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ABSTRACT

This dissertation describes the design, development and 
implementation of the software for -i real-time data acquisition 
system. A microcomputer war employed as an intelligent 
front-end processor to a mult, user minicomputer system for the 
real-time input and output of analog signals.

The data acquisition system, BADEDAS ( Basic Analog and Digital 
Experimental Data Acquisition System ), provides the users of an 
Eclipse minicomputer systen with an efficient means of acquiring 
digital samples of analog signals and disseminating digital 
samples as analog signals.

BADEDAS exploits the concept of de Ice independent i/o to 
achieve an othogonal and flexible architecture.

BADEDAS provides the choice of two user interfaces to the system 
and the ability to include simple user-written processing 
routines in the front-end processor's control software.

The use of a microcomputer as a front-end processor removes the 
real-time I/O requirements from the minicomputer and also 
reduces the risk electrical damage to it.
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I

I N T R O D U C T I O N

1  ‘ 1 SCOPE
This document aims to provide an overall description of the 
BADEDAS system and the procedure folloved in creating it.

The document consists of five chapters:

* Chapter 1, The Introduction, serves to familiarise the | 
reader with the reason for doing the project, the aim of the
project and the background to the project.

* Chapter 2, BADEDAS Environment, describes the hardware and 
software environment within which BADLDAS must function.

* Chapter 3, Description of Software, provides a functional 
description of BADEDAS.

* Chapter 4, Project Procedure, outlines the procedure 
followed for the project.

* chapter b, Conclusions, concludes the document by discussing 
the limitations of BADEDA1>, the problems experienced during 
the project and summarising the results obtained.

Other BADEDAS documents are:
* The BADEDAS User's Manual - the instructions for using 

BADEDAS.
* The BADEDAS Technical Manual - a detailed technical 

description of the BADEDAS software.

* The BADEDAS Software Listings - the source code of all the 
BADEDAS software.
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1 . 2 TERM I NOLOG 1'
BADEDAS is a system for the acquisition and dissemination of 
data. Data acquisition, meaning the gathering of data from 
various places, is a familiar e i.i in the computer world. Data 
dissemination is a less far...; li .ir tir;r and its intended meaning 
here is the distribution or disper.ion of data to various 
places. In other words, data dissemination can be thought o2 as 
the opposite process to data acquisition.

1. 3 REASON FOR UNDE”,TAKING ThE PROJECT ' •

The Department of Electrical Engineering offers a two year 
full-time MSc(Eng.) degree programme in Computer Engineering. 
This programme is aimed specifically at the Computer Science 
graduate who wishes to expand his knowledge of the electrical 
engineering aspects of computers. The curriculum includes 
course work as well as a minor project in the first year of 
study and a major project in the -.>.ond year. This dissertation 
describes a project undertaken in tne latter category.

1.4 BACKGROUND TO TNE PROJECT
The Electrical Engineering Department has two multiuser computer 
systems in its computer laboratory. One of these is a Data 
General /.clipse S/140 which runs under the control of AOS 
( Advanced Operating System ).

The Eclipse is a powerful 16 bit minicomputer with a half a 
megabyte of memory, 25 megabytes of online disk storage and 
eight- user consoles, while ACS i s a multiprogramming operating 
system which is most suitable for software development and 
interactive scientific problem solving.

Although a large library of digita.1 signal processing software 
is available to users of the Eclipse system, there has, in the 
past, been no convenient means for the real-time sampling of 
analog signals as input data for this software or for the 
real-time output of processed analog signals.

AOS, due to its multiprogramming nature cannot quarantee a short 
response time to all interrupts and is therefore not suitable 
for conducting real-time data acquisition and uissemination for 
users. In addition to this, the value and importance of the 
Eclipse to the department make it undesirable to permit the
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relatively uncontrolled input and output of electrical signals 
to and from the Eclipse's chassis. Thus, it was decided to use 
a microcomputer as a dedicated front-end processor to the 
Eclipse for handling the input and output of analog signals.

The instruction set of the Micronova is ( with a few 
exceptions ) a subset of that of the Eclipse, thus making it 
possible for software to be developed on the Eclipse for 
execution on the Micronova. As there was a requirement that the 
front-end processor's software bo configured on the Eclipse, the 
Micronova was an obvious choice for the front-end processor.
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l. 5 Ail1, of tUt: p p.oject
In general., the aim m  this project was to devolope a data 
acquisition and dissemination system, which allows the user to 
benefit from the responsiveness of a dedicated Micronova 
front-end processor as well as the processing power, data 
management and data storage capabi1ities of the Eclipse.

In order to achieve this aim it was necessary to dcvelope a 
small, efficient and dedicated software package on the Eclipse 
which could be down-line loaded into the Hicronova. The package 
has the ability to conduct the input and output of analog 
signals in real-time, using t-.ne Micronova's high speed analog to 
digital and digital to analog converters. Digital samples of 
analog signals can be routed to the Eclipse for storage or 
processing and processed digital samples can be routed from the 
Eclipse to the front-end processor for output as analog signals. 
Provision has also been made to enable simple user-written 
routines to be incorporated into this software package for 
performing a limited level of processing of digital samples 
within fhe frotv':-end.

In order to ma/.e the package easily accessable to the usars of 
the Eclipse, a software interface to the front-end processor, 
which runs on the Eclipse, nad to be developed. In addition to 
this j t was necessary to develop ’in efficient protocol for 
communication between the Eclipse and the Micronova.



*et bfewe cm put irij ild .̂Llt I J Jl ' '•• I«ve }JV; f
software package t or coiranum.catioi. m U ’ tiproces.. ,
nultiprocossoi anc? >u.l.t ..taskin' environrati . .Lied ETETCCP
[ End-To-?.:ncf. '] as> .‘ommunicatior' Package. ), . « /as designe 
specif i.cal . v foi is< : ea.i * im< Toces? control ?.pp. icati u.s
involving an Eclipse, m  host, front ended ■ It.ftude of 
Micr >pr>v- ’ino nnd tvi ,

m . fivtem;. • * i. j:ui. •..hi: pacKagt » the Department' s Eclipse 
computer, 'ront-ended o> a single licronova, met with limit'd 
;;ucoe8i i'hompson 198J ) . QaLa transferred from the Hicroncva
• c. ‘ he  ̂ 1 i psr was irequemiy lost and th console response time 
for rther Erjipse users was- loticably degraded whenever 
aommunicatior between th< Hicronova and Eclipse took place. To 
jvercome *. hes« problem.1 ■ he ?u- rate of the Link between the 
rwi xtrrce sor; lad to be made as >w is 300 baud.

•\ r cx̂ t ovici} jescribeo ay ting and Currei ( .1970 ) involved the 
186 of ETETCCP on an eclipse S230 front-ended via a data control 
jnit ( DC!' oy ;0 Kicronovas. The use of a DC quite 
drastically reduces communication overheads for the CPU. 
Without h OCt , the CPi. is interrupted for each byte of a message 
.sent or received, Witr. . DCU the T/o shifts from character to 
nessage ‘eve.!. The overheads of sending or receiving the 
..•naracters or •:hf message ire oft loaded onto the DCU. The 
-tbsence - : DCl Lr, the department Eclipse system could have 
beer to m> - jrer responsible for the low performance 
irhI" eu,
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1 . 7 SUKVEY OF 1.ELATED LITERATULr.:
Prucnal ( 19112 ) outlines the application of a systei. similar ic 
BADLDAS. This paper provides a concise description of a first 
course in digital signal processing offered to students at 
Columbia University, USA. The course includes a number of 
laboratory experiments using a PLl 11. Real-time wave sampling 
and wave output are achieved using A/D and D/A converter 
installed in the PDP 1 ' s mainframe. Sampling rates used are 
low, but the author mentions that the system is soon to o- 
expanded using a dedicated microprocessor interface ( i<?. 
front-end processor ) to enhance performance.

Cocanet ( uowe and Birman, 1982 ), a local network developer 
the University of California, Berkley, extends some or “he 
features of the Unix operc-.ting system for inter-compute; 
communication. The design of BADEDAS was influenced by Un­
pipe and filter concepts described in this paper.

Taemond and De Bruyn ( 1982 ) describe a system in which a 
microcomputer is used as a front-end processor for automatic 
measurement in an LSI design laboratory. Although the 
application is different to that proposed for BADEDAS, the 
system is of a similar configuration. This brief paper provided 
a good insight to such a system.

6 -
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CHAPTER 2

BADEDAS ENVIRONMEL1T

2 . 1 HARDWARE ENVIRONMENT
The BADEDAS hardware configuration was fixed on conception of 
the project by the availability of suitable hardware within the 
department and the software compatibility of that hardware.

The hardware necessary to support BADEDAS consists of an Eclipse 
minicomputer, with at least one user console, front-ended by a 
Micronova microcomputer. Figure 1 shows the BADEDAS hardware 
configuration.

BADEDAS makes use of two of the Eclipse's console ports, one for 
the link to the Micronova and the other for the user console. 
The Eclipse user console is the only point from which the user 
interacts with BADEDAS and, apart from the set up procedure of 
connecting the external clocks and the analog input and output 
leads, as reguired by the application, and switching the 
Micronova on, there is no further user action reguired for the 
operation of BADEDAS.

The link between the Eclipse and the Micronova is a full-duplex 
asynchronous serial link which may run at up to 9600 baud. At 
the Micronova, this link must be connected to the first teletype 
port TTO.

BADEDAS occupies just over 3 kilobytes of memory so at least 4 
kilowords of memory are requi.ed in the 16 bit Micronova in 
order for it to run. The Micronova second teletype port, TT1, 
is used for the logging of error and status messages. This 
port, which may be attached to any display or hard copy terminal 
with an RS232 or 20 miiliamp current loop interface, is used 
purely as an output port and any input to it is ignored. Cne 
reason for having a message logging device .^^rate from the
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user console is that events which need to be logged often occur 
when the program on the L'clipse which initiated then is no 
longer active.

A number of devices may be included in the BADEDAS syrtem. 
Typically these devices will be direct memory access devices, 
though the inclusion of program i/o devices is possible. The 
number of devices is restricted mainly by the desired level of 
system performance and the limited amount of memory in the 
Micronova. This project catered specifically for one A/D and 
one D/A converter.

2.2 SOFTWARE ENVIRONMENT
The BADEDAS system requires that the Eclipse host computer be 
controlled by Data General's AOS operating system. The reason 
for this being that the BADEDAS user interface software, which 
executes cn the Eclipse, makes use of AOS calls for its I/O.

The only software requirement on the Micronova system is that 
the console debug monitor ( CDM ) is installed. CDM is the 
Micronova system monitor program held in firmware which is an 
option available with the TTO board. CDM gai s control whenever 
the Micronova is reset or executes a halt instruction. It 
provides a set of commands which enable a user to examine and 
change registers and memory locations, set and clear a single 
breakpoint and to load and execute a small program, typically a 
bootstrap loader. Since the TTO port is used for the link to 
the Eclipse, these commands could be issued by a program runring 
on that computer. The BADEDAS user interface, which runs on the 
Eclipse, uses CDM to conduct the down-line loading of the 
BADEDAS software for controlling the Micronova ( see "Down-line 
Loading" in Chapter 3 ).

2.3 SOFTWARE ORGANISATION
The user or user program employing BADEDAS does so from the 
Eclipse computer. The BADEDAS software which executes on the 
Eclipse provides a simplified irterrace between the user or user 
program and Micronova, it is also responsible for down-line 
loading the control software for the Micronova from an AOS disk 
file. The Micronovci control software is responsible for all 
real-time data acquisition and dissemination. BADEDAS software


























