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PREFAC E

This effort was conducted by Clarkson College of Technology under the

sponsorship of the Rome Air Development Center Post-Doctoral Program for

RADC/DCLD . Charles N . Meyer of RADC/DCLD was the task project eng ineer and

provided overall technical direction and guidance.

The RADC Post—Doctoral Program is a cooperative venture between RADC

and some sixty-five universities eligible to participate in the program .

Syracuse University (Departmen t of Electrical Eng ineering) , Purdue

University (School of Electrical Engineering), Georgia Institute of

• Technology (School of Electrical Engineering), and State University of

New York at Buffalo (Department of Electrical Eng ineer ing) act as prime

8 contractor schools with other schools participating via sub-contracts

with the prime schools. The U.S. Air Force Academy (Department of

• Electrical Engineering), Air Force Institute of Technology (Department of

Electrical Engineering), and the Naval Post Graduate School (Department

of Electrical Engineering) also participate in the program .

The Post-Doctoral Program provides an opportunity for faculty at

• participating universities to spend up to one year full time on

exploratory development and problem—solving efforts with the post—doctorals

spl itting their time be tween the customer loca tion and their educational

institutions. The program is totally customer-funded with current projects

being undertaken for Rome Air Developmen t Center (RADC), Space and M issile

Systems Organization (SANSO) , Aeronautical Systems Division (ASD) ,
1
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• Electronics Systems Division (ESD), Air Force Avionics Laboratory (AFAL) ,

Foreign Technology Division (FTD), Air Force Weapons Laboratory (AFWL) ,

Armament Development and Test Center (ADTC ), Air Force Communications

Service (AFCS), Aerospace Defense Command (ADC) , HQ USAF , Defense

Communications Agency (DCA) , Navy , Army , Aerospace Medical Division (AMD),

and Federal Aviation Administration (FAA) .

Fur ther information about the RADC Post-Doctoral Program can be

• •• obtained from Mr. Jacob Scherer, RADC/RBC , Griffiss AFB, NY , 13441,

• • telephone Autovon 587—2543 , Commercial (315) 330—2543.
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CHAPTER 1

INTRODUCTION

1.1 Problem Defini t ion

This repor t examines the problem of incorporating a micro-

processor in to a communications network monitorin g system. The

specif ic network under s tudy is the Def ense Commun ica tions ~ 1
Sys tem (DCS) loca ted on the con t inent of Europe . Th e proposed

microprocessor sys tem would perf orm some of the func tions cur-

rent ly planned in the digita l ATEC (A ut oma ted Technic al Con t rol)

sys tem which moni tors various alarm and vo lt age si gnals

emana t ing from the communi cations devices of the def ense ne t -

work . Specif ically inves tigated is the task of ut ilizing a

microprocessor to sca~i equi pmen t a larms, measure selec ted DC

vol tages and monitor certain TTL signals.

The overall objective of this effort is to demonstrate the

proce ss of interfacing a microprocessor to the system and to

indica te the long range advan tages which may be re ali zed by

using such a devi ce . Som e of these advantages inc lude : a

distribution of the monitoring system processing load , a reduc-

tion of telemetry bandwidth , an enhancemen t of moni toring

system flexibility and an expansion of monitoring system sophis-

t icat ion .

This repor t consists of background information describing

the developmen t of the moni toring concept for the European
• 

Defense Communica tions System , a descrip tion of the present

communica tions system into which the microprocessor is to he

1
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incorpora ted , a detailed description of the proposed micro-

• processor system , and a conclusion and summary .

1.2 Development of the European DCS Monitoring Concept

The European Defense Communic ations System , illustrated in

Figure 1-1 , is an ex tremely large network consis t ing of approx i-

ma tely 225 sites.  It connec ts such widel y separa ted ci tie s as :

Londonderry , Nor thern Ireland ; Is tanbul , Turkey; A thens , Greece;

and Naples , Italy.

A network of such size g ives rise to a significant problem

of netwo~ ’ nitor ing and control. In the case of the European

DCS , ~ the problem is compounded. The re ason for this is

that ~twork , ra ther than being desi gned and cons truc ted as

a sys tem , has evolved in a piece-by-piece fashion over a number

of ye ars . During its ini t ial period of developmen t and use , the

problem of network moni toring and control wa s no t addressed . As

a resul t , with the passage of time , significant prob lems arose

regarding maintenance coordinat ion , circuit degradation and

circuit outages.

One f law in the sys tem was its maintenance conc ept , which

was that of repair af ter failure. This mean t that main tenance

opera t ions com menced only af ter a user , who wa s dissa t isfied

w ith service , comp lai ned . Condi t ions promp ti ng such a complain t

usually invo lved ex treme degrada ti on of or to ta l f a ilure of a 
•

line .

There were two problems associated with this philosophy.

First , assum ing fal l ible equipmen t , it meant that failures , by

2
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def init ion , would occur in the system at some time . This was

deemed an undesir able fea ture for a ne twork as cri t ical as one

used for defense . Secondly, it was possible for equipment to

fail with the failure going unnoticed. Such an event was possi-

I’ ble  in l i n e s  used onl y at crit ’ca ] moments. Since these lines

were se 1 dom used , it was conceivab iL that their failure would ,

on some occasion , only be noted at the critical times during

h which they were needed. Such ~i situation was also deemed un-

accep table in a defense ne twork .

Due to the existence of these problems , a research effort

to find an alternate system was undertaken . The goal of this

re search effor t , ca l led SYPAC , was to devise network monitor-

ing scheme which would de tec t ne twork pro b lem s befo re sever e

degrada ti on or failure occurred . The SY PA C ~1] (System Perfor-

mance Assessmen t and Con t rol) pr og ram , i n a c c o m p l i sh ing tha t

goal , identified those operating parameters of the European DCS

which served as good indicators of the operating performance of

the network. These parameters were monitored manuall y at the

various DCS s it es , col lec ted , and analyzed , with the resulting

information used to guide personnel in a preventative rnainte-

nance e f f o r t. The r e su l t of th is mon ito r i n g and ma in tenan ce

process was a distinct ive improvement in the quality of network

oper at ion. The signif ican t resul t of SY PAC , th e r e f o r e , was that

i t demonstrated the effectiveness of a new fix-before-failure

philosophy , guided by the analysis of selected network operating

parame te rs .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -•• •~~~~~~~~~~ ••~~~~~•- -  - ~~~—~~•— -~~~~~~~~~ - _ _ _
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Followin g the SYPAC program , an effort was made to automate

the SYPAC scheme . This involved three basic operations: the

automatic collection of parameters previously selected by SYPAC ,

the transmission of those parameters to a central processing

point , and the analysis of such parameter information at that

central site. The name given to the automation effort was ATEC

or Automated Technical Control.

The AlEC system was designed to monitor the operational

quality of an analog communications network. Therefore , as

di gital technology developed and a trend toward digi tal communi-

cations emerged , ano the r pr obl em arose. This p roble m concerned

the app licability of the ATEC system to di gital communications

systems. The ATEC system was designed to monitor parameters

which indicated the performance quality of an analog communica-

tions network. However , this set of parameters was not appropri-

ate for a similar anal ysis of a digital system. As a result , as

di g ital communications became established in parts of the DCS ,

it became necessary to adapt the ATEC equi pment to the digital

sys cern.

The program which i nvestigated this general problem was the

ATEC Dig i tal t~dapta ti on Study [2]- [4}. ihis study was an effort

to determine the app licability of already-designed A lEC equi p-

ment to dig ital communications monitoring. In this program ,

those new parameters thoug ht to be appropriate for dig ita l

communications system monitoring were selected , and changes ,

del et ions , and additions to the former AlEC system , for the
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• purpose of upgradin g the system for digital monitoring, were

proposed.

The Digi tal ATEC Adaptation Study addressed a particular

• par t of the European DCS known as the Frankfurt , Koeni gs tuhl ,

• Vaihingen (FKV) area which is illustrated in Figure 1-2. The

FKV area had been previously upgraded to a digita l communica-

tions network and was therefore judged to be suitable for the

AlEC adaptat ion p rogr am.
• - The digital ATEC system configuration , as pro posed in ATEC

Digital Adaptation Study documentation , consi sts of a m a i n

m o n i t o r i n g  node (Nodal Con trol S it e) supplem ented by f i v e  sub-

ordina te nodes (Rem ot e Si tes) . The AlEC devi ces loca ted at the
• - subordina te nodes measure various network operating parameters

and telemeter this information to the main node for analysis;

thus , the system is hig hly cent ral i z ed wi th nearly all process ing

done at the nodal control site and very little processing done at

the remote sites.

1.3 Overview

The purpose of this report is to investigate the incorpora-

tion of a microprocessor into the digital AlEC system. Speci-

f ical ly d i scu ssed is t he p rob l em of in te r f a c i n g between the

microproces so r and tho se d ig ital network parameters which must

be mon itored in order to determine the operating performance of

the dig ital communication network.

The fac t tha t remo te s ite s lack a loc al process in g device

makes the prosp ec t of hav ing a micropro cess or a t these si tes

6 
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attractive. Some possible benefits of remote site processing

would be: a reduc tion in the main node processing load; a reduc-

t ion in teleme try re quirements; a reduct ion in ATEC hardware , re-
suit ing in reduced si ze , cos t and power requir ements; and an

~ increase in monitoring sys tem flexibility and soph ist ication.

The remainder of this report is intended to provide more

background information relating to the problem and then describe

the proposed microprocessor-based ATEC system. Chapter 2 dis-

cusses the Frankfurt-Koenigstuhl-Vaihingen network . Specifically

exami~ ed are the various types of communications devices used in

the network , the function of those devices and their relative

configura tion. Also discussed in Chapter 2 are the various

devices which comprise the digital ATEC sys tem , their func t ion

and the ways in which they interact. Chapter 2 is concluded by

a section which points out the limitations of digital ATEC and

r how those l imita t ions may be eased by the use of a microprocessor —

at an FKV remo te si te .

Chapter 3 discusses the proposed incorporation of a micro-

processor in to AlEC. The chapter first describes the Motorola

MCÔ800 microcomputer system which was selected for use in this

report. Discussed are the elements of the microcomputer which

include the microprocessor (MPtJ ) , memory, and communica t ion

interfaces , wi th par t icular descrip t ive emphasis placed on the

Motorola Peri pheral Interface Adapter (PIA) through which all FKV •

moni tor signals pass to the MPU . Also described in the micro-

computer section is the computer interrupt structure. The

• —•—— • • — • •— •- •- —. •• — •-- 
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interrupt s truc ture plays an impor tant role in the execu t ion of

a function which must he performed at precise intervals of time

and is necessary-to call the MPU’s attention to the arrival of

asynchronous pulses.

Following the discussion of the microcompu ter , Chap ter 3

then describes the different FKV alarms and parameters which

must be moni tored by the microproce ssor sys tem. It is shown tha t
- - all per t inent FKV alarm/ par ame ter signal s are ava ilab le as

either contac t closures , analog vol tages , or TTL levels , and

that the TTL signals may be fur ther c lass i f ied as Slow TTL ,

Medium Speed TTL or Fast TTL depending on their rate of

occurrence. Depending on the signal type , these signal s are

interfaced to the microcompu ter in different ways.

Fas t TTL (FTTL) s igna ls , which are to be counted in the

digital ATEC sys tem , are coun ted in ex ternal counte rs , and

these counters are periodically read by the MPU . This is done

on what is called the FTTL Interface or FTILI.

Medium Speed TTL (MTIL) signals are also counted in digital

AlEC. However , since their ra te of occurrence is less than

FTTL , they are read individually by the MPH on an interrupt

basis wi thout the use of ex ternal counter s . Th i s opera t ion is

performed via the MTTL Interface or Mu Ll .

It is necessary that the microprocessor read the voltage

of ~ number of analog si gnals . Th is is performed via the Analo g

Vol tage Scan Interface (AVSI). The function of the interface is

to scan , under pro gram control , 32 analog vol tages , perform an

9

-- -~~~~--~ —~~~—~ ~~•••— •~~~- - 
• - •



_ _ _ _  ______ - •- “ ---

~~~~

-

~~~~~~~

-

~~~~~
--

~~~~~~ ~~~~~~~~~~~~~~~~~ 
-

analog to digital conversion of the voltage value and send the

digital representation of the voltage value to a microprocessor

input regis ter.

Chapter 3 also describes how FKV contact closures (CC) and

Slow IlL (STTL) signals are interfaced to the microcomputer.

These CC/STTL signals are la tched (in some cases), scanned and

their Status sent to the MPH via Contact Closure/Slow TTL

Interface (CC/ STTLI) .

Since it is necessary for the MPH to perform various

functions at precise intervals , a Time Base Genera tor (TBG) is

also incorpora ted into the microcomputer system. This device ,

which has a programmable time base , sends an interrupt signal to

the MPH a t the end of each t ime period. This device is also

discussed in Chap ter 3.

Described at the end of Chapter .3 is the microcomputer

sof tware . The main programs and var ious interrupt subroutines

are l is ted and the ir func t ions and inter ac t ion are explained.

in addition , various timing considerations and worst case con-

dit ions ar e examined.

It is the overall function of the microprocessor system

described in Chapter 3 to monitor the various FKV alarms and

parame ters and store the alarm/parameter data in a memory data

lis t. This makes the information readily accessible for use by

software packages which may be added to the microcomputer system

at a later date. 

~~• •~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  J



CHAPTER 2

THE FRANKFURT - KOENIGSTUHL-VAIHINGEN AREA

2.1 FKV Area Configuration

The Frankfur t, Koenigs tuhl , Vaihingen (FKV) area is a sub -

set of the European Defense Communications System which was

upgraded from an analog to a digital communica t ions network and

which was subsequen tly selected as the test area for the Digital

ATEC Adaptation Program. The FKV area is terminated at one end

by the Heidelberg (HDG) station and terminated at the other end

by Vaihingen (VHN) with the stations Schwetzingen (SWN),

Koenigstuhl (KSL). Stocksberg (SIB) and Stuttgar t (SGT) be tween

• the two ends. Their relative positions are illustrated in

Figure 2- 1. These nodes are interconnected by line-of-si ght

microwave links.

Looking more clo se ly at a sing le station in the FKV net-

work , an individual station may be func t ion al l y repr esen ted as

shown in Figure 2-2. As illustrated , the station consists of

three basic types of commun ic ati ons eq u i pmen t : (1) the

submul t iplex ers and subdemu lti plexer s , ( )  the main multiplexer

and main dernu ltip le x er , and (3) th” radio units (transmitter

and receiver) .

The func tion of the submultip lexer is to take in a number

of low-speed communica ti ons channels and ti me-d iv i sion mul ti-

plex (1DM) them into a moderate-speed data stream. The func-

tion of the main multiplexer is to accept the moderate speed

• da ta streams and time division multiplex them into a single

• 
11
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• high speed data stream . The high speed data stream , which

serves as the radio baseband is sent to the transmitter.

The subdemul t iplexer , main demultiplexer and receiver

opera te in a reverse manner , receiving high speed data and
• breaking it down to a number of slower speed channels.

To illustrate how these functional devices relate to an

actual FKV station , a schematic diagram of Vaihingen (VHN) is

shown in Figure 2-3. Comparing Figures 2-3 and 2-2 , s imila r i-

• ties may be seen. The T1WB1 functions as a submultiplexer/sub-

• demultiplexer , as does the CY1O4; the Tl-4000 units serve as the
• main multiplexer and as the main demultiplexer; and RxA , RxB and

TxA and TxB are the radio receivers and transmitters respective-

ly. 
•

It should be pointed out that although the operating prin-

ciple is the same , the equipment confi guration of an actual FKV

site such as that shown in Figure 2-3 differs slightly from

that suggested by the functional site representation of

Figure 2-2. One difference is that all submultiplexers are not

al ike . One submultiplexer , the T1WB1 , accep ts 8 slow digital

bit streams and time division multiplexes them into a single

modera te speed (1.544 Mb/s) data stream. The other type of sub-

mul t iplexer , the CY 1O4 , accep ts 24 voice fre quency inputs ,

digitizes the voice frequency information on each input

channel , time division multiplexes the resulting 24 digital

signals and finally outputs a modera te speed (1 .544  Mb/s) bit

stream representing this information.

14
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A second difference is that although the submult iplexes and

• submul tiplexer are shown in Figure 2-2 as separate units , the

• CY1O4 and T1WB 1 combine the submultiplex/subdemultiplex opera-

t ions in a single unit .

A third difference is that , as opposed to Figure 2- 2 which

shows one transmi tter and one rece iver , VHN has two trans-

mitters and two receivers . The purpose for this is to provide

equipment redundancy so that if the on-line unit fails , the

protection (redundancy) switch automatically transfers opera-

tions to the alternate unit.

To summarize then , the FKV communications equipments are

(1) the radio (Model AN/FRC-162(V)); (2) main multiplexer

(11-4000); (3) main demultiplexer (11-4000); (4) submulti p lexer/

subdemul tiplexer CY1O4; (5) submultiplexer/subdemulti plexer

T1WBI; (6) the protection (redundancy) switches .

2 .2 Communica t ions Equipment

Wi th the basic functions of the FKV communications devices

having been introduced , it would now be appropria te to indi-

vidually examine each device in greater detail.

Tl-40 00

The 11-4000 main multiplexer , shown in Figure 2 - 4 ,

accep ts eight data channels and combines them into one digital

signal suitable for transmission by the radio. The process is

done in a number of steps. First , the eight channels are time

division mul tiplexed; then , the resulting sequence is scrambled

for the purpose of frequency spectrum smoothing. Following

16
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• this , the scrambled bit sequence is converted into a three level

partial response (3LPR) signal format and is then finally sen t

• to the transmitter.

Each of the eight input signals comes fr om e ither a CY 1O4

or T1WB1 unit and consists of a 1.544 Mb/s (nominally) bit

• stream in a Tl signalling format. The word nominally is used -

because the input bit rate can range from 300 bits/sec slower to

150 bits/ sec fas ter than the ideal 1.544 Mb/sec rate. These

• variations in input bit rate are automatically compensated for

• by the Tl-4000 unit through its bit s tuffing capabi lity.

The input and output si gnal formats of the Tl-4000 are

shown , along wi th another  c’~’ir”ilv used digital signal format ,

in Figure 2-5.

In 2 - 5 ( a )  a sample b~ t sequence is given and in (b) the

commonly used digital representation of that bit pattern is

presented. Illustrated in Figure 2-5(c) is the three level —

partial response signal corresponding to bit pattern (a) and

finally (d) illus trates the corresponding signal in a Ti format.

Regarding the three level pa r t i al response s igna l l i n g

forma t , i t is decoded acco rd in g to the f o l l o w in g ru les :

•if the received 3LPR signal is a +1 , a logic 1 was

transmitted;

•if the received 3LPR signal is a -1 , a logi c 0 was

t ransmi tt ed;

•if the 3LPR signal is a 0, the transmi tted bi t was

the opposite of the bit previously transmitted.
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It  can be seen that the 3LPR signal has a number of

attributes. First , its bandwidth, as compared wi th (b) or (d) ,

is grea tly reduced. This is evident by not ing that the 3LPR -

signal lacks the discontinuities which are apparent in the

o ther waveforms . Second ly, the fac t that the 3LPR signal mus t

~ follow a certain structure makes limited error detection

possib’•e . For example , it is not permissible for a 3LPR signal

to transition directly from a +1 to a -1. If such a transition

were to be noted by the receiver , the occurrence could be tagged

as an error .

The other signal format illustrated is Ti. The Ti format ,

which is used at the inputs to the Tl-4000 unit , is s imi la r  to

the commonly used 100% duty cycle , unipolar signal illus tra ted

in Figure 2-5 (b ) . However , there are two basic differences.

Firs t, when a logic 1 is to be transmi tted , the Tl signal goes

high for only one-half of a bit interval rather than for a full

bit interval. Also , in 11 transmission , logic  1 pu lses alter-

nate in polarity.

This se cond T i charac teris t ic , as was the case wi th 3LPR ,

also makes limi ted error detection possible. A s-earch can be

made at the receive end for consecutively occurring pulses of

ident ical polarity. Such occurrences could be (and are in FKV)

tagged as errors .

Concerning the T l -400 0 unit itself , ano ther charac teris t ic

of interes t is its output TDM fram ing scheme . For decoding

purposes , the time division multiplexed information is

20
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-• organized in precise struc tures called fr ames . This fr ame

• struc ture has particular relevance to this report and is there-

fore illus trated in Figure 2 - 6.

The 11-40 00 has two levels of framing. The higher level
• is called the control frame and the lower level is referred to

as the main frame .

The main frame is composed of 130 bits arranged in the

following order. Bit 1 is called the main frame bit. It

• signals the start of each main frame , al terna t ing be tween a 1

and a 0 from frame to frame . The next 64 bits (#2 to #65) are

informa t ion bits organized as 8 words of 8 bits each . Each bit
• of a word represen ts one bit fr om each of the T l-4 000 input

channels . The next bit (#66) is called the control bit. The

receiver takes this one con trol bit f rom 36 consecu tive main

frames (36 main frames ar e con ta ined in one con trol fr ame) and

cons truc ts a 36 bit word called the control word . The func tion

of the control word is to indicate to the receiver whether or

not the transmi tte r added dummy “stuff bits ” to the data. If

the con trol word doe s indeed ind ic ate that s tu f f  bi ts were

added , the receiver disregards them. Finally, bits 67-130

contain more data bits in the same format as bits 2-65.

• One final characteristic of the 11-4000 which will be

cons idered is the fact that the Tl-4000 , like o ther FKV communi-

ca t ions devices , has available a number of al arms and parame ters

• which are useful for determining the state of the network.

These are the alarms and parame ters which go to the automatic

21
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• 
monitoring sys tem , ATEC , which wi ll be described in de tail in

the latter section of this chapter.

A list and descr ipt ion of the T l-4 000 alarms/p arame ters ,

which are measured by AlEC , are g iven in Appendix Al.

T 1WB 1

The nex t dev ice to be discussed is the T IWB 1 sub-

multiplexer; Its function is to accept eigh t ch annels  of

relatively low speed (0-50 Kb/s) asynchronous data and time

division mul tiplex the eight channels into a 1 .544 Mb/s

(-300 b/s to + 150 b/s) 11 format bit sequence. l’his sequence

is then sent to one of the eight inputs of the 11-4000 main

mult iplexer.

The T1WBI send/ receive scheme is illus tra ted in Figure 2- 7.

The T1WB1 output , as was the case for 11-4000 , is organi:ed

in a frame s truc ture . However , the f r a m i n g  stru cture o f the

TlWBl is simpler than that of the 11-4000.

The T IW B 1 frame , as illustrated in Fi gure 2- 8, Consis ts of

193 bits. Bits 1-192 are organized into 24 sequences of eight

~ bi ts with each bit in a group of eight con taining informat ion

about one of the ei ght input channels. The las t bit of the

frame is the Framing Bit which alte rna tes be tween a 1 and a 0

from frame to frame .

The receive T1WB 1 examines this framing bit to verify that

it is in sync with the transmit I1WB1. If the receiver detects

a frame bi t which does not follow the alternating 1/0 format , it

- •~ genera tes an error si gnal.

• I
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The receiver is considered to be in frame sync after seven

consecutive correct frame bits are received. Once in this

state , if three incorrect frame bits out of ten are received ,

the T1WB 1 assumes that frame sync has been los t and enters a

reframe mode in an attemp t to rees tablish synchronizat ion wi th

the transmit T1WB1. When in this reframe mode , an alarm signal

is genera ted indicat ing that this condit ion exis ts.

The T1WB 1 , in addit ion to the frame bit error and reframe

signals , has a number of other alarms and parameters available

• 
. for monitoring (although not all are direc t ly scanned by the

ATEC sys tem) . A lis t ing and descri pt ion of those parame ters

which are relevan t to this report are given in Appendix AZ.

CY 1O4

The CY1O4 is the other type of submultiplexer/subde-

mult iplexer used in FKV . The func tion of this device is to

• accept up to 24 voice frequency (VF) inputs , pulse  code

modulate and mult iplex these signals , encryp t the resul t ing 1DM

bit stream and conver t the bit s tream to 11 forma t for output

to the Tl-4000 unit. The CY 1O4 opera tes in a full duplex mode ,

thus enabling it to perform the invers e opera t ions on received

s i g n a l s .

The fundamen tal opera t ing scheme of the C~1l04 is this.

Each inpu t VF channel is sampled at an 8K1-I: rate and then con-

ver ted to an 8 bi t binary represen ta t ion. Nex t , the 24 8-bi t

word s represen t ing the informa t ion of the 24 input channels are

arran ged in a frame structure consisting of a single frame bit

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
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followed by the 24 8-bit words . This signal is then encrypted ,

conver ted to 11 forma t , and sent to the 11-4000 unit.

It should be pointed out that , as shown in Figure 2 - 9, the

CY1O4 actually consists of 3 sub-units: the VICOM D2 , KG-34

and HN-74. The VICOM D2 performs the sampling , A/ D conv ersion,

PCM and 1DM opera t ions , and also organize s the frame s truc ture .

The KG- 34 do•es the encryp t ion/dec ryp t ion , and the HN- 74 conver ts

the signal to Ti forma t .

The frame synchro n izat ion scheme used in the CY 1O4 is

similar to the T 1WB 1. The only difference is the fac t that

while the T1WB1 simply searches for an alternating 1/0 frame bit

pa ttern , the CY1O4 looks for a repeating 12 bit pattern

(100011011100).

Due to the cons truc t ion of the CY 1O4 , only two alarm

si gnals are available for moni toring by AlEC equi pment. These

alarms are lis ted and descr ibed in Appendix A3.

Radio

The nex t set of equipments to be described is the
-• 

radio uni t. The radio receiver used in FKV is model \N/FRC-

162 (v ) ,  a modified ver sion of Collins radio type Mlc -5l8. Its

purpose is to provide the radio communica t ions link be twe en

stations in the FKV area.

The radio se t is a full duplex microwave transm itt ing and

receiving terminal capable of transmi tt ing bo th a 1 2. 6 Mb/s dat a

stream (the data that enters and exits the Tl-4000 main multi-

plexer units) and also a network orderwire channel which
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• consis ts of a voice main tenance circuit and the ATEC teleme try

data.

The FKV radio consis ts of six basic dev ices: normal (main)

transmi tter , s tandby transmi tter , normal (main) receiver ,

s tandby receiver , transmi tter sw itchover unit and receiver

swi tchover unit . This scheme makes it possible to swi tch from

the main transm itt er or rece iver to the standby transmi tter or

receiver in case of equipment failure .

The alarms/ parame ters which emana te fr om the rad io set are

• lis ted and described in Append ix A4 .

Swi tches

It is the task of the switches to automaticall y

transfer oper at ions from the normal to s tandby unit or v ice-

versa if the currently opera t ing unit fails. As can be seen in

the previously presen ted schema t ic diagram of VUN , in Figure

2-3 , a swi tchover unit prov ides this norma l to s tandby and

standby to normal transfer capability to the radio transmitter ,

radio receivers , T1-4000 transmitters and Tl-4000 receivers .

One aspec t of sw itch opera t ion wh ich is relev ant to this

repor t is that the switch units provide a status signal output.

This status signal indicates which of the units under switch

control (normal or s tandby) is current ly on line. This signal

is of grea t sign i ficance in faul t de tec t ion and fault isola tion
• effor ts and is thus moni tored by AlEC.

2.3 The AlEC System

In addi tion to the communications equi pmen t , ea ch FK V si te

• 29
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houses what is called ATEC equipmen t. The collective function

of this AlEC hardware is to monitor the alarms and parame ters

output by FKV communica t ions equipment and teleme ter the s tatus

of these alarms and parame ters to a central control point for

display and analysis. Illus tra ted in Figure 2 - 10 , which is

actually an update of Figure 2-3 , is an FKV station with both

the communica t ions and ATEC devices shown .

• As can be seen , the AlEC monitoring devices at VHN station

are the following : the Measurement Acquisition and Control

Unit (MAC), the Alarm Scanner (AS), the Analo g Sc anner (ANS) and

the Baseband Monitor (BBM).

The next few sections of this report will first introduce

the configura t ion of the AlEC moni toring sy st em elemen ts , then

describe each element individually and finally explain the

opera t ion of the ATEC sys tem as a whole .

2 .3 . 1  ATEC Sys tem Configura t ion

Shown in Figure 2 - 11 is the overall confi gurat ion of the

elemen ts in the ATEC system. In this diagram are shown the two

types of AlEC s it es:  the  Remo te Si te (there are 5 in F K V ) ,

where the automatic scanning of alarms and parame ters takes

place , and the Nodal Control Site where information from all the

remo te s it es is received , processed and displayed. The five

ATEC remo te sites are HDG , SWN , KSL , SIB and VHN ; the sing le

Nodal Control Site is SGT .

It should be pointed out that Stuttgart (SGI) also houses

the s tandard comp lemen t of FKV communications gear and standard

~~~~~~~~~ •~~~~~~~~~~~~~
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AlEC moni toring dev ices found at remote sites. The Control Site

proce ss in g equ ipmen t mon itor s the equi pment as it would moni tor

the equipment at any other FKV station , considering it as just

another remo te s ite.

2.3.2 ATEC Equipment

Alarm Scanner (AS)

One of the remote site devices in the ATEC system is the

Alarm Scanner , illustrated in Figure 2-12. Its basic function

is to sequentially look at the two-state alarms output by the

various FKV communications devices and send this information to

the Nodal Control Site.

The two-s ta te al arms inpu t to the scanner may be con tac t

closures , two- leve l DC vol tage s such as TTL , or two leve l AC

voltages. Up to 50 alarms can be examined by the AS.

There are a lso two types of alarms in FKV : A larms and

Major Al arms ; depending on how j umper wi res are connec ted in the -•

AS , any one or more incoming alarms may be designated as Major

\larms . Major alarm status is given to those signals which

indicate particularly serious network problems . The scanner

handles the two classes of alarms in sli ghtly different ways.

If an alarm is re ceiv ed , the scanner illuminates its \~~arm

lamp to call the event to an operator ’s attention. If this

al arm a l so happ ens to be desi gnated as a major alarm , the Major

• Alarm lamp is also lighted.

Ano ther feature of the Alarm Scanner is that when an a l a r m

is received , the lamp for that particular alarm blinks and the

L 33
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alarm non-a cknowled ged (NON ACK) lamp lights. This indica tes

that an indiv idual who is moni toring the alarm scanner has not

yet acknowledged the event by depressing the acknowledge (ACK)

button. When this button is pushed , the blinking s tops and the

NON ACK lamp goes off .

Also included in the Alarm Sc anner is a self- tes t fea ture .

Pres sing the Self Tes t button tes ts the panel of lights and

tests some of the internal logic of the AS. This test can

a lso be ac t ivated by remote con trol f~om the Nodal Control Site.

The Alarm Scanner keeps track of major alar m — , :cla rn s , and

alarm acknowledgmen ts and sends this information to the Nodal

Control Site via a 75 baud FKV radio suhchannel.

Alarm Display (AD)

The func t ion of the Alarm Disp la y i s s i m p l y  t o  rep l i c a t e

the fron t display of the Alarm Scanner . The A D i s  p lac ed at  a

convenient location either somewhere ~%ithin the remote site

b u i l d i n g  or at  the  Noda l  C o n t r o l  S i t e .  T h i s  m a k e s  i t  p o s s i b l e

for the moni toring personnel at e it her a rea s to more  e a s i l y  v i e w

the a l a r m  scanner  s t a tu s . The f r o n t  p a n e l s  of t h e  AD and the AS

are ident ical.

M a s t e r  A l a r m  D i s p l a y  (MAD )

The Mas ter Al arm Displ ay, shown in Fi gure 2 - 13 is an ATEC

device which is located at the Nodal Control Site. Its primary

func t ions are the fo l lowi ng:

a) receive tel eme try from up to 10 remo te Alarm -

Scanners;

_ _  ~~~~~~~~~-~~~~~~~~- - ~~~~~~~~~ • •~•~~•i - - -~~~~~~~~~~~~~~~~ -— - •
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b) indicate whe ther or not each of the individual
remo te sites has

1) a Major Alarm
• 2) an alarm

3) an unacknowledged alarm;

c) genera te control s ignals to ac tivate a remo te alarm

scanner ’s self- tes t se quence.

The MAD can automa t ically and sequentially scan each a l a rm

scanner or can be manually controlled for the purpose of view-

ing the s tatus of a par ticular alarm scanner. The la’ter is

done by depressing the desired Manual Alarm Scanner Selec t

• button and placing the Manual Selec t/Auto swi tch in the manua l

selec t posi t ion.

The MAD also func t ions as the Ala rm Scanner -Compu ter in ter-

face , communica ting with the CPU on a full duplex 150 baud line .
- The computer periodically makes inquiries of the MAD , command i n g

• the MAD to transmit either the major alarm status of all alarm

scanner s or the comple te s tatus of a particular alarm scanner .

Measuremen t Acquisition and Control Unit (MAC)

Ano ther device located at the remote site is the Measure-

men t Acquisi t ion and Con trol Unit (MAC). The major funct ions of

the MAC are:

a) measure analog DC tes t vo lta ges which come from

FKV communic ations gear;

b) measure voice frequency (VF) voltages on selected

FKV communic ations lines;

c) inject test tones on selected FKV communications

37
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lines; 
. .d) control the switching unit (Analog Scanner) which

selec ts the vol tages to be measured and routes

them to the MAC and which a lso connec ts the MAC

• test tone output signal to selected lines.

When MAC performs a DC or VF parameter measurement , the

• resul t of the measurement is coded and telemetered to the nodal

control site for analysis. When MAC is commanded to injec t a
• - tes t tone on a line , the MAC causes the Analo g Sc anner to

connec t the proper line to the MAC ’ s tone output . Whil e doing

this , a MAC at the other end of the communica t ions line measures

the received tone and sends that measurement information to the

nodal control site. Before measurin g the AC vo lt age value of

this received VF test tone , the MAC can swi tch var ious filter s

onto the VP line and terminate the receive end of the line with

various terminating resistances.

Analq~~ Scanner (ANS)

L The Analog Scanner is the switching unit which is con-

trolled by the MAC and is located , along wi th the MAC , at the

remo te si tes .

As was men t ioned in the las t sec ti on , a primary func tion of

the ANS is to either route DC or VF parameters from the para-

me ter monitoring point to the MAC or connect the MAC test tone
• 

genera tor to an FKV communications line which is to be tested.

However ,, this is not the only purpose of the Analog Scanner .

Ano ther of its func t ions is to coun t the occurrences of



TTL pulses emitted by certain communications devices. For

example , it counts the number of Frame Bit Error pulses emi tted
• 

• by the T1WB1. It then sends a representation of the count in

the form of an analog DC voltage to the MAC for measuremen t .

The Analog Scanner also has the capability of latching the

occurrence of short-duration pulses . For example , it latches

the Rx Squelch Alarm signal emitted by the radio. This capa-

bili ty is provided to insure that some signals which may appear

and disappear quickly do not elude detec t ion.

• Some signals , in addit ion to being latched by the ANS , are

also scanned by the Alarm Scanner. This provides system con-

trollers with two impor tant bits of informat ion. The Alarm

Scanner data will inform the controller if the alarm currently

exists and the ANS-MAC data will indicate whether the alarm

condi tion exis ted at 
~~

y time since the latch was last cleared.

Baseband Mon itor (BBM )

The Baseh ind Monitor , loca ted at a l l  remo te si tes ,

examines the received high speed digital da ta si gnal coming from

the ra4io for the three measures of quality: signal amplitude ,

average noise amplitude and noise bursts. The results of

these three measurements are represented in 3 DC analog voltages

which are sent to the Analog Scanner and thence to the MAC.

ProErammable ATEC Termin al Element (PATE)

• •
~~ At the nodal control s ite , in add it ion to the already

ment ioned MAD and AD ’ s, is the central computer system referred

to as PATE or Programmable ATEC Terminal Element . The PATE

~ 
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a s s i m i l a t e s  the Alarm Scanner and MAC information , computes
• trends , searches for out-of-tolerance conditions , s tores data in

his tory files and outputs relevant information to the system

operator on a CR1 or on paper.

The PATE is primarily a monitoring rather than a control

device. This is to say that the PATE receives many signals from

remo te devices but sends few signal s back. The only signals

sen t by PATE to the remote sites are relatively simple command

• si gnals to the MACs rè 1ues ting the measurement of a particular

parame ter , reques t ing a tes t tone to be sent , or reque st ing

interconnec t ion, breaking, or bridgin g of certain VF communica-

t ions lines. By sending these commands , PATE can effec tively

isolate system faults and can coordinate tests on communications

• lines between FKV sites.

2 .3 . 3 AT EC Func t ional Summary

The following is a descript ion of how the various AlEC

equipments are interconnected to form a functionrl AlEC system.

The AlEC devices and their relative configuration are shown in

Fi gure 2-11 which was previously presented in this chapter. For C

the purpose of c l a r i ty , only the Nodal Control Site and one of

the 5 Remo te Sites are shown .

The Alarm Scanners at each remo te si te send informa t ion ,

• via the modems and FKV radio subchannel , to the Nodal Con trol

Si te (NCS). A t the NCS , the Alarm Scanner information is then

received by an Alarm Display (one alarm display per a larm

-
• 

•~ scanner) which displays the status of the remote site Alarm
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Scanner.

The Master Alarm Display monitors up to ten AD’s , scanning

- - each for the presence of alarms , major alarms or unacknowledged

alarms . Should one of these cond it ions be de tec ted, an appro-

pria te light on the MAD is illuminated.

At the remo te si te , the Analog Scanner (ANS) scans selec ted

analog voltages , counts certain TTL signals and latches some IlL

si gnals. It also scans the three baseband qual ity parame ters

output by the BBM . The ANS sends these signals in sequence to

the MAC which in turn performs the actual measurement of the

signals and teleme ters the informa t ion to the Nodal Control

Site. Once at the NCS , this MAC teleme try, along wi th the MAD

data , is input to the PATE where it is processed , displayed and

stored for future reference .

Ihe MACs from all remo te si tes share a common 150 BPS par ty

• line frequency slot in the FKV radio subchannel; each remote

Alarm Scanner communica tes with the Nodal Control Site on a

separa te 7 5 BPS line .

2.4 ATEC Shortcomings

The AlEC system has a number of shortcomings , some of which

could be solved by incorporating a microprocessor into the

sys tem.

One disadvan tag e of ATEC lies in its processing scheme .

The vast majority of ATEC system processing is done at the Nodal

Control Site with little processing done at the remote sites.

This is a si gnificant drawback because it is therefore necessary
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to send all moni toring informa t ion to the NCS , burdening the

NCS wi th a significant amount of processing work. By pre-

processing data before it leaves the remo te site , less raw data

need be teleme tered . An example of some possible remo te pre-

processing tasks are computat ion of parame ter trends and

selective transmission of only those alarms which had changed

state since las t being scanned. This remo te si te to NCS data

reduction has two advantages. First , the teleme try bandwidth

requirement is reduced and secondly , the NCS processing burden

is relieved. Though these advantages may not be of immediate

concern , their significance as the present FKV system expands

may be much grea ter .

Other advantages of this preprocessing scheme are the

following . Wi th the amount of data be ing sen t by remo te si tes

to NCS reduced , g iven a cer tain amount of PATE processing capa-

b i l i ty ,  more remo te sites may be added to the sys tem. In

addit ion , wi th processing capability at the remo te si te , the :1

remote site could be programmed to store telemetry data should

the teleme try link to NCS be los t .

A second disadvantage of the present ATEC system is its

heavy reliance on hardware for the implementation of its

moni toring func tions . Many of the functions now performed in

hardware may be replaced by software operations with some

resul t ing benefi ts. Two such benefits are size reduction and

power reduc tion. Size reduction is apparent by the fact that

the func t ions of a rela t ively large number of discre te devices
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may be replaced by a single large scale integr at ion device.

Power reduction is also realized because in many cases , TTL type

hardware is replaced by a low power MOS microprocessor.

Another advantage of software systems over hardware systems

is their f lexibility. Subs tant ial func t ional changes may be

made in ir 4croprocessor-based software systems merely by re-

placing the Read Only Memory chips containing the system

program . Corresponding changes in a hardware-based system would

require significant physical equipment altera t ion.

Two final advantages of a microprocessor system include low

cos t and less maintenance . While the so phis tica t ion of micro-

processor sys tems has increased dramat ically over recent years ,

the cost has continually decreased. Many of the maintenance

problems in digital sys tems rela te to dev ice interconnec t ion

fa i lures. The fac t that the microproce ssor is fabr ica ted by

large-scale in tegration reduces the number of connections

necessary and therefore reduces the number of main tenance

problems.

Another ATEC disadvantage is that in some respects , its

moni toring scheme is inflexible. Thi s is eviden t in the

sys tem ’s alarm-mon itoring strategy . For example , the s c a n n i n g

se quence and scanning rate of the Alarm Scanner canno t be

changed except by hardware alteration. In addition , the PATE

has no con trol over the al arm scanning proc ess .

One advan tage which could be gained by performing on site

process ing is an increase in this alarm scanning flexibility.

LÀ _____________________



~~~~~~~~~~

— 

~ T • ~~~~~~~~~~~~~~ ~~~~~ •~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Z~~~~ ~-r~~ 
•

-
~ The scanning sequence and scanning rate could be made automa-

t ically adaptive to existing network conditions or could be

brough t under the control of the Nodal Control Site. Such

capabilities could make network analysis or fault isolation

- procedures more efficient .
- These previously mentioned facts have prompted this report
I 

which investigates the feasibility of incorporating a micro-

computer system at the remote sites. The object of this study

• is not to attempt to immediately eliminate those ATEC short-

- 

. comings which have been discussed , but to describe the first

• step in the process which is to interface the microprocessor to

the various FKV communications devices.
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THE MICROPROCESSOR-BASED ATEC SYSTEM

3.1 Chapter Objec t ive

The objec t ive of this chapter is to descr ibe a microproces-

sor implemen ta t ion of a subse t of those func t ions moni tored as

par t of the digital AlEC sys tem . Sp e c i f i cal l y , this chapter

propose s to replace all of the opera tions of the alarm scanner
I 

- 
and some of the func t ions of the MAC w ith a microprocessor-b ased

system . This proposed microprocessor-based AlEC system will

hereafter be referred to as M-AIEC .

The rationale for utilizing the microprocessor in this

par t i c u l a r  way is the following. Given that the fundamen tal

objec t ive of this work was to illus trate how a microprocessor

may be used in AlEC , and given th•at the system was extremely

cen t ralized wi th regard to processing, it was decided to loca te

a microprocessor at a remo te si te to decen t ral ize the ne twork .

Fur thermore , since the primary remote site function is that of

pa rame ter/alarm scanning, and s ince a microprocessor is very

capable of performing such scanning, it was decided to ut i l ize

the microprocessor in such a scanning capaci ty .

3 .2  The Microcompu ter Sys tem

3.2.1 System Architecture

The microprocessor (MPU) selec ted for use was  the

Motorola MCÔ800 [5)-[6]. Selection was based on the versatility

• •:~ of the device , the eas e of interfacing w ith the ex ternal
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environment and the availability of good documentation .

Along wi th the microprocessor chip, four other types of

devices were selected for use. These devices , which are simply

interfaced wi th each other , comprise an MC6 800 microcompu ter

system which is illustrated in Figure 3- 1 . An MC6800 micro-

computer sys tem consis ts , therefore , of the Microprocessor , Read

Only Memory (RUM), Random Access Memory (RAM), a Peripheral

Interface Adaptor (PIA), and an Asynchronous Communic ation

Interface Adaptor (ACIA).

• The Read Only Memory (ROM) is a l024x8 memory devic e which

con tains informa t ion programmed into it at the t ime of manufac-

ture. It contains the sequential operating instruc t ions for the

computer sys tem. Though the contents of RUM canno t be changed

under program con trol , the microcompu ter opera t ing se quence may

be changed by merely installing new RUM chips. The Random

Access Memory (RAM) is that section of the microcomputer memory

in which information can be stored or from which information may

be re trieved. In contras t to the RUM, the contents of RAM are

easily alterable under pro gram control. The Asynchronous

Communica tion Interface Adap tor (ACIA) t ransfers serial , asyn -

chronous informa t ion be tween the microco mputer and the ex ternal

environmen t. The Peripheral Interface Adaptor (PIA) serves as

an interface be tween the microprocessor and byte-oriented

peripherals.

Some of the significant features of this Motorola micro-

computer system include : the capability of addressing up to
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65 ,536 words of memory , TTL compa tabil ity , simple interfacing of

microcompu ter elemen ts (P TA , ACIA , RAM , ROM) , di rec t memory

access (DMA) capabili ty, and interrupt capability.

Aside from the microprocessor itself , the m i c r o com pu ter

elemen t which is most utilized in the proposed micr oprocessor-

based ATEC system (M-ATEC) is the PTA . The PTA , illustrated in

Figure 3-2 , is the modul e through which by te-or ien ted peripherals

• - exchange information with the MPU . Iwo peri pheral devices are

normal ly accommoda ted per PTA , one devic e bein g connec ted to

sid e A of the PTA and ano ther be in g connec ted to si de B. As

shown in Figure 3-2 , each side has an 8 bit bidir ectional data

por t , one u n i d i r e ct ional con trol l ine and one b id irec t iona l

con trol line. These control lines (CAl , CA2 , CB1 , CB2)  ma y be

connec ted to per i phe ra l s , for receiving control signals or , in

the case of two con trol l ines  (CB2 , CA 2) ,  may be used to send

con trol si gnal s to pe r i pherals. In addition , the CA2 and CB2

l ines may be progr ammed to gen era te ei ther leve l or pu lse outp ut

s i g n a l s .

Each PIA  cons is ts of two ha lves  or s ides  which are near 1~-

iden t ical  in func t ion . A simp l i f ied i l l ust ra t ion of the A s i de

of a PTA is given in Figure 3-3. The A side consists of three

registers : the A-side Control Register (CRA), the A-side Data

Direction Register (DDRA), and the A - s ide Oupu t Re gi s te r (ORA ).

The microproces sor treats these registers as me iiiory locations

wi th the implication being that they may be written into or read

~~

_
_z by s tandard  MC68 00 memory r e f e r e n ce ins t ruc t ions .

_ I_•• __ _ _
~
_ _ ____ •_ .
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The CRA is a reg is ter which contains a coded con trol word

establishing the various operating modes of the A side of the

PIA. For ins tance , the con tents of CRA es tablish whe ther CA2

will func t ion as an output or an input , whether interrup t re-

ques ts received by the PTA will be propa gat ed to the MPU, and

whether positive or negative-going pulses on the PTA control

-

~ 

- lines may genera te an interrup t reques t . Control word op t ions

are summarized in Figure 3-4  and are described in de tail in

Appendix B6.

Data Direc t ion Reg is ter A (DDRA ) controls the opera t ion of

- • 

- 

the output reg ister of the A side of the PTA. Specifically, the

contents of DDRA specify , on a bi t-by-bit basis , whe ther each of

the 8 bit positions of URA will function as an output or input.

For example , if the MPU writes a zero into bit position 2 of

-• DDRA , bi t position 2 of ORA will function as an input. Con-

versely, if DDRA bit posi t ion 2 conta ins a one , bi t z of ORA

w ill function as an output .

The eigh t bits of ORA serve as the lines through which data

is exchanged between the MPU and per i pheral devices . As men-

t ioned previously , each bit position may be indi ’.ridual ly pro-

grammed to func t ion in an input or output capac ity. When

programmed for inpu t , data present at a particular bit position

will be read into the MPh during a re ad output re g is ter c m m a n d ;

• when programmed for output , data written into a certain bit

• posi tion by -the MPh during a write to output reg is te r comm and ,

• will be stored in that bit p osition , available for access by a

51
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peripheral device.

3 .2 .2  Interrup t

Another feature of the MC6800 microcomputer system which

deserves closer scru t iny is its interrup t sys tem. Interrupt is

the name given to a situat ion in which the MPU temporarily

suspends the execution of the current program and transfers con-

trol to another pro gram . W hen this second program is concluded ,

con trol then rever ts back to the main program . Of interes t in

this repor t , is how an interrupt is init iated by a per ipheral

device. - 
-

In the proposed M-ATEC system , as is the case with most

compu ter sys tems , interrup t reques ts are genera ted by peri phera l

devices. The reques t comes in the form of a pulse or voltage

level sent by a p€’riphera l to one of the PTA control si gnal

inputs (CA l, CA2 , CB1 , CB2) . The PTA examines the signals a t

the con trol inputs and , if the appropria te si gnal arr ives , it

sends an interrupt request signal to the MPU.

Wi th rega rd to inte rrup ts , the PIA is an ex t remely versa t ile

device. As specif ied by the con tv o l  word residen t in CPA of the

PTA , the PIA will recognize only certain signals as being valid

interrupt requests. For example , considering side A of the PTA

and referring back to Figure 3-4 , if bit 1 of CRA is se t equal

to one , only  low to hi gh t rans it ions on con t rol input CAl w il l he

recognized by the PTA as being valid interrupt requests. In

addi t ion , upon the receip t of the proper CAl interrup t si gnal ,

the PIA may be programmed to generate an MPh interrupt or not
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generate an MPU interrupt , as specif ied by bit 0 of CPA.

The method by which the PTA deals with a sample interrupt

signal may be described as follow s. Assume that the interrup t

signal arrives on CAl . Assume al so that CRA bi t 1 is set equal

to 1 and CPA bit 0 is set to 1. With bit 1 of the CRA set , then

~~ in order to be recognized , it is necessary that the interrupt

signal be charac terized by a low - to-high transition. When the

proper signal arrives , bi t 7 of CPA , which serves as an inter-

rupt flag , is set. Since CPA bit 0 is set to 1, this signal

arrival also causes the PTA to send an interrupt reques t to the

MPU -

Bits 7 and 6 of CPA serve as interrupt flags; bit 7 is se t

by the appearance of an appropriate interrupt signal on CAl and

bi t 6 is set by the appearance of an appropriate signal on CA2.

Should an interrupt occur , the MPh may determine which line

(CA l or CA 2 ) had be en act ive by examinin g the s ta te of bi ts 6

and 7 of CPA . Reading CPA automa tically clears these flag bits .

If CA2 is programmed as an input , by setting CPA bi t 5

equal to zero , it functions in the same way as CAl. When CA2 is

used for input , bi ts 3 and 4 control CA2 operation in the same

way that bits 0 and 1 control CAl operation.

3.3 FKV Alarms and Parame ters

At a typical FKV remote site there are a number of alarms

and parame ters which are to be moni tored by digital ATEC . These

alarms and parame ters , lis ted in Figure 3-5 , are those which

origina te in FKV communications equipment. Although more signals
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ALARM SCANNER INPUTS

Rx SQUELCH A OFFICE
Rx PROBLEM A MAINTENANCE (T1WB1 )
Rx SQUELCH B REFRAME
Rx PROBLEM B SERVICE (Cy iO4 #1)
RADIO Rx REMOTE (CYl 04 #1)
MAINTENANCE A (RADIO) SERVICE (Cy io4 #2)
MAINTENA NCE B (RADIO) REMOTE (CY1OI4- #2)
Tx PROBLEM A SERVICE (CY1 04 #3)
Tx PROBLEM B REMOTE (CY1O1i. #3)
MAJOR—NORMA L SERVICE (CY1 014- #‘i-)
MAJOR—STANDBY REMOTE (CY1OLI. #L~)
SWITCH MAJOR SERVICE (CY1OZi. # 5)

• - 
SWITCH MINOR REMOTE (CYlO~ #5)
MAINTENANCE—NORMAL (T1—i-i.000) SERVICE (CY1OZi. #6)
MAINTENANCE—STANDBY (T1_L,-000) REMOTE (CY1O1 -I- #6)
Rx IN SERVICE (RADIO)
Tx IN SERVICE (RADIO)
Rx IN SERVICE (T1_LI.000)
Tx IN SERVICE (T1—4000)

ANALOG SCANNER INPUTS
RSL A EIGHT RADIO POWER
RSL B SUPPLY VOLTAGES
BBM OUTPUT #1 FIVE Tl_LI.000 POWER
BBM OUTPUT #2 SUPPLY VOLTAGES
BBM OUTPUT #3 SIX T1WB1 POWER
MAIN FRAME BIT ERROR-NORMA L SUPPLY VOLTAGES
CONTROL REFRAME -NOR MA L
MAIN FRAME BIT ERROR—STANDBY
CONTROL REFRAME—STANBI3Y
Rx IN SERVICE (RADIO)
Rx SQUELCH A
Rx SQUELCH B
Rx IN SERVICE (Tl—14-000)
FRAME BIT ERROR
REFRA ME

ALARM SCANNER AND ANALOG
SCANNER INPUTS

FIGURE 3—5
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are available for moni toring, the ATEC sys tem only scans those
-

- 
which were deemed neces sary for moni toring by the ATEC Digital -

Adap tat ion Study . These are the same si gnals scanned by the

proposed M-ATEC system.

Presen ted in Figure 3-6 is a schema t ic diagram of the VHN

station. This figure shows the various FKV communications

devices and indicates the a larms/ parame ters ex t rac ted from each

device for moni toring purposes.

The alarms and parame ters moni tored at VHN may be classi-

fied as one of the following types:

Contact Closure. These signals appear as ei ther normally

open or normally closed c ircui t pa ths to ground .

TTL Vol tages. These are conventional log ic si gnals which

may be fur ther classi f ied according to their repe tit ion ra te.

Slow TTL (STTL) signals are those with a minimum repetition

period greater than one second. Medium speed TTL (MTTL) signals

are those with a repetition period between SOus and one second .

Fast TTL (FTTL) signals are those with a repetition period of

less than 50~ s.

Slowly Vary ing Analo g Vol tages. These are voltages of near-

zero frequency such as a power supp ly vol tag e.

Of par ti cular interes t are the TTL signals. Depending on

the repetition rate of the TTL , di f feren t techniques mus t be

developed to interface these signals to the microcompu ter sys tem.

Slow IlL (STTL) signal s may be moni tored in the same way as con-

- -~ tac t closures . However , medium speed TTL (MTTL) and fas t TTL

~

- -
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(FTTL , require special interfacing because of t iming cons traints

imposed by the microprocessor. An illustration of the MTTL and

FTTL signals which mus t be monitore d is given in Fi gure 3-7.

Signifi cant characteristics of the MTTL a• nd FTTL si gnals are

described below .

Main Frame Bi t Error (11-4000 unit). This signal indicates

that an incorrec t frame bit has been received . When an incorrec t

frame bit is de tec ted , the Main Frame Bit Error si gnal goes high

for l0 .4~is. This lO .4ps period represents the time remaining

until the end of the frame minus one bi t t ime . During the las t

bit of the frame (79 .6ns)  the Main Frame Bit Error si gnal

returns low. It will return high again only if the next frame

bit is incorrec t .

Frame bits arrive at the T1-4000 receiver at the rate of

9.6558xl04 bi ts/second . It is specified in the Digital ATEC

Adap tation Study that only an error rate of one frame bit error

in 1000 or less need be counted without overflow. Therefore , an

AlEC or M-ATEC coun ter recording these pulses need only count to

1/ 1000 of the maximum number of error pulses poss ible in a g iven

time interval. For Main Frame Bit Errors , this number would be

9 .6 55 8x l0 4 bi ts/ second d iv ided by 1000 or approxima tely 97

errors/ second . Theref o re , if  an ei ght bi t coun ter is used

(maximum count = 255), up to 255 ~
- 9 7  or 2 .628 seconds may be

a l lowed to e l a p s e  be tween s u c c e s s i v e  read i ngs of the coun ter fo r

this overflow constraint to be met.

Control Reframe (Tl-4000 unit). This signal indicates that
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FKy MTTL AND FTTL SIGNALS
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a receive Tl-4000 has lost control frame synchronization with

i ts t r ansmi t t i ng  counterpar t .  The minimum Control Reframe pulse

length is lO .4ps . Since , at wors t case , this signal has the

same repe tit ion rate as the Main Frame Bit Error signal , the

timing constraints described for the Main Frame Bit Error signal

also apply to the Control Reframe signal. 
-

Frame Bit Error (T1WB1 unit). This signal indicates that

a receive fr ame bit violates the proper frame bit sequence for-

mat . Receip t of an erroneous frame bit cause s a 324ns pulse to

be genera ted . Ano ther frame bi t error pulse canno t occur until

the nex t frame bit is received , 125(Js later.

Reframe (T1WB1). This is a TTL signal indicating that the

rece ive T1WB1 has lost frame synchronization with the transmit-

ter and is therefore in a reframe node . The minimum reframe

time is 875.0~is.

3.4 Alarm/ Par ame ter Interfaces

In the proposed M-ATEC system various groups of devices ,

which serve to complement the microcomputer system , are r equ i r ed .

The fol low ing sec t ions descr ibe these groups of supplementary

circui ts .

3 .4 .1  CC/STTL Interf ace

The Con tac t Closure/ Slow TTL Interface (CC/ STTLI) , shown

in Figure 3- 8 , is that group of devices in the M-ATEC system

which permi ts the microprocessor to perform a scan of two-state

FKV equipmen t alarm s and parame ter s. Thus , it accomplishes the

primary function performed by the Alarm Scanner used in the AlEC
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__________  
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# 1 IN j (FF1 ) ~ SIGNALS
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STATE ~/ MODULE P CC/STTL
BUFFER 
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#2 P SIGNALS
— 

#2 (FF2) F

I
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— TRI— ________

REG ISTER 
BUFFER~~~ 

~~~~~~~

PIA lB

T R I —  t~ SIX
STATE ~~ CC/STTLBUFFER SIGNALS

#5

*R d  for 1 1 1
MTTL I I I 1 1 I I I

REGISTER PIA 1A

CONTACT CLOSURE/SLOW TTL INTERFACE

FIGURE 3—8
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system .

The interface is capable of accep t ing up to 38 CC/STTL

signals. By the action of tn -state buffers , these signals are

mult iplexed in four groups of eight and one group of six onto an

eight bit data bus . This data bus is connec ted to re gist er

PIA 1B which is periodically read by the MPU . Regis ter PTA 1A is

used by the i~icroprocesso r to send con trol informa t ion to the

tn -s tate buffers and other devices on the interface.

Alarm latching capability is provided on some of the inter-

face inputs and is not provided on others. Alarm signals

appearing on the interface inputs which go to the flip f lops

(FF1, FF2) will be la tched . Al arm signals connected to those

interface inputs which a re direc t ly connec ted to the Tn -S ta te

Buffers (TSB3-5) will not be latched. Wh en connec ted to the

latching inputs , alarm/ p arame ter signals wh ich go true , even

momentarily, wi ll be he ld  true un ti l scanned and r ecord ed by

the microproces sor . Thi s la tching/non-latching op t ion of the

interf ace board is incorporated to al low sys tem personnel the

option of having an alarm latched or not latched when detected.

The CC/ STTL I n t e r f a c e  is composed of t h r e e  types  of dev ices

whos e func t ion whi ch may be descr ib ed as f o l l o w s :

Tn -State Buffer (TSB). The f u n c t i o n  of a tn -state buffer

i s  to pass data from its input port to its output port upon

rece i p t of an enab l e  pu l se , and to assume a high impedance state

at its output terminal when this enable signal is absent. Its

fundamen tal func t ion in the interf ac e is tha t of a swi tch which ,
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when enabled , connects the fli p flops or CC/STTL signals to the

PIA input re gister.

Decoder. The purpose of the decoder is to emit control

signals to the various elements of the CC/STTL interface. The

decoder rec eives a coded comm and , in the form cf a three-hit

number , from reg ister PIA1A. It decodes thi s number , thereby

forcing one of its eight output lines to a low TTL level. These

low level signals from the decoder are used to initiate such

actions as clearing f l ip flops or enabling tn -state buffers.

Fli p Flp (FF) Modules 1 ~ 2. The purpose of the set of

fli p flops is as follows. The microprocessor only scans the

sta tes of a par t icu lar al~ rm s ignal on a periodic basis. Conse-

- 
- quently, between the moments when a particular alarm is examined ,

it is possible for the a 1a r~ si gnal to ~‘opear and disappear.

Since for certain alarms this occurrence may be si gnificant , it

is desirable to record and hold (latch) such an alarm state in

order to make certain that it is recorded. As a result , flip

flo ps , wh i c h  are  ca pa ble  of performing this holding function

wer e i nc luded  in th e desi gn of the interface. If an alarm

signal is present at any time between the instants when that

alarm is read , the fli p flops are desi gned to latch its occur-

renc e .

As shown in Figure 3- 9, each fli p flop module is actua lly

composed of 4 D-type positive edge-tr i ggered flip flops with

preset and clear. Each flip flop is connected in such a w a y

that a negative level applie d to its preset (P) i n p u t  w i l l
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cause its output (Q) to assume a high s tate . Thus , the f l i p  f l op

performs a type of latching function.

There are four types of signals to be monitor ed by the

interface:  normally low and normally high Slow TTL , and n o r m a l l y

open and normally closed con tact closures . By mer ely conne ct ing

a pull up resis tor to the con tac t closure line , the contact

closure signal takes on a TTL characteristic. Therefore , in

actuality, only two types of si gna l s  mus t be accommoda ted by

the interface: normally low TTL and normally high TTL . As

prev ious ly  stated , a flip f lop  w i l l  assume a hi gh s ta te when

a nega t ive leve l is app lied to its prese t input. Therefore ,

F normally high TTL s ignals , which go low when an alarm state

exis ts , should be conne cted to the prese t input. Thi s will

L 

insure that the low level a larm s tates will be lat ched . For

normally low TTL signal s which go high when an alarm state

exis ts , the same latching func t ion may be perf ormed by firs t

pass ing the signal  throu gh an inver ter and then connec t ing the

inver ter output to the prese t (P) input of the flip flop. Con-

sequen t l y ,  referring to Figure 3-9 , norm al ly hi gh TTL or

norma l ly open contac t closures should be appl ied to input X , and

normally low TTL or normally closed contac t closure s should he

appl ied to input Y .

One Shot Multivibrators. Due to system software which is

discussed later , the flip flop clear si gnal emi tted by the

decoder is of long durat ion. To shor ten this pulse length , a

one sho t mul t ivibrator is used.
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The flowchar t given in Figure 3-10 describes the operation

of the interface. The corresponding MC6 800 assembl y program is

presented in Append ix Bi .

3.4 . 2 Fas t TTL Interface

~~ The Fast TTL (FTTL) interface , shown in Figure 3- 11 ,

performs the coun t ing func t ion done by the Anal og Scanner  in

ATEC . The FTTL pulses , which are to be monitored by M-ATEC ,

occur so rap idly tha t the microcompu ter sys tem is unable to

.ount them wi thout some sor t of buffer ing . Conse quent ly , an

FTTL interface is needed to count each of the incoming FTTL

pulses in separate 8 bit counters and to provide the means by

which each of these coun ters may be per iod ically queried by the

MPh .

The FTTL interface counts pulses on four separate FTTL

l i n e s us in g four eigh t-bit counters. Periodically, at the re-

ques t of the time base genera tor , a device whi ch will be dis-

cussed in Sec ti on 3.4 .5 , the m i c r o p r ocessor  is in te r rup ted and

con trol is transf erred to a rout ine which re ads one of the four

counters. After the counter is read by the MPh , the coun ter is

cleared and the interrupt is terminated. Each time the inter-

rupt routine is executed , a differen t one of the group of four

coun ters is serviced.

The A side output reg is ter of PIA ~ 2 (P IA2A)  is used to

output various control instructions to the interface. The B

side output re g is ter of PIA #2 (PIA2B) is used to receive the

data from the counters .
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ENABLE TSB# 1 CLEAR FF2

READ AlARM
- -‘ WORD #1 ENA BLE TSB#3

L 

CLEAR FF1 WORD

ENABLE TSB#2 WORD #3- 

- 

STORE AlARM
WORD #1 IN MEMORY

READ ALARM
WORD #2

CC/STTL FLOW CHART
FIGURE 3— 10(a )
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—__

WORD #5

[ ENABLE TSB# L~. SIGNALS 1
STORE AL ARM

READ ALARM 
~ORD #5 IN MEMORY

W O R D  #~~
4- 

__________________

F 
STORE ALARM 1 JUMP TO

1
~ORD #~4- IN MEMORY ] ANRTN

CC/STTL FLOW CHART
(CONTINUED )

FIGURE 3—1. 0 (b )
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FIGURE 3—11
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The interface is constructed of four types of devices:

tn -state buffers , counters , a decoder and one shot multi-

vibra tors. The tn -state buffers , one sho ts and decoder func-

tion in the same manner as was described in the last section.

The counter is descr ibed below .

An FTTL 8 bit counter , illustrated in Figure 3-12 , ac tually

consis ts of two asynchronously cleared 4 bit counters connected

in cascade . The incoming FTTL pulse is applied to the counter

containing the leas t significant bits . Wi th the two counters

connec ted as shown , an overflow of the leas t si gnificant counter

causes the more significant counter to be incr emented. As a

resul t 28 -l or 255 FTTL pulse occurrences may be counted with-

out overflow .

The overall opera tion of the FTTL interface as controlled

by FTTL-rela ted software is described in flowchart form in

Figure 3-13 and is presented in MC6800 assembly language in

Appendix B2.

Referrin g to Figure 3-13 , when an in terrupt occurs and is

iden tified as being caused by the Time Base Generator (TBG), the

TBG is firs t reset. Following the reset operation , con trol is

transferred to one of six routines. Rout ine FTL 1 reads , record s ,

and clears counter ~l; rout ines FTL2 , FTL3 and FTL4 do the same

func t ions for coun ter 2 , 3 and 4 respec t ively . (MT L1TM and

MTL2TM are reserved for purpos es to be described in Section

3.5.1). Each  time the TBG interrupts , a different one of the

six routines is executed on a rotating basis.
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3.4.3 MTTL Interface

In FKV there are two types of TTL pulses that need to be

counted , Fast TTL (FTTL) and Moderate Speed TTL (MTTL). As was

previously dis cussed , the speed at which FTTL pulses arrive at
¼ the M-ATEC system necessitates that these pulses be counted in

ex ternal counters . However , since MTTL pulses occur at a con-

~~ siderably slower rate , an ex ternal counter is not needed . Thus ,

a simpler interface may be used to count MTTL occurrences . This

interface is referred to as the Modera te Speed TTL Interfac e on

MTTLI and is shown in Figure 3-14.

It should be pointed out that MTTL could be counted in the

same way in which FTTL is counted. Howe ver , the MTTLI is pre-

sen ted as a poss ib le  al terna te so lu t ion for  i l lustrat ive pun -

poses .

The function of the MTTL interface is to enable the MPh to

count the number of pulse s rece ived on each of two incoming

MTTL signal lines over a given per iod of t ime . Upon re ceip t of

a pulse on an MTTL line , a flip flop corresp onding to the ac ti ve

MTTL l ine is set and interface ci rcui try c alls for an MPh inter-

rupt . When an interrup t occurs , the m i c r o p r o c e s s o r  iden t i f ies - -

the line on which the pulse was received by reading the state of

the f l i p  flops. The MPh then increm ents a counter in memory

correspond ing to the active MTTL line . To record the number of

MTTL pu l ses  a r r i v i n g in a cer ta i n  per iod , the MPh , a t p r e c i s e

t ime intervals , transfers the curren t value of each MTTL count

to another memory loca t ion for s tor age and rese ts the curren t
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count to zero.

The MTTLI is composed of four major types of devices: one-

sho t mult ivibrators , f l i p  f lop s , tn - s tate b u f f e r s , and a

decoder. One-shots #1 and #2 function as part of the micro -

computer interrupt scheme to conver t arriving MTTL signals to

one microsecond pulses for input to the PIA interrup t port

(CB 1). This pulse length conversion is nece ssary to prevent

long dura t ion pulses such as T1WB 1 Reframe from obscuring the

arrival of shor ter length pulses such as Tl1~Bl Frame Bit Error

at CB 1. The other MTTLI device s , the tn -state buffer , decoder ,

one-sho t #3 and flip flops all function as was described in

Sec t ion 3 .4 . 1. However , referrin g to Figure 3-9 , in the case of

‘ the flip f l ops , the incoming MTTL pulses are connected to the

flip flop clock (CK) inputs ra ther than to the X or Y inputs .

Oper at ion of the MTTLI is controlled by an interrupt

rout ine which is execu ted by the microproces sor af ter recei pt

of a PIA interrupt reques t. Th i s routine , c al led MTTL SR , is

shown in flowchart form in Figure 3-15. The corresponding

MC6800 program code is given in Appendix B3. The fundamental

oper~~ ions which occur dur ing the MTLSR rou tine are the re ad ing

of the flip f l ops , c l e a r i n g of th e f l i p  f l ops , and the incr e-

men t in g of the cur ren t coun t in mem ory wh ich cor res ponds to

rece ived MTTL pulse. In addition , further MTTL interrupts are

inhibited at the outset of the routine and reenabled at the

conclus ion of the rou t ine . The purpose of this is twofold .

( ~~ Firs t , it al lows the MPU interrup t sy st em to be reen abled

J ~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~ 
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without having the s ti l l-present MTTL inte rrupt flag cause a

second false interrupt . Second ly ,  it prevents another MTTL

pulse from interrup ting the MTTL routi ne.

There are two important timing considerations to be made

regarding the proposed MTTL interfacing scheme. The first of

these considerations deals with the occurrence of near -simul - - ;

taneous pulses on more than one incoming MTTL l ine . Specifi-

cally of interest is the situation in which an MTTL signal

arr ives and cause s an interrup t, and then ano ther MTTL line

become s ac tive during the interrupt routine . The sec ond pulse

might arrive in one of three poss ible time intervals as shown

in Figure 3-16. These three possibilities are discussed below .

If the se cond MTTL pulse arrives in interval A , no compl i-

ca t ions resul t. The second puls e would be latched by the flip

flops and read along with the first MTTL pulse  when the f l ip

flops are read by the MPU . Although the second arriva l of an

MTTL s ignal will reactivate CB1 , the MPU , upon en te r ing the

in ter rup t h a n d l i n g  r ou t ine , d isabl es fu r ther in ter rup ts f rom

being recognized.

In the case that the second MTTL line becomes active in

interval C , there are no complications. -\ pu ls e occu r r ing in

this time period is latched and sets the PIA interrupt request

flag. Consequently, at the conclusion of the current MIlL

interrupt routine , MTTL interrup ts are reen ahied , and ano ther

MTTL interrup t wil l  oc cur cau s ing the sec ond pulse to be read.

In the case in which the second MTTL pulse arrives during
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interval B, a problem exis ts. In the situat ion , the incoming

MTTL pulse may not be recorded . If the second pulse arr ives

af ter the flip flops are read at the 4l~ s point and before the

flip f l ops are cleared , the ir presence will be erased by the

clearing of the flip flops , and the pulse will therefore not be

counted . Should the pulse arrive be tween the flip flop clearing

time (49~is point) and the clearing of the interrupt flag (S3ps

point), the puls e may or may not be counted depend ing on which
-

- 
- MTTL line nex t becomes ac tive. For ex ample , if a pul se occur s

on MTTL #2 line during this interval , it w i l l  no t cause an

interrup t . However , if an MTTL #1 pulse  is the next MTTL signal

received , both the MTTL #1 and the MTTL #2 pulses will be read

durin g the resulting MTTL #1 interrupt.

As a resul t of this propos ed MTTL scheme , th ere is a t ime

period durin g which the recording of MTTL pulses is not abso-

lutely certain. This period has a duration of approximately 12

m ic rosecond s , and occurs once dur ing each execu tion of the MIlL

rout ine. This p roblem , a lon g wi th pos sible  remed ia l  al tern a-

ti ves is discus sed in Sec t ion 3 .5 which ex amines sy st em sof t-

ware.

3.4.4 Analog Voltage Scan Interface

In FKV there are a number of dc voltages and near- zero

frequency si gna ls which mus t be mon ito red. Mon it oring of these

types of parameters is done in M-ATEC by the Analo g Vol tage

Scan Interface (AV SI) shown in Figure 3- 17. Thi s interface

performs the same type of func tion which is done by the 

~~—--U - - -~~~~U--- - U---—- - -
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MAC/Analog Scanner combination in ATEC . The Analog Voltage

Scan Interface accepts up to 32 dc or near-dc voltage inputs

and, in sequence , selec ts a par ticular input voltage , performs

an analog to digital conversion and sends the digital represen-

tation of the voltage level to the PIA for input to the micro-

processor .

The A side of PIA2 serves to emit control signals to the

devices on the interface; the B side of the PIA reads the

result of the A/D conversion. Control ports CB1 and CB2 monitor

and control the analog to digital conversion process.

The interface contains five major types of devices which

may be described as follows .
— Analog Multiplexer. This device accepts up to 16 voltage

signals , and in accordance with the digital address code

applied to its address inputs , connects one of the 16 input

signals to its output terminal.

Sample and Hold Module (SHM). The SHM normally allows

vol tages at its input terminal to pass to its output terminal.

However , when the SHM Hold input is brought to a high TTL level ,

the voltage present at the SHM output port will cease following

the input and will be held constant. This is done to insure

that the A/D converter receives a constant voltage during the

• A/D conversion process. When the SUM Hold input is returned

low , the SUM ouput voltage will once again follow its input

voltage.

— 
Analog to Digital (AID) Converter. The function of the
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A/D module is to determine the value of the voltage present at - -

its input terminal and output a binary number representing the

input voltage value . The microprocessor initiates the conver-

sion p~ocess by emi tt ing a pulse from CB2. This causes the

EOC output of the A/ D module to go high , thereby placing the

Sample and Hold in its hold mode . At the same time , the A/D

conversion process begins . When the conversion is completed ,

the A/ D module re turns EOC to a low state , thereby re turning

the Sample and Hold to its normal s tate and causing a nega t ive

transit ion to be sent to CB1. This negat ive transit ion on CB 1

indicates to the microprocessor that the conversion is complete.

Consequent ly , the microprocessor enables the six bit tn - s tate

buffer and reads the binary value from the A/D into memory .

Tn -State Buffer and Decoder. These devices function as

prev iously described in Sec t ion 3 .4. 1 .

The opera t ion of the Analog Vol tage Scan Inte rface is

described in flowchart form in Figure 3-18. The AVSI control

program is shown in MC68 00 assembly language in Appendix B4.

Referring to Figure 3- 18 the control word , ANCSCR , is that

word output to PIA2A which causes the generation of various

control signals on the AVSI. The input port counter , ANCTR ,

counts down as each input por t is scanned and causes an exi t

from the routine after the last input signal has been serviced.

The memory lis t pointer points to those successive locations in

memory in which the value of each input signal is to be stored.
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3.4.5 Time Base Generator 
-

The purpose of the Time Base Generator shown in Figure

3- 19 is to initiate MPU processing activities which must be

performed on a periodic basis . The TBG is programmed by MPU to

have a certain time delay ; at the expiration of the desired

delay per iod , the TBG genera tes an MPU interrup t. 
-:

Programming the device is accomplished as follows . The

MPU sends a 24 bit binary represen tat ion of the desired delay

time to the TBG in three words of 8 bits each. The MPU first

— 
outputs the least significant word and store s it in latch #1;

the nex t mos t sign i fic ant word is then output and s tored in

latch #2 , and finally the most significant word is output and

stored in latch #3. This programming sequence need only be

performed when the delay time is to be changed or when the

sys tem is s tar ted from a pow er down s tate. Wi th the 24 bit

delay time resident in the latches , refre shing of the TBG at

the end of each t ime interv al is acc omp l ished by transferr ing

the latch contents -to the counters. This is done by app ly ing

the proper voltage level to the load inputs of the counters.

The primary device utilized in the TBG is the counter; as

shown in Fi gure 3-20 , the counters suggested for use are type

SN54193. These counters have the capability of being loaded ,

c lear ed , and cascaded . In add ition , the SN54193 counters

output a borrow out signal which goes t rue when the count

— equals zero.  The borrow out s ignal is used for two purposes.

Firs t , it is used to cascade the counters , and secondly the 
•

84



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

- -

• CAl CA2
- - (CEZ ) 

_ _ _ _

C E
OR

LATCH
#3

C3EZ
L L
CDN

COUNTER 2

___

¼f4

~~~

Z (  

~~~~~~~ GH 

1PIAlJ

COU TER 1 ________

BOR~~~~~~~~~~~~~~~~~ÜTCH~~~~~~

L~1I ~~
J os ! os i

CLOCK ___________

IF
~~ DECODER ]

*RESERVED FOR I I I * * * *
CC/STTLI [ I J I I I I I I

PIA 1A
TIME BASE GENERATOR (TBG)

FIGURE 3—19

85

- - - - -rn --U- -~~~~~~~~~~~~~~---- --— ~~~~~~
- - —
~~~~~~~~~ 

U-



~

-

~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

~TT ~~~~~~~~~

TO
COUNTER #2

g~~~~~~~
A .  

—

——
~~~~~~~~~~~~~~~~~~~~~

-..

COUNTER C = — IN F
lB D—  L

— -4QL ~ .— IN
CNT CNT

-H DN__UP_ 
- 

IN~~~~ 

~~~~~~~~~~~ROM
COUNTER ~~~~~~~ ________ 

PIA1B
1E QUALS \V __ .

~Q 1 ~~
ZERO BuR CAR

A ~L 
IN~-

(C1EZ ) OUT OUT
B - .

COUNTER C — 
.4L 

IN
1A D —

L~~~~~
— — IN

CNT CNT
DN 

‘4
1 ~-{Z LOAD — LATCH

SYSTEM
CLOCK

COUNTERS ARE SYNCHRONOUS LATCH IS AN 8 BIT
k BIT UP/bOWN COUNTERS BISTABLE LATCH
(SN5k193 ) (SN5~4-116)

TBG COUNTER #1 AND LATCH #1

FIGURE 3—20 

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



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

borrow out signals from each of the three counters are gated

together to form a signal (CEZ) which indicates that the 24 bit

count is equal to zero. The CEZ signal is sent to CAl and

causes an interrupt when true .

A flowchart which illustrates the programming sequence for

the Time Base Generator is given in Figure 3-2 1. This sequence

is coded in MC6800 assembly language in Appendix B5.

3.4.6 Overall Interface Hardware Configuration

Shown in Figures 3-22 and 3-23 is the configuration of

the various M-ATEC interfaces , the Time Base Genera tor , and the

four PIA regis ters. Two PIAs are used. The TBG , MTTL and

CC/STTL devices communicate with the MPU via PIA1 ; the FTTL and

analog scan interfaces communicate with MPU via PIA2.

Registers PIA1A and PIA2A always function as output

regis ters; PIA2B always functions as an input register , and

PIA1B may funct ion as either an output or input reg ister. The

output mode of PIA 1B is used during a load of the TBG , and its

input mode is used when reading CC/STTL and MTTL information .

3.5 Sys tem Sof tware Opera tion

3.5 .1  Descript ion of Sof tware Rout ines

We have described five hardware group ings which moni tor

the various FKV alarms and parame ters and genera te an MPU t ime

base. These devices are controlled by the software routines

described below .

Analog Scan Routine (ANRTN). This routine controls the

• Analog Voltage Scan Interface and regulates voltage scanning, 

__ _1__ U _ _ _  -U -_ --~~~~~~~~~~~~ 
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AID conversion, data input and data storage.

Contact Closure/Slow IlL Scan Routine (CCRTN). The CCRTN

routine reads the contact closure/slow TTL alarm states which

are sent to the CC/SIlL interface and stores the resulting data

in five 8 bit words .

Medium Speed TTL Service Routine (MTLSR). This interrupt

routine provides for the detection and counting of MTTL pulses

which arrive at the MTTL interface.

Fast TTL Counter Service Routines 1 thru 4 (FILl, FTL2,

FTL3, FTL4). Each of these routines services a particular

counter on the FTTL interface. Execution of one of the

routines causes the MPU to read a counter , store the counter

contents in memory and clear the counter. Program FTL1

services FTTL counter #1; program FTL2 services FTTL counter

#2 , etc.

MTTL#l Count Transfer Routine (MTL1TM). The MTL1TM pro-

gram is a periodically executed routine which transfers the

contents of the MTTL#l software counter located in memory to

another section of memory. The transferred data represents the

number of pulse occurrences recorded over the previous time

base interval.

MTTL#2 Count Transfer Routine (MTL2TM). This interrupt

routine is identical to MTL1TM except that the MTTL#2 count is

transferred.

Time Base Generator Load New Count Routine (TBGLNC). The

TBGLNC program controls the process of loading a new time base
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value into the TBG. This program is executed on an irregular

basis.

3.5.2 Program Flow

It is necessary that the individual routines previously

described be linked in some manner. This linking is illustrated

• in Figure 3-24. The routines shown in the figure may be

classified as one of two types of programs : main programs or

interrupt routines . The main programs are those which are

executed when the microprocessor is in its normal or non-

interrupted state. These main programs are the Analog Voltage

• Scan Routine (ANRTN) and the CC Scan Routine (CCRTN). The

interrupt routines are those which are executed only upon an

• MPU interrupt condition . Those programs which fall into this

category are : MTLSR , FTL1 , FTL2 , FTL3 , FTL4 , MTL1TPM and

ML2TPM . The Time Base Generator Load New Count Routine (TBGLNC)

is a special program executed as part of a system start or

system reset routine .

Program flow in the M-ATEC microprocessor may be described

in the following way . Referring to Figure 3-24 , during its

uninterrupted state , the MPU continuously executes ANRTN and

CCRTN . Upon receipt of an interrupt signal , if its interrupt

system is not disabled , the MPU completes the current instruc-

tion and then carries out preparations for interrupt. These

preparations include storing -the current contents of MPh

reg isters in memory and disabling further interrupts. Program

control is then transferred to routine DECINT which determines

k~ 
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whether the TBG or an MTTL pulse initiated the interrupt. In

the case of  an MTTL interrup t , the MPU p r o c e e d s  to execu te

routine MTLSR which records the MTTL p u l s e ( s ) .  I n  the case of

a TBG int errup t , con trol is trans f e r r e d  to a branching rou t ine ,

T B G I R .

• It is the function of TBGIR to direct program control to

one of six routines : FTL1 , F T L 2 , FTL 3, FTL4 , MTL 1TM or M T L 2 T M

which were previousl y d e s c r i b e d .  Each t ime i t is execu ted ,

• TBGIR transfers control to a different one of those six

rou t ines . Program FTL 1 is executed on the f i r s t p a s s ;  FTL 2 is

executed on the second p a s s , e tc.

The numbers shown in brackets in Figure 3-24 indicate the

number of clock cycles occurr ing up to that point since the

ini tia t ion of  the inter rup t. Since  the su gge st ed sy s tem clock

r ate is 1M H z , the number of clock cycles also equals the time

in microseconds . Shown in parenthesis in the same figure are

the names of  the subrou t ine s bein g execu ted a t tha t p o i n t .

3. 5.3 I n ter rup t Programming  Cons idera t ions

Two aspec ts of  in te r rup t pro g r ammin g must b~ considered

• in the proposed software system. One is priority, and the

other is timing. Priority refers to the condition in which the

h a n d l i n g of  one ty p e  of  in te r rup t opera ti on i s  gi ven precedence

over another . An example of a routine given high priority in

M-ATEC is the Time Base Generator Routine (TBGIR). The MPh

records the arrival of many pulses over fixed time intervals.

These time intervals are provided by the Time Base Generator and
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are sent to the MPU in the form of periodic interrupt signals.

In order for precise counting intervals to be achieved , there

should be a quick response to a TBG interrupt. Therefore , it

is necessary that TBG interrupts be given highest priority .

Since TBG interrupts have precedence over others , certain

aspects of timing must be considered. For example , it is

necessary that if high priority operations are performed ,

lower priority but necessary operations are still carried out .

Specifically, it should be demonstrated that execution of TBG

routines do not prevent the processor from properly acknowledg-

• ing and recording MTTL pulses.

Illus trations of worst case arrival conditions of MTTL and

TBG interrupt requests are shown in Figure 3-25 and 3-26. At

worst case , a pulse on a single incoming MTTL line may occur at

a maximum rate of one every l25~ts (T1WB1 Frame Bit Error). A

TBG request arrives approximately every 440,000TLs. Shown in

the first figure is the case in which a high priority TBG

interrupt pulse is received at 2Ops , immediately followed by an

MTTL interrupt request at 2lps. Since the MTTL interrupt has

lower priority, the resulting TBG interrupt is executed to its

conclusion before the MTTL interrupt may proceed. Consequently,

it is important that the TBG interrupt be processed quickly

enough for the MTTL pulse to be read before another MTTL pulse

occurs. In the case illustrated in Figure 3-25 , the TBG

L 

- 
interrupt is completed at 93us. Thus , the reading of the MTTL

latches , which occurs 43us into the MTTL routine , will be
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accomplished at l3ôps. This means that the first MTTL pulse

will be successfully recorded before the next MTTL pulse occurs

at l46ps.

A similar situation is illustrated in Figure 3-26 , in

which case an MTTL pulse arrives , followed by a TBG interrup t

request. Receipt of the MTTL signal at lOjjs causes the execu-

tion of the main program to be suspended and the MTTL routine

to commence . After the elapse of the first 3Oijs of MTTL pro-

• cessing, the recei pt of the higher prior ity TBG interrupt

request cause trol to be transferred to the TBG interrupt

routines. ~ routines are executed until the ll3ijs point

at which t~~ue ~\J 1’TL processing is resumed. Since 3O~is of the

MTTL routine had already elapsed before it had been interrupted

by TBG , and since the MPU reads the states of MTTL flip flops

43ii s into the MTTL routine , the flip flops are read at l263Js.

Consequen tly , the first occurrin g MTTL pulse is read before the

next MTTL pulse occurs .

En these worst case condi tions , though the fir st MTTL

pulse is read , a problem st ill exis ts. This problem concerns

the proper recording of the second MTTL pulse. The difficulty,

which is rela ted to the problem discussed in Section 3.4.3 and

i llus trated in Figure 3-1 6 is a consequence of the interval

durin g which MTTL pulses may or may not be counted. As pre-

viousl y explained , i t takes a fini te time (approxima tely l2~js)

for the system to read an MTTL pulse and prepare itself for

another MTTL pulse arrival. As shown in Figure 3-16 this

98
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• period begins two cycles into the read instruction and ends

at the conclusion of the clear interrupt flag instruction . In

• Figure 3-25 this interval extends from i38ps to l5O~s, and in

Figure 3-26 , the corresponding interval is from 128iis to l4Oiis.

In both of these cases , the second MTTL pulse occurs during

the l2ps uncertainty period. As a result , this second MTTL

pulse may not be recorded properly.

Therefore , considering this situation and the discussion

of multiple line MTTL activity in Section 3.4.3, it can be said

that the presence of the l2ps uncertainty interval may give

rise to problems in two different cases. The first case occurs

when the TBG routine interferes with the MTTL service routine ,

and the second case occurs when an MTTL pulse arrives during

the servicing of another MTTL interrupt request. Proposed

alterations to the MTTL monitoring strategy , which would

improve M-ATEC MTTL monitoring capabilities , are given below .

Problems related to the first case could simply be solved

by altering the system clock rate slightly. Referring to

Figure 3-25 , if the time from the beginning of the TBG routine

to the Read MTTL instruction could be reduced , the interval of

uncertainty would also be shifted in such a way that it would

occur before the next possible MIlL arrival. This reduction in

execution time could be attained by increasing the rate of the

system clock . A ten percent increase in the clock rate to

1.1MHz would cause the uncertainty interval to terminate at

approximately 137ps , meaning that the second MTTL pulse
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occurin g at l4ôps will be properly recorded. It should be

pointed out that this solution does not alleviate the problem

relating to multi ple MTTL line activity.

In the second case , difficulties arise specifically when

a second MTTL pulse arrives during the l2ps uncertainty interval

of a currently executing MTTL routine . This problem could be

elimina ted by supp ly ing each incomin g MTTL l ine with a separ-

ately cleared flip flop and a separate interrupt request line .

In the proposed MC6800 m icrocompu ter system , separate MTTL

in terrup t capabil ity could be achiev ed by allo win g only one MTTL

signal to be connected per each side of a PTA since each side

has a separate interrupt request output to MPU.

Another solu tion to the problem ill ustrated in Fi gure 3- 26

would be to inhibit the servicing of TBG interrupts until after

the read uncer ta in ty interval ends , a maximum delay of 57~is.

This would cause the uncer tainty period shown in Figure 3- 26 to

terminate at the 67~is point. Such a solution would also elimi-

nate the possibility of another condition occuring , namely, the

receipt of a TBC interrupt during the read uncertainty interval.

A TBG arr ival dur ing th~i t period would cause an extension of the

uncertainty interval. It should be pointed out that occasion-

ally delay ing the start of the TBG interrupt routine produces an

error of 57/440 ,000 or approximately 0.01% in the time base

in te rval.

A final solution to the MTTL read problem would be to

el im inat e the MTTL in terface and coun t MIlL in the same way that

100
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FTTL is counted . This would elimina te both the multiple-line

MTTL activity problem and the difficulty related to TBG inter-

ference of the MTTL routine . It would also significantly reduce

the computational load under worst case cond itions , tiius making

available addi tional processing time for other uses .

All above proposals represen t elements of a cost/perfor-

mance tradeoff. The MTTL interface described in Sect ion 3.4.3

represents an inexpensive solution with reduced capabilities

while the three above-mentioned alternatives work more effec-

• tively but at higher cost .

A final operating condi tion of M-ATEC to be considered is

its operation under full load condi tions, that is , when all

pulses are received at their maximum rate. MTTL#l (T1WB1 Frame

Bit Error) is received every 125ps; MTTL#2 (T1WB 1 Reframe) is

received every l ,250ps , and the TBG signal arrives every

438,l44ijs. To show that under full load conditions the micro-

processor is capable of performing all required processing,

• Figure 3-27 is used to illustrate the relati:e processing time

requirements of various processing routines. In Figure 3-27 , a

• single time base generator interval of 438,144i.is is shown . If

it is assumed that during this time, MTTL#i and MTTL#2 pulses

arrive at their maximum rate , 3,505 MTTL#l pulses and 350 MTTL#2

pulses will occur . Since the processing time for a single

MITL#l pulse is 104~is and the processing time for a single

MTTL#2 pulse is lO4us , the resulting processing time for MTTL#l

and MTIL#2 pulses is 364,520~is and 36 ,4OO~is respec tively.
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Taking into account the 73ps needed to service the single TBG

in terrup t which occurs during this period , 37,15l~is remain

available during which the main programs , ANRTN and CCRTN , may

be executed . At worst case , the execution time for the main

program is 3 ,403ps. As a result , the main programs are executed

• at a very sa tisfac tory ra te of at leas t 11 t imes per 4 38 ,l44ps

or , equivalently, 25 times per second .

3.5.4 Alarm/Parameter Data Storage

• As a result of the various scan routines , the collec ted

alarm/parameter data is placed in 43 locations in random access

memory (RAM) . The structure of the list is illustrated in

Figure 3-28. Thirty-two locations ending at address ADLST are

reserved for the values of the 32 analog voltages scanned by

• the Analog Voltage Scan Interface; four locations starting from

FTLLST contain the values read from the four FTTL counters

• during the FILl , FTL2 , FTL 3, and FTL4 rou tines . Con tained in

the two locations MTLLS1 and MTLLS2 are the counts of pulse

occurrences , during one TBG interval , on lines MTTL#l and MTTL#2

respectively. The five locations beginning with CCLST contain

five alarm words of eigh t bits each. Each bit of an alarm word

represen ts the sta te of one alarm .

The information in this data list may be directly sent to

• . . the Nodal Control Site (NCS) or , wha t is more desirable , may be
• f i r s t  processed by addi t ional sof tware rou t ines and then tele-

me tered to NCS.
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CATION ~~NTENTS

ADLST-31 ANALOG VOLTAGE VALUE #32

•-
‘
. 
.•

ADLST ANALOG VOLTAGE VALUE #1

FTLLST FAST TTL #1 COUNT

FTLLST+3 FAST TTL #~ COUNT

MTLLS1 r MODERATE SPEED TTL #1 COUNT
MTLLS2 L MODERATE SPEED TTL #2 COUNT

CCLST ALARM WORD #1

CCLST+Ll. ALA RM WORD #5

POST —SCAN MEMORY CONTENTS

FIGURE 3—2 8
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CHAPTER 4 
_ _ _ _ _ _ _ _ _ _ _

SUMMARY AND CONCLUSIONS

4.1 M-ATEC Capabilities

In summary , the M-ATEC system described in this report

4 illustrates how a microprocessor may monitor the operating per-

formance of the Frankfurt-Koenigstuhl-Vaihingen (FKV) area of

the European Defense Communications system. Specifically,

M-ATEC monitors various equipment alarms and parameters output

by FKV communications devices and stores the monitoring data in

• the memory of the M-ATEC microcomputer system . The data stored

in memory is therefore available for use by additional process-

ing routines or may be telemetered to the central ATEC monitor-

ing site known as the Nodal Control Site (NCS).

The M-ATEC system monitors a number of different signal

types; these are Contact Closures (CC), slowly varying analog

voltages , Slow TTL (STTL) signals (repetition period greater

than one second), Moderate Speed TTL (MTTL) signals (repetition

period between 50~s and one second), and Fast TTL (FTTL) signals

(repetition period less than 50iis). The state of CC and STTL

signals , some of which may be latched , are examined by a pen-

odically executed scanning sequence . Signals of the FTTL type

are counted in external counters which are periodically read and

cleared by the microprocessor . MTTL signals are counted as they

arrive and recorded in software counters internal to the micro-

• 
- 

processor.

The M-ATEC system has the capability of accepting up to
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38 CC or SIlL signa l s , two MIlL si gnals and four FTTL si gnals.

At worst case , the status of CC and STTL si gnals and the values

of analog vo lt ages are moni tored by the m icropro cessor approxi-

mately every 30 millise conds. FTTL and MTTL count s  are read

approxima tely every 2.6 seconds .

• Concern ing  M-A IEC ha rdware  r e q u i r e m e n t s , the overa l l pro-

posed M-ATEC sys tem c o n s i s t s  of 69 c i r c u i t  modu le s .  Seven

modules compr ise  the  m i c r o c o m p u t e r  s y s t e m , i t s e l f ;  35 modules ,

which  are connected to PIA#l , com prise the Time Base Generator

and MTTL and CC/ SIlL I n t e r f a c e s , and 27 modules , connected to

• PIA#2 , make up the FIlL and Ana log  Vol tage Scan Interface . The

modules  range  in c o m p l e x i t y  f rom s m a l l  sca le  i n t e g r a t i o n  NOR

gates  to  l a r g e  scale  i n t e g r a t i o n  dev ices  such as the  MPU chi p.

- • 4 . 2  M-ATEC Advantages

W i t h  a m i c r o p r o c e s s o r  i nco rpo ra t ed  i n to  the ATEC sys tem at

a r emote  s i t e , v a r i o u s  s h o r t  r ange  and long range  a d v a n t a g e s

may be r e a l i z e d .  E x a m p l e s  of some immed iat e advan tages are

sys t em p r o g r a m m a b i l i t y , reduced s i z e , redu ced power consump t ion

and reduced  m a i n t e n a n c e .  
- 

-

P r o g r a m m a b i l i t y  of the  ATEC s y s t e m  is a r e s u l t  of the  f a c t

t h a t  a Read Only  Memory (RO M ) c o n t r o l s  s y s t e m  o p e r a t i o n s .

Should  a change  in the  o p e r a t i n g  sequence  of M -A T E C  be des i r ed ,

such a change  cou ld  be made s i m p l y  by r e p l a c i n g  the  p r e s e n t  ROM

• w i t h  a new ROM c o n t a i n i n g  t h e  d e s i r e d  p r o g r a m .  T h i s  is advan-

t ageous  because  a c o m p a r a b l e  change  in a non-microprocessor

c o n t r o l l e d  s y s t e m  w o u l d  r e q u i r e  s i g n i f i c a n t  h a r d w a r e  a l t e r a t i o n s
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to be made .

The reduced size and - power requirement of M-ATEC is a con-

sequence of M-ATEC ’s extensive utilization of large scale inte-

gration (LSI) technology. Since LSI incorporates a number of

discrete devices onto a single chip , size reduction is an auto-

matic result. Also , since the miciocomputer chips utilize MOS

technology , system power requirements are reduced. The feature

of system programmability, also a consequence of the use of LSI ,

allows many system functions , previously done in hardware , to be

done in software . An example of this is M-ATEC ’s MTTL counting

scheme in which a software counter rather than a hardware

counter is used to record incoming MTTL pulses. By performing

certain functions in software , a number of hardware devices may

be replaced by a single memory device which contains an appro-

priate software routine . As a result additional power and size

reduction is realized. It should be pointed out that the future

trend of microprocessor technology is toward greater sophistica-

tion , higher speed and lower power consumption .

Reduced maintenance is another immediate advantage of the

M-ATEC system. Many maintenance problems are related to device

interconnection failure. Since the LSI technology used in

M-ATEC reduces the number of discrete devices used in FKV moni-

toring, a reduction in maintenance time and expense should

occur.

Various long range advantages may also be realized with the

introduction of processing capability at FKV remote sites.
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For example , given the development of appropriate software in

the future , M-ATEC moni toring sequences could be made adaptive

to network conditions existing at a particular moment . Monitor-

ing data could be processed before being telemetered to the

remote site , and increased nodal control site-remote site inter-

action could be made possible. A consequence of making monitor -

- 
• ing sequences adaptive and increasing NCS-Remote site inter-

action would be increased faul t isol at ion and faul t detect ion

• efficiency . Preprocessing data before transmission to the NCS

would reduce telemetry bandwidth and reduce NCS processing

requirements. Given a fixed telemetry bandwidth and a fixed

NCS processing capability, this would allow more remote sites

to be connected to a single nodal control site.

4.3 M-ATEC Limitations

Though the proposed M-ATEC system offers many beneficial

features , M-ATEC does have some limitations . First , M-ATEC is

limited in the number of asynchronous interrupts it can handle.

The fundamental difficulty is time . Since i t takes a f i n i te

time to process an interrupt and since many interrupt requests

must be processed in a limited amount of time , the result is

that a microprocessor can process only a limited number of in-

dependent interrupt si gnals. Also , in M-ATEC , since M TTL pulse

• arrivals are recorded on an interrupt basis , during periods of

high MTTL activity, the MPU processing time is almost full y

‘
~~~~• • utilized. This means that additional processing routines would

require a second microprocessor at the remote site.
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Another limitation of the proposed M-ATEC system is that

it lacks the displays which are available on digital ATEC

• devices such as the Alarm Scanner. These displays could , how-

ever , be incorporated into the system without major difficulty.

One final limitation of M-ATEC is that , at the present

level of design , it does not perform all of these remote site

moni toring and switching functions described in the ATEC Digital

Adaptation Study . An expansion of M-ATEC to encompass some of

• these functions is discussed in the next section of this report.

4.4 Future Work

The function of the M-ATEC system proposed in this report

is to monitor a number of TTL levels , contact closures and low

frequency analog voltages and to store the results of these

measurements in the microcomputer memory . Of future concern

could be the expansion of M-ATEC monitoring capability and the

development of additional system software .

One aspect of M-ATEC monitoring which could be investigated

is the addition of voice frequency (VF) monitoring capability.

At present , the M-ATi~C system has no provisions for the moni-

toring of FKV voice frequency (VP) signals. However , it is

possible for a microprocessor to scan , filter and measure VF

signals. Scanning could be accomplished in a manner similar to

that used by M-ATEC to scan low frequency analog signals , and

filtering could be done internal to the microprocessor by

utilizing dig ital filtering techniques. Since an appreciable

• amoun t of processing time is required to perform these
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functions , it would be necessary to add a second microprocessor

to the system to provide this capabili ty.

Another func tion wh ich could be incorpora ted into M-ATEC

is control over the breaking, interconnection and termination

of VF lines. This is a function performed in dig ital ATEC by

the MAC/Analog Scanner combination .

Development of additional system software would be a

particularly worthwhile area of future work. Since the presence

• of processing capability at remote sites is a significant result

of the M-ATEC development effort , the efficient utilization of

this capability should be a primary goal. Development of appro-

priate system software would make it possible to imp lement a

number of valuable functions which were previously mentioned ,

including: adaptive alarm/parameter scanning , increased NCS-

Remote Site interaction , data preprocessing at remote sites , and

digital filtering.
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APPENDIX Al

11-4000 ALARMS AND PARAMETERS

1) Major Alarm - An alarm generated when one or more of the

following events occurs :

a) loss of +2OVDC power supply

b) 11-4000 Remote Alarm received . Remote Alarm indicates

that a receive Tl-4000 has noted that its transmitting

counterpart has lost main frame or control frame

synchronization for more than 250 milliseconds.

-
• c) Minor Alarm present . A receive Tl-4000 generates a

• minor alarm if it determines that the three leve l

partial response signal has a format error rate of l0~~
or greater.

2) Main Frame Bit Error - A pulse generated by the 11-4000

unit indicating that an incorrect framing bit has been

received.

3) Control Reframe - A IlL level which indicates that the

receiver has lost control frame synchronization and is

attempting to resynchronize.

The following alarms/parameters do not emanate directly from

the 11-4000 unit but are related to 11-4000 operation .

4) Maintenance Indicator - A signal (actually a manual switch

closure) generated by maintenance personnel to indicate that

maintenance relating to the 11-4000 units is in progress.

5) Switch-Major - An alarm , emitted by the Tl-4000 switchover

unit , which indicates that one or more of the following

A 1-l
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condi t ions exis t :

a) A switchover (transfer) attemp t from main to standby

• un i t  or vice versa  has f a i l e d .

b) The standby 11-4000 had a local alarm when it was

switched on line .

c) A remote alarm has been received.

d) The swi tch unit is in the standby mode and is thus

i n o p e r a t i v e .

6) Rx In Service - A TTL leve l which indi cates to the ATEC

devices which of the 11-4000 receivers (main or standby)

is curren tly on line.

7) Tx In Service - A TTL level which indicates to the AlEC

devices which of the Tl-4000 transmitters (main or standby)

is currentl y on line .

It should be noted that there are two each of the following

alarms/parameters at VHN : Major Alarm , Main Frame Bit Error ,

Control Reframe , and Tl-4000 Maintenance. One set of

alarms/parameters comes from the main (normal) Tl-4000 and the

other set comes from the standb y Tl-4000 unit. 
.•
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APPENDIX A2

T1WB1 ALARMS/PARAMETERS

1) Local Alarm - indicates either of the following condi tions

exists:

a) loss of receiver synchronization for more than 5

milliseconds or

b) failure of the +5v , +12v or +9v power supplies.

2) Loop Alarm - By switch control , the IlWBl can be operated

in such a way that it will immediately re-receive informa-

tion which it transmits. Ihis is called loopback mode and

is primar ily used as a main tenance aid. Operating in this

way, the T1WB1 is essentially disconnec ted from the system.

To prevent accidental operation of the T1WB1 in loopback

mode , an alarm is generated by the T1WB1 when operating in

this way .

3) Bipolar Viola tion Rate Alarm - A signal indica ting that

bipolar errors in the received Tl format exceed a certain

threshold.

4) Fuse Alarm -‘A signal indica ting that a fuse in the -48v

power supply has blown .

5) Outgoing Alarm - An alarm , which is sent to a remote T1WB1 ,

indica ting that the local I1WB 1 has one of the fol lowing

alarm condi tions :

a) Fuse Alarm

b) Bipolar Viola tion Rate Alarm

c) Local Alarm

A 2 - l
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d) Loop Alarm.

6) Remote Alarm - i n d i c a t e s  t ha t  the  remote  I1WB 1 is sending

r 
an outgoing alarm.

7) Office Alarm - A consolida ted alarm indic ating that the

local T1WB1 is in one of the follow ing states:

a) Remote Alarm

b) Local Ala rm

c) Bipolar Al arm

d) Fuse Alarm

e) Loop A larm

f) loss of power

g ) ou tgoin g a l a rm manual l y di sabled .

8) Maintenance Al arm - A s~~gn a l  gene ra t ed  by a swi tch  c losure

indicating that mainten ice is bei•ng performed on T1WB1

equ ipmen t .

9) Power Supply Vol tages - Six of the T1WB1 power supply

vol tages are moni tored.

Of those T1WB 1 alarms/ parame ters men tioned , the follow ing

are measured by the AlEC m o n i t o r i n g  sys t em :

a) Office Alarm

b) Main tenan ce Alarm

c) Reframe Si gnal

• d) Frame Bi t Error Signal

d) Power Supply Voltages.

~
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APPENDIX A 3

- CY1O4 ALARMS

- 1) Remote Alarm - indic ates that the CY1O4 at the other end of

the communica tions link is in a Local Alarm state. A

Local Alarm is an indica tion that a fuse has blown or that

• there has been a loss of frame synchronization for more

than 300 milliseconds .

2) Service Alarm - A combined alarm indica ting that the

CY1O4:

- a) is in a Local Alarm state
• 

b) is in a Loop Alarm state

• c) has lost power

d) is receiving a Remote Alarm .

A3- l
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RADIO SET ALARMS/PARAMETERS

1) Rx Squelch Alarm - indicates that the received signal

level has gone below a preset value .

2) Received Signal Level (RSL) - (Sometimes referred to as

Receiver Automatic Gain Control Voltage - AGC). An analog

vol tage ranging from +2 to +8 VDC which gives an indication

of the relative strength of the received signal.

3) Rx Problem - A combined alarm indicating that one or morer
of the following condi tions exist :

a) Rx Phase Lock A larm - receiver local osci l lator has

lost phase lock with reference oscilla tor .

b) Rx Pilot Alarm (also called Receive Switch Signal) -

received pilo t signal has gone below a pred etermined

threshoid .

4) Tx Problem - A combined alarm indica t ing that one or more

• of the following conditions exist:

a) Transmi t Power Alarm - transmit power has gone below a

prede termined threshold.

b) XMII AFC Alarm - A u t o m a t i c  Frequency Con t ro l  (AFC)

• vol tage is outside of a +5 to +15 volt DC range or

phase lock in AFC reference uni t is lost.

c) Transmi t Pi lot Al arm - transm it pilo t level is below

a prede termined threshold.

• 5) Radio Rx Alarm - indicates that both of the following

• condi tions exist:
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• 
a) Rx Pilot Alarm (A) - received pilot level in receiver

A , the normal receiver , is below a preselec ted thres-

• hold.

b) Rx Pilo t Alarm (B) - received pilot level in receiver

B, the standby receiver , is below a preselec ted thres-

hold.

6) Maintenance Indic ator A - signal genera ted by a manual

closin g of a contact by maintenance personnel indicating

that receiver or transmi tter A is undergoing main tenance

work .

7) Maintenance Indica tor B - same as 6 excep t applies to

• receiver or transmitter B.

8) Power Supply Vol tages - 8 DC power supply voltages are

availabl e for external monitoring .

All eight of the just-mentioned alarms/parameter types are

moni tored by AlEC.

A4-2

~
j
~J 

_ _  

~~~

•• — - -

~~~~~~~

•• - ----rn

~~~

•-- -

~~

- - • -—-
--



i TTT~~~ • ~~~~~~~~~~~~~~~~~~~~~ •~~~~~
‘
~~~ ~~~~ TTT. ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

APPENDIX Bl

CC/STTL READ ROUTINE

#o f  #o f
Bytes Cycles

2 CCRTN LDAA #08 2
3 STAA PIA1A enable TSB#l 5
3 LDAB PIA1B read alarm word #1 4
3 INC PIA1A clear flip flop #1 6
3 • INC PIA1A enable TSB#2 6
3 STAB CCLST store alarm word #1 in 5

memory list
3 LDAB PIA1B read alarm word #2 4

• 3 INC PIA1A clear flip flop #2 6
• 3 INC PIAJA enable TSB#3 6

3 STAB CCLST+l store alarm word #2 in 5
memory list

3 LDAB PIA1B read alarm word #3 4
• 3 STAB CCLST+2 store alarm word #3 in 5

memory lis t
3 INC P1A1A enable TSB#4 6
3 LDAB PIA1B read alarm word #4 4
3 STAB CCLST+3 store alarm word #4 in 5

memory list
3 INC PIAJA enable TSB#5 6
3 LDAB PIA1B read alarm word #5 4
2 ANOB #$CO mask out MTTL information 2
3 STAB CCLSI+4 store alarm word #5 in 5

memory list
• 3 JMP ANRTN jump to Analog Voltage 3

Scan Routine

§1mbol Interpretation

-• 
PIA1A: Side A Output Register of PIA#l
PIA1B: Side B Output Register of PIA#l
CCLST : first of five memory locations into which the

five alarm words are stored

• 
~~~

• 
Total Execution Time : 93 cycles

Total Memory Requirements: 58 bytes of ROM

- 

- 5 bytes of RAM

• 
t Bl-l
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APPENDIX B2

TIME BASE GENERATOR INTERRUPT
ROUTINES

#of # of
Bytes Cycles

• 2 TBGIR LDAA #B0 2
3 STAA PIA1A reload TBG 5
2 BRA X 4
3 RFTLX • LDX *+4 point index register to 3

start of FTL1 routine
1 RTI 10
2 FTL1 LDAA #$30 2
3 STAA PIA2A enables tn -state buffer #1 5
2 LDAA #$40 prepare clear signal 2
3 LDAB PIA2B read in count 4

• 
. 3 STAA PIA2A emit clear signal 5

3 STAB FTLLST store count in memory 5
• 3 LDX #*+4 arrange index register 3

so that FTL2 will be exe-
cuted on next pass

1 RTI 10
2 FTL2 LDAA #$50 2

L 

3 STAA PIA2A enable tn -state buffer #2 5
• 2 LDAA #$60 prepare clear signal 2

3 LDAB PIA2B read in count 4
3 STAA PIA2A emit clear 5
3 STAB FTLLST+l store count in memory 5
3 LOX #*+4 arrange index reg ister 3

• so that FTL3 will be
executed on next pass

1 RTI 10
2 FTL3 LDAA #$70 2
3 STAA PIA2A enable tn -state buffer #3 5
2 LDAA #$80 prepare clear signal 2

• 3 LDAB PIA2B read in count 4
3 STAA PIA2A emi t clear signal 5
3 STAB FTLLST+2 store count in memory 5
3 LDX #*+4 arrange index register 3

so that FTL3 will be
executed on next pass

• 1 Rh 10
2 FTL4 LDAA #$90 2

• I 3 STAA PIA2A enable tn -state buffer #4 5
2 LDAA #$A0 prepare clear signal 2
3 LOAB PIA2B read in count 4
3 STAA PIA2A emit clear 5
3 STAB FTLLST+3 store count in memory 5

B2-l 
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: 1  #o f
• 

• ‘ Bytes Cycles

3 LDX *+4 arrange index register 3
so that MTL1TM will be
executed on next pass

1 RTI 10
3 MTL1TM LDAA MTLTM1 read MTTL counter #1 4

• 3 CLR MTLTM1 clear counter 6
3 STAA MTLLS1 store count in data list 5
3 LDX #*+4 arrange index register 3

so that MTL2TM will be
• executed on the next pass

• 1 Rh 10
3 MTL2TM LDAA MTLTM2 read MTTL counter #2 4
3 CLR MTLTM2 clean counter 6

• 3 STAA MTLLS2 store count in data list 5
• 2 BRA RFTLX branch to index register 4

- 
• reset routine

• Symbol Interpretation

PIA1A: side A output register of PIA#lr PIA2A: side A output register of PIA#2
PIA2B: side B output register of PIA#2
FTLLST : first of four consecutive memory locations into

which the four FTTL counts are written
MTLTM1: memory location which is incremented upon

receipt of an MTTL#1 pulse
MTLTM2: memory location which is incremented upon

receipt of an MTTL#2 pulse
MTLLS1: memory location into which the MTTL#1 count

over one TBG period is written
MTLLS2: memory location into which the MTTL#2 count

over one TBG period is written

Total Execution Time from Receip t of Interrupt :
FILl 73 cycles
FTL2 73 cycles
FTL3 73 cycles
FTL4 73 cycles
MTL1TM 54 cycles
MTL2TM 59 cycles

Memory Requiremen ts: 115 bytes of ROM
6 bytes of RAM

82 - 2
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APPENDIX B3

MTTL INTERRUPT ROUTINES

#of #o f
Bytes Cycles

2 DINT LDAA #$80 prepare mask for interrupt 2
indentification

3 BITA CR1A test for IRQA1 (TBG 4
- • interrupt)

2 • BEQ MTLSR service MTTL routine if 4
IRQA 1 not set

~s• . 3 JMP TBGIR service TBG routine other- 3
wise

-- . 2 MTLSR LDAA #06 2
• 3 STAA CR1B disable the PIA1 side B 5

IRQ output
1 CLI reenable MPU interrupt 2

system
2 LDAA #$OE prepare to output TSB 2

enable pulse
3 STA.A PIA1A output TSB enable pulse 5
3 LDAB PIA1B read MTTL byte 4
3 INC PIA1A clear MTTL latch 6
3 LDAA CR1B dummy instruction-clears 4

MTTL interrupt flag inside
PIA

2 LDAA #02 generate mask to determine 2
if MTTL#2 flip flop is set

2 BITA B 3
2 BEQ LP1 if MTTL#2 flip flop is not 4

set jump to LP1
3 INC MTLTM2 increment MTTL#2 counter 6

• 2 BNE LP1 if no overflow , jump to LP1 4
3 DEC MTLTM2 if counter overflow occurred , 6

reset count to maximum
2 LP1 LDAA #$Ol generate mask to determine 2

if MTTL#1 flip flop is set
2 BITA B 3
2 BEQ LP2 if MTTL#1 is not present , 4

jump to LP2
3 INC MTLTM1 increment MTTL#l counter 6
2 BNE LP2 if no overflow , jump to LP2 4
3 DEC MTLTM1 if counter overflow occurred , 6

reset count to maximum
2 LP2 LDAA #07 2

• 3 STAA CRiB reenable the PIA#l side B 5

• IRQ output
-
~~~~ 1 RTI return from interrup t 10

B3-l

_ _ _ _ _ _ _ _  

_ 
-•-~~~~~~~~~ • - 

•



~~~~~~~~~
- 

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

I
Symbol Interpre tat ion

* 

CR1A: con t rol regis ter A of PIA#1
CRiB: control reg ister B of PIA#1
PIA1A: output reg ister of PIA1 side A

- • PIA 1B: output register of PIA 1 side B
MIL2TM : memory location incremented upon receipt of

an MITL#2 pul se
MTL 1TM : memory location incremented upon recei pt of

:~ • an MII L#l  pu l se

Worst case MTTL execut ion time from receip t of interrup t :

•One MTTL line read - 104 cycles

•Two MTTL lines read - 120 cycles

Memory R e q u i r e m e n t s :  64 bytes of ROM

2 b ytes of RAM

83-2
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APPENDIX B4
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ROUTINE TO READ 32 ANALOG VOLTAGES

• #o f  #o f
Bytes Cycles

2 ANRTN LDAA #00 2
3 STAA ANCSW set analog control signal 5

word equal to zero
2 LDAA #32 2
3 STAA ANCTR configure counter to count 5

• off the 32 input signals
3 LDS #ADLST set stack pointer to ADLST 5
2 LOOP1 LDAA ANCSW 2 —

3 STAA PIA2A selec t the desired input 5
port

2 LDAA #$3D 2
3 STAA CR2B set CB2 (start conversion) 5
2 LDAA #$35 2

• 3 STAA CR2B clear CB2 S
2 LDAA #$80 2
3 LOOP2 BITA CR2B test for end of conversion 4

• (EOC)
2 BEQ LOOP2 if EOC not received jump to 4

LOOP 2
2 LDAA #$20 2
3 STAA PIA2A enable A/D tn -state buffer 5
2 LDAB PIA2B read A/D value 2
1 PSHB store A/D value in stack 4

3 DEC ANCTR decremen t counter 6
3 1ST ANCTR have all 32 inputs been 6

read?
2 BEQ CCRTN if done , jump to CC routine 4
3 INC ANCSW incremen t control signal 6

word
2 BRA LOOP1 service nex t input 4

B4- 1
7
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Symbol Interpretation

ANCSW : location which contains the control signal
word sent to the control signal decoder

• ANCTR : counter in memory which decrements as each
of the input ports is read
ANCTR=0 signifies the end of the routine

PIA2A: output register of side A of PIA#2
CR2B: side B control register of PIA#2
PIA2B: output register of side B of PIA#2
ADLST: first of 32 successive memory locations into which

the analog voltage data is wri tten

Total Execution lime : 3310 cycles (including A/D conversion

time).

Total Memory Requiremen ts: 56 bytes of ROM

34 bytes of RAM

1
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APPENDIX BS

TIME BASE GENERATOR LOAD NEW COUNT ROUTINE

#o f  #o f
Bytes Cycles

2 TBGLNC LDAA #$00 2
3 STAA CRiB causes DDRB of PIA1 to be S

addressed
2 LDAA #$FF 2
3 STAA DDR1B program OTR of PIA1B as 5

• output
2 LDAA #$03 2

• 3 STAA CR1B select OTR of PIA1B , IRQB1 S
set by low to high transi-
tion , IRQB1 enabled

3 LDAA TBGCT1 4
3 STAA PIA1B output LS byte of TBG count 5

• 2 LDAA #$80 2
3 STAA PIA 1A strobe LS byte latch 5
3 LDAA TBGCT2 2
3 STAA PIA1B output next higher byte of 5

TBG count
2 LDAA #$90 2
3 STAA PIA1A strobe next higher byte 5

latch
3 LDAA TBGCT3 2
3 STAA PIA 1B output MS byte S
2 LDAA #$A0 2
3 STAA PIA1A strobe MS byte latch 5
2 LDAA #$00 2 -•

3 STAA CRiB address DDRB of PIA1 5
3 STAA DDR1B return PIA1B to input 5

mode
2 LDAA #$07 2
3 STAA CR1B address OTR , control 5

regis ter reprogrammed for
normal operating mode

3 JMP ANRTN jump to Analog Voltage Scan 3
Routine

- • 
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~y~ bol I n t e r p r e t a t i o n

CR1B: Control Register of B side of PIA#l
DDR1B: Data Direction Register of B side of PIA#l
PIA1B: Output Register of B side of PIA# l
PIA1A : Output Register of A side of PIA#l
TBGCT1 : Location in RAM which contains the least

significant byte of the desired TBG count
TBGCT2: Location in RAM which contains the next

more significan t byte of the desired TBG count
TBGCT3: Location in RAM which contains the most significant

byte of the desired TBG count

Total Routine Execution Time : 85 cycles.

Total Memory Requirements: 65 bytes of ROM

3by tes of RAM

FH
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APPENDIX B6

NA CONTROL WORD OPTIONS

Bit 0-1: CAl control bits

.If bit 1 is a 1, the CAl input is sensitive to low to
high transitions.
•If bit 1 is a 0, CAl is sensitive to high to low
transitions .

•If bit 0 is a 1, the proper transition on CAl will
cause the PIA IRQA (interrupt request) output , which
is connected to the MPU interrupt request line , to • 

-

request an MPU interrupt.

•If bit 0 is a 0, the request will be temporarily
4 inhibited but will be generated at that time when

bit 0 is reset to 1.

Bit 2: DDRA/ORA select bit
DDRA and ORA share a single memory address.

To select between the two registers , a one or a zero
is written into CRA bit 2 prior to addressing the
DDRA/ORA location .
•If CRA bit 2 equals 0, DDRA is addressed.

•If CRA bi t 2 equals 1, ORA is selected.

Bits 3-5: CA2 control bits

•If bit S is set equal to zero , CA2 functions as an
input and bits 3 and 4 affect CA2 in the same way
as bits 0 and 1 affect CAl.

•If bit 5 is set equal to 1, CA2 functions as an
output and may operate in one of the following ways :
a) as a strobe output , going low when a read output

register command is completed and returning high
by an active CAl transition

b) as a strobe output , going low on a read output
register command and automatically returning

• high in approximately one microsecond

c) as an output which duplicates what is written
into bi t 3 of CRA.

B6-l
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Bits 6-7: IRQA2 and IRQA1 flags

These flags are set by transitions on inputs CA2 and

CAl respectively and indicate that an interrupt

• signal was received on the respective input. These

flags may be read by a read CRA command and are
automatically cleared when read.

~• r
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MISSION
of

Rome Air Development Center

RAtX plans and conducts research , exploratory and advanced
development programs in command, control, and coamiunications
(C3) activities, and in the C3 areas of inforrnatior sciences
and intelligence. The principal technical mission areas
are conununications, electromagnetic guidance and control ,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainabilitg and
compatibility.
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