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ABSTRACT

The requirements for data acquisition systems grow rapidly with the progress of
technology. Increasingly complex test instruments become available. Integration of
instruments and computers into an operational measurement system, however, is more
difficult and expensive as requirements increase.

A family of instruments was developed which can perform complex measurement tasks
without a large integration effort since it provides a large number of compatible hardware
and software modules for conditioning and conversion of signals into digital form, for data
storage, data transmission, and data pre-processing.
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INTRODUCTION

The data acquisition system for industrial applications described in this paper is the second
generation of a type of instruments which was developed in Europe.

About 10 years ago a few manufacturers developed small Pulso-Code-Modulation (PCM)
systems for storage of analog data on instrumentation tape recorders. These PCM
encoding/decoding systems were intended to replace FM or direct recording on tape. They
were primarily directed towards the industrial, i.e. automotive industry, and the medical
market.

Figure 1 shows an example of a 16 channel system. Other units had as few as 3 or up to
128 channels. These PCM systems are small and inexpensive compared to the large PCM
systems used in aerospace ground stations.



FIGURE 1   16 Channel PCM System

Figure 2 shows the block diagram of a typical PCM system. Data are acquired in an
encoder and converted into a serial data stream, which can be stored on a tape recorder or
transmitted via a RF link or cable to a decoder. The decoder provides analog or digital
outputs. Some decoders are also equipped with a parallel digital interface for connection to
a computer.

FIGURE 2   PCM System Configurations

Since data were already available in digital form, these small PCM systems were soon
used as front end to computers, with or without storage on tape.

INTEGRATED APPROACH

The integrated measurement system was developed by Kayser on the basis of the
experience gained with these small PCM systems. This system allows to configure two
types of systems shown on the next page.



FIGURE 3   Encoder as Computer Front End

Figure 4 shows a centralized measurement system where all analog and digital data
channels are available at one location.

FIGURE 4   Centralized Measurement System

In some applications this is not possible, since it would result in very long cables carrying
low level signals.

Data, therefore, have to be acquired at different remote locations and have to be
transmitted to a central control room for further processing via a serial data link (Figure 5).
Quick look and control may be required at the remote station (top) or at the control room
only.



FIGURE 5   Distributed System

The integrated measurement system can be configured both as a centralized or a
distributed system and includes all building blocks shown above, except for the computer.
It provides, however, intelligent computer interfaces and transfer software for most
popular computers.

SYSTEM LAYOUT

The layout of the system is completely modular. This provides flexibility required for
custom made systems, and for future modifications, and growth.

It consists of an intelligent mainframe with a control bus and a data bus and a variety of
printed circuit boards with associated software modules. The boards can be plugged into
any slot of the mainframe.

The same mainframe, therefore, can be configured as a signal conditioner unit, a data
acquisition front end, a PCM encoder or a PCM decoder.

MAINFRAME

A block diagram of the mainframe is shown below.

The mainframe contains a core unit and 14 plug-in slots for function boards:

- a microprocessor with keyboard and CRT for communication with the operator

- an interface for connection of up to 12 expansion chassis



FIGURE 6   Mainframe Block Diagram

- a RS 232 interface for connection to the host computer or a terminal by which the
mainframe can be remotely programmed and monitored

- a second RS 232 interface for a printer to document system parameters

- a control bus to detect the configuration of the system and to set-up all parameters on
the plug-in boards, i.e. amplifier or filter settings

- a fast data bus which is under control of a microprogrammed sequencer inserted into
the slots adjacent to the interface.

The mainframe is shown in Figure 7. It is only 4 panel units high and fits into a 19" rack.

SIGNAL CONDITIONING

Signal conditioning plug-in modules are available for most types of sensors:

- isolation amplifiers
- thermocouple amplifiers
- thermoresistor amplifiers
- strain gauge amplifiers
- carrier frequency amplifiers.



FIGURE 7   K2000 Mainframe

All inputs are completely isolated against all other inputs and the output. Some boards
have built-in filters with fixed or switchable cut-off frequency. For high level analog
signals, filter boards with switchable input voltage range are provided.

Excitation voltage, gain, offset compensation, calibration and filter cut-off frequency are
programmable via the mainframe key-board or remotely by the host computer or a
terminal.

The operator is guided by a menu, similar to popular software packages for personal
computers. This makes operation very simple. In addition, up to four different set-ups can
be stored in a non-volatile memory, which permits rapid switching between various
operating modes.

Since up to four signal channels are contained on one board, one mainframe can
accommodate up to 56 signal conditioners.

ANALOG AND DIGITAL INPUTS

For data acquisition a multiplexer and A/D converter board are provided. Data rates of up
to 213.000 samples can be achieved with one A/D converter only. Data rates up to 2.56
million samples require one A/D converter per channel.

Data acquisition is controlled by sequencers which are programmed via the front-panel or
a host computer. A menu driven software permits easy setting of wordlength, frame/block
length, word rate, and sampling rate per channel. The software automatically generates the
data frame format on the basis of these parameters.



In addition to the analog input modules, multiplexer for digital inputs and for the insertion
of time information are available.

In the standard version, up to 255 data channels can be multiplexed. If subcommutation is
employed, the capacity of the system can be increased to 8000 channels.

DATA OUTPUT

The data acquired from the various input modules are transferred to the output modules
under control of the sequencer. A large choice of output modules are available:

- computer interfaces for DMA data transfer

- digital tape recorder interface with or without buffers

- PCM output for storage of data on an analog tape recorder or for transmission via
cable or optical fibres (up to 2.56 Mbit)

- parallel PCM output for storage of data parallel tracks of an instrumentation tape
recorder (up to 2.56 million data words)

- analog output modules for quick-look on strip-chart recorders

- printer interfaces for data logging.

In addition, an external semiconductor memory with up to 16 Megawords capacity can be
connected to the data acquisition system. This is particularly useful for short-term storage
of high-speed data.

COMPUTER INTERFACES

The computer interfaces and corresponding software modules are designed for data
transfer into computers at a high speed (50 k - 150 k words/sec to disc). No modifications
of the computer are necessary because the interfaces can be directly connected to standard
DMA interface with flat-ribbon cables.

In order to allow realtime monitoring of data and to reduce the amount of storage required,
the interfaces can be programmed to transfer only part of the data stream to the computer.



Two modes of operation are possible:

- selection of one or a few data channels

- trigger operation: i.e. selection of data acquired during events.

Data transfer is furthermore simplified by a buffer contained in the interface (Figure 8).

FIGURE 8   Programmable DMA Interface

DECODERS

Distributed measurement systems and systems which use analog tape recorders as mass
memory require input boards which regenerate the data from the incoming serial bit
stream. For parallel multitrack recording descrewing buffers can be provided.

SYSTEM CONFIGURATIONS

Because of its flexibility the system can be adapted to most user requirements.

For measurements with long duration the system will probably include an instrumentation
recorder as mass storage. As shown in Figure 9 it may consist of an encoder for 64
channels and two expansion chassis with signal conditioning amplifiers for 12 strain
gauges and 48 thermocouplers.

Data are recorded on one or more tracks of an instrumentation recorder or a small portable
tape recorder.

The decoder provides analog outputs for quick-look on strip-chart recorders or a scope. It
is connected to a computer via a DMA interface.



FIGURE 9   Tape Based System

For application with low data rates or where tests are of short duration the encoder can be
connected directly to the DMA interface of a computer.

In this case the data rate is limited by the transfer of data to the disc for storage.
Depending on the computer the maximum rate will be 50 k to 150 k words per second.

If a higher throughput is required, data can be stored in a semiconductor mass memory
which is connected to the encoder.

All system parameters can be controlled at the encoder during system set-up and
calibration and from the computer during operation.

FIGURE 10   Computer Oriented System


