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Abstract 
The Plasma Research Laboratory at the Australian 
National University has developed a sophisticated and 
flexible data acquisition system for its LT-4 tokamak 
that requires very little support to construct, 
maintain and expand. It is novel in that is based on 
a minicomputer network and is built almost entirely 
of commercially available products. Benchmarks show 
that the network system outperforms conventional 
stand-alone and time-shared data systems. 
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1 Introduction 

Computer-based data acquisition and analysis 
systems for large, centralized experiments, such as 
are common in fusion research, are becoming almost 
universal. To tnis end, many laboratories make a 
significant investment in both software and hardware 
development, possibly at the expense of their 
experimental physics programs. 

In comparison with this sort of major effort, the 
Plasma Research Laboratory at the Australian National 
University has developed a data acquisition system 
for its LT-4 tokamak that requires very little 
support to construct, maintain and expand. 

This paper briefly discusses currently used 
techniques for computer-based data acquisition and 
argues in favour of data acquisition systems based on 
computer networks. This approach, together with the 
extensive use of commercial products, allows a 
sophisticated and flexible data acquisition and 
analysis system without the development and 
maintainance overheads associated with conventional 
systems. The design and operation of the LT-4 system 
is presented as an example of this approach. 
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2 Design Alternatives 

experimental data acquisition systems usually 
require several attributes: Firstly, they must 
collect data from many and varied sources. This data, 
together with a description of the conditions under 
which is was taken, must be stored, for subsequent 
analysis and archival. The user must be able to 
immediately display the data collected, typically in 
graphical form. Finally, the system should also 
provide the ability to either transfer the data to 
another computer for analysis or perform such 
analysis locally. 

Laboratory data acquisition systems based on 
general purpose computers can be grouped into three 
categories. 

The first and most widespread are stand-alone 
systems based on a small computer, analog-to-digital 
converter (ADC), a graphics display and a disk for 
data storage. Due to the large personal computer 
market all, except perhaps the ADC can be easily and 
cheaply obtained. They are attractive because they 
readily interface to experiments and are simple to 
maintain and operate. However, software development 
is limited both by the small size of these computers 
and by the lack of high quality software support 
components (e.g. editors, compilers, numerical 
analysis libraries) . The performance of these 
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stand-alone systems limits their use to experiments 
where relatively few measurements are made and no 
significant data analysis need be done in situ. 

On most large experiments time-sharing systems 
are usually preferred to a large number of 
stand-alone computers. Expensive peripherals such as 
analog interfaces, disks, tapes, plotters and 
printers may now be shared amongst many users. Large 
amounts of data can be collected and analysed on 
these systems. Their disadvantage is that as the size 
or number of tasks on a time-shared system grows, so 
does the time taker to complete each task. Such 
delays are frequently unacceptable while an 
experiment is in progress. 

A computer network avoids most of the 
disadvantages of both the above approaches while 
retaining most of their respective advantages. A 
network consists of a number of computers connected 
by digital communication lines such that they may 
exchange both data and programs. Using a network 
expensive peripherals can be shared by many users as 
with a time-shared system, while time-critical tasks 
can run on their own computer avoiding delays 
resulting from other tasks executing concurrently. 
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3 Design of the LT-4 Data Acquisition System 

The LT-4 data system was based on the DEC PDP-11 
computer"- ' and the STAR-eleven^ ^ mini-computer 
network. The PDP-11 family of computers range over 
two orders of magnitude in both price and 
performance, and have the advantage that many 
manufacturers produce peripherals for these machines. 
STAR-eleven supports the connection of up to fourteen 
satellite PDP-11 computers to a central host PDP-11 
via 1.2 Mbaud serial lines. Each satellite runs a 
variant of the widely used single-user DEC RT-11 
operating system (a multi-user version is available) 
and has full access not only to its own local 
peripherals, if any, but also to all those 
peripherals connected to the host computer. Messages 
may be passed between satellites via the host. 

Data acquisition systems used in controlled 
fusion experiments acquire data from transient events 
(0.1 - 10 sec) at such high burst data rates that 
distributed acquisition hardware is essential. A 
plasma pulse on LT-4 may result in up to 0.2 Msamples 
of 8 - 12 bit data being collected with peak data 
rates of 40 MSamples/second. Since no conventional 
general-purpose computer can support such a data 
rate, we have adopted the usual practice of using 
ADCs (mainly under CAMAC control), with control logic 
initialised from a computer, which run autonomously, 
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loading data into local memories. After these 
recordings are complete, the data can be read by a 
computer for display, analysis and archival. 

The hardware configuration of the LT-4 data 
acquisition system, as shown in figure 1, comprises 
four satellites based on the high performance LSI 
11/23 micro-processor each with 64 kilobytes of 
memory and its own graphics video display terminal. 
The host machine is a PDP 11/04 with 64 kb of memory, 
a terminal, two 10 Mbyte removable-pack disk drives, 
a 1600 BPI tape drive, a high speed electrostatic 
printer/plotter and low speed pen plotter. One 
satellite is mobile, equipped with its own 
analog/digital interface and disk, and can be 
operated as either a stand-alone data acquisition 
system or as part of the STAR-eleven network. The 
host machine is also linked by a 1.2 Nbaud line to 
one of a network of VAX computers, and access to this 
machine is possible from any satellite on the 
laboratory's system. 

The whole system consists entirely of commercial 
products which have been both installed and 
maintained by the suppliers, and have thus absorbed 
no local hardware effort during its construction or 
subsequent operation. For this reason all the 
expertise available could be devoted to development 
of general purpose data collection, storage and 
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retrieval software, plus several diagnostic-specific 
analysis programs. Wherever possible, we have 
minimised the required effort through the use of 
commercial products such as the RT11 operating 
system, the STAR-eleven network software, and the use 
of high level languages (Fortran and Pascal) for most 
program development. 

Data collection has been centralised on one 
satellite so that a single operator can control both 
the Tokamak and . the data acquisition system. The 
system has been designed on the assumption that most 
diagnostics produce time dependent signals which can 
be measured on ADC's clocked at suitable rates. Since 
all such data can be retrieved in a standard format, 
any diagnostic can be connected to any ADC without 
affecting subsequent analysis. Thus it is possible to 
share a large number (currently about two hundred) of 
diagnostics amongst fewer (currently about sixty) ADC 
channels, while still allowing high-speed or high-
precision measurements for those diagnostics which 
require them in a given experiment. The design of the 
data system was kept deliberately simple not only in 
order to minimise cost and effort during its 
implementation but also to make it easily understood 
and managed by its users. For example, the technique 
known as importance sampling, which involves varying 
the sampling rate during acquisition, is avoided. 
Instead the signal is simultaneously measured on two 
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ADC channels, one with a long time window and a slow 
clock rate, the other using a short time window and 
fast clock rate. Avoiding the former technique 
results in considerable savings in hardware and 
software with negligible loss of utility. 

After each experimental shot all recorded data is 
stored as a single disk file on the host computer. 
This file contains the raw data together with a 
description of its originating diagnostic and the ADC 
characteristics (speed, resolution) used for 
recording. As soon as this file is created all 
computers can begin analysis of the shot data. The 
software running on the acquisition satellite 
provides the routine display of data (figure 2) 
during the interval (typically 5 mins) between shots. 
The other satellites run analysis software for 
specific diagnostics. 

4 User Interface 

Users interact with the computer using standard 
RT11 command language extended by additional commands 
related to data acquisition and shot data management. 
All programs requiring dialogue use a menu style 
interface that has proved very successful with users 
both with and without programming experience. 
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The shot data files can reside on any of the 
fixed or removable disk packs on either the host or 
VAX computers, or on an archive tape. Since data can 
be directly accessed only from currently mounted disk 
packs, a single command (FIND <shot number>) allows 
users to locate previous shots and, if necessary, to 
move them to a currently available disk. Once a shot 
is available, the command CONTENTS <shot number> 
displays the contents of a data file (see figure 3). 

General purpose analysis programs allow any user 
to plot both raw and derived diagnostic shot data 
(for brevity henceforth referred to as "diagnostics*) 
in a variety of formats : for example, 

- plot one or more diagnostics against time 
from a single shot, either on individual 
frames or superimposed on a single frame. 
Data may be smoothed, integrated, 
differentiated, its DC offset removed or be 
fourier analysed before display. The fourier 
transform may. use a variety of window 
functions and both amplitude and phase 
information displayed. 

- plot a single diagnostic over a number of 
shots. This provides a simple visual check of 
the reproduciblity of a desired operating 
parameter. 

- cross plot one diagnostic against another. 
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A user program accesses shot data via a library 
of subroutine calls. Data may be read as either 
binary AOC counts or scaled into the appropriate 
physical units. Commonly used derived quantities 
(cuch as plasma position, safety factor q, 
conductivity temperature and plasma density) and the 
result of simple computations (integration, 
smoothing, ratios) on the raw data can also be 
accessed in the same manner as the raw data. The IEEE 
Digital Signal Processing Library* * and a CALCONP 
standard plot library^ are also available for user 
programs. The shot access, plotting and signal 
processing libraries are available on both the VAX 
and STAR-eleven systems. Thus programs developed on 
the STAR-eleven system can be run on the VAX, which 
is faster and has effectively no memory restrictions, 
by a straightforward recompilation. For instance, 
data from the soft X-ray array can undergo an Abel 
inversion to produce time-dependent profiles of the 
X-ray emission from the plasma. To avoid the memory 
restrictions on the POP 11 satellites this program is 
run on the VAX. 

5 Performance 

In order to evaluate the performance of the 
system described above when used for data acquisition 
and analysis, we have compared it against locally 
available examples of a stand-alone system and a 
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time-shared system. This approach was adopted because 
of the lack on any standard performance measures 
suitable for specifying data systems, especially with 
regard to the time required to perform a task under 
vatious operating loads. The stand-alone system was 
based on a PDP 11/23 with floppy disk storage and 
running under RT11. The time-shared system was a 
VAX 11/780 running VMS, and as this is a shared 
facilty measurements were made during low use periods 
so that the load on the machine could be measured and 
controlled. 

The processing performance of each system was 
estimated using a CPU intensive program based on the 
Whetstone benchmark^5'. Input/Output performance was 
estimated by the I/O intensive task of copying a disk 
file (about the size of a shot data file) into 
memory. The results, as shown in Table 1, indicate 
that the time-shared system has a ten to twenty times 
performance advantage over the microprocessor based 
systems. The smaller systems are based on the same 
processor and have identical CPU power while the hard 
disk drives used in the network system give it an I/O 
performance advantage over the slower floppy disks 
used in the stand-alone system. Comparing the 
performance of the network host against a satellite 
indicates a factor two loss of disk I/O speed. 
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The performance of the three approaches to data 
systems was measured by running a program that is 
used to investigate mode structure during MHD 
activity by displaying data from eight pickup coils 
mounted around the Tokamak. This program, chosen 
because of its similarity to the data acquisition 
program, reads approximately 60 ksamples of data from 
disk, scales and clips the data and displays the 
result graphically. Various system loads were 
simulated by simultaneously running multiple copies 
of this program. 

The results of these measurements are shown in 
Table 2. They show a clear performance advantage for lc^ro:e 

the network system over both the stand-alone and the 
time-shared system. The stand-alone system delivers 
acceptable performance given its low speed floppy 
disk drives but can only run one program at a time. 
The time-shared system degraded under load from being 
slightly faster than a network satellite to being a 
factor two slower when four tasks were active 
simultaneously. This is in spite of the observation 
that the VAX out-performs the PDP 11 by a factor ten 
to twenty in raw performance. Moreover, the running 
time of the test program varied by a factor ten 
during normal daytime operation on the VAX. 
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6 Reliablity 

The system described has been operated by the 
experimental group since 1981. During the first two 
years of operation the capacity of the system was 
increased by the addition of three extra computers, 
disk storage and a second CAMAC crate connected. At 
the same time the amount of data typically collected 
increased from 17 to 200 kSamples, while the peak 
data collection rate jumped from 0.2 to 
40 MSamples/sec. It is important to notice that no 
consequent design changes to the system were 
required, nor did they result in any restrictions in 
experimental performance. 

The network has proved to be tolerant of hardware 
faults because of its inbuilt redundancy. Since all 
satellites are interchangable, so long as one 
satellite remains operational the data acquisition 
system can function. Multiple CAMAC crates afford the 
same protection against the failure of the data 
cc"lection hardware. Similarly, of the five disk 
drives available on the host and VAX computers only 
one needs to be operational for the network to 
function. 

The host computer and the high-speed plotter are 
the only items of equipment without backup. A major 
failure of either of these devices would make the 
data system unavailable. However, both these items 
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undergo regular preventive maintainance and not one 
operational day has been lost because of data 
equipment failure. 

7 Conclusions 

Conventional data acquisition systems require 
significant development and maintanance support, 
which usually must be diverted from effort supporting 
the experiment itself. This system illustrates how 
the judicious use of commercial hardware, software 
and maintainance can minimise this problem. The 
available development effort has been, with 
considerable success, concentrated instead on 
providing a flexible and sophisticated data 
acquisition and analysis system which can easily be 
used by both expert and inexpert users. 

The initial decision to base the system on a 
computer network has allowed the implementation of a 
high performance, reliable and easily expandable 
system characterised by low cost both for its initial 
purchase and its subsequent upgrading. 
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Pigure Captions 

Figure 1 - LT-4 Data Acquisition System 

Figure 2 - Example of LT-4 Shot Data 

Figure 3 - Contents of a Shot Data File 
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LT4 Shot Number 300726. logged on 08-JUN-83 at 12:48:08 

Diag 
. No 

1 
2 

, 3 
4 
6 
7 
8 
9 
12 
13 
17 
18 
35 
53 
54 
55 
56 
57 
58 
59 
60 
61 
65 
66 
68 
69 
70 
73 

» 74 
76 
77 
78 
79 
80 
143 
144 
145 
152 
154 
173 
174 
176 
177 

Name 
Ig-phi kA 
V-phi Volts per turn 
Delta R * Ig kA.cm 
Delta Z * Ig kA.cm 
B-phi Tesla 
HCN Density Volts 
I(R) Feedback Amps 
1(2) Feedback Amps 
Gas Puffing Volts 
ECE Michelson Volts 
I Primary Amps 
Bard X-ray Volts 
ECE Total Rad. QMC Volts 
Soft X-ray 1 Volts 
Soft X-ray 2 Volts 
m-8 #3 Coil Volts 
Soft X-ray 3 Volts 
Soft X-ray 4 Volts 
Soft X-ray 5 Volts 
Soft X-ray 6 Volts 
m-8 #8 Coil Volts 
m-3 Coil Volts 
m-1 Coil Volts 
m-2 Coil Volts 
m-3 #2 Coil Volts 
m-6 Coil Volts 
m-8 15 Coil Volts 
m-2 #2 Coil Volts 
Soft X-l ( fast) Volts 
m-8 #1 Coil Volts 

#2 Coil 
#4 Coil 
#6 Coil 

m-8 
m-8 
m-8 
m-8 #7 Coil 

Volts 
Volts 
Volts 
Volts 

Soft X-2 (fast) Volts 
Soft X-3 (fast) Volts 
Soft X-4 (fast) Volts 
Mode Envelope Volts 
Soft X-6 (fast) Volts 
X-Ray Temp. Ch 1 Volts 
X-Ray Temp. Ch 2 Volts 
Soft X-ray 7 Volts 
Soft X-5 (fast) Volts 

Time Bounds NOS Clock Chan/Mod 
msec kHz 

20.00.. 100.00 600 5.00 1/ 1 
20.00.. 100.00 600 5.00 2/ 1 
20.00.. 100.00 600 5.00 3/ 1 
20.00.. 100.00 600 5.00 4/ 1 
20.00.. 100.00 600 5.00 5/ 1 
20.00.. 100.00 600 5.00 7/ 1 
20.00.. 100.00 600 5.00 9/ 1 
20.00.. 100.00 600 5.00 10/ 1 
20.00.. 100.00 600 5-00 12/ 1 
0.00.. 2048.00 2048 1.00 0/ 3 
20.00.. 100.00 600 5.00 8/ 1 
20.00.. 100.00 600 5.00 14/ 1 
20.00.. 100.00 600 5.00 11/ 1 
20.00.. 100.00 600 5.00 18/ 1 
20.00.. 100.00 600 5.00 19/ 1 
25.00.. 45.00 3600 180.00 3/ 6 
20.00.. 100.00 600 5.00 20/ 1 
20.00.. 100.00 600 5.00 21/ 1 
20.00.. 100.00 600 5.00 22/ 1 
20.00.. 100.00 600 5.00 23/ 1 
25.00.. 45.00 3600 180.00 8/ 6 
25.00.. 45.00 3600 180.00 12/ 6 
25.00.. 45.00 3600 180.00 9/ 6 
25.00.. 45.00 3600 180.00 10/ 6 
25.00.. 45.00 3600 180.00 13/ 6 
25.00.. 45.00 4000 200.00 7/ 5 
25.00.. 45.00 3600 180.00 5/ 6 
25.00.. 45.00 3600 180.00 11/ 6 
25.00.. 45.00 4000 200.00 1/ 5 
25.00.. 45.00 3600 180.00 1/ 6 
25.00.. 45.00 3600 180.00 2/ 6 
25.00.. 45.00 3600 180.00 4/ 6 
25.00.. 45.00 3600 180.00 6/ 6 
25.00.. 45.00 3600 180.00 7/ 6 
25.00.. 45.00 4000 200.00 2/ 5 
25.00.. 45.00 4000 200.00 3/ 5 
25.00.. 45.00 4000 200.00 4/ 5 
20.00.. 100.00 600 5.00 17/ 1 
25.00.. 45.00 4000 200.00 6/ 5 
20.00.. 100.00 600 5.00 25/ 1 
20.00.. 100.00 600 5.00 26/ 1 
20.00.. 100.00 600 5.00 24/ 1 
25.00.. 45.00 4000 200.00 5/ 5 

A Total of 44 Diagnostics Recorded 

Figure 3 



System Performance (sees) 
CPU 10 

stand-alone 
time-shared 
network satellite 
network host 

50.0 30.5 
2.2 2.3 
50.0 23.0 

11.5 

Table 1 - Basic System Performance 

System Time to complete task (sees) 
1 2 3 4 

stand-alone 193 - - -

time-shared 146 198 253 307 
network 149 149 152 153 

Table 2 - System Performance Under Load 


