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Abstract

A fiber optic event timing system was developed for the High Speed Test Track at
Holloman Air Force Base, Alamogordo, NM. The system uses fiber optic sensors to detect
the passage of rocket sleds by different stations along the track. The sensors are connected
by fiber optic cables to an electronics package that records the event time to a resolution of
100 nanoseconds. By use of a GPS receiver as the timebase, the event time is stored to an
absolute accuracy of 300 nanoseconds. Custom VMEbus boards were developed for the
event timing function, and these boards are controlled by a programmable high speed
sequencer, which allows for complicated control functions. Each board has 4 electro-optic
channels, and multiple boards can be used in a VMEbus card cage controlled by a single
board computer. The system has been tested in a series of missions at the Test Track.

Introduction

The High Speed Test Track at Holloman AFB, Alamogordo, NM has the stated goal of
achieving Mach 10 with rocket sleds traveling down their 10 mile (16 kilometer) long
track. In order to provide accurate velocity information on sleds traveling this fast, the Air
Force released a Small Business Innovative Research (SBIR) contract to Far West Sensor
Corp. to develop a high bandwidth velocity sensor system. According to the original
specifications, the system consists of a series of sensors mounted trackside that detect the
passage of the rocket sled. The time of passage is recorded to better than 1 microsecond
resolution, and since the positions of the sensors are accurately surveyed, the average
velocity between sensor stations can be computed using distance divided by time. The
sensors are portable and can be moved to different locations on the track so that a 1000



foot (300 meter) long section can be instrumented at any one time. During Phase I of the
contract, a prototype system, described below, demonstrated performance meeting these
specifications.

While performing the experiments during Phase I, discussions with the Test Track
personnel indicated that there are a number of other applications where this event timing
system could be used. Some of the tests that are conducted at the Track require that the
absolute time of passage be recorded; thus, the system would need an absolute timebase.
Also, because of the high speed capabilities at the Test Track, projectiles can be shot off
one end of the track at supersonic velocities. Equipping the system with appropriate
sensors to measure the impact velocity of these projectiles into targets would give
additional utility. These features, along with others, are incorporated in the Phase II
design.

System Approach

To meet the performance requirements, Far West Sensor Corp. is using a fiber optic based
approach to the sensor system, which is illustrated in Figure 1. An electronics package,
which contains optical transmitters and receivers, is located about 100 feet (30 meters)
from the track. The transmitters are generating a 10 MHZ train of optical pulses that is
routed along fiber optic cables to each individual sensor station. The sensors are mounted
on the track, and different sensor types work by various optical interruption techniques.
The pulses of light are then routed back by fiber optic cable to the optical receivers, where
the detected signals are thresholded for a binary output and processing. The results are
communicated over a twisted pair line to the Track Data Center (TDC) by a modem link at
the conclusion of the mission.

The original solicitation envisioned an RF telemetry link at each sensor station. Far West
Sensor decided against using such an approach because of the extensive calibrations
needed to account for the different delay paths from each sensor site to the telemetry
receiver antenna. Instead, a fiber optic cable links each sensor to a channel in the
electronics package, which processes the data in real time, then downloads the results. The
optical fiber is capable of carrying very high bandwidth signals, which provides for growth
capability. Since the fiber can be placed in protective cabling, the sensors can be easily
and rapidly moved to different sites as required.

Because a pulse train of signals are used, the main signal processing consists of detecting
missing pulses when the rocket sled interrupts the optical beam at the sensor. As part of
the electronics package, a set of counters that act as a clock is driven by the timebase.
When missing pulses are detected, the count is latched in a set of registers for the
particular channel that is tripped. If the counters are preloaded with the time and then 



Figure 1.
Fiber Optic Event Timing System Diagram

driven by an accurate timebase, the counters reflect the current absolute time to the
accuracy of the timebase. Therefore, as the rocket sled travels past each sensor station, the
absolute time of passage is captured and stored for each position.

Due to the 10 MHZ pulse train, the resolution of the system is 100 nanoseconds, which is
an order of magnitude better than the original specification. In fact, the limitation on the
accuracy of the velocity measurement is due to surveying errors in the position of the
sensors. For example, if the sensors are spaced 40 feet (12 meters) apart and if the rocket



sled were traveling at Mach 10, the velocity could be determined to 0.0028% accuracy
(about 0.31 feet per second out of about 11,000 feet per second, or 0.09 meters per second
out of 3300 meters per second) if the sensor spacing were surveyed perfectly. With 0.1
inch (2.5 millimeter) surveying accuracy, the velocity accuracy corresponds to 0.021%,
which is 2.3 feet per second (0.7 meters per second) at Mach 10.

Prototype System

During the Phase I of the contract, Far West Sensor fabricated a 3 channel prototype
sensor system. This system used BeamBlocker (tm) sensors, a schematic of which is
shown in Figure 2. The pulse train of light from the fiber optic cable is expanded by lenses
then sent across a gap in the sensor housing. On the other side of the gap, the light is
collected by another set of lenses and sent down the fiber optic cable. The sensor is
mounted trackside. The rocket sled is modified with a blade on its side at a height that is
centered on the gap. When the sled passes the sensor, the blade interrupts the optical
beam. which triggers the electronics to capture the time of passage.

The electronics included the capability to measure the time between when the missing
pulses began to when the pulses were reestablished after the blade had passed through the
gap. By knowing the length of the blade, the instantaneous velocity of the sled as it passed
through the sensor gap can be computed using this time. Since the blade length is typically
3 inches (7.6 centimeters), this velocity measurement is not as accurate as that using
different sensor stations, i.e. 0.4% compared to 0.02%, but may be sufficiently precise
depending upon the application.

As a checkout of the prototype, two missions were run with a rocket sled going at
approximately Mach 2.5. The system worked properly on both missions. However, on the
first mission, one of the sensors tripped prematurely. Calculations showed that the time at
which it tripped corresponded to a position approximately 3 inches (7.6 centimeters) in
front of the knife blade. Speculation was made that the false trigger was due to the optical 

distortion from the shock wave coming from the nose of the rocket sled or due to debris
blown up by the shock wave. A check of the optical alignment of the sensor showed that it
was not optimal, and that the received signal was close to the threshold level. The sensor
was realigned, and no false triggers were observed on the second mission.

Operational System

An operational fiber optic sensor system was developed under Phase II of the SBIR
contract. In the course of this phase, two new sensors were designed, and a different
approach was used for the electronics. In order to accurately provide the absolute time of 



Figure 2.
BeamBlocker Fiber Optic Sensor

passage of the rocket sled by different sensor stations, the trackside electronics package
uses a Global Positioning System (GPS) receiver manufactured by Bancomm as a
timebase. The 10 MHZ optical pulse train is derived directly from this timebase. The
clock/counter chain on each of the electro-optic boards, which are described below, is
initialized to the absolute time and then driven by the timebase. Once the position of the
electronics package is determined automatically, the timebase is traceable to 100
nanosecond accuracy to Universal Coordinated Time.

In order to use the BeamBlocker sensors, the rocket sled must have a blade installed on its
side to interrupt the optical beam. At the higher velocity ranges (above Mach 3 to 4) these
blades can create aerodynamic forces that cause the sled to roll, thus potentially wearing
one side of its slipper until it fails. In addition, there are situations where a number of
booster stages are used to propel the sled. The timing of the staging is accomplished by
sled-mounted knifeblades intercepting screenboxes at the side of the track. These
knifeblades can cause clearance problems for the BeamBlocker sensors.

For these reasons, the Breakfiber (tm) sensors were developed. A Breakfiber is a piece of
optical fiber that is stretched across the track so that it is broken when the rocket sled
passes. The ends of this fiber have connectors that are mated to the fiber optic cable
carrying the optical pulse train from the electronics package. The Breakfiber sensors can
also be used in harsh environments, such as in the launch zone or in rain fields, where the
BeamBlocker optics might be contaminated. The disadvantage of the Breakfibers is that
they are expendable and must be replaced after each run.

In a series of test runs, the Breakfiber sensors were found to give velocity results
comparable to the values determined by the conventional velocity sensors at the Test



Track. four runs were conducted with rocket sled velocities ranging from 250 to 2200 feet
per second (75 to 670 meters per second).

The BreakScreen (tm) sensors are based upon the Breakfiber approach of using an
expendable optical fiber to detect the time of passage. As the name implies, the
BreakScreen is a two-dimensional grid of fiber that is mounted on a backing material. The
velocity of free-flying projectiles is measured by placing at least two sensors spaced a
known distance apart (typically 3 to 4 feet, about 1 meter) in the path of the projectile.
Accurate impact velocities can be obtained with this system. Two missions were
performed that demonstrated proper operation of the sensors.

Electro-Optics Board

A radically different approach is used in the operational system electronics compared to
the prototype electronics. In the prototype electronics, each channel can only be triggered
once, such that if the optical beam is blocked on one channel, the time of blockage is
recorded and that channel is disabled until the electronics is reset. The normal operating
procedure at the High Speed Test Track is to set up the equipment at the track, then clear
the danger area about an hour before the launch. During this time, it is possible that debris
could be blown through the sensor gap by the wind, thus disabling one of the channels
before the actual test.

In order to prevent this situation and to give additional performance flexibility, the
architecture shown in Figure 3 is used for the electro-optics boards. These boards are 6U
high, double width VMEbus cards, and each board has 4 fiber optic transmitter and
receiver pairs. The clock for the board is the 10 MHZ timebase from the GPS receiver,
though the timebase can come from any of a variety of sources. Each board has a
clock/counter chain that is driven by the 10 MHZ and that counts from 100 nanoseconds
through 100s of days.

The front end of the board takes the signals received from the fiber optic cable and checks
if pulses are missing or if leading edges are present. A programmable sequencer
determines the action appropriate to each situation. For example, if a Breakfiber sensor is
used on a particular channel, then the leading edge detector for that channel is disabled,
and the missing pulse detector is armed. When the rocket sled breaks the fiber, the missing
pulses detector is triggered. The sequencer then initiates a write cycle to latch the time
from the clock counters into registers, and then from the registers into a dual-ported
memory. The sequencer then disables this particular channel and rearms the rest of the
board inputs.



Figure 3.
Electro-Optic Event Timing Board Architecture

Since the sequencer has 64 instruction steps available for each type of input for each
channel, very complicated programs can be implemented to store data, output pulses on
external trigger lines, initiate holdoff counters to wait predetermined times before event
occur, and to perform other functions. Branching and iterative functions can be
implemented. In addition to the 4 electro-optic input channels, one electrical input channel
is provided to detect TTL level leading edges, and the host computer can initiate events by
setting a bit in an interface register. The sequencer instructions are stored in dual-ported
memory that is loaded by the host computer; thus, these instructions could even be
modified in real time by the host computer based upon changing situations.

The data that is stored by the board includes the time that the channel is triggered, a code
that indicates which channel is triggered and whether it was due to missing pulses or
leading edges, and a board identification number for use in systems with multiple boards in 



the VMEbus card cage. The timing resolution of the board is 100 nanoseconds, and its
accuracy is 300 nanoseconds, assuming that the GPS receiver timebase is used.

When an event is recorded, the board is busy for 800 nanoseconds before it can accept
another event. However, the electronics are designed so that if events occur during this
dead time, their occurrence is stored in a separate register, which is stored in the data word
in the dual-ported memory. Since the event could have happened at any time during the
memory cycle, its time is stored to an accuracy of 800 nanoseconds.

The particular memory integrated circuits used in the electronics allow for over 1600
events to be stored on each 4 channel board. Besides giving allowance for the false trigger
situation at the High Speed Test Track, this memory depth opens up a number of other
potential applications for the board, which are discussed in the next section. The host
computer can download the data from these circuits either in real time or after the mission
is over, perform calculations on the data, or send it on to the Track Data Center.

Further Applications

One of the purposes of the SBIR program is to develop technology that has broad
commercial applications. In that vein, there are a number of possible uses for this system
besides the basic velocity measurement requirement. Some applications are listed below.

1. Because of the programmable sequencer and the host computer, the fiber optic
sensor system can be used to trigger cameras and lights. By using the sensor system to
check the sled velocity, the appropriate time for camera turn-on is determined, and a pulse
is sent from the system to the camera controller at the proper time.

2. Because the fiber optic event timing system detects optical leading edges, the
absolute times of optical events such as flashes of light from strobe lights, explosions, laser
pulses, etc. can be measured to 200 nanoseconds accuracy with a pulse repetition
frequency over 1 MHZ per board. Multiple boards can be used to increase this rate in
some cases.

3. The front end electronics can be modified so that 8 electrical input channels can be
substituted for the 4 electro-optic channels, thus giving 9 electrical input channels in all.
The flexibility of the sequencer control and the depth of the data memory are not affected.
The system is then a high bandwidth, high repetition rate, electrical event timer.

4. By using different optical sensors, a variety of phenomena can be precisely timed.
One example is the use of this device to make accurate timing measurements on
mechanical moving parts, such as those in jet engines. The bandwidth of the system can



easily handle the requirements of mechanical measurements, and the memory depth
provides a buffer for relatively long data collection times in conjunction with the host
computer.

5. By deploying a number of sensors around an explosive device, the spatial-temporal
characteristics of the device can be measured very accurately. In fact, due to the fast time
resolution, it is possible to embed the fiber optic sensors in the explosive material itself to
study the propagation of the detonation waves.

Conclusion

A fiber optic event timing system has been developed for the High Speed Test Track and
successfully tested. This system employs fiber optic sensors used to the detect the passage
of rocket sleds and high speed electronics to latch the event time. A series of missions
have demonstrated the performance of the system. The technology developed for this
project has a number of other applications.
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