 fuh ! fies max sourcel
| Gyro Soin Motor Fxcita [FA-1 | 3.1.2.4.5.4 I N/A DA | 3.1.2.4.720 i WA current of 1.2A None WA
' tioe | YuA ! | | res but DA may
! require 1.6A
{ - o e ——— - - et - —— o - ———
i ! | i
'lo. Antenna Gimbal Lock |FA-1 3.1.2.4.5.2 ! N/A DA | 3.1.2.4.25 WA Mo, EA-1 doesa“t) None N/A
Drive XuA i ! wecify output
! i | voltage level
l g ! | but DA speci- 4
I ’ fies 14 ¥ sl0Z,
- !- 4 i“, __*.._, SRS — JUS—— S— :.m. —— e ——— — 4 l
11.  Radar Standhy (78] 3.1.2.8.3.4 ' L DA | Table 1.1.2.4-1 WA Yes None N/A i
| Padar On | i ] | 1 | '
; Comem A Standby ! I | \ ]
L Commn A On ’ : |
| Transmit Enable Yuld ’ | | l
Linear Polarization FuA .
Widebeam Jmit Select Yul [FA-| 3.1.2.4.3.8 | N/A M | Table 3.1.2.4-) N/A Ves None N/A
H - 4 - - — - e —— e e e e e d
|
12. Widehram Select Kul EA-) 3.3.2.4.5.19 i N/A M l Table 3.1.2.4-) WA Yes None WA
Delta Channel Select KuA lLA-T ! 3.1.2.4.5.10 N/A DA | Tabie 3.1.2.4. 4 N/A Yes nne WA
- - . —— -+ —_— - - e —— e —— - —— il —— - e
13. Self-Test Siq. [nable/ [EA-] 1.1.2 4.3.4 N/R DA | Table 3.1.2.41 NA Yes Kone WA
TWT Inhibit , | | | | i | | i
Self-Test Atten Ct] Bit ] |
Self-Test Atten Ctl Rit 2jEA-] 3.1.2.4.3.4 1 N/R DA | Table 1.1.2.4-1 N/A ] Yes Rone LI J

Note: FA-1 Spec is Rey. A instead of RPeyv. R.

Table 17. EA-1/DA (Cont'd)
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. T

:ll_ Transmit Rf

5. uperate Status YA
{16. Data 1T Comm A

|

| ,

EII. Track IF Cossn A

|

|

13. 156-MH2 Reference

Note:

FA-1 Spec

Power Vol

19. Lobing Alpha/Reta KuA

= NS

FA-1

EA-1

is Pev A instead of Rev B

.Interhr,m electrically compatible but periormance
requirements are an integral part of the interface

and should he compietely verified.

should preosent 3 swwmary of signal characteristics
similar to the <umeary in the TA-1 Sper.

hd Ae ik Abssad . R N " T T T ——— ~—
AP T e
» SOMRCC b DESTIMATION
P 1 — | Critical | Mawe Critical
| H Electrical Electrical
‘ Hughes | R1) | #ockwel) | Hughes LRU Rockwell | Are Interfaces |Parameters Paramwters
; Spec. Paragraph | Spec . Paragraph | mu | Sper . Paragraph | “pec. Para. r:quuthP Be Measured | Been Tested?
! Al I S S el e s —as
| ' \
{1 3.2.3.2.% N/A EA-) 3.1.2.‘.741 WA Unknown . the DA 'ﬂtw'ulJ DA, wnknown |
! ! specified only |scale factor | at this tiee.
i ; ‘ i the <ale fac- | range EA-1, m
| | { ! tor with no
! i i \ witage levels
1 t 1 { or impedances
i | | i discussed.
g | ; EA-1 has TRD
i H | for siﬂl iov-
f l i ' el n-p .red.
P . el . ISR A ) (TEPSSCRES IV SV
1 Table 1.1.7.4-1 ! N/A | EA-1 ' 3.1.2.4.1.2 WA no. m»u-- }' Wome WA
! ! i fies a logic
1 { “0" as an open
i ; but EA-1A logic
| * "0" as 0-2.5 !.
1.1.2.4.1.43 /A lea-i |3.1.2.4.6.1 WA Yes*
Rl F 0t
i
; . : y | SREeC, 8 ; e e e et
3.1.2.4.14.2 N/A EA-1 | 3.1.2.4.6.1 NA Yec*
3.2.1.2.8.2
- - - - — — - —— —-J}— - — - -
3. 2.8 0.3 N/A oA 3..2.4.5 7 N/A Perhaps , tﬁ
FA-1 specifies
+6+TBS dim owt-|pletely char-|
| i put 8 the DA acterized by
; specifies +4.7 | SRU and LRU
+1.5 dBm input | tests.
. 4 BRI vl il N, ST
3.1.2.4.4.3 N/A Table 1.1.2. n 1 A t--— m- None WA
doesn’t clearl
specify reqmts.
PR e — . RS - ] SRRTLTCREE | fal . _—
The DA Spec.
2
Table 17. EA-1/DA (Cont'd)




- o —
- = - - "
' g : YWRCE STl N DESTINATION i
T , - ! | Critical | Hawe Critical
i § ‘ ‘ i ‘ Flectrical Electrical
| Huahes | 21 Roc kwe 1] | | Mughes (PU | Rockwell  (Are . erfaces |Parameters To| Paremsters
ey “pec . Paragraph Sper . Paraqraph | 1 PU :'q-'- ) Paraqnm (Spec . Para. | Crmpatible? Be Weasured | Been Te<ted?
S —_— e — e ——— e 4 -t ——— -4 -
20, Lobing Phase 07120 vuh  TA-1 | 1.1.7.4 4.3 i /A | DA | Table 1.1.7.4-1 | ®/A Mo, interface Prine n/A
; ’ | | ' v ?h m
! i i | specification
| | ! i | | A one described
i I { ! i in fA-1 speci-
i » 1 ! ‘ fication are ‘
f . 0 ’ g J ' difforent 1
- - | = b i et
{21, Potitive Driver Supply | DA | Table 3.1.2.4-2 | %/A {EA-1 |3.1.2.4.5.8 | /A Unknown , DA None WA i
! Negative Driver “upply | DA i Table 1.1.2.4-2 ; N/A ;l’l-l 2.1.2.4.5.8 | N/A does not speci- ;
! fy woltage
| i ' | level tolerance |
1 L : l 1 or ‘“‘. f
e e ) e i i | !
Mote: FA-1 Spec As Rev. A instead of Rev. B. ; .
¥ !
i Table 17. EA-1/DA (Cont'd) 1]
Ml B
~ q:’
t? .',.
‘.‘t"‘,
'? a7 e . . S e Critical | Wawve Critical
o OSSR . . . —— -----;.4--— - ’""""‘ — Flectrical | Electrical
- ' Hughes LRY ; o b | | I | Hughes 18U | Pockeell (Are Interfaces |Parameters Tol Parameters
2 | Spec. l'aragraph [ Spec. raroqnm 1llm lﬁp«. Faragraph Lsou Para. Compat ible? Be Mrasured | Been Tested?
——— ——— —— . —— —— — e - emm— D —— _.—_* - — - -
1. Comm A Data MM | [~ 1 N/A 1 120.2 5.7 lu- 3.).2.8.3.2 1 NA Yes Nrne WA
a-1 1 1.1.2.4.1.3 | N/A imu N/A ! 120.2.5.2
- i i : i et L R N
2. WordDiscrete CommA MM (M) | N/R | 170.7.4 61 12.1.2.4.1.0 | N/A Yes None WA
Me<sage In Disoretr | | | i | ] |
Conmm A WM | ‘ | ‘ ‘ ‘ [ l ' | i I l
Message Dut Discrete | H
Comm A MM | MOM1 ! N/A i 120.7.4 lM 1 "! 1.2.4.1.0 \ N/A Yes None n/A
- 4 1 ' i —— - —_—— e e — e -
3. Coma A Nata MM ? o | N/A 120.2 {FA-1 {n 2.4.5.2 WA Yes oo WA
. FA-1 | 212,413 i n/A ' N/A 120.2.5.2
e A | S L
Note: [A-) Spec 15 Rev. A instead of Rry. B,
Table 18. EA-1/0rbiter
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- o PEAREET P e T
: - - — - -— e C— . | ———— — -— —— - —~———T—-—— — Jro—— ~E——- G I - - -—1
L ) SOURCE b _DESTIMATION
I 1 i 1 Critical | Have Critical
? : l Ao Electrical | Flectrical
{ Hughes, | P1 Pochwe ] : | Hughes 1PY | Rockwell Interfaces | Parameters To| Parameters
iR | Spec. Paragraph | Spec. Pavagraph | 1P| Spec. Para. | Spec. Para. Compat ible? Be Weasured | Been lested?
- - § oo e - — -— . - — -~ —f— - = T —— - e ———— -
{4. Wora Tiscrets inmm A MOM? MM ‘ N/A ;l:ll,?,’. | f’-': 3.1.2.4.1.1 1 N/A Yes None w‘
| Message in Discrete : i R l | i | | I
Comem A MW 7 ! ‘ i i | |
Message Mut Discrete ! i i (o . I ' I I
Comm f MM 7 L L7 N/A 1120.2.4 [ FA-Y3.1.2.4.1.1 | N/A Vo< None WA
i ] 3 3 o S . } : o - y T—— - E
. i ] | !
5. Transmit PT Power fuh eA-1 | 3.1.2.4.7.1 N/A | momy /A | 20.3.1.2.4.72.1 {Unknown, EA-] |Test over L J
f | 3.2.1.4.8.2 l ! ! doesn’t speci-|scale factor
Yul Signal Strength TFA-1 | 2.1.2.4.7.) ! n/A Lo N/ R 1 20.3.1.2.4.2.3 |fy load imped-| ranges
i | 31.1.2.8.4.1 | : i | r:o or scale
! | [ | &‘W
; : ; ! — ---————---T—-------------—-—--—-—1-—.--.
6. ",:‘;‘:l':;'?x'":’d“""’ At | 3.1.2.4.0.2 WA | nisp WA | 20.3.1.2.4.4.3 Yes None WA
i | | |
7. Yuh Signal Strenqth IEEEAEX R A ’ n/A 1‘ Disp) N/A 20.3.1.2.0.8.2.2 iuh- EA-1 |Test owver Mo
i i . i ‘ m speci-|scale factor
' l ' » inped- | range
! ' 1 | : ance or scale
| i factor
! ! § - e RSl iSma g | RS B e
B. Fuh Antenna Pitch Rate | ;{‘!.l.?.l.l.! nA . Disp A [20.3.1.2.4.4.2.0 Yes Test over Yes
0-2 Mrads/«ec [ (13.2.1.8.2.2 ' full response
KuA Antenna Pitch Rate ) i ! | range
-2 Mrads/sec % | | | {
¥Yuh Antenna Pull Rate (A1 } ! |
0-7 Mrads/se: ; y | l ‘ |
kuh Antenna Roll Rate ., , (§3.1.2.4.7.1 WA Disp WA 20.3.1.2.4 4.2.1 Yes Yoo
0-2 Mrads/sec J 3.2.1.8.2.2 L }»
- - : s : : S S ERNCSSNSEESIE,: B \TOSS S R, (RO
9. KuA Search Status flag |FA-1 | 3.1.2.4.3.4 N/A | pisp I{A 120.).1.7.0.‘.! Unknown, RI None WA
KuA Track Status Fflag y 1 i ! | i | | | requires logir | |
KA Scan Warn Flag (EA-1 | 3.1.2.4.3.4 | N/A I Disp N/A 20.3.1.7.0.40 ;lr‘o: u: 0 uw None N/A
| | Ve it is un-
! i ! known if the
g i | ' open circuit
' { ! tue FA-1 sup-
I } ' plies for 3
| | { logic "0" will
ERSAEESRTNEIE S DECESIN TSRS WL SEENS. . TS O )
Note: [A-1 Spec i5 Y“ev. A instead of Rey. B.
: Table 18. EA-1/Orbiter (Cont'd)
:
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i B B O A i

e e

'lﬂ. YuRh ‘®acch Initiate

!

Hadas Tassive
Padar AiLiye
Hadrr

|
|
Radar Vower Medis ‘
Power itigh
Slew Rate [ast Kuh
“low Rate Slow Kuh |
Piteh Slew ilp Select Kol |
ruh |
i

Radar

Piteh Slew Down Sel .
Pall Slew (eft Yo,
Foll Slew Right Sel.

11, Comm A Standby

(owem A (n
Radar Slandiy
Radar On

GPC Acq. S .~ct Yul

GPC Desig. Seiect Fuh
Mito Track Select KuA
Manual Slew Select buA

12. 2R-YOC Control Panel

Power Out

13. Transmit/Scan insemble

XuA

14. Room Stow Initiate KuA

Power | ow

Note: FA-1 Spec is Rev. A instead of Rev. B.

e SOURCE L
! |
| Hughe< | RYY Rockwe 1]
LR l Spec . Varagraph Spec . Paragraph
s | NA 120.3.1.2.4.3.1
£ K ]
bbb i ineed
| | |
' | *,
{ | | {
i | | I |
Yuh |Ctis | N/A [20.3.0.2.0.2.1
i - ok
rauun’ N/A }?0.3.1.7.0.1.7
L l |
b bl o
| | l | l
[RORLD WA 20.3.1.2.4.3.2
l - . - . e e =
EA-) | 3.1.7.4.0.2 l N/A
! ;
' f
- :  S—— .
| ADA WA 70.3.1.2.4.5.1.1
i
)
ADA N/A 20.3.1.2.4.5.1.2
.—dL-——‘L_<—.- e -.—-*—L—- - — —
Table 18.

== T

FA-1

!Wlm

Spec. Para.

3.1.2.8.3.2

|
3.3.2.4:3.2
3.0:-2.8:3.2

SR 1\
3 4.2.8.3.2

3.0.2.6.3.2

pp— -

e e e - —— - —

— e

Rockwe 11

Spec. Para.

—— e ———— e e ————

. DESTINATION

Are
interfaces
Compatible?

S

—— ]
Critical Have Critical

Flectricsl

Parameters To

Flectrical
Parameters
Been Tested?

N/A

e —— —-—1&-

WA

20.3.1.2.4.3.3

SRSRPp—

N/A

WA

ol e

Mo, RI speci-
fies Ingic "0"
as 0-4 V but
fA-1 requires
0-250".

Nn, Rl speci-
fies logic 0"
as 0-4 ¥ but
EA-1 reruires
8- 2.5,

Be Weacured
None

WA

Unknown . FA-1
doesn’t speci-
fy source
current

Mo, Rl speci-
fies logic "1*
as IR-32 ¥
0" as N-4 ¥
bt [A-1 re-
quires lngic
"1 as 23-32 V¥
5 "0” as 0-2.5v|

Mo, Rl speci-
fies logic "0°
as 0 - 4V bt
LA-1 reguires

n-25V.

 — e . . — —

f—— -

———— . el

} — e ——

EA-1/0rbiter (Cont'd)




RRETEE . R T - Jeantabiiinn, i dam ik a1 w’m—m

Y T

i S S i ) P e . - - - i e e e R
i o . 5 e KS"”"(. J 1
i Critical Mave Critical
Are Electrical Electrica.
Hughes | RU Rockwel | Interfaces |Parameters lo! Paramrters
Spec. Para. J Spec. Para. Compativie? | Be Measured | Been lested?

—_—————— e ———— - ——

5 Hughes LRI l Roc kwe 1

LR ! '.g-ov Paraqnpﬁ ‘ Spec . Paraqr.wh LRU
' N

3

|

|

(15, RBoom Stow Emable [, Yuh ' EA-1 ' 3.!.7.4.1.!
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9.3 Conclusions/Recommendations

Tables 15 - 23 provide the results summary for the LRU inter-
ch ‘geability study. Even though some LRU's are presently functioning as
a system, the conclusions from Tables 15 - 23 are that some serious inter-
face deficiencies exist which must be corrected in order to assure LRU
interchangeability. The conclusion of this study, therefore, is that, at
the present time, the LRU's are not interchangeable.

In order to assure LRU interchangeability, Axiomatix makes the
following recommendations:

® Each interface discrepancy listed in Tables 15 to 23 must be
addressed by Rockwell and/or Hughes and resolved. Full resolution includes
making the appropriate documentation changes to the Rockwell and/or Hughes
LRU specifications.

® In this study, Axiomatix reviewed only the Rockwell systems spec-
ification and the four Hughes LRU specifications. Careful attention must
be given to determine that the LRU's are built per their respective speci-
fications, and it is recoomended that the development and acceptance tests
be reviewed to assure hardware conformance.

® Most interfaces specify some input/output voltage tolecance and,
to assure LRU interchangeability, the effects of bus voltag:. variations
must be tested. It is recommended that the acceptance tests and develop-
ment test exercise the interfaces over the bus voltage range of +24 VDC to
+32 VDC. The EA-1 ATP already performs some tests as a function of bus
voltage; however, each ATP should be reviewed in detail to verify that
such bus voltage tests are conducted and, if so, which interfaces or per-
formance parameters are tested.

The reader should remember that this study examined only elec-
trical compatibility of the interfaces. The performance parameters will
be verified by developmeént, acceptance and qualification testing, and
have not been addressed in this report.
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10.0 COR DEVELOPMENT TEST EVALUATION

10.1 P LRU
10.1.1 Introduction

The purpose of this section is to evalucte and assess the SPA
AUL LRU test data presented by Hughes Aircraft Company (HAC) on
September 16-17, 1980. The majority of these tests can be divided into
two categories: return 1ink and forward 1ink tests. The ’ests were con-
ducted in accordance with HAC preliminary test procedure YP32090-005 and
were performed at room temperature only.

The test equipment used to test the SPA ADL LRU is comprised
of the following Hughes-huilt test panels:

(] Data generator pane!)

[ Nnise generator panel

[ Demodulator panel

A brief description of the SPA tester and its relationship to the SPA LRU
are discussed in the following sections.

10.1.1.1 SPA Return Link LRU Test Confiquration

SPA LRU return link tests require the use of all three pre-
viously mentioned test panels. Fi_ure57 i1lustrates the return link test
setup.

In LRU testing, the data generator is the control center. At
the heart of the data generator is the PROM-stored program SPAR. Through
SPAP, all conditions required by the SPA LRU are initiated automatically,
depending upon the specific test selected by the operator via the front
panel. These conditions include: (1) serial data, (2) GCILC (discrete)
commands, (3) charnel selection, and (4) the data for each channel. The
data is then sent to the SPA LRU.

The 1.875425 GHz RF signal at the SPA output is sent to the SPA
demodulator test panel where it is demodulated back to baseband, then
returned to the data generator (for monitoring purposes) and to the BER
generator (for bit detection).

The BER noise generator, under the direction of SPAR, performs
all the necessary switching to channei the demodulated signal and the
noise through the avpropriate summer and bit deteccor.

Before bit detection, the signal and noise are adjusted to the
desired levels via ~ontrols on the front panel of the BER noise generator.
The bit-detected sigral leaves the BER noise generator to return to the

i e ok, i i i . ¥t
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Figure 57. SPA LRU Test Configuration
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data generator, where it is compared to the adjustable delayed reference
data. After comparison, the errors are channeled to the front panel of
the data generator, where they are counted with an external counter.

10.1.1.2 SPA Forward Link LRU Test Confiquration

The test setup shown in Figure58 is used to verify the perfor-
mance and functional requirements of the SPA forward link. The tester
generates a 216 kbps biphase-L signal for i\nput to the SPA; data, clock
and frame synchronization lock status SPA output signals are monitored at
the tescer to verify data and clock quality.

10.1.2 ADL SPA Test Data

Hughes utilized six tests to successfully verify the management/
handover logic. The six tests are listed as follows:

(1) HAC test 000 - Q Test

(2) HAC test 0G' - Transmit Enable Test, Comm /. On

(3) HAC test 002 - Transmit Enable Test, Comm B On

(4) HAC test 003 - Transmit Enable Test, Handuver

(5) HAC test 004 - Data Present Test

(6) HAC test 006 - Modulation On/0ff Test

The majc ity of the tests, however, concentrated on the return and forward
links.

10.1.2.1 SPA ADL LRU Return 'ink Data

Figures 59 through illustrate the signal paths used to verify
return link performance and also briefly describe each test. In addition,
each figure indicates the data rate and hexadecimal data utilized for that
test, along with the data rate ranges which each input is required to
process.

Hughes tested all the various signal combinations and, except
for one case (16 kbps, mode 2), exercised each channel at minimum and max-
imum data rates and analog frequencies. Of the 30 return link tests, the
SPA passed 20, but failed 10. Table 24 summarizes the return link test
failures.

| W, WP W T I it e
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|
API - Attached Payload Interface . ; .
BPF - Bandpass F‘{ter L- iA Re—turn—l"nLFum‘onil Blﬂsk m’grm — — -— — - J
CCTV - Closed-Circuit Television
HOR - High Data Rate VASE,
LDR - Low Data Rate Purpose: To verify spectral purity ot 1.875425 GHz with PN modulation.
LPF - Lowpass Filter -
NSP - Network Signal Prrcessor Besaltn: Eainad
0PS - Operations
PI - Payload Interrogator ~
PL - Payload =
PSP - Payload Signal Processor
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r | — | — — | om— — — — — e— — | — — — S—  — r— 1
API - (60 Mb; | Channel 3, Mode 1 Convolutional I
| T Encoder QPSK |
NSP1 (OPSData) 192 kbps (Bi-¢-1) —el W |cny Subgarrier I
. SR | ) pu—————{0scillator d
NSP2 (OPS Data)_192 kbps (Bi-g-1} —=1 ¢t [ch.2 1|Modulator by 1.87 GHz |
| h (QPSK) - ;
25.5 - 1024 kbps (Bi-g-1)! S '
PL Recorder y -y S - lfu
LOR PL Digital 16:1024 kb:: Bi-¢- ' ¢ Hode il & |1-87 GHz
(PSP 1,2.0r APL)  16-1024 kbps (Bi-4-L), ; 2
PI 1 LDR 0 - 2 MHz Analog " o] gpr |
Pl 2 l s 1.87 G4z |
l M |
Miz Anal - > -
HD®. ’Same as PI 1 HDR) Mod |
e w
| i I
t Channel 3, Mode 2
CCTV Video 0-4.5 Mz Analog ' I ¢ =1 LPF f |
HDR PL Analog (API) 0- 4.5 MHz Analog ! 2 ,
HDRPL Digital (AEU_LL_AQ.Q.QJML(NRU._.. s |
|
API - Attached Payload Interface . . ;
BPF - Bandpass Fi{ter L_ SPA Return Link Functiong]l Block Qiagral o o o @ - - 4
CCTV - Closed-Circuit Television Tests: 007, 010, 011, 012
HDR - High Data Rate R
LDR - Low Data Rate Purpose: (1) Statically measure the spectral power density out of the QPSK modulator
LPF - Lowpass Filter to Verify the 90/20 power rutio
NSP - Network Signal Processor (2) Perform transmission and reflection measurements so that various network
OPS - Operations parameters such as gain, attenuation, insertion loss, SWR, return loss
Pg:; - :“Y}“g S Results: Failed, improper phase states and VSWR
ayload Signal Processor ch. 2 Data Ch. 3 Data ~
Note: (1) Test 006 was conducted during Test 007 16 "
management/handover logic tests Test 010 FF)ie (oo)]ﬁ
(2) There were no tests 008 & 009. Test 011 FF)16 00)16 Figure 60.
Test 012 00)18 FF)16
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API ___2 - 50 '.ps (NRZ)

————— T T | 4
|
E

NSP1 (OPSData__192 kbos (Pi.s-1)

iSP2 (CPS D2tai 292 kppg (B _..1)

.E O\)u v‘oas

16-1024 kbos la{ 8-1)

16-2000 ¥5os (NRZ)

L 85

’; 10—.

.6 1024 kbos (Bi-e-L),

LDR (3ame as PI 1 LDR)

HDP

(5ame as P! 1 HDR)

-~

L .-' I‘il l 0&' O

5 MHz Anaiog

0 -
HDR P! Analog [(AFY" 0-4.5 M4; Analog
1

HDR PL Diqital (ARL

€-4000 kbps {NPZ)

APl - Attacred Payload Interface
BPF - Bandpass Filter
CCTV - Closed-Circuit Television
HDR - High Data Rate
LDR - Low Data Rate
LPF - Lowpass Filter
NSP - Network Signal Processor
OPS - Operations
PI - Payload Interrogator
PL - Payload
PSP - Payload Signal Processor

r —— — — — — — — — C— e e— — — — —-— — 1
| Channel 3, Mode 1 Convolutional I
r_—, o———— Encoder
l S 0!(‘ -~ l
= % | {Subcarrier |
FY D e—s o1 Tator 1.87 GHz
‘ ¢ |Ch.2 I Modulator 8.5 My ’ |
! N (QPSK) o S '
S " lTo
" , ! DEA
- : e < sl t I'o. 7 GHz
: 1 ; .
' ; h |
€ o BPF |-
| s . 1.87 Gz |
16-2000 +.Dps 'JPZ‘ | M
16-1024 kbps \BI-O-L)l |
HDR__0-4.5 MH> Analog | S -
: S| | Md |
| R e I
i -, tode 2 —{ LPF h I
I x ! . ‘ G
] '
: |
L_ SPA Return iink Functiongl Blgock Riagrall — — — — — — J

Test 013

Purpose: (1) Evalvate the FM baseband generator and QPSK modulator performance
by comparing demodulated data with the input data.

(2) verify proper switching and interfacing by menagement/handover.
Results: Passed.

€L

Figure 61
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The test data indicates

r | — — —  — — -—  o— — — —— — — ——
API 2 - 50 Mbps (NRZ) I Channel 3, Mode 1 Convolutional
(AR) S Encoder QPSK
NSP 1 (OPS Data)_192 kbos (Bi-$-1) 171
NSP 2 (OPS Data)__192 kbps (Bj-s-1) - i
I h (QPSK)
25.5 - 1024 kbps (Bi-g- I)'
PL Recorder 1 S
OPS Recorder -Zirgjvgmhkb OS..(.B.\_’_U_..- = w
ps (NRZ .
i Mode 2
LR PL Digital —pyorsKP0S ARit- ! :
(PSP 1,2 or APT) 1679024 kbps (Bi-6-L) ; -
PI 1 LDR 0 - 2 MHz Analog S - 8PF |
LDR Same as P; 1 LDR | <
PI 2 R '
16-1024 l(bps (Bi-#-L) ™
-4.5 MHz Anal ' z —
HOR (Same as PI | HDR) S Mod
# w
| i
t Channel 3, Mode 2
CCTV Video 0-4.5 Miz Analog ' | ¢ o LPF ey
HDR PL Analog (API) 0-4.5 MHz Analog ! :
HDRPL Digital (mu_lumm_ms_mw___. s
API - Attached Payload Interface ; - 2
BPF - Bandpass Fi{ter L— SPA Return Link Functiongl Blgck Qiagram
CCTV - Closed-Circuit Television
HDR - High Data Rate Test 014
LDR - Low Data Rate Purpose: Same as Test 013
LPF - Lowpass Filter
NSP - Network Signal Processor Result: Hughes states that the SPA passed this test.
OPS - Operations that the unit failed since the measured fall time was 900 ms but
PI - Payload Interrogator should have been < 600 ms.
PL - Payload
PSP - Payload Signal Processor

Figure 62.
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" piltcni oo - ot |
APl 2 - 50 Mbps (NRz) | Channel 3, Mode 1 Convolutional]___L |
| —y— Encoder QPSK | |
NSP1 (OPSData) 192 kbps (Bj-¢-1) o w |7 " [Subcarrier Mode 1 Mod | |
NSP2 (OPSData)_192 kbps (Bi-g-1) | | p=—efoscillator 1.87 GHz |
¢ [cn.2 T[Modulator [ | ¢ o i ‘ ' |
| | . (Qp3K) ' | |
; | S |
PL Recorder g S — W lTo i
OPS Recorder : : w i b DEA :
16-1024 kbos (Bi-#-L)! i Mode 2 t 1.87 GHz
LDR PL Digital = o : t c §s-
(PSP 1,2 or APT) 161024 kbps (Bi-#-L), ; el
PI 1 LDR_ 0 - 2 MHz Analog il o BPF
of 2 LDR ,Same as PI 1 LDR) | s 1.87 Gz |
ps
16-1024 kkps {ai-o-L)' b I
5 M 1 | Z e
HDR (Same as PI 1 HDR » Mod I
41 w
| i |
t Channel 3, Mode 2
CCTV Video 0-4.5 Mz Analog ' | ¢ ] LPF ey |
HRDR PL Analog (API) 0-4.5 MHz Analog | . : '
HDRPL Digital ( " ' s :
I
AP] - Attached Payload Interface . :
BPF - Bandpass Fi{ter L_ SPA Return link Functiongl Blgck Risgram _ . o o o - J
CCTV - Closed-Circuit Television 1
' HOR - High Data Rate T
r LDR - Low Data Rate Purpose: (1) Evaluate the FM baseband generator and FM modulator overall per-
| LPF - Lowpass Filter formance by comparing demodulated data with the input data.
j NSP - Network Signal Processor (2) Verify proper switching and interfacing by management/handover.
} OPS - Operations Results: Passed
F PI - Payload Interrogator "
| PL - Payload Note: Minimue required input rate is 25.5 kbps for the OPS recorder. This test n
| PSP - Payload Signal Processor was conducted by 24.0 kbps; however, the minimus required input rate is o
| 16.0 kbps for Chamnel 2, and Channel 2 mode 2 was not exercised at that
| Tow rate.
| Figure 63.
B T — e e et T —
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-  — — | — —— -— - | -— | — | m— | —  — 1
APL __2 - 50 mhge (ngz) | Channel 3, Mode ) +JConvolutional '
| g Encoder QPSK |
NSP1 (OPSData) 192 kbps (Bj-¢-1) -l w |
NSP2 (0PSData) 192 kbps (Bizsmt) 1 f ¢ .87 Gz
| h |
ni-g-p)] BE
PL Recorder xRl S w 1o
OPS Recorder B=2000" Kbps (NI ' 'i' : b
LOR PL Digital 16:1024 kb:: (’B“l!-‘-l. | ¢ -l & |1-87 GHz
(PSP 1.2 or API) 16 1024 kbps (Bi-#-L), : 2
PI 1 LDR_0 - 2 MHz Analog | o Lo gpF | ‘ l
LOR (Same as PI 1 LDR s .87 GHz
k. ~2000 Kbps zm) e -
16-1024 kbps (Bi-4-L) |
. S e
S Mod I
4‘. w
| i : X |
i Channel 3, Mode ?
CCTY Video 0-4.5 iz Analog ' | ¢ w Rid G |
HDRPL Analog (AP1) 0- 4.5 MHz Analog | = : I
HDR PL Cigital ( £- ' s ;
|
API - Attached Payload Interface
BFF - Bandpass Filter
CCTV - Closed-Circuit Television
HOP. - High Data Rate
LDR - Low Data Rate
LPF - Lowpass Filter
NSP - Network Signal Processor
OPS - Operations
PI - Payload Interrogator
PL - Payload
PSP - Payload Signal Processor

L_ SPA Return_iink Functiong] Blgck Riagram
Test 016
Purpose: Same as Test C13
Result: Passed

Figure 64.
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i R e sl e e M
AP 2 - 50 Mhps (ngz) | Chamnel 3, Mode 1 Convolutional '
| : Encoder QPSK |
| NSP1 (OPSData) 192 kbps (Bi-¢-1) R |
| NP2 (OPSpata) 12 khos (Ri-aat) 14 ¢ pEE—pileciiiato: 1.87 Gz |

| h

, . 6
PL Recorder T S 1 I
OPS Recorder 4’:'[: S ”. :’ Mode 2 : -.2‘
LDR PL Digital 16-1024 kbc: Bi-¢-L ' ¢ —~ ¢ {1.87 GHz
(PSP 1.2 or APL) 163024 kbps (Bi-#-L) £ el
o 3 LOR 0 -2 Miz Analog | | " oot Lo
Pl 2 LDR (Same as PI 1 LDR) | s " 1.87 6iz |
- ps .
16-1024 kbps (BI-O-L): " |
4.5 MHz Anal S 2 ¢
HOR (Same as PI 1 HDR) : Mod |
A
[ i I
t Channel 3, Mode 2

CCTV Video 0-4.5 Miz Analog ' | ¢ gor nid o { |
HDRPL Analog (AP1) 0- 4.5 Miz Analog ! : |

HDRPL Digital (Amuumumm)_q s
|

B P T TRy PRI TISNTTn———

APl - Attached Payload Interface : ; g
BPF - Bandpass Fi{ter L. .LA R.S.W"'.‘..l-‘".LFUQSIW"Al 3]95" Q.Dg"iﬂ.
CCTV - Closed-Circuit Television
HDR - High Data Rate Tests 017 and 020
LDR - Low Data Rate Purpose: Same as Test 013
LPF - Lowpass Filter .
NSP' - Network Signal Processor Reseit: Passed
OPS - Operations
PI - Payload Interrcgator -
PL - Payload Test 017 conducted at 24.0 kbes.
PSP - Payload Signal Processor

Figure 65.
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Note: There were no tests 018
and 019
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r Cm—— e — o— — — — — C— C— S— — — — — == 1
APl __2 - 50 Mpps (ngz) | Channel 3, Wode | _{convorutional |
| . Encoder QPSK |
NSP1 (OPSData)l 192 kbps (Bi-#-1) -l w !
NSP 2 (OPS Data)_192 kbps (Bi-a-1) ' - i 1.87 Gz |
I h I
P ~ . ? - o l
PL F=corder —= S w lT
o i (]
OPS Recorder w p—f
. i t
LDR PL Digital = S— I t ey ® .
(PSP 1,2 or API) 16 1024 kops (Bi-4-L), ] h |
Pl 2 LDR (Same as PI 1 LDR) | s 1.87 64z |
- ps '
16-102¢ kbps (Bi-4-L), . |
HDR (Same as PI 1 HDR) Mod |
e i w
| i
| t Channel 3, Mode 2 LPF L__ '
CCTV Video 0-4.5 M4z Analog ol ¢ o |
, h
HDRPL Analog (AP1) 0- 4.5 MHz Analog : ) I
HDR PL Digital ( - s |
|

APl - Attached Payload Interface
BPF - Bandpass Filter
CCTV - Closed-Circuit Television
HDR - High Data Rate
LDR - Low Data Rate
LPF - Lowpass Filter
NSP - Network Signal Processor
OPS - Operations
P1 - Payload Interrogator
PL - Payload
PSP - Payload Signal Process r

. SPA Return |ink Functiongl Blgck Qiagram

o

Tests 021 and 022
Purpose: Same as Test 013

Results: Passed, but Test G2? results state that the output is 2.4V p-p; however,
the oscilloscope traces indicate that the output is actually 4.8V p-p.

Test 021 - Data rate 16 kbps
Test 022 - Data rate 2000 kbps 3

Figure 66.




APl ____2 - 50 Mbps (NRZ) !

NSP1 (OPSData) 192 kbps (Bi-¢-1)

NSP 2 (UPS Da*a)_192 kbps (Bi-g-1) '

l
- 1027 i J
i
I

PL Recorder -
OFS Recorder W

16-1024 kbps (Bi-¢-L

LDR PL Digital

PI 1

Ps
(PSP 1,2 or API) 160024 kbps (Bi-¢- L)I
LDR 0 - 2 MizCfina '

Pl 2

16--024 kbps BI-O-L)
-4.5 MHz An
HDR (Same as PI 1 HDR)

CCTV Video 0-4.5 Mz Analoq

HDRPL Analog (API) 0- 4.5 Mdz Analog !
HDRPL Digital ( -4 '

i S s B i
Chanrel 3, Mode 1 — [Convolutional |
' S — Encoder QPsSK |
—1 ¥ lcn Subcarrier Mod |
I p——=e{0scillator
=1 ¢ [ch.2 1|Modulator 1. ae
h (QPsK) I
S H 1o
w -“l
i Mode 2 t 87
t - j*-
c h
n - |
-] e ~o BPF |-~
s 1.87 gz |
- |
3 z i Mod |
. w
| i '
' t Channel 3, Mode 2 LPF |en
h
- e l
s |

AP] - Attached Payload Interface
BPF - Bandpass Filter
CCTV - Closed-Circuit Television
HDR - High Data Rate

LDR - Low Data Rate

LPF - Lowpass Filter
NSP - Network Signal Processor
OPS - Operations

PI - Payload Interrogator

PL - Payload

PSP - Payload Signal Processor

L SPA Return Link Functiona] Block Qiagram

- - -,

Test 023
Purpose:
Rasults:

Same as Test 013
Passed

6.2




e o Rt S S [;° T ReSTECREEE
APl ___2 - 50 Mbps (mRZ) ! Channel 3, Mode 1 Convolutional
| T . Encoder
NSP! (OPSData) 192 kbps (Bi-¢-1) — ¥ | Subcarrier
. (Ri-a-l) | 1 - Oscillator
NSP2 (OPSData)_192 kbps (Bj-g 1 ¢ [ch.2 1|Modulator
' h_| (QPsK)
P |
PL Recorder " rury S
0PS Recorder - kbps (NR ' w
: i
LDR PL Digital 16- ]024 kbos Bi-¢-L t
(PSP 1,2 or API) 177004 kbps a‘-o-L)h : |
PI 2 LDR (Same askPl 1 Lor) | s 1.87 iz |
- ps )
16-1024 kbps (Bi-4-L), ™ I
R__0-4.5 MHz Anal - z -
HDR (Same as PI 1 HDR) Mod |
- W
| i g |
t Channel 3, Mode
LTV Video -4.5 Mz Analog ' | . Ad |
HDRPL Analog (AP1) 0- 4.5 MHz Analog ! : I
HDRPL Digital (ARL) IQJQQQ_LDQS_LHRD__. S |
]
APl - Attached Payload Interface . . .
CCTV - Closeg-Circuit Television -
HDR - High Data Rate e
LOR - Low Data Rate Purpo_.-: Same as Test 013
LPF - Lowpass Filter it
NSP - Network Signal Processor WL IT: -
OPS - Operations
PI - Payload Interronator §
PL - Payload
PSP - Payload Signal Processor
vigure 68.




API
BPF
CcCcTv
HDR
LDR
LPF
NSP
ops
Pi
PL
PSP

— e

1.87 GHz

la'f LT

1.87 GHz

Attached Payload Interface

Bandpass Filter
Closed-Circuit Television
High Data Rate

Low Data Rate

Lowpass Filter

Network Signal Processor
Operations

Payload Interrogator
Payload

Payload Signal Processor

L_ SPA Return Link Functional Blgck Qiagram
Tests 025 and 026

Purpose:

Results: Passed
Test 025 - Data input 2 Mbps
Test 026 - Data irput 50 Mbps

Figure 69.

o e e e
APl o DLCED Mbos (NRZ) I(M)llc Channel 3. Mode 1 Convolutional
| - ‘ Encoder QPSK
NSP1 (OPSData) 192 kbps (Bi-¢-1) o w Mod
. I - Mode 1
NSP 2 (OPS Data)_192 kbps (Bi-g-1) : 1
| - ¢ 8.5 Mz
!
PL Recorder e S
OPS Recorder %ﬁﬂ:{;ﬂ_* w
(NRZ; s
i Mode 2
LOR PL Digital 16-1024 kb:s Bi-¢-L)! <
n
(PSP 1,2 or AP1) 165024 Kkbps (m-o-L)' ;
N P 1 LDR 0 - 2 MHz Analog ol o Lol BPF o
( o1 2 LGR (Same s PI 1 LDR) | s
o
~ ps 4 | 12,
16-1024 kbps (Bi-é-L)
4.5 Mz An ' >
HDR (Same as PI 1 HOR) 5 Mod
e
1
t Channel 3, Mode 2
CCTV Video _Q_-_‘!_s_ﬁlu_&mlszs\'_.w c ~>| LPF [~
HDR PL Analog (API) O- 4.5 M:z Analog ! :
HDR PL Digital (AEL)..LQJ.Q.QQ.&M_LNRD'__. .

- . -

- v

|1-87 GHz

Evaluate the QPSK modulator I channel overall performance by comparing
the demodulated data with the input data.

182




| Tt e P ol P By b i i g
APl ___2 - 50 Mbps (nRz) |  Chanmel 3, Mode 1 Convolutional |
| Encoder QPSK
| : | g |
| NSP1 (OPSData) 192 kbps (Bi-¢-1) - ¥ lchq  [Subcarrier " Mode 1 Mod |
| NSP2 (OPSData)_192 kbps (Bi-g-1) 1  f ~{0scillator 1.87 Gz
} ¢ [ch.2 I{Modulator | | o & sy
» | h — (QPSK) 7 '

: | S
PL Recorder _zm:_mz.umu,mf.fui__. S -] w 1o
bas i Mode Y
LDR PL Digital—p=1024 "":‘ »%,‘;ﬁ'—")—- t c | 1187 62
(PSP 1,2 or APT) 16 7024 kbps (BI-O-L) - 2t
o1 1 LDR 0 - 2 MHz Analog | = [y ol wir Laed
PI 2 LDR (Same as PI 1 ’L‘_g;) B 1.87 iz |
kbps I ) | ™
16-1024 kbps l;i-o-l.)l z L |
4 -
| HOR (Same as PI 1 HDR) : Mdd I
| i |
| t ghannel 2. m 2 LPF
CCTV Video 0-4.5 MHz Analog ¢ |
HDR PL Analog (API) 0- 4.5 MHz Analog ! : |
HDRPL Digital s :
| “
AD] - Attached Payload Interface L L
BPF - Bandp~ss ri{ter L. SPA Return Link Functiongl Blgck Qisgral oo o o @ - = o
CCTV - Closea-Circuit Television
HDR - High Data Rate Test 027
LDR - Low Dat
LPF - L%assaF'iul’::r Purpose: Same as Test 015
NSP - Network Signal Processor Results: Fziled; voltage output 1-3V p-p, but should be >1-8V p-p.
OPS - Operations
PI - Payload Interrogator
PL - Payload s
PSP - Payload Signal Processor Figure 70.




APl ___2 - 50 Mpps (nR7) Chipnel 3 Mode 1 __lConvolutionall
l g Encoder QPSK
NSP1 (OPSData) 192 kbps (Bi-¢-1) - w 3 Mod
NSP2 (OPS Data)_192 kbps (Bi--1) ' ~ t -
|
PL Recorder _ZLS__lQZA_knns.LBJ_A_Ll._.‘ S
OPS Recorder %ﬂ : w "
1 Mode
LDR PL Digital 16-1024 kbp: BI-O-L t
(PSP 1,2 or API) 46 1024 kbps (Bi-O-L)l ;
PI 1 LOR_0 - 2 MHz Analog % bl ook s
LDR (Same as PI 1 {DR) | s
PI 2 2 = :
16-1024 kbps (Bi-4-L), F
H 4.5 M . > -
HOR (Same as PI 1 HDR) Mod
e w
| i
t Channel 3, Mode 2
CCTV Vigeo 0-4.5 Miz Analog | . i LPFILw
HORPL Analog (AP1) (- 4 DHz Analog ! :
HDR PL Digital ( = { ' s
|
APl - Attached Payload Interface

L_ _SPA Return link Functiong]l Blgck Riagram

(2) Take a mode 2 frequency response
(3) Measure FM deviation
(4) Measure static linearity of the FM VCO

Results: Failed--(1) excessive incidental AM

T T

1.87 GHz

FO vy

1.87 GHz

(2) nonuniform frequency response, +4.2 dB at 550 kiz.

BPF - Bandpass Filter
CCTV - Closed-Circuit Television Test 030
HOR - High Data Rate
LDR - Low Data Rate
LPF - Lowpass Filter
NSP - Network Signal Processor
OPS - Operations
PI - Payload Interrogator
PL - Payload
PSP - Payload Signal Processor Note:

There were no tests 028 and 029.
Figure 71.

- -

Purpose: (1) Measure incidental FM and AM of the hsm generator and FM modulator.
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r | — | re—— —  e— — —— Rl | —— m— —— e—— | — | — e e— | m— 1
AP ___2 - 50 Mbps (WR7) | WA i e § Convolutional I
| ; r__g._ Encoder QPSK |
NSP1 (OPSData) 192 kbps (Bi-¢-1) - ? Ch.1 Q Sub(.;.ayrier ] Mod | |
NSP2 (0PS Data)_192 kbps (Bi-g-1) | [-———s{0sci1lator [p—Ho¢ .87 6z
=1 & |ch2 I|mdulator | | o ¢ e,
| h -1 (Qpsk) ) I
IR |
PL Recorder _.25....2.:_1.025_!;&95.! Y S |
OPS Recorder kbos NR ' w .
1 Mode
LDR PL Digital }27'%3 :ggf-mi,‘” —] ¢
(PSP 1,2 or API) 16 1024 Kkbss (BI-O-L)! .
PI 1 ' —l e i BPF |-
PI 2 ' —f S
|
S
w
i ‘
t Channel 3, Mode 2
CCTV Video _9-_4é_ﬂil_ﬂm.lm_'_.. C * LPF
HDRPL Analog (API) 0-4.5 Miz Analog ! | "
HDRPL Digital (AR1) 16 - 4000 kbps (NRZ) ' |

API - Attached Payload Interface : &
e s it o L SPA Returp Link Functional Blgck Disgram
CCTV - Closed-Circuit Television

HDR - High Data Rate Test 031

LDR - Low Data Rate =

LPF - Lowpass Filter Parpice: ‘e as Test 6
NSP - Network Signal Processor Results: Passed

OPS - Operations

PI - Payload Interrogator

PL - Payload

PSP - Payload Signal Processor

Figure 72.
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Channel 3, Mode 1

1
API 2 - 50 Mbps (NRZ) Convolutional I
Encoder QPSK |
; | 3
NSP1 (0PSData) 192 kbos (Bi-¢-1) —f W [cny Ysubcarrier Node 1 Mod I
2 1 _.ao$cﬂlator
ta)_192 kbps (Bj-¢-g) | | o :
; s ¢ [cn.2 T|modulator Ta % o e
' | h r—‘.{ (WSK) - l
| 5 e S
PL Recorder _ZLLJQZS.HDAJ_ 7 S — "' Iy,
—e-1 ) i Mode 2 t
LDR PL Digital 16-1024 kbps Bi-¢-L | ¢ . |l.87 GHz
(PSP 1,2 or APT) 1671024 kbps (Bi-#-L) ; | |
ok i LDR O - 2 MHz Analog | . »” PR
PI 2 "_DR Same as PI 1 LDR ' 3 1.87 6z |
e
? 16-1024 Kbps 'Bi-O-L): 2 2 . ™ I
as i 3 Mod '
| i |
! | t Channel 3, Mode 2 LPF
CCTV Video 0-4.5 Miz Anal ‘ * '
: HDRPL Analog (API) 0- 4.5 MHz Analog ! : |
HDR PL Digital (AE.U_LQ_&Q.QQ_!LDQ:_LEBL)'_. s '
|

API - Attached Payload Interface
BPF - Bandpass Filter
CCTV - Closed-Circuit Television
HDR - High Data Rate
LOR - Low Dai: Rate
LPF - Lowpass Filter
NSP - Network Signal Processor
OPS - Operations
PI - Payload Interrogator
PL - Payload
PSP - Payload Signal Processor

L_ SPA Return link Fungtiongl Blgck Risoram

Test

Purpo
Resul

032
se:
ts: Fassed

Same as Test 030
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r — — s S— — C— e e eman o C—— e — = Bl 1
API 2 - 50 Mbps (NRZ) I Channel 3. Mode 1 Convolutional s |
—r Encoder |
NSP1 (OPSData) 192 kbps (Bi-¢-1) l —d Clsubcarrier Mod
NSP 2 (OPS Data)192 kbos (Ri-g-L) | i = eloscillator [p—Hode ] 1.87 Gz '
3 =1 & [cn.2 I|modulator | | & o s . |
| h —o{ (QPSK) ; |
) : i
PL Recorder —22.2- S S w |
5.5 (Bi-¢- To
OPS Recorder “.‘&W—k DS ;m'f,_u_.uk : w . :
" 16-1024 kbps (Bi-¢-L y Mode ¢
LDR PL Dlg\tal—mm—mp——_ DS | t c
PI 1 LDR 0 - 2 MHz Analog | il o] 8pF | |
LDR (Same as PI 1 LDR) s 1.87 Gz
Pl 2 ~7000 Kbps (NRZ) -
16-1024 kbps (Bi-4-L), 2 L_r M |
-4
HDR (Same as PI | HOR) 3 Mcd I
| i ; |
t hann 2
CCTV Video o3 Mz Araloa ] e e mJ.. l
HORPL Analog (AP1) 0-4.5 MMz Analog V00 | M |
HDRPL Digital (ARL) 16 - 4000 kbps (NRZ) ' 1 s :
|
APl - Attached Payload Interface : .
BPF - Bandpass Fi{ter E l—. ﬁA m“"‘_l-"&rmm.po"‘l B‘mk m’gr‘. —-— e e» e e - J
CCTV - Closed-Circuit Television Test 033
HDR - High Data Rate Purpose: (1) Evaluate the .M baseband generator and FM modulator overall per-
LDR - Low Data Rate formance using a composite video waveform.
LPF - Lowpass Filter (2) Measure differential phase and gain aistortion using a composite
NSP - Network Signal Processor video waveform.
OPS - Operations (3) Measure linearity distortion in mode 2 using a sinZ pulse and
PI - Payload Interrogator bar as 2 source.
PL - Payload Results: Failed; differential gain, differential phase and C offset are out
PSP - Payload Signal Processor of specification.

e A LY i L

Figure 74.




Encoder QPSK
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|
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16-1022 «.0s (Bi-¢-L
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Attached Payload Interface

Sadiate b1 iber L_ SPA Return Link Functiona] Blgck Qisgrall — — o — - - J
Closed-Circuit Television

High Data Rate Tost e

Low Data Rate Purpose: Verify mode 2 is off when "HDR OFF" is selected.
Lowpass Filter Resu'ts:
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|
AP KAR) Convolutional |
| —— Encoder QPSK |
NSP1 (OPSData) 192 kbps (Bi-$-1) o w Fod i
NSP2 (0PSData) 122 kbos (Bicacl) 1 of ¢ 1.87 Gz |
| h |
PL Record : S w |
ecorder T
OPS Recorder w i L&‘
LDR PL Digital e i3 - Yl peew
T6-2000 kbps (NRZ)
(PSP 1,2 or API) 16 1024 Kbps (si-o-L)| ; el
PI 1 LOR_0 - 2 MHz Analog il o I e I
| P 2 LOR (Same ask:Is LDR) w14 L 1.87 60z |
16-1024 kbps im 0-L)| 2 = |
HOR (Same as PI 1 HOR S Mod . I
. w
L | L] i S '
t annel| 3,
CCTV Video  __0-4.5MizAnalog | | o bk (oo |
HORPL Analog (AR1) 0-4.5 Miz Analog ' I " |
| HDRPL Digital ( . ' s '
[
API - Attached Payload Interf : :
SOF - St Priry Intevfoce | SOA Mabwnliek Fectiond] SISk B o e
] CCTV - Closed-Circuit Television Test 035
HOR - High Data Rate Purpose: (1) Evaluate the FM baseband gemerator and QPSK modulator performance
tg’: ¥ t°" 2§§°r?'1’§§ by comparing the demodulated data with the input data.
- Lowp r ffect of crosstalk
NSP - Network Signal Processor (2) Ewluate the effect o
OPS - Operations Results: Passed
PI - Payload Interrogator
j PL - Payload
! PSP - Payload Signal Processor

Figure 76.
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APl __2 - 50 Mbps (upz) | Channel 3, Mode | Convelutiona] I
| Ql—— Bieoder |
NSP1 (0PS DataL..l.ﬂZ.khnﬁJ.B.i;rU “ lchy  [Subcarrier |
NSP 2 (ws Data 1 o Iscillator
£ [ch.2 1|Modulator |
| h (QPsK) I
LUV
PL Recorder )'-& S lTo
OPS Recorder 5-7000 kbps (NR : : | ——
LDR PL Digital ]5-]024 kbps B‘l-.-l. t u |l.l1 GHz
(PSP 1,2 or API) 16 1024 kbps (BI-Q-L)l : |
PI 1 LOR_0 - 2 Miz Analog ol a o] 8PF |
PI 2 LPR (Same as PI 1 LDR) | s 1.87 6z |
- 3
16-1024 kbps ai-o-L): z _.L ™ _J |
HDR (Same as PI | HDR S Mod - |
1 '
| i |
t Channel 3, Mode 2
CCTV Video  __0-4.5Miz Amalog ' ] ¢ y o il |
HDRPL Analog (API) 0-4.5 Miz Analog | | : |
HDR PL Digital ( 5 i | s ;
|
API - Attached Payload Interface

BPF - Bandpass Filter
CCTV - Closed-Circuit Television Test 036

HDR - High Data Rate r

LOR - Low Data Rate Purpose: Same as Test 035
LPF - Lowpass Filter Results: Passed
NSP - Network Signal Processor

OPS - Operations

PI - Payload Interrogater

PL - Payload

PSP - Payload Signal Processcr

Figure 77,
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APl ___2 - 50 Mbps (wR7)

Channel 3, Mode |

NSP1 (OPS oataL_lsthns_m;tU l - w
NSP 2 (OPS Data (Bi_a. i
| h
PL Recorder ~W S
OPS Recorder \:
LDR PL Digital t
(PSP 1,2 or API) 1673094 Kbps (ai-o-L) 4
PI 1 LOR 0 - 2 MHz Analog . o BPF |
LDR (Same as PI 1 LDR) | s
PI 2
- kbps g <l ™
16-1024 kops ai-o-L)| z e L
HOR (Same as PI 1 HDR) 3 Mod
| i
t Channei 3, Mode 2
CCTV Video 5 | c , ==y APE b
HDRPL Analog (API) 0- 4.5 Miz Analog ! :
HOR PL Digital (mu.ﬁ_mm_xmmn'_. s
API - Attached Payload Interface
BPF - Bandpass Filter l_ SPA Returp L ink Functiongl Blgck Qisgram
CCTV - Closed-Circuit Television
HOR - High Data Rate Test 037
LDR - Low Data Rate Purpose: Same as Test 035
LPF - Lowpass Filter .
NSP - Network Signal Processor Results: Passed
OPS - Operations
PI - Payload Interrogator
PL - Payload
PSP - Payload Signal Processor

Figure 78.
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LOR PL Digital —16-1028 kb:s {Bi s L)l . ol ¢ | 1187 o
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PI 2 LDR (Same as PI 1 LDR) | s 1.87 iz |
- 3
16-1024 kbps si-o-L): z i E |
e
HOR (Same as PI 1 HDR S‘ Mod |
| " i |
t Channel 3, Mode 2 -
CCTV Video " i c —{ LFF fo |
HORPL Analog (AP1) 0-4.5 Mz Analog ! | " |
HDRF_ Digital ( . ' -
| I

API

-
©
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Note:

Attached Payload Interface
Bandpass Filter
Closed-Circuit Television
High Data Rate

Low Data Rate

Lowpass Filter

Network Signal Processor
Operations

Payload Interrogator
Payload

Payload Signal Processor

There was no test 038 or 039

L_ SPA Return link Functiongl Blgck Qisgram . o o — o - J

Test 040
Purpose: Same as Test 035

Results: Hughes states that unit failed, but test data indicates
that unit passed. o

Figure 79.




r | — — — — -— — — — — S— — | om— o e— | — 1
APl ___2 - 50 Mbps (NRZ) '  Channel 3, Mode 1 Convolutional - |
- . |
NSP1 (OPSData) 192 kbps (Bi-¢-1) ' — ¥ Q Mod |
NSP2 (OPSData) 192 kbps (Bi-g-1) | ~{ 3 .87 Gz
| h |
|
PL Recorder MML_* S —d W '
OPS Recorder - X 4= L:—- .i, : I:.‘
LDR PL Digital —p=ppen 208 ""'”l -t ¢ | TS
(PSP 1,2 or API) 161024 kbps (Bi-4-L) £ 2y
s LOR 0 - 2 MHz(%na \.7 >
PI 2 DR (Same sl>s s .87 ez |
16-1024 kbps Iu-.-u, z L - |
HOR (Same as PI | HOR) s Mod |
| i |
| t lethagocl 2o Mode 2 1 \pr
CCTV Video 0-4.5 Miz Analog . c l
HORPL Analog (API) 0- 4.5 MHz Analog ! - |
HDR PL mgita\.um.u@mumﬂ s :
|
AP]l - Attached Paylozd Interface .
BPF - Bandpass Fi{ter L SPA Returp }ink Functiong] Blgck Qisgral — .o - = = = J
CCTV - Closed-Circuit Television Test 041
r% 4 :.';3"02::‘;::’ Purpose: (1) Evaluate the FM baseband generator and FM modulator overall per-
LPF - Lowpass Filter formance by comparing demodulated data with input data
NSP - Network Signal Processor (2) Evaluate the effect of crosstalk.
OPS - Operations Results: Failed; output voltage amplitudes < 1.8V p-p.
Pi - Payload Interrogator
PL - Payload 3
PSP - Payload Signal Processor

Figure 80.




APl ___2 - 50 Mbps (NRZ) !

NSP1 (OPS Data)__szhns_Lﬂ.u-U
NSP2 (OPS Data

PL Recorder : _ = B
0PS Recorder 00 kbps (NF : :
LDR PL Digital 16 1024 kbos isi-o-q :
(PSP 1.2 or APT) 16”7024 xbps (si-o-L) 5
Pi 1 LOR_0 - 2 Miz Analog ol »
DR (Same as PI 1 LOR) | s

PI 2 ~ = '

16-1024 kbps (Bi-Q-L)'

4 »

HOR (Same as PI | HOR S
R w
| i
Composite] t
CCTV Video g-.;,;,mm,]m_q_l, ¢
HORPL Analog (AP1) 0-4.5 MMz Analog 1972 | *
HOR PL Digital ( - ' s

nnel 2

LPF

API - Attached Payload Interface
BPF - Bandpass Filter
CCTV - Closed-Circuit Television
HDR - High Data Rate

LDR - Low Data Rate

LPF - Lowpass Filter

NSP - Network Signal Processor
OPS - Operations

PI - Payload Interrogator

PL - Payload

PSP - Payload Signal Processor

L. SPA Returp Link Functiong]l Blgck Riagram

o
.

FO -

Failed; (1) Channel 3 distortion and output voltages out

(2) Channels 1 and 2 DC offsets 2-5 VOC. but should

Test 042
Purpose: Same as Test 041
Results:
of specification
be 0.8 to 2.4 V.
Figure 81.
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APl ___2 -50Mbps (WRz) | Channel 3. Mode 1 __Jconvolutional |
‘ Encoder QPSK |
NSP1 (OPS -¢-1)
(OPSData) 192 kbps 13] ¢ Mode 1 Mod I
NSP 2 (OPSData 1.87 GHz i
' 8.5 MHz
: | |
PL Recorder ms“‘-u)——‘l: .y S | - "lo
OPS Recorder = kbps NR ' t‘l 2 : D A
LDR PL Digital 16:1024 kbg: Bi-o-L | t Mode c |l.87
(PSP 1,2 or API) 16 1024 Kkbps (Bi-o-L), ; h |
PI 1 LDR_0 - 2 MHz Analog o BPF
P 2 LDR (Same as PI 1 LDR l s 1.87 6z |
PS
16-1024 kb o ™
psn Bi-¢ L)l 2 . |
HDR TSame as PI 1 HOR) S Mod l
—y W
| i ] |
t Channel 3, Mode 2
CCTV Video 0-0 5 MMz Analog ! . o LPF |=o b '
HDR PL Analog (AP1) O- ..> MHz Analog | : > '
HDRPL Digital (Am_m_mum_mm_'_. s l
|
API - Attached Payload Interface 2 "
BPF - Bandpass Fi.]yter l— -QA mur"_l-‘“LFum‘o"ﬂl 8‘95* D.i’grm e -— e e o e J
CcCTv - C!osed-Circuit Television Test 043
e, B o Purpose: Same as Test 015. CDR test results package indicates that test
LPF - Lowpass Filter purpose is the same as Test 013, but this is incorrect.
NSP - Network Signal Processor Results: Passed
OPS - Operations
PI - Payload Interrogator
PL - Payload
PSP - Payload Signal Processor

Figure 82.




Table 24. SPA ADL LRU Return Link Test Failure Summary

Hugnes
Test Test .
Number Purpose Failure

007,010, |1. Statically measure the QPSK spectra: power density out-| Phase state and VSWR out of speci-

_ 011,012 put to verify proper 80/20 power ratio. fication. Failure is believed due
] Reference |2. Perform transmission and reflection measurements so primarily to level incompatibility

Figure 4 that various n2twork parameters such as gain, attenua- | between it he FM baseband generator .

tion, insertion loss, SNR, return loss and impedance mode 1 output and the QPSK mode 1 .

may be calculated from the data. input. The problem is under inves- %”

tigation. %

014 1. Evaluate the FM baseband generator and QPSK modulator Hughes states that the SPA passed ?

overall performance by comparing the demodulated data this test. The test data indicates i

to the input data. that the unit failed since the mea- |

2. Ve: .1y proper switching and interfacing by sured fall time was 900 ms, but '

management/handover. should have been < 600 ms. ?

027 1. Evaluate the FM baseband generator and the FM modula- Voltage output 1.3V p-p, but should b

tor overall performanc2 by comparing the demodulated be > 1.8V p-p. a

data to the input data.
2. Verify proper switching and interfacing by

management/handover.
030 1. Measure incidental FM and AM of the baseband generator | 1. Incidental AM out of specification. i
: and the FM modulator. 2. Mode 2 frequency response is not :
' 2. Take a mode 2 frequency response flat; output is between 3.4V p-p :
3. Measure FM deviation and 3.6V p-p from 40 Hz to 4 MHz }
4. Measure static linearity of the FM VCO. but there is a 5.5V p-p peak at ‘

550 kHz.




“ -
Table 24. SPA ADL LRU Return Link Test Failure Summary (Cont'd)
Hughes
Test Test
Number Purpose Failure

033 . Evaluate the FM baseband generator and the FM modulator |Differential gain, differential phase
overall performance using a composite video input and DC offset out of specification.
waveform.

. Measure the differential phase and gain distortion
using a composite video innut waveform.

. Measure linearity distortion in mode 2 using a
sinZ and bar as a source.

040 . Evaluate the FM ba:eband generator and the QPSK modula- |Hughes states that ti:® unit failed
tor overall performaice using the demodulated data with |but the test data indicates that the
the input data. unit passed.

. Evaluate the effect of crosstalk between the channels.
-

041 . Evalvate the FM baseband generator and the FM modulator jOutput voltage ampli.udes < 1.8V p-p.
overall performance by comparing the demouulated data
to the input data.

. Evaluate the effect of crosstalk between the channels.
042 Same as test 041. 1. Channel 3 distortion and output

voltage level out of specification.
2. CThannels 1 and 2 DC offsets are
2.5 VDC but should be 0.8-2.4 VDC.

962
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In addition to the 10 test failures, there were a number of input
parameters which were not varied during the testing. For example, all
data input signals are characterized in the Rockwell Rev. B specification
in such terms as rise and fall times, amplitude and common mode voltage
levels, etc. However, none of these parameters were varied during testing
and, therefore, 1t is still unknown if the SPA will meet specification when
the signal input tolerances are taken into account. Table 25 summarizes
those return link input signal parameters which were not varied over their
respective tolerance ranges.

Also, a number of output parameters were not measured. For
example, the primary SPA output signal is 1.87 GHz to the DEA, but that
signal was not measured during the ADL tests in terms of frequency offset,
incidental AM, FM and PM, spurious products and frequency offset. Unfor-
tunately, the Rockwell specification lists "TBS" for many of the parameters.
Reference Tab'e 26 for a summary of the nonmeasured return link output
parameters.

10.1.2.2 SPA ADL LRU Forward Link Data

Figures 83 through 98 illustrate the signal paths used to ver-
ify forward 1ink performance and also briefly describe each test. In addi-
tion, each figure indicates the data rat- utilized for that test, along
with the data rate ranges which each input is required to process.

Hughes tested all the various signal combinations. Of the 16
forwird link tests, the SPA passed all but one test. Table 27 lists the
one forward link test failure.

Hughes measured and characterized the output signals in terms of
amplitude, rise and fall times, phase jitter and duty cycle. The output
data met all the requirements .isted in the Rockwell Rev. B specification.

As with the return link tests, there were a number of input
parameters in the forward link tests which were not varied during testing
and, therefore, it is still unknown if the SPA will meet specification
when the signal input tolerances are taken into account. Again, some tol-
erances are unknown because some parameters are listed as "TBS" in the
Rockwell document. Table 28 summarizes those forward link input signal
parameters which were not varied over their respective tolerance ranges.
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Table 25. SPA Input Signal Parameters Not Varied Over Their
Respective Tolerance Ranges to Determine the Effect
on Return Link Performance

I. HIGH DATA RATE PAYLOAD MAXIMUM DIGITAL DATA AND CLOCK INPUT TO SPA

1. Data and clock "1" and "0" voltage ranges*
2. Data and clock SNR

3. Data rise and fall times

4. Clock phase jitter

5. Data and clock frequency jitter

6. Data-to-clock phase offset

7

Asymmetry

I1. SPA PAYLOAD DATA INPUT FROM PAYLOAD INTERROGATORS 1 AND 2

Differential signal levels
Offset voltage
' 3. Common mode voltage

IIT. SPA RETURN LINK OPERATIONAL DATA INPUT FROM NSP's 1 AND 2

1. Signal amplitude

2. Rise and fall times
3. Input data jitter

4. Common mode voltaye

IV. PAYLOAD RECORDER DIGITAL DATA INPUT TO SPA

1. Signal level

2. Rise and fall times

3. Bit-to-bit jitter

4. Bit jitter and data asymmetry
5. Common mode voltage

*
Future tests to verify the convolutional encoder bit detactor redesign
performance will vary the input signal voltage levels




VI.

VIt.

VIII.

IX.

e —
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Table 25. (Cont'd)

. OPERATIONAL RECORDER DIGITAL DATA INPUT TO SPA

Signal level

Rise and fall times
Bit-to-bit jitter
Jitter and asymmetry
Common mode voltage

SPA ORBITER CLOSED-CIRCUIT TELEVISION (CCTV) INPUT FROM
VIDED SWITCHING UNTT

LOW

Ability of SPA to handle standard video signal has not been
demonstrated.

DATA RATE PAYLOAD DATA INPUT TO SPA

N & W N —
- . . . .

LOW

Signal level

RMS SNR

Rise and fall times
Frequency jitter
Common mode voltage

DATA RATE PAYLOAD DATA INPUT TO SPA

s W N -
e e = e e

Signal level

RMS SNR

Rise and fall times
Frequency jitter
Common mode voltage

HIGH DATA RATE PAYLOAD ANALOG DATA INPUT TO SPA

1
&y
3.
4
5

Bandwidth

Signal level

SNR

Phase jitter

Common mode voltage
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{ Table 26. SPA Return Link Output Signal Parameters Not Measured

I. SPA _IF CARRIER OUTPUT TO DEPLOYED ASSEMBLY

i ( 1. Center frequency

T v — e —

N Y —————

*2. Maximum Frequency Offset

*3. Frequency stability (short-term/long-term)

*4, Level (unmodulated)

*5. Modulation bandwidth

*6. Incidental phase modulation--mode 1

*7. Incidental FM modulation--mode 2

*8. Incidental amplitude modulation--mode 1/mode 2

*9. Spurious products:
In-band—mode 1/mode 2
Out-of-band—mode 1/mode 2

Il. SPA SERIAL DIGITAL STATUS DATA OUTPUT TO EA-1A AND EA-1B

1. Most parameters are listed as "TBS" in Rockwell specification
2. Rise and fall times

L4 IT1. REFERENCE FREQUENCY INPUT TO SPA FROM EA-1A AND EA-1B

1. Most parameters are li_ted as "TBS" in Rockwell specification

*Parameters listed in the Rockwell requirements as "TBS"

B




EA-TA

EA-1B

EA-TA

EA-1B

216 kbps (Bi-¢-L)

32,72,9% or 216 kbp
(Bi-3-L)

Costas

-

6.912 MHz
vCX0

|
| 128 kbps (WRZ-L3 rec

Input/ Loop Frame ‘ llze kbps (NRZ- ayload
Output Ambiguity ol . |
n Buffer Resolver pynchronizer| 128 iz Clock o T86
I Bit and 1128 kHz Clock . Payload
| 4 Detector Frame l Frame
h Sync
| commnutator ' Lock
' Status
l I
| 72 kbps (Bi-¢-L) I
, ——
| - gg :;p: ';;4' :;f:;
_SPA fcrwar? Link Functionel Block Diagram - Nominal Mode (Mode 1) |
. —  —  — | — —— — ——— — —— — e —— | — S— —— e— j

32,72,9%o0r 216 kbp
(Bi-9-L)

| 32,72,9% or 216 kbps

: — ) :‘Bi- - P-1
s «ApuL/ | 32,72,9%or 216 kbps
| Output (Bi-e-L)
l —e{ Buffer 1 & NSP-2
|
L SPA Forward Link Functional Block Diagram - Special Mode (Mode 2) _j
Test 044
Purpose: Verify all the various frame syncrronization pattern combinations
Results: Failed to synchronize, with one error occurring in any of the last four bits
8

Figure 83.
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e S o |
‘ | | |
, =977 |
| _anty) Costas |
E EA-1A M Input/ Loop ‘ Frame | 128 kbps (NRZ-L "]“d
, Output Ambiguity : |
ap 216 kbps (Bi-s-L) | Buffer Resolver ’“C"'“"".._Iwrm
EA-1B ) and 128 kHz Clock . {
I J Bit Payload
|
|
|
|
| 1
' NSP 2
_SPA Forward Link Functional Block Diagram - Nominal Mode (Mode 1) -
e—— — — —_— —— | — | —— — — — | —n | — — — e— ﬂ
32,72,%or 216 kbaal 132,72,9 or 216 kbps
EA-1A Bi-e-l) {Bi-e-L) —NSP-1
|
32,72,96 or 216 kbps, &2:5{ 1 32,72,9 or 216 kbps
EA-18B (il ) l —e{ Buffer ) (Bi-e-L) —-NSP-2
L |
| [ 3ZB Forwyrd Uik Fusctionsl Bleck [lagras - Special Bode Wode 24, . J
Test 045

| Purpose: Verify frame synchronization lock-up to verify correct data type and measure output
| signals of the FL 72 kbps, FL 128 kbps and FL 128 kHz clocks.

Input Data: VYalid frame synchronization (B7EB8CEC), OPS hex data (F502), SC hex data {FEAAOOZ2E).
Results: Passed

w
Figure 84. 13
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| P ‘ vCxo ‘ 128 kbps =Ll 186
WETL Costas I
| EA-1A Mﬂi—‘ﬁl—i—i‘-’_— Input/ Loop = Frame M"aylo‘d
; , Cutpt | AmGiguity ynchronizer| |
i-g-1) Xhz Clock o
,[ EA-1B 216 kbps (Bi-¢-L) Buffer Resolver r_J.Zﬁ T86
' l 8it and Payload
Frame

—— — | — —— —— | — — — | —— - — | — | —  — R ﬁ
32',72.96\or 216 kbpal |32372.960r 216 kbps
EA-1A —2izizl) — PICIETES HED
32.??.96\0r 216 kaSI é::g:’é |32’72‘”°r 216 kbps
EA-1B (Bi-e-L) : —o{ Buffer g (Bi-e-L) —eNSP-2
i
L SPA Forward Lin: Functional Block Diaaram - Special Mode (Mode 2) |
Test 046

Purpose: Same as Test 045
Tnput Data: Same as Test 045
Results: Passed

€0t

Figure 85.

|

i

B

N A PR g : i o B e T T —— _]
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; l 6.912 Mz |
vCX0
! kb3 (Nl T8G
- [ A_a_ \,
EA-1A Z.lLLQA_.B.l_._.LA_I___.. — — 128 kbps (NRZ-L) p,,10ad
Output Ambiguity hroniies |
LA-1B 216 kbps (Bi-3-L) | Buffer Resolver yncorgnie T8G
| and l128 k Payload
| Detector Frame Frame
| commutator 143
! Status
|
| I
| NSP 1 t
. : - - NSP 2 i
[_SFA Forward Link Functional Block Diagram - Nominal Mode (Mode 1) ! |
r-————— - — —————- —=-=° |
32,72,9 or 216 kbpy | 32,72,96 or 216 kbps
{ - - -h-
EA-1A —ABAs2-L) — HBicel) o,
22,72,960r 216 kbps i | 32,72,90r 216 kbos
(Bi-:-L) ' Cfrar 1 (Bi-e-L)
EA-1B l —e Buffer --NSP-2
|
L SPA Forwarg Link Functional Block Ciagram - Special Mode (Hﬁe ?_)_ |

Test 047

Purpose: Same as Test 045

input Data: Same as Test 045
Results: Passed (some data missirg)

Ficure 86.
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EA-1B 216 kbps (Bi ‘L)

R e - e S — —— R — P '*—r——'v“
o
- -
T eSS = A e et ]
|
| 128 kbps (WRZ-L) 14c
Costas | i
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Test 051

Pirpose: To test mode 2
Input Data: 1/0 pattern
Results: Passed

Figure 88.
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Test 052

Purpose:

Same as Test 051
Input Data:
Results: Passed

1/0 pattern
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Test 053

Purpose: Same as Test 051
Input Data: 1/0 pattern
Results: Passed

Figure 90.
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Test 054

Purpose: Same as Test 051
Input Data: 1/0 pattern
Results: Passed
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Test 055

Purpose: To test mode 2
Input Data: Valid frame synchronization (B7EB8S8CEC), OPS hex data (F502), SC hex data (FEAAOOZ2E)
Results: Passed

Figure 92.
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Test 056

Purpose: Same as Test 055

Input Data: Same as Test 055

Resuits: Passed
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Table 27. SPA ADL LRU Forward Link Test Failure Surmary

T —— o —
-

Hughes
Test
Numbe r Test Purpose Failure

T ——

044 Verify all the various combina- [Failed synchronization, with one
tions of the frame synchroniza- |error occurring in any of the last
tion pattern. four bits.
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: Table Z8. SPA Input Signal Parameters Not Varied Ove- Their

| p Respective Tolerance Ranges to Determine the Effect
| on Forward Link Performance

l

1. FORWARD LINK COMMUNICATIONS DIGITAL DATA INPUT FROM EA-1A AND EA-18

1. Signal level

2. Rise and fall times
3. Jitter

4. Zero offset

o i L e o

IT. SPA DATA TRANSFER CLOCK INPUT FROM EA-1A AND EA-1B

|
D

' 1. Rise and fall times

} 2. Phase jitter (TBS in RI Spec)
k 3. Phase offset (TBS in RI Spec)

IT1. SPA CONTROL DATA COVER PULSE INPUT F/OM EA-1A AND EA-18

1. Most parameters are listed as "TBS" in Rl specification
2. Rise and fall times

IV. SPA STATUS COVER PULSE INPUT FROM EA-1A AND EA-1B

1. Most parameters are listed as "TBS" in Rockwell specification
2. Rise and fall times
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10.1.3 Conclusions/Recommendations

In general, the SPA ADL LRU tests were fairly thorough. Al
the possible input signal combinations and the minimum and maximum data
rates (except for one case) were tested and verified. The forward 1ink
digital output signal parameters were measured and found to meet the Rock-
well requirements.

After evaluating the test data, Axiomatix has four concerns,
listed as follows:

1. Most of the return link failures are very serfous in
nature and must be resolved as rapidly as possible. Axiomatix recommends
that Hughes respond to each of the failures listed in Tables 24 and 27,
indicating the corrective action and submitting additional test data.

2. The return link output signals (reference Table 26) have not

been adequately measured. Axiomatix recommends that Rockwell update the
Ku-band specification to eliminate all TBS's and that Hughes supply addi-
tional test data.

3. The effects of input signal tclerance variations on return
1ink and forward 1ink performance are unknown. It is possible for toler-
ance variations to have a very serious impact on system performance.
Axiomatix recommends that additional data be supplied, either in the form
of previous SRU data or new test data, to verify the effects of signal
variations (reference Tables 25 and 28).

4, The minimum mode 2 return 1ink data rate, 16 kbps, was not
tested. Axiomatix recommends that iuture tests include 16 kbps for mode 2
return link.




10.2 EA-1 LRU CDR Test Data Evaluation 320
10.2.1 Introduction

The purpose of this section is to evaluate and assess the EA-)
LRU CDR test data presented by Hughes Afrcraft Company (HAC) on August 25,
1980. Figure 99 1llustrates the various EA-1 input and output signals.
The COR test data evaluation task involved ensuring that each signal path
was adequately tested.

The CDR test data was gathered from both the ADL EA-1 LRU and
the ESTL EA-1 LRU, with Hughes utilizing three categories of tests. These
three test categories are as follows:

(1) Automated tests
(2) Manual tests
(3) RF module carry-forward data tests.

The majority of tEA-1 tests were conducted using computer-controlled test
equipment consisting of 20 indfvidual tests. Table 29 gives a brief sum-
mary of each of the 20 automated tests. Hughes also employed four manual
tests as summaried in Table 30. Finally, three carry-forward data tests,
as summarized in Table 31, were used to measure a number of characteris-
tics of the RF assembly SRU.

10.2.2 EA-1 Test Data

The EA-1 test data consisted of data from the automated, manual
and RF module carry-forward data tests gathered from the ADL EA-1 LRU and
automated and RF module carry-forward data tests gathered from the LSTL
EA-1 LRU. The manual tests were not conducted on the ESTL EA-1 LRU.

Before reviewing the test data, it was necessary to determine
which EA-1 parameters were verified by each test. As part of the CDR data
package, HAC supplied a verification matrix indicating which tests satis-
fied the respective paragraphs of the Hughes EA-1 LRU development specifi-
cation DS 32012-020, Rev. A. Since the baseline EA-1 performance document
is the Rockwell specification MC 409-0025, Rev. B, not the Hughes LRU
specification DS 32012-020, Rev. A, the first task was to establish a cor-
relation between the Hughes LRU document and the Rockwell requirements.

The verification matrices, as shown in Appendix A, provide the
correlation by listing the HAC LRU specification paragraph and title, the
HAC verification method and test, and the corresponding Rockwell paragraph(s).
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Table 29. Acceptance Test Prosedure Summary
{Automated Tests)

Test
Number

Title

Purpose

Power Supply Test

Selected LRU power supply oucputs are monitored

and the following responses verified:

® (Operation from 24 to 32 VDC input voltage
range

® Nonoperation at undervoltage (18 VDC)

® Operation of turn-on signal in resnonse to
COMM STBY, RADAR STBY, RADAR ON, COMM ON.

MDM Input Data
Verification

Verifies that correct data occurs in serial
digital data to MDM's 1 and 2. Also measures
impedance, line noise, rise and fall times,
signal rejection and common mode rejection.

Communication

Not implemented for ADL tests.

Self-Test

Not implemented for ADL tests.

Discrete Conmands
Test

Verifies discrete “nputs and outputs not
implicitly tested hy cumbined other tests,
which are as follows:

Radar Active/Passive Widebeam Transmit
Linear Polarization Select

Radar Power Low ® Widebeam Select
Radar Power Medium ® Delta Channel
Transmit Enable Select

Comm Stby/On e (Comm Alpha/Beta
Radar Stby/On Lobing

Radar Alpha/Beta e Comm Alpha/Beta
Lobing Lobing Phase

® Radar Alpha/Beta Lobing Fhase

oeocooO0oO0QOGOO

Encoder Input Tests

Checks the alpha and beta encoder processors.

Motor Drive Test

Verifies the following analog inputs to the
ant:nna gimbal assembly:

® (Gyro primary excitation

® Gyro spin motor drive (one and two)

® Alpha gimbal motor drive (one and two)
® Beta gimbal motor drive (one and two)
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Table 29. Acceptance Test Procedure Summary
(Automated Tests)

(Continued)
Test
Number Title Purpose
8 Servo Loop CharacteriMeasures the servo loop characteristics and
istics and Pointing |verifies the pointing loop performance.
Loop Performance Test
9 GPC Acquisition Mode|Verifies pointing, tracking and searching in
Test the GPC ACQUISITION mode for both radar and
communications.
10 Autotrack and Manual [Verifies that initial turn-on conditions are

Test

[Mode Test body stabilized, responds properly to slew com-
mands and gimbals are stowed when commanded.
n Radar/Communication |Measures alpha and beta fine ard coarse gyro
Track Test outputs.
12 GPC Designate Mode |Checks for proper operation when GPC DESIGNATE
Test steering mode is commanded.
13 Break-Track Test Verifies correct processing when a break-track
condition occurs.
14 Scan Test Not. implemented for AD. tests.
15 Antenna Slew Rate Verifies the slew rates in response to manual
Test steering commands and the analog rate meter
outputs for radar angle tracking.
16 Scan Warning Test When the antenna LOS enters the obscuration
: zone, this test verifies that the scan warning
discrete signal and the MDM serial scan warning
bit are raised.
17 Coordinate Conver- |Verifies that the coordinate conversion error
sion Test remains within tolerance within the 60° cone
operating zone centered at 0.0 (-Z axis).
18 Boom Stow Tests The stowing procedure is verified
19 Handover Tests Verifies that EA-1 breaks track and goes to the
latest designate when the TDRS EAST/WEST bits
are toggled. Also, the test verifies that
track is reestablished if COMM detect is high
or that, if COMM detect is low, inertial hold
is maintained.
20 Gimbal Constraints |The gimbal constraints are verified.

l.
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Table 30, EA-1 Manual Tests

the following signals:

E Test
s Number Title Purpose
3
: 1 |BER Tests Measures forward 1ink BER as a function of C/Ny
i
" 2 Signal Strength Measures MDM 3 and D&C signal levels as func-
tions of C/N0 for four conditions, as follows:
l ® Carrier
, ® (Carrier + PN code
| ® (Carrier + data
| ® Carrier + PN code + data
)
i 3 Acquisition Time Measures lock-up time for the signal condition
| indicators of Costas lock, PN code lock and
{ data-present for four conditions, as follows:
L ® Carrier
® (Carrier + PN code
® (Carrier + data
® C(Carrier + PN code + data
)
r 4 RF Reference QutputsiMeasures frequency and output power levels for

® 1876 MHz reference (SPA)
® 156 MHz reference (EA-2)
® 156 MHz reference (DA)

g ibny e | osrapapr il
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Table 3) . EA-) RF Module Carry-Forward Data Tests

Test
Number

Title

Purpose

Reference Generation
Test

Measures the power output of the two RF assem-
bly SRU 156 MHz reference signal outputs and of
the RF assembly SRU 1875 MHz reference signal

output.

Track IF Test

Measures the RF assembly SRU track IF output
peak-to-peak voltage with -30 dBm input and

-19 dBm input.

Data IF Test

Measures the RF assembly SRU data IF output to
determine the LO leakage with respect to the
carrier and measures garameters to calculate
the gain and bandwidth.

o
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After an extensive examination of both documents, the conclusion is that
the Hughes LRU specification accurately reflects the Rockwell specifica-
tion; therefore, the HAC verification tests should adequately test the
EA-1 performance parsmeters with respect to the Rockwell requirements.

By studying the verification matrices shown in section 10.2.4
and the CDR test data, it becomes apparent that a number of tests were not
performed on the ADL and ESTL EA-1 LRU's such as verifying self-test, com-
munications mode tracking, and the analog MDM interfaces. Also, both
LRU's experienced a number of failures, such as the out-of-specification
gyro spin motor voltages, wrong RF switch logic for the widebeam transmit
select, widebeam select, delta channel select, radar lobing and communi-
cation lobing, inadequate 1.875 Mhz refererce signal level output for the
ADL LRU and reading invalid data from the MOMI SRU.

10.2.3 Conclusions/Reconmendations

In reviewing the EA-1 CDR test data, a number of test omissfions
and failures were apparent. Since the Axfomatix evaluation revealed
nothirg that is not known to NASA, Rockwell or HAC, or has not been docu-
mented, Axiomatix fzels it unnecessary to restate the omissions, failures
and corrective action plans.

It is the opinion of Axiomatix that the Hughes tests were well
documented and adequately tested the EA-1 performance. Finally, one bene-
fit resulting from this COR test cata review by Axiomatix is that a docu-
ment now exists in section 10.2.4 which, for the first time, relates the
HAC EA-1 LRY specification to the Rockwell requirements.
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10.2.4 Verification Matrices

In the following verification matrices, the paragraph numbers
in the left-hand column refer to the Hughes LRU development specification
DS 32012-020, Rev. A, and the paragraph numbers in the right-hand column
refer to the Rockwsll Ku-band specification MC 409-0025, Rev. B.

A TXX number refers to the automated test numbered XX, as listed
tn Table 29. "Manual test" refers either to the manually performed
acceptance tests, 2s listed in Table 30, or the RF module carry-forward
data tests, as listed 1n Table 31.

"DT" refers to verifications performed only by development
tests. Items labeled "tester" are verified by the tester hardware inter-
faces during automated tests.
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o Hughes Hughes Ve'1fication Method Rockwel1
;s Specification Hughes Specification
. DS 32012-020 Hughes 2 2 Verification MC 409-0025, Rev. B
4 Paragraph Ref. Title N/A L1 alblalblec 4 Test Paragraph Ref.
b
¢
: 3. Requirements X N/A
3.i Item Definition X N/A
3.1 Reserved X N/A
3.1.2 Interface Definition X N/A
! 3.1.2.1 Ele..rical Power Bus Voltage
Limits T8S 20.3.1.2.1
; Transient Surge Operation T8S
- Broadband Ripple T8S
. HF0004 and MF0004-020
‘ 3.1.2.2 Mechanical X N/A
3.1.2.2.1 Mounting X 20.3.1.2.2.1
3.1.2.2.2 Connectors X 20.3.1.2.2.2
3.1.2.3 Cocling and Heating T8S 20.3.1.2.3
3.1.2.4 Signal Interface Definition X N/A ,
3.1.2.4.1 Digita' MDM T2 20.3.1.2.4.2, Ref. Appendix XII ’
Pin Numbers XIX|X}X :
Time Tolerances 78S
3.1.2.4.1.1 Control Discrete Characteris-
tics 20.3.1.2.4.2, Ref. Appendix X1I
(a) Receiver Type X
(b) Logic Level X

NOTE: AIll input signzls with tolerance variation characteristics will be certified by test set calibration.

N/A = Nct Applicable
1 = Analysis 3 = Test 4 = Carry-Forward Test(s)
a = inspection a = Development
b = Review of Design b = Qualification
¢ = Acceptance w
&
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A |1 alblalblc 4 Test Paragraph Ref.
3.1.2.4.1.1 (c) Rise/Fall Times T8S
(Continued) (d) Signal Source Impedance X
(e) Load Impedance X
(f) Damage Threshold X
3.1.2.4.1.2 Serial Data to MDM 20.3.1.2.4.2, Ref. Appendix XI1
(a) Signal Type X
(b) Logic Levels T8S
(d) Driver Output Recovery T8S
(e) Noise X{X}|X T2
(f) Rise and Fall Times X{X|X T2
(g) Source Impedance X{x}ix T2
(h) Pulse Width Variation
Isolation Resistance X|X|X T2
(i) Common Mode Voltage X{X|{X|x +20 T2
(i) Common Mode Damage
Threshold TBS
3.1.2.4.1.3 Serial Data from MDM 20.3.1.2.4.2, Ref. Appendix XII
3.1.2.4.2 Ku-Band Serial N/A
Pins XIX|X|X X T2, T9
Timing X
3.1.2.4.2.1 Data Transfer Clock 20.3.1.2.4.7.5.2 (EA-2)
20.3.1.2.4.71.4.2 (SPA)
Signal X|xix]|x
Clock Rate X
Level XX D.T.
NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.
N/A = Not Applicable
1 = Analysis 3 = Test 4 = Carry-Forward Test(s)
a = Inspection a = Development ]
b = Review of Design b = Qualification w
¢ = Acceptance

e R i o B 2
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hqghes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A | alblalblc 4 Test Paragraph Ref.
3.1.2.4.2.1 Load Impedance XX D.T.
(Continued) Source Coupling XX D.T.
Load Coupling X D.T.
Rise and Fall Times X|X D.T.
3.1.2.4.2.2 Data and Status Cover Pulse 20.3.1.2.4.7.5.3 (EA-2 Data)
20.3.1.2.4.7.5.4 (EA-2 Status)
20.3.1.2.4.1.4.3 (SPA Data)
20.3.1.2.4.1.4.5 (SPA Status)
Signal XIX|X|X
Level XX D.T.
Load Impedance XIX|X}X Tester
Source Coupling X1x D.T.
Load Coupling X X D.T.
Rise an’ Fall Times XiX D.T.
3.1.2.4.2.3 Data Qutput 20.3.1.2.4.7.5 (To EA-2)
20.3.1.2.4.1.4.1 (To SPA)
Signal Digital Data XIX|X]1X
Data Rate X
Data Type X1X]Xx1X
Level XX D.T.
Load Impedance XiX D.T.
Source Coupling X1X D.T.
Load Coupling X D.T.
Rise and Fall Times Y1 X D.T.
Jitter

NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.

N/A
1

WM

a -

Not Applicable
Aralysis
* Inspection

b = Review of Design

D.T. = Development Test

3 = Test 4 = Carry-Forward Test(s)
a = Development
b = Qualification
¢ = Acceptance

Page 3 of 30
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A |1 alblalblc 4 Test Paragraph Ref.
1
? 3.1.2.4.2.4 Status Input 20.3.1.2.4.7.5.4 (From EA-2)
20.3.1.2.4.1.4.4 (From SPA)
3.1.2.4.3 Discrete Control Signals X N/A
3.1.2.4.3.1 Inputs XIX|{X1X T, 75, 79, |20.3.1.2.4.5.1 (From ADA)
T10, M2 20.3.1.2.4.3.2 (From GCILY)
s 20.3.1.2.4.3.1 (From 0CC)
1 20.3.1.2.4.6.2.2 (From DA)
3.1.2.4.3.2 Input Characteristics 20.3.1.2.4.3.2 (6CILU)
20.3.1.2.4.3.1 (ocC)
20.3.1.2.4.5.1 {ADA)
20.3.1.2.4.6.2 (DA)
Data Rate X
Waveform X
Level X
Source Current X
Termination X
Rise and rall Times X
3.1.2.4.3.3 Outputs X|X|x|x Ti, T4, 75 |20.3.1.2.4.5.2.1-2 (ABA)
118 20.3.1.2.4.4.1 (Displays)
20.3.1.2.4.7.1.1 (ER 2
20.3.1.2.4.6.1.1-6 (DA)
20.3.1.2.4.1.1.7-2 (SPA)
NOTE: A1l input signrals with tolerance variation characteristics will be certified by test set calibration.
N/A = Not Applicable
1 = Analysis 3 = Test 4 = Carry-Forward Test(s)
a = Inspection a = Development
b = rReview of Design b = Qualification
¢ = Acceptance
Page 4 of 30
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A § 1 alblalblc 4 Test Paragraph Ref.
3.1.2.4.3.4 Output Characteristics 0.3.1.2.4.5.2. -
20.3.1.2.4.4.1 (Displays)
20.3.1.2.4.7.1 (EA-2
20.3.1.2.4.6.1 (DA)
20.3.1.2.4.1.1 (SPA)
Data Rate X{X|X}]X 15
Waveform X
Levei X{X}{X|X 15
Source Current X|XxXjxgx T5
Short-Circuit Current X|X{X}X T5
Termination X
Rise and Fall Times X
3.1.2.4.4 Differential Control Signals X N/A
3.1.2.4.4.1 Inputs X{X{xgx T5 20.3.1.2.4.7.2.1-4 (EA-2)
3.1.2.4.4.2 Input Characteristics 20.3.1.2.4.7.2 (EA-2)
Signal X
Level X
Source Impedance X
Source Coupling X
Load Coupling X
| Rise and Fall Times X
3.1.2.4.4.3 Outputs and Characteristics N/A
; Signal Title Lobing Phase X
L 57180 20.3.1.2.4.6.3.13
% Pins XIx|{x|x l 15
% NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration.
Z N/A = Not Applicable
] 1 = Analysis 3 = Test 4 = Carry-Forward Test(s)
; a = Inspection a = Development
| b = Review of Design b = Qualification
: ¢ = Acceptance

Page 5 of 30
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
‘ Paragraph Ref. Title N/A |1 alblalblec 4 Test Paragraph Ref.
3.1.2.4.4.3 Signal X '
; (Continued) Frequency XX {Xx|x T5
: Level X
Load Impedance X
i Source Coupling X
3 Load Coupling X
; Rise and Fall Times X
E Signal Title Lobing Alpha-Beta 20.3.1.2.4.6.3.12
Pins X|{X|Xi{X TS
Signal X
, Frequency XIXiX|X T5
] Level X
5 Load Impedance X |x{x|x T5
Source Coupling X
Load Coupling X
Rise and Fall Times X
3.1.2.4.5 Antenna Control X N/A
3.1.2.4.5.1 Servo Motor Drive Outputs X N/A g
(1) Signal Title Alpha Motor ]
Drive X 20.3.1.2.4.6.3.1 (To DA) |
Pins X|X|X|X 17 |
Signal XXjXx|x 17 |
Frequency X[X]X}X 17 |
Level X
Load Characteristics XIx|x|x 17 |
Source Coupling X
NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.
N/A = Not Applicable
1 = Analysis 3 = Test 4 = Carry-Forward Test(s) &
a = Inspection a = Development had
b = Review of Design b = Qualification
¢ = Acreptance
Page 6 of 30
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A |1 alolalblec 4 Test Paragraph Ref.
3.1.2.4.5.1 Load Coupling X
(Continued) Rise and Fall Times X

(2) Signal Title Beta Motor
Drive X 20.3.1.2.4.6.3.1 (To DA)
Pins X|1X|X|X 17
Signal X|XjXtx 17
Frequency XiX|{Xix 17
Level X
Load Characteristics X|X'X}]X 17
Source Coupling X f
Load Coupling X
Rise and Fall Times X
3.1.2.4.5.2 Gimbal Lock Drive Qutput 20.3.1.2.4.6.3.11 (To DA)
Signal Title Antenna Gimbal
Lock Drive X
Pins X{x|Xxjx T18
Signal K{XtyYlx T8
Current X|X|X}|X Ti8
Load Impedance X
Source Coupling X
Load Coupling X
3.1.2.4.5.3 Encoder Drive 20.3.1.2.4.6.3.3 (To DA)
Signal Title Encoder Input X
Pins X|X}{Xtx 1R
| Signal X

NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration.
N/A = Not Applicable
1 =

A
a
b

H

nalvsis

I~spection
Review of Design

3 = Test
a = Development
b = Qualification
¢ = Acceptance

Page 7 of 30
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification %
DS 32012-020 Hughes 2 3 Verification MC 40%-0025, Rev. B !
Paragraph Ref. Title N/A |1 alblalblec 4 Test Paragraph Ref.
3.1.2.4.5.3 Level XXX }x n
(Continued) Source Current X
Source Coupling X
Load Coupling X
: 3.1.2.4.5.4 Gyro Drive N/A
i (1) Signal Title Gyre X
; Primary Excitation 20.3.1.2.4.6.3.4 (To DA)
; Pins XX XX 17
Signal X
Frequency XX |X\{x 7
Level X{Xx{Xix 17
Source Current X
Source Couping X
Load Coupling X
(2) Signal Title Gryo Spin X
Motor Excitation X 20.3.1.2.4.6.3.2 (To DA)
Pins XiXiXxjiXx 17
Quadrature Square Waves XKIXiXix m”
Frequency XiXiXxjXx 17
Level X{XxXi{xix 17
Source Current XiXxixix Tester
Source Coupling X
g Load Coupling X
1
‘

NOTE: Al1l input sigrals with tolerance variation characteristics will be certif’ad by test set calibration.
N/A = dNot Appl :able

1 = Analysis 3 = Test 4 = Carry-Forvard Test(s)
a = Inspection a = Development et
b = Review of Design b = Qualification b
c = Acceptance
Page 8 of 30
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Hughes

Specification
DS 32012-020
Paragraph Ref.

Hughes
Title

Hughes Verification Methnd

2 3
ajbjajlbic

N/A |1

Hughes

Verification

Test

Rockwell
Specification
MC 409-0025, Rev. B
Paragraph Ref.

3.1.2.4.5.5

RSA Inputs
(1) Signal Title Alpha Axis
High

Pins
Signal
Frequency
Level
Scale Factor
Offset of Source
Source Impedance
Source Coupling
Load Coupling

(2) Signal Title Alpha

Low

Pins

Signal

Frequency

Level

Scale Factor

Scale Factor Accuracy
of Source

Source Impedance
Source Coupling
Load Coupling

Offset of Source

> >¢ >¢ ¢ > <
>
>
>

>€ >¢ >¢

> >

>

Tester
Tester

Tester

Tester
Tester

Tester

N/A
20.3.1.2.4.6.4.5.7 (From DA)

20.3.1.2.4.6.4.5.1 (From DA)

NOTE :

N/A
1

R AT

"o

Not Appiicable
Analysis

a = Inspection

b = Review of Design

est

Development
Qualification
Acceptance

0O -

W nw
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A1l input signals with tolerance variation characteristics will be certified by test set calibration.

4 = Carry-Forward Test(s)
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-02C ! Hughes 2 3 Verification M2 409-0025, Rev. B
Paragraph Ret. Title N/A |1 5 b 4 Test Paragraph Ref.

| 3.1.2.4.5.5 (3) Signal Title Beta Axis
: (Continued) High

; Pins

Signal

Fregquency X
Level

Scale Factor

Scale Factor Accuracy
of Source X
1 Source Impedance
Source Coupling X
Load Coupling XX |[X§X Tester
Offset of Source X

{4) Signal Title Beta Axis

Low

Pins

Signal

Frequency X
Level

Scale Factor

Scale Factor Accuracy
of Source X
Source Impedance X
Source Coupling X
Load Coupling XI1Xji£1]X Tester

Offset of Source X

20.3.1.2.4.6.4.5.1 (“rom DA)
XtX X Tester
XXX Tester

> > I > >

>

>

20.3.1.2.4.6.4.5.1 (From DA)

> o

XXX Tester
X X Tester

> >

NOTE: A1l input sigrals with tolerance variation characteristics will be certified by test set calibration.

N/A = Not Applicable
1 = Analysis 3 = Test 4 = Carry-Forward Test(s)
a = Inspection a = Development bt
b = Review 0f Design b = Qualification ~
c = Acceptance

Page 10 of 30
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Hughes
Specification
DS 32012-020

Paragraph Ref.

Hughes Verification Method

Hughes
Title

2 3

NALT Y S Tb blc|?

L1

Hughes
Verification
Test

Rockwell
Specification
MC 403-0025, Rev. B
Paragraph Ref.

3.1.2.4.5.6

Encoder Inputs
(1) Signal Title Alpha Encoder
Index
Pins
Frequency
Level
Source Impedance
Source Coupling
Load Coupling
Rise and Fall Times

(2) & (3) Signal Title Alpha
Encoder
Output & Encoder Quad Output
Pins
Pulse Rate

Level

Source Impedance
Source Coupling
Load Coupling

Rise and Fal! Times

(4) Signal Title Beta Encoder
Index
Pins
Frequency

Level

> 3¢ > > >

>
><
>
>

>
> >
>
>

> M > >

Tester

Tester

Tester
T6, 750 Hz
max.

Tester

Tester

N/A
20.3.1.2.4.6.4.4.1 (From DA)

20.3.1.2.4.6.4.4.1 (From DA)

20.3.1.2.4.6.4.4.1 (From DA)

NOTE: Al

input signals with tolerance variation characteristics will be certified by test set calibration.

!
e

zdip At

N/A
1

Not Applicable

Analysis 3=
a = Inspectioun

b = Review of Design

i

4 = Carry-Forward Test(s)

8ee

Development
Qualification
Acceptance

OO —
"
0w ononw
(o d

/ Page 11 of 30
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A 3 c 4 Test Paragraph Ref.
3.1.2.4.5.6 Source Impedance
(Continued) Source Coupling X
Load Coupling XX XX Tester
Rise and Fall Times X
(5) Signal Title Beta Encoder
Qutput X 20.3.1.2.4.6.4.4.1 (From 2A)
Pins XXX |X Tester
Pulse Rate XX XX 16, 750 Hz
maximum
Level X
Source Impedance X
Source Coupling Y
Load Coupling XX XX Tester
Rise and Fall Times X
(6) Signal Title Beta Encoder
Quad Output X 20.3.1.2.4.6.4.4.1 (From DA)
Pins XX XX Tester
Pulse Rate Y iX {x|x 16, 750 Hz
maximum
Level X
Source Impedance X
Source Coupling X
Load Coupling XIX XX Tester
Rise and Fall Times X
NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.
N/A = Not Applicable
1 = Analysis Test 4 = Carry-Forward Test(s)
a2 = Inspection a = Development
b = Review of Design b = Qualification
¢ = Acceptance

Page 12 of 30
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. 38
Paragraph Ref. Title N/A 11 alblalb lc 4 Test Paragraph Ref.
3.1.2.4.5.7 Radar Track Inputs N/A
(1) Signal Title Alpha Error X 20.3.1.2.4.7.4.2 (From EA-2)
Pins X]1X]IX}X Tester
Signal X|X|X|X m
Level X|X|X]|X ™m
Source Impedance X
Source Coupling X
Load Coupling X
(2) Signal Title Beta Encoder X 20.3.1.2.4.7.4.2 (From EA-2)
Pins XIX|X[X Tester
Signal XIXIXix ™m
Level X1X1X|X ™m
Source Impedance X
Source Coupling X
Load Coupling X
3.1.2.4.5.8 Power Supply Inputs X 20.3.1.2.4.6.4.7
(1) & (2) Pins X{X]IX|X Tester
Signal X1X|{X|X Tester
Level X]IX}X]X Tester
Source Current X
Source Coupling X
Load Coupling X
3.1.2.4.5.9 Deleted
NOTE: A1l input signals with tolerance variation characteristics wili be certified by test set calibration.
N/A = Not Applicable
1 = Analysis 3 = Test 4 = Carry-Forward Test(s)
a = Inspection a = Development
b = Review of Decign b = Qualification
¢ = Acceptance

Page 13 of 30
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N/A
1

non

a
b

non

Not Applicabie
Analysis

Inspection
Review of Design

3 = Test
a = Development
b = Qualificati
¢ = Acceptance

on

L
Hughes Hughes Verification Method Rockwel)
Specification Hughes Specification
DS 32012-020 Hughes 2 2 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A |1 alblalblc 4 Test Paragraph Ref.
3.1.2.4.5.10 Widebeam Select/Delta Channel 20.3.1.2.4.6.1.7 (Hidebandtom‘
Control 20.3.1.2.4.6.1.8 (Delta to DA)
(1) Signal Title Widebeam
Select/Delta Channel
Select X
Pins XXX ix 15
Sigral XIX|X]xX 15
Level Execute X
Load Impedance X |xix|xt Tester
Source Coupling X
Load Coupling X
3.1.2.4.6 Forward Link X N/A
3.1.2.4.6.1 IF Inputs N/A
(1) Signal Title Data IF X 20.3.1.2.4.6.4.1 (From DA)
Connector XXX X Tester
Signal XXX X Tester
Frequency XXX }]X Tester
Level XXX []X Manual Test
Source Impedance XXX iX Tester
Load Impedance X
VSWR X
(2) Signal Title Track IF X 20.3.1.2.4.5.3.3 (From DA)
Connector X (X {xix Tester
Signal X |X |X IX Tester
Frequency X IX (XX Tester
NOTE: A1} input signals with tolerance variation characteristics will be certified by test set calibration.

4 = Carry-Forward Test(s)

Page 14 of 30
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Hughes Hughes Verification Method Rockwell

Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A |1 alslalblc 4 Test Paragraph Ref.
3.1.2.4.6.1 Level X{X1XixX Tester
(Continued) Source Impedance XIX{Xix Tester
Load Imp-~dance X
VSWR X
3.1.2.4.6.2 Data Qutput 20.3.1.2.4.1.2.1 (To SPA)
1 20.3.1.2.4.1.2.1.1
20.3.1.2.4.1.2.1.2
Signal Title 216 kbps Data X
Pins XIXIX|X Manual Test
Signal XIX|X|X Manual Test
Data Rate XIX|x|x Manual Test
Level X XXX Manual Test
Common Mode Voltage X
Load Impedance X
Source Coupling X
Load Coupling X
3.1.2.4.7 Measurements and Reference
Frequencies X N/A
3.1.2.4.7.1 Analog Measurements N/A
(1) Signal Title Radar Signal
Strength X 20.3.1.2.4.7.4.1 (From EA-2)
Signal Level X|X]|&}X T3
Source Impedance XiEXjxtX Tester
Load Impedance X
Source Coupling X
Load Coupling X

NOTE: A1l input signals with tolerance variation characteristics will be certifiad by test set calibration.
N/A = Not Applicable
1

Analysis 3 = Test 4 = Carry-Forward Tesi(s)
a = Inspection a = Development @
b = Review of Design b = Qualification b
¢ = Acceptance
Page 15 of 30
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Hughes Hughes Verification Method Rockwel)
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verificatiun MC 4C9-0025, Rev. B
Paragraph Ref. Title N/A b1la c 4 Test Paragraph Ref.
3.1.2.4.7.1 (2) Signal Title Transmit RF
(Continued) Power X 20.3.1.2.4.6.4.2 (From D)

Pins X{XiX|X 13
Signal Level XIXIX|X T3
Source Impedance X|XIX|X Tester
Load Impedance X
Source Coupling X
Load Coupling X
(3) Signal Title Transmit RF
Power X 20.3.1.2.4.2.3 (To MDM)
Pins X{X|IX|X T3
Signal X|XiX|X T3
Level XIXiX|X T3
Source Impedance X
Source Coupling X
Load Coupling X
(4) Signal Title Signal
trength (MDM) X 20.2.1.2.4.2.3 (To MOM)
Pins SIX1X1X T3
Signal X XXX T3
Level XIXjiXix T3
Source Impedance X
Source Coupling X
Load Coupling X
NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. :
N/A = Not Applicable
1 = Analysis Test 4 = Carry-Forward Test(s)
a = Inspection a = Development
b = Review of Design b = Qualification
¢ = Acceptance

Page 16 of 30
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-C025, Rev. 8
Paragraph Ref. Title N/A |1 albla c 4 Test Paragraph Ref.
3.1.2.4.7.1 (5) Signal Title Signal |
* (Continued) Strength (D&C) X 20.3.1.2.4.4.2.2 (To D&C) |
Pins XjXjxi{x T %
Signal XIXiX|X T3 ‘
] Level X|Xix{Xx 13 |
: Source Impedance X |
1 Source Coupling X §
. Load Coupling X |
1 (6) Signal Title Antenna
| Pitch Rate X 20.3.1.2.4.4.2.1 (To Displays)
Pins XX [X]X T15
] Signal XX |X|X TS |
Level XX IX|X T15 |
Source Impedance X |
Load Impedance X
(7) Signal Title Antenna Roll
Rate X 20.3.1.2.4.4.2.1 (To Displays)
Pins XXX 1X T15
Signal XX |X}iX T15
Level X|X1X1X T15
Scale Factor X{X|IX|X 115
Source Impedance X
Load Impedance X
Source Coupling X
Load Coupling X

NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.
N/A = Not Applicabie
1 =

Analysis 3 = Test 4 = Carry-fForward Test(s)
a = Inspection a = Development
b = Review of Design b = Qualification
¢ = Acceptance ‘E

Page 17 of 30




F————« - hd
3

"

Hughes
Specification
DS 32G12-020

Paragraph Ref.

Hughes
Title

Hughes Verification Method

N/A

2

Hughes
3 Verification

b

4 Test

Rockwell
Specification
MC 409-0025, Rev. B
Paragraph Ref.

3.1.2.4.7.2

; 3.1.2.4.7.3

Digital Displays
Signal Title Digital
Dedicated Display Data
Pins

Signal

Lata Rate

Level

Rise and Fall Times

Load Impedance

Source Coupling

Load Coupling

RF Reference
(1) Signal Title 1876 MHz Ref
Connector
Level
Source Impedance
Load impedance

Signal Title 156 MHz
Ref (EA-2)
Connector

Signal

Level

Source Impedance
Load Impedance

2 D D DC >C K D¢ >

> 2K > I ¢

>C € > D¢ D >

X Tester

¢ >

Tester
Manual Test

Tester
Manual Test
Manual Test

20.3.1.2.4.4.3 (To Displays)

N/A
20.3.1.2.4.1.3.1 (To SPA)

20.3.1.2.4.7.3.1 (To EA-2)

NOTE:
N/A
1

f"non

a
b

ihoh

Inspection
Review of Design

N oo —

1]
[T}
*

N

Development
Qualification
Acceptance

All input signals with tolerance variation characteristics will be certified by test set calibration.

Not Applicavle
Analysis

4 = Carry-Forward Test(s)

Page 18 of 30
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! Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 406-0025, Rev. B
Paragraph Ref. Title N/A | albla c 4 Test Paragraph Ref.
3.1.2.4.7.3 (3) Signal Title 156 MHz
(Continued) Ref (DA) X 20.3.1.2.4.6.3.8 (To DA)
Connector XiXxixix Tester
Signal XXX X Manual Test
Levei i XIXixix Manual Test
Source Impedance X
Lcad Impedance X
3.1.2.4.8 OC Power X
3.1.2.4.8.1 VBUS 20.3.1.2.1
Signai Title X
Pins X(X|{xix n
Signal XIX|X X 1)
Level XIXIXix mn
Source Current XX (XX T
Source Coupling X {X{K{X m
Load Coupling XIXixgX T
3.1.2.4.8.2 Panel Power R/A
Signal Title 28 vDC Control
Panel Power In X 20.3.1.2.1
Pins XXX X T
Signal X (XXX T
Level XIX§ix|X T
Source Current X
Source Coupling X1xix\ix n
Load Coupling Xi{XIX|x T

NOTE: A1l input signals with tolerance variation characteristics will be certified by test set czlibration.

N/A = Not Applicable
1 = Analysis 3 = Test 4 = Carry-Forward Test(s)
a = Inspection a = Development ~
b = Review of Design b = yualification >
¢ = Acceptance

Page 19 of 30 ;
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5 Hughes kughes Verification Method Rockwell
i Specification . Hughes Specification
; DS 32012-020 Hughes 2 3 Verification MC 309-0025, Rev. B
; Paragraph Ref. Title N/A |1 alblalblec 4 Test Paragraph Ref.
1
f 3.1.2.4.8.2 |Signal Title 28 VDC Control
Panel Power Qut X 20.3.1.2.4.3.3
Pins X{X|X|X mn
Signal Y{IxX{x|x mn
q Level X{X|X}x n
; Source Current X
: Source Coupling X{XIX|X T
Load Coupling
3.1.2.4.9 Test and Measurements X N/A
3.1.2.4.9.1  |Test Connector Access X N/A
3.1.2.4.10 Deleted
3.1.2.4.11 Commori Mode Protection X Requirements spread throughout
RI Specification
3.1.3 Item Identification X N/A
3.2 Characteristics X N/A
3.2.1 Performance X N/A
3.2.1.1 Life Requirements X 20.3.2.1.1
3.2.1.1.1 Operating Life T8S 20.3.2.1.1.1
3.2.1.1.2 Useful Life TBS 20.3.2.1.1.2
3.2.1.1.3 Shelf Life T8S 20.3.2.1.1.3

NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.

N/A = Not Applicable .
1 = Analysis 2 = Test 4 = Carry-Forward Test(s) &
a = Inspection a = Development ~
b = Review of Design b = Qualification
¢ = Acceptance
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
£S 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A |1 alblalblec 4 Test Paragraph Ref.
2.1.2 Forward Link
.2.1.2.0 Forward Link Input Signals X N/A :
3.2.1.2.1.1 Data IF Signal X D.T. 20.3.2.1.2.1.1.5.1
20.3.2.1.2.1.1.6
3.2.1.2.1.2 Track IF Signal X D.T. 20.3.2.1.2.1.1.5.2 ;
3.2.1.2.2 Forward Link Output Signals X N/A i
3.2.1.2.2.1 Signal Strength Indication Xixi{x|x T3 20.3.2.1.2.1.2.9w i
20.3.2.1.2.1.3.6.1.1a i
3.2.1.2.2.¢2 Comm Detect Flag XIX]X}|X T3 20.3.2.1.2.1.3.6.1.2»
0.99 Prob in 350 ms X XiXiXi|x T3
10™° Prob for C/Ng 56.9 dB-Hz X
Functional XIX{X|X T3
2.3.1.2.2.3 Data-Present Flag 20.3.2.1.2.1.3.6.1.2w
Logical Condition for Qutput XIX|1X|X T3
0.99 Prob in 2.5 sec w/o PN X XXX Manual Test
0.98 Prob in 12.5 sec w/PN X X{X|X Manual Test
3.2.1.2.2.4 Baseband Data Output XXX 13 20.3.2.1.2.1.1.6 (Portions only#
2.1.2.3 Bit Error Rate Degr-dation XXX Manual Test |Table 3-1V
2.1.2.4 Anglie Track Processing
Functional XiX{xix ™ Requirements spread throughout
l RI Specification
Scale Factor X X

NOTE: A1l input signals with tolerance variation characleristics will be certified by test set calibration.
N/A = Not Applicable

1 = Analysis 3 = Test 4 = Carry-Forward Test(s)
a = Inspection a = Development
b = Review of Design b = Qualification w
¢ = Acceptance @
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N/A = Not Ap.licable
1 = Analysis

a
b

W

Inspection
review of Design

O oo

i
H H U v
[ d

Development
Qualification
Acceptance

- = L
g
Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A 4 Test Paragraph Ref.
blajblc
3.2.1.3 Antenna Servo X N/A
3.2.1.3.1 Point Mode XIXjxix 19, T12, T17 |Requirements spread throughout
RI Specification

3.2.1.3.1.1 Body Stabilization

Servo Response Ramp X

Functional XIXjxix nz2

Pointing Accuracy X|X1x\]Xx nz
3.2.1.3.1.2 Inertial Stabilization X
3.2.1.3.2 Tracking

Gain Accuracy X

Radar and Comm X

Functional Tests X{Y1X|X T
3.2.1.3.3 Slewing

Function and Accuracy XIX{xXjix T10, T15

Implementation X J
3.2.1.3.4 Position Reference Initializa- XiX1X1X Ti8 Requirements spread throughout

tion RI Specification
3.2.1.3.5 Rate Loop Characteristizs X N/A
NOTE: A1l input signals with tolerance variation cha- - ~teristics will be certified

by test set cilibration.

4 = Carry-Forward Test(s)

Page 22 of 30
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Hughes Hughes Verification Method Rockwell ;
Specification Hughes Specification
DS 32012-020 Hughes 2 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A 4 Test Paragraph Ref.
ajb;ajfbljc
3.2.1.3.5.1 Analog Shaping X|IXIX|X |X T8 Hughes internal requiresent
3.2.1.3.5.2 Digital Input X v " -
3.2.1.3.5.3 DL Offsets X v " .
3.2.1.3.5.3.1 |Radar Track X " " "
3.2.1.3.5.3.2 |Comm Track X " " "
3.2.1.3.5.3.3 |Fine Inertial Hold X " " "
3.2.1.3.5.3.4 |Coarse Inertial Hold X " - " ‘
3.2.1.3.5.4 Motor Driver X N/A
3.2.1.3.5.4.1 | Limits X XX 17 Hughes internal requirement ;
3.2.1.3.5.4.2 | Transfer Function X X {Manual Test " " "
3.2.1.3.5.5 Tachometer Shutdown X T6 " " " |
3.2.1.3.5.6 DAC Stability and Linearity X " " - :
3.2.1.3.6 Scan Mode u . |
Moding XX |X]X T4 " -
Scans versus Range X "
2.1 Antenna Control X " " "
.2.1.4. Ang:2 Transforms T6, T17 " " "
2.1.4.2 LOS Angle Rate Transformations XiXiX T15 " " *
NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.
N/A = Not Applicable
1 = Analysis = Test 4 = Carry-forward Test(s) w
a = Inspection a = Development 3
b = Review of Design b = Qualification
c = Acceptance
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Ver<“ication MC 409-0025, Rev. B
Paragraph Ref. Title N/A |1 4 fest Paragraph Ref.
ajblajbic
3.2.1.4.3 Obscuration Calculation X{X|xytx Ti6 Hughes internal requirement
(Selected Angles Tested)
3.2.1.4.4 Stow X X T8 " " “
3.2.1.4.5 Unstow X T16 " . "
3.2.1.4.6 Wiggle Test X X . “ "
3.2.1.4.7 Motor Protection - Deleted X " " "
3.2.1.4.8 Zero Rate Command X " " "
3.2.1.4.9 Deleted X N/A
3.2.1.5 Mode Control X N/A
3.2.1.5.1 Forward Link Functions A1XIX X 73, TH Requirements spread throughout
Manual Test |RI Specification
3.2.1.5.2 Servo Modes XXX X T, 112 Hughes internal requirement
T4 115
3.2.1.5.3 Antenna Steering Control
Functions X{X|X]|X T11, T12 Requirements spread throughout
T14, Ti15 RI Specification
3.:.1.5.4 System Control XIX|X|X T, 112
T14, T15
3.2.1.5.4.1 Initialization Procedure X{X{X|X A1l automaticl Requirements spread throughout
except T1 RI Specification
NOTE: A1l input signals with tolerance variaticn characteristics will be certified by test set calibration.

N/A
1

0on

Not Applicable
Analysis

a = Inspection

b

Review of Design

14
+

Development

|1 TR | V3

Acceptance

Qualification

ket AR ARl a

4 = Carry-Forward Test(s)
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A albla c 14 Test Paragraph Ref.
3.2.1.5.4.2 fcquisition Procedure--TBS T8S
3.2.1.5.5 Self-Test TBS 2v.3.2.1.2.1.2.13
3.2.1.5.6 Displays & Controls Functions X{X|X]X T9 Requirements spread throughoot
RI Specification
3.2.1.5.7 System rReference Signals XX XX T, 13
15, 17
3.2.1.5.8 Priorities X Requirements spread throughout
RI Specification
3.2.1.5. Control & Output Status Signalg X N/A
3.2.1.5.9.1 Orbiter Serial Qutputs X (XXX A1l automatic|20.3.2.1.2.1.3.6.1.2
except T1
3.2.1.5.9.2 Orbiter Discrete Otuputs X |X XX T1, 79, T10 }20.3.2.1.2.1.3.6.4.. _ADA)
Ti6, T18 20.3.2.1.2.1.3.6.2.. (D&C)
3.2.1.5.9.3 Ku Serial Outputs XiX X {x T9 20.3.2.1.2.1.2.14.1.5 (EA-2
20.3.2.1.2.1.1.13.1.4.1 (SPA)
3.2.1.5.9.4 Ku Discrete Outputs X |X|X|X T4, T5 20.3.2.1.2.1.1.13.1.1 (SPA)
20.3.2.1.2.1.2.14.1.1 (EA-2)
20.3.2.1.2.1.3.6.5.1 (DA)
3.2.1.5.10 Control & Status Input Signals N/A
2.1.5.10.1 |Orbiter System Input Signal< 20.3.2.1.2.1.3.6.1.3 (MOM)
20.3.2.1.2.1.3.6.2.1 (0CC)
20.3.2.1.2.1.3.6.4.1 (ADA)
20.3.2.1.2.1.3.6.2.2 (GCILY)
NOTE: AT} input signals with tolerance variation characteristics will be certified by test set calibration.

N/A
1

a
b

Not Applicable
Analysis

Inspection
Review of Design

3 = Test
a
b
c

Development
Qualificati
Acceptance

on

4 = Carry-Forward Test(s)
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Hughes Hughes Verification Method Rockwell |
Specification Hughes Specification ;
; DS 32012-020 Hughes 2 Verification MC 409-0025, Rev. B ;
; Paragraph Ref. Title N/A L1 alblalblc 4 Test Paragraph Ref. g
| 3.2.1.5.10.2 |Ku Input Signal 20.3.2.1.2.1.3.6.5.2 (DA) ;
{ 20.3.2.1.2.1.2.14.1.2 (EA-2)
20.3.2.1.2.1.2.14.1.6a-i (EA-2) 5
20.3.2.1.2.1.1.13.1.4.2 (SPA) ;
3.2.1.5.10.3 |Internal Status Discretes Hughes internal requirement ;
3.2.1.6 System Control X N/A !
3.2.1.6.1 Data Control X N/A :
3.2.1.6.1.1  |Format X [X[X]|X | [AIl automatic
except Tl ;
3.2.1.6.1.2 Protocols X [X]X|X A1l automatic|20.3.2.1.2.1.1.13.1.4 (SPA) ;
except T1 20.3.2.1.2.1.1.13.1.4.2 (SPA) ;
20.3.2.1.2.4.7.5.1 (EA-2) ;
20.3.2.1.2.4.7.5.4 (EA-2) ;
3.2.1.6.1.3  |[Timing X ‘
3.2.1.7 Self-Test X 20.3.2.1.2.1.2.13
3.2.1.7.1 Enable and Disable X [X {X |X T4 Hughes internal requirement
3.2.1.7.2 Sequence TBS " " "
3.2.1.7.3 Signals and Data X " " .
3.2.1.7.3.1 |Output Signals TBS " " "
3.2.1.7.3.2 Input Signals TBS " " "
3.2.1.7.3.3 MDM Data TBS " " "
3.2.1.7.3. D&C Data 183 “ " "
NOTE: All input signals with tolerance variation characteristics wil! be certified by test set calibration.
N/A = Not Applicable :
1 = Analysis 3 = Test 4 = Carry-Forward Test(s) o ;
a = Inspection a = Development <
b = Review of Design b = Qualification |
c = Acceptance Page 26 of 30 i
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Hughes Hughes Verificatior Method Rockwell
Specification T Hughes Specification
DS 32012-320 Hughes 2 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A |1 albla 14 Test Paragraph Ref.
3.2.1.7.3.5 Correlation TBS Hughes internal requirements
2.2.1.7.4 Time to Pz2rform Self-Test TBS “ " "
3.2.1.8 Displays and Controls X N/A
3.2.1.8.1 Discrete Command and Status
Interface X N/A
3.2.1.8.2 Orbiter Status and Displays
Interface X N/A
3.2.1.8.2.1 Digital Displays XXX \ix T9 20.3.2.1.2.1.2.14.16
20.3.1.2.4.4.3
20.3.2.1.2.12.14.2.2
Freguency and Update X
3.2.1.8.2.2 Analog Displays 20.3.1.2.4.2.3 (Comsm)
20.3.2.1.2.1.2.14.2.1.1 (Radar)
3.2.1.8.4.1 Requirements X
A1l other provisions X [X XX T15
3.2.1.8.3 Digital MDM Interface X 20.3.1.2.4.2.1
20.3.1.2.4.2.2
20.3.2.1.2.1.3.6.1.2
¢0.3.2.1.2.1.3.6.1.3
3.2.1.8.3.1 Operating Modes
Functional Table 3.2.1.8-3 X
100 us Separation X
Malfunction Operation X
NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.
N/A = tot Applicable
1 = Analysis 3 = Test 4 - Carry-Forward Test(s)
a = Inspection a = Development
b = Review of Design b = Qualification
Cc = Acceptance

A ks
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Yerification MC 409-0025, Rev. B
Paragraph Ref. Title N/A blal c Test Paragraph Ref.
3.2.1.8.3.2 Performance Singer Data
3.2.1.8.3.3 Data Format A1l automatic

except T1
3.2.1.8.3.4 Transmission Format XIXiX|X A1l automatic
except T1

3.2.1.8.3.5 Transmission Protocols

Functional XIXEX]X T2

3.1.2.4.1 X
3.2.1.8.3.6 Data Validation XIX (XX T2
3.2.1.8.4 Analog MDM Interface X 20.3.1.2.4.2.3

20.3.2.1.2.1.2.14.1.4(a)

3.2.1.8.4.1 Signal Strength

Pins XIX|X|X Tester

Output Level XiX|XitX

Bandwidth Xi1XjiXlx

Gain X{X XX

Idle Channel Noise--TBS T8S

DC Offset--TkS T8S
3.2.1.8.4.2 Transmit RF Power

Pins XIX|X X

Output Level XiXIxix

Bandwidth XiXiXiXx

Gain XXX X
NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration.

N/A
1

a

Not Applicable
An~lysis

= Inspection

b = Review of Dasign

Test

a = Development

b = Qualification
¢ = Acceptance

4 = Carry-Forward Test(s)
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A alblalb 4 Test Paragraph Ref.
3.2.1.8.4.2 Idie Channel Noise--TBS 18S
(Continued) DC Offset--TBS T8S
3.2.1.9 System Reference Signals X
3...1.9.1 Reference Frequency Generation
156 MHz Reference Frequency X 20.3.1.2.4.6.3.8
20.3.2.1.2.1.2.14.1.3
Frequency X |X X {Manual Test
Temperature Stability X X D.T.
Long-Term Stability X T8S
Level X|{X X |Manual Test,
D.T.
Amplitude Stability X TBS
Phase Stability XX X D.T.
Incidentai FM X T8S
Spurious Outputs X{X X D.T.
Jitte~ X T8S
1.876 GHz Reference Frequency 20.3.1.2.4.1.3.1
Frequency XX X TBS
Temperature Stability X T8S
Long-Term Stability X TBS
Level XX X
Phase Stability X T8S
Incidental M X T8S
Spurious Qutputs X T8S
Jitter X T8S
NOTE: A1l input signals with tolerance variation characteristics will be certified by test set calibration.
N/A = Not Applicable D.T. = Development Test
1 = Analysis = Test 4 = Carry-Forward Test(s)
a = Inspection a = Development -
b = Review of Design b = Qualification i
¢ = Acceptance
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Hughes Hughes Verification Method Rockwell
Specification Hughes Specification
DS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B
Paragraph Ref. Title N/A } 1 albla c 4 Test Paragraph Ref.
3.2.1.9.2 Encoder Drive 20.3.1.2.4.6.3.3

Waveform XX §X {X T

Voltage X 1X XX T

Ripple X

Max Current X

3.2.1.9.3 Antenna Lobing 20.3.1.2.4.6.3.12

20.3.1.2.4.6.3.13
20.3.2.1.2.1.2.14.1.2c,d

Functional XXX {X T5

Transitions X

Asymmetry X

3.2.1.9.4 Gyro Excitation 20.3.1.2.4.6.3.2

20.3.1.2.4.6.3.4

Excitation

Waveform X

Voltage X X | X}1X1X 17

Frequency XXX |X 17

Current X

Spin Motor

Waveform X

Voltage XiX|X1X 17

Frequency XX XX )

Max Current XiX|X{X Tester

N/A
1

"o

a
b

tiot Applicable
Analysis

= Inspection
= Review of Design

3 = Test
a = Development
b = Qualification
¢ = Acceptance

NOTE: All input stgnals with tolerance variation characteristics will be certified by test set calibration.

4 = Carry-forward Test(s)
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