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A LIGHT-WEIGHT INSTRUMENTATION SYSTEM DESIGN

Ronald Kidner
Sandia National Laboratories

ABSTRACT

To meet challenging constraints on telemetry system weight and volume, a custom Light-
Weight Instrumentation System was developed to collect vehicle environment and
dynamics on a short-duration exo-atmospheric flight test vehicle. The total telemetry
system, including electronics, sensors, batteries, and a 1 watt transmitter weighs about 1
kg. Over 80 channels of measurement, housekeeping, and telemetry system diagnostic
data are transmitted at 128 kbps. The microcontroller-based design uses the automotive
industry standard Controller Area Network to interface with and support in-flight control
functions. Operational parameters are downloaded via a standard asynchronous serial
communications interface. The basic design philosophy and functionality is described
here.
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INTRODUCTION

The Telemetry Technology and Development departments at Sandia National
Laboratories are tasked with acquiring data and controlling experiments in a wide variety
of applications. To improve response to customer demands of ever smaller, lighter, and
more capable systems, the Light-Weight Instrumentation System (LWIS) was developed.
The complete LWIS weighs 1 kg and fits in a 38 in3 volume, which may be distributed. It
is a complete telemetry and control package, which includes batteries, sensors, a RF
transmitter, a telemetry PCM encoder, and control hardware. The LWIS fills the role of a
reconfigurable telemetry and control system, while maintaining a minimum weight and
volume.

HARDWARE

A common goal of test and measurements systems is to perturb the test object as little as
possible. Besides being small and lightweight, the LWIS can be distributed through out
the test object. This allows the LWIS to conform to the physical constraints of the test



object. The LWIS configuration shown in Figure 1 is packaged in two sections to
maintain a weight balance between the nose and the tail of the test object. In Figure 2 the
LWIS is packaged around the circumference of a thin test object.

Figure 1. LWIS packaged in two sections.

Figure 2. LWIS electronics spread around a thin ring.



At the core of the LWIS is an Intel 87C196CB microcontroller, 64 KB of non-volatile
RAM (NVRAM), and an Actel 1020A Field Programmable Gate Array (FPGA). This
core provides primary functions such as system control and data formatting. It also
provides for user input via asynchronous serial ports and networking capabilities via the
automotive standard Controller Area Network (CAN). Currently, the LWIS is powered
by small, 1 A-hr lithium batteries that provide an operational time of over an hour.

The Intel 87C196CB microcontroller operates at 20 MHz, contains 56 KB OTPROM, 2
KB RAM, an asynchronous serial port, an A/D converter, a CAN interface, and other
functions that enhance its utility as a telemetry controller. The processor is assisted by an
Actel 1020A FPGA. The FPGA connects the processor to the external NVRAM and off-
loads functions best suited for hardware implementations. The microcontroller and the
FPGA may be modified prior to final assembly to adapt the LWIS to its intended role.
The LWIS may be modified after final system build by downloading data and functions
into the NVRAM. Commonly changed paramteters, such as the PCM frame format and
event sequences are stored in the NVRAM. The NVRAM also contains a supplemental
subroutine that may be called to perform software functions. This allows a significant
change in the software functionality to be made any time the asynchronous serial user
interface is accessible.

The typical LWIS sensor suite includes 75 analog monitors, a three-axis rate sensor, a
three-axis magnetometer, a three-axis accelerometer, and one horizon sensor. The data is
formatted and transmitted over a 1 watt (maximum) FM transmitter. Such an application
has the following specifications.

Volume: 38 in3
Weight: 1 kg
Operating Time: > 1 hr
Transmitter power: 1 watt maximum
PCM Bit Rate: 128 kbps
Environmental
Sensors:

75

Dynamic Sensors: 10
Words per frame: 768

The microcontroller provides the LWIS with considerable flexibility to act as a system
controller, as well as a telemetry system. The controller may be programmed to provide
control functions such as a user interface, automated function sequencing, and data
manipulation. The CAN interface built into the 87C196CB further enhances the LWIS’
function as a system controller. The CAN is a two-wire network with built-in error
detection and correction. The CAN reduces point-to-point wiring requirements, making it



well suited for distributed, weight sensitive applications. Commercial ICs are available
for implementing CAN functions in new designs or existing hardware.

Some applications include functions that are not well suited for a microcontroller, such as
very high-speed event characterization functions. These functions may be programmed
into the FPGA. The FPGA is also used to perform system functions such as address
decoding, and fireset initiation. Placing safety-related functions in the FPGA add an
additional level of safety to these functions. The FPGA is also used to provide another
asynchronous serial port to interface with devices such as a GPS receiver.

SOFTWARE

The LWIS software interfaces with the user, the hardware, and on-board devices. It also
contains the control functions for system command and control, as well as routines to
format the incoming data into a standard IRIG telemetry stream. The code optionally
contains test functions such as data processing routines. As in any microprocessor or
microcontroller based system, the software provides extensive flexibility. By changing
the software, the core LWIS hardware may be used in applications other than telemetry
and control applications. The software as used in its telemetry role is discussed below.

The functionality of the LWIS software is divided by time sensitivity. Functions that are
not time sensitive operate in the foreground by a poll and loop mechanism. Time
sensitive functions operate in the background on an interrupt basis. The foreground
functions in the LWIS include processing the supplemental subroutine, checking for
command inputs, building frames of GPS data, processing events that are not time
critical, and updating the watch-dog timer. These functions can all tolerate being serviced
at ill-defined time increments. That is, delaying their processing a millisecond now and
then does not invalidate their functionality. This process is shown in the left-hand flow
chart of Figure 3.

The background functions include processing the PCM data, servicing the analog-to-
digital converter, retrieving data from the serial ports, and processing events that are time
critical. These functions are processed by high-priority interrupt routines to minimize
timing uncertainties. By keeping the interrupt functions simple and predictable, the time
jitter and latency of time sensitive events can be controlled. This background interrupt
service process is shown in the flow chart on the right-hand side of Figure 3.



Figure 3. Software processes: foreground (left), background interrupt service routine
(right).

CONCLUSIONS

The LWIS is a small, capable, and light-weight RF telemetry system. Although it was
originally designed to provide RF telemetry capability to weight and volume sensitive
applications, its flexibility allows it to be used in other applications including a missile
payload control system, a high-speed ground-based measurement system, and test and
measurement instruments. The combination of a microcontroller, an FPGA, and NVRAM
at the core of the LWIS has proven to be a valuable tool in meeting a wide range of
customer requirement while keeping NRE costs to a minimum.
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