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Section 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 GENERAL

This section presents the conclusions and recommendations that
result following the satisfactory comp letion of the final phase
of the ATEC Digital Adaptation Study , the Field Test and Evalu-
ation of the Digital Automated Technical Control (DATEC) equip-
ment, performed in conjunction with the digital transmission
communications test bed located at Fort Huachuca, Arizona.

,~7.2 CONCLUSIONS

\he overall conclusion of this report is that the DATEC system
successfully completed all requirements of the Statement of Work
(S.O.W.). This conclusion is buseu on the satisfactory adapta-
tion of ATEC hardware and softwart: for digital application as
evidenced by test data resulting from execution of the In—Plant
Test Plan and Procedures and by the data evaluations presented in
Section 2, Field Test Results (Individual Summaries of Tests and
Scenarios), and Section 3, Field Test Results Relative to State-
ment Work Requirements in the Field Test and Evaluation Report.
Section 3 of that test report was included in this report (see
Section 6), because it addresses S.O.W. compliance directly,
and because it provides a complete resume of the field test
phase.

The specific objective of the field test was the collection of
data to demonstrate confirmation of the tasks that are specified
in Paragraph 4.1.12.7 of the Statement ot Work . Summarizing
those requirements, the field objectives were : (1) gather test
data to demonstrate whether the DATEC system satisfied the S.O.W.
and system design objectives for PA/Fl/TA; (2) perform system
level testing to collect data which can be used to evaluate
the accuracy, usefulness, and effectiveness of the DATEC system
in monitoring a digital transmission link; and (3) make recom-
mendations which will enhance the usefulness and effectiveness
of the DATEC system based on field test results .k Contract
amendment number 5 added as an additional test o~~ective , the
demonstration that the D1..TEC system could be use~ \to monitornon FKV communications equipment by performing a~d~-on field

• tests using the AVANTEK DR8A radio (DEB prototype)., in place of
the AN/FRC-l62(V) radio. \
The field test program successfully satisfied all the S.O.W.
requirements and system performance objectives.
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Test data recorded during the validation and system scenario
evaluation test periods il lustrate the adequacy of the monitor
points selected by DATEC for monitoring the digital transmission
system. Furthermore, the test data demonstrates the usefulness
and effectiveness of the DATEC ~ ‘stem in accomplishing perform-ance assessment, fault isolation, and trend analysis of the
digital transmission system.

The DATEC system ability to accomplish performance assessment
and trend analysis was satisfactorily demonstrated and documented
without compromise or qualification . The DATEC fault isolation
capabil ity was also succes sfully demonstrated but its success
was somewhat diminished by technical controller comments that
the system scan rate was not fast enough to satisfy their need
for near real time fault isolation unless DATEC is used in the
monitor immediate mode . The use of the monitor immediate mode
was demonstrated effective during fault isolation but it requires
that the normal system scanning be interrupted during its use.
The comments relative to scanning rate did not apply to the
SSFS S which was shown effective in detecting a loss of service
condition and reporting it to the technical controller within
4 seconds regardless of the number of sites under nodal control
jurisdiction.

Tne nodal control concept which would enable a single nodal con-
troller to accomplish PA/Fl/TA on a multiple site configuration
was confirmed by the system scenario test results. The test
results demonstrated the adequacy of the software in accomplish-
ing all system objectives . Also demonstrated was the ease of
software maintainability and field modifications afforded by the
DATEC software program modularity and top~down structured pro-
gramaing design.

Equipment logs attest to the overall DAT~ C system reliability
and performance. Hardware down time remained less than one
day, cumulative , throughout the three month test period ending
30 June . Additional down time was experienced during the add-on
testing due to & Caelus Disk problem .

The usefulness of the BEN and EPUT at providing a me asure of the
system bit erro r rate was demonstrated during the system scenario
testing arid the add-on testing . The BEM ability to provide a
measure of the system BER to 10-15 was shown to be an effective
performance assessment measurement which permits a direct indi-
cation of system performance in a region previously unmeasurable
by any other measuring instrument.

DATEC adaptability to other communications equipraent types was
successfully demonstrated by the test results from the val ida-
tion and system scenar io evaluation tes ts perfo rmed on the
digital transmission system configured with the AVANTEK DR8A
Microwave Radio in place of the AN/FRC-162(V) Microwave Radio.
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7.3 RECOMMENDATIONS

The field test recommendations address those areas of system
operation where the modification or addition of system opera-
ting features could add to the overall usefulness and effective-
ness of the DATEC system. Additional testing is also recom-
mended which would help answer remaining questions.

Table 7—1 contains the recommended system operating features and
their usefulness in enhancing the DATEC system operation.

• All of the recommendations listed in Table 7-1 can be accomp-
lished. Many of them require only minor changes to the soft-

• ware. The most difficult is that of increasing the DATEC system
scan rate, for this involves both hardware and software changes.
Yet, even this is possible.

7.3.1 User Desired Features Not Currently Part of DATEC

• The DATEC system S.O.W. and operating objectives addressed
those areas judged necessary in performing PA/Fl/TA on a digital
transmission system. The technical controllers expressed an
interest in other system features which were not a part of the
DATEC system objectives ; however , they represent user prefer-
ences and are therefore listed below. These features can be
provided by software program additions and are not considered
difficult although items 1, 2 and 3 would be somewhat compli-
cated. The features not currently part of DATEC are:

1. Generation of DCA reports.

2. Circuit, digroup , link and trunk identification numbers
with priorities.

3. Circuit altroute information.

4. Multiple CRTs for technical control and maintenance use.

5. Individual VF channel monitoring.

6. Long term (90 day) storage of hourly averages of key
parame ters .

7. Remote switching of standby radios and multiplexers.
(Recommended in the ATEC Digital Adaptation Study Report.)
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TABLE 7-1. RECOMME NDED SYSTEM OPERATING
FEAT U RE S VERS US USEFULNESS

Recommended System Features Usefulness

1. Immediate scan interrupt Allows the nodal controller
• capability to gain immediate DATEC
• system control. Currently ,• the in—process measurement
• is completed be fore the

operator ge ts control.

2. Colocate SSFSS and CRT System testing confirmed the
need to colocate the SSFSS
and Ci~r in order to provide

• timely , effective system
monitoring.

3. Increase system scan rate Provides more effective usage
of system during fault  isola—

• tion by allowing the system
to remain in normal scan
instead of going to Monitor
Immediate for parameter
updates.

4. Update CRT display wi th a Speeds up CRT output display
single computer output time to an average of 10

seconds per display type, a
factor of two improvement
over the current method which
outputs display formats and
data separately.

5. CRT Paging within a single Allows the nodal controller
site to access various site dis-

plays using only a single
page number.

6. Provide automatic DATEC Incorpora tion of a system
self—test self-test routine at the end

of a scan could minimize
DATEC system down time due
to faulty DATEC equipment.
Current system has self—test
by operator command.

7. Telemetry reroute capability The capability to reroute the
telemetry through a 3 kHz
channel could help eliminate
teleme try down time during
an emergency situation.
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TABLE 7-1. RECOMMENDED SYSTEM OPERATING
FEATURE S VE RSUS USEFULNESS (Continued)

Recommended System Feat ures Usefulness

8. Provide fast EPUT and BEM Provi des rapid update of
Hits counter tine bases FER and Hits during faul t

isolat ion testing using
Monitor Immediate function.

9. Constructable Monitor Im- Allows nodal controller to
• mediate scan sequence construct his own scan

sequence .

10. Add display type argument Allows nodal controller to
to Monitor Immediate select display type as part
command of Monitor Immediate command

• instead of current method
which requires a separate
di splay command .

11. Provide CRT ind ication of:  Alerts nodal controller that :

(1) Monitor Immediate usage , (1) The system is out of
norma l scan mode ,

(2) Baseband (A or B) being (2) BEM is connected to A
monitored by BEN or B Radio Baseband .

12. Show highest level system Notifies nodal controller
alarm as part of major alarm of highest level faul t  in
warning indicator the system.

13. Add alarm scanner and T1WB1 Provides addit ional faul t
FER commands to Monitor isolation capability to the
Immediate nodal controller when us~ing

Monitor Immediate .

14 • Add alarm thresholds to the Provide s additional faul t
key trend analysis parameters isolation information for

• system degradation analysis.
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7.3.2 Recommendations For Future Consideration

Although the field test was successful in all areas explored, it
left unanswered, several questions which only an extended oper-
ational field test could answer. Included among these are:

1. Long term trend analysis evaluation and use fulness

2. Technical controller/DATEC interface in an operational
multilink environment

3. DATEC use and effectiveness in scheduling maintenance

4. Usefulness of correlatable parameters

5. Usefulness of existing fault isolation capability in an
operational multilink environment.

The answers to these questions would provide valuable information
for future system specifications and design.
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Appendix A

EQUIPMENT DESCRIPTION

• A . l  GENERAL

DATEC consists of selected ATEC equipments adapted to monitor ,
• measure , and analyze the quality of hybrid analog and PCM/TDM

data signals. Basic functions are to convert the values of slowly
varying dc signals to digital form, sense the status of two—state
alarms in the monitored equipment, measure and analyze the signal/
noise ratio, and amplitude levels. The DATEC equipment consists
of a Test Set, Electronic Systems, AN/GYM-13(V)l, commonly ref er-
red to as a Programmable ATEC Element (PATE), configured for in-
service voice frequency (ISVF ) measurements; a Test Set Group,
Communications Circuit, OQ—224(V), commonly referred to as a
Measurement Acquisition Unit (MAU) with an adapted analog scanner
and adapted baseband monitor option which is referred to as the
Baseband Eye Monitor (BEM), and an Alarm-Monitor Group, OD-l23 (V)/G,
commonly referred to as an Alarm Reporting Set (ARS). Input/output
terminals supplement these configurations of the DATEC equipment.

A.2 PATE HAR DWARE DESCRIPTION

The PATE, Figure A-i, used in conjunction with DATEC, is a com-
puter controlled test set capable of providing continuous auto-
matic performance monitoring and assessm~rit of selected communica-
tion circuits. The PATE provides noninterfering , in-service moni-
toring and assessment of voice frequency (VF ) circuits and inputs
from digital data monitors. A functional block diagram of PATE
is shown in Figure A-2. The PATE is operated in a stand-alone
mode. The PATE consists of a standard 19-inch electronic equip-
ment rack which contains a Rack Primary Power Panel, Scanner Power
Supply, Scanner , Jack Panel, Signal Parameter Converter, an H-316R
Computer , and a Disk Memory Unit. These units are described in
the following paragraphs; also reference Figure A—2 , PATE Func-
tional Block Diagram .

A.2 .1 Rack Primary Power Panel

The Primary Power Panel (Figure A-3) contains a circuit breaker
which functions as the rack ON—OFF switch, a pilot lamp, and a
set of ac line filters. The panel provides ac power distribution
to PATE components by means of a terminal strip to which all other
rack units are connected .

A.2.2 Scanner Power Supply

The Scanner Power Supply (Figure A-4) contains a regulated ±5 vdc
power supply which provides operating power for the Scanner

A-i 
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drawer. A POWER ON switch, 1—ampere fuse, and pilot light are
mounted on the front panel. The pilot light indicates both the
power ON condition and that the +5 vdc output is available.

A.2.3 Scanner

The Form A Scanner shown in Figure A-5 provides the interface
between the communications circuits and the Signal Parameter
Converter (SPC). At Fort Huachuca, the scanner is the Form A
type.

The Scanner drawer contains one circuit control card , one address
decode card , and 10 relay cards. A slot is provided for a scanner

• test card, one of which is provided with each PATE.

The Form A Scanner relay card has 11 relays. Ten :relays are used
to selectively switch data circuits to the SPC. The remaining
relay functions as a fail—safe electronic switch to protect the
data bus in the event of a relay failure. Collectively, the 10
circuit select relays provide the capability of scanning 100 two—

• wire Communication Circuit lines (half duplex) which are connected
• to the two scanner terminal blocks. Monitoring is performed in a

noninterfering manner , using a high impedance bridge—on connnection.
Monitored points of the digital transmission system are automati-

• cally selected through these digitally controlled scanners by the
PATE program software.

A.2.4 Jack Panel

The Jack Panel shown in Figure A-6 contains two rows of jacks (26
in each row), horizontally oriented, with the transmit functions
on the top row and the receive functions on the bottom row. It
is used to perform PATE maintenance functions and to manually
access and monitor internal data signals and control lines, exter-
nal data signals and PATE-generated test tones without disturbing
circuit configuration or interrupting service.

A.2.5 Signal Parameter Converter (SPC)

The Signal Parameter Converter (Figure A-7) converts monitored
channel information to a 16—bit digital word to be transferred to
the H—316R computer via an input/output bus. The SPC contains

• control, measurement, and conversion logic to interface the com-
puter with the MAC, MAD or other selected communication circuits
under test. A regulated ±15 vdc power supply furnishes voltage
for lamp drivers, relay driver , operational amplifiers, and other
control functions. A regulated +5 vdc power supp ly f u r n ishes logic
level voltages. The power supplies are protected against over—
load and short circuits by current limiting circuits in the out—
put stages and against internal component failure by an internal
fuse.

A-5 



_ _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FIGURE A-5 . ANALOG SCANNER , FORM A

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. • 5 • • •  S. . .  • • • • • •S • • • •

FIGURE A-6.  JACK PANEL

~ I A-6

- -V  - - - -•
~~~~ ~~~

- V - • , 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .—~~~~~~~~ V 



. 5W. ---S----~~ -~~~~~~~ —. - • - 5 -~~~~~ V.--5••-V -V.”

- - - :~- S4SNAI PA1~~~M~~~ tP coN1~Uue
~~ 

.*~~
) 

~

-V I 

~~~~ 

-

~
. 4

I ~ ~ ~~~~~~~~~ ~~ 
‘ ‘

~ 
- I

I ~ T ~~~~~~~~~~~~~~~ I
I I I

*1 ‘~ /S ~~ — OM~I ~ VOIVU,

~~~ 
or 

~~~~~~ 
I

FIGURE A-7 . SIGNAL PARAMETER CONVERTER 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— -5——-. ,- 5-
~~~I ~~~~ _______  

— -5 -,----.~.. ~—-‘--r-- ,,— ~~~ —5 ---

The SPC drawer also contains input protection circuits to prevent
damage from lightning surges, hits on the data lines or from in—

• correct signals applied through the Jack Panel. The input pro-
tection circuits consist of a fused line plus a lightning arrestor.

• 
- 

A.2.6 H-316R Computer

- 
— 

The PATE operating program including the measurement parameters
and operating thresholds , etc., are called up from the disk by
the H-3l6R Computer as required to satisfy the functions commanded .
Operating switches and displays are located on the computer front
panel (Figure A-8). A key lock switch prevents unauthorized opera-
tion or manipulation of the logic functions. The computer comes
equipped with a 16K core memory stack , high speed arithmetic pack-
age, real time clock, auto restart, and base sector relocation
capability. The computer input/output (I/O) serial port operates
at 1200 Baud . The I/O buffers are compatible with RS-232-C code.
The PATE program can be operated either automatically or as an
interrupt program through use of a local input/output (I/O)
terminal.

A.2.7 Disk Memory Unit

The Disk Memory Unit (DMU) shown in Figure A-9 is a dual, disk
cartridge, servo controlled, drive unit and head positioner with
one fixed and one removable cartridge. Each cartridge records
at 2200 bits per inch (BPI), and has a 48-megabit storage capac-
ity. Each cartridge has two surfaces, providing a total of four
surfaces for each disk unit. However, the cartridges are redun-
dant. The DMU provides a total storage capacity of approximately
2.5 megawords of 16 bits each. The DMU is contained in its own
enclosure and is suitable for installation in a standard 19—inch
electronics equipment rack. A self—contained regulated power
supply furnishes all required power supply voltages.

A.3 MEASUREMENT ACQUISITION UNIT (MAU) HARDWARE DESCRIPTION

The Measurement Acquisition Unit consists of power supplies, a
Form A Scanner modif ied to include an events per unit time (EPUT)
function , Jack Panel, and the Measurement Acquisition Control
(MAC). A functional diagram of the MAU is shown in Figure A-lO .

A.3.1 Power Supplies

The Scanner power supplies (2) and the MAC power supplies (2)
used in the MAU operate as constant voltage sources and are
modular portions of the MAU . Short circuiting of any of the
power supply output circuits will not cause failure or permanent
damage in the power supply or associated circuitry .

_ _ _ _ _ _ _  
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A.3.2 Scanner

The Scanner is equipped with Form A plug-in relay cards and is
similar to the Scanner used in the PATE , but with the addition
of an events per unit time measurement capability (see Figure
A—i l)

A.3 .3  Jack Panel

The Jack Panel contains suf f ic ien t  circuits to provide adequate
reconfiguration and monitor capability of scanner inputs for
maintenance and other uses unique to the DATEC .

A .3 . 4  Measurement Acquisition Control (MAC)

The MAC provides the circuitry necessary to measure dc voltages
and VF signals , transmit test signals, perform loopback functions ,
control connection of a local TTY , control and interface with
options , and control and interface wi th the Form A Scanner . The
MAC provides front  panel controls capable of implementing the
basic measurement and self—test functions (see Figure A—l2).

A .3.5 Baseband Eye Monitor

A Baseband Monitor (Figure A-13), adapted for this installation as
a Baseband Eye Monitor (BEM), is the measurement interface between
the analog communications equipmer~ and the MAU . The BEM monitors
and measures the baseband three—level partial response signal at a
radio receiver. Also, EPUT circuitry measures events per unit time
and large amplitude hits (within strap selectable time intervals)
to indicate signal quality . The BEM measures eye dispersion , eye
amplitude, and hits count. A functional diagram of the BEM is
shown in Figure A-l4 .

A.4 ALARM REPORTING SET (ARS) HARDWARE DESCRIPTION

The Alarm Reporting Set consists of the Alarm Scanner, Alarm Dis-
play , and the Master Alarm Display (MAD) used in var ious quanti-
ties depending on the individual installation. The Alarm Scanner
can stand alone and be used as a loca l alarm sensor and display.
If a remote display is desired , an Alarm Display can be used ,
driven by the Alarm Scanner. An Alarm Display can also be used
with a MAD to select and display alarms from as many as 10 remote
Alarm Scanners. A functional diagram of the ARS is shown in Fig-
ure A— iS.

A.4.l Alarm Scanner

The Alarm Scanner (Figure A—l6) provides the circuitry necessary
to scan , detect, and display two-state alarm infcrmation ; the
capability for alarm acknowledgement; and the capability for self—
test. The Alarm Scanner provides for connection to an Alarm Display
and/or a MAD .

A-12
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A .4 . 2  Alarm Display

The Alarm Display (Figure A-17) provides the circuitry necessary
to display alarm states detected by the Alarm Scanner , the cap-
ability for alarm acknowledgement , and the capability of self-test.

- 
• The Alarm Display can be connected to either an Alarm Scanner or a

MAD .

A . 4 . 3  Master Alarm Display (MAD)

The MAD (Figure A—18) provides the circuitry necessary to inter-
face with up to 10 A larm Scanners and display major alarm, any
alarm, and alarm nonacknowledged status. The MAD, in conjunction
with an Alarm Display, is also capable of displaying the alarm
states of a selected Alarm Scanner . The MAD provides the 150 Baud
ASCII interface to the modem .

A.5 MODEM

The Modem (Figure A-l9) serves as a variable data rate multiplex
interface between DATEC and AN/FRC-l62 Transceiver. In the trans-
mit direction, the 75 and 150 Bps DATA outputs are summed , fre-
quency-shift key modulated , and translated to 7140 Hz for input to
the supervisory orderwire channel of the AN/FRC-162. In receive
direction , the orderwire channel output is translated to data rates
and selectively filtered for DATEC input.

A.6 PATE SOFTWARE DESCRIPTION

The software package controlling the PATE is divided into system
operating and application sets. The system operating set contains
the program executive which schedules which and when each applica-
tion task is to be performed . The application set contains the
IQCS modules. The modules perform the appropriate calculations
and analyses required for each function.

A .7 OTHER EQUIPME NT

The I/O devices used with DATEC are an ADDS Model 980 CRT Display
— and Keyboard. It provides 24 lines at 80 characters per line.

It provides editing, tab, erase , and in ser t controls for both
individual characters or entire lines . In addition , a General
Electric TermiNet 1200B ASR consisting of a printer, keyboard ,
and paper tape reader/punch as shown in Figure A-20 is utilized
to provide hard copy prints of the CRT display and to punch paper
tape(s) as needed for inputting data into the DATEC.
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A.7.l Printer

The Keyboard Send Receive (KSR) Printer has a keyboard similar to
a standard office typewriter . The printer can print and transmit
information generated locally by the keyboard or paper tape reader.
It can receive information from a remote device (e.g., computer
or other communication device) utilizing ASCII . All of the 94
printable ASCII characters can be printed .

The Pr inter is equipped with the following features:

a. Rate — switch selectable at 15 (LOW), 30 (MED), and 120 (~-!I)characters per second . For DATEC , the rate is set at HI
(i . e . ,  1200 Baud) .

b. Horizontal Tabulation

c. Vertical Format Unit (VFU)

A . 7 .2  Pedestal

The pedestal provides a stable , compact support structure for the
TermiNet 1200B Printer and accessories. The paper tape reader
and punch are mounted on the left side of the pedestal. The
reader and punch power supply and control assembly are mounted
within the pedestal and the Reader and Punch Control (R&PC) card
is installed in the Printer . The photoelectric tape reader can
read and send characters at any rate selected by the Printer
“RATE” select switch. The solenoid driver, paper tape punch is
capable of operating at a maximum of 30 character s per second
with the rate determined by the Printer “RATE” select switch.

A.8 BASEBAND EYE MONITOR (BEM) SCHEMATICS

The 14 figures following present the detailed schematics of the
BEM.
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The three figures following present the detailed schematics of
the EPUT.
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