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CHARACTERISTICS FOR DIGITAL STRIP CHART RECORDERS

Grant M. Smith Dave Gaskill
Marketing Manager Vice President, R & D
Astro-Med, Inc. Astro-Med, Inc.
600 East Greenwich Avenue 600 East Greenwich Avenue
West Warwick, R.I. 02893 West Warwick, R.I. 02893

ABSTRACT

Digital-based linear-array chart recorders are replacing conventional stylus recorders in
telemetry data stations everywhere. They offer advantages in virtually all respects, and are
becoming indispensable. But because of the completely different writing method and
technology employed, it is difficult to make completely analogous performance
comparisons between analog and digital chart recorders. This has led to some confusion
when replacing aging stylus recorders is contemplated.

Objectives:  Establish a set of universal, standardized performance characteristics for
digital chart recorders. Introduce appropriate terminology, allowing valid, repeatable
comparison of old and new systems.

Key Words:  digital recorders; telemetry recording; performance characteristics.

INTRODUCTION

Telemetry data stations are always either in the process of, or making plans for, updating
their recording equipment. This involves great expenditure, since mainframe and/or micro-
computers, associated hardware, and complex software are always involved. It is difficult
to balance near and long term performance objectives with often unpredictable budgeting.
Also, demands on a station do not necessarily stop while refurbishments occur, further
complicating the process. Finally, systems must be flexible enough to adapt easily to the
advances in computing, storage, and data handling technologies which will inevitably
occur.

Increasing controversy surrounds the role of chart recorders in today’s telemetry data
station, especially the new crop of digital-based linear-array thermal recorders. They do a
remarkable imitation of conventional eight channel stylus recorders, and offer advanced



capabilities compared to their forebears. (See Table 1.) But they introduce an assortment
of new concepts and terminology, the understanding of which is vital when choosing a
replacement for existing recorders.

Nearly all telemeterists are familiar with the characteristics and terminology of
conventional stylus recorders. Today’s digital linear-array recorders provide many new
features, and eliminate the mechanical limitations of their analog predecessors, but they
also present some new difficulties of their own. Toward the objective of establishing a set
of standards for comparing and contrasting analog stylus and digital linear-array chart
recorders, we need a benchmark. This would be the so-called “ideal recorder”; whose
waveforms are as smooth and visually pleasing as a stylus recorders, but with the
improved bandwidth and advanced performance features of digital linear-array recorders.

Bandwidth Versus Resolution

One of the most important differences between analog and digital recorders is the
relationship they have have with bandwidth and resolution.

Recorders from most manufacturers come with a bandwidth specification which tells the
user what range of frequencies can be measured without significant distortion. In most
cases, distortion is measured as a change in signal amplitude. On the other hand,
resolution provides an indication of what can actually be seen, or “resolved” on the chart.
The controversy surrounding digital chart recorders is the result of confusion between
bandwidth and resolution.

This is predictable given the stylus-based perspective of most telemeterists. A stylus
recorder is the perfect example of a device which has far more resolution than bandwidth.
Waveform traces have the same smooth, pleasing appearance at 500 mm/second as they
do at lower speeds. This means that a 100 Hertz waveform would have 5 mm between
peaks at 500 mm/second; good resolution for a chart recorder. However, a stylus
recorder’s bandwidth is so poor that attempting to display anything above 60 Hertz full-
scale will result in all manner of inaccuracies and attenuation.

Linear array thermal chart recorders have the opposite problem: they have far greater
bandwidth than resolution. This is where the controversy arises. The expectation is that if a
device has a published bandwidth of 5 KHz, then you should be able to resolve a 5 KHz
continuous waveform on the chart. This is confusing bandwidth with resolution.

It seems essential that the resolution of linear array chart recorders be defined in some
universal fashion. Stylus recorders define resolution as a function of chart speed. But this
will not work with digital recorders, since the spacing of the dots on both the y- and t-axes



is another crucial variable. Let us consider then that overall bandwidth is the range of
frequencies whose amplitudes will be correctly represented on the chart within ±3 dB, and
that resolvable bandwidth is the portion of the overall bandwidth which allows individual
components of the waveform to be observed - or resolved - on the chart.

Y-Axis Resolution

Virtually all linear array thermal chart recorders have a y-axis resolution of 8 dots/mm.
This is the basic resolution of the thermal printheads themselves. It is important that the
digital-to-analog converter have enough quantization to correctly display waveforms up to
the maximum amplitude allowed by the chart recorder. For example, a 40 mm wide grid
has 40 x 8, or 320 potential locations where a waveform could be located during a given
printing cycle. Therefore, 9 bit quantization is a minimum requirement, since 8 bits provide
only 256 possibilities; not quite enough. One of the beauties of linear array thermal
recorders is their ability to change grid sizes instantly to suit a particular application. Since
there are no styluses to collide with each other, traces may be overlapped upon demand.
Grids may be as large as 200 mm, changing the minimum quantization requirement to 11
bits, since 200 x 8, or 1600 potential waveform locations must be addressable.

Fewer bits could be used, but this would require that waveforms be interpolated “up” to 9
or 11 bits. This is neither desirable nor appropriate due to the distortions which result, and
the commonplace nature of 12 bit hardware. On the other extreme, there is no advantage to
using more bits than are necessary. Given a fixed y-axis resolution, additional bits are
wasted.

T-Axis Resolution

Whereas y-axis resolution is defined by the printhead itself, resolution along the t-axis is a
function of printing rate and chart speed. Given a fixed y-axis resolution of 8 dots/mm,
there is little benefit in exceeding 16 dots/mm on the t-axis. In fact, equal resolution on
both axes is usually sufficient to accurately reproduce the character and content of any
data. The hard part is to print fast enough to maintain 8 dots/mm throughout the entire
range of chart speeds. Extravagant printing rate claims must be balanced with an
understanding of the resultant adverse effects on printhead life. Simply put, the more times
it prints, the more stress the printhead endures.

In Figures 1 and 2, we see that doubling the resolution on the t-axis improves the character
of a line with a short slope, but does not have a similar effect on lines with a long slope.



equal resolution on both axes with t-axis resolution doubled

Figure 1. line with short slope

equal resolution on both axes with t-axis resolution doubled

Figure 2. line with long slope



Error Calculation

An area of particular importance is the definition and calculation of frequency response
error. With stylus recorders, frequency response is given in relation to amplitude, for
example:

Frequency Response: DC to 60 Hz @ 40 mm, flat
DC to 75 Hz @ 40 mm, ± 3 dB
DC to 125Hz @ 10mm, ± 3 dB

Mechanical stylus recorders have a filtering effect on signals of increasing frequency.
Starting with any amplitude, response deteriorates rapidly as the signal frequency exceeds
60 Hz. Signals over 250 Hz are so attenuated and distorted as to be meaningless.

Decibels are the most common unit of measure for error. Their origins are deeply rooted in
the analog past of chart recorders of the 1940’s and before.

Also of note is the plus-or-minus sign which usually precedes the error value. This is due
to another property of stylus recorders known as “ballooning”. A component of the non-
linear properties of stylus recorders, this phenomenon results in an unpredictable
enlargement of waveform amplitude due to mechanical resonance.

It is essential to be able to correctly interpret bandwidth specifications, since various
manufacturers often express them in different terms. In the above example, the 3 dB point
can be calculated easily with the following formula:

inverse log ( -dB/20) = ratio        where ratio = actual/desired amplitude

Using the example given, the maximum deviation from 75 Hertz at 40 mm can be found as:

inverse log ( -0.15) = ratio

- 0.7079458 = ratio

Thus, the maximum possible deviation is ± 29%. Starting with a 40 mm wide grid, this
means that the actual waveform could be attenuated by as much as ±6mm

Sample Rates And Error Calculation

Digital recorders are best described in terms of their sample rates. How then do we
accurately compare the distortion of digital recorders with analog stylus recorders? One



method is to picture a sinusoid which is being sampled at regular intervals. Naturally, the
worst-case errors will occur when the samples fall as far from the peaks as possible. A
triangle waveform would yield more amplitude error, but the sinusoid is the suggested
reference.

The error depends entirely on how many samples are obtained during a given cycle. Using
ten samples-per-cycle, the worst-case error for a digital recorder sampling a sine wave is -
0.436 dB, irrespective of amplitude or frequency.

What Is Flat?

The interpretation of the expression “flat” has come under some needed scrutiny. The
definition for analog stylus recorders is generally accepted to mean ± 0.1 dB. For digital
chart recorders, flat should be defined as the frequency at which ten samples-per-cycle
have been obtained. This has been established by manufacturers of digital storage
oscilloscopes and related devices. We have just seen that ten-samples-per-cycle results in
less than half of one decibel of error, and no “ballooning” is possible.

Linear Array thermal recorders do not have moving mechanisms within their writing
systems, so, unlike stylus recorders, increasing the amplitude does not increase the error.
Therefore, error should be expressed without reference to amplitude, and with less-than, or
less-than-or-equal-to signs. A reference to full-scale may be included for clarity, however,
as in:

Frequency Response: DC to 3 KHz, flat
DC to 5 KHz, down <3 dB, full-scale

or: DC to 5 KHz, down <3 Db, full-scale

Min/Max Technique Improves Bandwidth

Digital recorders sample incoming waveforms at relatively high rates, like 30 KHz. This
yields a frequency bandwidth of 3 KHz flat, and 5 KHz # 3 dB. But no recording system
can actually print at a rate even close to 30 KHz. How this bandwidth is maintained in
spite of slower and variable printing rates is one of the more interesting aspects of how
digital recorders work.

Nearly all linear-array chart recorders have a basic resolution of 8 dots per millimeter
(dots/mm) across the printhead (the y-axis). Assuming an equivalent resolution in the time
direction (t-axis), printing must occur at a rate sufficient to maintain 8 dots/mm at any
chart speed. For example, at 100 mm/second, maintaining 8 dots/mm requires a print rate
of 800 Hz. So, if the front-end is sampling at 30 KHz, only one out of 37 samples could be



used. At this point, the original sample rate is irrelevant, and the print rate becomes the
effective sample rate. This would result not only in a generally poor bandwidth, but one
which varied according to chart speed! Maintaining 8 dots/mm on the t-axis, the recorder’s
effective bandwidth would only be 80 Hz at 100 mm/second, 40 Hz at 50mm/second,
20Hz at 25 mm/second, and so on. A bandwidth which varies according to chart speed is
entirely unacceptable.

Modern linear array chart recorders solve this problem by means of a special circuit. The
sequence of events is as follows:

1 Analog-to-Digital Converter: samples incoming analog signal, outputs digital values. 
2. Min/Max Circuit: calculates the minimum and maximum amplitude

values received from ADC between printing cycles,
outputs them to printhead controller.

3. Printhead Controller: creates line segments from min/max pairs and prints
them at a rate which will maintain the desired
resolution (dots/mm) at all chart speeds.

Result:  an analog of the original waveform is printed on the chart paper. Full bandwidth
as allowed by the original sample rate is maintained.

As seen above, the printing rate is often far slower than the initial sample rate. Thus, 8
channels can be multiplexed through a single ADC. Time errors caused by sequential
sampling are meaningless because data are “queued up” for construction into min/max line
segments, and are printed on the chart simultaneously.

What is Acceptable?

This is highly subjective, of course. Digital linear-array thermal recorders are presently
incapable of maintaining 16 dots/mm on the t-axis at speeds much beyond 100 mm/second.
Users should be concerned by this only to the extent that they actually use high chart
speeds, and the resolution they require if they do. At chart speeds up to 100 mm/second,
8 dots/mm on both axes is considered good resolution. Less resolution on the t-axis is
often quite acceptable in order to achieve higher chart speeds. For example, at 500
mm/second, resolution of 3 - 4 dots/mm is very common.

Printhead Protection And White-Out

The way in which a thermal printhead is driven, or “strobed” is crucial to performance,
chart appearance, and printhead life. Printhead protection schemes are closely guarded by
most manufacturers, since they can mean success or failure for a product. However, users



can and should make some basic comparisons. One of the simplest tests checks for the
white-out phenomenon.

Connect all of the signal inputs to a function generator capable of outputting a sine wave
from 1 to 1 KHz. With the chart paper running at 25 mm/second, adjust the gain so that a
1 Hz sine wave is displayed full-scale on all eight channels. Now increase the frequency of
the sine wave to 10 Hz, and the lines will be closer together. Increase the frequency
through 60 Hertz, then 100Hz. You are asking the recorder to “make the page black” and
yet not harm itself in the process. Now, increase the chart speed in stages up to the
maximum. This is really a test of the printhead protection scheme. If a recorder allows you
to do this with no protection, then the printhead will be destroyed within a short period of
time. Recorders with less capable protection schemes will simply shut off power to the
printhead when the waveform density and chart speed increase beyond a certain point, and
then turn it back on when waveform density and/or chart speed are reduced. However,
more capable printhead protection schemes allow for a general lightening of the recorded
charts, but do not “white-out”.

There has been much controversy about white-out, since telemeterists are rightly
concerned about losing valuable data during periods of intense waveform activity.

Anti-Aliasing Filters

Frequencies above the effective bandwidth allowed by the initial sample rate are usually
filtered by an active circuit at the output of the ADC. This prevents aliasing from distorting
data on the charts. A good example of undesirable aliasing can be seen by sampling a
10 MHz sine wave at 100 KHz. Without an anti-aliasing filter to limit the frequency
response of the recorder this waveform could appear as a 100 Hz sine wave on the chart!

Snap Shot Capture & Replay

Many users do not use high real time chart speeds, but instead take advantage of the
capture and replay capabilities of digital linear-array thermal recorders. In this mode, data
are sent to the recorder’s RAM memory instead of the printhead controller for printing.
Various triggering methods are available for causing only the data of interest to be stored.
Once in RAM, data may be replayed onto the chart at a controlled rate. Since the
presentation is not in real time, the chart speed which provides the best possible t-axis
resolution is used. The results are extremely high resolution charts which appear to have
been recorded at very high chart speeds. In fact, data were simply replayed in “slow
motion”.



Effective chart speeds well into the thousands of mm/second are possible, meeting or
exceeding the capabilities of optical/light beam recorders. Data capture and replay has
many applications in post-mission data reduction and analysis, especially when data are
replayed from tape, and events of particular interest can be quickly and easily located.

Summary

Let us summarize the terms and definitions that we have established for comparing digital
linear-array thermal chart recorders:

Bandwidth The range of frequencies whose amplitudes will be correctly represented
on the chart to within ±3 dB, full-scale.

Error Amplitude distortion introduced into the printed waveform., expressed in
<dB or #dB.

Flat The frequency at which ten-samples-per-cycle have been obtained.

Full-Scale The full width (y-axis) of a grid pattern.

Min/Max The technique of constructing and printing line segments whose ends
represent the minimum and maximum amplitude values received from the
A/D converter between printing cycles.

Resolvable Bandwidth
The portion of the bandwidth which allows individual components of the
waveform to be observed - or resolved - on the chart.

Resolution Literally, the number of dots/mm on the y and t-axes. Represented by the
highest frequency continuous sine wave which can be clearly observed
while recording in real time. Good resolution is considered to be 8
dots/mm on both y and t-axes.

Snap Shot The technique of capturing waveform data in RAM memory, and then
replaying them with optimum resolution and higher effective chart speeds
than is possible in real time.

T-Axis The time axis, perpendicular to the printhead.



White-Out An interruption of printing on the chart, usually the result of less-capable
printhead protection scheme reacting to extraordinary print density
conditions.

Y-Axis The amplitude axis, parallel with the printhead.

Conclusion

Telemeterists contemplating upgrading their recording systems must be able to make valid
comparisons between existing analog stylus recorders and the typical digital linear-array
thermal chart recorder (see Figure 3). By following the preceding formulae and definitions,
it is possible to do this.

Table 1.

Recorder Capability Comparison
(all values full-scale)

Linear-Array Thermal Stylus

Bandwidth to 2,500 - 35,000 Hz to 175 Hz
Resolvable Bandwidth to 175 Hz to 60 Hz

Complete computer control yes no
Data bus interfacing (16/32 bit) yes no

Overlapping waveforms yes no
Self-printed grids yes no

Line printing capability yes no
Page printing capability yes no
Bit map plotting capability yes no



Figure 3.
Typical digital linear-array thermal 8 channel chart recorder


