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REINVENTING THE CHART RECORDER
FOR THE TWENTY-FIRST CENTURY

David M. Gaskill
Vice President of Research and Development

Astro-Med, Inc.
West Warwick, RI

ABSTRACT

Rapid technological improvements in components and manufacturing techniques have set
the stage for a thorough renovation of chart recording concepts. Today, thermal array,
galvanometer, electrostatic, and lightbeam recorders co-exist for reasons both historical
and practical. At one time or another each has held a competitive advantage but now it is
time to synthesize a new recorder standard combining the strengths of each of today’s
technologies with a generous reserve for future enhancements.

OBJECTIVES

To propose a set of specifications and capabilities that will meet the needs of telemetrists
for the next twenty years and to describe a physical implementation that could be on-line
within two years.

AN HISTORICAL PERSPECTIVE

When the first modern telemetry stations were equipped more than thirty years ago there
wasn’t much choice in chart recorder sub-systems; they were all galvanometer based. The
typical chart recorder drew eight waveforms on eight separate pre-printed grids each
40mm wide for a paper width of about 15 inches - about the maximum width that can be
easily contained in a standard 19" rack.

Pressurized ink was the preferred marking method although a little later heated stylus types
started to become popular because they were generally less expensive. Both had similar
strengths and weaknesses. On the positive side, galvanometer based chart recorders
provided a reliable, easily readable, high speed, permanent test record at moderate cost.
On the negative side, the frequency response was limited by the large mass of the motor
required to move the marking pens, the recording formats were fixed by both the pre-
printed grids and the limited excursion of the galvanometers, and auxillary information was



limited to interchannel event markers mechanically activated by solenoids. About ten years
ago some galvanometer based recorders were fitted with interchannel alphanumeric
printers which allowed some messages to be recorded under Host Control - a useful
advance but only a partial solution to constantly growing recording requirements which
put more and more emphasis on centralized control.

The original solution to the frequency response limitations of the galvanometer systems
was the light-beam recorder. The light-beam recorder produces a record by directing light
onto photo-sensitive paper. Actually, light-beam recorders also used galvanometers but a
different type. The light-beam galvanometer can be very thin and light weight since it
doesn’t have to move the relatively large mass of the writing stylus - only a small, low
interia mirror. Consequently, a frequency response of several kilohertz was common with
high chart speeds to match - three meters per second or even faster.

The light-beam recorder had another advantage as well; unlike pens, light beams could
cross over each other without interfering so that overlapping waveforms could be drawn
for greater resolution. Unfortunately, there was a price for these features. First, the chart
width was limited to about 10 inches so that the traditional eight 40 mm channel format
was impossible and second, the recording paper was extraordinarily expensive, making
overall operating costs very high. In addition, there was some latency in the record due to
the fact that the paper was exposed internally and there was a small developing period
required before the traces were clearly visible. For a small group of users though, the
capabilities were worth the limitations, particularly for post-mission analysis when data of
particular interest could be screened to avoid unnecessary paper use. The light-beam
recorder didn’t make any advances in the Host Control area but, of course, this was not a
competitive disadvantage to pen recorders.

The next evolutionary step was the electrostatic array recorder which was introduced in
the late 1970’s. The electrostatic array represented a very important departure in recording
technology that greatly exceeded any specific performance improvements offered in the
first examples. They introduced the concept of digital recording in what had been a
completely analog field.

Generally, the physical format of the first electrostatic array recorders followed that of the
light-beam recorders. They used about the same paper width and used the same
overlapping channel format. The electrostatic array consequently retained the same
limitation in writing width which precluded the traditional eight channel, 40mm grid format.
Unfortunately, the array recording technique showed some digitizing effect in the
waveform traces which limited the top chart speed to about 500 mm/sec. This was
compounded by the fact that some of the first units had only about 100 dots per inch
resolution across the array. very soon, 200 dot per inch arrays became available however



resolution and clarity still became an issue since both pen and light-beam recorders had an
uninterrupted analog trace which looked better on paper - regardless of the fact that the
accuracy of the trace might be better on the array recorder. Pen recorders in particular
(because of their lower frequency response) are subject to printing distortions when
recording fast rising waveforms which can be masked by the smooth continuous
appearance of the trace.

In any case, the electrostatic array technology provided many advantages; mixed formats,
versatile alphanumeric capability, graphics and, of course, digital data handling and
storage. The electrostatic recorders soon became the premium product which featured
very high overall performance and commanded very high prices.

Shortly after the electrostatic array recorders were put into service, a new competitive
technology was introduced. Similar in concept, it used a thermal array to produce the
waveform image. The thermal array technology had the advantage of being slightly less
expensive and so generated a good deal of interest. The first commercial recorders
followed the form of the electrostatic and light-beam recorders but had slightly lower
performance. In the meanwhile there was a large scale development underway in the
commercial printer and facsimile markets to improve the thermal array printheads, making
them faster, less expensive, and more reliable. There was a parallel program in the
electostatic area but the result was narrowly focused on the sheet-fed office copier/printer
market and didn’t produce a product that was easily adaptable to high speed recorder
use. By the mid 1980’s however, thermal array printheads became fast enough and reliable
enough to form the heart of a wide chart recorder that combined many of the elements of
the pen recorder and electrostatic array recorder. With a 15" wide chart, it could use the
traditional 8 channel, 40 mm format and still provide many, but not all, of the features of
the electrostatic recorders such as overlapping channels, graphics, alphanumeric printing,
and Host Control through a variety of interfaces.

Right from the beginning, the thermal aray recorder was aimed at the pen recorder market
which has been somewhat price sensitive compared to the electrostatic recorder market.
Consequently, current thermal array units are designed to be cost effective and generally
lack some of the most demanding capabilities of the electrostatic units in the area of user
selectable formats and auxiliary displays. Thermal array technology is still advancing
rapidly however, and new high resolution printheads and faster control electronics should
make it possible to approximate the trace quality of the pen recorder and equal the
versatility of the high-end electrostatic recorder.



 Note that graphs represent the best performance of each recorder type in each category.
A single commercial example may not have all the capabilities detailed above.



A NEW SPECIFICATION

What parts of the existing recorders should be caried forward and what new capabilities
should be added to form a major new step in recorder subsystems. Here are my
suggestions:

1. Physical size and power requirements

The most common recorder format is 19" rack mountable and I think this should be
continued. Provision should be made, however, to package the recorder in a moveable,
free standing case mounted on casters to allow the floor arrangement commonly used
with electrostatic recorders. The panel height should be kept under 14" and 10.5" would
be preferable.

Weight is not a prime concern in rack-mounted installations but still, any system over 60
lbs. is a potential safety problem during installation and servicing. Fifty pounds would be
a good target but power supply requirements may make this difficult. The power supply
should be capable of operation at 100 - 260 VAC, 50 - 400 Hz with good EMI
characteristics both for emissions and susceptibility. In addition, 28 VDC capability
should be optional.

2. Chart size and format

The original pen recorders set the standard here and the wide 8 channel, 40 mm form
should be continued. Of course the new recorder should also provide the flexibility to
configure itself as a graphics printer, an X-Y recorder, and an overlapping channel
recorder that should be able to display up to 32 channels of waveform data. In addition,
the user should be able to intermix different channel sizes on the same chart and overlay
alphanumeric information and event data with a minimum of restrictions.

3. Printing method

The clarity of the pen recorder is very desirable but format flexibility really requires a
digital, array type, printing method. Either electrostatic or thermal techniques could be
used depending on cost and available resolution. In the array direction, greater density
printing elements can be used to approximate the smoothness and resolution of the pen
trace. 300 dots per inch produces a good looking record but serious consideration should
be given to 400 dots per inch or even more. At least 300 dots per inch are required to
display a full 12 bits (4096 points) on the chart so this should be the minimum acceptable
density.



In the time direction, any reasonable digital method will produce some trace
discontinuities at extremely high chart speeds so that the top speeds of the light-beam
recorders may never be equalled in real time. The best feasible answer to those
requirements is to maintain a high enough print rate, maybe 2000 dots per second, to
produce good quality at speeds up to 500 mm/sec and to use the high speed data capture
feature of the array recorder for expanded resolution playback in post-mission analysis.

4. Frequency response

Bandwidth requirements vary greatly in different applications. Two kilohertz may be
adequate for some users but others could use 1 MHz if it were available. Several
recorders now have bandwidths above 15 kHz which should be considered the absolute
minimum. What’s more important, I think, is to get away from the idea of a bandwidth per
channel and think about the system bandwidth. The idea of system bandwidth is more
compatible with digital data interfaces and even with analog interfaces a scheme that
would allow different bandwidths for different channels would be very useful. For
example, a structure that would allow a 4 MHz throughput could be used to record two
high speed channels at 1 MHz each (for a 100 kHz bandwidth) and 14 trending channels
at 100 kHz each. For special tests, one channel could be used at the full 4 MHz
throughput.

For data capture, the same bandwidths would apply but there should be more flexibility
for storage. Now, storage size is usually limited by semiconductor memory limitations to
about 64 - 128 Ksamples per channel. This is a reasonable size for most applications but
sometimes much more is required. Floppy disks are too slow to be useful in many
applications so the recorder should provide a SCSI or equivalent port to stream directly
to a hard disk. Of course, even this method wouldn’t be capable of the full system
bandwidth but the combination of methods should handle most test requirements.

5. Display capability

The main display should be able to list menu choices and set-ups in full alphanumeric
format at a minimum. A full graphics display would be an advantage at least as an optional
accessory. On optional 640 x 350 pixel CRT could be driven by the system controller to
provide waveform viewing either in real time or as a storage buffer review. If well enough
integrated, it could provide grids and alphanumerics as well as a wide range of sweep
speeds and would allow “paperless” monitoring capability for some types of tests. In
addition, there should be a quick reference display, such as a row of LED’s to indicate
waveform activity and zero position. Also desirable would be a separate display which
could by mounted near the paper output, perhaps on a writing table, which could label
each channel with alphanumerics and simple graphics for rapid identification.



6. Architecture

The capabilities reviewed so far require a much more open system design than is normal
in today’s recorders. Two or three expansion slots will not allow a system to develop
over the years to take advantage of new technology. The goal should be to find an
economical way to make the recorder more like a general purpose computer than a
dedicated embedded processor. This is not the current design direction for
cost/performance reasons but as systems grow more complex and as users demand more
special features, recorder manufacturers will have to provide the ability to add both
hardware and software upgrades that will be transparent to the basic operating system.

SUMMARY

“High Performance” is relative. Thirty tears ago a chart recorder was a stable product that
changed almost imperceptably from year to year. You bought one and used it until it wore
out. Now every year brings a new product which tops last years model. True, some
improvements may be illusory but many are real and threaten to make even relatively
recent purchases obsolete. There’s no reason to stop the innovation that comes from
trying to find competitive advantages, but there is every reason to make the changes as
painless as possible. The specification describes a recorder that could be built next year.
The system architecture describes a recorder that could last twenty years.

SPECIFICATION

Size . . . . . . . . . . . . . . . . . . . 10.5" high x 20" deep, rack mountable

Weight . . . . . . . . . . . . . . . . . Less than 60 lbs.

Power . . . . . . . . . . . . . . . . . . 115/230 VAC, 50/60/400 Hz, 600 VA.
optional 28 VDC

Chart Width . . . . . . . . . . . . . 15" minimum

Number of Channels . . . . . . . 32, each with 12 bit resolution - analog or
digital input

Number of Event Channels . . More than 32, user positionable

Number of Alphanumeric
Channels . . . . . . . . . . . . More than 32, user positionable



Waveform Channel Format . . 8, 40 mm channels or up to 32 individual or
overlapped channels intermixed.

Resolution . . . . . . . . . . . . . . At least 300 dots per inch
(>4096 points across chart)

Print Rate . . . . . . . . . . . . . . At least 2000 points per second

Chart Speed . . . . . . . . . . . . . 1 mm/hr to 500 mm/sec

Bandwidth . . . . . . . . . . . . . . At least 4 MHz system throughput

Data Capture Buffer . . . . . . . Up to 4 Megasamples internal with optional
streaming to hard disk

Display . . . . . . . . . . . . . . . . At least 80 character alphanumeric for basic
operation with LED array activity monitor

Optional graphics display for real time or
captured waveforms

Optional “overlay” display for identifying
waveforms on chart

Host Control . . . . . . . . . . . . . GPIB or Serial interface to control all
recorder functions including analog levels
and automatic calibration.
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