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1.0 EXECUTIVE SU~RY 

1.1 Purpose of Effort 

The prfmary objectfve of thfs effort has been to examine and 
critique the design of the Hughes Aircraft Company (HAC) manufactured 
Ku-band radar/conmunications system for the Orbiter. The curre'nt contract 
is composed of two exhibits, A and B, with four subtasks in Exh\b1t A and 
three in Exhibit B. The empha~is of the ~i btasks has evolved during the 
course of the contract in respon!.e to changh" require'llents, and the tenn 
of the contract has been extended 1n paralle~ with HAC's delays in deliv­
ering hardware and documentation. For examplt, 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 evaluQtio~ task was added 
in its stead. 

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

A1 - Ku-Band High-Gain Antenna/Widebeam Horn Design 
Evaluation 

A2 - Evaluation of Ku-band SPA and EA-l LRU software 
A3 - System Test Evaluation 
A4 - Critical Design Review and Deve10pl,.~r· Test Evaluation 
81 - Ku-Band Bent-Pipe Channel Performance Evaluation 
B2 - Ku-Band LRU Interchangeability Analysis 
B3 - Deliverable Test Equipment Evaluation. 

Th~ effort expended on tasks Al, A2, A3, B1 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 developm~~t specifications This documentation has only recently 
been made available; hence, these two tasks are not covered in separate 
interim reports but, rather, are included as Sections 5, 9 and 10 of this 
final report. 

In those areas where deficiencies have been found, Axiomatix has 
suggested modifications and improve~ents to the Ku-band system and the 
associated test procedures. 
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1.2 General Appro~ch 

Axiomath personnel ha"e worked with NASA, HAC and Rockwell 
periohne1 while carrying out thh contractual effort, By mutual consent 
ofAx1omatix and the' .:ogntzant NASA personnel, effort within each subtask 
was directed to those problem areas of most concern and in which improve­
ments could realist1cally be made within the present scope of the HAC 
hardware contract. 

Axiomatix personnel have attended all regularly scheduled program 
reviews, design rev1ews, 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 Conte~~s of the Final Report 

Section 2.0 is an introduction to the final report which ties 
together past Axiomatix efforts with the current effort, describes the 
contents of this report in greater detail, and summarizes Axiomatix con­
clusions and recommendations. 

The relationship be'i:ween each KIJ-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--tnat of fences on the high-gain feed to reduce mutual-coupling 
eff~cts between t~~ main feed and the monopulse elements. 

Section 11.0 CO'lers task Bl, Bent-Pipe Channel Performance Eval­
uation. Emphasis was placed on the mode 1, channel 3 performance. HAC, 
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 tong cable lengths at this input port in terms of 
data-dependent voltage variations and rise time effects. Axlomatix has 
provided results of this analysis to Rockwell for incorporation in the 
SPA specification. 

'", -,.' 
__ ~'~-"W>';'''.'"'''';';;':.'''''L",~ .. ...iiI...I.OO>¥~\:iJ¥' 1- 4x*= ··.,''a*'1* 

1 k , 



r ~ ..•..... 
L' , .. 
t 
~. 

~ , 
! 

I, 

~ 
t 
t , 
t, 
" ~ 

f 
! 

, , 

IC!> , . 

c;. .... "': ,... ""¥~-------.....-- >00 

EA-l 
G) 

0@ --

G) 0 
G) EA-2 

® 

f 

Return link 
Inputs 

~ 
CD 

SPA 

CD@) 

G) 

DA 

CD 

I 

r 
00 

DSTE 

~"" •. -~'7 ~,.. .".. ¥: rljllC;- Wi 9ttA ~ 

.~ 

Figure 1. Relationship Between Ku-Band Equipment and Final Report Secti~n. 
w 

herA ·~-... :""'''''':J.",,'''':'''''::'''''~~~:>lJ~~'':''''·.u...:~k'-~~ .... u,.,~' 1;- 'hfl.l"i,WX ~·~"'~~~Lh~·""""".L",-~_d"&':_= ..... ~" ... " .. ~_,'->",,,,,.~,,,,,;,, ~~ .. ="," ... ,. _ ,-,to ,","""J..;,,-,",-< .•• _~,~,,j,-' ____ ,.,.~"OO>'~,l".Ml ... :. ~_~" ... ,....."-~..01. ........... :.H.~_~~ •• ..., ..... ~. __ ...... .;:.>t ... ~."'-' ... h_ •• 



_~ __ 1f'~H_'--~i~--------~----------" "~P ••• _ ..• ~~_·~·'P.". ___ ·_~~·~...,..,........r_T~"Mn .. - -- • .".,.. , 

4 

Section 5.0 covers the analyt';cal portion of task A4. Critical 
Design R~view ~nd Development Test Evaluation. Emphasis was placed on 
analysis of ra~ar parameters difficult to measure in development tests: 
constant false alanm 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-l Soft\'1are Evaluation. Only F.A-l software cons1c1e"ed as documenta­
tion of the SPA software was not available. This effort consisted of 
examining in detail the inner workings and structure of the EA-l 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 83, 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 mo~ules. Recommendations are made concerning improved 
documentation and OST£ sell-off proc~dures. 

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
~ented 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 

Sertion 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-l CD~. 

~ 



, 

~ 
l< 
I ' 

I j " . 

5 

1.4 Summary, Conclusions and Recommendations 

1.4.1 High-Gain Antenna/W~debeam Horn 

Electrical and physical characteristics of the antenna system 
have been evaluated. lest data shows higher-than-anticipated sidelobe 
levels. Axiomatix has found several design factors which can contribute 
to thf';se sidelobe levels. The structure, shape and composition of the feed 
support biDOds have been evaluated. Axiomat1x suggests pod relocation as 
a means of suppressi'lg 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 IIfences" to 
decouple the main feed and monopulse element~. 

The design was also evaluated for deleterious temperature effects. 
Because no sensitive 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 stabl e over the wi de range of data rates (2 - 50 Mbps), input vol tages, 
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 thresh01d 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 tlming error de,tector is used 
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which relies on the leading edges of data transitions to perform phase 
synchronization between data and clock. Axiomatix contludes that this 
version of the mid-bit detector will successfully track with a 25% data 
asymmetry 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 ~hown 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 prob~bi1ity of target detection. 
Axiomatix has derived the re1ationshiop between the antenna overlap. dwell 
time and antenna gain. and their effects on the received target SNR and 
the resulting probability of detection. The result~ are presented as 
probability of dete~tion versus target range and scan overlap. Maximum 
target energy ;s 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-l 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 cuntrol the 
status of the Ku-band system via con~ands from the MOM and the Orb~ter 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 effort 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 va";ous 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 b~g was found in the procedure te~ination 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 DIC outputs are given for various 
phases of the self-test routine. 

It was found that HAC uses a fairly time-consuming rr~thod of 
storing status flags. Flags are stored eight bits per computer word, 
which m(~'s 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-l processor. 

In general, the HAC documentation of the EA-l software is excel­
lent, although inclusion of a cross-reference listing of all variables 
woul d 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 semi automated , 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, Axiomat1~ has generated a series 
of matrices w~ich are used to compare the Rockwell 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 
limits 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 wc,uld greatly increase the present capabilities. 
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1.4.7 System Test Evaluation 

Aw.1omatix has reviewed and evaluated HAC Ku-band system test 
data. The approach involved discussions with cognizant Rockwell and HAC 
personnel to dete~ine which tests were used for system verification. The 
results are presented in matr'1x fo~, 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 communi­
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-l test data 
presented at the respective design reviews. The results of the investi­
gation are presented in block diagram fonm for the SPA and in matrix fOnM 
for the EA-l. 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-l is more control oriented, and the results can best be high­
lighted in matrix fonm since data flow, or processing, is not a critical 
function of the EA-l. 

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

(1) Most of the r~turn link failures are sp.r;ous. 

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

(3) The ~ffects 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-l CDR test data; 
however, cognizant personnel at NASA, Rockwell and HAC are aware of these 
problems, hence they have not been 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. Ax10matix concludes that the HAC EA-l 
tests are well documented and adequately test the EA-l 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 dnd efficient 
manner. 
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2. a I NTRODIICTI ON 

This final report documents the Axiomatix effort under NASA/JSC 
contract NAS 9-l5795A/B. "Shuttle Orbiter Ku-Band Radar/CoPll1Unlcations 
System Design Evaluation." The effort is a critique and design evaluation 
of the Hughes Aircraft Company {HAC) Ku-band radar/communication system 
and its associated test equipment and documentation. 

,.1 Statement of Work 

2.1. 1 Object ives 

The overall objectives of the effort have been to evaluate the 
Ku-band system performance and provide recomnendations for improvements 
when technically desirable and economically fe;t,sible. 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 t~~. As a result, 
Axiomatix has been able to respond to the needs of NASA/JSC in a timely 
manner to provide expertise and technical resources when and where they 
were needed. 

The Axiomatix effort can be divided into three principal areas 
of endeavor, as follows: 

2.1.2 

(1) Critique and evaluate HAC hardware for conformance to 
specification, based on design evaluation, test results 
and analysis. 

(2) Evaluate the c~pabi1ity of HAC test procedures and equip­
ment to verify lRU and system performance. 

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

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 8. Exh1~it A consists of the follow tdsks: 

Task 1. Ku-8and High-Gain Antenna/W1debeam 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 froUl linear to circular for communica­
tions operation. The contractor shall make recommendations to NASA for 
specific hardware design :hanges and/or changes to the procurement tech­
n;cdl specification that will assure satisfactory compliance with the NASA 
perform~rjce requirements for all modes of operation. 

Task 2. Evaluation of Ku-8and SPA and EA-l 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-l LRU's. Implementation of the ~lgorithms defined by 
the flow dlagram 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 o~'der tc facil i­
tate understanding the systems and ease software modification and mainten­
ance. The contractor will make recomm~ndations 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 t~sting. The data shall be 
evaluated to assure that the Ku-band system as a whole is in compliance 
with the requirements of the 'L: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 
~~sessment 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 tho~e areas of the hardware design 
that do not lend themselves to '/erification by direct measurement during 
test, the contractor shall perform appropriate analysis, using the data 
available, to assure conformance w~th the requirements. The contractor 
shall identify any areas of nonconformance and provide an assessment of 
the impact to overall system performance as a result of the COR and LRU 
tests. The contractor shall provide recommendations to NASA for changes 
(if 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 analy;~e lnl~lementation of the Ku-band Sig­
nal Processor Assembly (SPA) and the Electronic A~se~bly-l (EA-l) to deter­
mine performance of the wideband bent-pipe channel and the narrowband 
bent-pipe channels. The contractor shall analyze the i,:terfaces 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 c~ntractor 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 thp SPA as well 
as optimizations of the SPA and EA-l implementations. 

Task 2. Ku-dand Line Replaceable Unit (LRU) Interchangeability 
~na'ysis 

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. 

]!sk 3. Deliverable Test Equipment Evaluation 

The contractor shall evaluate the Deliverable Test Equipment 
(OTE) design for use in the Avionic Development Laboratory (AOL) and the 
Electronic System Test Laboratory (ESTL). The Contractor shall evaluate 
the software (finnware) used to o~~rate the DTE in terms of the ADL and 
ESTL test requirements. The contractor shall make recommendations to NA$A 

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, Axiomati~ 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. 
de$ign 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-l Block III servo meetings. 

Monthly reports have been submitted which describe acthities 
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 82. 

Tas~ A4, "Critical Design Review and Development Test Evaluation." 
was delayed due to slips in the Critical Design Review (CDR) sch~dule and 
a lack of test data. Task 82, "LRU Interc.;hange.lbility Anaiysis," .'Jus 
delayed due to the lack of current LRU dev~~iopment specifications from HAC. 
As a result, both interiffi reports are included in this final re~ort 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 Axiomatix work on the Ku-band system, and Axiomatix will continue to 
provide NASA with expertise under ongoing contracts. The EA-2 an~ 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 NASAl JSC. 

2.3 Content~ of the Final Report 

The relationship between the sections in this final report arld 
the Ku-band system units, il"cluding deliverable test \. tu~pment, 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 LRUts~ the next two sections cover the Deliverable 
System Test Equipment (DSTE) and the results ~f system test~ the next sec­
tion covers interchangeability analysis~ finally, the last section describes 
the test data presented at the EA-l and SPA critical design reviews. 

Section 3.0 presents results of the Axiomatix evaluation of the 
Ku-band high-gain antenna and widebeam horn, 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 impro~~ment. 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 Axiomat1x's evaluation of the wideband 
bent-pipe channel perfonlanr.e, including aspects of the signal input param­
eters relevant to the channel perfonlance. 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 connector 
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 seve~e 
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.D.covers the analytical portion of Task A4, "Critical 
Design Review and Development Test Eva1uation." Emphasis was placed on 
an analysis of radar parameters difficult to measure in devglopment 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-p1us-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 resul tant 'talues 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 rasults. 

Radar detection performance is a f"ln'" ::ion of scan overlap. 
Stability considerations of the deployed assen1Dly have forced HAC to mod­
ify the antenna servo, resulting in degraded ~can performance due to less 
than optimum scan overlap. In s~ction 5.2, Axiomatix derives the relation­
ship between antenna dwell time, scan overlap, antenna gain and received 
target SNR, and the resultant probabilities of detection. 

The EA-l is the primary control element in the Ku-band system, 
and ttle ~'A-l software is the "brains" of the EA-l. Axiomatix has evalua­
ted the EA-l 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 Ax;omat;x 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 (t function of the cLirrent 
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 
en~bled 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, d 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. 



t 

, 

18 

The basic approach taken by Axiomat1x was to generate a matrix 
to compare the Ku-b~nd system requirements ,s detailed in the Rockwell 
specification to th~ 31 test modules. Ideally, the test modules should 
test a majority of '~'he Rockwell System requirements. In this same matrix. 
the modules used to sell off the DSTE will also be ident1fied. 

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. Result!; are presented in matrix fom 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, AxioiOatix evaluates the Ku-band LRU interchange­
ability which is covered by Task P,4 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-0rbiter 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 sp~cifying the signal input. Since electri­
cal compatibility was the objective of this study, 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 qua1ificaticn testing. Therefore, this study centered on 
examining the electrical comoatibi1ity of all the interfaces. 

The remainder of Task M, "Development Test Evaiuation," is 
discussed in Section 10.0. Section 10.1 covers the SPA and Section 10.2 
covers the EA-l. 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 tG~t data presented at the CDR. 
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The EA-l evaluation is based on both ADL and ESTL test results 
and is presented in matrix fonn. 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 

Dur'ing this contract. Axiomat1x was asked by NASA/JSC to provide 
expertise to help solve minor and. in some cases. major problems ~n a 
rapid-response basis. The results of these efforts sometimes did not war­
rant a formal report. and could usually be covered with a br~ef telephone 
call or informal memo. These issues are not covered in thi', report. One 
major issue not reviewed in a separate section is the qur.stion 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 incorporated into the system. 
However. Axiomatix did not issue an interim report; hence, no major sec­
tion has been dedicated to the Blo~~ III servo. 

2.4 Conclusions and Recommendations 

2.4.1 High-Gain Antenna and Widebeam Horn 

The high sidelobe levels of the high-gain Ku-band antenna are a 
primary influem:e on the antenna system performance. Several relatively 
easily verifiable improvements have been suggested to decrease the side­
lobe levels of the high-gain antenna. !f 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 ~igh sidelobe problem. First, the concept of leakage 
radiation shorting elements on the ground plane was introduced to minimize 
the par3sitic mutual-coupling effects between the sum feed and the mono­
pulse elements. Second, the feed 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 reml!dies 
to the illumination taper blockage on thl~ reflector. Finally, some ideas 
on encoul"aging 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 antp.l1na or the widebeam horn. 

2.4.2 Bent-P1p~ Channel Performance Evaluation 
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long runs of cable in the Orbiter from the data source to the 
SPA can cause severe frequency-dependent variations in data quality w~ich 
fnpact the design of the SPA high data rate digital input port. As a 
result of this investigation, the Rockwell ~pecification has been modified 
to include more savere 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 witt: parameters within specification 
presented at t!':i sport wil 1 be tracked and sampl e,j 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 nonualized 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~fir,antly 
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. 

1 -, 
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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 l~wer 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-l Software 

The EA-l 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 listing 
of status flags to partially fill this gap. A minor bug in the procedure 
~~rmination 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 MOM output during self-test is very brief 
in the HAC documentation. a more complete discussion of the MOM 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, basad 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 s,ystem tests was to gain 
additional confidence that the system was functioning, the tests served 
their purpose. 
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It is Axiomatix's opinion that. at some time. compliance to the 
Wockwell 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 somt: 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 
specifrcation 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 VOC to +32 VOC. The EA-l 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 performan~e parameters are tested. 
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2.4.8 CDR Test Data Evaluation 

In general, the SPA ADL LRU tests were fairly thorough. All 
the possible input signal combinations and the minimum and maximum data 
rates (except for on~ case) were tested and verified. The forward link 
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 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 o~tput 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 I nknown. 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 and ). 

(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-l CDR test data, ~ number of test o~issions 
and failures were apparent. Since the Axiomatix evaluation reveal~d 
nothing that is not known to NASA, Rockwell or HAC, or has not been docu­
ll1~oIted, Axiomatix feels it unnecessary to restate the omissions, failures 
and corrective action plans. 

It is the opinion ofAxiomatix 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-l lRU specification to the Rockwell requirements. 
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3.0 HIGH·GAIN ANTENNA/WIDEBEAM HORN 

3.1 IRtroduction/Background 

Axi~Ratix 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 11 cf Contract HAS 9-15795. The high-gain antenna is 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 d1sc1mination 
in the radar mode and as a TORS acquisition aid tn the communications mode. 

In this section. we describe the antenna suit. with emphasis on 
the design .aspects 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 SCdn performance of the 
antenna, particularly tn the radar mode. The resonance and drift problems 
are currently under active investigation by Rockwel" HAC and Axiomatix. 
Results and recommendations It\ this area will be covered in a subsequent 
report; however, in allticipation 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 t~ tha expected variation of the 
received TORS forward link signal, and a~quisition with a sidp.lobe Cdnnot 
be precluded. 

If the sidelobes cannot ~e reouced 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 TORS, reduced 
receiver sensitivity or mult:ple-detection thresholds. 

In the radar mode (linear polarization), a sidelobe level of 
-16.8 dB in the azimuth plane has been measured. The radar sidelobe avoid­
ance technique uses the widebeam horn to discriminate a side lobe from the 
peak of the high-gain antenna. It is anticipated that the horn will be 
circularly polarizeG to optimize communication performance; hence. a 3 dB 
degradation will be experienced in the radar mode. However, if the proper 
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technique is used for rad«r sidelobe avoidance. i.e •• relative comparison 
of the received power i'l 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 ~evels. 

The impact of maintaining linear polarization with the widebeam 
horn on TORS acquisition is examined, as is the impact of circular polari­
zation on radar sidelobe avoidance. With linear polarization, the Shuttle 
cannot meet EIRP specification in the communication m')de, which means that 
TORS 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 tnaracteristics of the 
~~gh-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 section 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 sugge:.tions for improvelOOnts to 
the high-gain antenna system. In particular, the feed support bipod struc­
tur~ is considered a significant contributor to the high sidelobe levels 
measured in the azimuth plane. Pod relocation, material changes and sharing 
are suggested as improvements. Alternate feed designs are presented to 
further improve system performance. The exact degree of improvement will 
be dllficult 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 polar'izer. 
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3.3 . General Description. High-Gain Antenna 

The Ku-band high gain antenna system is a ploime focus paraboloid 
with linear polarization 'or the rendezvous radar function and right-hand 
circular polarization for the tommunicattons mode. A monopulse co.parator 
~ubs:lst_ is included to maintain tracking capabilities during operational 
use. The antenna system is stowed in the Orbiter payload bay during launch 
and reefttry and is only-deployed on orbit for rendezvous and communications 
in space. 

Because of the tight stowage requirement. the focal lengt~ 

f(lO 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 a~ deemed feasible to achieve the narrow 
3 dB bealllrli dths (1. 60

) des ired. Therefore. the subsequent f /0 ra t h). a 
design parameter of reflector antenna systems. was extrem~iy low (0.28). 
and this greatly affected the overall antenna performan~e 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 impr~gnated 
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 anis&tropic 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 sub~ystems will 
be described separately. 

3.3.1 Ant.enna 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 t.flon plug to 
increase the effective circular waveguide dia~ter sufficient to sustain 
the proper propagating modes. 

Th. placement of the orthogonai coaxial probe feeds which create 
the circular polarization ca,ability was experimentally deteMmined by 
actual measurements. Theoretically, the optimum placement of the probes 
is a quarter of the guide Wlvelength in front of the short, which is the 
position of maJimum e~ectrtc 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 ove."all matching must be accomplished after the total feed. 
including the monopulse elements, are assembled. Since 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 ~ctual sum feed aperture extends 0.1 inch past the two-inch 
square ground plane. This circular IIlipll 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 
fn1s the waveguide. The tapered aperture end is about 0.3 inch l'Jng. 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 mQnopulse elements and the related high side10be levels, a tapered teflon 
plug that did not extend past the circular waveguide lip was finally chosen. 
It appears that this lip aids in the launching of the radiated wave. however, 
some diffraction effects are still obviously present. The height of this 
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lip was experimentally determined to minimize the sidelobe llvel, which 
increased fubstantially after incorporation of the monopulse elements 
around the sum feed. It appears that little more could be done to increase 
this isolation, such as corrugations ~f chokes. since the monopulse elements 
are located immediately adjacent (in fact are bent around) the sum feed. 
One possible modification to reduce this mutual coupling is included in 
section 3.6, which lists rec~nmendations 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 radiating aperture would be a rather abrupt dielectric/free-spac~ 
interface at the end of a circul~r 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 
illumination at the edges of the reflector dish is partially blocked by 
the s-Ide 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. Ohviously this constituted too much blockage of the antenna 
system and significant improvements in sidelobe levels were noted when the 
ground plane cross-sectinn was reduced to a two-inch square feed and the 
large comparator was relocated along the feed support. 

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 located 
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 determll,ed by the allotted feed envelope, 
and no resonance effects were utilized in the overall design. The basic 

"0-0,. 
__ ~_"'~-",~,....-u".""-;:". 'iii', .... :deW"-" **' .. ozkcHt_ -... "*teiri' d·t·cMy.'Wx* .... wml'w¥t 11"'51% e 

J 

I 
1 
~ 
J 
"4 

i 
1 
1 

i 
I 

t 
oj 

I 



· "'.""=-'.~" "~. ~,~ ''''-~-~~'-'---''-, 

29 

feed performance was dete~ined to be essentially frequency independent 
within thl frequency range of i~terest. Therefore, it is also relatively 
temperature independent. (A more detaned discussion of the thennal 
effects will be made in a later sectton 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-11ne" 
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 d~~nsional reproducibility was better. The presence of the 
dipoles protruding above the ground plane also increased the alnount 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 contdins 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 monopu1se 
elements are sketched in I"igure 3 to illustrate the design. Figure 4 
shows the overall feed and support structure with the attached monopu1sp. 
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 ~eed <.r'os~-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 ;ncorpo~ate 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 separatton of the windows or loss of the teflon plug, the 
latter effect betng crittcal stnce the sum feed cannot propagate Ku-band 
microwave stgnals wtthout the dielectric medium in the reduced diameter 
circular waveguide. Even if only partial ejection of the teflon plug 
occurred, the resultant protrusion would behave like 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 grea~ly 
affecting the RF performance. For example, since the feed is a two-piece 
flanged section, small holes can be machined at the flange face in the cor­
ners of all five waveguides since the electric fields are negligible there. 
Similarly, small holes can be drilled at the corners of the rear walls of 
the waveguides at the plane of the short, but this is 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. 

Hughes has subjected a brealtooard feed design to an abrupt vacuum 
test, with no adverse effects. It was felt that adequate venting was 
provided by the nonhermetic seal conner tor probes and loose-fitting flanges. 
The test involved decreasing the pressure from atmospheric to lO-3mm (Hg) of 
vacuum in about 15 seconds. A1th~ugh it appears adequate, more details 
of the exact launch profile depr~ssurizat10n should be known, and prudent 
design would incorporate venting provhions to accommodate multiple launches. 

Another concern is the effect of ultraviolet light from the sun 
affecting the material properties of the teflGln plug in the sum feed 
which is critical to the proper operation of the radar and communication 
modes. Although. in the low flO ratio antenna system, the feed is blocked 
effectively from direct exposure to the sun, whateve,- energy that is reflected 
from the reflector is highly concentrated since it is focussed at tn~ feed. 
A protective kapton window might also be considered to cover the Sllm feed 
aperture, similar to the kapton windows used for the monopulse elements . 
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3.4 RF Perfonnanc,'t 

The RF performance of the Ku-band ant.nna system reflects the 
fact that a low flO ratio prime focus system was selected over a larger 
flO ratio system such as a Cassegrain with a subreflector. The higher 
than expected sidelobe le':e1s, which may result in inadve.·tent 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 ar.tenna patter'ns are shown in Figures 5 
and 6 for t~o typical modes: linear polarizatIon ~nd circular polarization 
at 13.77 GHz. Examining these pattern! reveals some oasic characteristics 
which will generally suffice to describe the pattern at other frequencies, 
since it 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 sidel\,bp. Generally this obstructed energy is Simply redistributed, 
and it is not uncommon to find sidelobes in another regior. 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 fhght version to verify that no 
extraneous s1delobes of substantial magnitude exist. 

The measured 3 dB bealJPttlidth is broader than originally specified 
(1.5°-1.6°) but the increase does not appear to be significant. The 
measurement techniquE!S used the expanded scale (6x magnifiCation) to 
resolve the angular relationship to greater than tenths of a degree, ~nd 
calibration curves of the pattern measurement system were taken ~t a later 
date to confirm that nonlinearities did not exist. In practice, especi~lly 
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 wfll be discussed in the last section dealing with recOllll1ended 
improvements. addresses placement of the graphite epoxy feed supporting 
pods which are in the azimuth plane and block the illumination taper. 
Another is the existence of parasitic mutual coupling of the sum feed 
with the monopulse 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-8and Feed 

The.calculated temperature extreme that the Ku-band feed will 
be subjected to is approximately -170°F (1600 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 perfonmance, 
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 101Ose; mary asp~cts 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 detune~ 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 il vacuum chamber with the feed pointed at a 
matched load. Swept frequency measurement could then establish whether 
temperature-dependent effects ex)st. 

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 ~uch tests are not truly representative since the feed will 
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assume j 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. it 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 wanm 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 "econandations for Improvement 

One of the goa15 of the Ku-band antenna study is to make recom­
mendations. if possible. to improve the performance of the system. After 
describing the antenna in some detail. some areas of improvement becalne 
apparent. espec~ally in regards to the higher-than-expected sidelobe levels. 
This sect10n outlines some modifications which seem reasonable to investigate 
further. 

One of the explanations for the poor sidelobe perfonmance of the 
Ku-band antenna is the mutual-coupling effects between the sum feed and the 
monopulse elements. The primary sum feed antenna pattern 15 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 plicc the null from 
the VSWR on the monop~lse 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 syste~tic 
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 1nto posi­
tions 1200 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 requ;,'ed, 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 1200 angles to the edge of the reflector such that thp. 
pods block only the secondary pattern from the illuminated reflector. rhe 
amount of effective blockage for this configuration is much less, even though 
the pods are longer. Finally, a noncoflductive 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 
diamonrl and hexagonal wedges can greatly reduce the deleterious effects of 
the obstacles. 

And finally, in order to control the laurching of sph~rical wave 
fronts by using a dielectric lens concept, some possible design shapes for 
the dfelectric plug are developed. 
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3.6.1 Reduction of Mutual-Coupling effects 

There was a noticeable degradation in the illumination taper of 
t.he pr1mary pattern of the sum feed when the monopulse elements were 1n­
torporated. In order to attempt to alter this del.terio~s interaction. 
a slight modification of the ground plane is proposed to create an effective 
short for the leakage radiation diffracted around the lip 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 is 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 annuhr dng sector is 3/41 f:'"orn the sum feed. The height 
of the short should be approximately that of the extension of the lip of 
the sum feed, but the exact ~imension would probably be e~perimentally 
determined. 

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

If improvement is noted, then it would be logical to add other 
annular ring sectors ~/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 
critica; 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 side10be lev~ls. 

The most 10g1cal explanation for the degraded side10be behavior 
for the linear po1arizatio~ case (and therefore the circular polarization 
c{:·se) is the use of horizonta 1 graphite-epoxy support pods for mechan; ca 1 
rigidity of the main feed support. Since graphite epoxy is considered 
conductive, these pods have a large effp.ct 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 pt.ysi\aill relationship between the sum feed pods 
and reflector is shown in Figure Sa. Although the pods are relatively 
short. they would exert substantial influence on the patterns since they 
are positioned so that all radiation in that plane is blocked. Since the 
flO ratio of the antenna is so low. the effective blockage cross-section 
is large because the angles subtended by 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 illuminating 
the reflector. as depicted in Figure 8b. If the edge uf the reflector is 
roughly t70° from the sum feed, the pods are approximAtely ±lO° from the 
center (more exact angular relationships should be obtained if further ar l­
ysis is desired). Thus, the primary pattern of the sum feed is completely 
blocked in the azimuth plane beyond the lO° 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 th~ support pods, being 
conductive, compl~tely 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 centrol area, the effective blockage cross-section would be 
redL:ted and the sidelobes correspondingly reduced in magnitude, as sketched 
in Figure 8e. 

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, treating a standing 
wave in the viCinity of the parallel member. Electric field vectors ortho­
gonal to the conductive member, however, Cfln propagate around the obstacle 
since electric fields can exist normal to. a conductive surfQc~. 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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Figure Sa. Sketch of Support Pods on the Ku-Band Antenna 
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component of the electric field but not for the orthog;"mal component. 
Therefore, a polarizing mechanism exists sim'ilar to the wire grid struc­
tures used to filter out the orientation of linear polarization ~arallel 
to the wi res. 

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

44,' ...... 

If the support pods were located 1290 from the feed support, the 
s1delobes would be further reduced since the blocked areas are not in the 
sa~ 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 contrib'jtions ir~ any singh~ plane, thereby 
decreasing the sidelobe level" 

3.6.4 Pod Material 

The reason why the side support pods result in sLlch large blodar,e 
is the fact that graphite-epox) 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 materi~1 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 POd S~aping 

Another approach might be considered to further improve the 
side-lobe levels. Earlier work by Ruze [1] and Kay [2] discussed the 
improvement in gain of antennas 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 
E. hexagonal wedg·t! 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 ~a5 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 intl~ir.:;ically the most 
critical. An easy test to determine the feasibility of this approach con­
sists of a ~imple 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 ~haped reflector 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 hea~y-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 (nonoperationa1 state) and reduce temperature fluctua­
tions on the phase comparator circuitry which have temperature-sensitive 
varactor diodes subject to IIcarrier freeze-out ll 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 developme~t was the control of the illumination 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 20dBtaper. (The presence of the monopulse 
elements. and the mutua 1 coup 11 ng. however. reduced it to a 10 dB 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 waveguide. The other end of the plug. facing 
into the coaxial probe transducer. is counterbored to form a transition 
from the squarp 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 compe~sating 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 experimt.:ntally found to be essential i'l 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 siutation to favor creating at least a semblance cf such a spherical 
wave. This nonspherical wavefront effect would be accentuated for lower 
flO 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 is spherical aber­
ratton. 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 ~~~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 
h,\s "ot 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, thereb.l' creating a propagating mode which 
can have a longitudinal component of elec.tric field, creating the "bulge" 
that generates the required curvature at the radiating aperture. Since 
this perturbation is distribyted. th~ ~umulative effect is to cause a high 
degree of dhtortion, with the faster central portion of the mode "dragging 
along" the ~Iower edge portion which serves as a slow wave structure. The 
depth and diameter 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 w~vefront 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 systern. 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 earlier 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 experimenta1 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 
mod1ftcatio.,s is shown in Figure lOb. Note that. although perfect spher­
ical waves ara not produced. the general wavef~~nt is not as distorted 
in te~s of the magnitudes of the phase deviations IS in Figure 9b • 

3.6.8 Differential Monopulse Element Nulls 

The explanation used in Axiomat1x Report R7804-J 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 flD 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 1s of 
the order of half a wavelength long. An attempt to pictorially describe 
this phenomenon is shown in Figure lla,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 l1h which shows the phase relationship of the incident wave on 
the rlipole 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, dnd a prominent null would exist. 

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

The present monopulse desiJn uses slots in a ground plane, and 
the same explanation is valid except that no~ 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 
ang1~ for t~e slot configuration is shown in Figure lld,where, due to 
the finite width of the slot, phase resolution can be degraded for a 
low flO system unless a complex spheroidal ground plane is used. 
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3.7. Ku-Band Wide-Beam Horn 

The Ku-band wide-beam horn has two distinct functions. The 
first use ts to determine matn beam acqufsftfon 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 l1nea."ly 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 wlde-beam hern in 
some detail and determine the system trade-offs. Since the horn was initially 
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 ~asic conical horn design is a cone with a slope length of 7.7 
inches,an aperture diameter of 3.2 inch~s and a double cone angle of 24°, as 
sketched in Figure 12. The circular polarization (RHCP) transducer is 
loc~ted immedidtely 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. 

Sone of the general design rraPhs used to ct'eate the differential 
phase shifts are shown in Figure 13 3] to explain the my1tiple-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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Figure 13a. Susceptance as a Function of Prob~ Penetration. 
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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 polarization ,atterns taken for the proposed 
Skylab mission. Since the wide-beam antenna is being converted to right­
hand circular polarization (RHCr), the patterns t~emselves can be used 
only as a representative sample of what might be expected for the RHCP 
case, although the efficiency of the circular ~olarization transducer 
over the broad frequency range will greatly affect the final patterns. 

The most noticeable characteristic of this type of conical horn 
is the vdrytng beamwidths in the E and H planes 6t the same frequ~ncy, 
as showr.1 in Table 1. 

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

Freq. (GHz) Gain (dB) 3 dB Bealmt/i dth (0) - E and H Planes 
[at rotary joi ntl 

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 4117.3 --

This distortion from a "circular" beam causes ellipticity and, therefore, 
RHCP polarization loss off-boresight. If the gain magnitude is important, 
then anothsr 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 att.enuator both 
before and after a series of pattern measurements 1s essential to verify 
the validity of the beamw'idths and gain. 

3.7.3 DeSign Comments 

The smooth conical horn has the disadvantage of greater ellipticity 
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 mul tiple-1umped'-element loadfng techntque by Hughes 
for creatin~ circular polarization does optimize the wide ba~dwidth require­
ment since the frequencies are 13.775 Gt!I for the cOlllllun1cations 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 tun1ng screws. there is some 
frequency dependence for the 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 lengths 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 
reslalting thermal gradients from the abrupt operation of the transmitter. 
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3.8 Conclusi'lns 

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 h~ve 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 
bp- contributors to the high sidelobe problem. First. the concept of 
leakage radiation shorting elements on the ground plane was introduced to 
minimize the parasitic mut'.l,'-coupl1ng effects between the sum feed and 
the monopulse elements. Second. the feed support pods have been identified 
a: obstacles in the primary sum feed pattern and. therefore, pod relocation 
and shaping and material substitution we~e suggested as ,ossible remedies 
to t.he 11lumination taper blockage on the reflector. And finally. some 
ideas on encouraging the launching of quas1-spherical waves from the sum 
feed were outlined to minimize phase aberrations for the parabolic system. 
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This section describes results obtained under Task #1. Exhibit 
"B", "Ku-Band Bent-Pipe Channel Perfonnance Evaluation. 1I Since Hughes 
has been experiencing the greatest difficulty with the wideband bent-pipe 
channel. we have co~centrated our efforts in this area. Specifically. 
the SPA mode 1 channel 3 il'put 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 - SO Mbps) a"d 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. 

T:,e original bit detector circuit consisted of a derived two­
phase clock and a coincidence circuit. Proximity of data/clock transi­
tions would trigqer sampling on the alternate clock phas". This circuit 
proved to be unsLuble under worst-case conditions of data asymmetry and 
rise time. A relatively ~illlple modification, that of providing a four­
phase clock, ~lso 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 adequately characterized and specified. In particular, distortion 
due to cable effects, in terms of frequency-dependent attenuation and 

rise time, had not been accounted for. In section 4.3, we discuss the 
model used to calculate the effects of c~ble attenuation and rise time 
degradation. Results of this analysis were subsequently incorporated 
i~ the Rockwell s~ecification. Discussions of the two prime candidate 
designs for a bit synchronizer are contained in sections 4.4 and 4.S. 

The first synchrc,izer. 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 

I 
j 
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frequency and a mid-bit and transition point sample detector to generdte 
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 WGS adequate with sym­
metric bits but could lock up with a large - : 'ing error and be quasi­
st~ble (timing will not change unless the Clu~l Jr bit sequence drifts). 
, .is 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 (±12.5X). no timing 
change is performed by the loop and no bi t er,'ors wi 11 be made. 

(2) With timing errors between t2.5 ns and t7.5 ns (±37.5X), 
the loop error control will reduce the timing error and no bit errors 
wi 11 occur. 

(3) With timing errors between 17.5 ns and ilO 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. It was deter-
mined (section 4.5) that this new bit synchronizer will successfully track 

the rising edges of the received data bits with 25% asymnetry and up to 
a 90° phase shift between the received clock and the data bit timing. 
Furthermore, the data bits \'1;11 be sampled correctly under these CJndi­
·ions. In both synchronizers, it is advisable to zero the digital-to­
analog converter loop filter voltage in arder to avoid the possibility 
of false lock. 

4.2 Conclusions . . 

Hughes has elected to implement the n~dified 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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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 cab1e measurements. 
In addition, rise time effects had not been adequately modeled. Since 
the ~~w 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 l~ss Effects 

The concept of data-dependent loss is depicted in Figure 14. 
A long run of 1 's or O's will allow the cable output voltage to reach 
MAX lip or MIN "0", respectively, whereas a single pulse preceded and 
followed by data of the opposite sense will attain only t-'lIN "1" or MAX 
"0,11 

The analysis techniques involved modeling the frequency­
dependent loss of the cable and~l1·,"ectors. calculating the Fourier 
transform of a single pulse. attenuating the Fourier coefficients, and 
taking the inverse transform to ascertain the ~oss. 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 r,ycle 
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 1.92xlO-4 fO. 538 dB per 100 ft. This is derived from 
the table on page 194 of [4J by using a linear regression of the tabular 
data. The resultant correlation coefficient is 0.9997, 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 is given as 0.03yffGHz dB 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: 

t .1 
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MI N "111 = V 0 +0.886 (V 1 - Vo) 
MAX "0 11 = V1 -0.886 (V1 - yO) 

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 (liS) input can be 

given as: 

vEt] = 1 - erf ( £ K ) , 
4Roif 

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 transforlTl of the 
cable transfer function by liS, 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/PO as a function of attenuation, as follows: 

EO -(~) /s £. 
= c RO 2 ,the cable transfer function. 

Ei 

Wi th s = jw ard II :: .!!J 
/2 

A, 

K 
EO = e- RO 
r 

1 

attenuation per 

EO 
A .: = r 

1 

If 12rr 

2 

100 ft, 

e -( :0) 

(l+j)£. 

Il 

is 

If 10Q. 
2 

/; 

i 
" 
1 



I 

and 

Thus, 

A(,~8ft) = 20 log ~(~)r. If 5~ 
= 1 0

3 (:a) ,f;f 109 e 

which can be substituted into the step response to give 

V(t) = erfc(3.25X10-
4 

x.A\. 
r-t IiJ 

63 



4.4 Critique of a Hughes Shuttle Ku-Band Data Sampler/Bit 
Synchronizer 

4.4.1 Summary and Conclusions 
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A bit synchronizer propJsed 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 con~ent, if the timing difference between the bit 
stream and the clock can be held to less than ± l-~SY T sec (T ;s the 
undistorted bit duration), the bit synchronizer loop will never get into 
the third zone, where bit errors are maue 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 3huttle Ku-balld hit synchronizer which utilizes both clock 
and data inputs. The present bit synchronizer has a jitter problem and, 
consequently, occasionally wlll sample the same bit twice and skip the 
fa 11 owi ng bit. 

An alternative bit synchronizer suggested by P. H. Conway of 
Hughes Aircraft [7] is shown in Figur l~ The loop is composed of a 
Motorola high-frequency phase-frequency detector (t-DET) ~-l~ 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. 

I' 
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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 veo output. 

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

Fi 9ure 
The I and Q clocks are used to sa~ple the data one-half of 

a bit apart. when synchronized. This salnpling is effected by the two 0 
flip-flops following the divide by 2 flip-f~op. By using the lIexclusive­
OR II of two successive C'iata 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 Qn in Figure 15). an estimate (If the error inttle actual 
transition sample (Qn ) and the data transition location is obtained. 
It is to be noted that the exclusi~e-OR output yields only the algebraic 
sign of the error, not the magnitude. This error, assunling a data tran­
sition, wi 11 be accumulated in the up/down (U/D) ~CJunter IJntil it either 
underflows or overflows. The accumulator actually has two functions. 
The first is to reduce the speed to the DAr.; the second is to control 
the quantization of the loop phase error control. The second up/down 
counter feeds into a OAC 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 el~ror 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 positionl 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 Descl'iptioa 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 functional1y equivalent, how­
ever, the MC1?040 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 essentially proportional to either the phase or frequency error. 

In Figure16, the phase/frequency flow table for the phase/ 
frequency detector is given, along with the charge pump/amplifier fre­
quency control. 

ln order to understand the usage of Figurel~ 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 Dl = 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 i5 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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R_ Phase t-o U1 
Frequency 
Detector 

V 0.- N1 r-o 01 

R-V R-V R-V R-V 
0-0 0-1 1-1 1-0 Ul 01 

(1) 2 3 (4 ) a 1 
5 (2 ) (3 ) 8 a 1 

(5 ) 6 7 8 1 1 
9 (6 ) 7 12 1 1 
5 2 (7) 12 1 1 
1 2 7 (8) 1 1 

(9) (10) 11 12 1 0 

5 6 (11 ) ( 12 ) 1 0 

(a) Phase Frequency Detector Flow Table 

Ul 1 }- low r f 
D1 0 v 

U1 0 }- raise f 
01 1 v 

UI . }-I don't change f 
01 1 v 

(b) Charge Pump-Amplifier Control 

Fig'we 16. Phase/Frequency Detector Flow Table 
and the Charge Pump-Amplifier Frequency Control 
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Figure 17. Performance of the Phase/Frequency Detector for Va, ious Phase Errors 
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Hence~ at this point, the Ul output correspond i ng output of U1 :II 0, 01 = 1 . 
drops to zero while the Vl 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), (al, etc., generating the 
waveforms U1 and 01 shown in Case I, Figure 17. Now, by considering Fig­
ure16b. we see that. when U1,01 :II 0.1, the DC voltage out of the charge 
pump/amplifier is increased and, when Ul,Ol :II 1,1, the DC voltage does 
not change. As a consequence. the DC voltage lpp1ied to the loop filter­
amplifier increa~es to the VCO input, causing the local reference to 

catch up to the received clock. 
By viewing Figure17 cases II and III, it is seen that a large 

timing or phase error produces a larger DC ~oltage 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 ~rror 
to be phase rather than timing, we find the error signal to be linear 

over ±2n. 
In case IV of Figurel~ the situation when the timing error is 

increased to ~ T (or - ~ T) is shown. Even though the error is equiva­
lent to case I of Figure 17, the error signal derived from the flow ta ,le 
of Figure 16 yields a different error control voltage. The reason for 
this differ~nce is obvious when one considers the S-curve of Figure lB. 

Betause of the memory in the phase/frequency detector, there 

are two error control signals for each error position, or phase error, ~. 
The arrows in FigurelB indicate how the the loop beha~es as the phase 
increases, first to 2n and then to 4n 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 
Figure16a, we can establish that, when fR/fV = 10 or when fV/fR = 10, 
error control amplitude is monotonically increasing with increasing fre­
quency ~rror (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. 
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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 s~mpling 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 I!delay" in Figure 10\. 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 arc of the same algebraic sign, 
obviously no trans'ition could have occurred. hence, sampling the tran­
sition point could yiel~ no useful timing information so that the accum­
ulator is not enabled. l)n 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 sample. 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 21, 
when the clock timing samples are either late or early, the modulo-two 
sum of In and Qn is either 0 or 1, respectively. Ther~fore, In0Qn, 
where (±) den0tes modulo-two addition, determines in whic:h direction the 
loop timing should be adjusted in order that the Q samples lie very near 
the transition of the bits. Therefor'e, the I sampl~s will be in the mid­
point of the data bits, \'/hich is the result desil'ed to avoid missing bit 
samples. 

By using an accumulator with overflo'.N, an up/down counter car 
be used to redure the speed of the up/down counter driving the OAC. Fur­
thermore, the accumulator sets the qllantization error in the bit time 
tracking accuracy. The OAC converts the up/down counter output to an 
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 OAC output during acquisition would improve acquisition time. 

J 
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4.4.5 Linearized Analog Equivalent Loop Analysis 

In thh section, we model the loop of Figure 14 in 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 ~. 

The phase error is defined to be the error between the ~ata 
clock and the veo reference, r(t). thus, 

~(t) = u + w - e(t) (1) 

We shall now show that, for any value of ~, .(t) + a as t + 00. Note 
that ~(t) is propo~tional to £4(t). Now, 

or 

£l(t) = AB sin (a-c) (3 ) 

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

K 
£2(t) = AD sin(0-6) + : '64(t) (4 ) 

·.'/here 

(5) 

with S being the Heaviside operator. We use the Heaviside operator nota­
tion in what follows. Now we have 



CLK(t) ---4'" F(S) 

Data 
Clock 

r(t) 

CLK(t) = 12 A sin(wot + e) 

r(t) = 12 B cos (wot + e) 

DCLK(t) = 12 A sin(wot + e + tlJ) 

Figure 22. Simplified, Linearized Model of the Bit Synchronizer 
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or 

£4(t) • AB sin (e+~-e) • AB sin. (7) 

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

£l(t) = AB(e-§) 

c4(t) = AB(6-~+.) = El(t) + AB~ 

Now we can also linearize (4) to yield 

(8) 

(9) 

(10) 

The phase estimate out of the veo, §(t), in Heaviside operator notation 

is given by 

a = F(S) ~£2 = F(S) ~ lAsts-a) + ~ AB41 (11 ) 

where F(S) is the loop filter represented as a function of the LaPlace 
variable S. Now, 6 also satisfies, from (1), 

A 

e = e + • - ~ (12 ) 

so that 

(13 ) 

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

from (13) 

4> (S) = 
( 

ABK F(S») 
_1 + \ _ 'I'(S) 

rBK F(S) + ABK KFF(S) ~ v v + 1 
S S2 

(14 ) 
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where '(S) is the LaPlace transform of .(t), i.e., 

(15 ) 

and t{S) is the LaPlace transform 

~(S) :: ~{~(t)} (16 ) 

In order to evaluate how well the loop sampl~s the midpoint of 
the bit, we ~ust consider the phase error, ~(t), as time increases with­
out bound. Letting the '(5) be modelec as a pha~e step in time so that 

'i'(S) 
!fo 

:: r ( 17) 

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

lim ~(t) = lim [S~(S)] 
t-+<x> S-+Q 

Hence, using (17) and (18) produces 

lim ~(t) = 
t·+<» 

1 im 
5-+0 

( 
ABK VF(5)) l 

1 + S - lJiO j 
ABKVF(S) ABKVKFF{S) 
--=--- + . + 1 

S S2 

(18 ) 

(19 ) 

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

F(S) (20) 

so that (19) can be evaluated as 

.~. 

I 

1 
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11m +(t) • 0 • /K,:/ ~ 0 t ... (21) 

which means that. in our simplified and unquantized model. the data sam­
ples are always taken midbit. IS dp.sired, irrespective of the phase rela­
tionship between the clock and the data. It should be noted that, if a 
were not zero, the result of (21) would still hold. It is interesting to 
consider the tracking error, f(t}, when the feedback integr~tor is 

removed, corresponding to K,: • O. In this case. we find that 

lim ~(t) = 
t~ (22) 

Therefore. without the integrator (or accumulator up/down counter), the 
bit synchronizer is incapable of controlling the location of the data bit 
samples. This fact satifies olle's intUition. 

We now establish that. while £2(t)~ as t~, neither £5(t) nor 
£1 (t) approach zero as t~. From Fi9Jre 22. it is obvious that 

(23) 

Also, the oscillator output phase estimate is given by [using (11) and 
(23)] 

e = F(S) ~{AB(e-~) + <,j 
(24) 

Rearrangi ng, we obtain 

ASKl(S) K K ~ 
~ 

AS ~ F(S)e + SV F(S) 
e + S 8 = 

£5 (25) 
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Solving (26) for e., we obtain 

'" e to 
(26 ) 

Rearrang~n9 (2j) produces 

(27) 

Usi09 (27) in (26) produ:es, after some algebra, the result (again let­
ting e :: 0) 

(28 ) 

Aga i n us i ng the f ina 1 va lue 1Ilf~orpnl. \~(l oht" in 

so that, assuming !JI(t) is it r.t.~p in pha~p of '/10 ritrl. Wp hilve. using (?O) 

and the fact that ,(5) ~ ~O/~. thitt 

(30) 

It can be c;hown Ull1t (3D) ,Ilsn holds for i1 first-()t'd~r loop (w'herp r(S)=l/ 
and it also ho1dc; for il t,t.~r in pt"";fl of fl. 

Now u'nsidrr HIP c;t.erHly-,;I,'t~ v"l"" (If ~l(t). We use lineRt-
ized equatic.ns in U,e followin r/. Frrlfll (rl). \liP hf'lvP 

( 11 ) 

,', 
_~I, ~~"-t.-..~~=_,~~k.I!±I!! ....... 4 .. *rl,...wr:¥h, ntn "t'!fk+ DStn '%t" f'tGM'f9"''t·WliW _«"we, :IiIliit a- c· ? wee +om 
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and from (lO~ we have 

(32) 

Also from (9), we have 
~i 
j 
1 
I 

(33) "1 , ~ 
d 
;4 

Now, since :1 I 

i 

(34) 

we can use (33) in (34) to yield ;1 
.~ 
1 

(35) 
f 

From (31), we have 

(36 ) 

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

( 37) 

Again assuming a step in the phase tE:rm tj, » yields 



I 
7 
1 

~ 

using 

produces 

lim &l(t) = lim 5£(5) 
t-+c» s...o 

lim c1(t) = -ABtPO 
t-+<» 

From (30) and (40) and Figure 22. we deduce that £2(t)...o. 
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(38) 

(39) 

There~'ore, when tracking, the bit synchronizer operates in such a man­

ner that £2(t) ; 0 and cl(t) ; _c 5(t). Without the feedback, of course, 

the loop would drive £l(t) = o. 

4.4.6 The Effects of Asymmetry on Bit Detection 

In this section, we address the problem of bit asymm~try on 

both synchronization and bit demodulation. Bit asymmetry percentage is 

defined by 

ASY = (41) 

where Tl is the bit duration of a 1I0ne" when preceded and follO\oJed 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 aSYlrrnetry \oJi 11 be in the region of 25-35% v/hen 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 di~ti~ct 

timing error regions. Since T, = 15 ns and TO = 25 ns, we see that, in 

"'~ 
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fact. ASY-25%. For the ·/l~rtica·1 1 ines, the Qi ,I1 pairs determine which 
way to atfjust the phase of the VCO according to In + Qn = 0+ ADVANCE 
(INCREASE VCO VOLTAGE) and In + Qn =: 1 + RETARD (DECREASE VCO VOLTAGE) when 
In + In_l • 1, and no bit timing change when In + In1 8 O. For eumple, in 
,':'igure 23a. region I errors are illustrated. For this timing relation­
sh~p, the input to the accumulator u~/down counter would be the sequence 
advance (A), retard (R). advance (A), etc. or. equivalently, ones and 
minus ones to the accumulator which would n~t change the sample points 
"elative to the bit stream. In Figure 23~. the error is ±S ns, which pro­
duc.es a sequence of advances. In this region (±2.S-±7.S ns), the loop 
woul d pull in tl" t!le ±2. 5 ns region and correctly decode the data bi ts. 
When a shift of S ns (7.5-10 ns) is considered in Figure 23c"we find 
that there would be a seque1ce 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 ca~e of alternating one/zero shown~ the detected bits are a1' 
zeros, resulting in errors on every other bit. By carefully conside,"illg 
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. ~·~h timing errors up to ±2.5 ns, no timing change is 
effected by the loop and no bit errors are made. 

2. I~ith timir:j errors between ±2.5 ns and ±7.5 ns, loop 
error control will reduce timing error and no bit errors will occur. 

~. With timing errors between ±7.5 ns and ±lO ns, the loop 
will net adjust the timing, but bit errors will occur. 

The case of 35% bit asymmetry is illustrated in Figure 24 for 
an alternating olle-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 
effecte~ 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 th~ timing error and no bit errors will occur. 

3. With timing errors between ±6.5 ns and flO ns, the loop 
will not adjust timing, however, bit errors will occur. 
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Sequent'es other than the one-zero a lternf.' t i ng sequence were 
considered and the result was basically the same fo,- 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 "0-
error control signal is generated fr, tn~ accumulator because the error 
signals alternate back and forth in algebraic sign. This region ,!xtends 
in magnitude from zero timing error to AS~'~ s~r.onds, where T is the 
undistorted bit symbol duration. The bits are correctly detert~d in 
thh region. 

The second region extends from AS;"~ seconds to (l-~SY)T sec­
onds. In this region. the loop provides ~n 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-~SY)T seconds to 
T/2 seconds. This region c~uses 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 ~he 

loop {i.e., a quasistdb1e 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 ~f greater duration due to asymmetry. For arbitrary sequences 
of one~ 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 

ASY 

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 
than (l-~SY)T seconds in magnitude, it is possible to avoid the 
troublesome third region. 

I r, 
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4.5 Cri tique of the Hl\C Shuttle K'..'-Band Leading Edge Bi t ~"£"ronize,: 
4.5.1 Summary and Conclusions 

A bit synchronizer propos!d by Hughes Aircraft (Culver City) 
is analyzed via timing d1ao"; ./s in a noise-free environment. This syn­
chronizer is, ill part, a substantial revision of the bit syrchronizer 
proposed by P. H. Conway [11] of Hughes A 1 rc ra ft Company (HAC). 

Based on a review of a HAC note [12] and the timing diagrams 
of Figures 26 through 33, it is believed that thh new bit synchronize' will 
track the r1 sing edge of the data bits wi th 25% asymnetry and up to a 900 

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 0 will neces­
~arily 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 streanl leading edges 
and the bit synchronizer leading edges; consequently, there should be 
no pr~blem. 

4.5.2 Introduction and Description of the Leading [oye 
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 clock and, fronl this, to regenerate a symmetric bit stream to be 
processed by the convolutional encoder. In addition, the synchronizer 
pro~ides a clock f;~ ~he 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 bp 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 synchronizer is in true lock or false frequency 
lock. This is accompli'.;hed by counting both the received clock and the 
synchronizer-generated clock in two 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 is assuMed. If false lock is dutected, f.he 
digital-to-analog converter CDAC) 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 C.-F) [9113] which is capable of detect'ing both 
phase and frequency errors and is used to track the received clock. as 
well as a bit tinting detector. based on positive data transitions, 

The phase-frequency detector has been discussed in some detail 
in[11] a~d 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 t-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, lea~t significant bit detector, and counter-DAC 
unit is to position the Clock-generated b1t timing so that the Q-clock 
stradd~~c ~he leading edge of each bit. 

The veo 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 FOI then 
provides samples of the I sample (mid-bit sa~lples) whereas FOQ 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-ANO and K-ANO gates. set the JK flip-flop so as to 
increase or decrease the counter count and. therefore. the OAC voltage, 
This voltage is subtracted in the loop filter amplifier. thereby adjust­
ing the loop veo phase relative to the receiv~d clock phase. Both the 
Q-c10ck and the X2 clock, p1u~ 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-c10ck with the lead­
ing edga of the bit stream. The top row illustrates an early data st~eam 
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 FOI O-type flip-flop samples th, data stream 
at the rising t,'dge of the I-clock (ClK)'f whereas FOQQ outputs the Q-ClK 
sample of the d~ta in row 6. The 7th row indicates that the FO~ output 
is simply the complement of FOQQ• Notice that both FDQQ and FO~ 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 I samples. FE~ is the complement of FEQQ• In the 10th row, 
the positive transition detector ~utput AND-gate is r,hown. 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 U state and the transition detector must be high when the 
Q-clock arrives. When the Q-output is high, the up/down counter i~ 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 (~) 

output of the flip-flop of row 141s 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 
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/doloJn counter is enabled just 
after the next 1 ms clock occurs, which therpfore requires 2 ms to change 
the LSB. 

In row 19, the least significant bit detector flip-flop output 
stays high for 2 ms, as can be seen from the sketch. The reason for the 
2 ms duration is the same as for the LSB 2 ms duration. The reset cOlltro1 
for the counter enable F/F is just the modulo 2 sum of the LSB and the 
LSB-delayed F/F, which is 5hown 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 DAe, provides the timing error reduction. This advance or retard 
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is 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 yeO-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 T1 is the bit duration of a "one ll when preceded and followed by a 
zero. and TO is the bit duration of a IIzeroll 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 Figurel7, it is seem that the updating is in 
the correct direction; that is. the Q-clock is advancing. We conclude 
from Figure17 that errors up to 90 0 (data leading edge of the Q-c10ck) 
are acceptable to the bit synchronizer when the data lIones ll are larger 
than the data "zeros" with 25% asymmetry. 

In Figure18, the same case as in Figure17 is illustrated, except 
that the data lags the Q samples leading edge by 67.5 0

• 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 0 (data lagging the leading edge of the 
Q-c1ock) and 251 asymmetry. the bit synchronizer works properly so as to 
decrease the timing error. 

Figure19 illustrates the same case as Figure18 except that the 
phase of the 1 kHz clock has been chdnged 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 illustrated. This figure has the "ones" larger than the "zeros" but, 
again, the bit synchronizer provides the correct correction so uS to 
reduce the tracking error. 

Figure 21 illustrates the case where data lags the Q samples 
by 100° and has 25% asynmetry with the "zeros" wider than the "ones." 
As can be seen fr~~ the last row, the loop still corrects in the proper 
direction so as to reduce the timing error. 

The point of Figure 221s 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 ~ample 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 10Qo,the loop is incapable of provid­
in~ updates to reduce the timing error. 
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5.0 KU-BAND RADAR PERFORMANCE EVALUATION 

5. 1 Thresho 1 dAna 11s is 

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 
S~ .. 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 tw~ overlapping range gates of width 3t/2, where T 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. 

1= RF frequency indexi I£[l,Imax ] 

L = . { -1: early gate Range gate lndexi +1: late gate 

k ::: Time index for a specified pair (I,L); k£[O,N-l] 

m = Doppler filter indexi mt:[O,N-l], N= 16 

SR(L,k), SI(L,k) = Real and imaginary parts, respectively, of the signal 
compo~ent at the output of the hth range gate, at 
time k. 

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

PSI(L,k) = = Real part of the total output of the hth gate at 
SR(L,k) + NR(L,k) time k . 
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PSQCL.k) • • 'mlginary part of the total output of the hth gate S,CL.k) + NrCL.k) at time k. 

FCL.m) • Output of the mth doppler filter fOllowing the hth gate. 

FR(l.m). F,(l.m) • Real and Imaginary parts of F(l.m). respectively. 

as
2 

• Variance of the in-phase and quadrature phase 
Gaussian signal components. 

an
2 

• Variance of the in-phase and quadrature phase 
Gaussian noise components. 

N • Order of the Discrete Fourier Transform (OFT) fi lter. 
/./ • Norm of C.) 

~ • Noise correlation coefficient. 
j = f-T 

5.1.2 Designated Mode Threshold 

The basic Signal processing of the Shuttle KU-band radar for 
the designated mode in search is shown in Figure 34. Only those signal 
processings pertinent to the CFAR threshold fotmulation are shown. For 
a more detailed description of the Signal processing for the Ku-band 
radar, see [14J. 

• The output of the IF filter is downconverted to a complex base-
band wavef,)rm 

1 + jQ = SJ(I,J,k) + jSQ(I,J,k) 
(42) 

Before A/D, the r Mid Q wav~fonns for the kth pulse are given by 

where 
(43) 

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

2 Rayleigh probability density function with parameter Os ' 
which repr'esents signal power 
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8J • a random phase un1fonnly distributed over (0.2w) 

Wd • the doppler frequency. which is neglected in this analy­
sis. The effect of doppler on the final results is not 
expected to be appreciable. 

P(t) • pulse shape of width t seconds 

T • (PRF)-l p 

Nc(t). Ns(t) • independent zero-mean Gaussian processes with ~ne-sided 
power spectral density NO W/Hz and one-sided noise band­
wi dth f c (f c .. 237 kHz), whi ch is the 3 dB bandwi dth of 
H, (f) (see Figure 34). 

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

(44) 

for each process. 
The integration process of the presum is also 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 3t/2, as shown in Figure 34. This, coupled with neglecting th~ 
doppler effect, maximizes the effect of the signal received from the tar-

l 

get on the CFAR thresilo 1 d. "~ , 
With these assumptions, the presum output for the !th pulse 

for the ~th range gate is 

t+3T/2 

PSI(l,k) + j PSQ(l,k) = ~ {" ~I(t) + j SQ(t~dt 
s 

t
S
+3T/2 

= AI T exp (j e I) + I ~c (t) + j Ns (t 8 dt 
s 

(45) 

where the sum of the samples at the output of the A/D is a~proxinlatp.d by 
analog integration. This is an excellent approximation since the number 
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of samples in 3t/2 is sufficiently hrge at long /·anges. The starting 
time of the range gate integration is designated ts' 

The signal part of the presum output is designated 

where SR and SI are independent zerO-~dn Gaussian random variables, 
with variance 0s2. This is the same value found at the input to the 
presum because of the no~alization in our definition. 

The noise components of the presum output are designated 

(46) 

t s+3 t /2 

NR(L,k) + j NI(L,k) a: } J rc(t) + j Ns(t)]dt (47) 

ts 

where NR and NI are indepenrient Gaussian ranrlom variables with varianc£s 

2 _ (NO) 3 3 
on - \"2- 2 = 4 NO 

(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 OFT doppler filters are given by 

N-1 

F(m) = 2 ~SI(k) + j PSQ(k)J exp(-j 2Tf~l1k) 
k=O 

(49) 

for both the early and late \ ~nge gate outputs. ~ote that the doppler 
filter outputs from the early and late range gates are correlat~d; this 
affects the evaluation of the variance of this CFAR threshold. 

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

(50) 

I + 1 
max )' 

T ~ C, '5' '-
~ L=-l 

N-l 
L F(L.m.I) 
m=O 

1 
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where 

I - t~ RF frequency index. I - 1 •..•• lmax • Imax • 5 

I. _ the range gate index. L--l: early gate. L-+l: late gate 

k • the time or pulse index. k - 0 ••••• N-l. N a 16 

m - the frequency of doppler filter index. m • 0 ••..• N-l. 

In the next section. the re~ults of the statistical analysis of 

T are discussed. 

5.1.3 Performance of CFAR Threshold 

The mean (ensemble average) of the CFM< threshold is determined 
in section 5.1.4 and plotted in Figure 36. In this analysis. any doppler 
frequency shift away from the center frequency of the neare3t doppler 
filter is neglected. In addition. it is assumed that the range designa­
tion is ideal. Both of these assumptions maximi12 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 

SNR ,: <1 2/0 2 s n 
(51) 

As ex~ected, at small values of ~NR. 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 th~" I"esult of the simulation 

reported in [15]. The results of our analysiS are normalized in Figure 36 

so that the average threshold value at 0 dB coincides with that in [15]. 
At this time, we have no explanation for the ~ignificant dif­

ference between the exact analytical and the simulation results since 
their target dependence is less, even though we assumed maximum target 

dependenc~. 

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 nonmalized noise'correlation coefficient p. 

For the actual case, we ha~e. as described for the range gates in Fig­
ure 34. 

p • 2/l. 

Inspection of the plot in Figure 37. however. shows little variation as 
p 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 O.l. No attempt has been made to 
detennine the effects of this vari at ion on the probabi 1 i ty of detect ion. 
On the optimistic side, the threshold setting and the target return are 
correlatedi this leads us to conjecture that this variation may not 
appreciably affect the probabil 11y 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 Derivatton of Threshold ~ean 

Herr. we wish to derive the expected value EfTl of the random 
variable T. defined as (see Figures 34 !~d 35): 

I x 1 N-' 
T Q C1 1 ~ L IF(l,m,I)1 

I-ll--lm-O 
(52) 

where the dependence of F on the frequency range I is explicitly shown 
in (52) and where Cl is a normalizing constant. 

Before we proceed. let us first list the assumptions entailed 
in the following derivations. 

Assumptions 

(1) The in-phdse and quadrature-phase components of the s i g­
nal and noise are zerO-lflean, 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. 

(3) For the same range gate (L) and different time slots (k), 
the noise variables are independent, i.e., 

NR(l,k l ) 1 NR(l,k2) for kl ~ k2 

N1(l,k l ) 1 N1(l,k2) 

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

(5) For the same k but dHferent gate, the noise components 
are correlated. The covariance matrix is 

lOp 0 

201 0 P 
R = ~cov NR ( -1, k ). N I ( -1 ,k). Np, \1, k ) ,N I ( 1, k ) ~ :: an pOl 0 

o pOl 
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Therefore. for different klS, the noise rvls are independent, regardless 

of the value of t, 
(6) ~or both range gates and all times k associated with one 

RF frequem:y, the parts of the signal are identical, i,e" 

SR(-l,kl ) - SR(-1,k2) • SR(l,kJ ) • SR(1,k4)· 

for every kl,k2~kJ,k4 [0, tI], likewise for the imaginary parts of the 

signal 51' 

As an 1nluediate result of assumption (2), the frequency 

dependence can be dropped and T can be written as 

1 N-l 
T = C 1 • I ., ~ I F (L ,m ) I max ~ ~ 

L=-l 1lP0 

N-l 
= eLL IF (L ,m) I 

m=O L=-l 
N-l 

= CoL X(m) 
m=O 

where C = Cl,Imax and we have defined the rv X(m) by 

X (m) = iF ( -1.m) I + IF (1 ,m) I 

(53) 

(54) 

In the following, we shall derive the expected value of X(m). 

it follows that 

From (54), 

EtX(m)} = E{lF(-l,m)l} + E{jF(l,m)l} (55) 

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

fies to 

E{X(m)} = 2E{IF(1,m)ll (56) 

It is obvious from (56) and the assumptions made that the first moment 
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(ensemble average) is 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 

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

N-l 
EfT} • 2e· 2: E{y(m)} 

m-O 

Since F(m) is the output of a OFT filt~r whose input is the set 
{PSI(k) + jPSQ(k)}. we have that 

N-l _j 21Tmk 
F{m) = L (PSI(k)+jPSQ(k)}e N 

k=O 

which means that 

N-l 
FR(m) = 2: PSI(k) cos 2l1'Nmk + PSQ(k) sin 2~mk 

k=O 

N-l 

( 57-) 

(58) 

(59a) 

FI(m) = L. -PSI(k) ~in 2~mk + PSQ(k) cos 2l1':k (59b) 
k=O 

Since PSI(k), PSQ(k) are Gauss1an rv's, (both Signal and noise are Gaus­
sian), so are their linear combinations FR(m) and FI(m). which c,1,re also 
zero mean. 

We will need the covariance matrix of {FR(m),FI(m)}. From 
(5ga), we have that 

-~ 
'r' 

... "·:.~~~t..:J~1;.:.,:,~-,-->" .... ,~;~.~~,~ M- reM>.' _1"$".« nMldSX ..... :,,"'IM.,.·'n'H93t#izti::'r' ---

1 
j 
j 
i 

1 

I 



But 

~l~ll ) 
+ ~ L \!SI(k) cos ¥ + PSQ(k) sin ¥ 

k-O t-O 
k~T 

~Sl(') cos ~ + PSQ(.) sin 2'~~} 

and, similarly, 

For k ~ T, 
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(60) 

(6lb) 

t{PSI('I<).PSI(-r}} = E{(SR(k)+NR(k)) (SR('r)+NR(-r))} (Assumption 1) 

= E{SR(k)'SR(T)} + E{NR(k) NR(T)} (Assumptions 3,6) 

= a 2 (62a) 
s 

and, similarly, 

(62b) 

Also, from Assumption 4, 

E{PSI(k).PSQ(k)} = E{PSI(k)·PSQ(T)} = E{PSI(t)·PSQ(k)} = 0 (63) 

-,.., 
" '+t.!.t'h.:.!d;':"",)lb"',,,,~,,,,,,~~'· - if ..... Mii4 ...... " .. ,,_$«. rwttiWtl t·· .... *_·-c¥itG'.,...m#t¥'h 1fMIt},' &11 _ 'tet 'Nt. **"'.f.,.'''''''''''' 
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Substituting (61), (62). and (63) into (60) and after some manipulations. 
we get 

or 

N-l 
E{FR 2{m)} • N(as 

2 
+ an 2) + 2as 

2 2 (N-t) cos 2~mt (64) 
t=l 

The corresponding result for E{FI2(m)} is easily shown to be the same as 
in (64). 

Before we examine (64) closer, let us calculate the cross­
covariance term: 

(N-l N-l 
E{FR (m). F I (m)} = E) I I (PSI (k) cos ¥ + PSQ(k) sin 2':k) 

(k=O t=O 

x (-PSI(T) sin 2.:T + PSQ(d cos 2':T)J (Assumption 4) 

t N-l N-l 
= E'" )' (-PSI (k) PSI(t) sin 2trmt cos 2 Trmk_ ) ~ ~ N N 

{ k=O T=O 

+ PSQ(k} PSQ(r) 

N-l N-l 
= as 

2 2 L sin 2~ (k-T) 
k=O -=0 

k~t 

(65) 



, 
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We now notice in (65) that. to each te~ t- k-T>O in the double summation, 
there exists a corresponding te~ -t-T-k<O which. because of the sfne 
function being an odd function. cancels with the fo~r te~. Hence, 

and this holds independently of N. The covariance matrix of FR(m), 
F1(m) can now be written as 

o 

(66) 

o 
(67) 

A (m). C1 2 + C1 2 s n 

where, from (64) and (67), it follows that 

N-l 
A(m) • 1 + 2 ~ (1 - ~) cos 2w:t; (68) 

1;=1 

We will briefly examine A{m). We have that, for m=O, 

A (0) • 1 + 2 ~ ( 1 - M • 1 + 2 ~ N-l) _ * ~1 ~ 
1;=1 L 1;=1 

= 1 + 2 ~-l -~ = N. (69) 

To study the case m~O, let us assume that N is divisible by 4. Then, if 
we call t' = N - 1;, it follows that 

cos 2mmf;' = cos 2wln (N-f;) = cos gymt 
N N N 

so that (68) reduces to 

fen * ,0., y 



t 

[

/2-1 j 
A (m) • 1 + 2 L (1 - i + 1 - ¥) cos 2;rt + co;mw 

t-l 

or 

N/2-1 
A(m) • 1 + 2 2 cos 2;rt + cosmw 

tal 

If we now call tl a N/2-l. it follows that 

so that (70) yields 

[

/4.1 j 
A(m) = 1 + 2 I (1+(-nm) cos 2n:t + cos T 

f;=l 

+ cosm1T 

An illlTlediate conclusion of (71) is that A(m) = 0 for 111:: odd. 
(53) reduces to 

~ 
N/4-1 J 

A(m) = 2 1 + (_l)m/2 + 2 I cos 2~ms 
t=l 

120 

(70) 

(71 ) 

For 111 = even, 

(72) 

The above holds for an arbitrary N divisible by 4. In the general ca$e, 
(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 
,,,,nich is almost always th~ case in practice), A(m) of (72) identically 
vanishes. Below we summarize the conclusion for the covariance matrix A: 

1 
I 

1 
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N 2 + 2 as an 0 
N ; m • 0 

0 a 2 +. 2 
A • t.'oV{FR(m).FI(m)} • S an 

(73) 
2 

an 0 

N ; m ~ 0 
0 2 

on 

From (73), some useful conclusions can be drawn. First. we notice that 
the nohe 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 Rloderclte-to~ 
high signa.l-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{y(m)} = ff. y(m) (74) 

where 

m = 0 
y(m) == (75 ) 

m ; 0 

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

or 

(76) 

1 

j 
1 

~ 

1 
J 

1 
j 
! 



or in tenns of the signal-to-noise ratio SNR • 0s2/on2, 

Typically, the constant C1 in (1) is defined as 

1 
C1 • 2Nlmax 

In this case, C • C1'Imax • 1/2N, and (77) modifies to 

'n I) , N - II 
E {T} = J"2 ' an 'l SNR + N + IN] 
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(77) 

(78) 

(79) 

For the specific application considered, N = 16, so that the factor 
lIN:: 0,06 can be neglected for even very moderate SNR (say, SNR~O dB). 
In this case, we conclude that E{T} varies linearly with (SNR)1/2. 

A final conlnent pertains to the values of SNR and 0/ of (79). 
These are the values of the signal-to-noise ratio and noi~e power at the 
input of the doppler filters. Since an AID converter precedes these fil­
ters, the values of these parameters at the input of the AID converter, 
denoted here by (SNR)i and 0ni' respectively, relate to the AID output 
parameters (w~ich are the inputs to the filters) by [14] 

SNR (BOa) 

and 

(SOb) 

where 

LAID = 1.0129 + 0.0129 . SNR i (81 ) 

, 
Ii 

j 

j 
! . 
,I 

l , 



If we incorporate (80) and (81) into (79). we get 

Jf EAiI-[~ N - ~ En}· l,a. AID r::: + 
n1 AID If{ 

which is plotted in Figure 36 for NlI 16 as a function of SNRi in dB, 

'% '.'t.,· a ·de & '* ..... L~~~· ••• 
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(82) 
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I 
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i 
i 

I 
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5.1.5 Derivation of Threshold Standard Deviation 

We evaluate herein the variance 0T2 of the random variable T, 
as defined in equation (52). 

From (53), it follows that: 

-1 N-1 N-1 
E{T2\ a c2. 2 x2(m) + 2 2 X(m,) X(m2i (83) 

maO m,aO m2-O 

m, "m2 

where 

J 2 '2 J2 2 X(m) II FR (-l,m) + FI (-l,m) + FR (l,m) + FI (l,m) (84) 

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

5.1.5.1 Moderate-to-High SNR 

According to the previous comments of this section, we can justi­
fiably ass~me in this case that the zeroth doppler filter output X(O) is 
produced by the signal part of the OFT input only, while all other X(m), 
m"O are produced by noise only. 

5.1.5.1.1 Signal Output (m=O) 

E{x2(Oll" (from (21)= E{F/(-1.01+FI2(-1.01+FR2(1.01+F/(1.0) 

+ 2fi}(-1.0) + F /(-1.0)) (FR
2

(1.0) + F /(l.01r} (85) 

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 

~ 
"'~.::-,:._=.,';iIc.l.=.~~~:~~",,,,,,,,,.,=~'~'-""""~&3& .. ...,--... r_*iWt+ W*tt+twMt'7v-tfil¥e'A¥1r' mzrn nrc< Q' •••. , 
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Subst1tutin~ the above into (85) yields 

(86) 

(87) 

so that (86) and (87) combine to give 

(88) 

5.1.5.1.2 Noise Outputs (m~O) 

E{ x2(m)} - EfFR
2(-l,m) + FI

2(-l,m) + FR
2(1.m} + FI

2
(1.m) 

m~O { 

U( 2 2 ~(" 2 2 ,t ... 2 FR (-l,m)+F
1 

(-l,m)/,FR (l,m)+F 1 (l,m)/f (89) 

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

that 

so that 

where 

4No 2 + 2 0 
n 

~ 1 ~ 2 2) ( 2 2 ~-l o = E $ R (-1 ,m) + F I (-1 ,m) F R (1 ,m) + F I (1 ,m) I 

(90) 

(91) 

We now proceed to evaluate O. To do this, we need the joint statistics 
of the zero-mean, Gaussian rv's appearing in (91). Let us find the covar­
iance matrix Rof {FR(-l,m), F1(-l,m), FR(1,m), F1(l,m)}, m~O. 

_ __________ ~u_ri ____ "_" ___ f·mtt __ "_· __ ~t·~f~!_~~·N"_W~B_n_i. __________ __ 
be _ g p' f +P 'a.u._._,~.... "- _ ... ---"- _, h_~ .~" . 

, 
j 
1 
1 , 
1 
" ~ 

,1 
l 
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From (59a), we have that (assuming only noise input), 

E{FR2(-I.ID)} • EI[~ ("r! (k.-l) cos ~ + NI(k.-I) sin ~~2J 
. (because of assumption 4) 

N-l 
• a 2 , (cos2 2wmk + s1n2 211'mk) _ Na 2 == 0 2 

nL.. ,- ,- n 
k-O 

and similarly for the others. 
Furthermore, 

(92) 

~N-l N-l 
E{FR(-I.m)oFR(1.m)l- E)L ~ (NR(-l,k) cos 211':k+ NI (-1,k) sin 2'Nmk) 

(k=O taO 

(NR(l.T) cos 2~mT'N[(l.T) sin 2·NIIlT)} (93) 

which, because of Assumptions 4 and 5, reduces to 

( N-l 

= E~L NR(-l ,k)NR(l ,k) cos2 2Tr:k 
(k=O 

+N1'I.k) oNI (l.k) 51.2 2.:k} = Noon 20p <. pi (94) 

Hence, the covariance matrix R is 

~ 0 ~ ~ 
lo
P 0 1 0 

pOl 
L 

(95) 

Comparing (95) and Assumption 5, we draw the interesting conclusion that 
the '1oise statistics remain unaltered after passing through the complex 
OFT doppler filters. ! 
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We are now in I position to evaluate D. If we change to 
polar coordinates 

and 

. then (91) is simply written as 
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(96) 

(97) 

The joint distribution of the envelopes VE and V
L

, for the four Gaussian 
rv's corr~lated as in (95), is found from [16.] to be 

\~8) 

where 10{') is the zeroth-order modified Bessel function. From (97) and 
(98), it follows that 

If we make the transformation 

-r 

V 2 
E 

V 2 
L 

IR ,1/2 
= ~ 'Y'exp {2z} 

a 

IR ,1/2 
= ~.y exp {-2z} 

a 

!., ,,~ !;,·~·.~""t..i~:.~....:_;.;. .... " ... ·~""'-§h"'±1 . 4Hd,,, _m'.',jtt) 'fli;,...:>rt6 t ... ,&I'-tt& d· nt*' eft +n"'i-'we¢e t"f t r .'.,=*" • ',: #dt h 

I 
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1~8 

whose Jacobian is 

1/2 

IJI • 1.4-
a 

and. upon substituting into (99). we get 

o • 1)10- dy • l . lo(yp)·(L dz • exp{-y "osh (2Z)~ (100) 

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

(101 ) 

where we have used the fact that 10(n) = JO(jn)(JO(') is the zeroth-at'der 

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

. F (s-y+a+l . S-y-a+1 . Q+1' - ~) 
2 1 2 ' 2 ,.., Co a 

(102) 

where 2F1(') ;s the Gaussian hypergeometric function [18]. Applying (102) 
for a = o. a = 0, y = -2, a = 1, b = jp, we get from (101) that 

(103 ) 

, 
1 
1 
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From [18], we find that 

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

Upon substitution of (104) into (l03), we find that 

From (95). the detenni nant I R I can be eva 1 uated to be 

R 2 4 8 2 2 I R I = a- (l-p) = N on (l-p ) (106) 

From (l 05) and (l 06), we fi na l1y get 

2 r:; 2 2 2~ o '" NOn ~E(p) - (l-p ) k(p ~ (1 07) 

From (90) and (107), we derive that 

(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 m1 ; m2 and none of them equc?15 zero. 
In this case, both X (ml ) and X (m2) are produced by noise, and from (84) 

i 



I 

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

/, 2nm2T . 2nm2T) ~ 
. \ NR (-1 ,T) cos -N- + N I (-1, '!) 51 n -N - ~ 

(Assumption 4) 

21Tm1 k 21Tm2 k 
cos N cos -N -. 

2 2nm1 k 2nm2k l 
+ NI (-l,k) sin -N- sin N ( 

N-1 ~ ( ) 
2 '" t::1Tk m1 - m2 

= on ~ cos N (11 0) 

J 

k=Q 

For N a power of 2 and m11m2, it is easy to show that the summation in 

(110) vanishes which in turn means that FR(-1,m1) and FR(-1,m2) arl~ indf:-
pendent. Identically, ~'e show that F1(-1,m1)J.J I (-1,m

2
). Similarly, 
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Finally, by interchanging 1 and -1, we get the symmetrical results for 
both gates, which justify our earlier claim that all rv's in (109) are 
independent. Therefore, 

( 111) 

Second, assume that '"1 = m2 = m~ O. Because X (0) is produced by the sig­

na J, X (m) by the noi se and, due to the hi g~ SNR assumpt; on, we get 

EIx(",) X(O)} = E{X(m)} 'E{X(O)} (see (73)) 
m~O 

I-r--f fo2 = ff,f . iN a • I2n . Na = 2 Niff 0 a 
..j s n sn (112 ) 

From the N
2 

terms involved in (8~), one term is given by (88), N-l) terms 

are given by (l08), 2(N-1) tenns are given by (112) and 'N-l).(N-2) terms 
are given by (111). Sunlnarizing, we get that 

J 2} 2 ~ 2 2 , 2 r; 2 2 2,1 ElT = C 'LN as + (N-l).2Nan ~+2E(p ) - (l-p ) k(p ~ 

+2(N-l).2~NIff a a + (N-l)(N-2) 2nNa 2J 
s n n 

, 2C
2
N
2a/ t'SNR + (1 -~) ~ + 2E(.2) _ 0_02) K(p2~ 

+ 2n(N-l) lSNR + (l-k). (N-2).n1 
iN J (113 ) 

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

therf~fore • 

( 114) 

From (113) and (114), it follows that 

var{T} I: 0/ 
= fiT2} - E2{T} 

• 2C2N20/~4_') SNR + (1 -k) ~ + 2E(p2) _ (1-0 2) K(p2) 

+ (N-2). - (N-l).]] 

or 

where 

(115 ) 

(Moderate-to-high SNR) 

The primary quantity of interest is the ratio aT/E{T} which, 
I for case 1,1 is given by 

"P 

= r'lCNon ,J(4-n) SNR + (l-k) H(p) 

C NO I2n ' Gn (r'SNR + ~) 

'r; .-t ·9$' .... '.,7# trt .. eN 1 .... ,,~~~.~ ""'a<t'*' "AQg! ,"t!ft·"""'>· ''Wkrthac f; "W·efdt 'httbHM$iee'iltt MOO" 
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or 

(116) 

(Moderate-to-high SNR) 

5.1.5.2 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-O filter), we must have tt.lt 

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

From (108)(which also hOlds for ~,. 0 now) and (111 )(which is 
now restricted only to ml ~ m2), we get that 

E\T2} = C
2 

[2N
20/ ~ + 2E(p2 l - {1-/ l k( l l} N(N-1) 2nNOn j 

= 2C2N2<1/~ + (N-l) + 2E(p2) - (l-rl) K:p~~ 

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

therefore 

-,. .... 

E{T} = C • /[,'f • N • IN<1
n 

2 

( 117) 
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and 

2 2 2 2~ 2 2 2 :1 var{T} • 0T • 2C N an ~ + (N-1)w + 2E(p ) - (l~p ) k(p ) - N~ 

or 

(118) 

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

(2.0) is found to be 

or 

I aT 'H(p) I mT = Jrftt ( 119) 

(Very low SNR) 

independent of the SNR. a~ expected. The ratios of (118) and (119) have 
been plotted in Figure 37 for various va1ue~ of p. The function H(p) 

depends on the complete elliptic integrals E(p2) and K(p2), which have 
b~en tabulated for different values of the argument p2 [19]. In Table 2. 
we give some values of H(p) as a function of p. 
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p 0.0 

H(p2) 0.q~920 
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O. 1 0.2 J 

0.43313 0.44495 

Table 2. H(p) versus p 

0.3 0.4 0.5 0.6 0.7 

0.46475 0.49269 0.52902 0.57409 0.72843 

~.~--.. y? . .l"J"'-,,--,,~, ... .... '."D4' .. 1 4't'iJillilij 

0.8 0.9 0.99 
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5.2.1 

Oe~radation of Shuttle Rad~r ~erfonnance due to Pejorativ'e 
~n enna Scan Overlap -
Introduction 

136 

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 I lower antenna gain and can lead to shorter target dwell 
times. This will cause a corresponding decrense in the probability of 
target detection when the worst-case detection scenario i r , 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 thei r effects Oii the received 
target signal~to-n01se 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 and the antenna overlap between consecutive 
scans, The spiral scan geometry is shown in F'fgure 38 including the 
antenna overlap region. It should be observed that the overlap region 
and, consequently, the chord co,·responding to the dwell time are defined 
in terms of the nul1-to-nul1 beamwidth, an' instead of the half-power 
beamwidth, eS' This has been done to account for the possibility of over­
lap below the 3 dB po'int. 

Following the procedure outlined in [20]. the dwell time, td. for 
a hybrid spiral scan 1s given by 

where Ts = total scan tl~e = 60 sec 
a = null-to-null bearnwidth = 2.080 
n 

eO = antenna chord sweeping acros~ the target 
6 = antenna overlap with respect to en 

fs = scan frequency = 2 Hz 
em = maximum scan limit = 300 

( 120) 
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en = null-to-null beamwidth 

8B =1 dB beamwidth 

~ = percentage overlap 

Figure 38. Geometry of Spiral Scan, Including Overlap 
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A high targtt dwell time is desirable since it 1ncrtases the 
rr~e1ved target energy. However. it should be noted that the dwell time 
in this case is constrained by the total scan time allowed. too high an 
antenna overlap precludes completing the volume to be scanned and is 
physically tmpossible. A graph of the dwell time is 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 

w(e) Ir -~ t
in (~e)j2 
(;: ) 

where a = angle off-boresight = (1-A)en/2 

as = 3 dB beamwidth = 1.60 

e = nuH-to-null beamwidth = 2.0So 
n 

(121 ) 

For ~= 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 over'lap 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 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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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 

Rar.ge to Target. 11'111 -rCl1sec) PRF (Hz) 

7.2 + 66.4 2987 

3.8 - 7.2 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 1n th~ following form. The effects of the variable 
scan overlap are included implicitly via the target dweli time and the 
peak antenna gain loss, LB" 

where 

2 2-= Pp T PRF td G A a 

(4w)3 R4 kTi LLB 

Pp = peak transmitter power = 60W 

G = antenna gain = 38.5 dB 

A2 = transmitted wavelength = 0.216 m 

a = average target cross section = 1 m2 

( 122) 
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R • range to target 

k • Boltzmann's con~tant • 1.3B x 10.23 J/oK 

Ti • system noise temperature • 15000K 

L • system losses • 13.88 dB 

LB • loss in peak antenna gain 

and all other parameters were defined previously. 

5.2.6 Probability of Target Detection 
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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. Tl1erefore, the target is modeled assuming Swerling II 

scintillation statistics. i.e., a fast fluctuating target. The single­
scan probability of dp.tection for thh case is given by 

Vb/( 1 + SNR) 

x e J N-l-x 
= 1 - {N-1J! dx (123) 

o 

= 1 - I [ Vb, N _ 11 
.r'li (1 + SNlf) J (124 ) 

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

Ra(.Iar performance is judged by the probabil ity of detection over 
two scans. This cumulative probability can be approximated by 

(125) 

if it is assumed that the target range between scans has not changed 
appreciably. Figure 41 shows the cumulative Pd for different scan cver­
laps, measured with respect to the antenna 3 dB beamwidth. For example, 
A = 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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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 be~m­
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 
consMered when deciding which values of scan overlap are tolerable. 
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6.0 EVALUATION OF KU-BAND SPA AND EA-1 SOFTWARE 
6.1 Introduction 

This report covers Task No.2 ofAxiomatix contract number 
HAS ~-15795A. Task No.2 is an evaluation of the Ku-band SPA and EAl 
software. This report addresses the EAl software only as no wJcumenta­
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 cOllll1ands 
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 HAC dOLunlentation as well as facilitate our 
own understanding of the software, a cross-reference table of inter­
rout;tle flags has been generated. After the familiarization phase, 
th~ software was examined for potential problem areas and possible sub­
optimal coding techniques. A bug was di~covered in the procedure ter­
mination 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 MOM and O&C outputs. 

6.1.1 Summary 

A minor bug has been found 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 LOI :00 after the LOAOR Sl, BINTGR+l 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 

ri4i:kMitid df11,.b • .4tvW':*W .'"flld''' coo#:Hueiii'iPZStfX' 
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paths. In section 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 det.ailed than those in [22]. 

The techniques used to store flags and status information, e.g., 
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 ,TC3sent an alterate technique for 
flag storage. Memory usage and proce!:sing 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 lists flags, or status bits, whicb carry information 
between software routines or between software and external hardware. The 
flags are listed alphabetically, followed by the module number, as define( 
in [21] and Table 5, and the section wlthin a module where the flag is 
accessed. A letter following the module and section mi.mber indicates 
the action which is taken with the flag. A flag can be tested (T), set 
(5), reset ,R) or toggled (X). A combination of letters ,.,dicates sev­
eral actions being taken, in the order given. ~owever, 1f a flag is 
ar.ted 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:T 

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 PIW1 is 

parallel input word 1. 

, 
, 

I 



ACQEN 

ACQINli 

~ 
ANGTRI( OIRAD1) 

j ASTOP 

~ 
ATIME 

ATTEN1 (POWS) 

ATTEN2 (POWS) 

AUTO (PIW1) 

BOOM (PIW4) 

BSTOP 

BTIME 

COA5TA (PIW2) 

COMON (PIW4) 

COM5TB (PIW4) 

CTIME 

DATA GO 
DATAP (PIW2) 

OATE5T 

DETECT 

DOPOS 

DOWN (PIW3) 

DPLYF 

DWELL 

EAST (IM~fJ.l i 
EBW2 

EBW3 

r 
tDWl 

ED\lJ2 I' 
I 

: EOW3 

EVEODD 

EV\~l 

E1TEST 

E2TEST 

FAST (PIW3) 

FSTSLO 

Table 4. Flag Cross-References 

3.1 :R,S 

12.6:S,R 13.4:T 

3.1:T 18.5:T 20.1:T 

2.5:T,S,R 14.1:T 

2.1:T,5 

2. 3: R 18.5: R 19.3: R 20. 1 : R 21. 1 : S 

2.3:R 18.5:R 19.3:R 20.1:R 21.1:R 

3.1:T, 5.1:T 12.3:T 12.6:T 13.1:T 13.4:T 

3.1 :T 

2.S:T,R.S 14.1:T 

2.5:T,S 

3.1:T 12.6:T 

3.1:T 12.6:T 

3.1:T 12.6:T 

2.3:R 16.2:R,T,5 

12.6:S,R 13.1:T 

12.6:T 13.4:T 

2.3:R 13.1:T l8.1:R 21.1:5,T 

l2.5:5,R 13.1:T 20.1:T 

1.4:T lB.1:R 19.1 :S,R 19.2:R,S 2:::.1 :S,R 

15.1 :T 

1.2:T 14.1:R 15.3:5 

5.1 :S,R 6.2:T 

3.1 :T 

0.1:T 2.1:S 3.1:5 

O.l:T 2.1:S 3.1:5 

3.1 : 5, T 

2.3:T 3.1:5 

2.3:R 3.1 :R,S,T 

0.1 :R,T O.2:R 2.5:X 15.2:T 

O.l:T 0.2:5 2.1:5 3.1:S 

2.3:R 13.1:T lB.l:R 21.1:5,T 

2.3:R 13.1:T 1B.1:R 21.1:S,T 

15.1 :T 

3.1:T 12.0:T 13.4:T 15.1 :S,R 
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GAIN3 

GPCACQ (PIW1) 

GPCDES (PIW1) 

GPCLS 

INCDEC 

INIT 

IN5TAB 

KOUNTL 

LAMP 

LATCH (PIW2) 

LEFT (PIW3) 

LINEAR (POW1) 

MAIN 

MAMINI 

MANUAL (PIW1) 

MCOMP 

MFIRST 

MINIST 

MINI2 (IRA02) 

MODE 

MOTON (POW4) 

NEWA (P[W4) 

NEWB (PIW4) 

NEWMDM (PIW1) 

OPER (PIW2) 

Table 4. Flag Cross-References (Cont'd) 

12.1:R.S 

3.1:T 7.2:T 12.3:T 12.6:T 13.1:T 13.4:T 

1.2:S 3.1:T 7.2:T 12.3:T 12.6:T 13.1:1 13.4:T 
12.3:T 

5.1 :R.T.S 6.1:T 

0.2:S 2.1:S.R 3.1:T 

1.2:R 2.3:R 7.1:T 7.4:T 12.3:R 19.1:R 19.2:R 

5.1:S,T 

18.1:R 21.1:5 21.3:T 

3.1 :T,R 12.5:R 

15.1 :T 

12.5:R,S 

13. 4 :'R,T 

5.1:T,S,R 13.4:T 

2.6:T 

2.3:R 

1.4:T 2.1:T,5 3.1:R,S 5.1:T 14.1:T lC;.i:T 16.2:T 

0.8:T 2.3:R 3.1:S 5.1:T,R 

5.1 :T 

0.2:S 2.1:T 3.1:T,S 

2.2:R 2.3:S 14.1.S,R 19.3:R 20.1:R 

13.1:T 14.1:T 

13.1:T 14.1:T 

O.l:T 0.3:T 0,1.:1 3.1:T 7.1:T 

13.1:T 19.3:T 
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OUTFLG 1.4:T,R 2.3:R 18.1:5 18.4:5 18.5:5 19.1:5 19.2:5 19.3:5 
20.1:S 21.1:S 

PFLAG 7.1 :R,5 7.2:T 7.3:T,5 

PNTTRK 2.1:5 3.1 :S,R 

PSON (POW1) 2. 1 : 5 3. 1 : R 

PTI r~E 2.3: R 3. 1 : T ,S 

RADACT (PIW1) 12.5:T 13.4:T 

RADCO~1 1 . 1 : T 3. 1 : T 5. 1 : T12. 5 : r 12.6: S ,R, T 13. 1 : T 13.3: T 13.4: T 
16.2:T 

RADON (p!\on) 3. 1 : T 12. 6: T 

,.. 
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Tab4e 4. Flag Cross-References (Cont'd) 

RAOSTB (PIW4) 3.1:T 12.6:T 

RDETCT (IRAD2) 12.6:T 

RGOOD (IRADlj 13.1:T 18.5:T,5 19.3:R 20.1:T 22.1:R 
RIGHT (PIW3) 15.1:T 

ROPER (IRAD1) 18.4:T 

RRGOOD (IRAI')1) 13.1:T 1B.5:T,5 19.3:R 20.1:T 22.1:R 
RTRACK (IRA02) 12.6:T 

SCANNG 

5CANRC 

SCWARN 

2.3:R 3.1:T 5.1:T,S.R 13.1:T 13.4:T 21.3:5 
5.1:T,R,S 6.2:T 

2.4:R 4.2:R,S 13.1:T 21.3:5 

SELF 2.3:R 13.·j:T lB.l:5 

5IGEN (POW5) 2.3:R lB.2:5 18.S:S 19.3:R 20.1:5 21.1:5 

SIGNAL 12.6:R,5,T 13.4:T 

SIGPC (IMDM1) 3.1:T 

5 H~AN (P I W2) 3. 1 : T 

SKEY (PIW3) 11.6:T 15.3:T 

SLEINT 15.1:5 lS.2:T,R 

SLEWNG 2.3:R 3.1:T 7.1:T 12.3:T 12.6:T 13.4:T 15.1 :5,T,R 
SLOW (PIW3) 15.1:T 

STCONl (PO\~5) 2.3:R lB.5:R 19.3:5 20.1:R 21.1 :R,S 

STCON2 (POWS) 2.3:R lB.S:S,R 19.3:5 20.1:$ 21.1 :S,R 

STCON3 (PaWS) ?.3:R 18.5:S 19.3:5 20.1:5 21.1:5 

STCON4 (POW~) 2.3:R 18.5:R 19.3:R 20.1:R 21.1:R 

STcST (IMDM1) 3.1:T 

STON (POWS) 2.3:R 18.5:5 19.3:S 20.1:$ 21.1:5 

STOWM (POW3) 2.1:R 14.1 :R,S 

$TUNST 3.1 :$,R 14.1:T 

STWAIT 2.3:R 18.1:$ 18.S:T 18.5:$ 19.1:5 19.2:S 19.3:$ 20.1:5 
21.1:52?.1:R 

SYSTST 2.3:R 13.1:T lA.1:R 21.1:5 

TARGET 2.3:R 18.4:T lB.l:5 19.3:R 20.1 :S,R 

TDEA5T J.1:T,S,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:T 

..... .I.--~-----.. - .. -~~"-----------------



! 
TRACK 
TRKING 

UNLOCK (POW3) ~ 
b UNSTOD 

~ 
UP (PIW3) 
l~AITF 

WEST (IMDM1) 
XMIT (PIW4) 
ZERD1S 
ZONEI 
ZONEO 

.". 

Table 4. Flag Cross-References (Cont'd) 

12.6:5,R 13.1:T 20.1:T 21.1:T 21.3:5 
2.3:R 3.1:T 12.6:T 16.2:5 

14.1:5 15.3:R 
3.1:T 14.1:T 

15. 1 :T 

O.l:T,R 0.2:5 2.5:5 
3. 1 :T 

3.1 :T 
2.1;5 2.2:S 2.3:R 13.1:T 
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3.1:T 5.1:R 7.2:S,R 12.3:T 15.3:T 19.1 :R,T 19.2:R.T 22.1:R 
3.1:T 7.2:S,R 12.6:T 15.3:R,S 
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Table 5. Software Module Index 

0.1 INTERRUPT/EXEC RTN 
0.2 POWER UP RTN 

~ 0.3 INITIALIZE PROC 
0.4 POINT PROC 
0.5 IDLE PROC 

~ 
0.6 PROC TERM PROC 
0.7 SLEW PROC 
0.8 SCAN PROC 
1.1 TRACK PROC 
1.2 DEPLOY PROC 
1.3 RECOVER PROC 
1.4 SELF TEST PROC 
2. 1 INITIALIZE ROUTINE 
2.2 IDLE ROllTI NE 
2.3 PROC TERM ROUTINE 
2.4 OUTPUT STATUS ROUTINE 
2.5 WAIT ROUTINE 
3. 1 CONFIGURE ROUTINE 
4.1 ANGLE RATE XFORM 
4.2 OB~CURATION CALC 
5. 1 SCANl ROUTINE 
6. 1 SCAN2 ROUTINE 
6.2 SCAN3 ROUT r ;~E 
6.3 SCAN4 ROUT I.'~E 
7. 1 POSITION LOOP. MOD1 
7.2 POSITION LOOP. MOD2 
7.3 POSITION LOOP. MOD3 
7.4 POSITION LOOP. MOD4 

I 11.6 SHORT SHUTTLE TO GIMBAL TRANSFORM 
12. 1 ENCODER ROUTINE 
12.2 ANALOG ROUTINE 
12.3 INERT ROUTINE 
i2.4 INPUT DISCRETE ROUTINE 
1?5 OUTPUT DISCRETE ROUTINE 
12.6 SET STATUS FLAGS ROUTINE 

. 11.1 MDM/D&C OU'PUT ROUTINE . 
13.3 INPUT LRU SERIAL ROUTINE 
13.4 OUTPUT IRU SERIAL ROUTINE i' 

14. 1 DEPLOY ROUTINE 
15. 1 SLEW GENERATION ROUTINE 
15.2 SLEW INTERPOLATION ROUTINE 
15.3 DEPLOY ROUTINE 

,>" 
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Table 5. Software Module Index (Cont'd) 

16.2 TRACK ROUT INE 
18.1 SELF TEST INITIALIZATION ROUTINE 
18.2 SELf TEST SEQUENCER 

r 
18.3 SELF TEST TASK2 CPU 

~ 
18.4 SELF TEST TASK3 POWER FORM 
18.5 SELf TEST TASKS ANGLE TRACK 

19. 1 SELF TEST TASK4 iNITIALIZE ANTENNA 
19.2 SELF TEST TASKS ANTENNA StRVO 
19.3 SELF TEST TASK6 TRANSMITTER POWER CHECK 

1 
j 

1 

20.1 SELF TEST TASK7 RANGE AND RANGE RATE CHECK 

21.1 SELF TEST TASK9 RECEIVER SENSITIVITY CHE~K 
21.2 SELF TEST TASK10 COMPILE TEST RESULTS 
21,3 SELF TE~T TASKtl LAMP TEST 
22 .. , SELF TEST PAUSE ROUTINE 

-. 
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6.3 lxample of Reconf1guration 

6.3.'/ Introduction 

In order to facilitate an understanding of the software and to 
bridge t~e gap between the HAC-supplied listing and block diagrams, a 
hybrid block diagram, Figure 42, was generated to provfde an example of 
a reconfiguration. Reconfiguration is probably the most complex of the 
executive functions, and an understanding of this function will 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 tennination procedure and the inithli­
zation routine for self-test. Each interrupt cyc'le is a separate diagram. 
Each block is labeled with the absolute hexadeci,nal 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 Reconfi~urd~ion 

Initially, I~ the IDLE routine, executive data word 1 equals 
MIDLE (=2L executive bra .:h word 1 (EBW1) = 12, EBW2 = 15 and EBW3 = 18. 
The latter are the absolute 11 .. :~~H··y 10c; .. tions of the long branches to the 
O.l-second sequence, the even and odd sequences of the idle procedure. 
The O.l-second sequence tests the even/odd flag, EVEOOO, branches to 
EVEN, executes INOIS (input discrete), executes MSOIN (input MOM), then 
executes CONF, the configure routine on module 3. The configure routine 
tests the status flags, notes that STEST is set, and sets EDWl = MSELF. 
Confi gure then notes that MODE is not equa 1 to £OWl; hence, a new pro­
cedure is to be initiated. Since the current mode )s not the termination 
procedure, MODE and EOW4 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 EBWl 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 execute$ the 
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termination routine, MTERMR. which sets EOW3 equal to O. and returns to 
the procedure. The tenQination procedure outputs discrete data. then 
executes WAIT, which toggles t~e even/odd flag to ~dd and idles for the 
next interrupt. 

DlJrirliJ the next interrupt, the executive branches to the ter­
mination procedure odd leg, which executes TRG2S. transform gimbal-to­
Shuttlc. executp~ MSOOUT, MOM output, and finally exccutes WAIT. which 
toggles the even/odd flag back to even. 

During the third interrupt. the self-test procedure 1s executed 
for the first time. Configure tests tOWl and MODE for equality. Since 
they are Ilot equal and the current MODE is 8, the tennination procedure, 
configJre again sets MFIRST, the f,rst 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 self-test initialization is rather busy. With MFIRST 
equal to '. STST2 executes self-test Initial1zati f ,n, STINIT, which does 
a long branch to BEGIN. Various flags and buffers are initialized. 
i~cludin9 the step counter, STPCNT, and LAMP. BEGIN returns to the self­
test procedure which inputs LRU serial data. then execut~s the self-test 
task sequences. Wi th STWA IT equa 1 to 1 and STPCNT equa 1 to 0, 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 executp.d. Since LAMP was initialized to O. the O&C 
lamps are not lit. Task 11 returns to the odd leg of the self-test pro­
cedure, which outputs discrete, outputs LRU serial. and outputs MOM data 
since OUTFLG was set to 1 hy STINIT. WAlT is executed and the even/odd 
cycle repeats. A more detailed discussion of the self-test routines is 
covered in the next sec t; OIL 
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MODUL! , MODULE 1 MODULE 2 

INTERRUPT 

! 003 
I LlR INTR 

~ 008B 

r 
ENABLE INTERRUPT, 

IR EX2 

t OOCE 

~Wl BR EXBRAN 

t OOS ... -' r Pce." 0 - D (a12) 

t 0012 

I tBR IOl.l 

~ ulDB 

I LBR !VOOO 

• 006C 
i I LBR EO 

I , 00E4 
I 

I 
[ '1'!lyr r;v r;VL/1.J ,a 0) 

8R EVEN 

I • 00F'2 
I DXEC INDIS 

- l:XE~ MSOIN" -
- f.XE~ CONF'- - t-' 

OlOF 
~ [ O-E8W2. BR EX BRAN 
! 
I 

, DORA 
I I PCO.O-D ("54) I 
i • OO~" 

[ LBR ~!Tf~\;'"1 0806 

• O:H9 
LBP. S~'TCH 

I EXEC TRS2G • 08M - ---_._-
EXEC MTERMR ~EST EDW2-MSELF (NO) 

~EST EDW2-MIDLE tiES) 
SET EO\"3-0 

0227 r QIfIJm-

f - ~ 
. 

_ E~E£. OQTQ): s_ OOOC 

EXEC WAIT LBR WAITR 

--*- 0988 

I TOGGLE tVEODD 

I tOt.-
WAIT F'OR INTERRUPT) 

j 

I 
I . 
I 
L-

INITIAL CONDITIONS: EOWl - MIOLE • MODE" EDW2 .. 2, 
EBUl • 12, EBl'l2 .. 15, UW3 • 18 
EVEODO .. ~ (EVEN) 

• .JU 

MODULE J 

OCOO 

~ LBR CNFG 

-.OCO) 

T!ST IN%'r (aO) 
TEST 800M (a01 

TEST COMON (-0) 
TEST RADON (-11 
TEST XMIT (-1) 

TEST UNSTOD (-1) 
TEST STEST (all 

TEST RADCOM ("1) 

LBR CSELF 

t OES7 
.. 

EOWl .. MSELF - 9 

BR C7000 

~ OEBO 

EDW2 • MODE (fln 
TEST MODE-EOW(NO' 

BR C7010 

• OE.:.4 
SET MFIRST -r 1 

TEst MODE-MTERM TNO) 
TEST IN IT (-0) I 

EOW1-MTE~1 (-s) I 
MOf)E-EOWl 

EBWl~51; rftW2.~4 ' 
EB\"~"~ JifTURN 

Figul"e 42. O.l-Second Interrupt; Configure from Idle to Self-Test 
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MODULE • 

0001 
I.8R INTR 

, 0088 
ENABLE INTERRUPT 

8R EX2 

• OOCE: r--;. ':;BW1, 
L-J:' e:XBRAN 

.- , OOBA 

PCO.O • D (-51) 

t 0051 
I LBR MTRl'll L..-._---.. __ ...... 

• 0216 
LBR EVODD 

J 006C 

LBR EO 

t 00E4 
TEST EVEO::>D (-I) 

BR 000 

OOEe 
o .. tOW3 

BR EXBRAN 

_I 008A 
peO.O-D (,,57) 

• 0057 
LBR MTRM3 

j 0235 

MODULE 2 

_ J:X~C .l'R~2S_ _ 
_ ':X:'C ~S~Oll'::: _ I I 080C 

EXEC \~AIT ~'-i LBI< WAITk ------- ~------~------~ 

109888 

TOGGLE EVEOOD 
IDLE 

WAIT FOR IN~~RRUPT) 

j,----------~--------~--------~------~ 
rigure 42. (Cont'd) 
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MODULE J MODULE 1 MODULE 3 tlODUJ,.E 11 MODULE 22 

INTEJtRUPT 0600 

~ Lalt CNJI'G 

0003 • OCO) 

LIlt IN'l'1l 

• onRA 

TEST INIT (eO) 
TEST 800M (eO) 

ENABLE TEST COMON (eO) 
INTEIlItUPT TEST RADON (-1) 

BIl EX2 TEST XMIT (-1) 
TES~' UNSTOD (-1) 

OOCE TES~ STEST (-1) 

o - EBWl 
TEST MDCOM (-1 ) 

DR EXBRAN DR CSELF 

• C081\ 
~ O!57 PCO.O-P(-S1) 

i 0051 EDWI-MSELF ("9) 
LBR MTf(M1 I~ ~'OlH! 

• 0216 i OE80 
LBR EO E:DW2-MODE (-8) 

t OO~4 TEST MODE -
EOWI (NO) 

TEST EVEODO (- 0 ) 

I 
DR C7010 

BR EVEN • OEA. 

OOr;! SET Mf'TRST-l 

_E~C _IfoU?I§.. TEST ;105E 
• 8 ('il:..:' ' 

EXEC CONr BR C7030 ._ 

i OEBC •. _ 

MOOr-EOW1 (-9) 
EBW! - ~A 

0: Of' EBW' - ~O 
! .~. EBW~ - ~~ 

I L) • EBWl RETURN 
Sf; EX BRAN 

I • 008A 4800 
1 pea.0-O(-5DI 

~ LBR SEGIN 5803 ! 
t 5D 041 

14812 ..j LBR PAUSE 
1 

LBR SELFT2 ~ ~ LBR STST2 I t <,810 , 0565 INITIALIZE CW4, I TEST m"I RST -1 I WAlO.WAll I TEST ;:'·U"""" -0 
(OCTrLG-l. (YES) ,YES) I 

BR IN1TST i F.X~C STINtT LI..'IP - o. 

I 0577 BUFF'14-0, • 5846 

1 EXEC LSOIN 
\ STPCNT-O) 

1 ~ ~URN LSI< TENSEC , i - - - - -
• 59Do; 

I EXEC STTASI< 480] 

I , 
'-t t.BR TASKSQ 

I 

I 
11 

1 
~ 

1 

1 

J 4834 SET BurFl4 

TEST STWA!T - l}- TO COUNT 
(YES) 50 0.2 SEC 

0585 LBR PAUSE INTERRUPTS 
RETURN 

Li~~ I 

__ J __ I 
Figure 42. (Cont'd) 
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~ MODULE I MODULE 1 MODULE :u 

IN1'ERRUPT 

1 0003 

I LIft IN1'R 1 
• 0088 I I ENABLE INTERRUPT, 1 

BR EX2 

• OOCE 

! 
" 

~ 

I o - EBW1, 
RR .V"I>"~' I 

• OORA 
i PCO.O-O (-SA) I 

I I 
"1 OOSA 0418 

LSR SELF'T1 t-H L8R S1'S1'l 
I 

0060 ! 0540 r LDR EO 1-H LBR EVOOO 

1 00E4 

I TEST EVEOOO (-1) 
1 DR 000 

i I 
' OOEC 

o - EBW3, 1 8R EX8RAN 
t 008A 

t PCO.O-O (-60) I 
t 0060 0421 I 

I 1-H 
, 

LSR SELFT3 LSR S1'ST3 I 

, 'S8C 
1 

i 
r.XEC TRG2S 5406 I 

I - - - - - - - .f-{ 1 EXEC STLAMP LBR TASI< 11 ! 
I 

15764 

I 
I 

059A 

_ E!E~ o!:!'f;)} S J... _ ..... H TEST LAMP (-OJ, I RETURN 
_ E!f'C_ L!DOl·':'.!. _ 

I TEST Ol!TFLG (-1), 

I EXEC MSDOUT - ------
I 

RESET OUTFLG 
EXEC WAIT 

I 
I 

I , 
, 
i 

; 
I 

I 
I 

I 
I , 
, 
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rigure 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-l software is 
examined with emphasis on the outputs generate~ at the completion of 
ear.h 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 sumnarized 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 expi icitly defined in the self-test por­
ti on of [21]. Macro CONF IG A ,B 10dds para 11 e1 input word one (PIW1), 
bits 4 through 8, with the value A and bits 1 through 5 and 7 with the 
value B. Mdcro RANGA,B,C loads va1ues A,B,C into EA2 serial input words 
IRA03, IRA04 and IRA05. Similarly, RANGRT A,B loads A and B into IRA06 
and IRA07. These two macros allow the software to output specified val­
ues of the range and range rate to the MOM's and O&C using the MOM output 
routine. MOMO (340F), which transfers data from the EA2 input to the MOM 
and O&C output registers. ANGRTE A,BtC,O transfers the specified data 
to the MOM output registers rMOM17 through OMOM20 in order to force dis­
play of angle rates. Macro POSIT A,B,C,O tores the data A-O in IMOM3 
through IMOM6, the MOM input registers. This allows the software to 
position nle antenna to roll specified by A,B and pitch specified by C 
and D, overriding anglq 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 spe~ified 
signals exceed the voltage threshold. Macro ANOATA A,B,C,O 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 0 into BOAM and BOAl 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 illputs, as defined 
in Table 6, and compares the voltage with the output of the alpha axis 
rate O/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 
itself and sets a flag, STWAIT, to pause 10 seconds for display of MOM 
and O&C output from the last sequence of the prior task. 

All 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 
4800 
4812 BEGIN 

EXEC 
LBR 
LOAOR 

PC1,STINIT 
BEGIN 
IOP,CW4 . 

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

SELF = 1 
TARGET = 1 
DArEST = 0 
E2TEST = 0 
ElTEST :: 0 
SYSTST = 0 
STWAIT = 1 
OUTFLG = 1 

indicate in self-test 
turn on test target 
reset status flags 

set for 10-sec pausa 
set to output MOM. 

The self· test task sequencer, TASKSQ, uses the variable STPCNT to con­
trol the sequence of self-test routines. STPCNT is reset to 0 by virtue 
of being located in l~AlO. BEGIN returns to the self-test procedure via 
SET PC0. 

Th~ self-test tasks are entered via 

057E 
4803 
4834 TASKSQ 

EXEC 
LBR 
SETT 

PC1,STTASK 
TASKSQ 
IOP,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, 
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Table 6. Self-Test MUX Control 

• 
function STCONl STCON2 STCON3 

A ERROR 0 0 1 
BET 

NAL STRENGTH 0 1 1 
SIG 

HA ERROR 1 0 1 
ALP 

IT RF POWER 1 1 1 
XM 

--
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STPCNT is tested and the routine branches to IHITST (location 5846), 
which initializes the MDM output. Data-good flags are reset and MDM 
words are set as follows: 

RANG 
RANGRT 
ANGRTE 

(range) set to all lIs 
(range rate) set to all lIs 
(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 ;nitializ~d 

to 1. 

6.4.2 Tasks 1 and 2 

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

484£ 
5800 
S806 TASKl 

LSZ 
LBR 
LOAOR 

TSKCPU 
TASKl 
TO,STPCNT 

153 

Task 1, the CPU self-test, has been eliminated. The net 
effect of TASKl 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 
4809 
489C TASr\2 

LBA 
LBR 
LOAORS 

TSKPCS 
TASK2 
IOP,SEQUEN. 

At the conclusion of the PROM test, the PR0M check sum flag is set and 
STPCNT is set to 2 (task 3) if the test is ~uccess1ul. Otherwise, the 
flag is reset, STPCNT is set to go to ta:k 10, and self-test will be pre­
maturely ternlinated. Ne\oJ MOM output is not ll'1itiated after PROM test. 

6.4.3 Task 3 

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

484A 
480C 
4914 TASK3 

LBA 
LBR 
LOArRS 

TSKPFC 
TA~K3 
IOP,IRAOl 

Task 3 first resets the four data-good flags, sets range and range rate 
to all l's and sets the angle rates to O. MOM output is not conditioned 
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on the results of the power fo~ test. The radar operate bit from the 
EA2 is tested and, if true, PFe flag is set to 80. STPeNT is set to 3 
for task 4, OUTFLG is set to initiate MDM output, and control is returned 
to the even leg of the self-test procedure. MDM (and ole) 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 I~tes 

to all 1 's and the angle rates to a's. Mode is set to GPC designate. 
SEQUEN is tested to determine if this ;s the first or a subsequent pass. 
SEQUEN is a during the first pass. having been cleared as part of work 
area 10 (WA10+17). STWAIT;s set to enable the la-sec pause and control 
is returned to the self-test prG~edure. After the first pass thro~gh 

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 ZENl (5883). Using the POSIT macro. ZENl loads 0'5 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 
conclu~ion of the la-sec pause, DOPOS is reset, JS is the ZONEI 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 O. tests ZONEI to determine if the antenna is within 0.3 0 of 
the de$;gn~te and sets the position loop flag. BUFFS. initially cleared 
as part of work area 10, is tested for excessive time to reach zenith. 
Ten seconds after the end of the la-sec pause are ~llowed for the antenna 
to reach zenith. If the limits are exceeded, DES branches to ABO~T 
(4CDO), which sets STPCNT to skip Tasks Sand 6 and sets OUTFLG to ini­
tiate MOM output. Measured pitch and roll angles are stored in the MOM 
and O~~ output words, OMOMS through OMDM8, and 00C1 through 00C6, by the 
gimbal-to-Shuttle transform routine ~2S1 (2COC), executed prior to MOM 
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output. If the antenna is successfully positioned at zenith, DES 
branches to ~(EADY (4CAA), \'shi ch resets the pos 1 t ion loop fi a9. The 
ZONEI inner zone flag, the sequence counter SEQUEN, sets STPCNT for 
Task 5 and sets OUTFLG for MOM output. In either case, no flag is set 
to indicate the results of Task 4. However, if Task 4 fails and Tasks 5 
and 6 are not executed, ASD and TPLF will be 0 since they are in WAll 
and an EAl or DA error will be indicated. ASD (WAll+4) is set by Task 5 
and TPLF (WAll+5) 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--O through 3. Sequen~e 0 is initialization, 
sequence 1 points to pitch = 30 0

, roll = 0", sequence 2 points to pitch = 
30 0

, roll = -30 0
; ancl sequence 3 poi nts back to zenith. Therf are three 

possiblt results of the Task 5 tests: unconditional pass if the antenna 
reaches designate within 7 sec, conditional failure if it reaches d~sig­
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 la-sec pause and the sequence number is set to 1. The lO-sec 
!lause rout i ne tests STPeNT (4) and branr.hes to ANT (5899 i, whi ch tests 
the sequence number, SEQUEN. With SEQUEN equal to 1, ANT branches to 
ZEN1 (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 roll Co. If the test 
fails unconditionally, Task 5 is terminatad, STPCNT is set to go to 
Task 7, OUTFLG is set to initidte r~DM output, but STWAIT is not set for 
the lO-sec pause--this is set in sequence 0 of Task 7. The lO-sec pause 
prior to the roll ~~~t (Task 2) designates the antenna to the pitch posi­
tion attained in Task 1 and the lO-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). tho transmitter 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 1~itialization sequence sets the range and range rate to 
all l's and the lngle rate to all O's, as well ~s resetting the data-g~od 
flags, as in pr1~r tasks. Estimated range is set to 10,250 ft in IMOM7 
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 ~ranches to CHKOPB (4F41), which tests 
the OA operate bit. The logic of the OA 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: 

4F4F 
4F58 
4F61 

RESETS 
RESETS 
RESETS 

10P,SIGEN 
IOP,ATTENl 
IOP,ATTEN2. 

Transmitter power It:.'.·el is selected by the following cOll1T1ands: 

4F6A 
4F71 
4F78 

SETS 
SETS 
SETS 

IOP,STCONl 
IOP,STCON2 
lOP. STCON3. 

Comparator voltage threshold is set by the macro: 

4F8F OAVOlT TRP1,TRP2 . 

OUTFlG is set, STWAIT is set and control is returned to the even leg of 
the self-test procedure. The MOM output, pass or fail, will be the same 
as sequence 3 of Task 5--range and range rate all lis, angle rate all O's, 
pitch and roll O's. After the second 10-sec pause, T,~SK6 branches to 
CHKVlT (4FBA), which tests the status of external flag 3, EF3, \'/hich will 
be true if the tr,3nsmit power exceeds threshold. OUTFlG is set and MOM 
output wi 11 I'ema i n the same as sequence 1, whether the test passes or 
fails. STPCNT is set to 6 for task 7 and OJTLFG is set for MOM output. 

6.4.7 Task 7 

Task 7 consists of four sequences: initialization, radar 
active, test target off, and radar passive. During the init'11ization 
sequence, mode is set to manual by the macro 
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500C TASK7 CONFIG :88. :40. 

Angle and angle rate flags are cleared, estimated rangG of 10,250 ft is 
stored in the MOM input buffer, and TARGET is set. The TARGET flag is 
sent to the EA2 during lRU ~erial output to turn on the test target. 
POWS is set to 80, which sets the test dipole to -17.5 dBm. S~QUEN is 
set to 1, gimbal motors are turned off, and STWAIT 1s set to provide the 
10-sec wait for display of Task 6 results. The pause routine branches 
to RRWAIT (580C), \-Ihich again sets the estimated range to 10,2';0 ft and 
configures the system to manual-active mode. After the first 10-sec 
pause, TASK7 branches to ACTIVE (50lA). 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) to t~st if 
the measured range is within limits. The range limits are 5570 and 
5070 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-goJd flag. RGOOO. is true. ACTIVE the" calL; RRATE (52C2) to 
determine whether or not the r&nge rate data is within limits of ±3 ft/s. 
If the high-order bits of range rate (lKA06) are 0, 3 ft/s (3C) is sub­
tracted from the low-order bits. A negative or 0 result indicates that 
range rd~e is less than 3 ft/s. Conversely, if the high-order bits are 
d11 1 IS, -3 ft/s is subtract~d from the low-order bits. A negative 
result ~ndicates that tne velocity ;r, greater in magnitude than the 
limit. Passing ~he limit test results in bit 4 of ACTFLG being set, and 
bit 3 is set If RRbOOD, the range rate goed status flag, is true. 5igna1 
strength fronl the test tarset is compared with thresholds 51 and 52. If 
greater t~an 51, bit 2 of ACTFLG is set and, if less than 52, bit 1 is 
set. The test target ;s turned off and OUTFLG and STWAIT are set. Note 
that output to th~ MOM and D&C will reflect the ac~ua1 range and range 
I'ilte cOr!lt:Jl'Led by the Efl.?, Cl5 well as the state of the data-goo1 flags. 
That is, the range and range rate flags will be 1 unless the test fails. 
Pitch and foll will be 0') if Tdsks 5 and i) are successful. Otherwise, 
pitch and roll will reflect the actual pitch and roll as computed by the 
gimbal-to-Shuttle rout1ne, reflecting t~e measured gil~!"la1 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 MOM will be 0 if the test passes, 
as will ang1a 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 O. 

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 cillls RRATE to determine if the measured range rate is 
o ± 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 54. If it is greater than 53, bit 2 of 
PASFLG is set and, if less than 54, bit 1 is set. STPCNT is set to i 

for Task 8 and OUTFLG is set fer MOM 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 b~ 0 and pitch and roll will be as in the prior 
sequences. Note that tasks subsequent to Task 7 do not explicitlY turn 
on the test target but rely on TARGET being set by TASK7. Th~s would be 
important if the tasks were to be shuffled for some redson. 

6.4.8 Task 8 

Task 8 (4960) has four parts: initialization, data-good flag 
test, alpha el'ror signal within limits, and beta error signal within 
~ir·; :s. Ounr.g initia"lization, the system is configured to auto-.track 
by the macro: 

4960 TA5K8 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 80 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 reestablt shes 
the estimated 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 if range data is good. POW5 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. MOM output will consist of 
range and range rate data-good flags equal to 1 if the test passes. 
Angle and angle I'ate data-good flags are set bv software and wi 11 be 
unconditionally. Range and range rate will be that provided by the test 
target, presili;~bly 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 predetennined. 

Sequence 2, starting at DELELE (4A07) tests if the alpha error 
is within limits Yl and Y2. The comments [21, pp. 536 and 537] are mis­
le3ding with regard to pass/fail conditions. Bit 6 of ANGR will be set 
if the test passes and delta r!1p~i' is greater than Yl. Bit 5 \ ill 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, medsured roll angle rate output to the 
MOM wi 11 be set to all 1 IS; otherwi se, it wi 11 be set to 0 IS. Pi tch 
angle rate wi 11 remain O. Range and range rate data-good flags wi 11 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::t is successful. Range, 
range rate, pitch and roll will be QS 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 jf less than Y4. Bit 2 is set if the angle 
tra k 

!'.>et. 

if it 

6.4.9 

enable test is true. STPCNT is set to 8 for Task 9 and OUTFLG is 
Pitch rate will be set to all 1 IS if the test succeeds or all GiS 

fails. All other outputs will remain the same as in sequence 2. 

Task 9 

Task 9 (5409) is th~ rece'iver sensitivity test. This uses 
the test dipole at less th~n full power. During the first pass, the sys­
tem is configured to ~~PC 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 RSTV is set. SEQUEN is set to 2 and 
the test target is set by loading hex CD into POWS. Thi& sends the radar 
signal strength to the comparator, sets ATTENl • 1 and ATTEN2 • 0 for a 
nominal output of -45 d8m to the dipole. All MOM 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 lis. 
Sequence 2 goes to SIGSTV (548E), which compares the signal strength 
with thresholds Rl and R2. If signal strength is greater than Rl, bit 7 
of RSTY is set, al'd bit 6 is set if signal strength is less than R2. 
POW5 is set to 05 \:0 measure delta alpha error voltage, SEQUEN is set 
to 3, OUTFIG is set, and STWAIT is set. ~1D~1 output will be identical 
to that of sequence 1. S~quence 3 goes to ALPHA (54F4) to compare the 
delta alpha error signdi with thresholds ALPl 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, OUTFLG is set, 
and STWAIT is set. Again, MOM output is identical to Tasks 1 and 2. 
Sequence 4 goes to BETA (5555) to compare the del~a beta error with 
thresh01ds BETAl and BETA2. If delta beta is greater than BETA1, bit 3 
is set. and, if less than BETA2, bit 2 is set. Range and range rate lim­
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 TASK10, OUTFLG is set and Sn~AIT is set. MOM outP'Jts 
will be identical to those of sequence 3, with the exception of range 
Jntl range rate which will refire" the values measured by the EA2 using 
the lower power test target. 

6.4.10 Task 10 

Task 10 tests the flags set in the prior tasks and sets ElTES', 
E2TEST, OATEST and SYSTST, accordingly. SYSTST is set if all tests wer~! 
successful and resets otherwise. These four flags are output to the MOM 
in status word 3. Range data to the MOM and O&C is set to 100,000 ft if 
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all tests pass, or 1,000 ft if any test faits. During the first pass 
through task 10. MOM output is initiated with OUTFLG set to 1. LAMP is 

set, and subsequent passes through task 10 will set SCANNG. TRACK and 
SCWARN flags which. in turn, will light the search, track and scanwarn 
lights in the D&C panel. Task 10 will continue to be p.xecuted until 

self-test conditions are reset. 
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 uncertainti~s in Tasks 4 and G, the antenna 

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

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

time. 
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Table 7. MOM Output at Conclusion of Power Fonm Test 
Tasks 1-3, Sequence 1 

M[Jjil Output Pass 

f10de Existing mode prior to self-test 

Range Data Good 0 

Range Rate Data Good 0 

Jl..ngle Data Good 0 

Angie Rate Data Good 0 

Range All lis (2,621,440 ft) 

Range Rate All "s (1638.35 fps) 

Roll Angle Rate All 0' s 

Pitch Angle Rate All O's 

Roll Indeterminate 

Pitch Indetenmi!1a te 

............... "3--~l1I!:pt7"'~.~ ....... " ........ s ..... +'(4'51 

Fail 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 
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Table 8. MOM Output at Conclusion of Zenith Positioning Test 
Task 4 

HOM Output Pass Fail 

Mode GPC Designate Same 

Range Data Good 0 Same 

Range Rate Uata Good 0 Same 

Angle Data Good 0 Same 

Angle Rat~ Data Good 0 Same 

Range All l's (2.621.440 ft) Same 

Range Ratf! All 1 '5 (1638.35 fps) Same 

Roll Angle Rate All D's Same 

Pitch Angle Rate A~l O's Same 

Roll 0° Indetenninate 

Pitch 0° I ndetenni na te 

Corrment Go to task 7 
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r~m·' Output 

Mode 

Range Data Good 

Table ga. MDM Output at Conclusion of Servo Tes~ 
Task 5, Sequence 1 

Pass 

GPC Designate 

Range Rate Data Good 

o 
o 

o 

o 
Angle Data Good 

Angle Rate Data Good 

R:i"je 

Range Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

COlTJT1ent 

All i's (2,621,440 ft) 

All lis (1638.35 fps) 

All O's 

All O's 

00 

300 

.......,.......,. 1", .. tJ"r~ -~ .. + \ Xl' A @ 4W ",,!,,4.£:$J:""4ii 

Fail 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

00 

Indetenninate 

Go to task 7 
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Table 9b. f1DM Output at Conclusion of Ser\'o Test 
Task 5. SNluence 2 

M~M Output Pass 

~1ode 

Range Data Good 

Range Rate Data Good 

Angle Data Good 

Angle Rate Data Good 

Range 

Range :-ate 

Roll Angl e Rate 

Pitch Ang;e Rate 

Roll 

Pitch 

Conment 

GPC Designate 

o 

o 

o 

o 

All lis (2,621.4~O ft) 

All lis (1638.35 fps) 

All O's 

All O's 

-30 0 

30 0 

Fan 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Indetennirlte 

30° 

Go to task 7 

LttB?r
tt

, .. :*'.'-' .. ci~';'*f;j'ln"j",.+Iit';M'" 'w»' *M"W'- tiN ',;_'?i:'n='t'" Htt·t:.&..i!.a" "d5!it"pt, ('Mri~ ~'tJ ....... ,.ol4,$·.... .'.e·'" .i.C~._""-- ...... ~..:~~~,··..L~ __ ..:.-_lt,_._.~--..... ........ ~_.~~~d.L'"-'~ ..... 

-" 0\ 

. i 

1 
I 

I 

1 



r-' ." :-._- ,- ----
Ii 
I' 

f 

r~DM Output 

r'1ode 

Range Data Good 

Range Rate Data Good 

Angle Data Good 

Angle Rate Data r.ood 

Range 

Range Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

COf1l'1ent 

Table 9c. r~DM Output at Conclusion of Servo Test 
Task 5, Sequence 3 

Pass 

GPC Designate 

o 

o 

o 

o 

All l's (2.62l.440 ft) 

All 1'5 (1638.35 fps) 

An O·~. 

All O's 

0° 

0° 

Fail 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Indetemlinate 

Indeter:ninate 

Go to task 7 
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Table lOa. 

--- ------

MD~1 Output 

Mode 

Range Data Good 

Range Rate Data Good 

Angle Data Good 

Angle Rate Data ~ood 

Range 

Range Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

I 

~1O"" Outout at. Conclusion of Power Test 
Task 6, Sequence 1 

Pass 

GPC Designate 

0 

0 

0 

0 

All l's (2,621,440 ft) 

All 1 's (1638.35 fps) 

All O's 

JUl D's 

Oc 

0° 

............... ~ .... "'1-..,."..- ... """"",!~~." "'" 4 P ,;a$¢SW;.4£J.!..t:""!ii 

Fail 

Same 

Sarr.e 

Same 

Same 

Same 

Same 

Same 

Sa:ne 

Same 

Same 

Same 
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Table lOb 

--~ --
~1Dii lutput 

j-1ode 

ibnqe Data Good 

~dnge Rate Data Good 

Angle Data Good 

Ang1e Rate Data Good 

;,angE: 

Ranqe Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

r.1Dtr. Output at Conclusion of Power Test 
Task 6, Sequence 2 

--~-----

Pass 
-.---.--

GPC Designate 

0 

0 

0 

0 

All l's (2,621,440 ft) 

All "s (1638.35 fps) 

All O's 

All Q's 

0° 

0° 
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Fai 1 

Same 

Same 

Same 

Same 

Same 

Sl.me 

Same 

Same 

Same 

Same 

Same 
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Table lla. MOM Output at Cotl\.lu<:;ion of R,~ Tast 
Task 7, Sequence 1 

t~Di·l Output 
_._-------

i"ode 

Range Data Good 

Range Rate Data Good 

Angle Data Good 

Angle Rat~ Data Good 

Range 

Range Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

Pass 

Manual 

1 

o or 1 

o or 1 

5,320 ± 250 ft 

o ± 3 fps 

All O's 

All O's 

0° if tasks 4 and 5 pass 
Indetermir.ate otherwise 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Fail 

Same 

o or 1 

o or 1 

Same 

Same 

Indeterminate if 
range check fails 

Indeterminate if range 
rate check fails 

Same 

Sanae 

Same 

Same 
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Table 11b. MDM Output at Conclusion of R,R Test 
Task 7, Sequence 2 

r1Dt1 Output 

Mode 

Range Rate Good 

Range Rate Data Good 

Angle Data Good 

Angle Rate Data Good 

Range 

Range Rate 

Ro 11 Ang 1 e Rate 

Pitch Angle Rate 

Roll 

Pitch 

Conment 

Pass 

Manual 

o 

o 

o 

o 

All O's 

All O's 

All OIS 

All O's 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

cA2 to EAl serial data 
. lrced to 0 u,less tracking 
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Fail 

SaIne 

o or 1 

o or 1 

o or 1 

o or 1 

In~ete""inate 

Indetenninate 

Same 

Same 

Same 

Same 
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Table 11c. MDM Output at Conclusion of R9R T€st 
Task 79 Sequence 3 

MOM O"'t~ut 

t·1ode 

Range Data Good 

Range Rate Data Good 

Angle Data Good 

Angle Rate Data Good 

Range 

Range Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

Pass 

Manaal 

1 

1 

o or 1 

o or 1 

10 9 240 ± 250 ft 

o ± 3 fps 

All O's 

All O's 

O~ if tas~~ ~ allU 5 pass 
Indetenninate otherwise 

00 if tasks 4 and 5 pass 
Indeterminate otherwise 

..·~'--- .. ,'~-~-'=""-~~-'~~""JiJ-:. ..... 4_A4,.= 
~!of 

Fail 

Same 

o or • 

o or 1 

o or 1 

o or 1 

Indetenninate if 
range check fails 

Indetenninate if range 
rate check fails 

Same 

SallIe 

Same 

Same 

~ • 
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Table 12a. MDM Output at COl1cll!sion of Servo Angle Track Test 
Task 8, Sequence 1 

MOM Output Pass 

r"ode Autotrack 

Range Data Good 1 

Range Rate Data Good 1 

Angle Data Gr~d 1 

Angle Kate Data Good 1 
·1 . 
,\ Range Sho~ld be close to 10,240 ft 

Range Rate S~Quld be close to 0 fps 

Roll Angle Rate All O's 

Pitch Angle Rate All O's 

Roll 0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Pitch 0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Conment Range and range rate as 
provided by test target 

"i_r-~'{;-~;~"""""7'''' Piii; ,.....N ..- ~"":+'I"" JiUiiCsq; 

.- ,.., 

Fail 

Same 

o or , 

G or 1 

SaIne 

Same 

SaJr~ 

Same 

Same 

~,.---
Salle 

SallIe 

-0) 
w 

",L ,- - ",' , .. ,'-=," ............ """'>''"',,.- + < .. '~ ,-" -" '," ..... -_ •• ,-J 



i'~·"N ... ~, .. ~ .. ~-·"""""",~;~-""""~~,;"",(",,+,, 

~-r-~ -r ... ' i ¥ ,,". r,l; ill . r .~ ~"~~. 1'· ' -.~ 
:'1 , 
, 

~ .. 
~ 
1 
~ 

" ~ 

I 
I 
~ 

.< n 
¥. 
ct.' 

~~ 

" .. 

Tablc 12b. MDM uutput at Conclusion of Servo Angle Track Test 
Task 8, Sequence 2 

MOM Output Pa..:.':: Fail 

Mode Autotrack Same 

Range Data Good o or 1 (same as sequence 1) Salle 

Range Rate Data Good o or " (same as sequence 1) Same 

Angle Data Good 1 Same 

Angle Rate Data Good 1 Same 

Rar.;:Je Should be close tQ 10,240 ft Same 

Range Rate Should be close to ry fps Same 

Roll Angle Rate All l's (-16.38°/s) All O's 

Pitch Anale Rate All O's ,~11 O's 

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

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

Corrment Range and r'~mge rate as Same 
provided by test target 
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Table 12c. MDM Output at Conclusion of Servo Angle Track Test 
Task 8, Sequence 3 

MO~1 Output 

'·1ode 

Range ;jata Good 

RafiCjf: Rate Data Good 

P.ng 1 e Da ta GoOt 

Angle Rate Data Good 

Ran~e 

Range Rate 

Roll Angle Rate 

Pitch Angle ~ate 

Roll 

Pitch 

Pass 

Autotrack 

o or 1 (same as sequence 1) 

o or (same as sequence l) 

1 

1 

Should be close to 10,240 ft 

Shou~d be ciose to 0 fps 

All Q'~ or all l's depending 
on outt;ome of sequence 2 

All l's (-16.38°/5) 

O~ if tasks 4 and 5 pass 
Indeterminate otherwise 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Fail 

Same 

Sallie 

Same 

Same 

Same 

Same 

Same 

Same 

All l)ls 

Same 

Same 
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Table 13a. MOM Output at Conclusion of Receiver Sensitivity Test 
Task 9~ Se~uence 1 

~~~"""" ~.:;-":~ . "TT-~.,........'7- :','~;:;~ '! " _ i-:'\tti 40' 
.- ,... 

------------------------------.. -----------------------------------------------------------------

I 

I 
} , 

NDt~ Output 

Mode 

Range Data Good 

Range Rate Data Good 

Angle Data Good 

Angle Rate Data Good 

Range 

Range Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

Pass 

GPC Acquisition 

o or 1 (same as task 8, sequence 1) 

o or 1 (same as task 8, sequence 1) 

1 

1 

Should be close to 10~240 ft 
(same as task 8, sequence 1) 

Should be close to 0 fps 
(same as tasK 8, sequence 1) 

Al1 O;s or all 'IS depending on 
outcome of tasK 8, sequence 2 

All D's or all lIs depending on 
outccme of task 8, sequence 3 

UO if tasks 4 and 5 pass 
Indeterminate otherwise 

0° if tasks 4 and 5 pass 
lndetenni 'itA +:e otherwi se 

Fail 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

S4me 

Same 
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Table 13b. MDM Output at Conclusion of Receiver Sensitivity Test 
Task 9, Sequence 2-4 

r·mr·i Output 

Mode 

Range Data Good 

Range Rate ~ata Good 

Angle Data Good 

Angle Rate Data GOQd 

Range 

Range Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

COOITIent 

Pass 

GPC Acquisition 

o 1 

o or 1 

1 

1 

10,240 -t 250 ft 

o ± 3 fps 

All O's or all l's, depending 
on outcome of task 8, sequence 2 

All O's or all l's, depending 
on outcome 0~ task 8, sequence 3 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Range, range rate and range data 
good flags may differ frG~ seq. 1 
due to lower power 

Fan 

Same 

Same 

Same 

Same 

Same 

Indeterminate 

Indeterminate 

Same 

Sa:ne 

Same 

Same 

Same 

~~....t,,"= ..... ~ .• tV- .. ~~..J ~'~_'L • ..J~",,~~'"""'~~~~'~~l .. hb __ "',,~~~~....:...~~~....:l~~~ • ssc r t ! • ..,,:. ...... " ••• u""'-...... ~"""""--~~~-:~~<~ ........... ~~ __ _ 
.~ • ....,~ .:,. •• ...l.~~-~.-"'-.~:.. __ ~ ..... _ ........ ~. _. ~._ ....... '"'"_~J'< ___ ._ ......... 

-

-Q) ....., 

J 
i 

1 
i 
i 

, 1 

L 
i, 
Ii 

1 
.1 



--,.-,.--0 ~ ~,.~·~'~-~~'C'l'"""_·~ ....... .",.,..;q.ii"'." 

r'· '; , ..... -.<~,,~-.......----
.'Ii" • . 
" -- --

" 
! 
~~ , 

--'--;r- ......... 

Table 14. MOM Output at C:onclusion of Flag Compilation 
Task 10 

MOM Output 

e 

kange Data Good 

Range Rate Data Good 

Angle Data Good 

Angle Rate Data Good 

Range 

Range Rate 

Roll Angle Rate 

Pitch Angle Rate 

Roll 

Pitch 

DA 

E1 

E2 

Sy~ 

.... L...." .,;;",,-e- .,::':' ',.-"'-,"1;"'~-'3il "" ·,_w_='"," N' 15t" , • 

Pass 

Manual 

o or 1 

o or 1 

1 

o 

100,000 ft 

Should be close to 0 fps 
(same as task 9, sequence 4) 

All O's 

All a's 

00 

00 

1 

1 

1 

1 

Fail 

Same 

Same 

Same 

Same 
Same 

1,000 ft 

Indetenninate 

Same 

Same 

00 if tasks 4 and 5 pass 
Indeterminate otherwise 

00 if tasks 4 and 5 pass 
Indetenninate otherwise 

o or 1 

o or 1 

o or 1 

o 
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6.5 

6.5.1 

Mtmory Usage Optimization 

Introduc t1 on 

190 

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 ~rfo~ the required functions. Initial 
estimates by HAC indicate a timing margin of 3-6% if feed-forward is 
implemented. 

One ~Iay 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 1s increased. 

6.5.2 Suggested Modifications 

With the current implementation, one flag word may hold as many 
as eight flag bits. In order to access an arbitrary flag bit, Qs~embler 
macrr instructions are used whicn ~enerate ;nline 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 

1s expanded to the following inline code: 

LD! (low-order address of flag word) 
PLO REGISTER 
LON REGISTER 
ORI (flag bit to be reset) 
XRI (flag bit to be reset) 
STR REGISTER. 

a 

1 

j 
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This macro uses nine memory wo"ds and 12 machine cycles, with the 
high-order byte of REGISTER preset to the high-order address of tile flag 
word. By contrast, if one word contained one flag, the fllg would be 
reset merely by clearing the word. This could be done with four instruc­
tions, versus; ix. using ~ix memory words and eight machine cycles. Sim­
ilarly, the SETS macro, which takes seven memory locations, ftve 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 ~dditional 
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. 
Aoditional 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 
POW5 are typically loaded at the same time. 

While there is no point in modifying the existing softwaretf 
it. is adequate to do the job, in tht:- even' that feed-forward requires too 

much time, this technique could b~ tried. The effect of tile suggested 
changes can easily be tested merely by redefining t~e macros, allocating 
storage for the flags and r~defining the input/output bit m~pping. 

j 
1 



6.6, Conclusions and Recommendations 

The EAl softwar'e is well ~~\.~nted and annotated, with th. 
exception of the omi~s1on of a cross-reference listing in the documenta­
tion. In this report, Axiomatix has ~,..oyided a cross-reference listing 
of status flags to partially fill this gap. A minor bug in the proce­
dure tenninat ion 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. OiscusJfon of the MOM output during 
self-test is very brief 1n the HAC documentation; a more complete dis­
cussion of the MOM outputs is provided in this report. A change 1n the 
method of flag storage is recommended if process;n~ time becomes a cr~t­
ical factor in future versions of the EAl software. 
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7.0 DELIVEqABLE TEST EQUIPMENT EVALUATION 
7.1 Introduction 

As per IfASA Contract NAS 9-15795B. Task 3. thh section reviews 
and ~valuates th. Hughes Aircraft Company's Ku-band test equipment which 
will b,,' d".': "v~red to both the Avionic Development Laboratory (ADL) and 
the Electronic System Test Laboratory (ESTL). This test equipment was 

I 

previously known as the Deliverable Test Equipment (OTEj, however, the 
present nomenclature is the ~liverable System Test Equipment (OSTE). 

The D5T£ is capable of performing system level developmental 
testing of the Ku-Band Integrated Radar and Conmunicati~ns Equipment and 
is functionally organ~zed into LRU test .,all~ls similar to the Ku-band sys­
tem with the addition of a microcomputer system, a Ku-ba.1d signal coneti­
tioner, power control panel and general-purpose test equipment. Figure 45 
is a functional block diagram of the OSTE. 

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-l LRU, the EA-2 LRU and the SPA 
LRU test panel, were developed and are being uspd as the primary signal 
sources and signal detection circu~ts for the resper.tive LRU's. Upon 
completion of the EA-l, EA-2 and SPA LRU testing. the three LRU test 
panels were integrated into a console to form the basis of the OSTE. 

While the OSTE is capable of operating in an RF link mode 
where radiation is coupled between the Ku-Land system antenna and a sim­
ulated TORS satellite, the more typical operational mode is to use the 
Kll .. band Test Signal Conditioner (TSC). The TSC provides numerous func­
tions but.. essentially. the TSC upconv~rts the simulated forward link 
data generated by the EA-l 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. Als'J, the TSC demodulates the rett.;rr, link Q3PK 
or FM signal which is input into the SPA test panel for data comparison 
and validation. 

The OSTE utilizes a power control panel that monitors the volt­
age and current supplied to the Ku-band ~ystpm. 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. 

PREcEDING PAGE .... NOT·FILMED 
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The '.st MJ~r f •• tu ... s of the 051£ .... the t.st oper.tor 
tnterf.c •• nd ·the tlst c_uter syst.. The DSTE ts bastc.lly s_t.uto­
... etc. wtth pri.ry control of the t.st oper.ttons by the t.st oper.tor. 
TM test cOllPUtlr prt .. r11y perfo,.. the rol. of lIOnitorinl non .... l-ti. 
functions. data lOlling •• nd .... n.glMnt of the Ku-band syStall oper.ting 
.od.s. The t.st cOMPut.r syst .. includ.s • MiniCOMPUter, • dual floppy 
disc syst ... a hard disc systeM (ESTL 0"1y). a CRT display t.~1n.', a 
high-speed lin. print.r, and a test contr0l/co.put.r int.rf.c. pln.'. 

The DSTE WlS built into a moduli"'1zed con1igurat1on being 
grouped functionally to Minimize intercabl 'ng and to facilitate system 
and LRU level testing. Figur. 46 shows the ~TE physical conf1gurltion 
which consists of the following: 

(1) A tiiree-and-one-half bay console housing the three LRU 
test panels (EA-l, EA-2 and SPA). power supplies. the system-unique 
panels (power control, test operator panel and shaft ~ngle 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 mobil e stand f.., :r mount 1 ng the Of, . RU and hous i ng the 
TSC panel. 

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

(4) A line printer on a stand. 

(5) An additional three-bay console for user-supplied commer­
c1al test equ~~nt. 

Since the OSTE is semiautomated, Hughes generated a numher 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 
TP12090-001. "Subsystem Oevelopment Test Procedures for the Ku-Band 
Integrated Radar'/Conmunications 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 1:, no exist ing docume~t descri bing the DSTE in 
detail. So. 1n order to understand the cap~bilities. a number of docu­
ments were reviewed. First. there is Hughes document HS237-528. "Veri .. 
fication Plan for Ku-Band Integrated Radar and Comunicaticns Equipment," 
dated September 14. 1979. This Hughes document. which is sometimes 
referred to as "TM01." is a Rockwell contractually required plan that 
permits Rockwell to evaluate the Hughes method of verifying the Ku-band 
sy~tem requirements. In TM01, 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 Hugh~s document TP32090-001 (previously men­
tioned) that describes the 31 tl.~st modulp.s. This specification will be 
used in this report to determine the basic capabi1itie~ of the OSTE. 

Thi rd, Hughes document TP320l2 w 074, "Ku-Band Sell-Off Test Pro­
c~~ure," 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 'for 
sell-off. 

Fourth, Rodwell document MiA09-0025, "Inte<]rated 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 basi~ approach was to generate a matrix to compare the 
Ku-band system requirements a~ detailed in the Rockwell specification to 
the 31 test module3 described in TP32090 .. 00l. Ideally, the modules should 
test a majority of the Rockwell syste~ requirements. In this same matrix, 
the modules used for DsrE se11 ... off will also be identified. 

i 
1 

J 



" • I 

.; . , 
! 
i 

___________ ¢i,·::""Jr"""~~--_, • .._.,_""'·.!.3MMf_. __ & .... &.""'m ... a "r .... '_"'",(¥.P ...... """,s'""''''' .• '''''' .... ,''''''' ""'"X .... IL_" .... """"""' .. _· ... , '-1 -, •.. 

200 

733 findings 

The first task was to detennin~ exactly wh-!t each of the 14 
communications tust modules and t~e 17 radar test modules actually v~rify. 
This was accomplished by reviewing TP32090·Cal and TH01. 

7.3.1 Test Module Descriptions 

The reader must remember that originally there wet'e no require­
ments for Hughes to perform systt:1Il 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 ti!sk. 

7.3.1.1 Conillunications Test Module Descriptions 

7.3.1.1.1 COll11lunications power up/down consumption 

The Ku-band cOMnunications 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 sy~tem switched to COMM STDBY from the 
OFF condition. MOM status bits \<Ji11 be verified for correct mode. In the 
COf.1.M STOBY 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 
MOM pitch and roll data and the shaft angle encoder data. With the antenna 
ill the unstowed condition, the follm'Jll1lj power will be mea.:ured: 

(1) Avionics rower 
(2) OA power 
(3) HTR power. 

Upon completion of the power measurement, the antenna stowing procedure 
will be verified via MOM pitch and roll data and discrete signals (800M 
STOW ENABLl I and I I --hi gh) The sys tem will then be commanded off and 
the avionics and OA currents measured. 
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7.3.1.1.Z Communications subsystem slant range 

The purpose of thts test ts to denonstrate the capability of 
the Ku-band system to acquire and lock on to a TORS simulated signal. 

The test consists of transmitting a 13.775 GHz CW stgnal fro~ 

an antenna located atop the south end of Hughes building NJ55 (Bird House) 
to the Ku-band system located in the radome-enclosed area in building #35B. 

The Ku-band system antenna is manually slewed until a maximum 
reading occurs, indicating that the OA antenna is pointing at the simu­
lated target The Ku-band antenna is then pos;tioned 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 systenl 
capability to acquire and lock up on the simulated target is verified. 
Search 1s visually verified by the antenna motion. After the antenna 
motion has stopped, system status is verified by reading the MOM status. 

7.3.1.1.3 Forward link signdl strength test 

The objective of this test h to verlfy the Ku-band co",,,unicc1-
tions subsystem capability to provide acceptable conditioned AGe voltage 
repr'esenting communications signal strength. 

The Ku-band cOMnunications subsystem input signal level will 
be varied and the corresponding signal strength voltage measurf.d. The 
si9n~1 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 conmunications subsystem. as follows: 

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

The test starts with the Costas and PN (when PN is present) 
loops tracking a known input signal u~ 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 absent). 
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7.3.1.1.5 Forward link 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 link input signals: 

(1) Unmodulated carrier 
(2) Data mod~lation 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 t~l1les 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 all four speci­
fied modulation types. Test is perfonned in mode 1. 

(2) The PN loop acquisition odd lock indication (within 10 sec­
onds) after the input signel1 I~ dpplie(1 is measured for the PN modulation 
on carrier and data and PN modulation un 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 t~) 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 al'e not present, is measured. 
The test is performed in mode 2 and at rates of 32 kbps and 216 kbps. 

(5) The data present Signal d~op-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 2iS kbps rate. The test is repeated 10 times 
with high input signal rate. 
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','.3.1.1.6 Forward link acquisition BER tests 

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

The bit error for various forward link input signal levels is 
measured on the electronic counter. Signal detect'on is verified at the 
start of each test and the bit error measured at the end of 60 se~onds. 
The test is performed for data modulation on carrier and data and PN n~d­
ulat10n on carrier. The mode 1. NSP 1 forward link outpu~ data RMS jitter 
is ml'asured on the electronic counter set for time interval measurement. 

7.3.1.1.7 Functional test (return link) 

lhe return link functiondl test objectives are as follows: 

(l) To verify acceptable signal isolation and correct configu­
:-ation for return link ddta channels in re5ponse to management conlnands. 

(2) To verify acceptable signal condit ioning in response to an 
aSYlll11etrical HDR clock. 

The functional tests will be conducted as follows: 

(l) Signal isolation dnd correct configuration will be veri­
fied by injecting 125 kHz square-wdve signdl 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 vet'Hied for the 
selected nonnal 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
mptry will be verified by first using an HDR clock with +20% aS~Bnetry 

dildin~lIring that the HDR bit stl~eam output of the DA does not exceed 
lOX a~Yllvnet.'y. The test will be I'ept:'ated for -20% HDR clock aSYlllnetry. 

7.3.1.1.8 BER test (rt~turn 1 ink) 

The communications return link BlR test objective is to verify 
acceptable BER levels for all retul'll link digital channels for normal and 
abnor',l1al inputs (asynlnetrical convolutional encoder clock). 

l'~ 

l.o._'~~""'~~' __ ._~'''''H'''''''''~' .,_ .... ~·E;:t;~;:,~ ... _';;., p'r' '_*"'11 "~'''N"'g _,'~ •. __ . '" ., .• , 

'~ 

I 

.J 



l 

204 

Generally, BER can be detennined direct'ly 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 bi t due to noise) by the total number of input bits occurring 
during the time period of observation. However, because the BER fOt' the 
return link is nonnally too low to detennine 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 

-6 extrapolated to obtain the SIN ratio corresponding to a BER of 10 
This SIN ratio shall not be different from an SIN 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, clod in response to asymmetry in the convolu~ 
tional recorder clock signal. 

7.3.1.1.9 COlTlllun;cations mode dntennd stow/unstow test 

The antenna is deployed to it~ unstowed po~ition and directed 
to the zenith, wherf' 1'011 dnd pitch 9imbal encoder angles are verified. 
The antenna is then directed to the stowed position dnd the roll and pltch 
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 1n the obscuration 
boundary table. 

7.3.1.1.11 Conlnunicati~ns mode antenna stability test 

The antenna's dt'ift rdte ill inertial stabilization and the 
antenna's drift and pointing ilCClJrdCY 1:1 body stabilization are measured. 
The antenna's angular positlon is set fOI' different pointing designates 
and the accuracy is checked. After two minutes dt each pointing desig­
nate. the antenna's angular position ;5 again read. From this data, the 
dt'ift rates in inertial stabilization mode and the angular drift in body 
stabilization mode are computed. 
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7.3. L 1. 12 COIIIIIUn 1 ca t ions mode antenna slew tes t 

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 '/ s 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 stOD, the gimbal whips 
arolJnd 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 l~vel TORS 
acquisition requirements and the loss in antenna gain during TORS 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 
OESIG, 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-V 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 
vacu~m scan volume test consists of a search scan at each of four scan 
centers. The scan centel-s 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. 



7.3.1.2 Rada~ Test Module Oescr;ption 

7.3.1.2.1 Radar power up/down consumption 

-t 

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

power··on modes. 
The test begins with the system switched to RADAR STDBY from the 

OFF condition. MOM 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 COn1nanded to RADAR ON. The antenna unstow­
ing procedure, along with initialization of the angle designation register, 
will be verified via the MOM pitch dnd roll data and the shaft anq1e 
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 wii1 be 
verified via MOM pitch and roll data and discrete signals (BOOM STOW 

ENABLE I & II--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 conmand. The 
response is noted and is followed by a correct initiation of the self-test 
mode. The test operator evaluates the re~ponse of the D&C displays while 
the OSTE evaluates the SIT information available at the MOM. The combin~d 
evaluations determine the sa1f-test validity. 

Available to the operator at his discretion is a printout of 

all the MOM data that was taken during SIT by the OSTE. 

7.3.1.2.3 Antenna stow/ullstm'i tp.st 

The antenna is commanded to execute the stow and unstowing pro­
cess. Along with visual verification, the stow and unstow angle positionj 

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 tr'ack. 
along with designating the range. "simulated target return is provided 
to obtain the track waveforms. In addition. the frequencies of the 156 MHz 
(T.O. rt:Ference) and 49.2 MHz (range clock reference) signals are measured. 

7.l.1.2.9 Radar range accurhcy test 

This test n~dule verifies the radar subsystems's measurement of 
rang'? 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 cumputer-calculated statistical reports 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. Fourteen range accuracy tests make up the test module. The 
tes ts are confi gured to v~ri fy the radar subsystem's measuri ng capabil ity 
through the specified regime of operation. 

7.3.1.7.10 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,Jntal and acceptance. The developmental approach 
uses many data samples (1000 nominal. but operator controlled) to deter­
mirl' the statistical mean, val'iinc0 and three-sigma values of the data. 
These COfllputer-calculated statistical rept'ots 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
b1lity through the specified regime of operation. 

~ 
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7.3.1.2.4 Antenna obscuration zone test 

The obscurat 40n profile for the A side is checked out. The 
antenna i5 positioned to seven lucations, five of which are in the obscu· 
ration area. The scan warn l1mit indicator on the MDM and ole outputs ar'l! 
monitored for the correct responses. 

7.3.1.2.5 Antenna stabilization test 

This ~ort1on consists 0& 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 within specification. The 
slew modes are verified by mea:wring the antenna slew rate for both fast 
and slow rates in the azimuth and elevation planes. Finally, the antenna 
is scanned about the -1 a)(15 in d 12° cone. 

7.3.1.2.6 Radar target track test 

This test verifies radar target tracking in both an91e-tracking 
and nona'lgle-tracking modes. The passive mode is used in both tests. 

The Ku-band radar subsystem ~iIJ,lal strength indicator is dynam­
ically exercised by varying the input signal level. In addition, the 
transmitted signal strerlgth indicator is chlAracterized by measuring the 
response to all three transmitter power settings. 

7.3.1.2.7 Radar antenna scan volume tp.st 

Proper resp"'nse to inval id start scan convnanding during GPC 

DESIGNATE, MANUAL, GPC ACQUISITION and AUTOTRACK antenna steering modes 
is ver1fied. The operator thAn selects either the ambient scan volume 
test or the thermal vacuum scan volume test. These tests use an X-V 
plotter to record the antenna SCdn trajectory for off-line analysis. 
Parameters to be verified off-line are: !'lumber of scan circles, scan 
volume, 30~:' ~~'an overlap and scan time of .me minute maximum. The ther­
mal vacuum SCali 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 a~proximately 60, 5U\ ~u. £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 telt 

The radar target acquisition test module contains three test 
segments: nonscannfng acquisition, the s1delobe 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) Nonscauning acquisition. This test verifies that the 
radar system will detect and angle track a target placed within the 3 dB 
bea"",,1dth. The operator selects the antenna pointing direction, the 
location of the target relative to the antenna, the mode (active or pas­
sive), and whether the t"rget is ~t shor~ or long range. 

The range will detennlne the settling time of the acquisition 
loop. The antenna is not scanned during this test. 

(2) Sidelobe test. T~e 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 Ilonangle-tracking mode will permit target 
track (i.e., range and range rate track) but would preclude the antenna 
servos from nulling out t~e 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 opprator designates the scan center loca­
tion, the target location relative to the scan center, and the scan volume" 

There are only 10 scan volumes, and not all scan volumes 
need br 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 stbtus bits) 
corn'ctly responding \'1111 determinr> test acceptance. 
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7.3.1.2.12 Radar MOving-target acquisition tlst 

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 proftles that can be selected on the basis of test number, as listed 
below: 

Test No. 

2 

3 

4 

5 

Scali Volume 

30 
25 
11 

8 

6 

{Ol Target Velocit~ (o/sec) 

0.1 
0.2 
0.3 

0.6 

1.1 

In each test, two signal levels maximum or minimum must be 
designated corresponding to d 1 square meter or 10,000 square meter tar­
get. A third quantity must also be given and allows for fine correction 
of the test signal conditioner panel RF output level. The value is spec­
ified in decibels of attenuation. A p~sitive value decreases the signal 
level whereas a negative value increases it. Specifying 0 dB does not 
change the progran~ed levels. 

7 3.1.2.13 Radar recovery time test 

The test consists of the Ku-bdnd system locking on to a moving 
target. Target eel ipse takes place for a predetennined time interval; 
the target then reappear'li. The test obsel'ves \,/hether or not reacquisition 
occurs. 

The four selectable tests are listed below: 

Tes t :10. 

.) 
'-

3 

4 

loss Time 

O. 1 sec 
O.? sec 
0.3 5ec 

Operator designated 

The target is at 12 11m Ivith 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 follm'Jing parameters: 

1 
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CF Correction factor for the RF signal level. given in decibels 
of attenuation 

RB Range bias correction for teSt equipment, given in feet 

V Target loss rate in o/sec, 2e/sec maximum. 

7.3.1.2.14 Radar gimbal pointing control 

The tests involve the Ku-band servo system capability to accu­
rately p01nt 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 t~5t 
location. The tests are part~t;~ned into three sections and are described 
as follows: 

(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 fi ftil location. After reaching the 
designate, the position holding test can be selected in either the body 
stabilized or inertial stabilized mode. The test positions in the alpha­
beta coordin3tes are: 

1. 0, 0 

2. 0, 30 

3. 0, 60 

4. -45, 45 
5. Operator designated. 

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. 

(2) Gimbal slew test. The test consists 

(a) Gimbal straigtlt slew test. Test position for alpha 
and beta (0) are: 

Test 

2 

3 

Initial 
~_l-E-h...a Be ta 

o 65 

o -85 

Operator supplied 

Final 
Alpha Beta 

o 
o 

o 
o 

A 
I 
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(b) Gimbal slew test with wraparound logic involved. 
Wraparound primarily exercises the alpha gimbal with the beta gimbal held 
constant. Alpha moves from 145 0 to -2050. 

Test No. 

2 

3 

4 
5 

6 

Beta (0 1 
o 

60 

75 
-60 

-85 
Operator supplied 

7.3.1.2.15 Radar angle track--servo convergence test 

The servo convergence test will verify the radar servo loop bandwidth. Severa 1 parameters are supplied to define the test. 

CF 

RB 

Test No. Mode Bandwidth (Hz~ 

Passive 0.12 
2 Passive 0.075 
3 Passive 0.027 
4 Active 0.075 
5 Active 0.027 

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 

V Target LOS rate in o/sec 

A,S Antenna locrtion expressed in degr~ps 
AR,BR 

Target location relative to the antenna, expressed in degrees. 

The dngle error signals are recorded on a strip chart recorder 
or equivalent cq~ipment. 
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7.3.1.2.16 Radar angle track--dynamic tracking test 

There are two major tests. The first measure~ the Ku~band 
systems's capability to an~le-track a ta~s~t into the antenna pole loca­
tions. The second test verifies the capa~111ty of tracking a target 
acc~lerat1ng normal to the line·of-s1ght (LOS). 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 positior"d at coordinates 

designated by operator. Angle-track is established. MOM and SAE angle 
data are collected (500 ~amp1es). Mean and 3-sigma values are derived. 

(2) Dynami c angl e-track. 500 sampl es of angl e rate data from 

MOM 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 Cdn be designated by the operator. 

7.3.2 Rockwell Specification versus the DS1E 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 ;s that TP32090-001 gives very general test 

descriptions. In the radar tests. for example, the system ;s initialized 
to the GPC DESIGNATE mode, but it is not clear whether or not the test 
module dutomatical'y switches to the GPC ACQUISITION mode in the course 
of the test. In order to detl' rl11ine the answer to this question, it would 
be necessdry to review each softwdl'e step fer every test module. There 
1S no convenient intermediate Hughes document between the software and 

TPJ?09-001. 
The second problem is tha~ the test modules were generated 

dpproximately two years ago. primarily for developmental testing. The 
modules were not intended to be used to verify system per!:1nnance. 
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7.3.3 DSTE Sell-Off Procedures 

The ll,"evtously mentioned Hughes document TP32012-074 describes 
the te~t modul a s to be used for DSTE sell-off. There are a number of 
DSTE check-out tests but, essentially, Hughes is taking the AOl Ku-band 
system after ttle lRU's have passed their respective ATP's and connectinq 
the ADl l~U'~ to the ESfL DSTE. Also. the ESTl lRU's will be connected 
to the ADl DSTE. 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 ES1L DSTE and vice-versa. the DSTE's must be functioning 

properly. 
Hughes wil1 be using two of the 14 conlnunications test modules 

and four of the 17 raOdr test modules to conduct the DSTE sell-off. The 

sell-off modules are llsted as follows: 

1. COMMUNICATIONS MODE 

2. 

Forward Link Acquisition Time Test 
Co~nunications Mode Target Acquisition and Track Test 

HADAR MODE 

Radar POWl'\' Up/flown Consumption Test 
Ant~r\lld Obscuration Zone Test 
Antenna Stabilization Test 
Hadar Target rrack Test. 

By examining th~ Rockwell specification versus the DSTE test 
module matrix, the two communications tests dnd the four radar tests simply 

do not exercise the Ku-band system or, for that matter. the OSTE to any 
great extent. Granted thaL many of the DSTE components had been used for 
the LRU ATP's, it is the o:,;nio;l of Axiomatix that a more extensive sell" 

oft prl.hedurt.' is required. 

The 31 test modules provide a good cross-section of tests with 

which to exercise the Ku-balld system. 
currently available, the DSTL is very 
the Ku-band system lJerfOrl1ldrlCe as per 

However. based on the test modules 
1 il1lited when being used to vflrify 
the Rockwell specification. Addi-

tional test modules or utiliz;nlJ tile Mep mode would greatly inct"ease the 

present capabilities. 

,', 
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Because reviewing the software in great detail ~ould 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 ar~as. 
Axiomatix feels that the matrix is fairly representative of the test 
module capabilities. 

The matrix is shown in section 7.5 but. before discussing ttl 
some explanations are required. The Rockwell specification paragraphs 
are 1 is ted along the left-hand side and the cOlYlllunications or radar test5 
are listed across the top. Listed along the right-hard side are the ver­
ification methods required per the Rockwell specifi~ation. 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 1n the IInot completely tested by the development test module ll col­
umn, this does not mean that rp.quirement 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 1lI0de. 

This manual mode is accomplished by loading the Manual Control 
Program (Mep) into the computer~ new the test operator is allowed to man­
ually key-in test parameters dnd 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 entil~e system perHlrInanCe, the manual mode or. perhaps, addi­
tlonal 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 pre5e~t test modules seem inadequate to 
fully verify system J.lerf()l~rndnCe as required per the Rockwell specifica­
tion, generating new modules or ut.ilizing the Mep so that parameters and 
commands may be input manually would increase the present DSTE performance 
rapabil ities. 

1 
.J 
1 



t 
, 

216 

It is recomended that a DSTE capab111 ties document be gene\'ated 
by Hughes which discusses in detail the DSTE performance characteristics. 
With this Jucument, the DSTE end users, NASA and Rockwell, could more eas­
ily generate new tests to meet specific needs. 

I t is further reconvnended tha t TP3l090-00l. "5ubsys tern O~ve 1 op­
ment Test Pt'ocedure for the Ku-Band Integrated Radar/CoI111lun;cations Equip­
ment," be expanded to include a more detailed test description. The t'{~arler 

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 OST~ sell-off procedure. In 
Axiomatix's opinion, the present procedure is inadequate, and it is ree­
onlnended that a more detailed sell-off procedure be used. 
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7.5 Ku-Band Radar Subsystem Tests Cross-Reference Matrix 
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8.0 SYSTEM JEST EVALUATION 
8.1 Introduction 

AI Plr NASA' Contract US t-157HA. Ta~ l( 3. thts section reviews 
and evaluates t .. data obtained by Hug'" Aircraft CoIIpaft1 (HAC) during 
the leu-band .y.t.. te.ting. The Hughe. te.ting involved verifying the 
perfo,..nee of the leu-band S1l t-.. c..,.seel of the EA-l. EA-2. SPA and 
DA LRU'I. by util1zing the S1St-. test equi.-nt (STE). 

To ,,"0 ... IYst.. telting. Hughe!; hal IIInufactured three sets 
of test equi ... nt. One set. the STE, wt1l be retained by Hughes. The 
sacond and third SitS. reflrred to .s the delivlr.bll IYlt.l test equip­
.nt (DSTE). will be deltvered to the Avionics Dlviloplllnt L"bor.tory 
(ADL) .t Rockwell. DcM1ey •• nd to the Ellctronic Syst .. Tlst L.bor.tory 
(ESTL) .t JSC. Houston .... spectively. 

The STE .nd ESTL DSTE are both the s •• configur.tion, ..... s 
the ADL DSTE h.s • slightly differlnt configuration. All thrle SitS of 
test equipllnt arl SeMi.utOMatic .nd computer controlled with a nUMber 
of test progrlN, known .s test modules. that .y be loaded into the 
respectivl cQIIPUters vi. a floPliY d1Sk. The re.der should reference 
section 7.0 for a more detailed description of the DSTE and test module 
ca~ubil1 Uei. 

Hughes has also ma~ufactured 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 sy~tem tests as conducted with the STE by Hughes . 

8.2 Approach 

The system tests were based Uflon Hughes documetlt TP32090-00l. 
"Subsystem Development Test Procf-dure for tne Ku-Band Integrated Radarl 
Conrnunications Equipment," dated October 23, 1979. This test procedure 
and the 31 test modules it describes have previously been reiiewed 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~grdted Conmunications and Radar (4uip­
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. 

-



f 

t 

( 

( 

221 

T .. Ipproach involved dtsculitOftI wtth cognizint Rockwll Ind 
Hu .... 1 persOftnel to detertltne which telts fra. TP32OIO-GOl Ind ... tch 
Iddttional tlltl weN used by Hughel for 111* YlrtftcattOft. After II­
clrtl~ning which tilts weN conducted, the Ilction 7.5 .tricil wert Uled 
to detln.inl the Rockwell Rey. B specification parlgraphs substantiated 
by Hughes. 

8.3 Findini! 

Hughes docUMent TP32090-00l, along with the test lGdulls, 
Wire originilly deviloped for system deYelop-.nt tests and .re nevlr 
intended for syst .. verification. Once systeM testing WlS required of 
Hughes, thl alrlady developed test modules provided a nUiber of reason­
able system tests. To prepare new test MOdules specifically designed to 
verify the k~ckwell Rev. B speCification would have been costly and 
time consuming. 

The initial plan for system verification, therlfore, 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 tt~ 14 communications mode 
test modules 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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Re'lrencl 
Para ... al!!! 

1. CoIIunications ~ .. up/down 
consUIIPtion 7.3.1.1.1 

2. Forward link signal strength test 7.3.1.1.3 
3. Forward link tracking threshold test 7.3.1.1.4 
4. Forward link BtR tests 7.3.1.1.1 
5. BER tes t (return 1 h.k) 7.3.1.1.8 
I. COMMUnications lOde obscuration zone 

test 7.3.1.1.10 
7. COIMUnications lOde antenna stability 

test 7.3.1.1.11 
8. Communications antenna scan VOlUMe 7.3.1.1.14 

The ADL LRU's eventually passed the eight COMmUnications lOde tests; 
however, some tests were modified. Because cf problems with the STE 
SPA data generator, both the forward and return link BER tlSts ~r. 
changed. Tests equivalent to those described in paragraphs 7.3.1.1.6 
and 7.3.1.1.8, were conducted using a Hewlett-Packard data generator 
and the BER detector. 

The forward link tracking threshold test, .s discussed in 
paragraph 7.3.' .1.4, was rot completely run. Only Costas loop data 
was gathe.oed, with no PH loop threshold data being collected . 

The communication tests used for system verification have been 
1denti fied on pages 5 - 7 of sect ion 8.5. the Ku-band subsystem tests 
cross-reference matrix. This matrix references the test modules to the 
Rockwell Rev. B specification. 

8.3.2 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 
six tests will De listed as follows with the appropriate section 7.0 
reft:rence paragraphs. 

Reference 
Paragraph 

1. Radar power up/down consumption test 7.3.1.2.1 
2. Antennl obscuration zone test 7.3.1.2.4 
3. Antenna stabilization test 7.3.1.2.5 
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4. Radar wavefonll test 
5. Radar range accuracy test 
6. Radar range rate accuracy test 

7.3.1.2.8 
7.3.1.2.9 

7.3.1.2.10 

228 

The ADL LRU's passed the six radar mode tests. There were some initial 
problems with the range and range rate tests but the LRIJ's passed the 
test~ 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 implemented. 

A.3.3 Additional System Verification Tests 

Besides the eight con~unications 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 
dt 300 nmi dccelerating directly towards the system was verified. 

3. In the passive mode. the target size was changed in a step 
function manner to determine the change magnitude required to break track. 

4. With the system in angle tracking, a small jerk in a or a 
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 

arqllisition were ascertained. 

1t'sts .' through 6 were conducted primarily out of curiosity by the test 
personnel to observe the system response. Hughes is presently Jocument­
ing tli0se test results and t:l"oJucing a more definitive test procedure 

for f u t U ,'12 use. 
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8.4 fonclus 'ons/Rec~~.nd.a~ions 

As already mentioned in Section 7.0, the 31 test modules 
provide a good cro~s-section of tests with which to exercise the Ku-band 
system, but these tests are very limited 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 
a~quisition, antenna scan volume, target track or angle track tests and 
no conmunications mode target acquisition, forward link acquisition time 
or slew tests were conducted. ,'dJitionally, while the Costas loop track­
ing threshold was measure" the PN tracking thres~,old was not determined. 

If compliance to the Rotkwell Rev. B specification was to have 
L~9n c~nfirmed during system te~ts, then the tests were very superficial 
since only a small number of Rev, B pat'agraphs 'fIere verified, a~ shown in 
the sertion 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 opinl0n 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. It is recolmlend·:d that additional test modules be gen­
erated for the STE and DSTE's whi~h are capable of specification CDm­
pliance verification. 

Once the present servo proolem has Deen resolved, it will be 
imperative to conduct detailed systdm tests immediately to determine 
tnat the new servo functions pr'operly. It is recommended that the servo 
redesign and testing be closely monitored since servo perfonne'lce is so 
critical to the system operation. 

8.5 Ku-Band Radar Sub~/stem Tests Cross-Reference ',tatri>: 
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1.0 LRU INTERCHMCiEA81L1n 

The purpo .. of thta lection ta to report the findings of the 
Ku-band LRU interchlnOHbtl itl study. The Ku-band C~iCltionl Ind 
rldar I1s* constatl of fOllr LRU'I: EA-l. EA-2. SPA Ind M. Elch LRU 
interflces with .. ch of the other t"," LRU's (except that the EA-2 does 
not interflce with the SPA) and with the Orbiter. The interfaces consist 
of digital diu. digital control pulses. discrete ca..nds. dtacrete sta­
tus signall. analog info .... tion. RF signall and LRU power. 

Figures 47 to 55 show the various interfaces between .ach of the 
LRU's and betwe.n .ach LRU and the Orbit.r. Each figure indicat.s the 
signal naml. type of signal and corresponding LRU conn.ctor nUMber. 
Because of the sheer nUMber Ind cOMP1.x1ty of the interflc,s Ind, s1nc. the 
LRU is the basic building block of the Ku-bend systeM, it must be Issured 
thlt .Ich LRU will be 1nterchlngelble with another sim11lr LRU. 

9. 1 Approach 

The Ipproach for compllt1ng the LRU 1nterchangelbility study 
was to examine Ilch of the signll interflces shown in Figure 47 to 55 
using five documents for baseline info~lt1on. The five documents are: 

(1) Rockwell specification MC409-oo25, Revision B, "Integrated 
Comnunicat1ons and Radar Equipment. Ku-Band." 

(2) Hughes specification 0532012-020, November 13, 1978, 
"Devehlpment Speci f1cation Radar/Conn.anications A Electronic Assembly, 
Part 1 for the Ku-Band Integrated Radlr and C~n1cat1oru Equipment" (EA-1). 

(3) Hughes speCification 0532012-022. Rovision B, September 19, 
1980, "Development Specification, Radar/Conwnun1cation, Electronic Assembly, 
Part 2 for the Ku-Band Integrated Rad~ r and Comnun1cat.ions Electronic 
Assembly, Part 2 for the Ku-Band Int Jgrated Radar and Comnun1cat1ons Equip­
ment" (EA- 2) . 

(4) Hughes specification 05320,2-01" Revision At Novamber 3, 
1980 , "Oevelo~nt Specification Signal Processor Assembly for the Ku­
Band Integrated Radar and Conmunications Equipment" (SPA). 
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(5) Hughes specification OS32012-031. Revision A. October 13, 
HaO, "Development Speci fication, Deployed Assembly for the Ku-Band Inte­
grated Radar and COl1l11unications Equipment" (OA). 

All five documents listed reflect the latest system changes with the excep­
tion of the EA-l LRU specification which is still 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 paramete,'s 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 sin~e 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 vario~s signal interfaces, a 
number of assumptions were made. The first assumption concerned the tol­
erances associated with the voltage levels det;ning a logic "0" and a 
logic "1". In the SPA and EA-1 LRU specifir..itions, 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 :ihOWIl, as in the case of the D.l\ and EA-2 documentation, it was 
assuo,ej that the interface driver and r'eceiver would function r:'Ier volt­
age toleran(.es of the logic "1" and 110." For example, Figure 56 illus­
trates the electro-optical receiver used in a number of the EA-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 ~uch 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 

,j 
1 

I 
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and the EA-1. The DA specification states that the logic "0" supplied to 
the EA-l will be an open circuit. but the EA-l specification states that 
the logic "0" will be 0- 2.5 VDC. Since the interface ci .. cui~ diagram 15 
not readily available to Axiomatix at this time, it is r.ot k!10wn if the 
EA-l will function properly while suppl,ed with an open circuit instead 
of a low im~edance voltage level for logic "0." 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 1d£'n'tify certain electrical parameters as critical parameters that 
should be m!asured. While all parameters defining an 1nterface 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 eXdmple, 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 ass,umed that the interface will function over the 
voltage tolerance range. Hence, the voltage tolerances are assumed to be 
noncritical electrical parameter~. 

On the other hant'( ~ the LINEAR AGe signal between the EA-2 
and the OA has a specified dynamic range. In this report, the LINEAR AGe 
h,as been ilientified as a critical electrical parameters and the interface 
should be tested to ver"ify that the output voltage covers the full 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-l with respect to the EA-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 bee~ 

demonstrated by previous testing and analysis. 
The purpose of identifying critical electrical parameter's '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 previously 
mentioned documents used in this study. 90th the Hughes LRU specifications 
and the Rockwell requirements specify the inter-LRU interface but, if a 

i 
i 

1 
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signal is between two LRUls, the HAC document is used as the baseline. 
There was no effort in this stu~ to correlate the LRU interface require­
ments outlined in the HAC LRU specifications with the same or similar 
requirements listed in the Rockwell LRU specifi(ation 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 list 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 reviawing each interface, a 
determination was made as to whether or n01 the interfaces are compatible, 
which ele~trical parameters are critical an~, 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, Axiomati~ has reviewed the SPA and EA-l CDR LRU 
test data but has not reviewed the DA and EA-2 data. For this reason, it 
is unknown at this time whether or nc~ the critical electrical parameters 
identified in this report have been tp.sted 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 likely candidate for a paperwork-type problem is where the signal 
source supplies an open circuit for a logic "Oil but the receiver specifies­
a 0- 2.5 VDC level. As previously -itated, the actual interface circuit 
schematic was not readily available to Axiomatix at the time of this study. 
Examination of the scht:.matic will resolve the problem, after which, the 
appropriate specification may be che"ged to accurately describe the 
interface or, possibly, the interfar:" redesigned. 

The more serious interface problems highlighted by this study 
are such items as insufficient drive for the gyros, scalf factor mis­
match for the a and a axis gyro rate data, the scale factor mismatch for 
the linear AGe, the unclear alpha/bet? 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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Tlbl .. 15 - 23 provi. the resultl I .... ry for till LltU tnt.r-
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flce .ficienci.1 .xht whtch "It be corrected tn or.r to Iliure LRU 
interchlngelbility. The conclulion of thh Itudy. therefore. h that. It 
the pres.nt tt.:t. the LRU's Ire !!!!1 int.rchlngelbl •• 

In order to Iliure LRU int.rchangeability. AxiOlllttx .. kes the 
following rtCOIIIftdattons: 

• Elch int.rf.c. discr,plncy listed in T.bl.s 15 to 23 MUst be 

• ddr.ssed by Rockwell Ind/or Hugh.s .nd r.solved. Full r.solution includ.s 
Making the .ppropri.te docUMent.tion changes to the Rockwell .nd/or Hughes 
LRU specifications. 

• In this study. Axiomatix reviewed only the Rockwell systems spec­
ific.tion Ind the four Hughes LRU specific.tions. Car.ful Ittention MUst 
be given to determine that the LRU's .re built per their respective sp.ci­
ficltions. and it is recommended that the development Ind Iccept.nc. tests 
be reviewed to assure hardware conform.nce. 

• Most interflces specify some input/output voltage toletance .nd. 
to assure lRU interchlngeability, the effects of bus voltlg~ variltions 
must be tested. It is recommended that the acceptance tests Ind develop­
Ment test exercise the interfaces over the bus voltage range of +24 VDC to 
+3Z VOC. The EA-l ATP 1'1 ready performs some tests as a function of bus 
voltage; however. each /\'(P should be reviewed in detail to verify that 
such bus voltage tests are conducted and, if so, which interfaces or per­
fonnance parameters are tested. 

The reader should remember that t"is study examined only elec­
trical compatibility of the interfaces. The perfonmance parameters will 
be verified by develo~nt. acceptance and qualification testing, Ind 
have not been ad1ressed in this report. 

• • 
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10. 1 
10.1 .1 

CDR DEVELOPMENT TEST EVALUATION 
SPA AOL LRU It,t Data E~alyat1on 
Introduction 

267 

The purpose of this ,.ct1on 11 to .valutte and all.11 the SPA 
AlJL LRU test data prel.nted by Hughel Aircraft CoIIpany (HAC) Oft 

Stpttllbtr 16-17. 1980. The Njor1ty of thel. tlltl can be divided into 
two categor1.I: return link and forward link t.ltl. The '.'Itl ..... con­
ducted in accordance with HAC preliminary telt procedure 1P3209O-OO5 and 
.. re p.rforMed at rooM temperature only. 

The test equiPMent used to test the SPA AOl LRU is COMPrised 
of the following Hughes-~11t test panels: 

• Data generator panel 
• ~ise generator panel 
• Demodulator panel 

A brief description of the SPA tester and its relationship to the SPA L~U 
are discussed in the following sections. 

10.1. 1.1 SPA Return Link LRU Test COtlfi'luration 

SPA LRU return lin~ tests require the use of all three pre­
viously mentioned test panels. Fi~~re57 illustrates 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., 311 conditions r~quired by the SPA LRU are initiated automatically, 
dej:.ending upon t~e specific test. selected by the operator via the front 
panel. These conditions include: (1) serial data, (2) GCILC (discrete) 
commands, (3) cha~nel selection, and (4) the data for each channel. The 
data is then sent to the SPA LRU. 

The 1.8;5425 GHz RF signal at the ~PA output is sent to the SPA 
demodulator te,t panel where it is demodulated back to b~~eband, then 
returned to tile data generator (for monitoring purposes) and to the BER 
gener~tor (for bit detection). 

The BER noise generator, under the direction of SPAR, performs 
all the necessary switching to channp.i the demodulated signal and the 
noise through the a~propriate summer and bit detector. 

Before bit detection, the signal and noise are adjusted to the 
desired levels viu ~ontrols on the front panel of the BER noise generator. 
The bit-detected signal leaves the BER noise generator to return to the 
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Figure 57. S?A LRU Test Confi9uration N 
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dlt. gener.tor. where it ts COllPlrH to the .djustable delayed reference 
d.t.. After c..,.rtson. the erro" .... channeled to the front panel of 
the d.ta gener.tor. where they Ire counted with .n extern.' counter. 

10.1.1.2 SPA Forward Link LRU Test ConfiQur.tion 

The test setup shown in FigureS8 ts used to verify the Plr~or­
mance .nd functional requirements of the SPA forw.rd link. The tester 
generates I 216 kbps biphase-L signal for \nput to the SPA; d.ta, clock 
.nd fr ... synchronization lock status SPA output signals are monitored at 
the tesLer to yarify data and clock quality. 

10.1.2 ADL SPA Test Data 

Hughes utilized six tests to successfully ver1f.v the managementl 
handoyer logiC. The six tests are listed as follows: 

(1) HAC test 000 - Q Test 
(2) HAC test oa~ . Transmit Enable Test, Conm It On 
(3) HAC test 002 - Transmit Enable Test, Comm B On 
(4) HAC test 003 - Transmit Enable Test, Handover 
(5) HAC test 004 - Data Present Test 
(6) HAC test 006 - Modulation On/Off Test 

The majo:' ity of the tests, however, concentrdted on the return and forward 
links. 

10.1.2.1 SPA AoL lRU Return Link Oata 

Fig~res59 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 hexa~ec1mal 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, !xcept 
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 sUrmlarize~ the return link test 
failures . 
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Results: PiSSed. bIIt Test 021 results sute that tile outIUt is 2.4¥ p-p. " •• r. 
the oscilloscope trices indiCite that the outIUt is Ktuall, 4.1V p-p. 

Test 021 - Diu rite 16 kbps 

Test 022 - Diu rate 2000 kbps 

Figure 66. 
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Test 023 
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Figure 61. 
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Figure 69. 
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(4) Measure static linearity of the fill ¥CO 
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Figure 71. 
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Purpose: 5-a.e IS Test 030 
Results: Passed 

Figure 72. 
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Results: ~~ssed 

Figure 73. 
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Figure 74. 
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Figure 76. 
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LOR - Low Data Rate 
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Pi - Payload Inte~ator 
PL - Payload 

PSP - Payload Signal Processor 
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L ~ ~uru.J.i'!LFu~ionti Bl~k Q1Igr, 
Test 041 

• ___ .... __ ..J 

Purpose: (1) Evaluate tile fill blseblncI geMrator .... fIII .. lltor ...... 11 per­
fo,..,.ce .", CGIIIPIMRg' adulated diu .ft .. t~ diu 

(2) Evaluate tile effect of crossult. 
Results: Fined; output volUge .,lttades < 1.81 H. 

Figwe .,. 

I 



-=-~J'-,,~ "i!-~If*7s:"~", t, !i@iiif' ;J_' 0 _= -' 

r - - - - - --
ConvolutionalI-..., ~I __ ~~~~~~ __ ~ __ ~~~~~~====;-~ &K~r ~ 

NSP 1 COPS Data '! Ch 1 Q Subcarrier Mode 1 Nod 
fAA) 1 • Gsell lator 

NSP 2 (OPS Oa ta j....j1.Ji. ..... 1a.1I&I.~ .... ___ ... E Ch. 2 I Modulator 8 5 IItz 
h (QPSK)· 

PL Recorder !~:I ttuii1::: tl1:;:tti '!I OPS Recorder n ~L__ 4 

--, 
I 
I 
I 

1.17 &liz I 

I 

ITo 
-IE 

S 
w 
i 
t 
c 
h 
e 
s 

Mode 2 

w 
t 
t 
c 
II 

1'.17 IiIII 

Pi 1 

flI 2 

CCTV Video 

HIlI!Pl Analog (API: -~ - •• OW" ~ ••• :::; I 
HDR PL Digita 1 (AP ) 16 - 4000 kbp$ () : 

I 

S 
w 
i 
t 
c 
n 
e 
s 

2 

IPf 

If)f 

1.87 IiIII 

fR 

}: 
Nod 

I 
I 
I 

I 
I 
I 
I 
I 

API - Attached Payload Interface 
BPF - Bandpass Filter L .2.,A R..t!urQ,J.. i'll. Fu~ionjJ, 81Zit QUgr. -- ______ ..J 
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OPS - Operations 
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Pl - Payload 

PSP - Payload Signal Processor 

Test 042 

Purpose: Sill! as Test 041 

Results: failed; (1) Chlnne1 3 distortt.,. Mel __ .1uta eMIt 
of spect ffc.ttr. 

(2) CIaInnels 1 .... 2 DC offsets 2-5 lilt. IIIIt __ 1«1 
be 0.8 to 2.4 ,. 

figure 81. 
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BPF - Bandpass Filter L ~ ~uroJ. i'!LFu'lllionil 81~k Qilgr 

Test 043 
- .... --~ 

CCTV - Closed-Circuit Television 
HDR - High Data Rate 
LOR - low Data Rate 
lPF - Lowpass Filter 
NSP - Network Signal Processor 
OPS - Operations 

PI - Payload Interrogator 
PL - Payload 

PSP - Payload Signal Processor 

Purpose: Sa. as Test 015. CDR test results ,.cute indiuus tMt test 
purpose is the s.-e as Test 013. but thts is iftCOf'l"Kt. 

Results: Passed 

Figure 82. 
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Hughes 
Test 

Number 

007,010, 
011,012 

Reference 
Figure 4 

014 

027 

030 

Table ~4. SPA ADl lRU Return link Test Failure SUMmary 

Test 
Purpose 

1. Statically meas ... re the QI'SK spectral ~ower density out-
put to verify proper 80/20 power ratio. 

2. Perform transmission and reflection measurements so 
that various n~twork parameters such as gain, attenua-
tion, insertion loss, SNR, return loss and impedance 
may be calculated from the data. 

1. Evaluate the FM baseband generator and QPSK modulator 
overall performance by comparing the demodulated data 
to ~:he input data. 

2. ~et ·lj proper switc~ing and interfacing by 
management/handover. 

1. Evaluate the FM baseband generator and the FM modula-
tor overall performanc~ by comparing the demodulated 
data to the input data. 

2. Verify proper switching and interfacing by 
management/handover. 

1. Measure incidental FM aodAM of the baseband generator 
and the FM modulator. 

2. Take a mode 2 frequency response 
3. Measure FM deviation 
4. Measure static linearity of the FM veo. 

Failure 

?has£ state and VSWR out of speci-
ficat':on. Failure is believed due 
primarily to level inca.pat1bilitj 
between the FM baseband generator 
mode 1 output and the QPSK IDde 1 
input. The problem is under inves-
tigation. 

Hughes states that the SPA passed 
this test. The test data indicates 
that the unit failed since the .ea-
sured fall time was 900 lIS, but 
should have been < 600 .s. 

Voltage o~tput 1.3V P-P. but should 
be > 1.8V p-p. 

1. Incidental AM out of specification. 
2. Mode 2 frequency response is not 

flat; output is between 3.4V p-p 
and 3. 6V p-p fl"Ollt 40 Hz to 4 JItz 
but there is a 5. 5V p-p peak at 
550 kHz. 
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Hughes 
Test 

Number 

033 

040 

041 

042 
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Table 24. SPA ADl LRU Return Link Test Failure s.-ar) (Cont 'd) 

Test 
Purpose Flilure 

1. Evaluate the AM baseband generator and the AM modulator Differential gain. differential phAse 
oVErall performance using a composite video input and DC offset out of specifiCAtion. 
wavefonn. 

2. Measure the differential phase and gain distortion 
using a cOlllPOsite vld~ ~!'!l'tlt waveform. 

3. Measure linearity distortion in mode 2 using a 
sin2 and bar as a source. 

-
1. Evaluate the AM ba;eband generator and the QPSK ~ula- Hughes states that ~:! unit fltled 

tor overall perfonna 'lce using the demodulated data with but the test data indicltes that tilt 
the input data. unit passed. 

2. Evaluate the effect of crosstalk between the channels. 

1. Evaluate the AM baseband generator and the AM modulator ·Output voltage ..,li-:udes < 10BY p-p. 
overall performanc£ by comparing the dcr.~uulated data 
to the input data. 

2. Evaluate the effect of crosstalk between the channels. 

Same as test 041. 1. Channel 3 distortion Ind output 
voltage level out of specifiCAtion. 

2. ~hanne 1 s 1 and 2 DC offsets Ire 
2.5 ¥DC but should be 0.8-2.4 YOC. 

N • 

-• 
! 

_ .... ____ ........................... _ .. G ..... =_ _, = .. j " _ _ :zz'", -~r~_·"'iZb"c. CZ$'.z - u .. ~·e¥"5~- • q ritz c- "-sm-- _f~ . f' 



I 

\ 

-. 

217 

In addition to the 10 tlst failures. there were a nl.lllber of input 
para .. ters which we,.. not varild during the tlsting. For IXlMPle. all 
data input 11gnall are charactlrized in the Rockwell Rev. B specification 
in such tlr.s as risl and f.ll tiMes. a~litude and ComMOn mode voltagl 
llvels. etc. Howevlr. none of these para .. ters were varied during testing 
and. therefore. it is still unknown if thl SPA will meet specification when 
the signal input tolerances are taken into account. Table 25 sunmarizes 
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 spec1ficatio!'l lists "T8S" for many of the parameters. 
Reference Tlb~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 link perfonnance and also briefly describf~ 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 
forwlrd 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 requirement~ . 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 to1-
er~nces are unknown because some parameters are li sted 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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Tlble 25. SPA Input S1gnll PlrlMlters Not Vlr1ed Over Their 
RIsplct1ve Tol.rlnce Rlnges to Dltl~1ne the Efflct 
on Return Link Plrfor.ance 

298 

I. HIGH DATA RATE PAYLOAD MAXUIJM DIGITAL DATA AND CLOCK INPUT TO SPA 

1. Data and clock "1 tI Ind "0" vol tlge rlnges· 
2. Dltl ~nd clock SNR 
3. Dltl rise Ind fill times 
4. Clock phlse jitter 
5. Dati and clock frequency jitter 
6. Data-to-clock phase offset 
7. A synmet ry 

II. SPA PAYLOAD DATA INPUT FROM PAYLOAD .INTERROG~TORS 1 AND 2 

1. Differential signal levels 
Z. Offset voltage 
3. Common mode voltage 

III. SPA RETURN LINK OPERATIONAL DATA !NPUT FROM NSP's 1 AND 2 

1. Signal amplitude 
2. Rise and fa 11 times 
3. Input data j Hter 
4. Common mode voltaye 

IV. PAYLOAD RECORDER DIGITAL DATA INPUT TO SPA 

1 . Signa 1 1 eve 1 
2. Rise and fa 11 times 
3. Bit-to-bit jitter 
4. Bit jitter and data aSYll1lletry 
5. Common mode voltage 

Future tests to verify the convolutional encoder bit det~ctor redesign 
performance will vary the input signal voltage levels 

. l r a •• -
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Tabll 25. (Cont'd) 

V. OPERATIONAL RECORDER DIGITAL DATA INPUT TO SPA 

1. Signal llvel 
2. Risl and fall times 
3. B1t-to-b1t jitter 
4. Jitter and asymmetry 
5. Connon mode voltage 

VI. SPA ORBITER CLOSED-CIRCUIT TELEVISION (CCTV) INPUT FROM 
VIDEO SWITCHING UNIT 
1. Ability of SPA to handle standard video signal has not been 

demonstrated. 

VI~. lOW DATA RATE PAYLOAD DATA INPUT TO SPA 

1. Signal level 
2. RMS SNR 
3. Rise and fall times 
4. Frequency jitter 
5. Common mode voltage 

VIII. LOW DATA RATE PAYLOAD DATA INPUT TO SPA 

1- Signa 1 1 eve 1 
2. RMS SNR 
3. Rise and fall times 
4. Frequency jitter 
5. Common mode voltage 

IX. HIGH DATA RATE PAYLOAD ANALOG DATA INPUT TO SPA 

1. Bandwidth 
2. Signal level 
3. SNR 
4. Phase jitter 
5. Common n~de voltage 

._ rOe g 
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Table 26. SPA Ret"rft Link Output Signal Par ... ters Not Measured 

J. SPA IF CARRIER OUTPUT TO DEPLOYED ASSEMBLY 

1. Center frequency 
*2. Maximum Frequency Offset 
*3. Frequency stability (short-ter.Vlong-term) 
*4. Level (unMOdulated) 
*5. Modulltion bandwidth 
*6. Incidental phlse modulation--mode 1 
*7. Incidental FM modulation--mode 2 
*8. Incidental amplitude modulation--mode l/mode 2 
*9. Spurious products: 

In-band~de l/mode 2 
Out-of-band-mode l/mode 2 

II. SPA S~RIAl 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 

III. REFERENCE FREQUENCY INPUT TO SPA FROM EA-1A AND EA-1B 

1. Most parameters are l1:..ted as "TBS" in Rockwell specification 

* Parameters listed in the Rockwell requirements as "T8S" 

.~ -.+. 
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Test 044 

Purpos~: Verify all the various frame sync~ronization pattern ca.bin.t1ons 
Results: Failed to synchronize. with one error occurring in any of the list four bits 
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Test 045 

Purpose: Verify fr~me synchronization lock-up to verify correct d.u type Ind .Isure output 
signals of the Fl 72 kbps, Fl 128 kbps and Fl 128 k.~ clocks. 

Input [Jata: Valid frame synchronization (B7EB8CEC). OPS hex dltl (F502). SC hex dltI (FEMOO2E). 

Results: Passed 

F;gure 84. fa 
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Test 046 
Purpose: Same as Test 045 
Tnput uata: Same as Test 045 
Results: Passed 

Figure 85 . 
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!nput Data: Same as Test 045 

Results: Passed (some data missing) 
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Purpose: Same as l~st 045 
Input Data: Same as Test 045 

Results: Passed (some data missing) 

Figure 87. 
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Results: Passed 
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Figure 89. 
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04. Vlrify all the various combina· Failed synchronizatiln. with one 
tions of thl fra .. synchroniza· Irror occurring in any of the list 
tion pattern. four bits. 
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I. FORWARD LINK C,"UnCATIONS DIGITAl DATA INPUT FROM EA-1A AND £A-1B 

1. Signal '.v., 
2. Ris. and fall tiMes 
3. Jitt.r 
4. Z.ro offllt 

II. SPA DATA TRANSFER CLOCK INPUT FROM EA-1A AND EA-1B 

1. Rise and fall tillls 
2. Phase jitter (T8S in RI Spec) 
3. Phase offset (T8S in RI Spec) 

III. SPA CONTROL DATA COVER PULSE INPUT F~OM EA-1A AND EA-18 

1. Most parameters are listed as "T8S" in RI spec 1f1 cat ion 
2. Rise and fall times 

IV. SPA STATUS COVER PULSE INPUT FROM EA-lA AND EA-18 

1. Most parameters are listed as "T8S" in Rockwell spec1 fication 
2. Rise and fall times 

. ... d m1 ' m 
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10.1.3 

In geMrll. the SPA AOt. LRU t.sts .. re flirly thorough. All 
thl possibl. input signll cOlbinltions Ind the .ini.u. Ind .. xt.u. dltl 
''It.S (.xe.pt for one CIS.) .. re tlst.d Ind v.rift.d. The fo .... rd link 
dtgttll output stgnll INrIMttrl .. re .llured Ind found to ... t the Rock-
.. 11 rtCIut..-nU. 

Aft.r tVIlu.ttng tht ttlt dltl. AxtOMItix hll four conc.rns. 
list.d IS follows: 

1. Molt of the return ltnk fltlurts I,. vtry strtous in 
nltu,. Ind MUlt be re,olvtd II rlpidly II possiblt. AxiOMItix rec~nds 
thlt Hughts respond to each of the failu,.s listtd in Tablel 24 and 27, 
indicattng the corrective Iction and submitting additional test data. 

2. The return link output signals (reference Table 26) hive not 
been a1equately 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 tr,lerance variations on return 
link and forward link performance are unknown. It is possible for toler­
ance variations to have a very serious impact on system perfo~nce. 
Axiomatix recommends that additional data be supplied. either in the form 
of previous SRU data or new test data, to verify the effects of signll 
variations (reference Tables 25 and 2a). 

4. The minimum mode 2 return link data rate, 16 kbps. was not 
tested. Axiomatix recommends that iJture tests include 16 kbps for mode 2 
return link. 
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The purpose of thil sectton is to .valuate Ind ISS.SS the EA·l 
LRU CDR tilt dlta prel.nted by Hughes Atrcrlft C.-ny (HAC) on August 25. 
1980. Ftgur. 99 tllustrlt.s the various EA·l input Ind output signlls. 
The CDR t.st data ,vIluation task involved .nluring that .ftch stgnll path 
WlS Ideqult.ly t.sted. 

The CDR t.st dltl WlS glther.d from both the ADL EA·l LRU and 
the ESTL EA-l LRU. with Hughes utilizing three cltegori.s of t.sts. Th.se 
three test categori.s Ire IS follows: 

(1) Automated t.sts 
(2) Manull tests 
(3) RF module Clrry-forward data tests. 

The majority of fA-l tests were conducted using computer-controlled test 
equipment conSisting of 20 individual tests. Table 29 gives a brief sum­
mary of each of the 20 automated tests. Hughes also employed four manual 
tests as sUmmiried 1n Table 30. Finally, three carry-forward data tests, 
as summarized in Table 31, were used to measure a number of characteris­
tic~ of the RF assembly SRU. 

10.2.2 EA-l Test Data 

The EA-l test data consisted of data from the automated, manual 
and RF module carry-forward data tests g,thered from the AoL EA-l LRU and 
automated and RF module carr.V-forward data tests gathered from the rSTL 
EA-l LPU. The manual tests were not conducted on the ESTL EA-l LRU. 

Before reviewing the test data, it was necessary to determine 
which EA-l parameters were verified by each test. As part of the CDR data 
package, HAC supplied a verification "latrix indicating Which tests satis­
fied the respective paragraphs of the Hughes EA-l LRU development specifi­
cation OS 32012-020, Rev. A. Since the baseltne EA-l performance document 
is the Rockwell specification MC 409-0025, Rev. B, not the Hughes LRU 
specification OS 32012-020, Rev. A, the first task was to establish a cor­
relation between the Hughes LRU document and the Rockwell requirements. 

The verification n~trices, 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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Tabl. 29. Acceptance Test Pror.edure Sunnry 
(Automated Tests) 

Title Purpose 

Power Supply Test Selected LRU power supply ou'puts are monitored 
and the following responses verified: 
• Operation from 24 to 32 VDC input voltaqe 

range 

• Nonoperation at undervoltage (18 VDC) 

• Operation of turn-on signal in res,onse to 
COMM STBY, RADAR STBY, RADAR ON. COMM ON. -

MDM Input Data Verifies that correct data occurs in serial 
Verification digital data to MOM's 1 and 2. Also measures 

impedance, line noise. rise and fall times, 
signal rejection and common mode rejection. 

COfIIIlunication Not implemented for ADL tests. 

Self-Test Not implemented for ADL tests . 

Discrete Commands Veri fi es discrete .~ nputs and outputs not 
Test implicitly tested tJY combined 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 • Comm Alpha/Beta 
~ Radar Stby/On Lobing 
• Radar Alpha/Beta • Comm Alpha/Beta 

Lobing tobing Phase 
• Radar Alpha/Beta Lobing Phase 

Encoder Input Tests Checks the alpha and beta encoder processors. 

Molor Drive Test Verifies the following analog inputs to the 
ant2nna gimbal assembly: 

• Gyro primary excitation 

• Gyro spin motor drive (one and two) 

• Alpha gimbbl motor drive (one and two) 

• Beta gimbal motor drive (one and two) 

1 
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Table 29. Accpptance Test Procedure Sunmary 

(Automated Tests) 
(Continued) 

Title Purpose 

Servo Loop Characte~ Measures the servo loop characteristics and 
istics and Pointing verifies the pOinting loop performance. 
Loop Performance Test 

GPC Acquisition Mode Verifies pointing, tracking and searching in 
lest the GPC ACQUISITION mode for both radar and 

cOf11l1unications. 

Autotrack and Manual Verifies that initial turn-on conditions are 
Mode Test body stabilized, responds properly to slew com-

mands and gimbals are stowed when commanded. 

Radar/Communication Measures alpha and beta fine and co~rse gyro 
Track Test outputs. 

GPC Designate Mode Checks for proper operation when GPC DESIGNATE 
Test steering mode is commanded. 

Break-Track Test Verifies correct processing when a break-track 
condition occurs. 

Scan Test Not. implemented for ADL tests. 

Antenna Slew Rate Verifies the slew rates in response to manual 
Test steering commands and the analog rate meter 

outputs for radar angle tracking. 

Scan Warning Test When the antenna lOS enters the obscuration 
zone, thi s test verifies that the scan ,;arning 
discrete signal and the MOM serial scan warning 
bit are raised. 

Coordinate Conver- Verifies that the coordinate conversion error 
sion Te5t remains within tolerance within the 60° cone 

operating zone centered at 0.0 (-Z axis). 

Boom Stow Tests The stowing procedure is verified 

Handover Tests Verifies that EA-1 breaks track and goes to the 
latest designate when the TORS EAST/WEST bits 
are toggled. Also, the test verifies that 
track is reestablished if COHM detect is high 
or that, if COHM detect is low, inertial hold 
is maintained. 

Gimbal Constraints The gimbal constraints are verified. 
Tr.:st 

I 
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Table 30~ EA-l ~nual Tests 

• 

• 



! 
I 
~ 

I 
I 

, i 

Test 
Number 

1 

'l 

3 
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Table 31. EA~l RF Module C.rrY~Forw'rd Data Tests 

Title Purpose 

Reference Generation Measures the power output of the two RF asslm-
Test 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 1ata IF output to 

determine the LO leakage with respect to the 
carrier and measures ~arameters to calculate 
the gain and bandwidt . 
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After an extensive examination of both documents. thl conclusion is that 
the Hughes LRU spec1f1cat10n accurately reflects the Rockwell specifica­
tion. therefore. thl HAC ver1fication tests should adequltely test the 
EA-l performance plrimeters with respect to thl Rockwell requirements. 

8y studYing the verificltion matrices shown in section 10.2.4 

~nd the CDR test data. it becomes apparent that a number of tests were not 
performed on the ADL and ESTL EA-l LRU's such IS verifying self-test. com­
munications mode tracking. and the analog MOM interfaces. Also. both 
LRU's experienced a number of failures. such IS the out-of-specification 
gyro spin motor voltages. wrong RF switch logiC for the widebeam transmit 
select. widebeam select. delta channel select. radar 10b1nr, and communi­
cation lobing. inadequate 1.875 MHz reference signal level output for the 
ADL LRU and reading inval,d dat,a from the MtlMl SRU. 

10.2.3 Conclusion~/Recommendat10ns 

In reviewing the EA-l CDR test data. a number of test omissions 
and failures were apparent. Since the Axiomatix evaluation revealed 
not~1ng that is not known to NASA. Rockwell or HAC. or has not been docu­
mented. Axiomatix feels it unnecessary to restate the omissions. failures 

and corrective action plans. 
It is the opinion ofAxiomatix that the Hughes tests were well 

documented ancl adequately tested the EA-l perfonnance. Finally. one bene­
fit resulting from this CDR test (Aata review by Axiomatix is that a docu­
ment now exists in section 10.2.4 which. for the first time. relates the 
HAC EA-l LRU 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 speciftcation 
DS 32012-020. Rev. A. and the paragraph numbers in the rignt-hand column 
refer to the Rockwell Ku-b1nd spectfication Me 409-0025. Rev. B. 

A TXX number refers to the automated test numbered XX. as listed 
tn Table 29. "Manu.l test" refers either to the manually performed 
acceptance tests. as listed in Table 30, or the RF module carry-forwar~ 
data tests. as list0d 1n Table 31. 

"DT" refers to verifications performed only by development 
tests. Items labeled "tester" are vertfied by the tester hard~lIare inter­
faces during automated tests. 
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Hughes 
Speciflcati on 
OS 32012-020 
Paragraph Ref. 

3. 
3. i 
3.1.1 
3.1.2 
3.1.2.1 

3.1.2.2 
3.1.2.2.1 
3.1.2.2.2 
3.1.2.3 
3.1.2.4 
3.1.2.4.1 

3.1.2.4.1.1 

Hughes 
Title 

Requirements 
Item Definition 
Reserved 
Interface Definition 
E1e~~rica1 Power Bus Voltage 
Limits 

Transient Surge Operation 
Broadband Ripple 

MFOOO4 and MFOOO4-020 
Mechanical 
Mounting 
Connectors 
Cooling and Heating 
Signal Interface Definition 
Digita~ ..,. 
Pin Numbers 
Time Tolerances 
Control Discrete Characteris-
tics 

Ca) Receiver Type 
(b) Loaic Level 

,....-, ,..,..:,...-,..~---:;"..."........'Ft'9" .*'" 
~ ... 4' 

H 

Hughes Ve'"lfication Method Rockwell 
Hughes Specification 

2 3 Verification Me 409-0025. Rev. B 
N/A 1 a b a b c 4 Test Paragraph Ref. 

X ./A 
X I/A 
X I/A 
X I/A 

TBS 20.3.1.2.1 
TBS 
TBS 

X ./A 
X 20.3.1.2.2.1 
X ,20.3.1.2.2.2 

TBS 20.3.1.2.3 
X II.'A 

T2 20.3.1.2.4.2. tef . .JppeIIdtx III 
X l( X X " 

TBS 

20.3.1.2.4.2. Ref. Appendix 111 

I 
X 
X 

----- -

NOTE: All input signals with tolerance variation characteristics will be certi f ied by test set ca 11br.atiOft. 

N/A = Net Applicable 
1 = Analysis 

a = inspection 
b = Review of Design 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-For.ard Test(s) 

w = 
L,,"_.,.~_, " 
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Hughes Hughes Verification Method Rockwell 
Specification Hugh~s Specification 
OS 32012-020 Hughes 2 3 Verification Me 409-0025, Rev. B 

Pa ra graph Ref. Title NfA 1 b b 
4 Test Paragraph Ref. a a c 

3.1.2.4.1.1 ~~~ Ri se/Fa 11 Times TBS 
(Continued) Signal Source Impedance X 

(e) load Impedance X 
(f) Damage Threshold X 

3.1.2.4.1.? Serial Data to MOM 20.3.1.2.4.2. Ref. Appendix III 
(a) Signal Type X 
(b) logic levels TBS 
(d) Driver Output Recovery TBS 
(e) Noise X X X T2 
( f) Rise and Fall Times X X X T2 
(g) Source I~ance X X X T2 
(h) Pulse Width Variation 

Isolation Resistance X X X T2 
(1) Common Mode Voltage X X X X 120 T2 . 
(j) Conmon Mode Damage 

Threshold TBS 
3.1.2.4.1.3 Serial Data from MOM 20.3.1.2.4.2. Ref. Appendix III 

3.1.2.4.2 Ku-Band Serial N/A 
Pins X X 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) 
20.3.1.2.4.1.4.2 (SPA) 

Signal X X X X 
Clock Rate X 
level X X O.T. 

NOTE: All input sign~ls with tolerance variation characteristics will be certified by test set calibration. 
N/A = Not Applicable 

1 = Analysis 
a = Inspection 
b = Review of Desig' 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-Fo~rd Test(s) 
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Hughes Hughes Verification Method Rockwell 
Specification Hughes Specification 
OS 32012 -020 Hughes 2 3 Verification Me 409-0025. Rev. B 
Paragraph Ref. Title N/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.2.4.2.1 load Iq>edance X X D.T. 
(Continued) Source Coupling X X 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 X X X X 
level X X D.T. 
load I~~ance X j( X X Tester 
Source Coupling X X D.T. 
load Coupling X X D.T. 
Ri se an:! Fa 11 Times X X D.T. 

3.1.2.4.2.3 Data Output 20.3.1.2.4.7.5 (To EA-2) 
20.3.1.2.4.1.4.1 (To SPA) 

Signal Digital Data X X X X 
Data Rate X 
Data Type X X X X 
level X X D.T. 
load Iq»edance X X D.T. 
Source Coupling it X D.T. 
load Coupling X D.T. 
Rise and Fall Times It X D.T. 
Jitter X 

-
NOTE: All input signals with tolerance variation characteristics will be certified by-test set calibration. 

N/A: Not Applicable 
1 = Aralysis 

a -" Inspection 
b = Review of Design 

3 = Test 
a = Dev~lopment 
b = Qualification 
c = Acceptance 

D.T. = Develop.ent Test 
4 = Carry-Forward Test(s) 
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Hughes Hughes Verification Met~od Rockwell 
Specification Hughes Specification 
OS 32012-020 Hughes 2 3 Verification Me 409-0025, RC!v. 8 
Paragraph Ref. Title N/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.2.4.2.4 Status Input 20.3.1.2.4.1.5.4 (F~ EA-2) 
20.3.1.2.4.1.4.4 (F~ SPA) 

3.1.2.4.3 Discrete Control Signals X NlA 
3.1.2.4.3.1 Inputs X X X X Tl, T5, T9, 20.3.1.2.4.5.1 (F~ ADA) 

TlO, Tl2 20.3.1.2.4.3.2 (Fro. GCILU) 
20.3.1.2.4.3.1 (Fro. OCe) 
20.3.1.2.4.6.2.2 (F~ OA) 

3.1.2.4.3.2 Input Characteristics 20.3.1.2.4.3.2 (GCILU) 
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 
Tennination X 
Rise and ra11 Times X 

3.1.2.4.3.3 Outputs X X X X Tl, T4, T5 20.3.1.2.4.5.2.1-2 (ADA) 
Tl8 20.3.1.2.4.!.1 (DisP1a~) 

20.3.1.2.4.1.1.1 (EA- 2 
1 20.3.1.2.4.6.1.1-6 (OA) 

20.3.1.2.4.1.1.1-2 (SPA) 

NOTE: All input signals .ith tolerance varlation characteristics ~11 be certified by test set calibraUon. 

N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b '" r{e~'iew of DeSign 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-FOrNird Test(s) 
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Hughes Hughes Verification Method Rockwell 
Specification Hv~hes Specification 
OS 32012-020 Hughes 2 3 Veri iication Me 409-0025. Rev. B 
Paragraph Ref. Ti tle N/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.2.4.3.4 Output Characteristics 20.3.1.2.4.5.2.1-l (~J 
20.3.1.2.4.4.1 (Displays) 
20.3.1.2.4.7.1 (EA-Z 
20.3.1.2.4.6.1 (OA) 
20.3.1.2.4.1.1 (SPA) 

Data Rate X X X X T5 
Wavefonn X 
levei X X X X T5 
Source Current X X X X T5 
Short-Circuit Current X X X X T5 
Tennination X 
Rise and Fall Times X 

I 3.1.2.4.4 Differential Control Signals X NIA 
3.1.2.4.4.1 Inputs X X X X 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 I 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 NIA 
Signal Title LObing Phase X 
:)/180 20.3.1.2.4.6.3.13 

Pins X X X X ~ T5 
- .. -- -- ----- ------ ----- -------- -_.- ~ 

NOTE: All input Signals ~ith tolerance variation characteristics will be certified by test set calibration. 

N/A = Not Applicable 
1 = Analys~s 

a = Inspection 
b = Review of DeSign 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-Fo~rd Testis) 
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Hughes 
Specification 
OS 32012-020 Hughes 

Paragraph Ref. Title 

3.1.2.4.4.3 Signal 
(Continued) Frequency 

level 
load Impedance 
Sourc~ Coupl ing 
load Coupling 
Rise and Fall Times 
Signal Title lobing Alpha-Beta 
Pins 
Signal 
Frequency 
level 
load Impedance 
Source Coupling 
load Coupling 
Rise and Fall Times 

3.1.2.4.5 Antenna Control 
3.1.2.4.5.1 Servo Motor Drive Outputs 

(1) Signal Title Alpha Motor 
Drive 

Pins 
Signal 
Frequency 
level 
Load Characteristics 
Source Coupling 

~----- --- - --- -

Hughes Verification Method 
Hughes 

2 3 Verific.ation 
N/A 1 a b a b c 4 Test 

X 
X X X X T5 
X 
X 
X 

lC 
X 

X X X X T5 
X 
X X X X T5 
X 
X X X X T5 
X 

X 
X 

X 

X 

X 
X X X X i7 
X X X X T7 
X X X X T7 
X 
X X X X T7 
X 

"" 7 ", ~."", .. :>,. 

Rockwell 
Specification 

Me 409-0025. Rev. B 
Paragraph Ref. 

20.3.1.2.4.6.3.12 

NIA 
NIA 

20.3.1.2.4.6.3.1 (To DA) 

~; ,+iij'" ii'11 

r 

, 
I-

I 

NOTE: All input signals with tolerance variation characteristics will be cert:fied by test set calibration. 

N/A :: Not Applicable 
1 :: Analysis 

a = Inspection 
b = Review of Design 

3 = Test 
a :: Development 
b = Qualification 
c :- Acceptance 

4 = Carry-Fo~rd Test(s) 
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Hughes Hughes Verification Method Rockwell 
Spec i ficat ion Hughes Spec i fi cation 
OS 32012-020 Hughes 2 3 Verification ~ 409-0025. Rev. B 

Paragraph Ref. Title N/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.2.4.5.1 load Coupling X 
(Continued) Rise and Fall Ti.es X 

(2) Signal Title Beta Motor 
Drive X 20.3.1.2.4.6.3.1 (To DA) 

Pins X X X X Tl 
Signal X X X X Tl 
Frequency X X X X Tl 
level X I load Characteristics X X X X Tl 
Source Coupling X I 
load Coupling X 

I 

Rise and Fall Ti.es X 

3.1.2.4.5.2 Gimbal lock Drive Output 20.3.1.2.4.6.3.11 (To DA) 
Signal Title Antenna Gimbal 
lock Drive X 

Pins X X X X T18 
Signal l- X I X T18 
Current X X X X T18 
load Iq>edance X 
Source Coupling X 
load Coup 11 ng 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 X X Tl 

. Signal X 
i 

---

NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 
N/A = Not Applicable 

1 = Analvsis 3 = Test 4 = Carry-FOrNard Test(s) 
a = -1" spec t i on a = De've 1 opment 
b = Review of Design b = Qualification 

c = Acceptance 
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Hughes Hughes Verificatlon Method Rockwell 
Spec ificat i on liughes Specification 
OS 32012-020 Hughes 2 3 Verification Me 409-0025. Rev. 8 

Paragraph Ref_ Title N/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.2.4.5.3 Level X X X X T1 
(Continued) Source Current X 

Source Coupling X 
Load Coupling X 

3.1.2.4.5.4 Gyro Drive I/A 
(1) Signal Title Gyro X 

Primary Excitation 20.3.1.2.4.6.3.4 (To DA) 
Pins X X i X X T7 
Signal X 
Frequency I ~ X X X T7 
Level J( X X T7 
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 X X X X 17 
Quadrature Square Waves X X X X T7 
Frequency X X X X T7 
level X X X X T7 
Source Current X X X X Tester 
Source Coupling X 
load Coupling X 

------ ----_ .. - -- - - -~ 

NOTE: All lnput signals with tolerance variation characteristics will be certif'-4!(j by test set calibr~tfon. 

N/A :: Not AppJ :-1ble 
1 = Analysis 3 = Test 4 :: carry-FOF'l#ird Test(s} 

a = J n s pee t i on 
b = Review of Design 

a :: Oe\l'elopment 
b :: Qualification 
e :: Acceptance 
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Hughes Hughes Verification Methnd Rockwell 
Specification Hughes Speci fi cation 
OS 32012-020 Hughes 2 3 Verification Me 409-0025. Rev. B 

Paragraph Ref. Title N/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.?.4.5.5 RSA Inputs MIA 
(1) Signal Title Alpha Axis 

High X 20.3.1.2.4.6.4.5.' (Fro. DA) 
Pins X X ): X Tester 
Signal X X X X Tester 
Frequency X 
level X 
Scale Factor X 
Offset of Source X 
Source Impedance X 
Source Coupling X 
load Coupling X X X X Tester 

(2) Signal Title Alpha 
low X 20.3.1.2.4.6.4.5.1 (Fro. DA) 

Pins X X X X Tester 
Signal X X X X Tester 
Frequency X 
level X 
Scale Factor X 
Scale Factor Accuracy 
of Source X 

Source Impedance X 
Source Coupling X 
load Coupling X X X X Tester 
Offset of So~rce X 

I 
NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-Forward Test(s) 
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Hughes I Hughes Verification Method Rockwell 

Spec ifi ca t ion Hughes Specification 
OS 32012-020 I Hughes 2 3 Verifi cat ion Me 409-0025, Rev. B 

Paragraph Ret. Title N/A 1 
b a a b c 4 Test Paragraph Ref. 

3.1.2.4.5.5 (3) Signal Title Beta Axis 
(Continued) High X 20.3.1.2.4.6.4.5.1 (~ro. DA) 

Pins X X X X Tester 
Signal X X X X Tester 
Frequency X 
level X 
Scale Factor X 
Scale Factor Accuracy 
of Source X 

Source Impedance v 
1\ 

Source Coupling X 
Load Coupling X X X X Tester 
Offset of Source X 

(4) Signal Title Beta Axis 
20.3.1.2.4.6.4.5.1 (Fro. DA) Low X I 

Pins X X X X Tester 
Signal ;( X X X Tester 
Frequency X 
Level X 
Scale Factor X 
Scale Factor Accuracy 
of Source X 

Source Impedance X 
Source Coup 1 i ng X 

I Load Coupling X X J X X Tester 
Offset of Source X 

'------------ ------- --.. ---- ---- ----_._-- ---

NOTE: All 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 

c = Acceptance 
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Hughes 
Specification 
OS 32012-020 

Paragraph Ref. 

3. i.2.4.S.6 

• 

Hughes 
Title 

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 
Pul se Rate 

level 
Source Impedance 
Source Coupling 
load Coupling 
Rise and Fall Times 

(4) Signal Title Beta Encode~ 
Index 

Pins 
Frequency 
level 

---- - ---

Hughes Verification Method 
Hughes 

2 3 Verifi cat ion 
N/A 1 

b b 4 Test a ,. c 

X 
X X X X Tester 
X 
X 

: Ix 
X 

X X Tester 
X 

X 

X X X X Tester 
X X X X T6. 750 Hz 

max. 
X 
X 

X 
X X X X Tester 

X 

X 
. X X X X Tester 

X 
X 

• 

'7" l' ....... ~-"" .......... .,.-'. ~-_0fl'l~1lIT"'"-"""""",,, ~~_~...., 

Rockwell 
Specification 

Me 409-0025. Rev. 8 
Paragraph Ref. 

MIA 

20.3.1.2.4.6.4.4.1 (Fro. DA) 

20.3.1.2.4.6.4.4.1 (Fro. DA) 

I 
I 

20.3.1.2.4.6.4.4.1 (Fro. DA) I 

I 

I 

, 

ij 
:1 

~I 

~ 
'I 

1 
I 
1 
"i 

j 
1 
I 
j 

1 
I 

Ii 
¥ ; ., 
t 
{i 
11 
:'1 

I 
! 

NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

~ 
! 

L._ .. _ ."_ ... 

N/A = Not Applicable 
) = Analysis 

a = Inspectivn 
b = Review of Design 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

I 
,-

/ 

4 = Carry-Forward Test(s) 

Page 11 of 30 
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Hughes 
Spec i fi ca t ion 
OS 32012-020 Hughes 

Pa ragraph Ref. Title 

3.1.2.4.5.6 Sour~e Impedance 
(Continued) Source Coup 11 ng 

Load Coupling 
Rise and Fall Times 

(5) Signal Title Beta Encoder 
Output 

Pins 
Pulse Rate 

Level 
~ Source Impedance 

Source Coupling 
Load Coupling 
Rise and Fall Times 

(6) Signal Title Beta Encoder t 
Quad Output 

Pins 
Pul se Rate 

Level 
Source Impedance 
Source Coupling 
Load Coupling 
Rise and Fall Times 

---- - --- - ~'. T •. _. ~ .-.", •• ~~--...... "III!' ... , 

Hughes Verification Method 

2 3 
N/A 1 4 a b a b c 

X 
X 

X X X X 
X 

X 
X X X X 
X X X X 

X 
X 

y 

X X X X 
X 

X 

I 
X X X X 
X X X X 

X 
X 

X 
X X X X 

X 

"'" 

Roc~lfell 
Hughes Specification 

I 

Verifi cation Me 409-0025. Rev. B 
I 

Te~.t Paragraph Ref. 
I 

I 
I 

1 

Tester 
I 

I 
1 

20.3.1.2.4.6.4.4.1 (Fraa ~') 
Tester 

I 

T6, 750 Hz 

I max1num 

Tester 

20.3.1.2.4.6.4.4.1 (Fro. DA) 
Tester 

T6. 750 Hz 
maxinum 

Tester 

-- -- - ~-- ---- . - - . - ._--

~ 
" , 

I 
1 :; 

NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

N/A = Not Applicable 
1 = Analysis 3 = 

a = Inspection 
b = Review of Design 

Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-Forward Test(s) 

Page 12 of 30 
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Hughes 
Specification 
OS 32012-020 Hughes 
Paragraph Ref. Title 

3.1.2.4.5.7 Radar Track Inputs 
(1) Signal Title Alpha Error 

Pins 
Signal 
Level 
Source Impedance 
Source Coupling 
Load Coupling 

(2) Signal Title Beta Encoder 
Pins 
Signal 
Level 
Source Impedance 
Source Coup~ing 
Load Coupling 

3.1.2.4.5.8 Power Supply Inputs 
(l) & (2) Pins 

Signal 
Leve1 
Source Current 
Source Coupling 
Load Coupling 

3.1.2.4.5.9 Deleted 

~------ - ---

Hughes Verification Method 

2 3 
Hughes 

Verification 
N/A 1 a b a b c 4 Test 

X 
X X X X Tester 
X X X X Tll 
X X X X 111 

X 
X I 

X 

X 
X X X X Tester 
X X X X 111 
X X X X 111 

X 
X 

X 

X 
X X X X Tester 
X X X X Tester 
X X X X Testpr 
X 
X 
X 

-~-.---

'F ':", _.- '~.~ _~~" ... - ~ .,.....'~1Y .• lI"-""'- ......,. Q • 1\* ;;g. ""4 

Rockwell 
Specification 

He 409-0025, Rev. a 
Paragraph Ref. 

MIA 
20.3.1.2.4.7.4.2 (Fro. EA-2) 

20.3.1.2.4.7.4.2 (Fro. EA-2) 

20.3.1.2.4.6.4.7 

~-~- --~-

-

I 

, 
t' 
I 

I 

r' 
k 

I 

NOTE: All input signals with tolerance variation characteristics wili be certified by test set calibration. 

N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Dpslgn 

3 = Test 
a = Development 
b = Qualification 
c ;: Acceptance 

4 = Carry-Forward Test(s) 

Page 13 of 30 
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Hughes 
Specification 
OS 32012-020 

Paragraph Ref. 

3.1.2.4.5.10 

3.1.2.4.6 
3.1.2.4.6.1 

Hughes 
Title 

Widebeam Select/Delta Channel 
Control 

(l) Signal Title WidEbeam 
Select/Delta Channel 
Select 

Pins 
Si gr.c-.l 
Level Execute 
Load Impedance 
Source Coupling 
Load Coupling 

Forward Link 
IF Inputs 
(1) Signal Title Data IF 

Connector 
Signal 
Frequency 
level 
Source Impedance 
Load Impedance 
VSWR 

(2) Signal Title Track IF 
Connector 
Signal 
Frequency 

-~------ --- --~ -

Hughes Ver~fication Method 

2 3 
N/A 1 a b a b c 4 

X 
X X X X 
X X X X 
X 
X X X X I 
X 

X 

X 

X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X 
X 

X 
X X X X 
X X X X 
X X X X 

I-Iughes 
Verification 

Test 

T5 
T5 

Tester 

Tester 
Tester 
Tester 

Manual Test 
Tester 

Tester 
Tester 
Tester 

~ ~ • .JI!' 
.~, ___ ,-<-,. _ .y '''''''.--' __ '-'''''''''''''*''+' #£1f~ 

, 

Rockwell 
Specification 

Me 409-0025, Rev. 8 
Paragraph Ref. 

20.3.1.2.4.6.1.7 (Wldeband to DAl 
20.3.1.2.4.6.1.8 (Delta to DA) I 

I 

I 
I 

H/A 
N/A 

20.3.1.2.4.6.4.1 (Fro. DA) 

20.3.1.2.(.~.~.3 (Fraa DA) 

~ ... 

~ 
" ~, 

NOTE: A11 input signals with tolerance 
N/A = Not Applicable 

variation characteristics will be cert4fied by test set calibration. 
'~ 

\ 
~ 
I" 

I 

i 
t 

L 

1 = Analysis 
a = Inspection 
b = Review of Design 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

="",."'".~C.~" .. , .. ~."" ~.".~.=":.,~_-,-"":",,,~""'~~~"""i.;;'''''''::: ., •. u.,.,.·~·~' . ' ....... " •. ,. . w ."". ", e"'" 

4 = Carry-Fo~rd Test(s) 

Page 14 of 30 

w ... -
.....-., --',,-",," ----............-.. ........ --J 



• --------~---- ---~ - --- - -- - - --,..--- - ~i< ""'".:", -J' ~ .... ~-" --"..,."... -";' .".".,., .... ....,. *+ #! 4~ " " 

.... '1'" 

... 

Hughes Hughes Verification Method Rockwell 
Spec if i ca ti on Hughes Specification 
OS 32012-020 Hughes 2 3 Verification Me 409-0025. Rev. B 

Paragraph Ref. Title N/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.2.4.6.1 level X X X X Tester 
(Continued) Source Impedance X X X X Tester 

Load Imr-"danl.e X 
VSWR X 

3.1.2.4.6.2 Data Output 20.3.1.2.4.1.2.1 (T~ SPA) 
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 X X X X Manual Test 
Signal X X X X Manual Test 
Data Rate X X X X Manual Test 
Level X X X X 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 MIA 

3.1.2.4.7.1 Analog Measurements MIA 
(1) Signal Title Radar Signal 

20.1.1.2.4.7.4.1 (Fro. EA-2) Strength IX Signal Level .X X i. X T3 
Source Impedance i X X X X Tester 
Load Impedance X 
Source Coupling X 
Load Coupling X 

NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

~ r, 

~ 
~ 

f 

N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 

""~L __ .~ ~ .. __ ._" ,··="·"~C~'-".,,"-~,~· _.~ .. ===.=_ 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-Forward Test(s) 
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Hughes 
Specification 
OS 32012-020 
Paragraph Ref. 

3.1.2.4.7.1 
(Continued) 

Hughes 
Title 

(2) Signal Title Transmit RF 
Power 

Pins 
Signal Level 
Source Impedance 
Load Impedance 
Source Coup 11 ng 
Load Cc,upling 

(3) Signal Title Transmit RF 
Power 

Pins 
Signal 
Level 
Source Impedance 
Source Coup 1 i ng 
Load Coupling 

(4) Sign?l Title Signal 
Strength (MOM) 

Pins 
Signal 
Level 
Source Impedance 
Source Coupling 
Load Coupling 

Hughes Verification Method 

2 3 
N/A 1 a b a b c 4 

X 
X X X X 
X X X X 
X X X X 
X 

X 
X 

X 
X X X X 
X X X X 
X X X X 
X 
X 

X 

X 
X X X X 
X X X v 

'" X ~'X X 
X 
X 

X 

~ ., .~~~_,<.,.- .. - ~- .... r .. ;:;¥ .. .......,t. "'''~ 

Rockw11 
Hughes Specification 

Veri ficat illn Me 409-0025, Rev. B 
Test Paragraph Ref. 

20.3.1.2.4.6.4.2 (Fro. ~.) 
T3 
T3 

Tester 

20.3.1.2.4.2.3 (To NOM) 
T3 
T3 
T3 

20.3.1.2.4.2.3 (To MOM) 
T3 
T' ,,j 

T3 

NOTE: All input Signals with tolerance variation characteristics will be certified by test set calibration. t 

~ 
i: 
~ 
! 

N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 

3 = Test 
a = Development 
b = Qualification 
c :; Acceptance 

4 = Carry-Forward Test(s) 
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Hughes 
Spec ifi ca t ion 
OS 32012-020 
Paragraph Ref. 

3.1.2.4.7.1 
(Continued) 

.. --- --~---~-----~ - --- -

Hughes Verification Method 

Hughes 
Title 

(5) Signal Title S 
Strength (D&C 

Pins 
Signal 
level 
Source Impedan 
Source Coup1in 
load Coupling 

(6) Signal Title A 
Pitch Rate 

Pins 
Signal 
level 
Source Impedan 
load Impedance 

(7) Signal Title A 
Rate 

Pins 
Signal 
level 
Scale Factor 
Source Impedan 
Load Impedance 
Source Coup 1 in 
Load Coupling 

2 
N/A 1 a 

igna1 
) 

ce 
9 

X 

ntenna 

ce 

ntenna Roll 
X 

ce 

9 
X 

tiughes 
3 Verification 

b a b c 4 Test 

X 
X X X X Tl 
X X X X Tl 
X X X X Tl 
X 
X 

X 
; 

X X X X T15 
X X X X T15 
X X X X T15 
X 
X 

X X X X T15 
X X X X T15 
X X X X T15 
X X X X 115 
X 
X 
X 

~ .~ 
~~o __ · _- ~~ ... ''''_~ 

,; ~ .. 
n 
'l 

I 
j 

1 

,I 
I 

Rockwell 
Spedf;~!t~on 

Me 409-0025, Rev. ~ 
Paragraph Ref. 

20.l.1.2.4.4.2.2 {To D&C) 

I 

20.l.1.2.4.4.2.1 (To Displays) 

20.l.1.2.4.4.2.1 (To Displays) 

NOTE: All input signals with tolerance variation characteristics will be certified hy test set calibration. 

I 
L 

N/A :: Not Applicab1e 
1 = Analysis 

a :: Inspection 
b 7 Review of Design 

3 :: Test 
a :: Development 
b = Qualification 
c :: Acceptance 

4 :: carry-ForMard Test(s) 

: 
Page 17 of 30 
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Hughes Hughes Verification Method Rockwell 
Specification Hughes Specification 
DS 32012-020 Hughes 2 1 Verification Me 409-0025. Rev. B 

Pa ragraph Ref. Title N/A 1 
b b 

4 Test Paragraph Ref. a a c 

3.1.2.4.7.2 Digital Displays 20.3.1.2.4.4.3 (To Displays) 
Signal Title D~gital 
Dedicated Display Data X 

Pins X X X X Tester 
Signal X X X X r9 
uata Rate X 
level X 
Rise and Fall Times X 
load Impedance X 
Source Coupling X 
load Coupling X 

3.1.2.4.7.3 RF Reference MIA 
(1) Signal Title 1876 MHz Ref X 20.3.1.2.4.1.3.1 (To SPA) 

Connector X X X X Tester 
level X X X X Manual Test 
Source Impedance X 

r load impedance X 

(2) Signal Title 156 MHz I 
X I Ref (EA-2) ~ J X 

20.3.1.2.4.1.3.1 (To EA-Z) 
Connector X Tester 
Signal X IX X X Manual Test 
level X X X X Manual Test 
Source Impedance X I 
load Impedance 

X l I 
NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

N/A = Not Applica~le 
1 = Analysis 3 = Test 4 = carry-Fo~rd Test(s) 

a = Inspection a = Development 
b = Review of DeSign b = Qualification 

c '-' Acceptance 
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Hughes Hughes Verification Method Rockwell 

Spec ifi ca t ion ~ughes Specification 
OS 32012-020 Hughes 2 3 Veri ficat ion Me 409-0025, Rev. 8 
Paragraph Ref. Title N/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.2.4.7.3 (3) Signal Title 156 MHz 
(Contiilued) Ref (OA) X 20.3.1.2.4.6.3.8 (To DA) 

Connector X 'J X X Tester 
Signal I X X X X Manual Test 
levei " v X X X Manual Test " Source Impedance I X I 
load Impedance X 

3.1.2.4.8 DC Power X 

3.1.2.4.8.1 V8US 20.3.1.2.1 
Signa I Title X 
Pins X X X X T1 
Signal X X X X T1 
Level X X X X T1 
Source Current X X J( X T1 
Source Coup 11 ng I X X A X T1 
load Coupling X X X I X T1 

3.1.2.4.8.2 Panel Power N/A 
Signal Title 28 VDC Control 
Panel Power In X 20.3.1.2.1 

Pins X X X X T1 
Signal X X X X T1 
Level X X X X T1 
Source Current X 
Source Coupling X X X X T1 
Load Coupling X X X X T1 

NOTE: All input signals with tolerance variation characteristics will be certified by test set Cl.ltbratton. 
N/A = Not Applicable 

1 = Analysis 3 = 
a = Inspection 
b = Review of uesign 

Test 
a '"' Development 
b = ~ualification 
c = Acceptance 

4 = Carry-Forward lest(s) 
w .. 
0\ 
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Hughes ~;ughes Verification t1E.'thod Rockwell 

Spec ifi cat ion "ughes Specification 
OS 32012-020 Hughes 2 3 Verification Me 409-0025. Rev. B 
Paragraph Ref. Title ri/A 1 a b a b c 4 Test Paragraph Ref. 

3.1.2.4.8.2 Signal Title 28 Vo( Control 
Pane 1 Power Out X 20.3.1.2.4.3.3 

Pins X X X X T1 
Signal 1- X X X T1 
Level X X X X 11 
Source Current X 
Source Coupling X X X X n 
Load Coupling X 

3.1.2.4.9 Test and Measurements X RIA 
3.1.2.4.9.1 Test Connector Access X RIA 
3.1.2.4.10 Deleted 
1.1.2.4.11 Common Mode Protection X Requi reII!I1ts spread throughout 

RI Specification 

3.1.3 Item Identification X RIA 
3.2 Characteristics X RIA 
3.2. 1 Perfonnance X RIA 
3.2.1.1 life Requirements X 20.3.2.1.1 

3.2.1.1.1 Operati ilg Life I TSS 20.3.2.1.1.1 

3.2.1.1.2 Useful life TSS 20.3.2.1.1.2 
3.2.1.1.3 Shelf Life TSS 20.3.2.1.1.3 

.-
NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

L 
N/A = Not Appl~cable 

1 = Analysis 
a = Inspection 
b = Review of Design 

4 :&: Carry-Forward Test(s) ~ ..... , Test . 
. a' Developmen~ I 

b • Qual;f;cat,on I 
c = Acceptance Page ZO of 30 I 
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Hughes 
Specification 
~5 32012-020 Hughes 
Paragraph Ref. Title 

3.2.1.2 FOnfard link 
3.2.1.2.1 FOnfard link Input Signals 
3.2.1.2.1.1 Data IF Signal 

3.2.1.2.1.2 Track IF Signal 
3.2.1.2.2 FOnfard link Output Signals 
3.2.1.2.2.1 Signal Strength Indication 

3.2.1.2.2.2 C~ Detect Flag 
0.9~ Prob in 350 ms 
10- Prob for C/NO 56.9 dB-Hz 
Functional 

2.3.1.2.2.3 Data-Preser.t Flag 
logical Condition for Output 
0.99 Prob in 2.5 sec wlo PN 
0.98 Prob in 12.5 sec w/PN 

3.2.1.2.2.4 Baseband Data Output 
3.2.1.2.3 Bit Error Rate Degr~dation 
3.2.1.2.4 Angle Track Processing 

Functional 

Scale Factor 

~- ------ --- - ---

Hughes Verification Method 
Hughes 

2 3 V~rification 
N/A 1 a b a b c 4 Test 

X 

X 

X D.T. 

X O.T. 

X 

X X X X T3 

X X X X Tl 
X X X X X T3 
X 

X X X X Tl 

X I X I X X T3 
X X X X Manual Test 
X X X X Manual Test 

X X X X T3 
X X X X Manual Test 

X X X X T1l 

l X X 
-- ~ -_ .. -

..,..., .. .,.,..,,""....,.' ...... e: ... ii!<w·%>1 

Rockwell 
Spec i f;cation 

Me 409-0025. Rev. B 
Paragraph Ref. 

./A 
20.l.2.1.2.1.1.5.1 
2O.l.2.1.2.1.1.6 
20.l.2.1.2.1.1.5.2 

./A 
2O.l.2.1.2.1.2.9w 
2O.l.2.1.2.1.l.6.1.1. 

20.l.2.~.2.l.l.6.l.~ 

20.3.2.l.2.1.l.6.1.2w 

20.l.2.1.2.1.1.6 (Portions only 

Table 3-IV 

Requi relEnts spread throughout 
RI SpeCification 

--- ---- --- - -

, 

I 
I 

I 

I 

I 

11 

r 
t 

NOTE: All input signals with tolerance variation charact~ristics will be certified by test set calibration. 

N/A = No~ AppllLdble 
1 ..: Analysis 

a = Ins pee t i on 
b = Review of Design 

3 = Test 
a = De'ie1opment 
b = Qualification 
c = Acceptance 

4 = Carry-fo~rd Test(s) 

w 
~ ac 
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Hughes Hughes Verification Method Rockwell 
Spec ifi ca ti on Hughes Specification 
OS 32012-020 Hughes 2 3 Verification Me 4V9-002S, Rev. B 
Paragraph Ref. Title N/A 1 b b 

4 Test Pa"agraph Ref. a a c 

3.2.1.3 Antenna Servo X ./A 
3.2.1.3.1 Point Mode X X X X T9, T12. T17 Requi re.nts spread throughout 

RI Specificatim 

3.2.1.3.1.1 Body Stab~lization 
Servo Response Ramp X 

I Functional X X X X 112 
Pointing Accuracy X X X X T12 

3.2.1.3.1.2 Inertial Stabilization X 

3.2.1.3.2 Tracking 
Gain Accuracy X 
Radar and Coom X 
Functional Tests X 'I. X X Tll 

3.2.1.3.3 Slewing 
I Function and Accuracy X X X X 110. 115 

Implementation X J, 
3.2.1.3.4 Position Reference Initializa- X X )( X 118 Requi rellents spread throughout 

ti ein RI Specification 

3.2.1.3.5 Rate loop Characteristi:s X N/A 

.~. ~ - ---- --- - - -- ----- -- --------

NOTE: An input Signals with tolerance variation cha··-teristics will be certified by test set c:.1ibration. 

N/A Not ~~~licable 
1 = Analysis 

a = I n spec t i on 
b = Review of De5ign 

3 = Test 
a = Development 
b = Qualification 
c = ACCE~ptance 

4 = Carry-Forward Test(s} 
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Hughes I Hughes Verification Method Rockwell 
Specification Hughes Specification 
OS 32012-020 Hughes 2 3 Verification Me 409-0025, Rev. B 

Pa ragraph Ref. Title N/A 1 b • a b 
4 Test Paragraph Ref. a c 

~ 
3.2.1.3.5.1 Analog Shaping X X X X X T8 Hughes internal requiresent 
3.2.1.3.5.2 Digital Input X II II .. . 
3.2.1.3.5.3 DC Offsets X , It .. .. 
3.2.1.3.5.3.1 Radar Track X .. .. .. 
3.2.1.3.5.3.2 COIIITI Track. X II II II 

3.2.1.3.5.3.3 Fine Inertial Hold X II .. .. 
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 X X X T7 Hughes internal requiretllent 
3.2.1.3.5.4.2 Transfer Function X X X X X Manual Test II .. .. 
3.2.1.3.5.5 Tachometer Shutuown X X X X T6 .. II .. 
3.2.1.3.5.6 DAC Stab~lity and linearity X .. .. .. 
3.2.1.3.6 Scan Mode II .. II 

Moding X X X X T14 .. II .. 
Scans versus Range X . .. .. .. 

3.2.1.4 Antenna Control X .. .. .. 
3.2.1.4.1 An~ -: ~ Transforms X X 'X X T6, T17 .. n II 

3.2.1.4.2 LOS Angle Rate Transformations X X X X T15 .. II II 

-
NOTE: All input signals with tolerance variation characteristics wi~l be certified by test set calibration. 

N/A = Not Applicahle 
1 = Analysis 3 = Test 4 = Carrj-Forward Test(s) w 

Colt o a = Inspection a = Development 
b = Review of Design b = Qualification 

c = Acceptance 
Page 23 of 30 
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Hughes Hughes Verification Method Rockwell 
S~e::~fjcation Hughes Specification 
DS 32012-020 Hughes 2 3 Ver~"'ication Me 409-0025, Rev. B 

Paragraph Ref. Title N/A 1 b b 4 rest Paragraph Ref. a a c 

3.2.1.4.3 . Obscuration Calculation X X X X Tl6 Hyghes internal requireaent 
(Selected Angles Tested) 

3.2.1.4.4 Stow X X X X Tl8 .. H II 

3.2.1.4.5 Unstow X X X X Tl6 .. H II 

3.2.1.4.6 Wiggle T~st X X X X H II H 

, 
3.2.1.4.7 Motor Protect~on - Deleted X " II n 

3.2.1.4.8 Zero Rate Command X II .. II 

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 X X X X T3, Tll Requirements spread throughout 

Manual Test RI Specification 
3.2.1.5.2 Servo Modes X X X I X T11, Tl2 Hughes internal requireaent 

Tl~ Tl5 
3.2.1.5.3 Antenna Steering Control 

Functions X X X X T1l, Tl2 Requirements spread throughout 
Tl4, Tl5 RI Specification 

3 . ..::.1. 5.4 System Control X X X X Tl1, Tl2 
Tl4, Tl5 

3.2.1.5.4.1 Initialization Procedure 

I 
X X X X All automatic Requirements spread thro~ghout 

except Tl RI Specificati~n 
L....-L... - - ----------- ---_ ... _ .. _--

NOTE: All input signals with tolerance variaticn characteristics w~ll be certified by test set calibration. 

N/A = Not Applicdble 
1 = Analysis 

d = Inspection 
b = Review of Design 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-Forward Test(s) 
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Hughes Hughes Verification Method 
Specification 
OS 32012-020 Hughes 

Pa ra 9 rap h Ref. Title N/A 

3.2.1.5.4.2 ~cquisition Procedure--TBS 
3.2.1.5.5 Self-Test 
3.2.1.5.6 Displays & Controls Functions 

3.~.1.5.7 System ~eference Signals 

3.2.1.5.8 Priorlties 

3.2.1.5.9 Control & Output Status Signals X 

3.2.1.5.9.1 Orbiter Serial Outputs 

3.2.1.5.9.2 Orbiter Discrete Otuputs 

3.2.1.5.9.3 Ku Serial Outputs 

3.2.1.5.9.4 Ku Discrete Outputs 

3.2.1.5.10 Control & Status Input Signals X 

3.2.1.5.10.1 Orbiter System Input Signa1 c X 

tdnTr. " .. ..: __ •• ~ _______ ._4.L.. .&.._, _____ _ . _____ L..! ____ I 

N/A Not ~p~licable 
1 Analysis 

a Inspection 
b = Review of Design 

Hughes 
2 3 Verification 

1 a b a b 
4 Test c 

TBS 
TBS 

X X X X T9 

X X X X Tl. T3 
T5, T7 

X 

X X X X All automatic 
except Tl 

X X X X Tl. T9. TlO 
Tl6. Tl8 

X X X X T9 

X X X X T4. T5 

___ .L _ ~ _ .L .! ... , I ., . . . 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

Iy 

.". 7 .. -. --"-~f!"':;;,,,, . 
..,..... .. ". " 

Rockwell 
Specification 

MC 409-0025, Rev. B 
Paragraph Ref. 

2u.3.2.1.2.1.2.13 
Requi rements spoead througho(lt 
RI Specification 

Requirements spread throughout 
RI Specification 

MIA 
20.3.2.1.2.1.3.6.1.2 

20.j.2.1.2.1.3.6.4.~ • ADA) 
20.3.2.1.2.1.3.6.: .• (DIt) 
20.3.2.1.2.1.,.14.1.5 (EA-2 
20.3.2.1.2.1.1.13.1.4.1 (SPA) 
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 (OA) 

N/A 
20.3.2.1. 2.1. 3.6. 1.3 (ftlM) 
20.3.2.1.2.1.3.6.2.1 (OCe) 
20.3.2.1.2.1.3.6.4.1 (ADA) 
20.3.2.1.2.1.3.6.2.2 (GCIlU) - .. . . 

4 = Carry-Forward Test{s) 
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Hughes Hughes Verification Method Rockwell 

Specification Hughes Specification 
OS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. 8 
Paragraph Ref. Ii tle N/A i 

b b 
4 Test Paragraph Ref. a a c 

3.2.1.5.10.2 Ku Input Signal 20.3.2.1.2.1.3.6.5.2 (OA) 
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) 
20.3.2.1.2.1.1.13.1.4.2 (SPA) 

3.2.1.5.10. '3 Internal Status Discretes X Hughes internal requireaent 
3.2.1.6 System Control X MIA 
3.2.1.6.1 Data Cont:"ol X MIA 
3.2.1.6.1.1 Fonnat X X X X All automatic 

except T1 
3.2.1.6.1.2 Protocols X X X X All automatic 20.l.2.1.2.1.1.13.1.4 (SPA) 

except Tl 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.l.13 
3.2.1.7.1 Enable and Disable X X X X T4 Hughes internal requi~nt 
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 " II II 

3.2.1.7.3.2 Input Signals I TBS II " " 
3.2.1.7.3.3 MOM Data TBS " II " 
3.2.1.7.3.4 D&C Data TBS II u • -
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) 

a = Inspect~on a = Development 
b = Review of Design b = Qualification 

c = Acceptance Page 26 of lO 
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Hughes Hughes Verificatio~ Method Rockwell 

Spec i fi ca ti on T Hughes Specification 
OS 32012-020 Hughes 2 3 Verification MC 409-0025, Rev. B 

Pa ragraph Ref. Titl ro N/A 1 b b 
4 Test Paragraph Ref. a a r .. 

3.2.1.7.3.5 Correlation TSS Hughes internal requirements 
I 

3.2.1.7.4 Time to P~rform Self-Test TSS to " R 

3.2.1.8 Displays and Controls X N/A 

3.2.1.8.1 Discrete Command and Status 
Interface X N/A I 

3.2.1.8.2 Orbiter Status and Displays i 

Interface X N/A 
3.2.1.8.2.1 Digital Displays X X X X 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 

Frequency and Update X 

3.2.1.8.2.2 Analog Displays I 20.3.1.2.4.2.3 ,eo..) 
20.3.2.1.2.1.2.14.2.1.1 (Radar) 

3.2.1.8.4.1 Requirements X 
All other provi5ions X X X X T15 

3.2.1.8.3 Digital MOM 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 

13. 2.1.8.3.1 Operating Modes 
Functional Table 3.2.1.8-3 X 

I 100 ~s Separation X 
Malfunction Operation X 

--- - - .- - - - _. __ ----oJ 

NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

N/A 
1 

= flot Applicable 
= ,4na lY5i 5 

a = Inspection 
b = Review of Design 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 ~ Carry-Fo~rd Test(s) 
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Hughes 
SpeCification 
OS 32012 - 020 
Paragraph Ref. 

3.2.1.8.3.2 
3.2.1.8.3.3 

3.2.1.8.3.4 

3.2.1.8.3.5 

3.2.1.8.3.6 
3.2.1.8.4 

3.2.1.8.4.1 

3.2.1.8.4.2 

Hughes 
Title 

Perfonnance 
Data Fonnat 

Transmission Fonnat 

Transmission Protocols 
Functional 
3.1.2.4.1 
Data Validation 
Analog MOM Interface 

Signal Strength 
Pins 
Output Level 
Bandwidth 
Gain 
Idle Channel Noise--TBS 
DC Offset--TbS 
Transmit RF Power 
Plns 
Output Level 
Bandwi1th 
Gain 

Hughes Verification Method Rockwell 

N/A f 1 

Hughes Specification 
2 3 Verification Me 409-0025, Rev. B 

a b b 4 Test Paragraph Ref. a c 

X X X X X Singer Data 
X X X X All automatic 

except T1 

X X X X All automatic 
except T1 

X X X X T2 
X 

X X X X T2 
X 20.3.1.2.4.2.3 

20.3.2.l.2.l.2.l4.l.4(a) 

X X X X Tester 
X X X X 
X X X X 

I X X X X 
TBS 
TBS 

X X X X 
X X X X 
X X X X 
X X X X 

NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

~, 

~ 
! 
~ 

N/A = Not Appli~able 
1 = An"lysis 

a = Inspection 
b ~ Review of D2sign 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-Forward Test{s) 
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Hughes Hughes Verification Method Roclcwell 
Sp~cifi cat i 0:'\ Hughes Speci fi cation 
OS 32012-020 Hughes 2 3 Verification Me 409-0025, Rev. B 

Paragraph Ref. Title N/A. 1 b b 
4 Test Paragraph Ref. a a c 

3.2.1.8.4.2 Idle Channel Noise--TSS TSS 
(Continued) DC Offset--TBS TSS 

3.2.1.9 System P-eference Signals X 

3.;'.1.9.1 Reference Frequency Generation 
156 MHz Ref€rence Frequency X 20.1.1.2.4.6.3.8 

20.3.2.1.2.1.2.14.1.3 
Frequency X X X X Manual Test 
Temperature Stability X X D.T. 
long-Term Stabi1ity X T8S 
level X X X X Manual Test, 

D. T. 
Amplitude Stability X TSS 
Phase Stability X X X X D. T. 
Incidenta i FM X T8S 
Spurious Outputs X X X X D. T. 
Jitte- X TSS 
1.876 GHz Reference Frequency 20.3.1.2.4.1.3.1 
Frequency X X X X TSS 
Temperature Stability X TSS 
Long-Term Stability X TSS 
level X y X X .\ 

Phase Stability 

~ I 
TSS _J 1 nc i den ta 1 FM TSS 

Spurious Outputs TSS 
Jitter TBS 

---

NOTE: All input signals w·;th 

N/A = Not Applicable 

tolerance variation characteristics w1l1 be certtfied by test set calibration. 

1 = Analysis 
a = Inspection 
b = Review of DeSign 

3 -= Test. 
a = De~e1oprnent 
b = Qualification 
c = Acceptance 

D.T. = DevelOpMent Test 
4 = Carry-Forward Test(s) 
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Hughes Hughes Veri fication r1ethod Rockwell 1 
Specification Hughes Specification I 

OS 32012-020 Hughes I 2 3 Verification Me 409-0025, Rev. B 
Paragraph Ref. Tit1e N/A I 1 

b b 4 Test Paragraph Ref. a a c 

3.2.1.9.2 Encoder Dr; 'ie 20.3.1.2.4.6.3.3 i . 
Wavefonn X Tl X IX X 
Voltage X X l( X T1 
Ripple X 
Max Current X 

I 

3.2.1.9.3 AntennCt 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 X X X X T5 
Transitions X 
Asyrrmetry X 

3.2.1.9.4 Gyro Excitation 20.3.1.2.4.6.3.2 
20.3.1.2.4.6.3.4 

Excitat ion 
Waveform X 
Voltage X X X X X T7 
Frequency X X X X T7 
Current X 
Spill Hator 
Wavefof'JTl X 
Voltage X ! X X X T7 
Frequency X I X X X T7 
Max Current X I X X X Tester .. _J -L_ 

NOTE: All input sfgnals with tolerance variation characteristics will be certified by test set cal1bration. 

N/A = liot r~pplicable 
1 = Analysis 

a = Inspection 
b = Review of Design 

3 = Test 
a = Development 
b = Qualification 
c = Acceptance 

4 = Carry-Forward Test(s) 
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