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ABSTRACT

Mission safety and cost-efficiency concerns have resulted in a resurgence of interest in
real-time strip chart recorders. But conventional recorder technologies require inordinate
maintenance and daily calibration. Attempts at strip chart emulation involving costly
dedicated microcomputers and CRT’s have failed, because the chart itself is not real-time,
a basic requirement. The concept of an inexpensive, direct digital link to a telemetry
processing computer (VAX, e.g.) is discussed. A thorough examination of real-time
monitoring of critical, non-repeatable data is presented.

Objectives:  An automated, turn-key telemetry data system. Reduce the routine
maintenance required by conventional recording systems; eliminate the need for digital-to-
analog converters (DAC’s); and improve the efficiency of range personnel and the integrity
of recorded data.

Key Words:  digital strip chart recording; telemetry recording; direct digital link.

INTRODUCTION

Today’s telemetry range facilities are a curious contrast of old and new technologies.
Modern high speed computers and digital signal processing equipment have made data
recording and analysis faster and easier than in the early days of range telemetry. But most
facilities employ some or all of the same chart recorders acquired during the Mercury,
Gemini and Apollo missions...or even earlier. These instruments are always the weakest
link in any system of which they are component. The problem all along has been a lack of
an acceptable alternative. Let’s look at the prevalent technologies available today:

 Stylus recorders (see Figure 1), have been the standard since the early days of telemetry.
They offer eight 40 mm wide channels, immediate viewing of the waveforms, inexpensive
and permanent chart records, and acceptable size/cost. Drawbacks include their inability to 



Figure 1.

accurately portray signals above 60 Hz full-scale, constant maintenance requirements, and
weak computer interface implementation. They require DAC’s to convert digital telemetry
data to analog form.

Optical recorders (see Figure 2), have much higher frequency response/chart speed
capabilities than stylus recorders, but are inferior in every other way. The chart requires
several minutes to develop, so trace viewing is not immediate. Channels are small, blotchy
in appearance, and fade when exposed to normal light. Photocopying erases them. The
chart paper is prohibitively expensive, and has a short shelf-life. They also require DAC’s
to convert digital telemetry data to analog form.

Figure 2.



Electrostatic recorders (see Figure 3), eliminate several of the deficiencies of optical
recorders, especially the chart paper cost issue. They employ a photocopy technique with a
wet toner to create images on a moving chart. But the charts are not wide enough to allow
for eight ~ 40 mm channels, a basic telemetry requirement. Frequency response is quite
good. Toner is messy, and maintenance costly. Computer interfacing is usually
implemented well, but chart visibility is delayed by six to twelve inches. Real time
waveform viewing requires a CRT monitor, and the entire system is generally quite large
and expensive.

Figure 3.

Solid-state recorders (see Figure 4), have finally come into their own, offering eight 40
mm wide channels, immediate chart viewing (within 3 mm), and with little more cost or
space than required by conventional analog stylus recorders. Newer models offer a direct
digital link to a telemetry computer, and very high frequency response. Computer interface
implementation equals that of electrostatic recorders, and maintenance is reduced by the
elimination of nearly all moving parts, inks and toners.

Accuracy, Maintenance And Computer Control

Every day, today’s telemeterists face the same challenges their predecessors did in the
1950’s - drift-prone charts, non-linear stylus writing mechanisms, inaccurate chart drive
motors, mechanical hysteresis, and so on. Chart recorders still place the biggest demand on
a facility’s maintenance and calibration budget. Beside the financial strain, maintenance
problems jeopardize mission safety due to lost data. And few things are more stressful to
human operators than a chart recorder breaking down just before - or during - a critical
mission. Few conventional recorders already in service are computer-controllable, which
can further help to reduce the overcrowded, confusing conditions which occur during 



Figure 4.

important missions. Finally, conventional recorders can only accept analog waveforms, so
DAC’s are required, consuming budget money and rack space.

The proposed system uses a linear-array printhead recorder with a digital interface which
attaches directly to the data bus of most telemetry computer systems. Solid-state
technology increases accuracy and reduces maintenance. Styluses and most
electromechanical components are eliminated, and the entire system is computer-
controllable via RS-232 or IEEE-488 (GPIB). The recorder prints its own grid patterns
simultaneously with the data, eliminating data-versus-grid errors due to chart skew or
“drift”.

Range stations rarely have a lot of room to spare, so the proposed system does not take up
an inordinate amount of space. For example, three complete eight channel systems,
including chart paper take-up drawers or rewinders, can fit within a single 6 foot x 19"
RETMA rack enclosure.

Conventional Analog System

Figure 5 shows a block diagram of a conventional telemetry recording system using analog
chart recorders. Note the heavy dependance on human, manual operation of every
recorder. One or more DAC’s are required, depending on the number of channels being
recorded. DAC’s are programmed to send certain channels to the strip chart recorders.

Some modern analog stylus recorders can be controlled via RS-232 or GPIB to start or
stop recording, change chart speeds, and even do some printing on the chart via separate
thermal printheads located between the analog styluses. This removes one obstacle - heavy 



Example of a typical telemetry recording system using analog recorders with DAC’s.

Figure 5.

dependance on manual control - and replaces it with another: more electromechanical
parts! Interchannel text printers add complexity and set-up time, and often interfere with
the full-scale (or beyond) excursion of the styluses. Waveforms must be able to exceed the
edges of their grid patterns for two important reasons: to facilitate calibrating waveforms
to either grid edge; and enabling users to distinguish between waveforms which are “on
the edge” and those which are actually beyond it, but are unable to exceed the grid edge.

Recorders of any type must allow their waveforms to exceed the grid edges, or data
analysis is greatly complicated, and in some instances impossible. For instance, waveforms
are often positioned on the right grid edge in order to see positive(left)-going changes. In
this case, waveforms could not react to negative(right)-going changes since they are
already as far right as they can go. Negative-going changes are critical indicators that a
channel is not calibrated. Unless waveform excursion can be observed, subsequent
analysis of the recorded charts is suspect.

Direct Digital Recording System

Figure 6 shows a block diagram of the proposed direct digital telemetry recording system.
The “standard” chart format of eight 50 division channels (each approximately 40 mm
wide), has been retained. Eight waveform channels plus eight event markers can be 



Example of a turn-key telemetry recording system using recorders with a direct digital link

Figure 6.

received and recorded per recorder. Event Markers can be recorded in the margins
between waveform channels, or 100 character text messages may be substituted on an
individual channel basis.

Multiple recorders can be programmed to take different channels from the bus. Channel
selection can be changed at any time without interrupting recording. This function is
programmable via the GPIB control bus, or by the front panel. Although both RS-232 and
GPIB are fully implemented, GPIB is considered preferable, since it allows parallel control
of up to 15 devices on a single bus.

The parallel port consists of 32 input lines, a strobe input line, a ready output line, an
optional host-controlled ID/data select input line, and a common ground line. All interface
lines are TLL-compatible, but may be adapted to RS-422 via a differential/TLL,
conversion card. The digital input board allows recorders to attach directly to the 32 bit
bus and extract only those channels they have been programmed to look for. In the 32 bit
mode, the host simultaneously sends a 16 bit channel ID and a 16 bit data byte, latching
them onto the digital input board with the strobe input line.

In the 16 bit mode, the lower 16 bits are used to sequentially send a 16 bit channel ID and
a 16 bit waveform byte, latching them onto the digital input board with the strobe input
line. The host uses the data/ID line to indicate whether data are ID or data. A low on this
line indicates ID, while a high indicates data.
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This versatile input scheme allows the system to be adapted easily to most of the major
telemetry computer systems in use today.

Signal Viewing and Resolution

Chart viewing is immediate, since the printhead writing elements are only 3 mm (0. 12
inches) behind the chart exit. This is important in most range telemetry applications, since
human lives can hang in the balance. There is simply no substitute for immediate visibility
of traces as they are made by the recorder. At chart speeds above 25 mm/second, the delay
between printing and visibility is shorter than the average person’s ability to react
(#0.13 seconds), and is therefore insignificant. At lower chart speeds, normal chart
viewing can be supplemented with an LED display. The proposed LED array provides a
bright, continuous real time display of waveform amplitude changes. Finally, the chart exit
area is lit internally to reduce shadows and increase contrast.

Chart speed is selectable via the control interface, or manually from the front panel. The
system supports chart speeds from 1 mm/hour up to 500 mm/second, although 200
mm/second is the highest chart speed normally used based on chart resolution
requirements. If front panel control is used, the user may program several keys with the
most often used chart speeds for instant recall at any time. Despite the fact that data are
not analog, the front panel gain and zero positioning controls may still be used to adjust the
appearance of the waveforms. This may be defeated if not desired.

In addition to the eight waveform and eight event channels, the left chart edge is
continuously striped with IRIG day number and time, and the current chart speed. The
resultant time scale is also calculated and printed immediately following the chart speed,
as in:

The right chart edge is also continuously striped with a ninth event marker. This can be
actuated by front panel push-button, the GPIB control interface, or a rear panel
TTL-low/switch-closure jack. This ninth event marker is typically used to record IRIG
slow-code directly onto the chart.

High Speed Printing

The system can also serve as an 80 column page or line printer, with a print rate of 720
lines-per-minute. Upper and lower-case alphanumerics plus the IBM block graphics
character set are supported. ASCII text files are received over the GPIB control interface.



Bit Map Plotting

The system can operate as a high-resolution plotter, producing an unlimited variety of
graphic representations, charts, CRT screen dumps, and so on. The plotting area is
180 mm wide, and is not limited in length except by the chart paper, which is 500 feet
long. Resolution is 200 dots/inch vertically and horizontally, resulting in 0.125 mm pixels.
Typical plotter applications require a software device to convert or create a plot in
accordance with the operating specifications of the printing system. The protocol allows
the user to send control code data intermixed with the bit map data itself. It is relatively
versatile, and provides “data repeat” and other features.

Conclusion

The proposed system provides a missing link in the creation of an automated, turn-key
telemetry recording facility. All standard telemetry requirements have been satisfied,
including:

C Eight separate 50 division (~ 40 mm) wide grids, which waveforms may exceed
C Immediate chart visibility
C Reasonable size/cost ratio
C Permanent, high-resolution recordings

While introducing some new capabilities for a system of its type:

C Direct digital data link, eliminates DAC’s
C High Speed 80 column printing
C Bit map plotting
C No chart drift

The proposed system is meant to improve the efficiency of range personnel and the
integrity of recorded data. Solid-state strip chart recording via direct digital link permits
mission safety and cost-efficiency to coexist.


