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(57) ABSTRACT 

An exemplary embodiment of the invention relates to deter 
mining aimpoint relative to a target located Within a ?ring 
range. The target can be either ?xed or moving, and if the 
target is moving then it can be mounted on tracks or 
controlled by servomechanisms. In addition to aimpoint, 
predicted projectile effects and personnel performance can 
be calculated for evaluation and for training. The ?ring 
range is mapped so that placement of infrared emitters is 
associated With speci?c targets. Placement of the emitter 
external to the target perimeter produces accurate results so 
long as the emitter is Within the ?eld of vieW of a camera 
mounted upon the projectile launcher. The invention results 
in large ?ring ranges With the ability to place targets 
Wherever desired Without decreasing aimpoint measurement 
accuracy. 
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PROJECTILE TARGETING ANALYSIS 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] This invention relates generally to projectile tar 
geting and more particularly to small projectile trajectory 
analysis. 

[0003] 2. Description of the Related Art 

1. Field of the Invention 

[0004] Determination of aimpoint is Well knoWn. Aim 
point is used in actual ?eld situations to determine a ?re 
control solution. Aimpoint is also used in training Weapons 
operators to sharpen their skills and to improve their per 
formance. U.S. Pat. Nos. 4,804,325 and 5,213,503 each of 
Which is incorporated herein by reference illustrate repre 
sentative relevant techniques in the prior art. 

[0005] Us. Pat. No. 4,804,325 discloses a Weapons train 
ing simulator that predicts aimpoint and trajectory. The 
invention uses a sensor mounted on a Weapon to generate a 

target position signal based on point sources located Within 
the perimeter of simulated targets, thereby de?ning a dif 
fusely illuminated target ?eld. Set in a real-World environ 
ment the aimpoint is determined, using the output from light 
emitting diodes (LED’s), de?ning point sources to a quadra 
ture detector array to create uniform diffuse sources. 

[0006] Us. Pat. No. 5,213,503 discloses a commercially 
available aimpoint infrared spot tracking system that 
includes a charge coupled device (CCD) video camera 
interfaced to a digital frame grabber operating at standard 
video rates for use in simulator training. A lens system 
images the tracking area (i.e., video projection screen) onto 
the CCD imaging sensor. The frame grabber digitiZes each 
frame of video data collected by the CCD camera. This data 
is further processed With digital signal processing hardWare 
as Well as softWare algorithms to ?nd position coordinates of 
the imaged IR spot. The 503' patent uses tracking system 
softWare to alloW the aimpoint to be continuously monitored 
during a training scenario. For this application a CCD-based 
tracking system or similar device utiliZing a tWo-dimen 
sional position sensing detector (PSD) lateral-e?‘ect photo 
diode provides the aimpoint position data. The aimpoint 
analysis of the 503' patent is limited to a virtual environment 
With all targets displayed upon a video projection screen. In 
particular, an infrared source is mounted to the Weapon and 
the beam from the infrared source-is projected onto the 
screen. 

[0007] Live testing is generally performed to determine 
the path of projectiles by physically tracking the projectile 
path (hereafter the “fall of shot”) from the noZZle exit to the 
actual end-point of the projectile path, Which could be the 
location at detonation. In particular, aimpoint analysis is the 
focus of testing When experimenting With neW Weapon 
sights or ?re control systems. As used in this speci?cation 
Weapon and projectile launcher are used interchangeably. 

[0008] There are several disadvantages to live testing 
including technical obstacles to tracking the projectile. For 
example, ballistic radar is the technology most commonly 
used to track the fall of shot, but radar cannot track sub-sonic 
rounds. In addition, measuring the fall of shot by any method 
cannot separate system error from user error, round-to -round 
dispersion or environmental error. Furthermore, live testing 
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typically requires the expenditure of large numbers of pro 
jectiles: this can become expensive especially With proto 
types. Finally, measuring the fall of shot captures only a 
snapshot of the result of the projectile’s ?ight. 

[0009] In addition to live ?re testing, small arms Weapons 
simulators are used extensively for training. During training, 
it is important for a simulator to replicate the environment 
that a shooter could encounter. In the real World, targets may 
be either stationary moving. In training operators, determin 
ing the time required to acquire the target, engage the target, 
and manipulate a ?re control system as Well as other 
projectile launcher-handling data are useful. In training, it is 
also important to minimiZe the expenditure of ammunition 
While maximiZing the training bene?ts. Especially important 
is determining the accuracy of the shooter so that the shooter 
can improve his or her skill. A need exists to measure a 
shooter’s aimpoint and to predict the impact of the projectile 
from the projectile launcher aimpoint. 

[0010] Therefore, there is a need for determining aimpoint 
that alloWs the small arms testing community to separate the 
aimpoint of a projectile launcher from the actual fall of shot 
in physical testing environments. In addition, there is a 
further need to determine aimpoint for training Weapons 
operators. 

BRIEF SUMMARY OF THE INVENTION 

[0011] 
[0012] It is another object of the invention to calculate the 
predicted trajectory rather than the actual trajectory of the 
projectile. 
[0013] It is a further object of the invention to compute the 
difference betWeen the actual aimpoint and the aimpoint 
required to hit the target: user error. 

[0014] It is still another object of the invention to be able 
to modify the calculated projectile path to incorporate sys 
tem error dispersion, and external effects to determine the 
probability of a hit or contact (P(h)). 

[0015] It is yet another object of the invention to capture 
the aimpoint at the moment of dry-?re. 

[0016] It is further an additional object of the invention to 
predict the effects of the projectile in the impact Zone. 

[0017] It is a ?nal object of the invention to collect 
digitiZed video of the projectile launcher’s aimpoint during 
the aiming procedure to evaluate the shooter’s aiming per 
formance. 

[0018] In order to accomplish the above objects, in accor 
dance With a ?rst aspect of the present invention there is 
provided an aimpoint tracking and data collection system for 
projectiles during live ?re testing or training events. The 
exemplary embodiment uses infrared reference emitters and 
a projectile launcher-mounted camera system to measure 
aimpoint relative to prede?ned targets on a live testing or 
training range. Calculated aimpoint angles may be used in 
conjunction With a ballistics model to predict a projectile’s 
miss distance at the plane of the intended target. In addition, 
if the projectile is from a Weapon then the effects may be 
incorporated to predict the impact. 

It is an object of the invention to track aimpoint. 

[0019] The system according to the ?rst aspect may fur 
ther include moving targets. 



US 2007/0238073 A1 

[0020] The system according to the ?rst aspect may fur 
ther include a computer program for performing coordina 
tion and control of the equipment and calculations. The 
calculation may further include the effects of external con 
ditions such as wind on the trajectory. 

[0021] In a second aspect of the present invention a 
method for determining projectile launcher aimpoint is 
disclosed. The method comprises surveying a ?ring range 
for determining the location of target and emitter coordi 
nates, calculating the centroid of a target having a de?ned 
perimeter, the target being placed on the ?ring range, placing 
?xed infrared emitting sensors on the ?ring range wherein 
the sensors are located external to the target perimeter, 
selecting the location of the shooter at a ?ring line, mounting 
a camera to the projectile launcher, calibrating the optical 
axis of a camera with the boresight of the projectile launcher, 
mapping the camera with the target and emitter position, 
providing equipment means for controlling the emitter and 
for determining the predicted aimpoint at a triggering event, 
determining the projectile launcher aimpoint at the trigger 
ing event, and outputting the measuring projectile launcher 
aimpoint at the triggering event. 

[0022] These and other features and advantages of the 
present invention may be better understood by considering 
the following detailed description of certain preferred 
embodiments. In the course of this description, reference 
will frequently be made to the attached drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0023] Referring now to the drawing wherein like ele 
ments are numbered alike in the several FIGURES: 

[0024] FIG. 1 is a perspective view of an exemplary 
embodiment illustrating the location of components of the 
present invention; 

[0025] FIG. 2 is a signal ?owchart of an exemplary 
embodiment of the present invention; 

[0026] FIG. 3 is a signal ?owchart for the emitter control 
ler of the present invention; 

[0027] FIG. 4 is a signal ?owchart for the downrange 
controller of the present invention; 

[0028] FIG. 5 is a signal ?owchart for the system interface 
box of the present invention; and 

[0029] FIG. 6 is a ?ow diagram of the software for 
controlling the illustrative embodiment of the present inven 
tion; 
[0030] FIG. 7 is a software program ?owchart of the 
System Interface Box (SIB); 

[0031] FIG. 8 is a software program ?owchart of the 
Emitter Controller (EC); 

[0032] FIGS. 9a, 9b, and 90, sheets 1, 2, and3 respectively 
are a ?ow diagram of the software for controlling the 
illustrative embodiment of the present invention; 

[0033] FIG. 10 is a plan view illustrating a ?ring range 
showing the mathematical relationships for ?xed targets, 
emitters and a projectile launcher, and includes the bore 
sighting relationship between the projectile launcher aim 
point and the camera optical axis; 
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[0034] FIG. 11 is a plan view ofa ?ring range showing the 
sightline and the sightline intersection with the moving 
target path plane indicating the mathematical relationship 
between the sightline and the moving target at shot ?red 
time. 

[0035] FIG. 12 is a plan view illustrating a track mounted 
moving target with attached emitter illustrating the target, 
shot, and round trajectories, along with equations for cal 
culating the coordinates at the time of the round intercept 
with the target path plane. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] In the following detailed description of the pre 
ferred embodiment, reference is made to the accompanying 
drawings in which is shown by way of illustration a speci?c 
embodiment whereby the invention may be practiced. It is to 
be understood that other embodiments may be utiliZed and 
changes may be made without departing from the scope of 
the present invention. 

[0037] Referring to FIG. 1 and FIG. 2, an exemplary 
embodiment a projectile launcher aimpoint tracking system 
is shown generally at 10. A camera 12 is a?ixed to a mount 
14, and the mount is a?ixed to a projectile launcher such as 
a ri?e 16. Stationary targets 18 or moving targets 20 includ 
ing both stationary and moving infrared emitters 24, respec 
tively along with emitter controllers 22 are located in a ?ring 
range. A ?ring range is a volume where targets are located 
and can include an entire battle theatre. Infrared emitters 24, 
typically LED’s or optically ?ltered halogen lamps, are 
located downrange as references for the determination of 
target location. The associated emitter controller 22 controls 
each infrared emitter and receives signals from the system 
interface box 28 or a downrange controller 25 which com 
municates with the emitter controller by radio transmission. 
A computer 26 provides the overall control of the system 
with interfaces provided though a system interface box 28, 
each being mounted in a rack 30. Radio transmitters 32, 
relays 34 and receivers 36 along with connecting cables 38 
provide communication connections between system com 
ponents. Sensors that detect projectile launcher related 
events, for example but not limited to ?ring, lasing, etc. 
include one or more of a microphone 4011, a powered sensor 
40b, or a normally open switch 400 to provide input to the 
system interface box 28. In addition a video recorder 42, for 
example a videocassette recorder, digital recorder, digital 
compact disk recorder, etc., receives and stores the camera 
video and event information, including information from the 
trigger sensors. 

[0038] The projectile launcher mounted camera 12 views 
the live-?re range from the perspective of the projectile 
launcher bore sight. Both the camera and its lens 44 are 
removable and may be replaced with a different camera and 
or different lens for each test depending upon the test 
objectives. Typical variables for selecting the camera and 
lens are the camera siZe, resolution, required ?eld-of-view, 
and mounting requirements. For example, small-bore pro 
jectile launchers require a small, light camera to minimiZe 
interference with operator control and a narrow ?eld-of 
view to maximiZe angular resolution per video pixel. As a 
further example, a wider ?eld-of-view is required if the 
targets are dispersed over a wide ?ring range, such as battle 
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theatre, for example 30 degrees as opposed to a narrow 
target range, for example 8 degrees. 

[0039] In the exemplary embodiment, the camera 12 is an 
ELMO CCD (charged coupled device) Black and White 
Camera, model ME4111R that does not have the typical 
near-infrared blocking ?lter installed (although other suit 
able cameras are commercially available, for example, a 
small rectangular 1/2" format camera With an electronic high 
speed shutter manufactured by Panasonic that can have its 
near-infrared blocking ?lter removed). The image pick-up 
device is a 1/2 inch interline-transfer CCD With 768 H><494 
V effective picture elements (pixels). The camera typically 
consists of a camera head With lens, a camera control unit 
(CCU) and an interconnecting cable. The CCU is poWered 
by 12 VDC from either a battery or an AC adapter. The 
camera is operated in the standard NTSC mode With a 
vertical frequency (?eld) of 59.94 HZ, horizontal frequency 
(line) of 15.734 kHZ and provides a composite video output. 

[0040] The Elmo camera uses an Elmo lens mounting and 
tWo lenses, having focal lengths of 24 mm and 36 mm. The 
Panasonic camera uses standard C mount lenses and a single 
35 mm lens along With tWo focal length adapters to provide 
a 15x and or 2>< focal length products. Using the adapters, 
the 35 mm lens can be modi?ed to provide 52.5, 70, and 105 
mm focal lengths by using combinations of the adapters. 

[0041] The camera mount 14 is adjustable permitting the 
camera lens optical axis to be aligned roughly With the 
projectile launcher bore sight line. A softWare managed 
boresight process is used for ?ne aligning the angular offset 
of the camera optical axis from the projectile launcher 
boresight line. After the camera is roughly aligned, the 
remaining angular and linear camera axis offset from the 
sightline is recorded and used in subsequent projectile 
launcher aimpoint error calculations. In particular, When 
vieWing targets at any distance, the angular and linear offsets 
of the camera optical axis from the sightline is corrected via 
the softWare calculations to remove effects upon the aim 
point measurement accuracy thereby eliminating the need 
for optical corrective algorithms. 

[0042] It is to be appreciated that in the illustrated embodi 
ment the ?eld coverage must provide for the camera 12 
imaging of a target’s reference emitter 24 When the projec 
tile launcher 16 is sighted on a target 18, 20. This require 
ment originates from the need to mark the reference emitter 
When a projectile is ?red at the target. From this ?eld of 
coverage it is to be further appreciated that the ?eld coverage 
is optimally betWeen 10 meters and 100 meters at the target 
distance thereby permitting location of the emitter outside of 
the perimeter of the target so long as the emitter is Within the 
?eld of camera coverage. 

[0043] A titler 46, located in the operator station main rack 
30, overlays text onto the incoming camera video and 
transmits the result to the VCR 42. The titler is responsive 
to the system computer 26 through an RS232 interface and 
provides output signals to the system computer through the 
RS232 interface and to the VCR through an RS170 video 
interface. The system computer provides commands to the 
titter to overlay test data onto the camera video for corre 
lation to events of interest occurring during the test. 

[0044] Referring to FIG. 2 and FIG. 5 The digital video 
recorder 42 is a typical, commercially available cassette 
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unit, but may alternately be a digital recorder that utiliZes 
other media such as digital disks or internal hard disks. In the 
exemplary embodiment, the digital recorder is mounted in 
the operator station main rack 30. During testing, the 
recorder, records the video from the camera 12, the titler 46, 
as Well as the main and auxiliary trigger events from the 
system interface box 28 on the left and right audio analog 
channels. This input is ?rst transmitted to a tone generator 50 
for the trigger and then to the videocassette recorder 42. The 
near-infrared CCD image of the live ?re range is also output 
from the video recorder 42 via an RS170 video interface to 
the system computer’s frame grabber board for marking the 
emitter centroid relative to the projectile launcher sightline. 
In this manner, the marking of the emitter can be performed 
immediately after an event. Altemately, the marking of the 
emitter may be performed during post-test processing, 
Where the videocassette recorder provides recorded event 
data and test video to the system computer and the comput 
er’s frame grabber board to be described hereinbeloW. 
Microphone sensor 40a inputs representing the trigger 
events recorded on the left and right audio channels are 
received by the VCR. The sensor signals 40a, 40b, 400 are 
also outputted to the system interface box 28 main and 
auxiliary audio inputs for trigger event re-generation. 

[0045] The frame grabber (not shoWn) is a commercially 
available Matrox Orion board that decodes the composite 
video from the CCD camera 12, described hereinabove, and 
digitiZes the image to a 640H by 480V pixel format. All 
measurements of the emitter 24 centroid are made on video 
frames digitiZed by the frame grabber. The 10-nanosecond 
jitter of the Matrox Orion board, Which equates to less than 
ten percent of a pixel Width, has minimal effect on the 
emitter centroid measurement and the resulting system error. 

[0046] As is Well knoWn in the art, the targets 18, 20 are 
those typically used for live ?re ranges. The targets previ 
ously used have been E-silhouettes. Other targets may be 
used; the only consideration is that there is a de?ned target 
centroid. The targets are attached to supports that hold the 
targets in position. 

[0047] Referring again to FIG. 1, both ?xed targets 18 and 
moving targets 20 are illustrated in the exemplary embodi 
ment. Each moving target is mounted on a track 52 and 
responds to signals from the system computer 26 to traverse 
a portion of the ?ring range through a preprogrammed path 
When commanded by the computer. Alternatively, a dedi 
cated preprogrammed target motion controller (not shoWn) 
can control each target using servomotors. In yet another 
variation the target motion controller is able to respond to 
contemporaneous operator commands using servomotors. 
Mounting the moving targets on tracks simpli?es the cal 
culation of location Within the ?ring range by the doWnrange 
controller (to be described hereinafter). In alternative 
embodiments, the location of the moving target is transmit 
ted through alternate means, for example a multiplexed 
optical signal from a range?nder or a global positioning 
system. 

[0048] The exemplary embodiment includes the imple 
mentation of a moving target 20 measurement subsystem. 
The goal of the moving target measurement subsystem is to 
provide the 3D coordinates of the moving target and emitter 
centroids at the time that a shot is ?red (to determine the 
projectile launcher sightline angles relative to the target 
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center) and at the time of the terminal position of the ?red 
projectile (Where it intersects the target path plane, hits the 
ground, or air bursts) to differentiate the location of the 
moving target and the projectile at the time the projectile 
reaches its terminus or intersects the target. The location of 
the moving targets’ centroid, like the ?xed targets’ centroid, 
is determined With reference to the infrared emitters’ cen 
troid. 

[0049] The infrared emitters 24 (IR’s) are located on the 
?ring range and are used in conjunction With the projectile 
launcher-mounted CCD camera 12 to determine Where a 
projectile launcher 16 is aimed relative to targets 18, 20 
located on the range. In the exemplary embodiment, the 
emitters for ?xed targets 18 are mounted to upright posts 54 
that have been driven into the ground to rigidly ?x the 
emitter position. Preferably, the ability to support live ?re 
operations is provided by placing the emitters to one side of 
the target to minimiZe the possibility that an emitter Will be 
struck by a projectile. The emitters are located on the range 
such that the camera 12 can sense the emitter during the 
projectile launcher aiming process. The camera does not 
need to sense the target so long as the emitter associated With 
the target under ?re is in the camera’s ?eld of vieW and is 
identi?ed as the target reference emitter in the system 
computer program softWare. The system computer 26 
de?nes the target’s reference emitter 24 via a target-emitter 
database. 

[0050] The emitters 24 are halogen light sources that are 
optically ?ltered using an RG780, or generally equivalent, 
?lter to block visible output While alloWing near-infrared 
output to pass through. “Near infrared” is commonly de?ned 
as the region of the electromagnetic spectrum Wavelength 
betWeen 0.77 to 1.4 microns. The RG 780 Filter makes the 
emitter output invisible to a shooter, but provides near 
infrared for the CCD camera 12 to detect. The CCD camera 
is also optically ?ltered, preferably using an RT830 ?lter (or 
general equivalent) to optimiZe detection of near-infrared 
output. The ?lter blocks most of the visible Wavelengths but 
passes near-infrared radiation that corresponds to the emitter 
output and is Within the CCD’s near-infrared response. The 
diameter of the infrared emitter 24 aperture is typically 50 
millimeters, With smaller or larger siZes used for nearer or 
farther emitter positions. 

[0051] The emitters used in the illustrated embodiment 
have angular output pro?les that range from a l0-degree 
symmetrical cone to a 45-degree horizontal by l0-degree 
vertical compressed cone shape. Considering only the physi 
cal siZe of the emitter aperture, the calculated angular, siZe 
of the emitter presented to the CCD camera 12 varies as a 
function of distance from the camera. The emitter subtends 
a relatively small angle at the 50-meter range and the angle 
reduces linearly as the range increases. In the exemplary 
embodiment, 50 meters is the closest planned range to an 
emitter, While 1000 meters is the maximum range to an 
emitter although closer and further ranges are Within the 
contemplation of the illustrated embodiment. In general, an 
emitter placed at a further range Will present itself as a 
smaller object in the CCD camera image and Would alloW a 
more precise location to be derived from the emitter mark 
ing/location process. If an emitter subtends less than a pixel 
When imaged on the CCD camera, marking the emitter 
centroid Will be dif?cult due to an inability to determine the 
emitter shape. HoWever, the image of the emitter sensed by 
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the CCD sensor is actually larger, due to a phenomenon 
knoWn as blooming. Blooming Will become important as the 
angular siZe of an emitter aperture falls beloW the angle 
covered by a pixel. 

[0052] Because of blooming, the physical siZe of the 
emitter 24 aperture does not provide a direct relationship to 
angular siZe in the CCD camera 12 image. In the exemplary 
embodiment, high output emitters are used to provide suf 
?cient near-infrared output to overcome ambient radiation 
from the sun. This high output increases blooming. During 
actual live ?re testing, captured images of the emitter at 
various ranges shoW larger angular siZes depending on the 
ambient illumination level and the emitter range. 

[0053] IR emitters 24 are commonly available along With 
poWer sources. A portable 12V poWer source may be used, 
for example a battery (not shoWn). The portable battery 
poWer source combined With the radio controlled emitter 
controllers, described hereinafter, advantageously provide 
for remote placement of the emitters Within a live ?re test 
range While maintaining communication With the system 
computer 26. As is Well knoWn, a DC generator or poWered 
inverter may also used to poWer the emitters. 

[0054] An emitter controller 22 controls each emitter 24. 
The emitter controller communicates With the computer 
using a broadcast radio antenna 32 and receiver antenna 36 
although other types of communication links, for example 
microWave, Wide area Wireless netWork, telephonic netWork 
etc. are Well knoWn in the art. 

[0055] Referring to FIG. 3, the emitter controller includes 
a ZWorld BLl800 microprocessor 56. A 3.686 kHZ reset 
table TX/RX clock 58 provides timing to the BLl800 
microprocessor upon initiation of an enable signal from the 
microprocessor. A radio transceiver 60 connected to the 
microprocessor handles radio communications. The trans 
ceiver is a TEC T400 as is Well knoWn to those of skill in 
the art. The microprocessor sends a signal to the emitter 
poWer control circuit 64 to turn the emitter on and o?‘. An ID 
select circuit 66 is provided to enable each emitter controller 
to be set to a unique ID, alloWing radio broadcast commands 
to be addressed to speci?c controllers. A battery level 
detector circuit 68 is provided to monitor the battery charge 
state. Auxiliary circuits provide status LEDs and an override 
sWitch 70. The override sWitch is provided to alloW a user at 
the emitter controller to cause the controller to poWer its 
attached emitter Without recourse to radio commands, a 
feature useful during system setup or test. 

[0056] In the exemplary embodiment, the emitters 24 are 
placed in relation to the ?ring range to provide a coordinate 
reference. In this arrangement the need to locate the IR’s 
Within close proximity to or at the ?xed targets 18 is 
eliminated so long as the distance vector from the emitter to 
the target is knoWn. The IR’s are therefore generally located 
external to targets Within the ?ring range but can also be 
located Within the target boundary. The doWnrange place 
ment of the IR’s takes advantage of the high resolution of the 
camera 12 in order to render the optic and alignment errors 
negligible for determination of the aimpoint position vector. 
The Lens Mapping Procedure Within the system computer 
softWare to be described hereinbeloW is used to provide the 
microRadiansperPixel_H and microRadiansperPixel_V val 
ues associated With a particular CCD camera 12 and lens 44 
combination that Will be mounted to a projectile launcher 16 
under test. 
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[0057] Referring to FIG. 4, the doWnrange controller 22 
consists of a ZWorld BLl800 microprocessor 80, a RIEGL 
LD90-3l00-VLS-FLP range?nder 82, a TEC T400 radio 
transceiver 96, and a custom circuit board containing an 
array of control and interface circuits. The transceiver con 
trols radio communications. A 3.686 kHZ resettable TX/RX 
clock circuit 86 provides timing for radio communications. 
The SIB and all DRC’s are tied together through a hardWired 
dual-channel current loop and RS485 channel. The tWo 
channels of the current loop are used by the SIB to send time 
critical signals, While the RS485 serial channel is used for 
bulk data transfer. All hardWired connections to the DRC are 
optoisolated, protecting the DRC from potentially damaging 
transient voltages. The current loop channels are isolated by 
the custom isolation circuit 94. The RS485 serial channel is 
isolated by a B&B Electronics 485OPIN optoisolator 102. 
Either the SIB, through the current loop, or the DRC’s 
internal microprocessor 80 may enable the 2 kHZ Laser 
Trigger Clock 84. The Laser Trigger Clock in turn causes the 
range ?nder 82 to gather range data at 2 kHZ. Data from the 
range?nder is doWnloaded to the microprocessor for analy 
sis and storage through a RS232 channel. An ID select 
circuit 100 provides each DRC With a unique address. 

[0058] Referring again to FIG. 1, a doWnrange controller 
25 is positioned at the end of each moving target’s track 52 
in order to monitor the location of the moving target 20. 
When enabled, the DRC’s range?nder takes 2000 range 
samples per second. The DRC’s microprocessor averages 
groups of ten samples so that range data is recorded 200 
times per second. Repetitive samples are discarded so that 
only motion is recorded. Each controller is provided With 
capacity to store up to 60 seconds of motion. The present 
embodiment has a capacity for 16 individually addressed 
doWnrange controllers, although it is Within the contempla 
tion of the present embodiment to include additional con 
trollers. A DC supply, for example a battery (not shoWn), 
poWers each controller 25, although it is Within the contem 
plation of the invention to use other poWer sources including 
inverters, fuel cells and DC generators. 

[0059] Referring again to FIG. 2 and FIG. 5, trigger event 
sensors 40a, 40b, 400, are used to initiate the aimpoint 
vector determination sequence. Three types of sensors are 
available for the initiation function, and include a micro 
phone, a poWered sensor, and a sWitch. Each trigger event 
sensor provides output to the system interface box SIB 28 
and to the VCR 42. 

[0060] The microphone 40a generates a trigger event by 
detecting ?re by listening for projectile launcher recoil and 
outputs an analog signal. The microphone is a standard 
commercial microphone having a sensitivity of 6 dB 
although higher and loWer sensitivities Will function in the 
embodiment. The microphone is mounted on, or near, the 
projectile launcher such that the diaphragm of the micro 
phone responds to the initiating sound of the projectile 
launcher ?ring. 

[0061] The poWered sensor 40b is any digital sensor that 
requires external poWer. The poWer sensor is provided With 
+5VDC from the system interface box (SIB) 28. The SIB 
generates a trigger event When the poWered sensor digital 
output goes high. PoWered sensors include Hall Effect 
sensors to detect the motion of some projectile launcher part 
or an accelerometer to detect the shock of the projectile 
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launcher recoil. The poWered sensor is mounted on the 
projectile launcher such that the sensor is responsive to the 
movement or acceleration of the sensed component. 

[0062] The switch 400 is a normally open sWitch that 
completes a circuit When closed. The SIB 28 generates a 
trigger event When the sWitch is closed or pressed. The 
sWitch is used to detect a preselected physical projectile 
launcher operation, such as a trigger pull or a button press, 
or may be a hand sWitch held by the operator, test director 
or system operator. 

[0063] When the particular microphone 40a, poWer sensor 
40b or switch 400 is used, the associated output signal is sent 
to a glitch detector With lockout timer 110. The lockout timer 
provides a period after each trigger event during Which 
further trigger events are ignored. The glitch detector output 
is sent to the ZWorld BL 1800 microprocessor 112 Within the 
SIB 28, alerting the microprocessor of the trigger event. The 
glitch detector output is also sent to a trigger tone generator 
50. The trigger tone generator produces a short burst of 
audio line level tone that is recorded by the system video 
recorder 42, marking the trigger event on the video record 
mg. 

[0064] The BL 1800 microprocessor 112 of the SIB 28 
serves as a general interface betWeen the doWnrange and 
?ring line hardWare, including the emitter controllers 22 and 
doWnrange controllers 32, the trigger event sensors 40a, 
40b, 400, the VCR 42 and the system computer 26. The TEC 
T400 radio transceiver 120 handles radio communications. 

[0065] The SIB 28 communicates to the system computer 
26 through three channels: RS232 serial, parallel digital, and 
RS485 serial. General communication betWeen the SIB and 
the system computer are passed through the RS232 serial 
channel. The parallel digital signals are used to transmit time 
critical communication. The digital signals from the system 
computer are received by the SIB through a Data Transla 
tions STP68 interface board 124. Signal conditioning cir 
cuitry 122 turns tWo of the digital signals into the dual 
channel current loop that joins the RS485 serial channel in 
hardWire linking the SIB and all of the DRC’s. The current 
loops transmit time-critical events to the DRC’s While the 
RS485 serial channel alloWs for bulk data transfer. A Keypad 
114 and a Matrix Orbital LK2204-25 LCD display 116 alloW 
the user to interact With the SIB, monitor its status, issue 
commands, and run test functions. 

[0066] The system computer 26 is a typical commercially 
available PC capable of running softWare embodied on the 
computer media. In the exemplary embodiment the com 
puter includes a WindoWs 2000TM or higher operating sys 
tem. PC requirements in the exemplary embodiment are at 
least 128 MB of RAM and a 733 MHZ Pentium III processor 
or equivalent although the system Will run on other plat 
forms. A CDROM drive or equivalent means, for example, 
an external memory device or Internet doWnload capability 
is required for softWare installation. As is Well knoWn, the 
PC contains a memory device such as a hard disk, a 
microprocessor and input device and output devices. Pref 
erably, the output devices include both a display screen and 
a printer. To accept the softWare and databases, the memory 
device, for example the hard disk, preferably should have a 
capacity of at least 10 GB free hard drive space for program 
operation and data storage. HoWever, the memory require 
ment may vary and depends upon the expected siZe of the 
























