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~rhe heart of the AN/GYM—l2(V) is the Nucleus Subsystem (NSS), which provides
centralized control for automated performance assessment of communications
monito red by a TCF.~ Located wi th in the geograp hic con t rol area served by
the NSS are the fol~owing~ATEC Terminal Elements (ATEs), the subsystems which
perform the actualjinonito~~ng and interactive.—~~sts with the communications
systems . ~~~~~~ ~~~~~~~~~~~~~

Programm’able AT EC Terminal Element (PATE)

Baseband Signal Analyzer (BBSA)

Ala rm Reporting Subsystem (ARS)

Measurement Acquisition Unit (MAU) and MAU Options

The (ATEs~pe rmlt the AN/GYM—l2(V) to monitor at any point within the communi-
cat ions ~setwork , from a single digital or voice frequency (VF) circuit to a
b roadband radio link containing many circuits..\ The PATE is used f or monitor in g
VF , di gital data , and f requency sh i f t  keyed (FS)Q communications circuits.
The BBSA pe rmits wideband measurements to be mad~’, at the group , supe r gr oup
and master group level and t ransla tes selected cha~nels fr om t he baseband to
the VF band for sepalate analysis. The ARS is used~to continuously monitor
the s tat us of va r ious commun ications equipment internal alarms . The MAU is
used to monitor VF signal levels and dc voltages. Var iou s equipment options
a]lov the MAU to accomp lish additional monitor/ test  funct~qns.

The material in this report proceeds from a system level descrtption of the
AN/ GYM— 12(V) and. Its major subsystems ; to a block level discussthn of the
NSS with detailed desc r iptions of th e NSS prime and peripheral equ~ ent ;  to
detailed descriptions of the PATE, BBSA , ARS, MAli, and MAli Options. The
performance capabilities and design characteristics of the individual
AN/GYM—l2(V) equipments are presented in tabular form. Equipment block
diagram~ and photographs are provided . Applicable ATEC specifications ,
manuals, reports and other documents are listed .
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SECTION 1

I NTI~DUCTI0N

1.1 PURPOSE

The purpose of this report is to provide technical descri ptions of
the Automated Techni cal Control (ATEC) equipments which comprise the
Coninunications Performance Monitori ng-Assessment System AN/GYM- l2 (V ) .
The CPMAS and its major subsystems provide automa ted performance monitori ng
and assessment of comunicatlons in Technical Control Facilities (TCFs )
of the Defense Coninunications System (DCS). The equi pment descriptions
contained in this report are based on the ATEC development and ini tial
production programs conducted by the Air Force under Contracts F30602-72-
C-0088 and F30602-75-C-0225 , respecti vely. It is intended that this
report will provide the reader with a comprehensive reference of
capabilities and leading particulars of the AN/GYM-12(V ) .

1.2 TECHNICAL CONTROL FACILITIES

Generically, technical control is the continui ng supervision of the
operating condition and employment of those facilities and associated
equipment that comprise a teleconinunication system to insure that
operational requirements are bei ng satisfi ed . In the strateaic military
comunications environment, technical control can be operationally defined
as the configuration management., quality control , and status reporting of
the conmiunication ci rcuits and equipments in the worldwide Defense
Coninunications System (DCS).

A Technical Control Facility (TCF) provides the interface between
the users of a comunications system and the transmission faciliti es.
TCFs are located at various poi nts throughout the OCS so that efficient
system operation can be maintai ned. TCFs of the DCS vary widely in the
number of circuits and the size of the area under thei r j urisdiction.

A TCF may interface landli nes , submari ne cables, microwave links ,
troposcatter links , high frequency (h-f ) radio stations or satellite
termir~a1s. The TCF usually is located in a separate building or room
within a coninunications site. It consists of the equipment required for
patchi ng, coordination , testing, monitoring and reporting , interfacing
circui ts, and conditioning circuits . Skilled techni cal control operators
utilize this equipment to evalua te coninunication ci rcui ts and system
performance and implement rerouti ng and ci rcuit res toral procedures in
case of degradation or outages .
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1.3 AlEC OBJECTIVES

The objective of ATEC is to provide TCFs with the means for rapid ,
accurate comunications system performance assessment, fault determination
and isolation , and coninunicatlons resto ral . ATEC is not Intended to
replace presently installed manual equipments , but to supplement them
with economical and efficient computer controlled devices to perform
repetitive tasks, automatic measurements, and simplify analyses . Thus,
AlEC greatly alleviates the manual time-consumi ng tasks previ ously
required of the technical controller and allows him to take on greater
decision maki ng functions.

1.4 BACKGROUND

1.4.1 Prototype OCS Stations.

The Defense Cormiunications Agency (DCA), early in 1962, contracted
for three prototypes of a DCS Station Control Subsystem designed for
semi -automated preparation of station logs , generation of trouble work
sheets, and display of both traffi c backlog and station s tatus . A
small , general purpose , stored program computer , special displ ays , and
a teletype readout were used in the station control subsystem. Test and
evaluation in 1963 showed that the control subsystem concept was of
assistance to technical controllers in prepari ng reports, logging events,
and displ aying results . Studies on the application of automated sensi ng
devices in the OCS continued and resulted in the Source Data Automation
Study in 1963. This study reviewed sensors, suggested a configuration ,
and concluded that applicati on of sensors in the Defense Conrunications
System (DCS ) would be fruitful . At this time , the Army requested that
the study be redirected to examine technical control problems in a
significant portion of the OCS known as the European Tropo-Army (ETA).

1.4.2 ETA Study.

The ETA study resul ted in a comprehensive plan to automate
operations at Technical Control Facilities (TCFs). The study report,
entitled Automated Facilities Report (1965), discussed orderwire require-
ments and considered interface problems . The report suggested several
level s of automation that could be progressively Impl emented in a
logical fashion . It concluded that automation was feasibl e using
existing technology and that it woul d result in major benefits . The
report recomended that automation be implemented as soon as possible.

1 .4.3 Automated Quail ty Monitor Reporti ng Subsystem.

In 1966 the Army awarded a contract to Stelma , Incorporated , based
upon the Automated Facilities Report, for an Automated Quality Monitor
Reporting Subsystem (AQMRS) that was installed at the OCS station in
Coltano, Italy in 1968. The AQMRS scans and monitor~ broadband trans-mission groups to determi ne the quality of voi ce circui ts, and generates
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formatted reports and a station log . In 1967, the Army contracted for
a more advanced system. This system, called the Automated Technical
Control System (ATC)-(SEMI), was i nstal l ed in the DCS station at
Ft. Detrick, Maryland , in 1970. Evaluations of ATC-(Semi) concluded
that computer assistance reduced outage time, resulted i n early
identification of transmission system deficiencies , produced a more
stabilized station workload , and contributed signi ficantly to the
identification of circui t deficienci es (and hence more efficient
correction).

1.4.4 Feik Report.

In 1967, the Air Force also prepared a concept paper that reviewed
technical control problems and made reconinendations that included automated
assistance to the techni cal controller for certai n functions. This paper,
entitled “Concept for Semi-Automated Technical Control (SATEC) for
Coninunications Facilities ” (Feik Report), listed ni ne problem areas and
reconinended six areas where automation would provi de signi ficant improve-
ment. The recomendations included means for impl ementing failure
prediction, providi ng continuous proof of performance and for increasing
standardization and modularity.

1.4.5 RADC Development/Initial Production/Installation.

As a result of the efforts mentioned above, the concepts for
applying automation to assist technical controllers was wel l established .
In 1969, the Air Force through RADC, awarded separate program defi ni tion
study contracts to both Honeywell , Incorporated (F30602-69-C-0l15),
and Philco-Ford Corporation (F30602-69-C-0l16).

In early 1970, the technical reports prepared by the two
contractors were submitted to RADC and an evaluation team was assembled
from the three services and OCA to revi ew them. The revi ew and
evaluation was completed in February 1970 . The Tn -Servi ce and DCA
eval uation team report recomended the Honeywell approach co technical
control automation . The program was then titled Automated Technical
Control (AT EC).

1.4.5.1 Development. A Sta tement of Work prepared by RADC based upon
the Honey~~TF’rechnical Report, earlier efforts, and with Tn -Serviceand DCA review and coordination was submitted to Honeywell. As a result,
Contract F30602-72-C-0088 was awarded to Honeywell in December 197),
to design , build and field test the AlEC Stand Alone Elements (SAEs).
In addition , the system level equipments were to be designed , built , and
tested in-pl ant. An effort to accomplish a full Tn -Service ATEC System
test overseas Is currently ongoing and represents the last stage of the
full-scale development phase of the ATEC Program. The system level
testing Is a Director Teleconinunications and Coninand Control Systems
(DTACCS) requirement specifi ed i n two memos, dated 27 July 1973 and
17 June 1974. The objective of the system level study, test and
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eval uation directed in these memos was to identify and provi de additional
operational data upon which to evaluate equi pment performance and to
establish new and/or revised standards and procedures. Further, the
testing is to resol ve the questions as to the operational and cos t
benefits to be deri ved from the ATEC Nucleus Subsystem.

1.4.5.2 Initial _Production. In June 1975, RADC awar ded an initial
production contract (F30602-75-C-0225) to Honeywell for the fabrication
of a small number of additional models of the developed eaui pment for use
at Army and Navy sites . Wi th the excepti on of the equipment to be
installed at the Naval Comunication Station, Norfolk , Virgi nia, these
equipments will be used for the Joint Ini ti al Operational Test and
Evaluation (JIOT&E) scheduled for 1976-1977. This fixed price type contract
covered the fabrication and in-pl ant test of the equi pment, spare parts,
and refi nement and upgrading of speci fications ; also included were contract
options covering engineering documentation for reprocurement and complete
logistics support data.

1.4.5.3 Installation/Operation & Mai ntenance (0&M ). In August 1976
RADC awarded a separate support contract (F30602-76-C-0420) to Honeywell
to provide for field installation of equi pment produced under the initial
production contract for the CONUS site and European sites . This contract
will also provide for contractor mai ntenance and engi neeri ng support of
the installed equipment through the end of the JIOT&E period.

1.4.6 AFCS System Engineeri ng Technical Assistance.

In an effort to improve the operational effecti veness of the RADC/
Honeywell developed ATEC System, the Air Force Coninunications Service
(AFCS ) added tasks in 1975 and 1976 to thei r System Engi neeri ng Technical
Assistance (SETA) contract with Computer Sciences Corporation (CSC) to
develop operational algori thms . This effort includes hardware (an HP
21MX computer) and software that will be integrated wi th the RADC/
Honeywell AlEC assets In the field to au~nent the planned JIOT&E test
activity. Successfully demonstrated capabiliti es will be considered
in planning the Final AlEC Production Procurement .

1.4.7 ATEC Program Redirection.

As a res ult of a revised AlEC Concept of Operation pub1i~ hed on
10 June 1976, HQ USAF requested that the basic aooroach to a Final ATEC
Production Contract be changed from the utilization of design speci fica-
tions based on the Honeywell production equipment to the utilization of
performance speci fications . The Air Force expanded their initial request
and developed an overall approach to the utilization of performance
specifications from both the management and technical aspects. This
approach, referred to as the “AlEC System Acquisiti on Strategy ”, was
presented to the Di rector , DCA and the Technical Control Improvement
Program (TCIP) Phasing Group on 10-11 March 1976 . The acquisition
strategy for the Final AlEC Production Procurement inc ludes the following
overall objectives :
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a. Reduce Manpower/O&M Costs

b. Improve OCS Performance

C. Increase Equipment Modularity/FlexibIlity
d. Incorporate Existing Technology

e. Reduce Procurement Costs

f. Consolidate Data Base Maintenance
g. Optimize Man/Machine Interface.

1.4.8 RADC Digital AlEC Efforts.

a. AlEC Digital Adaptation Study. In June 1975 , RADC awardedContract F30602—75—C—0282 to Honeyw&l l, Incorporated, to analyze anddemonstrate the adaptability of existing RADCfHoneywell developed CPMASequipment to provide automated monitoring of the initial digitalportion of the European DCS. The results of this effort will serveas inputs to the Final AlEC Production Procurement.
b. AlEC Techniques For PCM/ IDM. In order to provide a completedigital CPMAS capability, RADC, in October 1976, awarded ContractF30602—76—C-0433 to GTE Sylvania to develop techniques for automatedmonitoring of Pulse Code Modulation (PCM) and Time Division Multipl ex(1DM) microwave upgrades to the DCS.
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SECTION 2

AN/GY M-l2(V) SYSTEM DESCRIPTION

2.1 GENERAL

The Coninunications Perfo rmance Monitori ng Assessment System (CPMAS)
AN/GYM- 12(V) provides an assortment of automated technical control
capabilities to provide a complete performance monitori ng capability
which may be tailored to speci fi c site needs . The CPMAS equi pment can
be operated independently or used under control of a centralized facility
called the Nucleus Subsystem (NSS). The NSS , as the name impl ies , is
located at a central facility and provides a hub for all CPMAS activi ty.
One CPMAS may cover a large geographical area that incl udes a number of
Technical Control Facilities (TCF5). Normally, the TCF within the area that
is either the busiest or most central node will be the location for the
NSS . Elsewhere within the geographical area assigned to the CPMAS, are
other individual monitori ng subsystems which perform a remote measuring
function for the NSS. These ancillary subsystems are called AlEC
Terminal Elements (ATE5). Although the AlEs are integral parts of the
total CPMAS , they can also operate as individual test systems ,
Independent of the NSS, for special applications or for when the NSS
is inoperative . When one of the measurement subsystems (ATEs ) is deployed
to be used independent of the NSS, it is considered as a Stand-Alone
Element (SAE) . The designato rs ATE and SAE are sometimes used inter-
changeably, since they may refer to the same equi pment .

2.2 SYSTE M FUNCTIONS

The primary function of the CPMAS is to provi de the means to assure
coninunication system quality and integri ty within acceptable levels. The
CPMAS hardware uses computers to control the monitori ng functions ,
allowi ng the equipment functions to be easily extended beyond that of
simply a measuri ng devi ce . The CPMAS , in its various confi gurations ,
makes ~naximum use of this automatic capability to perform the overallsystem functions discussed in the following subparagraphs . The various
functions performed by the individual CPMAS equipments are listed in
Table 2-1.

2.2.1 Performance Assessment.

Performance assessment is much more than simply monitoring and
testing. CPMAS performance assessment consists of providing the operator
wi th the information required to determine past and present performances
and to predict the expected future quality of a comunications system ’s
performance . The system makes repetitive measurements of critical
coninunicatlons system parameters and conti nually compares them to the
expected performance limi ts that are stored in the system ’s data base.

2—1



U,
C
0

—~ 4.’
0~0

.
~~ 
.~ V)

U)
4.’ ~~~4J <
.1~~ m •.- —

I— C r — C
f.- 41 E

C C C C 1- 4)
LU 0 •,- ~~ 

.j .,. 4) C 4-’
U) C 0 E C C N O  U)

0.. 4~) 4.) C 1- S.. >~ r >.,
4) 4) 0 4) 4-’ 4) 4) 4) r— 4~) U)
U) U) C.) I— ~

- I— I— F- iØ ..~ .0
to C tf l

LU S.. 1.i— C.) .
~~~ C.) C.) C..) ~.- U)

0 0 0  LU ~~ LU LU LU
in 4~) 1. U) I— 0 F- I— I— ..— 0- 0~

LU tfl i~ 4~) S.. c~ U ~~~ 
..~s ~~ — ‘~ u C

0 F- 4) 5.. C 4) LU LU LU LU C .~~ 
.
~~~

‘-I U) 4) U 4.’ 0 4.’ 4) F- 4) F- U I- 4) 1- 0) 4.’
I- >- 4-~ 0 C C.) ~

- 
~~~ 4.’ J .

~~~ 
4)

C~) U) in 5.. 4) 5- -~~ 0. C .0 0.. .0 0. .0 0. U) C 0
>~ 0. U ’ ~~ (~ ‘— 4) — U — 4) 0.
in C C ~~~W E C C C C ~0 E 41

u. . 0 —0  u 0. C 4’ 4) C 4) C 4-’ C C 4) ~~
~~L)i- >, (O C S.. (Ø C  i øC

F- (1) 5.. C 4 -~ 1.W~~~ 1 . 4 )  1.4) 5 - 4 1
4.’ (~ .C 4) 0) C U’ C ~~ 0) C U)

LU U) C 4 . ’Ur- 0 U ~~~ 04) 04) 04) U)4~
4) ~~ 4) 4) 5.. ,— 4) 5.- r-- 1. — 5.. ,.- ,~ 4) .—

0. 4) C.) 01— 1- LU ~~ 0. LU 0.. LU 0. LU ~~
I-.

U
0~ 

a . . . .
Li) ~~ C.) ~~ - C~J

U)

0~C)

c,~j -
in

LU
-J >,

•0 4-’
C 4.) C 4.) 0)

F- C III C U C C
4) C 4)

4.) C U) C 1-
U) U) (0 0
U) U U) 4.)

C.) U) a) in a)
Q >.‘~ 5- — U) (I) U) C
‘-I 4) 4.) 1- 4-) 4) U) U) 0
F- •r S -  L)C C
C) 5-0 4) C 4.’
~~ 40 .  >,E 4-’

4)4) U U)
Li.. ~~~~~ C U)  U 4)

4)4) .0 U 1. U)
5-

O C  0 -U)  (1) .
~~ (1)

~~~~~~ 4).~~ C) 4-)
4.) 5... 4). C

Lj..r U) .— 0. C 4)
C O 4) Li-
5- S. 4.’ 4.)
0 4-’ U C  I— 4) 4) .

~~
‘I- C .

~~~~~~ C) 0)
C O  0-C Li- 4) .

~~ 0-
I-. C.) > C..) ~~. 0 F- LU

2—2



As long as the measured values lie between the upper and lower
acceptable limi ts , the system identifies the parameters as “green”
to the operator . When the “green” boundary is crossed , the system
identifies the parameter as “amber” as long as a second set of cri tical
upper and lower limits is not exceeded. When the operator is alerted
to an “amber” condition , he may begin problem Isolation to locate the
source of the degradation before an actual comunications failure occurs .
The faul t determination and Isolati on procedures are assisted by
automated features within the CPMAS . If the measured parameter value
crosses the second set of critica l boundary limi ts , the parameter is
considered “red” and a coninunications system failure has probably occurred .
To minimi ze the occurrence of “red” conditions , the CPMAS performs a
function called trend sensing . Trend sensing , or trendi ng is an
analytical process where a data sampl e is compared with previ ous data
samples and the direction that the data is taking Is determi ned.
Trending can be used to provide the operator wi th information that a
given parameter is degrading and should be investigated.

The CPMAS hardware, with its associ ated software , can monitor at
any point wi thin the coninunications network , from a single DC (Diqital
Coninunications ) or VF (Voice Frequency ) circuit to a broadband radio
link containing many circuits . When the CPMAS is employed in monitori ng
circui ts , the system confi guration is Identi fi ed as a Circui t Performance
Assessment Subsystem (CPAS) and uses the particular ATEC elements designed
for this level of measurement. When monitori ng microwave links, the
functional hardware is Identi fied as the Transmission Performance
Assessment Subsystem (WAS). The WAS sys tem allows conprehensive
wideband measurements to be made at the Group, Supergroup, and Master
Group level , and permits selected channel s to be translated from the
baseband to the VF band for separate analysis. To supplement the circui t
and link performance monitoring capability , Alarm Reporting Subsystems
(ARSs) are used as ancillary equipment to enable the CPMAS to continuously
monitor the status of the various coninunications equi pment internal alarms .

2.2.2 Faul t Determination and Location.

When the operator is alerted of a fault, or potential fault, he
must exercise certain decisions to verify the location and nature of the
problem. When using manual technical control fault isolation , the
operator was required to verbally track (by use of orderwire faciliti es)
the problem through the comunications network unti l the problem source
was Isolated. Before the trouble was isolated, this time-consumi ng
coordination often included tests at many TCFs , performed by many
operators . Using CPMAS , an operator at a central location, the NSS, has
the capability of performing many tests automatically through the
coninunications network under his control . The results of the tests
performed at several assoc iated TCF’ s allow the central operator to
verify the fault and locate the source of the trouble.
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2.2.3 Reroute Assistan ce.

After a faul t has been located , the technical control operator
must identi fy alternate paths that can be utilized to reroute the traffic
around a defective equipment or conriunications segment. With CPMAS , this
task is simpl i fied since the comunications system data base at the NSS
can contain performance i nformation that would assist the operator in
choosing appropriate alternate routes.

2.2.4 Report Formatti ng Assistance.

To obtain maximum use of the system and provi de inputs for
off—line analysis of both the conmunications system as wel l as the system
monitoring the performance (CPMAS), various systematized reports are
required. CPMAS simpl i fies this task and elimi nates the major source
of errors by providing automated reporting assistance to the operator.
CPMAS keeps track of the time required for reporting , when outages have
been experienced , and provides the necessary historical data and the
required report format.

2 .2.5 Station Log Keeping.

CPMAS minimizes the time-consuming manual task of keepi ng a
historical record of the station activities . Automatic entri es are
provided as activities are executed, or the operator can annotate
the log with separate entries . All entries are stored in the system
memory for later recall or printout upon demand.

2.3 SYSTEM EQUIPMENT

Tabl e 2-2 lists all of the equipments used in the CPMAS alono wi th
their assigned military nomenclature.

A simpl ified block diagram of the CPMAS Is shown In Figure 2-1 . A
brief description of the major elements of the CPMAS is contained in the
following subparagraphs . More complete descri ptions of these elements
are presented in Section 3 (NSS Description) and Section 4 (ATE
Descriptions) of this report.

2.3.1 Nucleus Subsystem (NSS).

The Nucleus Subsystem (bounded by the dashed line area shown in
Figure 2-1) Is the operational center of the CPMPS . The NSS consists of
a Central Processor Set (cPs) with extensive i nput/output capability
(memory disks , magnetic tape, card reader, and paper tape reader);
a Data Concentrator Set (DCS); one (or more) associated Technical Control
Console(s) (equipped with visual and audibl e indicators , al phanumeric
keyboard, a multi function keyset , and a cathode-ray tube to displ ay
alphanumeri c information); and teletypewriters.

2-4



-S
3..
— C)
~~~

- 
~~~

C’J
CD 04 5.. CD

4) — 55~

—~ 0 C 3.. — .

3.. —~ 0 C .-~~
—CD 3.- ‘a (0 —
CV) ~~~ s_- U) U r— CD ~~ CD
~~ — 

(~) 4.) U) 3.. — ~~ 0
.— ~~ CD ~- CD -.- — I N-. CV)
I CV) ‘- I CD — tO I 3..

I a- ~~ CD U ~~. 03 CD I ~~ —
—~ CD ~ ~~~

- >- it) 5.. 04 I 3.- CD CD
3. 0,- CD 03 CD -..

0. 1 ‘—. ~~ CD C.) 3.- C) C >~ ~~~~-

03 ~~ S. ..J ~~~ 0 -.. — 4) 4.3 ~~ 3.. CD
LU 04 0 00 ~~ 

U) 0’, 0. .0. C C
~~ I 1.4’ 4) 3.- C 04 ~~ 4) 4) 4) (0 tO Li-

CD ‘a .— C 4’ — o CV) 0 U) S. ~~ (0 N-
F- >- 0 4 )  4) 4) CV) •‘- I CD 5- 4) 5... 0- ~ it)
.
~~~ CD r- V 4) 4) CD (~j 4.) ~~ CD 03 4) 3.. 10
..J ~~ . 0 0 -~~~ U) .— 4) 0 .— C) 5.. CD 1- 0
C..) ~~ 1. C 0) >, — U CD Li- CD
~~ .~~ 4.) ~~- (/) ‘0 CD ~~

- . . ,— 0. 4) — S..
LU C ~~0 C CD C CC r- 0.. ~~ 0 0 10 4-~r- 0— U) 0) I 0. 0 4) ~~

- C .. U
CD ,a C ) 0  .- U ~~ — E 5— CD ~~ 5.. 5... ~0 0) ~~ U
~~ 5.. 1. 0. •.- U) 0. C U (/) C~~ CD 4) 0

4.) U) 4) ~~ C ~~ 0 C CD ~~ U) 5- LU
C ~~~~C 0  0 — 0 C) C 5- 5. .,

~~
41 (/)01. S.. 0.. 5.. ‘a ‘a U 0 ‘ C) —

U) C) >, C.) CD 4) ~~ CD ‘ U C 3 4.) 0.. 0. 0. >,
F- 0 0 0. (1) 0) 0 •‘- ~~ D 4) —

U) 1 0 — 5.. 4) S.. 5.. ~~ .— 0.. C 0 0 0 — .0
LU C U a) — CD 0 0 CD 1/) i 0 5-. 5.- S.. -o 0 E

U) CC i— 4) LU 4) 5.. ~~~~ S.. ~~ CD CD CD u-s 4) U
0. 3., 0 ~~ S.- ~ — CD r— .. U I 5.. (/)
u-s — ‘0 i n 0. — 0 C S.- x 1. 5.. 0) S... — -u— I/)

10 + ‘ C C  4’ 4’ 0 4-’ 3.. 0 U 4) 0 C 0 5.. ~~ CC
0’ C 10 00  4) 4) 4) .— 4-) — .1-) 4-) --- 4..’ 0 0-
LU CC CD C) C.) U) — U) 0) 4) 0. S.. ‘a .C 4) 4) 4) 5..

in C C~J 5.. - 4) S.. U 1. 0 ~~ 4)
U) .0 4’ C S.. 4-~ CV) U 4-) 3. 4) 4.) 4) 4) 4)
CC 4-’ U) ‘0 0 U) I C u— C C -.- C 4.) 4.) —

4) U 5- — a) ~~ U) ~~ 0 4) 3 4) 4) 0
0. CD F- F- CC I— CD CD ~~ C.) CD (/) CD CD ~~ Li-
C.)

04
C.

~J

LU
-~~ LU
03 I—
CC
1- 0.— —C..)

C) 4.) -~ C)
F- C (/)—----—5 U CC

U) U) C
0. 4) C) U CC U) ‘— — -~~~C) u—CD — U) ~~ CD
- 0 ~~~ LU 03 CC 4-’ ..4 5..

U) 03 ~~- 
.5- U) (1) 4)

Li.) 4.) C 4.) — ‘— C 0.. — u— -~~~

4) 0 4) ‘0 C ~~ —~ — C.)
CC U) C) U) C 5.. 4) — — 0. CD 0 CD

4) 4-~ C U) D -.1 1. --.
U) 1-u-- S.. C N U) 0 (1) 5.- 0 ~~ 4-’ 3.- Li.

~~ U) 0 0 0  5.. 3.’, 3.’, --- F- 0 5.. — C -.-- (1)
Q ~~ U) 1- 41 4) — U) 4~ In CD 0
~~~ — U) 4 1 1 0  F- 4) .0 U) 03 C 0. C.) 5-

U C 5 .~ C ~~ U) 1- 4) — U .~~ ~~ U)
0 C 004 - )  C) .CC Cl)  --  4) 0 Cl) 0 0 4) C 5..
C) 4) 0 C )C  LU ~~ C 5- 0.. 5- 4) 5.. S.. ..- Ui

4-’ 5.. 4) F- — ~~) 0- C ~~ — 0 5.. .0 CD ~~ .0 43
U) 0. .— 0 CC ‘a C U 4) 0 4’ 4.) 0. N C —
3.-. ‘a C  C - CC U (1) 5- ‘- 3 0 0) -— 0 -u--
in s — U O Ui 0) 4.) U) 0 C 0 0 C 41 C) Li.
.0 4) C) — .

~~ 5- 4.) 4) Q 0. ...J .- (1)
5- C .0 U) 0 C C) ‘a .- ‘a 0..

U) 4.) .C l0 10 0. 4) CD C C 0) ‘a 4) 4’ 0
C U 4-) C ~0 U C -.-. 0) 0 0 U) C 0 C 4) 4’

(0 4) 414) E C ~~ 4) Li- ..- ~~ C 4) .
~~~ 

_J .
~~~ o

~~ C) I’- CD 4) 4) 5.- 3. Cl) 4) 0 .C ~J s.
4) 1. .0. C 4) .0. 4) 0 4) 4) 0)

0) 4) 5- U) C) 4.) 0 4) r— 4) U) 0) U in
U 0 in ‘a ‘a LU (I) u- . U) 4- .5- .5- — .5- .5-

5.- 4) — 4) F- 4) 4) 4) 3 0 0 0 0
0.. 03 CC ~ CC I- 0.. 03 (X Cl) ~~ 3.- ~~

2—5



0

0
C.)

_ _  _ _  ~~I ~c.flI 
~ ~~ I~~I

~~ r~ i
_ _  _ _  _ _  I~~I~I ‘~~~I Lii

E — — — - - — — — —

H EI~~II I
—

0 L)

— —.
.C ~~ I

I ‘- ~~

1 I

___________ 

______________________ J
I I —
I i LL

I ~~~~~~~ I I
I c ~ ‘.) I I

I --- I ~~~~~~ Id tI .~~
_ _  

II 0  I C.) _J
5--L

~ L~.J
0

0 0 _I
~ _____

0 ~~ ~ . ~~I .~~
000

3- I ~~
C..) I 0 • •  C.) C.)

C.) 
—

I C.) UI— ~
. 0.

.—
~~~~~~~ —I
3-
-I
‘CI 

~~~~~

C., ‘C

• C.)t
~

I ~~~~~
_j C,,

I C.)~~~~

0

~~~~~~~~~2-6



All input and output comunicatlons with the operator is provided
via the console. The DCS provides the information acquisiti on and telemetry
with the ATEs. The CPS provides the information storage , retri eval , and
analysis function and interfaces directly with the console to permit a
rapid transfer and displ ay of data. The i nterface between the console and
the OCS is a lower speed access for discrete cormiand i nformation transfer.

The points where the CPM,’~IS is connected to the conrunicationssystem are termed monitor points and are connected to the ATE by high
Impedance scanner circuits to prevent loading or Interference with
conrunications traffic flow. An exception to this general provision is
required on those particular interactive measurements which require the
path to be broken to insert a test signal , provi de a loopback , or provide
a special termination. These special “out-of-service ” tests are
procedurally restrained to be executed only at times when tra ffi c is
not being passed or when otherwise authori zed by a technical controller.
In addition to the attachment to the coninunicatl ons system at the moni tor
points, the CPMAS also interfaces with the conrunications system to
provide coninunications , control messages, and data flow between the NSS
and the remote ATEs .
2.3.2 AlEC Terminal Elements (ATE5).

Also shown In Figure 2-1 are the followi ng AlEs, which are the
basic moni tor/test subsystems of the CPMAS :

a. Programable ATEC Terminal Element (PATE). The PATE is a
computer controlled , automati c test and evaluation system which performs
in-service and out-of-service monitori ng , alarm sensing , and trend
anal ysis of digital data , voice frequency (VF) and frequency shift keyed
(FSK) conrunications circuits . The PATE is used within a Technical Control
Facility (TCF) to provide performance monitori ng of active conrunications
circui ts without interference to normal traffic flow. The PATE out-of-
service function provi des additional capabilities of injecting test tones
used for end-to-end and loop test of idle ci rcui ts. PATE functions are
computer control led. The computer program can be operated either
automatically or as an Interrupt program through use of a local i nput!
output (I/O ) terminal . Remote control of the PATE is accomplished through
the CPMPIS Nucleus Subsystem. The choice of local or remote control is
selected at the PATE posi tion .

b. Baseband Signal Analyzer (BBSA). The BBSA operates as a high—
quality remotely controllabl e, tunable (12 kHz to 5 MHz), variable bandwidth
selective voltmeter. It makes measurements at the baseband interface
between frequency division mul tipl ex equipment and the radio or cable
system and may also be manually attached to the group and supergroup
distri bution frames for measurement purposes . Under control of the NSS
or local teletypewriter , the BBSA will measure the level of any selected
channel in the baseband , group levels , channe l ca rriers , pilots , etc.
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In Its present concept no direct operator attention is required for
normal operation and no front panel control s are provi ded. The baseband
may be scanned to make discrete measurements at specifi ed frequencies or
make level measurements across a speci fied band of frequenci es. In one
scan mode the BBSA provides a conti nuous scan of VF bandwidth signals
over a range of 12 kHz to 5 MHZ. These VF bandwidth signals may be
heterodyned to voi ce frequency for external analysis by a PATE . Also ,
the BBSA will scan any portion of the 12 kHz to 5 MHz baseband using
sweep widths of 50 Hz or 500 HZ.

Level measurements are compared to threshold , reporti ng only
those level s outside of the limits , together with the frequency at which
the “out-of-limi t ” voltage was measured.

The BBSA generates superqrou~, group, or VF channel disp lay s
which can be monitored by the technical controller on a remotely located
conventiona l oscilloscope .

The BBSA also has the capability to generate and inject si ngle
frequency test tones into a baseban d for test purposes . The frequency
and signal level of these test tones are controlled by the BBSA computer.

c. Alarm Reporting Subsystem (ARS ). The ARS is used to monitor
the status of different comunication equipment alarm functions . It
automatically senses , displ ays, and transmits the status of two-state
alarms , such as a switch closure , a rel ay activation ) absence or presence
of an ac or dc voltage , etc. The ARS can mon i tor and disol ay the status
of up to 500 alarms , in groups of 50. It can accr.anulate and display the
alarm data locally, or transmit it to the Nucleus Subsystem for inclusion
in CPMAS performance assessment or fault isolation procedures .

d. Measurement Acquisition Unit (MAU ). The MAU provi des automated
monitori ng of voice frequency signal levels and dc voltacies. It permits
the acquisition and measurement of analog signals for applications such
as In-service monitori ng or out-of-servi ce circui t testing . Control of
the MAU is provided by an associated I/O termi nal which provi des hard —
copy results of the various measurements and provides the means for
operator control through the CPMAS Nucleus Subsystem. The MPU is used
by TCF personnel to obtai n performance check s of acti ve digital data
ci rcuits and VF signal l evels without interruption of normal traffi c flow .

The MAU is capable of i nterfaci no wth and controlling
selected equipment options to provide additional monitor/test functions .
These options are covered in Section 4, Paragraph 4.6, of this report.

2.3.3 Input/Outpu t (I/Oj Termi nals

The teletypewriters (TTVs) shown in Fi qure 2-1 provi de the
interface between operator personnel and the CPMAS equi pments.
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The TTYs function as input/output termi nals to permit the operator to
conrand and control the NSS and ATEs , obtai n hardcopy pri ntouts , and
load or dump computer programs . The TTYs also provide for orderwire
comunications amonci operators at remote facilities .

During the devel opment of the CPMAS the I/O function was fulfilled
by the Teletype Corporation Model 37 Automatic Send-Receive (ASR) Set
(military nomenclatured as Teletypewriter Set AN/UGC-llO). Due to the
non -availability of ASR-37s for use with the initial production equipments
coupled with the need to reduce downtime mai ntenance , a suitable I/O
termi nal replacement was sought and the General Electric Model 12008
TermiNet was selected. The Termi Net l200B , in the ASR confi guration ,
retains all functions accomplished by the ASR-37.

2.3.4 EQuipment Modularity .

In order to accomodate the many different TCF confi gurations and
the wide variation in equipment compl exity , the CPMAS family was developed
with a high degree of modularity and deployment flexibility . As
previously stated , a simpl e configuration could exist with one or more
SAEs operati ng alone and without the coordinati ng activity of an NSS.
A lower echelon of modulari ty is provided within the SAE , each contai ni ng
options which may be added or deleted to acconrodate a oarticular
application .

When the area to be serviced by a CPMAS installation becomes
sufficiently large and includes several TCFs , an NSS will be used as a
central coordinati ng element. The NSS is also modular in design ,
allowing cost effective employment in small systems as wel l as in l arger
system configura tions . The most visible element of modul arity is the
operator ’s interface , which is provided by the console. In smal l systems,
a singl e operator ’s console can provide all the output i nformation to the
operator(s) and accept all operator i nputs . In the larger system
appl i cations , several consoles (up to a maximum of six) can be utilized
with certain consoles dedi cated excl usively to assianed system functions .
As an example , a medium sized installation might contain one
Performance Assessment Console , one Coordi nator ’s Console , and one
Reporter’s Console. The NSS hardware provi des further flexibility by
providing expansion of the data base storage for larger systems, or
adding additional conitiunications ports when more than 64 ful l duplex
lines to AlEs or consoles nust be provIded (128 full-dup lex maxi mum).

2.4 SYSTEM OPERATION

In an operational CPMAS , the initialization and control of the CPMAS
primary functions is performed by the Nucleus Subsystem (NSS). However,
when the NSS interfaces with the PATE , a portion of the acquisition and
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analysis function is handled by the PATE minicom puter. The PATE is
capable of performi ng its own scan sequences , alarm threshol d comparison ,
and executi ng trend algorithms .

The Measurement Acquisition Unit (MAU) and its options , Alarm
Reporting Subsystem (ARS), and the Baseband Sicinal Analyzer (BBSP)
require comands from the NSS for operational control . The NSS sends
commands to both the MALi and the BBSA to maintain predefi ned measurement
modes for data collec tion. The BBSA , in the background scan mode, is
provided threshold limi ts by the NSS for purposes of parameter comparison
and where necessary, alarmi ng . Only “red’ alarm conditions are identified
to the NSS. The NSS sends all commands to the MALi for its background
scan mode, collects all the measured data and compares it against
specified limi ts contained in the NSS software. Alarms from the MAli
background scan are generated by the I’4SS .

The information gathered as a result of ATE background scans can
be displayed on the Techr,ical Control Console CRT displ ay. The NSS
operator is continuously kept informed of the communications system
status and is provi ded control of the measurement capabiliti es of the
CPMAS through the comprehensive CR1 displays . Particular requirements
of testi ng, such as entering new equi pments i nto a predetermi ned
background scan , performance of routi ne tests, requests for demand
tests, and the performance of special tests, are all accomplished through
the use of master test sequences which are predefi ned and stored in the
software data base.

2.4.1 Background Monitor Mode.

The background mode for each ATE is considered to be the normal
noninterferi ng monitoring mode for gatheri ng the bulk of information
required for performance assessment. The AlEs normal ly function in their
background modes except duri ng the performance of time dependent tests,
demand tests or special tests as directed by the NSS . The background
mode (normal scan) is defined in each ATE ’s data base. AlEs are pl aced
in their background scan mode after initialization.

2.4.2 Routi ne Moni tori ng Mode.

Routi ne monitoring modes are those measurements which are performed
on a time dependent basis. Commands for this mode are issued by the NSS
to the ATE of i nterest. Types 0f measurements whi ch may fall into the
routi ne monitoring category are:

a. Out-of-service testing of VF-to-VF links on a periodic basis
duri ng know n periods of low , or no , activi ty .

b. Measurements on equipment links or circuits to collect
trend and historical data .
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c. Measurements of channel magnitudes duri ng known periods of
maximum loading to detect “hot ” channels.

In general , routine measurements can be defi ned for any parameter
which must be observed on a time dependent basis. The relative priori ty
of a routi ne measurement is higher than background but lower than a
demand measurement , therefore, routine tests will interrupt the normal
backgro und scan and will be performed unless the NSS interrupts with a
demand test. If the routi ne measurement Is not compl eted prior to
interruption the NSS will return to this test if it can be completed
prior to its next scheduled time, otherwise it will be skipped until its
next scheduled time. Routine meas urements are acti vated by the use of
test selector /activator displ ays which contai n the time dependent test
type selection .

2.4.3 Demand Tests.

Demand tests are initiated by operator request and are executed
immediately. Demand tests are utilized by the console operator to obtain
specific monitor poi nt data , both in and out-of-servi ce. These tests are
used to aid in troubleshooting , fault isolation , and veri fication of
cleared troubles . Any test sequence may be designated as a Demand Test.
Demand tests may include :

a. ESK subchannel level measurements.

b. VF ci rcuit out-of-service tests .

c. VF channel level in-servi ce measurements .

d. TCF equipment DC voltage measurements.

e. Group level measurements within a Supergroup.

f. Channel leve l measurements within a Group .

g. Multipl exer pilot phase jitter measurements .

h. Baseband noise slot measurements .

I. Link Voltage Standing Wave Ratio (VSWR) measurements.

2.4.4 Special Tests.

Special tests are made up of routi ne tests, demand tests , or a
combination of both . Tests that are complex but are used frequently by
the system are placed in the category of special tests. Any special
test Is defined as a master test sequence applicabl e to a specific
point and is listed in the Special Test Directory .
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2.4.5 Associative Tests

Associative tests are predefined test sequences that are
initiated as a result of alarm conditions detected by normal back-
ground scan . These tests are selectively enabl ed on an i ndi vi dual
equipment and circuit basis by speci fic data bits in the NSS operational
program. These tests, which represent the first step in fault i sol ation
under control of the Nucleus Subsystem, are Initiated in the following
instances :

a. Upon receipt of a valid change in a communications measurement
parameter alarm state.

b. Upon receipt of a confirmed degrading trend from “green”
toward “amber ” or “red”.

Automatically initiated associative tests are of five basic types.
Refer to Table 2-3. The associative testing procedure consists of a
transverse and/or longitudinal test, and acquisition of appropriate
related equipment al arms . After the required data has been accumulated,
it is formatted and presented to the operator as part of an Activity
Message. The NSS operator may activate associati ve test routi nes when
additional information is required duri ng manually initiated performance
assessment or fault isolation acti vities . The Trouble Ticket format ,
presented on the CR1, provides an entry to ini tiate the appropriate
associative test. Within the data base, provisions are made to either
enable or disable the automati c ini ti ation of associative tests.
Associative tests will be disabled when an ATE is initially brought i nto
service, when ci rcuits are being added (major reconfiguration), or when
there is a particularly troubl esome ci rcuit on which addi tional testi ng
is not desired .
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SECTION 3

NUCLEUS SUBSYSTEM DESCRIPTION

3.1 GENERAL

The NSS is a data processing unit made up of a Central Processor
Set and a Data Concentrator Set (Figure 3-1). A man/machine interface
unit , the Technical Control Console (ICC) (Figure 3-2) Is a peripheral
equipment used with the processing units . A teletype communications
terminal device option can also be used in conjunction with the NSS as
part of the operator’s station . Its primary function is to provide a
capability al lowing the operator to -obtain a permanent pri nted copy of
any di splayed data that he may require and to selectively communicate
wi th any remote ATE TTY .

The processing unit accepts inputs from many ATEs (up to 64) and
presents the coordinated results to an operator for further analysis.
Eac h ATE :

a. Provides inputs that are automatically coordi nated with other
ATE inputs by the NSS .

b. Performs tests in concert wi th other AlEs as commanded by the
NSS .

c. Performs special tests both automatically and on NSS demand
to aid in system fault isolation .

d. Provides NSS special ly requested data to permit statistical
analysis of system problems .

Many of the coordi nated measurements are made automatically through
specialized system software used in the processinq unit. Upon request,
moni tored results from any ATE can be presented to an operator at the
ICC for use in di recting further performance assessment acti ons .

A simpl i fied block diagram of the Nucleus Subsystem is shown in
Figure 3-3. The central Processor Set (CPS)/Data Concentrator Set (DCS)
contination is a dual processor configuration , usina two Honeywel l Model
H-316R computers. The DCS computer provides the serial-to-parallel and
parallel-to-serial da ta translation required for the Central Processor
to communicate with the AlEs. The interface between the Data Concentrator
Set and Centra l Processor Set is via a Honeywell standard Intercomputer
Communication Unit (ICCIJ ) which permits a high speed data transfer
using the Di rect Multiplex Control (DMC ) option of the H-316R. One of
the basic functions provided by the Nucleus Subsystem is stora~e of the
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T EL ET Y PE CR1 DISP LAY AND OPERATOR COMMAND AND

(OPTIONAL EQU I PMENT ) KEYBO ARD DISPLAY PANEL
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DETAIL OF PAGE PANEL ASSEMBLY

FIGURE 3—2. TECHNICAL CONTROL CONSOLE
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system data base which associates the ATE moni tor points to each other
and to the physical organization of the communications network which
is monitored. This accessible data base permi ts the system to
coordinate many ATEs and monitor points for the purpose of ranid
fault isolation. This larqe data base is stored on disks with a
second backup storage facility , maonetic tapes, also provi ded as part
of the Centra l Processor Set. Magnetic tape storaqe Is used orimarily
for collection of historical data (used for off-line statistical
analysis) and for recovery in case of disk unit failure . The prime
man/machine interface is located at the Techni cal Control Console ,
CRT Termi nal and Page Panel Control (PPc). The PPC is a set of
illtmii nated pushbutton swi tches whose functions are determi ned by the
position of cams , operated by a group of overl ay boards with the
appropriate functional labels engraved on them.

3.2 PHYSICAL DATA

The physical characteristics of the NSS equipments are gi ven in
Tabl e 3-1

3.3 NUCLEUS SUBSYSTEM OPERATION

The effectiveness of the Nucleus Subsystem operation depends upon
the efficiency of the man-to-machine relationship. A singl e console
configuration serves in several di fferent job functions . Reqardless
of the function , the pri ncipl e operati ng interface is through the CR1
terminal . System data is presented to the operator in concise visua l
displ ays which provide a checklist for possible operator actions . The
operator takes appropriate action then returns the displ ay data back to
the CPS computer where the i nput is Interpreted and executed. The CR1
displ ay also provi des a feedback system for snontaneous messages from
procedural errors , alarm messages and other operational remi nders .
A keyboard pri nter (teletype) option can be i ncl uded as part of the
operator ’s station . Its primary function is to provi de a pri nt
capability allowi ng the operator to obtain a permanent hard copy of
any CRT display that he may require . When the operator desires a
specific operation to be executed or a new displ ay to be presented on
the CRT, he can select the desired action by depressing a labeled push-
button on a page panel . The page panel consists of a set of push-
buttons which are label ed “pages ” that overlay the pushbutton matrix.
Whe n the label s are changed by pl aci ng a new page in position, a
microswi tch closure identi fies to the processor whi ch page is in
position. The various pages are organized accordi ng to the desired
operational responsibility .

The Nucleus Subsystem tes t activity is Ini tiated by ei ther a
commun ications user compla i nt or by a message from an ATE that has
measured an abnormal situation . In the first case, a Trouble Ticket
is generated by the operator , using the consol e controls; in the
second , the NSS automaticall y generates an Acti vity Message in response
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TABLE 3—1 . PHYSICAL DATA—NUCLEUS SUBSYSTEM EQUIPMENT

CENTRAL PROCESSOR SET

Dimensions (Given in inches , Height x Width x Depth)

Equipment Rack (two used) 72.00 x 22.00 x 30.00
Mainframe Drawer 12.25 x 19.00 x 24.25
H—326R Option Drawer 12.25 x 10.00 x 24.25
Peripheral Control Drawer 10.00 x 19.00 x 24.00
Disk Drive Unit 8.72 x 19.00 x 28.00

(30.06 overall depth)
Magnetic Tape Transport 24.00 x 19.00 x 16.25

Weight 700 pounds

Power Primary ac: 117 (± 10%) Vac , Single phase, 47.5
Requirements to 63 Hz, 3 wi re

dc: H—316R computer and options - self contained .
Other — +5Vdc at 16 amps, suppl ied by LAMBDA
Power Supply Model LX5—CC-5-OVR located in
Peripheral Control Drawer.

Cabling External cabling: site dependent.
Requirements Internal rack cabling: furnished .

DATA CONCENTRATOR SET

Dimensions (Given in inches , Height x Width x Depth)

Equipment Rack (two used ) 72.00 x 22.00 x 30.00
Mainframe Drawer 12.25 x 19.00 x 24.25
First Option Drawer 12.15 x 19.00 x 24.25
Second Option Drawer 12.15 x 19.00 x 24.25
Communications Interface 20.00 x 19.00 x 24.00

Unit
Paper Tape Reader 17.25 x 19.00 x 25.70

Weight 550 pounds
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TABLE 3-1. PHYSICAL DATA-NUCLEUS SUBSYSTEM EQUIPMENT (CONT.)

DATA CONCENTRATOR SET (Cont.)

Power Prima ry ac: 117 (+ 10%) Vac , sin gle phase ,
Requ i rements 47.5 to 63 Hz, 3 wire.

dc: H—3l6R computer and options - self contained .
Other — +l2Vdc at 3 amps each , suppl i ed by
LAMBDA Power Sup ply Model LXD—CC-5- 152R with
LM—OV—2 overvoltage protection option.
Located in Communications Interface Unit.

Cabling External cabling~ site dependent.
RequiremerLts Internal rack cabling: furnished .

TECHNICAL CONTROL CONSOLE

Dimensions (Given in inches, Hei ght x Width x Depth)

Console Structure 45.00 x 48.00 x 39.50
CRT Display Term inal 17.15 x 21 .00 x 27.50
Operator Command and 4.50 x 39.00 x 9.00

Display Panel

Wei ght 500 pounds

Power Primary ac: 117 (+ 10%) Vac , single phase ,
Requirements 47. 5 to 63 Hz , 3 wire .

dc: CRT Displ ay Terminal - sel f contained .
Console Electronics — +5 Vdc at 9 amps ,
supplied by LAMBDA Power Supply Model
LXS—CC- 5-OVR. +l2Vdc at 16 amps ,
supplied by LAMBDA Power Supply Model
LXD—CC-5 --l52R wi th LM—OV-2 overvoltage
protection option .

Cabling External cabling: site dependent.
Requirements Internal rack cabling: furnished . 
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to the ATE alarm . If the number of input Activity Messages generated
ever exceeds the capability of the NSS operators to handle them on a
timely basis , the system is programed to begi n channeling the less
important problem statements to the ATE operators at the remote
Technical Control Facilities (TCFs). At any gi ven time , the back l og
of activity can be determi ned from one of the CR1 sumary displ ays
as requested by the operator , or from the number of unresol ved Activi ty
Messages shown on a numerical readout wi th an accompanying indicator
showi ng the highest priority contained in the backlog. A numerical
displ ay is also provided to i ndicate current time of day as calculated
from a precision oscillator located in the CPS. A ten diait keyboard
is provided to facilitate entering numbers in two other displays when
certain numerically related commands are execute d from a page panel .

3.4 CENTRAL PROCESSOR SET DESCRIPTION

The Central Processor Set (CPS) contai ns the system operationa l
programs, stores all fixed data required for system operation , and
connects i nformation from the various ATEs via the Data Concentrator
Set. The CPS performs analysis on collected information , correl ates
resul ts of tests, and provi des alarms , status , and command information
for subsequent transmi ssion and displ ay . The CPS, operatina as part
of the NSS, functions as follows:

a. Contai ns and executes the System Executive programs .

b. Stores fixed data required for system operation.

c. Collects and stores information from system moni toring devices .

d. Performs analysis of received i nformation and compares resul ts
wi th stored standards .

e. Correlates results and translates i nformation i nto a form
usable to the operator.

f. Provides for transmi ssion of status and comand information
to the CR1 display terminal and teletypewriter under operator control

g. Issues alarm signals to the CR1 Displ ay Termina l as established
by system operating requi rements.

h. Communicates wi th the Data Concentrator Set via the Intercomputer
Coninunicatlons Unit (ICCU) .

Refer to Figure ’3-4 for a block di agram of the Central Processor Set.

The CPS Is made up of three types of equi pment: the computer with
its options , the peripherals , and the Peripheral Control Unit. The
hardware Is mounted In three of the four equipment racks (Fiaure 3-1).
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CENTRAL PROCESSOR SET

H—3 16R
COMPUTER

D I R E C T
T E L E T Y P E  r ~~ ~~

‘1 READER ~~DER 
CONSOLE

PROCESSOR 1

~~ ~~~~~~~~~~~ .4.i~4 TERMINAL

I DATA I N T E R C O MP U TER t L I
. CONTROL 

~~~~~ VE

M A G N E T I C
TAPE
TRANSPORT j

FIGURE 3—4. CENTRAL PROCESSOR SET — BLOCK DIAGRAM

Rack No. 1 contains the Magnetic Tape Transport and the two Disk Drive Units.
Rack No. 2 contains the CPS Computer Mainframe Drawer, the Computer Option
Drawer , and the Peripheral Control Unit. Rack No. 4 contains the Paper Tape
Reader. Rack No. 4 is physicall y a part of the Data Concentrator Set,
however, the Paper Tape Reader functions only with the CPS.

3.4.1 H—316R Computer and Options.

The CPS Mainframe Drawer houses the Honeywell H—3l6R Computer and
standard H—316R options, Including the power supply for all equ ipment withi n
the drawer. The H—3l6R Is a ruggedized version of the H—316 General Purpose
Computer. The H—316R is electronically identical to the standard H-316,
but the enclosure , power supply, control panel, cooli ng fans and external
cabling have been redesigned to- ensure reliabl e operation under extreme
environmental conditions. The computer is a solid—state , internally stored
program, general purpose digit al computer organized as a parallel , 16-bit
macHne with a machi ne code of two’s complement. The memory cycle time is
1.6 microseconds with memory supplied in modules of 4,096 words each , with
a total storage of 32,768 words. Indexing, Base Sector Relocation, and
Mul tilevel Indirect Addressing is also provided . The memory is four—wire,
coincident-current, magnetic core.
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Other computer capabilities include :

a. Minimum complement of ei ghty-two instructions .

b. Direct memory addressing of 1 ,024 words .

c. Manual control to permi t displ ay of the contents of the A ,
B, OP , P/Y , and M registers .

d. Manual control to allow selection of continuous , sinole
instruction, or memory access modes of operation . The computer auto-
matical ly performs power on and initialization functions when this
control is in the run (continuous ) position.

e. Direct Input/uutput (010) provides the link between the
computer and the teletypewriter.

f. A high speed arithmetic unit contains the hardware for
implementation of the mu l tiply, divi de, normal i ze , doub le prec i sion
load , store , add , and substract functions.

g. An oscillator and associated logic provi des real-time (time
of day and time increment) to an accuracy of better than 1 part in 106.
The oscillator increments a designated location every 20 mi croseconds
in memory which causes an interrupt to occur when an overflow is tallied
(program selectable). The memory cell loca tion can be preset under
program control or can be interrogated to determine fi ner time inc rements
than that established by the interrupt period.

h. Input/Output (I/O) of data is word parallel via the I/O bus
by program control of the Direct Multi plex Control (DMC) unit. The
capability of connecting up to twenty indi vidually addressab1 e channels
to the I/O bus also exists. An I/O Bus Control Unit required to dri ve
the I/O bus to the Intercompute r Control Unit (ICCIi) in the CPS is also
provided. The computer contains the following I/O lines : 10-bi t
address bus , 16-bit input bus , 16-bi t output bus , standard i nterrupt ,
and control lines . The control lines are : Data Ready , Output Control
Pulse , Master Clear , Program Interrupt , Set Interrupt Mask , Clear
Interrupt Mask , Reset Ready Line , and End of Range .

(1) I/O Modes . The CPS has three basic modes of data
transfer between the computer and peri phera l devices ; sinale-word
transfer without priori ty interrupt , singl e-word transfer wi th
priority i nterrupt , and DMC channel block transfer.

(2) Interrupts . A standard interrupt is provided which
causes a forced Instruction at the end of the current instruction
through a particular core location . After the interrupt , the program
returns to the point at which it was i nterrupted. Twenty priori ty
i nterrupts are provided in additi on to the standard interrupt .
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1. Memory Protect/Lockout. Standard memory protect for the
CPS Is prov1d~d so that if ac line current fails or power is turned offat the operator control panel while the machine is in the run mode, the
machi ne will be i nterrupted and go to a particular core location to
execute power down operations . In no case are the proqrams and data
stored in memory destroyed or altere d due to a power failure . The
power—fail interrupt is nonblockabl e and has top priori ty . The- computer
contai ns the necessary logic and ci rcui ts that permit the program to
automatically resume at location 00008 when power is restored. The
memory lockout option facilitates the timeshared executi on of other
programs (such as Display Management) concurrently with on-line operation .
Program control is exerted to protect any or all memory sectors.
(Protection is provi ded for 16K of memory.) Thus, the memory sectors
containing the on-line program and its data are protected from
accidental alteration . Thi s option also provi des for the creation of
a base sector other than the standard sector zero.

3.4.2 Direct Multiplex Control.

The CPS is configured with Direct Mul ti plex Control (DMC) logic
to effect data transfers i ndependent of program control . A 16 device I/O
bus i nterface with priori ty control is provided which operates at a
312 kHz word transfer rate. An asynchronous I/O i ndependent of program
control , using a variable block length , effects the transfers.

3.4.3 Intercomputer Communicati ons Unit.

The CPS includes ci rcui try to allow a bidirectional , 16-bit
parallel word , data interchange with the Data Concentrator Set. The
Intercomputer Communications Uni t (ICCU) connects to a DMC subchannel
of the CPS and consists of a 16-bit buffer register and control logic.
A data path is established and the transfer is desianed to operate on
an interrupt basis , utilizing necessary priority i nterrupt lines .

3.4.4 CP Processor Option Drawer No. 1.

The Processor Option Drawer contai ns the following H-3l6R Computer
optiona l equipment:

a. Memory Expansion . Required for more than 16K core.

b . Core Memory. 16K additional memo ry words (providing a total
capacity, with the mainframe memory, of 32K).

c. Intercomputer Communications Unit (ICCU). Interfaces the
dual processors via their I/O buses . A data buffer located in th~ ICCUallows one computer to deposit a word to be used by the other computer.
The ICCU permits transfer of i nformation between the two computers,
which operate in a master/slave relationship .
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d. Priority Interrupt (P1). Expands the standard interrupt
function (shared interrupt line ) to enable the addition of um to 48
optional i nterrupt lines . (20 P1 lines are provided in the CPS
configuration.)

e. Paper Tape Reader Interface . Provi des link between a
Honeywel l Model 5003 Paper Tape Reader (PTR) and the Central Processor
Set. The PTR is unidirecti onal and reads eight leve l tape continuously
at a slewing rate of 200 characters per second. The PTR is used for
fast loading of operational and diagnosti c programs to the computer.

f. Power Supply. Provides all the dc voltages required in the
Processor Option Drawer.

3.4.5 Disk Dri ve Uni t.

Two Caelus Model 303/2 Disk Dri ve Units are used with the CPS.
The Disk Drive Uni ts are movi ng head type dri ves with 2200 bits-per -inch
(BPI) density and each unit has a 2.4 meqaword useful storage capac;ty .
This capaci ty is achieved by two disk packs , one fixed and one removable,
of 1.2 megaword storage each . Multi ple seeks are performed to minimi ze
total (accumulati ve) time . Access to any one of the 1.2 meqaword disk
packs is performed in approxi mately 110 milliseconds. The disk storage
interface is provided by a single controller which permi ts control and
data transfe r for up to four Disk Dri ve Uni ts .

3.4 .6 Magnetic Tape Transport.

A Hewlett-Packard Magnetic Tape Transport (MTT), Model 7970B, is
used by the CPS for data storage and entry. The MIT has a seven channel ,
large vol ume storage capability . Program selectable read/wri te densities
of 200, 556, or 800 characters per second at 25, 37.5, or 45 inches per
second are included to permit communications with the CPS computer.
The tape transport electronics controls generation and verification of
vertical and horizontal parity . Utilization of dual-gap, seven-channel
head construction provides ‘read after wri te” capabilitie s . Independent
vertical and longitudi nal pari ty checkinq on each record ensures
i n-mediate error detection . Word packing and unpacking is performed
in the control unit. Recordi ng formats are compatibl e with IBM 729
magnetic tape units (or equivalent).

3.4.7 Paper Tape Reader.

The Honeywell Type 5003 Paper Tape Reader (PTR) used in the CPS is
a Digitronics Model 2500 equipped to interface with the H-316R computer
and is used to load system program i nto the CPS computer memory. The
PTR reads eight level tape conti nuously at a sl ewinq rate of 300 characters
per second. When operated In an asynchronous start/stop mode, the reader
is capable of stoppi ng on the next character at the maximum slew rate.
All eight data levels are read from the tape to the interface device
buffer and transferred to the computer input data bus .
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3.4.8 Peripheral Control Unit.

The Peripheral Control Unit contains equipment specifically for
use in the ATEC application. The major assembl i es in this unit are:
the Disk Drive Controller , the Magnetic Tape Control , the CRT Termina l
Control , the Input/Output Buffer, and the Power Supply.

3.5 DATA CONCENTRATOR SET DESCRIPTION

The Data Concentrator Set (DCS) provides the data conversion and
pre-processing function between the Nucleus Subsystem and the associated
ATEs. The Data Concentrator Set, operati ng as part of the Nucleus
Subsystem , functions as follows:

a. Contains and executes the special purpose Data Concentrator
Set Programs.

b. Receives and processes communications performance monitoring
data from ATEC Terminal Elements (ATEs).

c. Establishes files and queues for data transmission to the
Central Processor Set.

d. Receives and responds to operator commands from the Technical
Control Console in accordance with system operati ng requirements.

e. Comunicates with remote and local teletypewri ters.

f. Issues alarm signals to the console electronics equipment in
accordance with system requi rements.

g. Communicates with the Central Processor Set via the Inter-
computer Comuni cations Unit (ICCU).

Refer to Figure 3-5 for a block diagram of the Data Concentrator Set.

The DCS -is made up of two types of equipment : the computer with its
options and the Communications Interface Unit. The hardware is mounted
in Rack No. 3 of the four equipment racks (refer to Fi gure 3-1). The
terminal bl ocks which are used for i nter-equipment cabling to the
Communications Interface Unit are located in the base of Rack No. 4
(the equipment rack contai ning the paper tape reader).

3.5.1 H-3l6R Computer and Options.

The DCS Mainframe Drawer houses the Honeywel l H-316R Computer and
standard H-3l6R options , Includi ng the power supply for all equipment
wi thin the drawer. The description of this equipment Is the same as
that for the Central Processor Set Computer and Options contained in
Paragraph 3.4.1- .
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3.5.2 Data t-~ulti plex Communications Control.

The DCS is configured wi th Data Multi nlex Communicat ions Control
(DMCC) logic to effect data transfers i ndenendent of r’-ronram control .
A 16-device I/fl bus i nterface wi th priori ty control is provided which
operates at a 156 kiloword transfer rate . An asynchronous I/O ,
i ndependent of proaram control , usin ci a variable block lenath , effects
the transfers. In addi tion , it provi des a comnatible interface with
the Low Capaci ty Multi line Controller (LCMLC).

3.5.3 Line Termination Unit.

A Line Termination Unit (LTU) is provided for each communication
line to interface with the LCMLC . The LTU functions to allow the LCMLC
to sample the va l ue of the data line In the receive mode or load a bit
into an output flip-flop in the transmi t mode . Mo pronram con trol is
required for operation of the LTU.
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3.5.4 Low Capacity Multiline Controller.

The OCS is equipped with a Low Capacity Multiline Controller
(LCMLC ) to multiplex up to 64 low-speed communications lines into the
computer. It provi des serial-to-parallel conversion of received line
data and paral lel-to-serial conversion of transmi tted line data . Data
transfer to and from the computer Is in parallel one character -at a
time through two computer DMCC subchannels . For each character
transferred, not more than four memory cycles are consumed. Hardware
parity generation and detection is also provi ded . The LC~LC is canable
of accepting either American Standard Code for Information Interchancie
(ASCII) or Baudot-coded characters and to simu l taneously operate with
a mi xture of line speeds, preselectable in nroups of 4 to 300 baud
maximum rate (75, 150 or 300).

3.5.5 DC Processor Option Drawer No. 1.

Option Drawer No. 1 contains the followi ng H-3l6R Computer
optional equipment.

a. Low Capacity Multi line Controller (LCMLC). Interfaces
asynchronous Line Termination Units (LTU5) via DMCC to the computer.
The LCMLC has 64 ful l duplex asynchronous communication lines .

b. Multispeed Option. Up to six di fferent speeds (up to 300
baud) may be selected in multiples of four lines for each selected speed.

c. Pri ority Interrupt. Expands the standard interrupt function
(shared i nterrupt line ) to enable the addition of up to 48 optional
i nterrupt lines . (20 P1 lines are provided in the CP confi ciuration.)

d. Multicode Option. Enables the LCML C to operate with orouns of
LTUs operating with di fferent codes (ASCII and Baudot) simul taneously.

e. Power Supply. Provi des all the dc voltaries requi red in the
Processor Option Drawer.

3.5.6 DC Processor Option Drawer tb. 2.

Option Drawer No. 2 contains the Line Termination Unit (11(i).
Each LTU interfaces eight communications lines to the LCP’LC and allows
temporary storage of data beino received or transmi tted .

3.5.7 Communications Interface Unit.

The Communications Iflterface Unit (Clu) conta i ns the interface
assemblies specifical ly for use in the AlEC application . The CIU
provides low level i nterfaces in accordance with MIL-STD-l 88-lOO .
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3.6 TECHNICAL CONT~~L CONSOLE DESCRIPTION

The Technica l Control Console (also referred to as the ICC or the
console) provides the capability for man-machine i nteraction between
technical control operators and the CPMAS . The Console provides the
operator wi th the ability to obtain alarm , status and fault isolation
information; perform command selection and execution; and generate
reports. More specifically, the console automatical ly alerts the
operator when actual or potential status changes of sinnificance are
detected by the CPMAS monitori ng equi pment or that a failure occurred
in the processor or Data Concentrator Subsystems . It provides for
operator call-up of performance details whenever he requires them In a
form for use in fault isolation . It also permi ts the operator the
option of receivi ng requested i nformation In permanent (hard copy ) or
non-permanent form on the CRT. Controls and data entry means needed for
control actions on the CPMAS are provi ded by the console. Data entry
i ncludes the means for inserting narrati ve-l i ke inputs for reporting
purposes , etc. A bl ock diagram of the Technical Control Console is
shown in Fi gure 3-6.

The console performs two distinct functions each of which is
performed by a disti nct equipment group . These groups are : the
Console Electroni cs and the CRT Termi nal (which includes the displ ay
group and the keyboard group). These equipment groups are physically
housed In one console structure assembly.

The Console Electronics provides for two-way operator communications
with the Data Concentrator Set. The Page Panels provide for command
entry and visual receipt of i nformation pertaini ng to Coordinati na ,
Performance Assessment , Report ina, AlEC Termi nal Element Control , and
System Control accordi ng to system operational requirements . The
Console Electronics display s the Queue Number , ATE Number , Channel
Number, and Zulu Time. The operator can change these numbers usi ng the
ten-digi t keyboard. The displays provide Information such as message
priority , number of messages, and other queue information as required
during system operation. The console also contains alarm and error
indicators to alert the operator of NSS malfunctions . The Console
Electronics is housed in the right side of the console structure and
al so contains three LAMBDA dc power supplies for operation of the console
equipment.

The CR1 Display Terminal is housed In the left side of the console
and contains a Computek Model 250 DIsplay Terminal wi th a Ball Brothers
Model TV-l5 Television Moni tor. The Displ ay Terminal has sel f-contai ned
power supplies . The CRT Display Terminal provides for two-way (half-
dupl ex) operator communications wi th the Central Processor Set accordi ng
to the system programs contained In the CPS. The operator can enter or
display data pertaini ng to communications performance accordi ng to the
system’s requirements. The keyboard and display are equipped for all
ASCII characters , plus some additional special functions .
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3.6.1 Console Electronics Description

The contents of the console, exclusive of the CR1 Terminal ,
are divi ded into four functional groups: Data Distri bution and
Transmission Control Logic , Fault Indication Display, Page Control
and Decimal Entry and Power.

a. Data Distribution and Transmission Control Logic. Data,
other than CRT data, is transmitted between the console and the Data
Concentrator Set through a pair of direct , digital 300 baud full-duplex
lines . The console is capable of being operated via di rect connection
for distances up to 1000 feet. Data transfer is asynchronous, bit-
serial data with ASCII-coded character modulation . Since each incomi ng
message contains information des tined for one of the display devices ,
circuitry is provided to perform the line interface, start-stop
detection, parity checking , control pulse generation , timing, function
ID decode, data routing, storage and display functions. Circui try is
provided to store data to be transmitted along wi th other required
characters in a message. Character pari ty and start-stop pulses are
generated and inserted in a serial bit stream in synchronism with a
300 bps clock . The data is then gated to line Interface circui try,
for conversion to the proper line voltage l evels.

b. Fault Indication Display. The fault indication capability
of the console is provided by two separate mechanisms :

(1) System Alarm . A visual and audible system alarm
indication is provided which is activated by one of three conditions .
The first is if the Central Processor Set fails to transmi t a periodic
“keep alive ” signal , the alarm is automatically activated by circui ts
internal to the console. The second is if the CPS has detected an
anomaly and transmi tted a signal to activate the alarm (i~ which casethe alarm condition is accompanied by a message indication on one of
the other system devices). The remaini na condition is a locally
detected power supply failure . The audible alarm can be exti nguished
by depressing the acknowledge pushbutton integral to the alarm
indicator. The audible alarm contains a volume control and on/off
control .

(2) CPMPIS Message Sumary . A one-decimal digit indicator
is used to indicate the highes t priority Activity Message contained in
the Activity Message Queue. Another two-digit indicator displays the
total number of Activity Messages that have been generated and are
awaiting operator i nteraction.

c. Paged Control and Decimal _Entry. The Paned Control and
Decimal Entry portion of the console consists of an array of push-
buttons whIch are used for command inputs to provide the Central
Processor Set wi th a wide variety of requests/responses. As an
example, if the operator wishes a display of the current Station Loa ,
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he will use the paged control for commandi ng such information to be
output by the system processor. A particular pushbutton and page
panel combi nation -will produce such a command to the processor.

rhe decimal entry control can also be used to further
identi fy some types of requests . The functions provided by the
individual control pushbuttons are identi fied on separate hi nged
overlay page panels. The particular set of functions applicable at
any given time is dependent on which particular overlay pane panel is
in position over the array of pushbuttons . There are four di fferent
page panels used in the currevit NSS confi guration: COORDINATING
(Figure 3-7); PERFORMANCE ASSESSMENT (Figure 3-8); REPORTING (Figure
3-9): and SYSTEM CONTROL (Figure 3-10). Each overlay page is
identified by a unique address during command encoding to identi fy
to the Central Processor Set which page is in position. The control
panel is expandable in function by the addition of label s over unus ed
pushbuttons and correspondi ng assignments in software. A quan tity of
120 separate control entries is possible (e.g., by means of 24 push-
buttons and five overlay page panels). An indicator is provi ded wi thin
each of the 24 pushbuttons . As one or more of the pushbuttons is
depressed , the information is loaded i nto the command encodina logic
and corresponding indicators are li ghted. A Decimal Entry Keyboard
(ten-digit) is provided in conjunction wi th the paged control on the
same panel in order to enter numerical information . Decimal readouts
are provided for display of entered and received data . The readouts
consist of four di gits for dis play of real time hours and minutes (or
for in itializing the processor real time clock), and three other
numerical disp lays of two , three , and three di gits respecti vely for
entry of various system parameters . As the ten dinit keyboard push-
buttons are depressed , digi ts are loaded starti nc’ at the most
sign ificant digit followed by succeedingly l ower decades, for whatever
readout is enabled. A readout is enabled for entry of diaits by
operating the lighted pushbutton located beneath it. When all desired
selecti ons have been made , a SEND pushbutton is depressed to transmi t
the message to the Centra l Processor Set. A Master Clear pushbutton
is provi ded to clear the paae i ndicators and dini t disnlays . P
Page Cl ear pushbutton is provi ded to cl ear only the pane indicators .
Page Activity pushbutton /i ndicators are provided to alert the operator
to the presence of a computer generated indication on the associated
page of the paged control panel. These indicators are resettabl e
by operati ng the pushbutton.

d. Power Control . An accessible Power Contro l Panel is located
behind the console left rear door. The followino equinment is moun ted
on the panel :

(1) Ci rcuit breakers for primary powe r to the console
logic and CRT Terminal (CRT).

(2) Panel meter for measurement of dc voltanes.
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(3) Selector switch for panel meter voltanes .

(4) Test points for each of the dc voltages (+5, +12 ,
an d -l2V).

(5) Alarm test pushbutton for each supply.

All power supp l ies required are provided as an inteara l part of the
console , and are sufficient to deliver power required by circuitry and
displ ay devices at the proper voltanes . Current drain on each power
supply does not exceed 75 percent of its full-load rati na . Over-
current protection is provided for each output so that short ci rcuits
will not cause permanent damage . A cooling fan is provided for the
overall console needs. Output vol tages are regulated to compensate
for a maximu m input line vol tage change of 10 percent and output
current change from no load to ful l load . An el apsed time indicator
is mounted behin d the ri ght rear access door.

3.6.2 CRT Termi nal Description.

The CRT Displ ay unit is an i ntegral part of the console ,
providing an alphanumeri c di splay of output from the Central- Processor
Set as wel l as data entered by the operator from the keyboard . The
CRT Dis play , with associated keyboard entry and edi t capability ,
permi ts the call-up from the Central Processor Set report d isplays
or data entry formats . These may be edi ted for correctness or
additional commentary entered as necessary before returnina the
message to the CPS for storage or further handling . The CR1 Displ ay
al so al lows the call -up of all status information available about
in-station and out-of-stati on components of the network .

The display is formed by a digita l ly controlled 525-line TV
raster on a CR1. Standard page format is 25 lines , 80 characters wide ,
for a total of 2,000 character posi tions . Luminance exceeds 30 foot-
l amberts. A refresh rate of 60 frames per second assures solid ,
flicker-free viewi ng.

The keyboard contai ns 80 keys includi ng a 12-key edi ti ng and
control pad and 8 additiona l functi on key pads . A 128 ASC II character
set is employed. Characters are formed by a unique RON character
genera tor using a technique of dig ital interpolation tQ yield very
clear and precise characters formed on a 20 x 14 dot matrix. Fi ve
additional vertical positions are available for descenders .

Control for the CRT termi nal is provided by a mi ni -commuter
designed speci fi cally for a CR1 displ ay envi ronment . Its architecture
is based on single-bus source/destination transfer wi th a multi pl e
field , micro-coded i nstruction format. The data format for bus transfer
and displ ay refresh is 10 bit parallel . The displ ay buffer is random
addressable , en~loyi nq MOS-circuitry and contains 2,048 words .
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Program instruction words are 16 bit parallel . They are contained in
read-only or read-wri te storage. Although programs are possible
requiring less than 1 ,000 instructions , up to 8,192 words may be
stored in the processor. Programmable memory (PROMS ) is used for
read-only program memory . Random access MOS ci rcuitry is used for
read-write memory. The CRT Termi nal contains a 2,048 word , 10-bit ,
random access memory for refreshing the screen. T~ thousand
characters of the memory are used for the refresh; forty-eic’ht are
available for bufferi ng of I/O devices or for use as temporary storage .
The screen refresh memory operates automatically, and requi res no
processor intervention . Seven of the memory’s ten bits are normally
used for storage of the ASCII code representi ng 1the character to be
displayed on the screen . The other three bits are used as attri bute
bits for such functions as the control of protected data , intensifica-
tion , underlining, blinking , tabbing, etc. Use of these attribute
bits stored wi thin the characte r el imi nates the need for a separate
storage location for attribute information. Up to 16 ,000 by tes are
available for program or data storage in read-write memory. This
memory is used for normal program storage and for storage of data for
such needs as I/O bufferi ng.

A data entry keyboard is provi ded and arranged in conventional
typewriter style and includes all alphabet letters , all decimal diqi ts ,
and the normal punctuation symbols. An auxiliary set of 20 special-
function keys is provided for operator control of CR1 Display, editi ng
and output operation . The CR1 and data entry keyboar ds are modular
and i nterchangeable with other CPMAS consoles (when implemented).
An editing cursor i ndicates the location on the CRT Displ ay where the
next character will be typed, erased or moved. The cursor is movable
over the page using keys for lateral and vertical , single or
multipl e space motions . The cursor is controlled from both the main
keyboard special-function array and the Central Processor Set.
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SECTION 4

AlEC TERMINAL ELEMENT DESCRIPTIONS

4 .1 GENERAL

This section contains detailed descriptions of the following ATEC
Termina l Elements (ATEs), the subsystems of the CPMAS which perfo rm the
actual monitori ng and interacti ve tests wi th the communications system:

Programmable ATEC Termi nal Element (PATE)

Baseband Signal Analyzer (BBSA)

Alarm Reporting Subsystem (ARS)

Measurement Acquisition Uni t (MAU) & MAU Options

4.2 PROGRAMMABLE ATEC TERMINAL ELEME NT (PATE)

The PATE, Fi gure 4-1 , is a computer controlled test set capable of
providing continuous automatic performance moni torina and assessment of
communication ci rcuits . The PATE , dependin g upon the option confi guration ,
provides non-interferi ng, i n-service rronitori nc, and assessment of voice
frequency (VF) circuits , frequency shift keyed (FSK) data subchannels
contained in a composite frequency division multiplexed voice frequency
circuit , and dig ital data circuits . The PATE also has the canabilit y to
provide automatic out-of-service tests of VF circuits by removal of the
circuit from service at a bridne/break point. Out-of-service tests
require patchina of the ci rcuit to be tested to station PTEC Jacks which
connect with an A /C (bridge/break) Scanner. The PATE configurations
determi ne cont inations of test and analysis functions to be performed.
Conversion from one confi guration to another is accomp l ished by
equipping the PATE wi th appropriate signal processino pl uc-in cards ,
the Test Sianal Source (TSS), and scanners .

A bl ock diagram of the PATE is shown in Figure 4-2. The PATE can
be operated from a local I/O termi na l in a stand-alone mode or remotely
by the CPMAS ~Iucleus Subsystem. The choice of local or remote control
is selected at the PATE location. Local input/output (I/O ) control is
performed by a Technical Controller using any compatible keyboard
termi na l which aenerates seven level ASCII code at 150 baud. Processina
of monitored signals is accomplished by a Honeywel l H-3l 6R aeneral
purpose compute r i nterfaced wi th a cartridge type Disk Dri ve Unit (ODU )
which is used to provide mass storage and data handlin o canacity .
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4.2.1 VF In-Service Measurements (IQCS Function) .

The PATE is designed to monitor and assess the qualit y of VF
circu its by sampl i na and di ni tizin q the vol taae amplitude of the
monitored analog signal to calculate the pa rameters listed in Table 4-1 .
The PATE also uses these parameters to deri ve fourteen additional
parameters of interest , e.g., Peak to Avera cie Power (PA = PT mi nus AV),
etc.

4.2.2 VF Out-of-Service Measurements (OQCS Function) .

The PATE is capable of removi na VF circuits from servi ce wi th the
use of the control processor , control l oaic , and the A/C Scanner. The
PATE terminates the ci rcuit under test, inserts test sianals , and performs
the measurements defined below .

a. Measurements on a 1 kHz test tone, using a minimum averaci no
time of 2 seconds, are as foll ows:

(1) Net Loss (NL): Minus 10 dB to pl us 60 dB total ranne ,
relative to test level point. 0 dBm to minus 30 dBrn + 0.25 dB accuracy .

(2) Test Tone to Noise Ratio (SN): 0 to 45 dB + 0.5 dB ,
tone present , C-Message weighted or 3 kHz flat weiahted noise.

(3) Frequency Offset (FO): 4- 500 Hz rel ative to 1 kHz ,
nominal + 0.1 Hz accuracy .

(4) Phase Jitter (N) Measurement. Rance : 0 to 45° peak-to-
peak jitter. Accuracy : + 0.2° for input sional levels from mi nus 40 dBm
to pl us 10 dBni and jitter frequencies from 20 to 300 Hz.

(5) Phase Hi ts (PH). A phase hit occurs whene ver a ohase
change on a nomi nal 1 kHz test tone exceeds some hit threshold in
degrees. The hit threshold is adjustable in one degree steps over a
range of 1 to 45 degrees. Count range is 0 to 255 counts .

(6) Amplitude Hi ts (AH). An amplitude hit occurs whenever
the amplitude of a 1 kHz signal exceeds some threshold LH in ei ther
direction . Thresholds are adjustable in 1 dB steps from minus 60 to
pl us 10 dBm. Count range is 0 to 255 counts .

(7) Dropouts (DO). A dropout occurs wheneve r the ampl i tude
drops below a threshold LL for a speci fied length of time . Dropout
threshold Is adjustable in 1 dB steps from minus 60 to pl us 10 dBm.
Count range is 1 to 255 counts . Duration is programmable from 10 to 300
milliseconds in 2 millisecond steps .
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TABLE 4—1. PATE VF IN—SERVICE MEASUREMENTS

Parameter Symbol Unit Accuracy

Average Power (1) AV dBm + 0.1 dB

Peak Instantaneous Power (1) P1 dBm + 0.1 dB

Minimum 10 m s Average Power (1) Il dBm + 0.2 dB

Maximum 10 ms Average Power (1) Xl dBm + 0.2 dB

Minimum 50 ms Average Power (1) 15 dBm + 0.1 dB

Maximum 50 ms Average Power (1) X5 dBm + 0.1 dB

Volume Units (1) VU dBm + 0.1 dB

Spectrum Filter Value where i = SF~ dBm + 0.1 dB
100 to 4000 Hz (1)

Frequency (2) FR Hz ± 0.1 Hz
C—Message Weighted Noise (3, 5) CN dBm + 0.2 dB

Unweighted Noise (3, 6) FN dBm + 0.2 dB

3 kHz Flat Weighted Noise (3, 4) WF dBm + 0.2 dB

Noise Coloration (3) NC dB + 1 dB

Noise Frequency (3) NF Hz + 50 Hz

Signal-Plus—Noise to Noise Ratio (1) SN dB + 0.2 dB

Harmon ic D i storti on (1) HD dB + 0.1 dB

Notes:

1. Specified accuracy is listed . Actual tested accuracy for particular
signal l evel and frequency ranges are indicated in Figure 4-3.

2. Formal test results met specification accuracy requirements with
the following exceptions: + 1 Hz accuracy at — 80 dBm ,> 1000 Hz
and ÷ 1 Hz accuracy at -50 IBm, 300 Hz.

3. Calculations dependent upon traffic type.
4. 3 kHz flat weighting characteristic as specified in Bell System

Technical Reference PUB 41009.
5. C-Message weighting characteristic as specified in Bel l System

Technical Reference PUB 41009.
6. Unweighted . 100 to 4000 Hz spectrum values unweighted .
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(8) Harmonic Distortion (HO). This is a measure of the
relative magnitude of the fundamental frequency and the second and
third harmonics . Accuracy is ± 1.0 dB for harmonics areater than minus
70 d~n and between 0 and mi nus 50 dB relative to the fundamental

b. Measurements on a test signal consisti ng of a sine wave,
frequency stepped in 100 Hz increments from 200 Hz to 3600 Hz wi th
50 perc~nt, 25 Hz amplitude modulation (AM) are as follows :

(1) Measurement durati on : 15 seconds for entire band ,
200 Hz to 3600 Hz.

(2) Amplitude response (loss): minus 10 dB to plus 60 dB
over stepped frequency range. 0 dBm to mi nus 30 dBm + 0.25 dB accuracy
over stepped frequency range .

(3) Envel ope Delay (ED) response: + 20 millisecond range
between adjacen t 100 Hz cente r frequencies . ±Z0 millisecond range from
200 Hz to 3600 Hz. 

~ 
20 microsecond (is) accuracy over frequency over

frequency range 600 Hz to 2700 Hz. ÷ 40 us accuracy over frequency
ranges 200 Hz to 600 Hz and 2700 Hz to 3600 Hz.

c. Intermodulation Distortion (IM) Measurements are made on a
two-tone signal (tones at 700 Hz and 1100 Hz). Interrnodul ation distortion
products are measured with +1 dB accuracy if they are above mi nus 45 dBm
and greater than mi nus 40 dB relative to the averaae power of the 700 Hz
and 1100 Hz tones . The i ntermodulation products of interest fall at the
following frequencies .

+ f2 = 1 800 Hz, second order

2f1 + f2 = 2500 Hz, thi rd order

+ 3
~2 

= 2600 Hz, fourth order

d. Measurements made on an idle channel with no intentiona l
signals present other than possible i nterference are as follows :

(1) Averaging time : 2 seconds , nomi nal

(2) Spectrum measurement: Leve l range : mi nus 60 dBm to
plus 10 dBm ; Frequency range : 100 Hz to 4000 Hz; Frequency increments :
100 Hz.

(3) Spectrum measurement bandwidt h per 100 Hz increment :
150 Hz nomi nal.
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(4) Spectrum measurement accuracy per frequency Increment:
+0.1 dB from 100 to 4000 Hz provided that no band Is 10 dB hi gher than
another.

(5) Spectrum processing : Tone Interference (or si gnal) Is
noted If a frequency i ncrement level is greater by 6 dB than adjacent
increments . The noi se frequency is noted together wi th the level in
dBm. C-Message noise (CN), 3 kHz flat (WF)-, and 3 kHz flat minus
C-Message noise is measured to + 0.5 dB accuracy .

(6) Impulse Noi se (IN) measurement: Impulse noise measurement
is operator selectable. The PATE detects and counts all events which
occur during the test period above the three thresholds of L1, L2, L3
d~n as preset .

4.2.3 Frequency Shi ft K.eyin~ (FS K) Measurements (MSMS Function).

The PATE is capable of extracting any subchannel from a group of
18 or fewer channels in a FSK data group . The PATE performs demodulation
of binary FSK signals operating at maximum rates of either 75 baud (for
170 Hz spacing) or 150 baud (for 425 Hz spacing). The PATE performs the
foll owing measurements:

a. Normalized subchannel relati ve level (LS) wi th a + 1 dB
accuracy .

b. Mark/space envelope power level di fferential (ED) of a sub-
channel wi th a + 1 dB accuracy.

c. Mark frequency error (EM) and space frequency error (ES) for
a subchan nel wi th a + 1 Hz accuracy .

d. RMS deviation of the actual marking frequency (FM) relative
to the specified marking frequency wi th a + 1 Hz accuracy .

e. RMS deviation of the actual spacina frequency (FS) rel ative
to the specified spacing frequency for a subchannel with a ± 1 Hz
accura cy.

f. Peak distortion (PD) in percent for assianed synchronous or
asynchronous subchannels with a + 1 percent accuracy .

q. Bi as distortion (BD) in percent for assigned synchronous or
asynchronous subchannels with a + 1 percent accuracy .

4.2.4 Digital Measurements (DDMS Function) .

The PATE scans and analyzes digita l data at rates of 9.6 kilobits
(or less) per second (kBPS) with the use o the control processor, the
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control logi c and an A Scanner. The PATE measures the duration of the
mark waveforms and the space waveforms of dinita l data and performs the
foil owing measurements :

a. Baud error (BE) in percent , + 1 percent .

b. Start bit error (SE) in percent, + 1 percent.

c. Bias distortion (BD) in percent , + 1 percent .

d. Fortui tous distortion (FD) in percent , ± 1 percent .

e. Peak distortion (PD ) in percent, + 1 percent .

f. Average operating niarai n (AM) in nercent, ± 1 percent .

g. Minimum operating margi n (MM) in percent , ± 1 percent .
4.2.5 Parameter/Thres’~old Compari son .

The PATE provides a comparison of narameter measurements to known!
predetermi ned thresholds (as part of the PATE data base) and orovi des
alarm condit ions (hard copy) based on this compari son. The al arm
conditions are “green~, “anter ”, and “red” . The range of each
performance category is arbitrarily variable by the operator throu gh
the local or remote PATE input/output terminal .

4.2.6 Pirameter Trending.

The PATE can provi de temporal and diurnal trend status information
to indicate parameter value movement as a function of time , excepting VF
out-of-service measurements.

4.2.7 PATE Major Components.

The PATE (Figure 4-1 ) consists of a standard 19-inch electronic
equipment rack which contains a Rack Primary Power Panel , a Scanner Power
Supply, from one to si x Scanners, a Test Signal Source, a Jack Panel , a
Signal Parameter Converter, an H-316R Computer , and a Disk Drive Unit.
These units are described in the following paragraphs . Also reference
Figure 4-2, PATE Block Diagram.

a. Rack Primary Power Panel . The Prima ry Power Panel (Finure 4-4)
contains a pi lot lamp , a set of AC line filters , and an al ternating
current (AC ) ci rcuit breaker which functions as the rack ON—OFF switch .
The panel provides AC power distribution to PATE comnonents by means
of a terminal stri p to whi ch all other rack units connect .
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b. Scanner Power Supply . The Scanner Power Supply (Figure 4-5)
contains a regulated +5 Vdc power supply rated at 16 Amperes which
provides operating power for up to six Scanner drawers through
individual power cables . A POWER ON switch , 2-ampere fuse, and pilot
light are mounted on the front panel . The pi l ot light indicates both
the power ON condition and that the +5 Vdc output is available.

c. Scanners. The A and A/C Scanners shown in Figures 4-6 and
4-7 provide the i nterface between the comunications circuits and the
Signal Parameter Converter (sPC). The A and.A/C Scanner drawers both
contain one ci rcuit control card , one address decode card , and 10
relay cards . A slot is provi ded for a scanner test card , one of which
is provided with each PATE.

The A Scanner contai ns Form A (bridge-on ) relays and the
A/C Scanner contains Form A rel ays and Fo rm C ~break ) relays in
combi nation . As shown in Fi gure 4-8, the Form A relay is a 3-pole,
single throw relay and the Form C rel ay is a 3-pole, double throw relay.
Each ci rcuit consists of a three wire transmi t line and a three wire
receive line . One wire of a three wire confi guration is shown in
Figure 4-8. Two Form C relays and two Form A rel ays are requi red per
circuit to provi de the transmi t and receive functions . The signal is
always connected to the Form A relay fi rst and then the Form C relay.
The Form C relay interrupts the line while the Form A rel ay does not.
A circuit consists of both the transmi t line and the receive line .
One or more of the relays for a circuit may be selected.

Each of the 10 A Scanner rel ay cards have 11 relays . Ten
rel ays are used to selecti vely switch ci rcuits to the SPC . The
remaini ng relay functions as a fail-sa fe electronic switch to protect
the data bus in the event of a relay failure . Collecti vely, the 10
circuit select rel ays provide the capability of scanni ng 100 two-wire
Communication Circui t (half duplex) lines which are connected from the
Intermediate Distri bution Frame (IDE) to the two scanner Christmas
tree termina l bl ocks . Monitorina is performed in a non-interferi na
manner , using a high impedance bridge -on connection. Circui t moni toring
poi nts are selected by these di gitally controlled scanners as commanded
by the Control Processor.

As Figure 4-7 indicates , the A /C Scanner contains four
Form A type relay cards and six Form C type relay cards . The Form C
cards di ffer from the Form A in that they have six relays: fi ve
Form C relays for half duplex Communi cati on Circuit switchina and one
Form A to provide the fail-sa fe function . Due to the method of Form
A and Form C card interconnection , the A/C Scanner capability is
30 twn-wi re ci rcuits (15 ful l duplex circuits). A/C Scanner connections
to monitore d channels provide both bridae-on and break-in capabilitie s
as required. This allows the OOCS porti on of the PATE to mon i tor sianals
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RECEIVE

FIGURE 4—8. SCANNER RELAY CONFIGURATIONS
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on a ful l  duplex channel or break the ci rcui t, termi nate the receive
side and inject sianais from the Test Signal Source into the Transmi t
Side . Two of the Form A type rel ay cards are not used and provide
bridge-on capability for monitorin g an addi tional 10 circuits .

d. Test Signal Source (TSS). The Test Sinnal Source , Fi nure
4-9, is a rnultifuncti on signal generator which can be controlled by a
remote ASCII device or from the front panel . It is used to inject a
reference signal into an out-of-servi ce VF channel for the purnose of
determi ning its attenuation , envelo pe delay , int~rmodulation , andfrequency response characteri stics. The outputs available from the
TSS are defi ned as follows :

(1) 1 kHz Tone.

(2) Intermodulation (700 Hz pl us 1100 Hz tones).

(3) Frequency - Selectable tones from 200 Hz to 3600 Hz in
100 Hz steps.

(4) Frequency Modulat ed - Same as (3), but each to ne
selected is 50 percent modulated by 25 Hz.

(5) Auto Step Modulated - Output sinnal is stepoed from
200 Hz to 3600 Hz in 100 Hz increments . The signal seouence beam s at
2 kI-{z increments upward to 3.6 kHz, descends to 200 Hz and increments
to 2 kHz again. Each step duration is 400 milliseconds except for the
2 kHz si gnal which has a duration of 1 second. A ll frenuenci es are
modulated at 25 Hz.

(6) Slow Step Modulated - Same as (5) except each step is
8 seconds and 2 kHz step is 20 seconds .

(7) Auto Sequence Modulated - Seauences through two tone
(Intermodulation ), 1 kHz tone , no si gnal (idle), and auto step
sequence (5).

(8)  Auto Seq uence - Same as (7) except without 25 Hz
modul ation .

( 9 )  Auto Step - Same as (5) except without modul ation .

(10) Slow Step - Same as (6) except unmodul ated.

(11) No Signal - No out put , l ine termi nated in
characteristic impedance .

Selectable output Impedances of 135, 600, and 900 ohms are available.
Provision has also been made for the incorporation of a special site
peculiar impedance by hardware modi fi cation. The output signal levels
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are selectable over a range of 0 dBm to -31 dBm (+ 0.25 dB) in 1 dB
steps . Single tone output second harmonic distortion is nreater than
50 dB bel ow the fundamental .

e. Jack Panel. The Jack Panel shown in Finure 4-10 contains
two rows of jacks (26 in each row) that are horizontally oriented with
the transm i t funct ions on the top row an d the receive funct i ons on the
bottom row. It is used to perform PATE maintenance functions and to
manual ly access and monitor internal data sianals and control lines ,
external data sianals , and PATE-generated test tones without disturhina
the configuration (break jacks) or i nter~uptin q service (monitor jacks).

f. ~~gnal Parameter Converter (SPC). The Sianal Parameter
Converter (Figure 4-il) converts monitore d channel info rmation to a
16-bit di gital word to be transferred to the H-3l6R comnute r via an
input/output bus . The SPC contains contro l , measureme nt , and conversion
logic to i nterface the computer wi th the selected communication circui ts
under test. Modularity of design permi ts adaptino the SPC to be
compatible with any one of the nine PATE confi ourations by insertin c-i
the appropriate function cards . A reaulated + 15 Vdc nower suopl y
furnishes vol tage for l amp dri vers , re lay dr i ver , operationa l
ampl i f i e r s , an d other control func t ions . A renu~ated +5 Vdc powersuppl y furn ishes log ic level vol tages . The power suppl i es are
protected agai nst overload and short ci rcuits by current limi ti nn
c i rcuits i n the output sta ges an d by an internal fuse ac’ainst internal
component failure .

The SPC drawer also contains innut nrotection circuits to
prevent damaae from ligh tnin g surges , hits on the data lines or from
i ncorrect signals applied through the Jack Panel . The innut nrotection
ci rcu its consist of a fuse d l i ne , pl us a li ghtning arrestor.

For more detail on the operation of the SPC , re fer to
Paragraph 4.2.11 of this report.

q. H-316R Computer. The PATE oneratina proorarn includina the
measurement parameters and operati na thresholds , etc., are c~slle d up
from the disk by the H-3l6R Computer as require d to satisfy the
functions .;omanckd . Operatina switches and disnl ays are located on
the ccmput~’r front panel (Figu re 4-12). ~ key loc k sw i tch preven ts
unau thori zed opera tion or manipulation of the lnr~i c funct i ons . The
computer cones r~quipped with a 16K memory core stack , high sneed
arithmetic. packaae , rea l t ime clock , auto restar t, an d base sector
reloca tion capability . The computer input /output (I/O ) opera tes at
150 baud. The I/O buffers are compatibl e with MIL-STD-l88-lOO low leve l
seven level ASCI I code . The PATE proaram can be operated ei ther auto-
matically or as an interrupt program throuah use of a local input/output
(I/O) termi nal. Remote control of the PATE is accomplished throuri b the
Nucleus Subsystem . The cho i ce of local or remote con trol i s selec ted
at the PATE position by the PATE 0peratc~ .
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h. Disk Dri ve Uni t. The Disk Dri ve Uni t (DDU) shown in
Figure 4-13 is a dual , disk cartri dge, servo control led , dri ve ts~itand head positioner wi th one fixed and one removable cartridae .
Each cartridge records at 220 bits per i nch (BPI), and has a 48-megabit
storage capacity. Each cartridge has two surfaces, providin g a total
of four surfaces for each disk unit. However, the cartridges are
redundant. The ODU provides a total storage canacity of approximately
2.5 megawords of 16 bits each . The DDU is contained in its own
encl osure and is suitable for installation in a standard 19-inch
electroni cs equipment rack . A self-contai ned reoulated power supply
furnishes all requi red power supply vol tages.

4.2.8 Input/Output (I/O) Termi na l.

The 1/0 device currently used with the PATE is a nedestal confl aured
Genera l Electric Model 12008 Termi Net 1200B ASP (Automatic Send-Receive).
The 1200B A5R consists of a KSR (Keyboard Sent and Recei ve) Termi Net
12008 Printer which -is mounted on the International Pedestal as shown in
Figu re 4-14. A paper tape reader and punch is ins talled on the left
side of the Pedestal.

a. Printer. The KSR version of the Printer has a keyboard similar
to a standard office typewriter. The Printer can pri nt and transmi t
information generated locally by the keyboard or another local device
(e.g., paper tape reader). It can receive and pri nt information from a
remote termi nal , computer , or other coninunication devi ce. All of the
94 printable characters in the American Standard Code for Information
Interchange (ASCII) can be printed. Printi ng speed is 15 characters
per second.

b. Interna tional Pedestal. The International Pedestal provi des
a stable, compact support structure for the Termi Net 1200 Pri nter
and accessories. The paper tape reader and punch (with power supply)
are mounted on the left side of the Pedestal . The Photoelectric tape
reader reads and sends 15 characters per second. The solenoid dri ver,
paper tape punch operates at 10, 15 , and 30 characters per second.

c. Terrni Net 1200 Data. Physical , envi ronmental , and electrical
characteristics of the TermiNet Printe r and Internati ona l Pedestal are
given in Table 4-2.

4.2.9 PATE Functional Confi qurati ons.

The PATE may be configured for any combination of ni ne measure-
ment functions . The nine functional combinations with their commonly
used abbreviations are listed in Table 4-3. PATE In-Service configurations
can be reconfi gured by adding or removina printed circuit cards , located
in the Signal Parameter Converter drawer card nest. Circuit card
configurations are shown in Table 4-4.
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TABLE 4-2. TERMINET l200B ASR DATA

TERMINET PRINTER
Physical Data

Height: 11 9/16 in. (33 cm)

Width: 20 1/2 in. (52 cm)

Depth : 31 3/4 in. (80 cm)

Weight:  90 lbs. (41 kg)

Env i ronmental Data

Operating Temperature: +32°F (0°C) to +110°F (44°C)

Storage Temperature : —20°F (—28.9°C ) to +160°F (71.0°C)

Relative Humidity : 10 to 95% Operating and Non-operating
(No condensa tion)

Altitude : 0 to 12,000 Feet (3,650 Meters) Operating
0 to 50,000 Feet (15,240 Meters) Non-operating

Elec trical Data

Input Power: 220 ± 10% VAC , S ingle Phase , 50 Hz (± 1 Hz)

Power Usage: Standby - 60 Watts
Motor On - 120 Watts
Printing — 175 Watts

INTERNAT IONAL PEDESTAL
Physical Data

Height: 25 7/8 in. (65.8 cm)

Width: 18 3/4 in. (47.6 cm)

Depth: 20 1/2 in. (52.1 cm)
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TABLE 4-2. TERMINET 1200B ASR DATA (Continued )

Basic Weight: 32 l bs. (14.5 kg)

Tape Reader/Punch !
Power Supply Weight: 49 lbs. (22.2 kg)

Power Trans. Weight : 18 lbs . ( 8.2 kg)

Environmental Data

None . Locate to conform to Printer environmental requirements.

Electr ical  Data

50 Hz Power Transformer: Converts 100/120/200/220/240 VAC to 120/220/
240 VAC
Conforms to Internat ional  Electrotechnical
Commission (lEG) specifications
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TABLE 4-4. SPC CARD NEST CONFIGURATIONS FOR PATE FUNCTIONS

PATE Configuration

Card Card Function IQCS I/OQCSSlot ±QCS DDMS I/OQCS DDMS DDMS

- M - -  - M  - M  - M

Al Frequency Generator and Control X X X X X X X X X
A2
A3 Scanner In terface Con trol X X X X X X X X X
A4 MSMS Self-Test Generator - X - - X - - X
A5 Test Tone Transm itter Con trol X X X X X X X X X
A6
A7
A8 MSMS Filters - X - - X — X - X
A9
AlO MSMS Conver ter D i scr im i na tor - X - - X - X - X
All
A12 DC Input Interface — — X — — X X X X
Al 3
Al 4
A15 Test Tone Transmitter Output X X X X X X X X X
A16 Device Address Decoder X X X X X X X X X
All Input/Output Buffer X X X X X X X X X
A18 Period to Digital Converter No. 2 - X - X X — X X X
A19 Period to Digital Converter No. 1 - X X X X X X X X
A20 Impulse Counter Control - - — X X — X X
A2l Rectified Mean - - - X X - X X
A22 Analog/Digital Converter X X - X X X X X X
A2 3
A24 Envelope Detector and Delay Conip — X — X X — X X X
A2 5
A26 Voice Frequency Input Amp X X — X X X X X X
A21
A28 Scanner Interface X X — X X X X X X
A29 Input Coun ter In pu t — — — X X — X X
A3 0

PATE Variable No. 1 4 3 - 2 5 7 6 8 9

NOTE: M - MSMS Func ti on
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Reconfi guration to add or remove Out-of-Service functions
require s reconfigura tion of the Scanners , rewiring of the Scanner
terminal blocks and main frame cross-connects , an d addina or removi na
the Test Signal Source . It should be note d that , after i nit i al
installation , changes in PATE confi curation is required only if
there are changes in the traffi c type which is bei no monitored or
changes in the requirements for Out-of-Service measurements.

4.2.10 PATE Software.

The software package controllinc the PATE consists of three mainr
parts : the operating system , app lication programs , and supoo rt software .
The operatina system provides contro l and execution of the application
programs. The application programs contain IOCS , OOCS , DOMS , and MSMS
mo dules , which perform the appropriate calculations and analyses required
for each communication system performance assessment function. The
support software provides program load , disk directory generation and
programmer debug aid packages .

The PATE software modules are listed in Table 4-5. (For
detailed info rmation on the contents of the modules , re fer to the
Computer Program Product Speci fication for Test Set , Electronics
System AN/GYM-13(V), CP75000872.)

42 .ll PATE Operation.

Assume the PATE is in its maxinijni capability confi ouration
(Figure 4-15) and is under computer contro l at the beainni ng of a scan
cycle. The computer commands a relay in the scanner , which corresnonds
to the address of the first monitor poi nt, to close and make a bridge-on
connection with the traffic circuit. The monitored traffic siana l is
routed through the Jack Panel to the scanner i nterface ci rcui t located
in the Signal Parameter Converter. Dependent on traffic tyne (analoa ,
di gital , or FSK) as programmed for the moni tor poi nt , the incoming data
is routed to the VF or dc front end ci rcuit. Digita l sianals are routed
from the dc front end to peri od-to-digi tal (P/D) converter No. 1 which
converts digital mark space time i nterval to a binary number. The P/D
No. 1 output is then outputted via the input/output (I/O) buffers to the
H-316R where the binary formatted data is analyzed by the particular
algori thms contained in the computer program for the traffic type beina
measured. Similarly, analog signals are routed to the analoa-to-diaital
(A/D) converter. After conversion , the binary output is routed to the
computer through the I/O buffers and is processed in the same manner as
the digital signal . Frequency shift keyed (FSK) sicinals are ampl i fi ed
by the VF front end and then applied to the MSMS circuitry where indi vidual
subchannels are extracted. The extracted subchannel is sent to the
envelope detector where i t  is conve rted to dc for level information. The
signal Is ampl i tude limi ted and sent to P/D No. 2 for frequency deter-
mi nation. The amplitude limi ted signal is also appl i ed to a phase-locked-
discriminator for demodulation of the FSK signal into a di gi tal signal.
The recovered digital signal is applied to P/D No. 1 where the mark and
space time periods are converted to a binary number.
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TABLE 4—5. SOFTWARE REQUIREMENTS FOR PATE FUNCTIONS

PATE Variable No.
Software Modules /Funct ion — — —

1 2 3 4 5 6 7 8~~~ 9

AlEC Disk Operating System X X X X X X X X X
IQCS Measurement X X X X X X X X
DDMS Measurement X X X X X
MSMS Measurement X X X X
OQCS Measurement X X X X
Trend Analysis X X X X X X X X X
IQCS Data Base Control X X X X X X X
DDMS Data Base Control X X X X X
MSMS Data Base Control X X X X
Common Operator Interaction X X X X X X X X X
IQCS Operator Interaction X X X X X X X
ANS Interaction X X X X X X X X X
Summary Report Generation X X X X X X X X X
Monitor Table Executor X X X X X X X X X
End of Scan Scheduler X X X X X X X X X
System Loader X X X X X X X X X
Patch X X X X X X X X X
Disk Utility X X X X X X X X X
ANS IQCS Interaction X X X X X X X
ANS DDMS Interaction X X X X X
ANS MSMS Interact ion X X X X
ANS OQCS Interact ion X X X X
IQCS Self—Test X X X X X X X
DDMS Self-Test X X X X X
MSMS Self—Test X X X X
Alarm Verifica tion X X X X X X X X X
DOMS Operator Interaction X X X X X
MSMS Operator Interaction i X X X X
OQCS Operator Interaction X X X X
IQCS CCSD Sor t X X X X X X X
DDMS CCSD Sort X X X X X
MSMS CCSD Sort X X X X

NOTE : ANS — ATEC Nucleus Subsystem
CCSD — Comand Communications Service Designator
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Upon completion of a measurement by the computer , the input
to the PATE is stepped to the next monitor point in the scan sequence
and the process of measurement and computation is repeated. Upon
complet ion of al l  measurements ir the scan sequence , the results are
outputted to the I/O termi nal .

Out-of-service measurements are not normally programmed to be
done autonatically since this could cause an interrupt to traffi c
transmission . Signal lines which are connected for out-of-service
measurements are normally connecta’~ For in-service measurements also .When in-service measurements indicate a particular sinnal oath is
degrading in performance , the technical controller can use the I/O
termina l keyboard to genera te commands for continuo us monitorin g to
obtain trend analysis or, upon coord i nation with the distant terminal ,
command an out-of-service measurement.

4.2.12 PATE Leadi ng Particulars.

The leading parti culars oF the PATE are summari zed in Table 4-6.

4.3 BASEBAND SIGNAL ANALYZER (BBSA)

The BBSA , Fi gure 4-16, is a computer controlled tunable s~qna 1
measurement and translation device capable of moni tori ng baseband
frequencies (12 kHz to 5 MHz) used in frequency di vision multiplex (FDM)
commun ications systems . The BBSA , which contains a minicumoute r to
perform the i nternal control and analysis functions , performs primarily
un der control of the Nucleus Subsystem (NSS). The BBSA can also be
operated loca ll y in a fall-back or maintenance mode under control of an
I/O termi nal . Operati ng unde r control of the NSS or a local I/O ter—i al ,
it provides automated analysis of various elements of a sel ecte d FDM
baseband and can also inject a test tone at any point in the haseband.
1’~~ ad d i t ion , the BBSA can extract channel bandwidth signals for addi tiona l
ana lysis and also provi des a spectrum disp la y out put for local use . The
BB SA is capable of automati c scanning of eigh t full dunlex bas eband
appearances , each appearance having 600 channels (or less). The orimary
funct ions performed y the BBSA are :

a. Non- interfering i n-service VF channel measurements at qrouo ,
su per grou p , and baseband frequencies .

b. Insertion of single frequency test sic~nals i nto an operating
ba seband. This capability can be used in conjunction with another BBSA
(or wit h a PATE) at a distant site , to perform ov er”ll link assessment
testing .

c. Translation of selected channels , from the basehand s i nna l , to
the voice frequency band fo~ external anal ysis. By combin ino this function
w i t h  a l ocal PATE , an extremely versatile assessment tool is provided to
the Nucleus Subsystem .
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TABLE 4—6. PATE LEADING PARTICULARS

Dimensions (inches) 84.25H K 22.00W X 30.500

Wei ght 768 pounds (See Note 1)

Power:

Primary ac 115 vac + 10 percent , 50 Hz ± 1
percent , or 60 Hz + 1 percent ,
3 wire , single phase

dc , self—contained +5v + 5 percent , regulated
Power Supplies + 15v 4 5 percent, regulated

Consumption 700 watts (See Note 1)

Note 1: Includes four A Scanners , two A/C Scanners , and a TSS.

Cabling Requirements External cabling fabricated on site .
Internal cablin g furnished .

In—Service Quality Control Function (IQCS)

System Input:

Frequency 100 Hz to 4.1 kHz

Range +14 to -80 dBm

Maximum Input Ampl itude 30 volts pk-pk

In put Impedances (ohms):

Terminating (4~ 135 , 600, 900 , one selectable

Bridging >10K ohm dc , >10K ohm ac

Circuit Capaci ty 100 bridge only (50 full dupl ex)
per scanner

Basic Measurement Accuracy :

Average Power +14 dBm to -80 dBm + 0.1 dB

Peak Power +14 dBm to -80 dBm + 0.1 dB

Signal Spectra l + 0.1 dB in 100 Hz increments from
Compo~ition 100 to 4000 Hz

4-30



TABLE 4—6. PATE LEADING IARTICULARS (Continued )

Derived Measurement Accuracy :

Noise (C—Message) ± 0.2 dB for noise > -70 dBm

Frequency 
~ 

0.1 Hz from 250 to 3850 Hz

Harmonic Distortion + 0.1 dB for harmonics between 0 and
—50 dB relative to fundamental and
~ -70 dBm

Signal to Noise Ratio ± 0.2 dB when signal to noise is
20 dB or greater

Note 2: The IQCS accuracies cited above are specified . See Table 4-1 ,
Notes 1 and 2 , for exceptions .

Out—of—Service Quality Control Function (OQCS)

Circuit Capacity 15 full dupl ex and 10 bridge only
per scanner

Measurements on a test tone
transmission at 1 kHz:

Averaging Time 2 seconds , minimum

Loss — 10 dB to +60 dB total range
0 dBm to —30 dBm ± 0.25 dB accuracy

Test Tone to Noise Ratio 0 to 45 dB 
~ 

0.5 dB , tone present ,
C— Message weighted or 3 kHz flat
weighted noise

Frequency Offset +500 Hz relative to 1 kHz , nominal
± 0.1 Hz accuracy

Phase Jitter Measurement:

Range 0 to 45 degree peak—to—pea k jitter

Accuracy ± 0.2 degree for input signal level s
from -40 dBm to +10 dBm and jitter
frequencies from 20 to 300 Hz

Phase Hits Threshold adjustabl e in 1 degree
steps over a range of 1 degree to
45 degrees
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TABLE 4-6. PATE LEADING PARTICULARS (Continued )

Ampl itude Hits Threshold adjustable in 1 dB steps
from -60 to +10 dBm

Dropouts Threshold adjustable in 1 dB steps from
-60 to +10 dBm

Harmonic Distortion + 1.0 dB for harmonics greater than
7O dBm and between 0 and -50 dB

relative to the fundamental

Measurements on a line having
an input test signal of a
O dBm sine wave, frequency
stepped from 200 Hz to 3600 Hz
amplitude modulated at
50 percent by 25 Hz:

Step Increments 100 Hz

Measurement Duration 15 seconds for entire band , 200 Hz
to 3600 Hz

Amplitude Response -10 ‘lB to +60 dB over stepped
(Loss) frequency range

0 dB to +30 dB ± 0.25 dB accuracy
over stepped frequency range

Envelope Delay ± 20 millisecond range between
adjacent 100 Hz center frequencies

± 20 millisecond range from 200 Hz
to 3600 Hz

+ 20 microseconds (us) accuracy over
‘frequency range 600 Hz to 2700 Hz

± 40 ~is accuracy over frequency ranges200 Hz to 600 Hz and 2700 Hz to
3600 Hz

Intermodulation Distortion
measurements made on a two—tone
signal (700 Hz and 1100 Hz):
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TABLE 4—6. PATE LEADING PARTICULARS (Continued)

Intermod Distort ion Products

Accuracy + 1 dB above —45 dBm and greater
than —40 dB relative to the
average power of the 700 Hz and
1100 Hz tones

Frequencies f1 + f2 = 1800 Hz, 2nd order
2f~ + = 2500 Hz, 3rd order

+ 3
~2 

= 2600 Hz, 4th order

Measurements made on idle
channel(s) with no intentional
signals present :

Averaging Time 2 seconds nominal

Spectrum Measurement:

Level Range —60 dBm to +10 dBm

Frequency Range 100 Hz to 4000 Hz

Frequency Increments 100 Hz

Spectrum measurement
bandwidth per 100 Hz
increment 150 Hz nomina l

Spectrum Processing Tone interference is noted if a
frequency increment level is
greater by 6 dB than adjacent
increments

Impulse Noise Detects and counts all events which
Measurement occur during the test period above

three preset thresholds , in dBm

Test Signal Source (TSS) (Part of OQCS Function )

Output .Level Selectabl e in 1 dB increments over a
range of 0 dBm to -31 dBm
(± 0.25 dB) runs signal power

Frequency Stability ± 0.05 Hz
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TABLE 4—6. PATE LEADING PARTICULARS (Continued )

Signal/Noise Ratio 55 dB from 100 Hz to 4 kHz
40 dB (mm ) at 20 kHz

1 kHz lest Tone Mode

Phase Jitter <1.0 degree

Frequency Stepped AM lime
Sequence Mode

Envelope Phase Stability ± 10 microseconds over frequency
(operating time period of range from 600 Hz to 2700 Hz
300 seconds or less)

± 20 microseconds over frequency
range from 200 Hz to 3600 Hz

Simultaneous Tone Mode The two tone signal output (700 Hz
Intermodulation Distortion plus 1100 Hz) intermodulation
Products distortion products are at least

60 dB below runs signal level

Digital Distortion Monitoring Function (DDMS)

System Inputs:

Frequen cy:

Asynchronous 25-10,000 baud

Synchronous 50-10,000 baud

Ampl i tude:

Max imum ± 12OV

Impedance:

All Modes > 10K ohms

Measurement Accura cy:
25—10,000 Baud ± 1 percent
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TABLE 4—6. PATE LEADING PARTICULARS (Continued )

Modem Signal Monitoring Function (MSMS)

FSK Signal Range 425 Hz to 3485 Hz

Channel Groups 18 channel s wi th bandwidth (BW) of
85 Hz

12 channels; 8 channel s having 85 Hz
BW and 4 channel s hav ing 170 Hz BW

Power Utilized ± 15 vdc + 10 percent

+5 vdc ± 10 percent

H-316R Computer

Input/Output 1 50—baud , low level ASCII code,
16—bit parallel

Memory Cycle Time 1.6 microseconds/4,096 words

Add Time 3.2 microseconds (maximum )

Instructions 72 instructions (minimum )

Input Powe r 115 vac ± 10 percent, 47.5 to
63.0 Hz

Disk Memory Unit (DDU)

Data Storage:

Fixed disk 24 ,000,000 bits

Removabl e disk 24 ,000,000 bits

Tracks /surface 204

Sectors /track 32 (maximum)

Bit density 2200 bits/inch , inside track (maximum)

Transfer Rate 2.5 MHz at 2400 rpm

Input Power 100 to 240 vac ± 10 percent, 50 or
60 Hz + 1 percent
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TABLE 4—6. PATE LEADING PARTICULARS (Con ti nued )

Scanners
Insertion Loss 0.01 dB
(Measured at 1 kHz, 600 ohms)

Path Resistance 0.25 ohm

Line to Line Capacitance 400 pf
( Low s ide of line and
shiel d comon)

Crosstalk Loss (Measured at A Relay, 100 dB , m i n imum
1 kHz, 600 ohms) C Rel ay, 90 dB , m in imum

Power Supply Input 115 vac ± 10 percent , 47.5 —

63.0 Hz, Single phase

Power Supply Output 5 vdc , 1. 8A

I
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4 RACK POWER SUPPLY

HIGH FREQUENCY SCANNER

Ii ~ BASEBAND SIGNAL CONV ERTER

4- BASEBAND SIGNAL INJECTOR

FRE QUENCY SYNTHESIZERS

PROCESSOR W/CONTROLS

‘ IuII .
• ** 0 • -

~~ SPECTRUM SELECTOR

BASEBAND COUPLER

i__f &ORAGE DRAWE R

NOTE: ASSEMBLIES WITH NO CALLOUTS
ARE BLANK PANELS

FIGURE 4-1~. BASEBAND SIGNAL ANALYZER (BBSA)
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d. Generation of signals to produce spectrum disn lays on an
external osci lloscope .

A simp lified block diagram of the BBSA is shown in Figure 4-17 .

4 .3 . t  Baseband Signal Cateaor ies.

The BBSA perfo rms leve l measurements of the fol lowi no sinna l types :

a. Channel Level. Voice frequency channels wi th carriers at
4 kHz intervals.

b. Group Leve l. Groups occupyinn any 48 kHz of bandwidth wi th
the low side a multiple of 4 kHz.

c. Carrier and Pilot Leve l. Pilots and carrier frenuencies at
multiples of 4 kHz pl us the Group Continuity Pilot .

d. Siona ll inq Tone Level . In-channel band sinna llin o tones
at 2600 Hz,

e. Interchanne l Level . Inte rchannel leve l, with 800 Hz bandwidth ,
between VF channels havina carri ers at multinles of 4 kHz.

f. Out of Band Slot . Level measurement for a 3.1 kHz bandwidth
at up to 5 selected frequencies per baseband.

q. Composite Daseband . Composite baseband level fror 12 kHz
to 5 MHz.

Monitorino of the baseband is accomp lished by execution of einht auto-
matic measurement modes . Defi nitions of the BUS/’ measurement modes are
listed in Table 4-7.

4.3.2 BBSI\ Control.

The BBSA functions are controlled by its control processor , which
designates which basebands to scan and the scan mi de(s). In resnonse to
commands received from the NSS or local I/O terminal , the control
processor di rects the BBSA to make a brid oino connection to a sel ected
baseband and further perform any of severa l measurement scan types on
the chosen parts of the baseband structure . The structure for each
standard baseband is stored in the BBSI’ processor memory .

Commands to the BBSP* must inc l ude identi fication of the exoected
l evel limi t for the measurement type . The BI3SP provides level measure-
rnents for any element in excess of the desinruated limi t, or it nay be
comanded to output al l levels measured. The IWSP translates to voice
frequency (VF ) any channel from the monitore d hasehand for external
ana lysis by a PATE or other external test eauipment. A sinnie test
tone can be injected at any frequency in a selected haseband by the
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TABLE 4- 7. BBSA MEASUREMENT MODES

Scan Type Measurement

Baseband Measures composite runs signal l evel of the selected
baseband . The bandwidth is 12 kHz — 5 MHz.

Group Measures runs signal l evel of group bandwidths (48 kHz).
Automatic scan of up to 51 groups is provided by identi-
fication of start and stop group numbers in the
measurement command .

Channel Measures runs signal level of channel bandwidths (3.1 kHz).
Automatic scan of up to 612 channels is provided by
identification of start and stop channel numbers in the
measurement command .

2600 Hz Measures rms signal l evel of 2600 Hz tones. A Fast
Fourier Transform (FFT) analysis of the channel band-
width compares signal energy at 2600 Hz to that present
in the remainder of the channel and computes the S/N
ratio. Automatic scan of up to 612 channels is provided
by identification of start and stop channel numbers as
part of the measurement comand .

Interchannel Measures rms signal leve l between channels. The 3.1 kHz
channel fi l ter center frequency is placed at the channel
carrier frequency. An FF1 analysis of the channel band-
width is performed and the rms level value from the
eight 100 Hz filter values around the carrier is computed .
Automatic scan of up to 612 channels is provided by
identification of the start and stop channel numbers as
part of the measurement command .

Out of Band The rms signal level of five channel bandwidths is
automatically scanned and measured when an Out of Band
measurement command is given . The frequency values for
the channels are contained in the data base of the
control processor.

Carrier Measures rms signal l evel value of the channel carrier
using the 16 Hz bandwidth filter. Automatic scan of up
to 612 carriers is provided by identification of the
start and stop channel carrier numbers as part of the
measurement command.

Group Pilot The runs signal l evel of the group pilot is measured using
the 16 Hz bandwidth filter. Automatic scan of up to 51
groups is provided by identification of the start and
stop group numbers as part of the measurement command.
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Baseband Signal Injector (BBSI) function . The test tone provi des channel
type measurements at the baseband access point. Signa l injection is
accomplished through a bridge-on connection . Except at the injection
frequency, the tone does not i nterfere with other traffic within the
baseband.

The BBSA provi des a spectrum disp lay output capability . The
followi ng four spectrum displ ay types can be selected via swi tches
located on the Spectrum Selector Control Panel

60 channel s uperqroup disp lay

12 channel superoroup disp lay

3. 1 kHz channel displ ay

3.1 kHz display l ocated anywhere within the range from 12 kHz to
5 MHz

By using the l ocal display Spectrum Selector Control Panel , the desired
Baseband , Supergroup , Group , or Channel spectrum displ ay can be observed
on a local oscilloscope connected to the BBSA .

4.3.3 BBSA Major Components.

The following subparagraphs contain descri ptions of the major
components of the BBSA.

a. Baseband Couplers. Connection to the basebands , for monitoring
and signal injection , is accomplished by separate active and passive
couplers having the characteristi cs listed in Table 4-8. There are a total
(maximum ) of 32 couplers used with the BBSA . Sixteen are used to monitor
8 full duplex (send/ receive ) baseband appearan ces and 16 are used to
inject test tone signals into the same baseband or on any other designated
baseband. Only one monitor and one inject coupler can be active simultan-
eously. The couplers are desioned to match the liae impedance (nominal
75 ohms unbalanced) to the 50 ohm scanner input wi th <1.0 dB loadin g on
the monitored baseband.

b. Hi gh Freq uency Scanner. The scanner used with the BBSA is a
20 x 1 dry reed switch matrix. Control signals deri ved from the Baseband
Signal Converter (BBSC) activate one switch closure at a time to select
a Baseband Coupler. The sio nal picked up by the coupler is routed to the
BBSC input.

c. Uaseband Si~nal Converter. The Basehand Signal Converter
(BBSC) provT~~~ iWe ‘~inct~ons o~ a tuned voltmeter and calibrated sin~1e
sideband rece iver t n  measure both frequency and amplitude of signals in
the 12 kHz to S MHz range . The BBSC me asure s sional levels within the
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bandwidths (bw ) of: 48 kHz (group), 3.1 kHz (channel), 16 Hz ( p i l o t ) .
Channe l bandwidths from any portion of the haseband can be translated
to voice frequency for external analysis. In addition , the BP~SC
provides a spectrum output for displ ay of superqroup , oroup , or channels
on an external oscilloscope.

d. Baseband Signal Injector. The Baseband Sional Injector (BBSI)
is a test tone generator used to inject a single frequency test tone
within the baseband frequencies from 12 kHz to 5.0 MHz. The test tone
is outputted to the baseband interface by a 1 x 20 dry reed switch
m a t r i x  t h r o u g h  pass ive , impedance matchinn , bridoe -on couplers (Baseband
Coupl ers ).

e. Frequency Synthesizers. Two John Fluke , Model 6039A Frecuency
Synthesizers are used with the BBS.4 . One synthesizer is used to control
the baseband  si gnal leve l measurement related processes and the other is
used to control the test sign a l injection process. The synthesizers are
control lable in 1 Hz increments to any frequency wi thin the 10 .012 MHz
to 15.000 MHz range . The BBSA uses 10.000 MHz as the frequency synthesizer
standard . Frequency generation is by master oscil lator and frequency
division and multip lication is accomplished by dinital and nhasel~ ck
loop circuits .

f. Contro l Processor. The Control Processor (CP ) is a Honeywell
Model H-3l6R solid state comp uter. The compute r contains an internally
stored program , which contro ls the functions of the BBSA in response to
commands received from the NSS or local I/O termi nal . Innut and output
buses are 16 bit parallel . Da ta and conviands are transmitted and
recei ved in USA Standard Code for Information Interchanne (USASCII or
ASC II) via a Data Li ne Controller Interface card inside the CP chassi ’ .

4.3.4 BBSA Leadin g Particulars.

The leading particulars of the BBSA and its major components are
summarized in Table 4-8.

4.4 ALARM REPORTING SUBSYSTEM (ARs)

The ARS , shown in Fi gure 4-18, automatically senses , displ ays , and
transmits the status of two -state alarms . Under control of the Nucleus
Subsystem or a local I/O termi na l, the ARS can monitor and displ ay the
status of up to 500 two-state alarms , in riroups of 50. The ARS consists
of up to ten Al arm Sensors which can monitor and displ ay up to 50
alarms each . Associate d Alarm Displays provide continuous presentation
of a larm states for local monitorino. In addition , a sing le M~ister
A larm Display is capable of se lecti ng and displaying the alarm states
of any one of the ten A larm Sensors .

Multiple /\ RSs , or continations of ARSs and MAUs , can sha re a sinale
full duplex tandem opera tion bus in a daisy chain manner as renresented
in Figure 4 -19 .
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TABLE 4—8. BBSA LEADING PARTICULARS

Dimensions (inches) 84.25H X 22.00W X 30.50D

Weight 580 pounds

Power

Primary ac 115 v ac + 10%, 47.5 to 63 Hz, single
phase, 3 wire

dc, self—contained + 5 V dc + 5%, regula ted
power supplies +15 V dc ± 5%, regulated

-15 V dc ± 5%, regulated
Consumption 500 watts

Cabling Requirements External cables fabricated on-site.
Internal cabling furnished .

Self Check

Frequency 1 MHz

Level -30 dBm

Accuracy + 0.1 dBm

Baseband Couplers

Active Couplers
Passive

Coupler (1) Bridging (2) Through (3)

Insertion Loss 1.0 dB 1.0 dBm --
Input Impedance 75 ohms 75 ohms 75 ohms

Output Impedance 75 ohms 75 ohms 75 ohms
(To Line)

Output Impedance 50 ohms 50 ohms 50 ohms
(To BBSC)

Attenuation 15.5 ± 0.25 dB —- ——
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TABLE 4-8. BBSA LEADING PARTICULARS (CaNT.)

Baseband Couplers (Cont.)

Active Couplers
Passive

Coupler (l) Bridging (2J Through (3)

Gain -- 16.3 ± 0.25 dB 15 ± 1 dB
VSWR 1:1.1 1:1.1 1:1.1

Frequency Range 12 kHz—5 MHz 12 kHz-5 MHz 12 kHz-5 MHz

Operational Range plus 20 dBm to minus 20 dBm minus 20 dBm
minus 20 dBm

Notes: 1. The passive couplers are used when monitoring basebands with
composite signal levels greater than -20 dBm and with the
Baseband Signal Injector.

2. The active (bridging) couplers are used when monitoring base-
bands with composite signal levels less than —20 dBm.

3. The active (through) couplers, which provide strappable 0 to
15 dB insertion gain to the monitored baseband signal , are
used to monitor AN/UCC—4 multiplexer transmit basebands.

High Frequency Scanner

Frequency 12 kHz to 5 MHz

Input Level —130 dBm to +20 dBm

Response ± 0.25 dB
Insertion Loss 0.1 dB (maximum)

Input Impedance 50 ohms ± 10 percent

4-44



TABLE 4—8. BBSA LEADING PARTICULARS (CONT.)

Frequency Synthesizer

Range i MHz to 160 MHz

Output Level +3 dBm to +13 dBm into 50 ohms

Accuracy ± 1 dB over frequency
Spurious Response

Harmonic 25 dB below fundamental

Non—harmonic ioo dB below fundamental

Baseband Signal Converter

Frequency:

Range 12 kHz to 5 MHz

Ampl Itude -9 dBm to —45 dBm
+ 0.25 (60 kHz - 2.5 MHz)
i 0.5 (12-60 kHz, 2.5—5 MHz)

Stability + 2 parts x lO~~/24 hours as a
~unct1on of ambient temperature(1 x 10—8 from -5CC to +55°C)

Selectivity of Software
(FF1) Filters

Bandwidth 3 dB Width (mm .) 60 dB Width (max.)

48 kHz 48 kHz 50 kHz
3100 Hz 3100 Hz 4 kHz
100 Hz 100 Hz 400 Hz
16 Hz 16 Hz 120 Hz

Spurious Response

Single/Pair Test Tone(s) Not greater than -60 dB with
respect to test tone level within
the measured channel
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TABLE 4-8. BBSA LEADING PARTICULARS (CONT.)

Baseband Signal Converter (Cont.)

Remote Control

Input Asynchronous, 150 baud

Code USASCII

Internal Standard 5 MHz ± 2 parts x 1O~~/24 hours

Temperature Stabil ity 1 x 10—8 from —5°C to +55°C

Auxiliary Output 5 MHz at +13 dBm

Baseband Signal Injec1~t’

Frequency:

Range 12 kHz to 5 MHz

Stability Same as Frequency Synthesizer

Output Level -10 dBm to -60 dBm
+ 0.25 dB (60 kHz — 2.5 MHz)

~ 0.5 dB (12—60 kHz, 2.5—5 
MHz)

Tnto 75 ohms through passive
Baseband Coupler .
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A simpl ified bl ock diagram of the ARS is shown in Flaure 4-20.

4.4.1 ARS Major Components.

The ARS Is comprised of from 1 to 10 Alarm Sensors , from 1 to 11
Alarm Displays , and 1 Master Alarm Displ ay. The ARS components are
designed to be mounted in a standard 19-Inch electronic enui pment rack.
Each component of the ARS has its own Internal power supply. Descriptions
of the ARS components are contai ned in the following subparaaraphs .

a. Alarm Sensor. The Alarm Sensor (Figure 4-21 ) senses and
displ ays up to 50 alarms modularly in groups of 10 front panel LED
(light emitting diode ) type indicators . The Alarm Sensor can stand
alone and be used as a local alarm sensor and displ ay. If a display is
desired remote from the Alarm Sensor , an Alarm Displ ay can be
incorporated. Al arms are designated as ma jor or mi nor and are proaramed
at the Alarm Sensor wi ri ng block at the time of installation . Sensed
major and minor alarm signals are routed to associated Indicator l amps
on the front panel of the Alarm Sensor.

The LED alarm indi cators are controlled by blink logi c which
functions in the following manner: If an alarm occurs after the front
panel ACK switch is depressed, the NON ACK front panel indicator liahts
and the LED alarm indicators flash at a 1.5 Hz rate. After the ACK
switch is depressed, the flashi ng indicators glow continuously and the
NON ACK indicator lamp Is extinguished .

The MAJOR ALARM i ndicator lamp on the front panel is lighte d
and remains lit as long as at least one major alarm is sensed. When
any alarm occurs the NON ACK front panel i ndicator lamp lights and remains
lit until the ACK switch is depressed.

The Alarm Sensor contains a sel f-test ci rcui t tha t when
activated causes each LED alarm indicator to revers e its state . If a
LED was lit , It  is extinguished and vi ce versa. This sel f-test feature
can be initiated by means of the SEL F TEST switch on the front panel s
of the Alarm Sensor and Master Alarm Displ ay , or by a comand from the
CPMAS Nucleus Subsystem (NSS).

b. Alarm Display. The Alarm Displ ay (Fi oure 4-22) displ ays up
to 50 alarms from an Al arm Sensor or Master Alarm Displ ay in groups of
10 front panel LED indicators . Except for the sel f-test function, a l l
Al arm Displ ay front panel controls/indicators and their functions are the
same as described for the Alarm Sensor. Activation of the SELF TEST
switch on the Alarm Display front panel liahts all the indicator lamp s
except the POWER Indicator lamo , which should be al ready lit.

c. Master Alarm Displ ay. The Master Alarm Displ ay (Finure 4-22)
has three functions . It multi pl exes alarm status data from u~ to 10Alarm Sensors Into a co-located Alarm Displ ay. It permits manual and/or
automatic sequential selection and displ ay of the status of up to 10
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Alarm Sensors on its front panel and as associated Alarm Displ ay . In the
automatic mode, the associated Alarm Displ ay displ ays each Alarm Sensor’s
alarms for approximately 20 seconds before switching to the next Alarm
Sensor that has an alarm condition . Information displayed on the front
panel of the Master Alarm Display incl udes any alarm active, any major
alarm active, and any alarms non-acknowledged from the Alarm Sensor or a
remotely located Alarm Displ ay. The thi rd function of the Master Alarm
Displ ay is to interface with the CPMAS NSS and/or a local I/O terminal .

4.4.2 ARS Leading Particulars.

The leading particulars of the ARS are sunirari zed in Table 4-9.

4.5 MEASUREMENT ACQUISITION UNIT ~MAU)

The MAU , shown in Figure 4-23, is desiqned to operate in a stand-
alone environment and as part of the CPMAS . The MAU provides automated
monitoring of voice frequency signal l evel s and dc vol tages. The MAU
also provides bus switching to accomplish signal routing or looping,
access to remote Input and output jacks, and scanner bus terminations .
Unlike the PATE , the MAU does not contain a mini -computer and Is not ,
therefore , a “prograninable” SAE. The MALi is capabl e of making several
of the basic measurements perfo rmed by the PATE , bei ng limi ted only by
not provi ding the addi tional parameters which are analytically deri ved
by the mini-computer. As an example, the MALi can measure the RMS value
of a VF signal level, but could not make Red/ Amber/Green judoements or
perfo rm trending .

Control of the MAU is accomplished via an associated I/O termi nal ,
comands recei ved from the CPMAS Nucleus Subsystem (NSS), or manual
front panel controls. The MALI provides front panel di spl ay of measured
values and also transmits these values to external devices upon request.
Figure 4-24 is a simpl i fied block diagram of the MALI.

The MAU is capable of dai sy chain operation with other MAtis and
ARSs as represented in Fi gure 4-19.

The MAli can also i nterface with and control selected eaui pment
options to provide additional monitor/test functions . These ontl ons are
described In Paragraph 4.6.

4.5.1 MALI Major Components.

The MAU consists of a standard 19-inch electronic equi pment rack
containing a Scanner Power Supply, from one to six Scanners , a Jack
Panel , a Measurement and Acquisitio n Control (MAC) unit , and a MAC Power
Supply. The MALI uses the same A Scanners and A/C Scanners , Scanner Power
Supply, and Jack Panel as the PATE (see Paragranhs 4.2.7c, 4.2.7b,
4.2.7e). The Measurement and Acquisition Control (MAC) is the co~rand
and processing unit for the MALI . The MAC contai ns the circui try necessary
to measure VF signal levels and dc voltages, generate and transmi t test
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TABLE 4—9. ARS LEADING PARTICULARS

Dimensions (inches~ 84.25H X 22.00W X 30.50D

Weight 438 pounds

Power

Primary ac 115 V ac ± 10%, 47.5 to 63 Hz,
single phase, 3 wire

dc, self—contained + 5 V dc ± 5%, regula ted
power supplies +15 V dc ± 5%, regulated

-15 V dc ± 5%, regulated
Consumption 220 watts

Note: The weight and power consumption figures listed above are for
an ARS consisting of a Rack Assembly, an Alarm Sensor, a Master
Alarm Display and two Al arm Displ ays.

Cabling Requ irements External cables fabricated on—site .
Internal cabling furnished .

Characteristics Sensed a. Dry contact relays normally
open or normally closed .

b. External dc voltages ,
normally present or normal ly
absent, capabl e of supplying
10 mA through 500 ohms.

c. External ac vol tages,
normall y present or normal ly
absent, capabl e of supplying
10 mA rms through 527 ohms.
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signals to the comunication ci rcuits , perform loopback functions , acce pt
coninands from the NSS or a local I/ O termi nal , control and Interface with
the A Scanners and A/C Scanners , and control and i nterface wi th options.
The MAC provides front panel controls for lmplementin q the basic measure-
ment and self-test functions. The MAC also provi des the 150. baud ASC II
interfaces with the NSS and the I/O termi nal .

The front panel of the MAC is shown in Fiqure 4-25. Finure 4-26
is a block diagram of the MAC unit.

4.5.2 MALI Leading Particulars.

The leadin g particulars of the MALI are summarized in Table 4-10.

4.6 MALi OPTIONS

MALI Options are available to satisfy particular requirements of the
operati ng site where an MAU is installed. The MALI can interface with and
control all or any combination of the options cited bel ow. Mul ti ple
options at a site are hardwired in a series chai n connected to the ~1AU via
the option control bus . The MAC provides the control interface between
the MAU and its options . Message commands received from the Nucleus
Subsystem or a local I/O termi nal are transmi tted by the MAU to the
addressed option over the option control bus in serial form at 150 baud.
The MAU Options are :

a. Test Signal Source

b. Pilot Moni tor

c. Baseband Monitor

d. Reflected Power Sensor

e. Switchin g/Loopback Group

f. Noise Loadi ng Group

g. Idle Line Sei zure Controller

A description of each option is contained in the follow i ng subparaaraphs .
The leading particulars of each option is summari zed in Table 4-11.

4.6.1 Test Signal Source (TSS).

The TSS provides remo te control led or manually sel ec tabl e test
signals for use in out-of-service testi ng of VF communication ci rcui ts .
The TSS is used in the out-of-service conflaurations of the Pf\TE and is
also used sepa rately as an MALI option for manual appl ications. The
capabilities and characteristics of the TSS are listed in Paragraph
4.2.7d of this report.
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TABLE 4—10. MAU LEADING PARTICULARS

Dimensions (inches) 84.25H X 22.00W X 30.50D

WeIght 510 pounds

Power
Pr imary ac 115 V ac ± 10% , 47.5 to 63 Hz,

single phase, 3 wire

dc, self-contained + 5 V dc ± 5%, regula ted
power su pp lIes +15 V dc ± 5%, regula ted

-15 V dc ± 5%, regulated
Consumption 500 watts

Note: The weight and power consumption figures listed above are for
an MAU cons i sting of a Rack Assem bly, a Scanner Powe r Supply,
four A Scanners , two A/C Scanners , a Tes t Signal Source , a Jac k
Panel , a Measurement & Acquisition Controller, and a MAC Power
Supply.

Cabling Requirements External cabling fabricated on—site.
Internal cabl ing furnished.

VF/DC Measur ements
DC

Vol tage Range +10 to - b y
Input Impedance >2 megohms
Accurac y 1 percen t or ± 1 my , whichever

is greater
Measurement Interval 0.1 second

Level -60 to +20 dBm
Inpu t Impedance

Bridging >10,000 ohms
Terminating 900, 600, or 135 ohms

Weighting Filters 3 kHz flat; C—Message ; 50 to
4100 Hz, all with or without
2600 Hz notch

Signal Source 1 kHz at 0, —10, -12 and —26 dBm
Source Termination 900, 600, or 135 ohms
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4.6.2 Pilot Monitor (PM).

The Pilot Monitor is used in conjunction with the PATE to measure
phase jitter and frequency offset of a frequency division multipl exer
(FDLI) master oscillator. The PM measures 96 kHz and 64 kHz, as
synchronizing pilots . It consists of a Pilot Translator Chassis, Pilot
Interface Chassis , and Power Supply Chassis. The Pilot Translator
function utilizes seven board positions in a scanner type chassis
which has a 13 ci rcuit board capaci ty (Figure 4-27). The remai ning
positions are used to accommodate the Switching/Loopback Group Control ,
another MAU option. The Pilot Interface Chassis contai ns a monitor
point transformer located at the pi l ot source. The Power Supnly Chassis
contains two regulated dc power supplies (± 15 vdc and +5 vdc) that
power the Pi lot Translator and the Switch inq/Loopback Control .

The Pilot Translator can accommodate up to ten pi lot i nputs , eac h
requiring a Pilot Interface l ocated at the source. The Pilot Translator
selects one of the ten pilot i nputs and transl ates it to 1 kP-lz for
phase jitter and frequency offset measurement by the PATE . It consists
of two digital control boards, t~ Form “C” scanner boards , an analog
board , an oscillator board , and a resistor board. The Pilot Interface
is a transformer which provides high bridge-on impedance to the measure-
ment point while mai ntai ni ng compatibility with the 135 ohm cable to the
Pilot Translator.

A block diagram of the Pilot Moni tor is shown in Figure 4-28.

4.6.3 Baseband Monitor (BM).

The Baseband Monitor furnishes measurements of three performance
related rati o link parameters at the frequency division multiplex ( FDM)
recei ver baseband. These parameters are the cor~ osite baseband rms power
leve l , the radio pilot level , and noise level in noise slots above and
below the data band. The noise level measurement works in conjunction
with the Noise Stop Filter option impl emented at the transmit end of the
radio link . The BM provides a single analog 1c output whi ch is related
to the measured parameter level . This dc output is measured by the MALI .

The BM consists of the Radio Interface Chassis (RIC) and the
Baseband Parameter Converter (BBPC ) chassis. The RIC houses the Baseband
Cou pler (BBC) , Interconnec tion Panel , and RIC mountabl e subassemblies
associated with other options . Figures 4-29 and 4-30 show the front
panel s of the BBPC and BBC , respectively. Figure 4-31 contai ns a block
diagram of the Baseband Monitor.

The Baseband Parameter Converter is a multimode basehand recei ver
wi th true rms measurement capability . The BBPC measure s the true ros
level of five parameters of the composite input sianal. The BBPC output
is a balanced dc voltage. Full scale output for each sianal mode is
+4 vdc. The full scale outputs are the resultant of single tone i nputs
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at the BBC whose maximum levels are : composite baseh. ’~ ~6 dBrn;
12 kHz radio pilot , -9 dBm; and 4 .7 MHz ioise slot , •- nF~m. Figu re 4-32
contai ns a block diagram of the Baseband Par~~l. er Cc nve rt e~
4.6.4 Reflected Power Sensor (RPS ).

The RPS is used to measure the fo rw a rd ani reflecte d power with~n
the microwave transmission feed for calculation of V~WR F v the C r M ~

r N~S.
The RPS consists of two chassis , the Power Meter Chassis (~ieure 4-33)
and the Microwave Interface Chassis (Fi gure 4-34). Both are mountable
in standard equipment racks . They must be loca ted within 200 cable feet
distan ce of each other. The Microwave Inter face Chassis mus t be mounted
as closely as physically possible to the transmission feed mon it or ~~int.A functional block diagram of the RPS is shown in Fi oure 4-35.

The Microwave Interface accepts both forw a rd and reflected power
inputs and through a Radio Frequency (RF) coaxial switch routes the
selected power to a second simi l ar switch. The second switch permits
the selected input or a dummy load to be connected to the power meter
thermal mount. The dumy load is utilized for auto zeroino the power
switch .

The Power Meter Chassis consists of a Hewl ett-Packard Model 432C
Power Meter, a control logic board , an interface logi c board , and two
power suppl ies. The i nterface logic board provi des the i nterface between
the MALI option control bus and the Power Meter. The control logic board
performs the message decoding , switch control , and auto zero control
functions. Data from the Power Meter is conti nuously hei nu loaded into a
parallel —to-serial converter located in the contro l logic hoard . ‘1hen a
data request is received from the i nterface logic board , the loadin a is
inhibi ted and the data is transmitted to the MAU through the M~C optioncont rol bus .

4.6. 5 Sw itching/Loopback Group (SLG).

The Switching/Loopback Group furnishes loopback of basehand and
Intermediate Frequency (IF) signals to their source . Auxiliary swi tchin g
is al so provided for limi ted dc and VF sianals.

The SIG is composed of three rack mounted chassis; the Radio
Interface Chassis (RIC), the Switching Loophack/ Pilot Translator Chassis
(SI/PT), and the Power Supply Chassis. The RIC houses the Baseband Relay ,
IF Rel ay, Interconnection Panel, and  RIC m o u n t a b l e  subassemb lies
associated wi th other options. Figure s 4-36 and 4-37 are front vi ews of
the Baseband Re lay and IF Relay , respective ly.

The SL/PT chassis contai ns the control cards to actua te the
baseband or IF relays . The control cards share the chassis with the
control cards for the Pilot Monitor. Card location 410 through A1 3 can
be utilized for auxiliary switching of DC and/or VF sianals. The control s
and logic are similar to the ones requi red for Loophack Operation.
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The Bas eband Relay ( BBR) pro vi des one way loophack of a full
duplex link. The relay is loca ted, electrically, between the multiplex
and radio equipment. The Intermedi ate Frequency Relay (TER ) performs
two-way loopback usina a coaxial transfer switch to loop both links on
either side of the relay break ooint . RFI fi lterino prevents control
line pickup of unwanted signals by the IF rel ay . Figures 4-38 and 4-39
contain simplified interconnect b lock dia grams of a typical BBP and IFP ,
respecti vely.

4.6.6 Noise Loadina Group (NLG).

The Noise Loadi ng Group consists of fi ve tyoes of eo~~nment inter-
connected to provide selecti ve group and superaroup noise loadin a
capability for a frequency division multiplexer (FPM) set. The FILC also
provides selective in-band noise power ratio (NPR) measurement nf unloaded
groups and supergroups or of specifi c channels. The proorammable amolitude
and control led spectral characteristics of the noise test signal allow
testing of intermodulation distortion generated by FDM systems . The
el ements which comprise the Noise Loading Group are :

a. Group/Superaroup Noise Generator (G/SGIiG).

b. Supergroup Switch ( SGS).

c. Supergroup Switch Patch Panel (Sr~SP/P).

d. Group Switch (C 1S).

e. Group Switch Patch Panel (GSP/P).

Fiqures 4-40, 4-41 and 4-42 are front views of the Group/Superqroup
Noise Genera tor , Supergroup Switch , and Group Switch , respecti vely. A
block diagram of the Noise Loading Group is conta ined in Fioure 4-43.

Interf ace to the FOM set is at the supergroup and group distribution
frame by way of the SGSP / P and GSP/P . Provision is made within the SGSP/P
and GSP/P, for manual l ockout of selected superqroups or grouns in order
to prevent undesired ci rcuit breaking or noise loading within the locked
out channel . In the event of a power failure , all channels go to the
normal through configurati on . The Group/Supergroup noise source is
furnished by a common pseudorandom di oi tal noise aenerator. Level
stabilizers are used to maintain the noise source output at 10 volts
peak-to-peak . A 200 millisecond repetition rate and a 20 bit random
word pattern through a rino counter provi de 22~’_ l different diqital
states to insure nearl ’ pure white distri buted noise and spectra l content
in 5 Hz increments . A bit Interval of 200 nanoseconds , as provi ded by a
stable cl ock oscillator , insures a uniform magnitude response for the
Group and Supergroup frequency ranoes. The generator output is divided
into Group and Supergroup frequenci es, by passive bandpass filters .
Provisions for clearing of injected noise within the speci fied VF
channels at the low and high ends of the Group and Superaroup frequency
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bands is accomplished by notches at the band edges of each fi lter. Use
of proqramable attenuators of a reed relay desl~n provi de maximum
isolation and repeatability . A sinal e threshol d level monitori ng ci rcui t
senses the output from the attenuato rs to detect gross fai lures in output
level or signifi cant deviation from preset levels .

4.6.7 Idl e Li ne Sei zure Controller (ILSC ).

The Idle Line Seizure Controller (Fi gure 4-44) determi nes the VF
channel idle/busy status and seizes idle channel s for channel testing .
u S C  utilization is on interswitch Autovon trunks and subscri ber lines
wi th 2600 Hz SF (Single Frequency) signalling . Figure 4-45 contai ns a
system configuration diagram of the ILSC i nterface and control .

a. The ILSC has three major operati na modes: bridne-on detection ,
transparency seizure , and conditional sei zure.

(1) Bridge-on detection mode - Determi nes the Tx and
associated Rx line idle/busy status .

(2) Transparency sei zure mode - Performs a sinal e point
seizure with replacement of the 2600 Hz SF si gnal duri ng idle periods .
The seizure and SF replacements occur on both transmit and receive lines.
The ILSC monitors both lines before the sei zure poi nt to determi ne when a
call for service occurs . A call for servi ce causes the ILSC at the
seizure end to restore the line for norma l usage i ndependent of the
measurement status . Since there is no communication necessary between
the seizure point and measurement end , the restorina time is less than
50 milliseconds , the time of detecti ng a call for service and reed
relay switching .

(3) Conditional sei zure mode - Identical to the transparent
seizure except service is not restored until testi ng is compl ete. The
conditional seizure mode is utilized to provi de a two point sei zure for
out-of-service testinc.

b. The ILSC can be used in three different modes: normal test
mode , special test mode, or maintenance mode.

(1) Normal test mode - Seizure is performed duri na idle periods
and is transparent to the user. The transparency is obtained by restorina
the lines upon request for service . The normal usage mode is utilized for
measurements of idle channel noise , channel aain , 2600 Hz phase jitter,
phase hits , amplitude hits , dropouts , and noise frequency . The measurement
is between the sei zure poi nt and any down s tream bridge-on measurement
poi nt.

(2) Special test mode - Two poi nt “conditional sei zure” for
out-of-service testin a . Seizure Is performed duri ng idle peri ods and
does not restore service until testi ng is convlete. The 2600 Hz signals
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are replaced during seizure on lines external to the two point seizure
link . The special test mode Is utilized for out-of-service measurements
of envelope delay, intermodulation distortion , harmonic distortion ,
frequency response, impulse noise , loopback tests, and special tests .

(3) Maintenance mode - Provides bri dge-on line status (if
necessary) before seizing by normal MPh or PATE oneration .

4.6.8 MAU Options Leading Parti culars.

The leading particulars of the MAli options are summari zed in
Table 4-11.

4.7 ANCILLARY EQU IPMENT

The Voice/ Data Continer (Fioure 4-46) and Noise Stop Filter (Figure
4-47) are ancillary equi pments utilized in the CPt”P~ . Descriptions of
these devices are contained in the followi no subparaaraphs .

4.7.1 Voice/Data Continer (V/DC).

The V/DC is used to provide sinultaneous and independent communi-
cation of VF signals and narrowband frequency shift keyed (FSK) data
signals over voice grade communication channels , such as orderw ire
circuits . The V/DC consists of a Speech Plus Data Panel and a Data
Modem Interface (DM1). The Speech Pl us Data Panel is a standard
Lenkurt Unit wi th an in-band FSK data channel centered at 1920 Hz.
The unit handles the ATEC 150 baud data rate and 2600 Hz in-band
sinnalling tones. The DM1 contains power supply, FSK modem boards
and universal , strappabl e , gain VF amplifiers . The ampl i fier is
utilized for level normalization , as requi red , for each ins tallation.
The DM1 is expandable to handle two full duplex data terminals. A
diagram of the V/DC is shown In Figure 4-48. The leadi na particulars
of the V/DC are listed in Table 4-12.

4.7.2 NoIse Stop Filter (11SF).

The Noi se Stop Filter is a passive LC notch filter used to
elimi nate noise outside the baseband bandwidth prior to microwave
transm iss ion when exi sti ng no ise power ratio ( N PR) or “roofing ” fil ters
do not exist or are not adequate . Basically, the fil ters Insure that
received noise level above and below the baseband reflect only the
noise contributions due to the eier’ents cor’posina the radio link , that
is, transmi tter spectrum splatter, transmitter noise , transmission media
noise, recei ver noise and transmitter/ receiver intermodulation. Tynical
ATEC el ements which can perform an out-of-band noise level measure ment
are the Baseband Monitor MPh Option and the Basehand Sis~nal Analyzer
(BBSA) . The Noise Stop Filter cannot be remotel y swi tched out-of-servi ce
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but coaxial connectors allow manual bypass . The NSF un its moun t In the
Radio Interface Chassis (RIC) to allow operation near the link radio.
Although speci fic center frequencies as required per Installation may
be used, 36 kHz and 4.7 MHz units have been developed as satisfying the
majority of microwave and tropo transmi ssion requirements . The NSF
configurations are shown in Figure 4-49 . The leading particulars of the
NSF are listed in Table 4-13.
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TABLE 4—11. MAU OPTIONS LEADING PARTICULARS

PILOT MONITOR

Dimensions (inches)

Pilot Translator 3.50H X 19.00W X 23.50D
Pilot Interface l.75H X 19.00W X 17.25D
Power Supply 5.25H X 19.00W X 14.000

Weight 42 pounds

Power

Pr imary ac 115 V ac + 10%, 47.5 - 63 Hz,
3 wire, sTngle phase

dc, self—contained + 5 V dc, ± 5% regulated
power supplies +15 V dc, ± 5% regulated

—1 5 V dc, + 5% regulated

Consumption 40 watts

Pilot Frequencies 96 kHz and 64 kHz (can be increased
to measure up to 4 frequencies)

Frequency Transla tion Error <1 Hz

RMS Deviation Translation Error <20 percent relative to the input
or 0.1 Hz whichever is greater

Input Voltage Range 5 v m s  to 5 mvrms with overvoltage
protection

Input Bridge—on Impedance > 20K ohm at the Pilot Frequency

Output Level (1 kHz) —5 dBm + 5 dB into 600 ohms,
bal ance~ load

Output Impedance (1 kHz) < 60 ohms, balance d

Input Capability 10 inputs (remoted up to 200 feet
maximum )

Input to Input Isolation > 70 dB
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TABLE 4—11. MAU OPTIONS LEADING PARTICULARS (CONT.)

BASEBAN O MONITOR

Dimensions (Inches)

Radio Interface Chassis 3.50H X 19.00W X 8.006
Baseband Parameter Converter 7.OO H X 19.00W X 20.750

Weight 47 pounds

Power

Pr imary ac 115 V ac + 10%, 47.5 — 63 Hz,
3 wire, sTngle phase

dc, self—conta ined + 5 V dc ± 5%, regulated
power suppl ies +15 V dc ± 5%, regulated

— 15 V dc ± 5%, regulated

Consumption 30 watts

Baseband Frequency Range 300 Hz to 10 MHz

Baseband Insertion Loss ( 1 dB with ± 0.2 dB flatness

Input Level 250 my maximum

Baseband VSWR and Impedance 1.10 maximum , 75 ohms, unbalanced

Measurement Frequency Range 8 kHz to 10 MHz

Standard Measurement Frequencies

Composite Base ban d 8 kHz to 10 MHz
Low Frequency Radio Pilot 12 kHz
Low Frequency Noise Slot 36 kHz
High Frequency Radio Pi1~t 3.2 MHz
High Frequency Noise Slot 4.7 MHz

Output Level s High Range: +4.OV to +O.4V
Low Range : —4.OV to -0.4V
Auto Ranging, Balanced Output

Measurement Sensitivities

Radio Pilots -6 dBmO nom; Baseband IlL of
— 15 dBm , 34 dB dynamic range
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TABLE 4— 11. MAU OPTIONS LEADING PARTICULARS (CONT.)

BASEBAND MONITOR (Cont.)

Measurement Sensitivities (Cont.)

Noise Slots —50 dBmO nom , dependent on in-
band noise loading l evel , 30 dB
dynamic range

Compos ite Base band Stan dard DCS FDM Baseband Load ing
Formulations relative to a IlL of
—15 dBm, 34 dB dynamic range

RMS to DC Conversion ± 0.5 dB over the dynamic range
Linearity

Input Capability 10 addressable inputs; 9 Baseband
Coupl er inputs (remoted up to
200 cabl e feet maximum) 1 Baseband
Parameter Converter test input

REFLECTED POWER SENSOR

Dimensions (Inches)

Microwave Interface Chassis 3.50H X 19.00W X lO.50D
Power Meter Chassis 7.OOH X 19.00W X 20.OOD

Weight 50 pounds

Power

Primary ac 115 V ac, ± 10%, 47.5 — 63 Hz,
3 wire, single phase

Consumption 50 watts

Accuracy <.1 dB, for inputs above 5 microwatts

Sensitivity 5 microwatts

Dynamic Range 30 dB

Frequency Range 4.4 GHz to 8.2 GHz

Remote Capability < 200 cabl e feet (total)
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TABLE 4-il. MAU OPTIONS LEADING PARTICULARS (CONT.)

SWITCH ING/LOOPBACK GROU P

Dimensions (inches)

Radio Interface Chassis 3.50H X 19.00W X 8.OOD
Switching Loopback Control! 3.50H X 19.00W X 23.50D

Pilot Monitor Chassis
Power Supply 5.25H X 19.00W X l4.OOD

Weight 27 pounds

Power

Primary ac 115 V ac ± 10%, 47.5 — 63 Hz,
3 wire, single phase

dc, self—contained + 5 V dc ± 5%, regulated
power supplies +15 V dc ± 5%, regulated

— 15 V dc ± 5%, regulated

Consumption 150 watts

Frequency Range

Baseband Relay 300 Hz to 10 MHz

IF Relay 60 MHz to 80 MHz

VSWR

Baseband Relay ~. l.l over baseband frequency range

IF Relay <.1.15 over IF frequency range

Impedance 75 ohms , unbalanced

Insertion Loss 0.2 dB for the “normal through”
path and the l oopback path

Crosstalk and Isolation

Baseband Relay >95 dB crosstalk between the
transm i t & rece ive “normal through”
paths

>60 dB isolation for the normal
transmit & receive signal paths
during loopback operations
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TABLE 4—i l. MAU OPTIONS LEADING PARTICULARS (CONT.)

SWITCHING/LOOPBAC K GROUP (Cant.)

Crosstalk and Isolation (Cont.)

IF Relay >65 dB crosstal k between the
transmit & receive “normal
through” paths

‘50 dB Isolation for the normal
transmit & receive signal paths
duri ’ng loopback operations

Switch Contacts hermetically sealed

Relay Voltage ± 15 vdc

Baseband Attenuator

Frequency Range 300 Hz to 10 MHz

Impedance 75 ohms , unbalanced

Attenuator 16 dB to 46 dB in 2 dB steps

Attenuator Accuracy ± 0.25 dB plus 1 percent of
attenuator setting

Power Dissipation 0.25 watt average

NOISE LOADING GROUP

Dimensions (inches )

Group/Supergroup Noise 7.OOH X 16.625W X 20.75D
Genera tor

Supergroup Switch 7.OO H X 16.625W X 20.75D
Supergroup Switch Patch 3.50H X 17.25 W X 16.750

Pane l
Group Switch 7.OOH X 16.625W X 20.75D
Group Switch Patch Panel 3.50H X 17.25 W X 16.750

Weight 124 pounds (includes one each
of above elemen ts)
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TABLE 4-11. MAU OPTIONS LEADING PARTICULARS (CONT.)

NOISE LOADING GROUP (Cant.)

Power

Pr imary ac 115 V ac + 10%, 47.5 — 63 Hz,
3 wire, sTngle phase

dc, self contained + 5 V dc + 5%
power supplies +15 V dc + 5%

-1 5 V dc ± 5%

Consumption 700 watts

Supergroup Signal Interface

Connections Christma s tree terminal bl ock

Character istic Impedance 75 ohms, unbalanced

Frequency Range 312 kHz - 552 kHz (mm )

Input VSWR (max) 1.05 except during noise loading,
1.2 during noise l oading

Output VSWR (max) 1.05

Isolation 75 dB (mm )

Noise Loading Level +4 dBm (Supergroup Noise Generator
per Supergroup at maxim tim output)

Group Signal Interface

Connec ti ons Chr i stmas tree term inal bloc k

Characteristic Impedance 135 ohms , balance d

Frequency Range 60 kHz - 108 kHz’ (mm )

Input VSWR (max) 1.05 except during noise loading,
1.2 during noise l oading

Output VSWR (max) 1.05

Isolation 75 dB (mm )

Noise Loading Level —20 dBm (Group Noise Generator
per Group at maximum output)
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TABLE 4—11 . MAU OPTIONS LEADING PARTICULARS (CONT.)

NOISE LOADING GROUP (Cont.)

No i se Genera tor Outputs

Group Switches 8 outputs (max ) at up to 200
cabl e feet

Supergroup Switches 8 outputs (max) at up to 200
cabl e feet

Connectors (All) Twinax

Noise Loading Group + 3 dB of nominal from 68 kHz to
Spectral Density TOO kHz; greater than 60 dB below

nom inal for frequenc ies between
56 kHz to 64 kHz and 104 to 112 kHz;
grea ter than 40 dB below nom inal for
frequencies below 56 kHz and above
112 kHz

Noise Loading Supergroup ± 3 dB of nominal from 340 kHz to
524 kHz; greater than 60 dB below
nominal for frequenc ies between
280 kHz to 320 kHz and 554 kHz to
584 kHz ; greater than 40 dB below
280 kHz and above 584 kHz

Level s Con tro l la ble i n 1 dB steps over
30 dB range to —20 dBm (max)

Switching Capacity per Chassis

Supergroup Up to 10 supergroups

Group Up to 25 groups

Patch Panel Impedances

Supergroup 75 ohms , unbalanced
Group 135 ohms , balanced
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TABLE 4-li. MAU OPTIONS LEADING PARTICULARS (CONT.)

IDLE LINE SEIZURE CONTROLLER

Dimensions (inches) 7.OOH X 19.00W X 22.OOD

Weight 45 pounds

Power

Primary ac 115 V ac + 10%, 47.5 — 63 Hz,
3 wire, sTngie phase

dc, self—contained +15 V dc ± 5%, regulated
power supplies — 15 V dc ± 5%, regula ted

Consumption 150 watts

Idle Chann el Detection Full Du plex

Idle Channel Seizure Full Du plex on Id le L ines

Reinserted SF Signal Level

Transmitter —20 dBmO ± 1 dB with strappable
test tone level s of +4, 0, -2, —4
or —1 5 dBm

Receiver -20 dBmO ± 1 dB with strappable
test tone l evel s of +7, +4, 0,
-2 or 8 dBm

Re inser ted SF Signal Dr ive 135 ohms , 600 ohms, or 900 ohms
Impedance balanced, strappabl e

Reinserted SF Signal Frequency 2600 Hz ± 0.2 Hz

VF Channel Status Detector 2600 Hz ± 15 Hz tone present on theIdle Cond iti on transm it and rece ive l ines for > 2
seconds at a steady state level of
—29 to —1 1 dBmO

L ine Restoration Time 50 m i ll isecon ds
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TABLE. 4—12. V/DC LEADING PARTICULARS

Dimensions (inches)

Speech Plus Data Panel 1.75H X 19.375W X 1O.OOD

Data Modem Interface 5.25H X 19.375W X 17.OOD

WeIght 40 pounds

Power

Prima ry ac 115 V ac ± 10%, 47.5 — 63 Hz
single phase, 3 wire

dc, self-contained +12 V dc ± 5%, regulated
power supplies — 12 V dc ± 5%, regulated

Consumption 10 watts
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TABLE 4—13. NSF LEADING PARTICULARS

Dimensions (inches) 3.50H X 5.60W X 2.25D

Weight 5 pounds

Powe r Not requ i red
Stop Ban d Center Frequency

Below Multiplex Band 36 kHz

Above Multiplex Band 4.7 MHz

Notch Attenuation

36 kHz NSF 30 dB minimum at 4.5 kHz bandwidth

4.7 MHz NSF 30 dB minimum at 250 kHz bandwidth

Insertion Loss 0.35 dB max., 300 Hz - 8.5 MHz
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TABLE 4—13. NSF LEADING PARTICULARS (CONT.)

Opera ting Level Equ i valen t to Test Tone level of
-45 dBm

Impedance (Input/Output) 75 ohms unbalanced

In put/Output Connec tor INC

Noise Power Ratio 75 dB minimum
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SECT IO~ 5

CPF~PS CO~MON DESIGN CHARACTERISTICS

5.1 GENERAL

This section sumari zes those design characteristics and requirements
of the CPMAS equipments that are not reflected in the individual descrip-
tions of functional performance . The listed characteri stics apply to each
CP~1AS equipment except where specifi c exceptions are noted .

5.2 TRANSPORTABILITY

The CPMAS equipments were desic~ned to be transr,orted by rail , air ,ship and highway carriers .

5.3 STORAGE

a. Serviceable: To be packed with desiccant , wrapped in pliofi lm
vapor ba rrier and stored in an upright position in a dry warehouse.

b. Unserviceable: To be stored in an upri ght position in a dry ,
end osed warehouse.

5.4 ENVIRON MENTAL CONDITIO NS

5.4.1 Service Conditions.

The CPMAS equipments were desiqned and constructed to meet the
following service conditions .

a. Temperature :

(1) Non-operatIon , transit , storaqe : mi nus 18°C (0°F) to
pl us 52°C (plus 125°F).

(2) Operation : pl us 13°C (plus 55°F) to pl us 350C (pl us 95°F).

b. Low Pressure:

(1) Non-operation , transit , storane : sea level to 50,000 ft
(3.44 in of Hg).

(2) Operation: sea level to 5,000 ft (24.89 in of Hq).

c. Shock : After encounteri ng shocks durino servi ce and handlino
and duri ng shipment by land , sea , and air.

d. Vibration : After encounteri nq vi brations during oneration
and shipment by land , sea, and air.
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e. Humidity :

(1) Non-operational storage as packacied for shinme nt : Up
to 100 percent relative hisnidity , i ncl udi ng condensation due to
temperature changes .

(2) Operational: Up to 80 percent relative humidi ty wi thout
condensation .

f. Fungus : When exposed to heterotrophic pl ants In wa rm , humi d
atmosphere .

5.4.2 Environmental Tests.

Environmental testing was conducted in accordance with Milita ry
Standard MIL-STD-8lOB , “Envi ronmental Test Methods ” , with exceptions and
additions as follows:

a. Low Temperature. Method 502, Procedure I , Step 2, storaae
temperature mi nus 18°C (0°F) for not less than 48 hours ; Sten 4, operating
temperature pl us 13°C (p1 us 55°F).

b. Hi gh Temperature. Method 501 , Procedure II. Step 7 , operatinci
temperature pl us 35°C (pl us 95°F).

c. Shock : Method 516.1. Procedure I, termi nal peak sawtooth
pulse , 20 g peak value , 11 milliseconds time duration , Figure 516.1-1 ;
equipment non-operating as packaged for transit and Procedure V, except
the Disk Dri ve Uni t which was subjected to the following Bench Handlin g
criteria:

Test I tem Drop

Over 40 lbs . 0.5 in. (or mi nimum of Procedure V,
whichever is less)

d. Vibrations : Method 514.1. Procedure X , Curves AW an d AY ,
Notes 1 and 2, equipment non-operati ng , total land transportation 3,000
ml 1 es.

5.5 ELECTROMAGNETIC COMPATIBILITY (EMC) CONTROL

5.5.1 ElectromagnetIc Interference (EM!) Control Reaui rements.

The CPMAS equipments were designed to conform to the EM! emission
and susceptibility requirements of Military Standard MIL-STD-461A ,
Notice 3, “Electromagnetic Interference Characteristics; Requirements
For Equipment” , for Class A3 equipment as listed in Table 5-1
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TABLE 5-1 . EM! CONTROL REQUIREMENTS

Test Method Title Frequency Range

CE 01 Conducted Emissions 240 Hz - 20 kIIz
Power Li ne

CE 02 Conducted Emissions 240 Hz - 20 kHz
Signal Line

CE 03 Conducted Emissions 0.02 - 50 MHz
Power L i ne

CE 04 Conducted Emissions 0.02 - 50 MHz
Signal Li ne

RE 02 Radiated Emissions 14 kFIz - 1 qHz
Electri c Fiel d

CS 01 Conducted Susceptibility 30 Hz - 50 kHz
Power Line

CS 02 Conducted Susceptibility 50 kHz - 400 MHz
Power Line

CS 06 Conducted Susceptibility Spi ke
Power Line

RS 02 Magnetic Fiel d (Inducti on ) 60 Hz
Susceptibility 20 amps , Spi ke

RS 03 Electric Field (Radiated) 14 kHz - 10 aHz
Susceptibility

~lTE: C = Conducted
R = Radiated
E = Emission
S = Susceptibility
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5.5.2 EM! Testing .

EM! testing of the CPMPS equipments was performed accordino to
the procedures given in Militar y Standard MIL-STD—462, Notice 3,
“Electromagnetic Interfe rence Cha racteri s tics , Measurement of ” , to
veri fy the requirements listed in Table 5-1 . Minor out of limi t
conditions were observed during Test Flethods CE 04 and RE 02 for the
PATE , BBSA , ARS , MPU , PM and PATE , BBSA , APS , MI~tJ , resnecti vely.
The PATE , BBSA , PM and BM did not completel y meet specifi ed require-
ments for RS 03 Electri c Field Susceptibility (5 volts/meter) at
several frequencies . However, these equinments were determi ned to he
completely suitabl e for the operatinq environment based on actual
electric field radiation measurements taken at overseas ATEC test
sites. In all cases the field measureme nts were less than 0.5 volt!
meter and in most cases less than one millivolt/meter.

5.6 RELIABILITY

5.6.1 Mean-Time-Between-Failure (MTB F) Data.

Table 5-2 lists the speci fied and predicted MTBF fioures for
the CPtTAS equipments .

5.6.2 Rel i ability Prediction.

A reliability prediction for each CPMAS equi pment was performed
usi ng “RADC Reliability Notebook” , RAPC TP-67-108, Vol . II , and Militar y
Handbook MIL-HDBK-21 7B, “Reliability Prediction of Electronic Equinment” .

5.6.3 Reliability_ Demonstration.

Reliability demonstration testing was performed for the NSS
equ ipments , PATE , ARS , and MAU. This testi ng consisted of fi xed ,
250-hour tests of each equipment.

5.7 MAINTAI NABILITY

5.7.1 Maintainability Requirement.

A Mean-Correcti ve-Ma i ntenance-Time (Fat) no greater than 28
minutes and a Maximum-Correcti ve -Maintenance Time (‘~ ax ct ) no greater than
84 mi nutes (95th percentile) were speci fi ed for each CPMAS equinment.
A scheduled mai ntenance (i .e., preventi ve maintenance ) time not to
exceed 30 minutes per period was speci fied for each CPMAS eoui pment ,
where the period does not recur more frequently than once for each
168 hours of equipment operation .
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TABLE 5-2. MEAN-TIME-BETW EEN-FAILURE (MTBF) DATA

Specified Predicted
MTBF MTBF

Equipment (Hours) (Hours)

Centra l Processor 190 187

Data Concentrator Set 130 168

Technical Control Console 450 357

PATE Variabl e No. (Function )

1 (IQCS) 320 336

2 (I/OQCS ) 240 255

3 (DOMs ) 330 339

4 (IQCS-MSMS ) 290 290

5 (I/OQCS-MSMS) 230 239

6 (IQCS-MSMS-ODMS) 280 286

7 (IQCS-DDMS) 310 324

8 (I/OQCS-DDMS ) 240 252

9 (I/0QCS-DDMS .MSMS ) 230 237

BBSA 260 293

ARS 425 451

MAU 650 659

A Scanner 3600 3626

A/C Scanner 3600 3659

TSS 1875 1909

PM 5800 7416

BM 2800 3491

V/DC 5000 7416

NOTE: The PATE and MAU MTBFs do not include the scanners .
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5.7.2 Mai ntai nability Demonstration.

Maintainabili ty demonstration testing of the NSS equi pments , PATE ,
ARS , and MAU yen fled the ~Tct and MMaxct sped fled for these equipments.
The demonstration was performed In accordance with the corrective
maintenance provisions of Test Method 2 of Milit ary Standard MIL-STD-47l,
“Maintai nability Veri fication Demonstration/Evaluation ”, us ing a consumer ’s
risk of 10 percent.
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SECTION 6

REFERE NCE DOC UMENT S

6.1 GENERAL

The information in this report was obtained from various military
specifications and standards , manuals , and other documents listed below .

6.2 SPECIFICATIONS

The hardware and computer program speci fications for the CPMAS
equipments are listed in Tables 6-1 and 6-2, respectI vely.

6.3 MILITARY STANDARDS

a. MIL-STD-1 88-100, “Conron Lona Haul and Tactical Cortinunication
System Technical Standards ,” 15 November 1972.

b. MIL-STD-1 88-310, “Subsystem Design and Engi neeri ng Standards
for Technical Control Facilities ,” 2 August 1971.

c. MIL-STD-490, “Specifi cation Practices ,” 30 October 1968.

d. MIL-STD-B1OB, “Environmental Test Methods ,” 15 June 1967,
Noti ce 1 (20 October 1969), Notice 4 (21 September 1970).

e. MIL-STO-461A , “Electromagnetic Interference Characteristics
Requirements for Equipment ,” 1 August 1968, Notice 1 (7 February 1969),
Notice 2 (20 March 1969), NOtICe 3 (1 May 1970).

f. MIL -STD-462, “El ectromagnetic Interference Characteristi cs,
Measurement of,” 31 July 1967, Notice 1 (1 August 1968), Notice 2
(1 May 1970).

g. MIL-STD-471 , “Mai ntainability/Veri fication Demonstration/
Evalua tion ,” 15 February 1966, Notice 1 (9 Apri l 1968).

h. MIL-STD-483, “Configurati on Management Practices for Systems,
Equipment , Munitions , and Computer Programs ,” 31 December 1970.

6.4 MANUALS

a. Technical Manual , Operation and Maintenance Instructions ,
Nucleus Subsystem , HA4-l—14N-Ol , Vol . I & 11 , Apr11 1976.

b. Techn cal Manual , Operation and Maintenance Instructions , Tes t
Set, Electronics Systems AN/GYM-13(V) (Proqranrable ATEC Ti ina l
Element), HD4—2-09P—Ol , Vo ls. I , II , & I I I , 29 June 1976.
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c. Operation and Maintenance Handbook for Baseband Slonal
Analyzer (BBSA), HA4-2-15S-Ol , May 1975.

d. Operation and Maintenance Handbook for Moni tor Telemeterino
Unit (MTU), HA4-2-15M-Ol , Septenter 1973.

(1) MTIJ Addendum No. 1 - Voice Data Contlner, October 1974.

(2) MTtJ Addendum No. 2 - Noise Stop Filter, October 1974 .

(3) MTU Addendum No. 3 - SwitchinofLoopback Grout,, October 197d ..

(4) MTU Addendum No. 4 - Pi l ot. Monitor , October 1974.

(5) Mlii Addendum No. 5 - Idle Line Seizure Controller ,
October 1974.

(6) MTU Addendum No. 6 - Noise Loadi na Group , Dece~ter 1974.

(7) MTU Addendum No. 7 - Baseband Monitor Group , November 1974.

(8) MTU Addendum No. 8 - Reflected Power Sensor, Noventer 1974.

6.5 OTHER PUBLICATIONS

a. “System Description , Automated Quality Monitor Reportina
Subsystem,” SD-0568, Stelma , Incorporated, May 196R .

b. Felk , R. 1., “A Concept for Semi-Automa ted Technical Control
(SATE C) for Cos~ unications Facilities ,” Operations Research Renort
5-ORR-67, Septenter 1967.

c. RADC-TR-70-121 , Fina l Technical Report, “Automated Technical
Control (AlEC)” , Honeywell , Incorporated , Aucust 1970: Vol . I, Part I
(AD 874-539) Vol. 1 , Part II (~1) 874-546); Vol . II (AD 87’~-547).

d. RADC-TR-70-l20, Fina l Technical Report , “Autoriated Technical
Control ”, Philco -Ford Corporation , July 1970, Vol . 1 (An 873-034),
Vol . II (AD 873-035).

e. RADC-TR-76-302, Fina l Technical Renort, “ATEC Dthital Adaptation
Study , FKV Requirements for PA/FT/TA ,” Honeywel l , Incorporated ,
October 1976; Vol . 1 (A033538): Vol. II (A033566); Vol . III (Afl33716).

f. Bel l System Technical Reference PUB 41009, “Transmission
Parameters Affecting Voiceband Data Transmission Measurina Technipues ,’
January 1972.
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g. RADC-TR-67-1O8, “RADC Reliability Notebook ,” Vol . II
(AD 821-640), Septenter 1967.

h. Military Handbook , “Reliability Prediction of Electronic
Equipment ,” ~IL-HDBK- 217B , 20 September 1974.

1. DCA Circular 310-70-1 , “DCS Technical Control ,“ Defense
Conriunication Aqency, Vols. I , I I , I I I , IV , January 1967.

j . “Program of Instruction for Operator Traini na of the
Automated Technical Control System (ATEC),” Air Trainin q Con~nandCourse No. 1ASC30750/TVC, Vols. I & II , December 1975.
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METKJC SYSTD~
BASE UNrTS:

Quantify - Unit S~~~~~~~l Formula

length metre m
mass kIlogram k g
ti me second $
electr ic curre nt ampere A
thermodynamic temperature kelvin K
amount of su bstance mole mol
luminous intensity candela cd

SUPPLEMENTAIY UNITS:
plane angle radian red
~~lid angle ste radian at

DrIIVED UNITS:

AcceleratIon metre per second squared ... m/s
activity (of a ra dioactive source) disintegration per second (disintegration) !.
angu lar acceleration radian per second squared .. radii
angular velocity rad ian per second .. ta d/s
area square metre m
density kilogram per cubic metre ... kg/rn
electric capacitance farad F A-s/V
electrical conductance siemens S AN
electric field strength volt per metre .. . Vim
electric inductance henr y H V-s/A
electric potential difference volt V W1A
electric resistance ohm V/A
electromotive force volt V WIA
energy joule I N-rn
entropy joule per kelvin ... J/K
force newton N kg-mis
frequency hertz Hz (cycle)!.
illu,ninsnce lux lx im/m
luminance ..andela per square metre . .. cd/m
luminou s flux lumen Im cd-sr
magnetic field strength ampere per metre Aim
magnetic flux weber Wb V4
magnetic flux den sity tesla T Wb/m
magnetomotive force ampere 4
powe r watt W J/s
pressure pascal Pa N/rn
quantity of electricity coulomb C A-s
quantity of hea t joule N-rn
radiant Inten sity watt per steradian ... W/sr
specific heat joule per kilogram -kelvin ... J /k g K
stre ss pasca l Pa N/rn
thermal conductivity watt per metre-kelvin Wlm-K
velocity metre per second ... rn/s
viscosit y, dynamic pascal-second .. . P5’S
viscosity, kinematic square metre per second ... rn/s
voltage volt V WJA
volume cubic metre m
wavenumbe r reciprocal metre ... (wave) !m
work joule I N.m

SI PR~~1XES:

~_M ult ip lical ion Factors Prefix SI Symbo l

1 000 000 000 000 = lO~ 2 lets
1 000 000 000 = 10’ gigs C

1 000 000=10’- mega M
1 000_ It) ’  kilo k

100 = 102 hecto h
10 — 10’ deka da

0.1 = 1 0 ’  deci’ d
0.01 = 10— 2 cent i~ C

0.00 1 1 0 ’  mdli m
0.000 001 = 10~~ micro

0.000 000 001 = 10-’ nano fl
0.000 000 000 001 10 ”  pico

0.000 000 000 (100 001 — 1 0 ”  femto
0.000 000 000 000 000 001 10-” al to 5

To be avoid.d whir, possible
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