. N _ _ PeuU2\-3 oS
~\TI TLE OF: THE*WNVENTI ON A PORTABLE WEAPONS SCORI NG SYSTEM AND THE METHOD OF
SCORI NG USI NG THE SAME BACKGROUND OF THE I NVENTION (a) - Field of the

i nveriti on The present "invention relates to a weapons scoring system -and in
particular, to a portable, fully automati c weapons scoring system which
conprises at |east two high resolution charge-coupled device (CCD) caneras, -
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Weapons inpact positions and display the results thereof. The present
l.nvention also relates to a nethod of weapons scoring using the system (b)
Description of the prior art In conventional weapons scoring systenms, such
as the Bull sEye Tel evision Bonb Scoring System devel oped by Marine-Air
Systens Ltd, New Zeal and, 'a split scree2nonitor is used such that the
guadrature views of a target can be presented thereon, and dual cursor
positioning dials are used as console controls. In such conventi onal

systens, upon weapon i npact, :ﬁf m,g stem has to nmanually
operate a swtch in the syste heéﬁgiﬁéc’ﬁ HN// freeze the television

| mage. The operator places the cursors of each of the split screen over the
centroid of the weapon inpact before hitting the score button to activate

the conput erAHORIARBILE WEAPGNS SCORING: SYSTEM AND; THEMIETHOD: OF he
target centre. Such a sequen%athG USING THE SAME

BACKGROUND OF THE INVENTION
(a) Field of the invention _
The present invention relates to a weapons scoring system, and in particular,’
to a portable, fully automatic weapons scoring system which comprises at least two
( _' high resolution charge-coupled device (CCD) cameras, wireless transceivers, a
computer assembly equipped with software programme, including a scoring
computer and a display monitor, and video recording equipment. The present
portable weapons system is ideal for deployment to combined arms ranges, trials
| sites, direct fire target areas, and terhporary weapons ranges to determine accurate |
weapons impacf positions and display the results thereof. The present invention
also relates to a method of weapons scoring using the system.

(b) Descripiion of the prior art
In conventional weapons scoring systems, such as the BullsEye Television
Bomb Scoring System, developed by Marine-Air Systems Ltd, New Zealand, a split
screen monitor is used such that the quadrature views of a target can be presented
thereon, and dual cursor positioning dials are used as console controis. In such
conventional systems, upon weapon impact, the operator of the system has to
manually operate' a switch in the system in order to manually freeze the television
image. The operator places the cursors of each of the split screen over the centroid
of the weapon impact before hitting the score button to activate' the computer system
td calculate the point of impact in relation to the target centre. Such a sequence of
manual inputs by the operator is laborious and time consuming and therefore
" incapable of handling rapid rate of fire. Apart from these, the operator may make
judgment errors wheri he attempts to pIacé the cursor at the centroid of the ﬂash,'
smoke, or splésh creéted by the weapon impact. Another disadvantage of the

Ill
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.manual inputs by the operator is |aborious and time consuming and therefore
j ncapabl e of handling rapidrate of fire. Apart fromthese, the operator
may snmake judgnent efrors when he attenpts to place the cursor at the
centroid of the flash, snmoke, or splash created by the weapon inpact.

Anot her di sadvant age of the - -2- conv@ntional weapons scoring systemis
tk/at the conventional systemrequires one television to nonitor the canera
i mages aoonventionel weaponsesconingi systernds thittthe sonventional isystenn sequmoae in

B e Gevinbo I oA he, MG, ot e AR H O BE FORAT yte
entry and results. However, in accordance with the present invention, the present
scoring system is designed to be fully automatic and totally hands-off without having
the operator to go through the above-mentioned laborious manual input steps. The
computer assembly of the present invention is equipped with software programme
which automatically freezes the camera imagés upon weapon impact, and
automatically identifies the centroid of the impact flash, smoke or splésh; calculates.
and displays the results instantaneously. In the present system, there is no
requirement for the operator to manually control the system before result output

W However, the present system is designed with backup manual operation for the
verification of scores. Additionally, the system uses only one computer monitor to
display the camera images, data entry, results, graphic presentation and tabular
presentation. '

The conventional weapons scoring system is prlmanly developed to be used
‘over land, whereas, the present system is developed to be used both over land and
water. . '
| Consequently, in vievw; of the drawbacks of the c_onveritional weapons scoring
system, a need exists for improvements in the é_ccurate and automatic calculation
of bearings for the triangulation of weapons impacts in all weather conditions day
and night, capability of visual recording, and in maintaining a complete database of
scoring results fof all weapons impact images.

SUMMARY OF THE INVENTION

The present invention provides a portable, fully autométic weapons scoring
system designed to satisfy the aforementioned needs and a method of scoring using
the system. The invention embodies a weapons scoring system comprising at léast
two charge-coupled device (CCD) cameras, wireless transceivers, a computer
assembly, equipped with software programme, comprising a scoring computer, a
display monitor and printer, and video recording equipment including a video
recorder and a multiplexer. In accordance with the present inventidn, these cameras

are positioned at known survey points and real time images of impacts are relayed
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the operator to go through the above-nentioned | aborious manual i nput
steps The conputer assenbly of the present invention is equi pped with
sof tmare programe which automatically freezes the canmera i mges upon
weapon inpact, and automatically identifies the centroid of the inpact
flash, snoke or splash, calculates and ¢ splays the results
|hstantaneously In the present system there is no requirenent for the

oper at or té thereonpluter assembly Byhwireless drarisebivess. reimhtweapmtm hbwﬂf thd he

present’ system.is designed with backup manual operation for

verifi camostheeeﬂware pERgramsnRy thg cqmeut@yﬁseﬁmbé\eeummﬂ@w defests the

or esent atTBACEh PSR EEnadeRy oo el XBhicates B ‘o2t HoRiton and

system i g aysathé yesldtsel oped to be used over | and, whereas, the present

systemis ev?tl l%pae rsttoan%em%?&dol%géthofo th|s mventlon tg develop a portable weapons
scoring system comprising at least two high resolution CCD cameras, wireless
transceivers, and a computer assembly, enabling the accurate determination of
bearings for the triangulation of weapons impects.

Another object of this invention is to provide a portable weapons scoring
system, wherein the system is able to measure weapons impacts to an accuracy of

s better than one metre over one kilometre at ranges of several kilometres from the
observation station/s. | |

It is also an object of this invention to provide a portable weapons scoring
system which is ideal for deployment to combined arms ranges, trials sites, direct
fire target areas and temporary weapons ranges to determine accurate weapons
impact positions.

It is a further object of the present invention to provide a portable weapons
scoring system, wherein all ranges and/or site installation information can be pre-
programmed and stored for rapid deployment. | _

It is another further object of the present invention to provide a portable
weapons scoring system which also ‘offers manual scoring capability for the
verification or re-scoring' of results.

Itis yet another ob]ect of the present invention to provide a portable weapons
scoring system wherein the system is fully automatic for reliable hands-off
operations at remote locations.

Yet another further object of the present invention is to provide a portable
weapons scoring -system, which allows post-firing analysis via video tape record,
print and graphic display summaries. _. '

It is yet another object of the present invention to provide a portable weapons
scoring system, wherein a permanent record of results is kept and may be used for
re-scoring and computer based training. |

Yet a further object of the present invention is to provide a portable weapons
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water. Consequently, in view of the drawbacks of the conventional weapons -
scoring system a need exists for inprovenents in the accurate and
automatic cal cul ati on of bearings for the triangulation of weapons inpacts
in all weather conditions day and night, capability of visual recording,
and in maintaining a conplete database @ scoring results for all weapons
ilgpact images. SUMVARY OF THE | NVENTI ON The present invention provides a

por t abl e schrihg wystenywhich iseaprovensacourate, xost-effectih@ preathst foraale day dnide
af orenent i gned needs and a nethod of scoring using the system The
i nvent i oRi¥{oodi es a weapons scoring systemconprising at least. two

char ge- coupl esi\déﬁ%irfé? %Eg% wift becéme Hbadé‘rleﬁﬁfroh{ ﬁ’lé%ﬂb%ﬁ{gsdeécrﬁgi&“éﬁ .

assenbly, equi pped wt tware progr rrsin SCOr | conputer,
a present invention, its embodiment, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be better understood when consideration is given to the
follewing detailed description of special embodiment thereof. Such description
makes reference to the annexed drawing wherein:
Fig. 1is a schematlc block diagram of the portable weapons scoring system
W in accordance with the present invention. '

'DESCRIPTION OF THE PREFERRED EMBODIMENT
The embodiment of the present weapons scoring system shown in FIG.1
comprises at least two charge-coupled device (CCD) cameras (20), wireless
transceivers (22), a computer assembly (24), equipped with software programme,
including a scoring computer (242), a display monitor (241) and a printer (244), and
video recording equipment (26) including a video recorder (261) and a multiplexer
(262). |
Fig 1 is a-schematic diagram of the portable weapons scoring system in
accordance with the present invention. In accordance with the present invention,
two high resolution CCD cameras (20) with perfect linearity and near zero distortion
are installed approximately in quadrature at.surveyed sites. The cameras (20)
provide precise electronic measurement of bearings, for the triangulation of weapons
impacts. The cameras (20) are trained onto a target centre (100). A simple routine
is established and confirms target centering. Range installation data, such as
camera to target, ranges and bearings, may be stored for rapid repeatable setup.
Wireless transceivers (22) comprising a wireless receiver (221) and a wireless
transmitter (222), which is in omni-directional wireless transmission mode are linked
in between the cameras (20) and the video recording equipment (26) The video
recording equipment (26) having a video recorder (261) and a multiplexer (262) is
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;d!splay nonitor and printer, and video recording equi pnent including a
video recorder and a nultiplexer. In accordance with the present invention,
these caneras are positioned at known survey-points and real ti me i'mages of

_inpacts are relayed  -3- to the conputer assenbly by wireless

transceivers. Upon weapon inpact, with ghe help of the software programe,

t\he conputer assenbly automatically detects the inpacts, processes the

i ages, geauirked to thel mthpum agsem'blu)W) pApart ifrom asrﬂrgdﬂsplesgirans&:ei\msl ts.

\'Ntea:of,ni 22|2r)8ta c%%clie nsgst%m chﬁJdmg fi btret] Iof)tlclz rclzvgptsl %gn also %\éebgé)d a portable

The video recorder (261) of the video recording equipment (26), at one end
thereof, is connected to the wireless receiver (221) of the wireless transceiver (22)
and the other end of said recorder (261) is linked to the scoring computer (242) of
the computer assembly (24). The display monitor (241) of the computer assembly
.(24) is used for displaying .camera images from the CCD cameras (20), graphic
display, data and scores display. The printer (244) of the computer assembly (24)
will print out graphic and tabular summaries. '

In operation, the CCD cameras (20) positioned at known survey points are

L/ trained onto a target (100), and real-time iméges of impacts are relayed to the
-computer assembly (24) via the wireless transceiver (22). The images of weapons
impacts are then automatically detected and processed by the computer assembly
(24). The scoring computer (242) accurately calculates the impact position and the
results are displayed on the display monitor (241). The results can also be printed
out graphically or tabulated by the printer (244). In accordance with the present
invention, the present scoring system can maintain a complete database of scoring
results and all weapon impact images are recorded on the video recording.
equipment (26) for post-firing analysis, and the graphic and tabular print-outs of the
scoring results are available from the database of the computer assembly (24). The
present system also offers manual scoring capability for the verification or re-scoring
of results.

In accordance with the present invention, only one display monitor (241) is
employed to view the camera images, data entry, results, and graphic presentation
for the verification of scores.

In one preferred embodiment, the present weapons scoring system can be
interfaced with an Acoustic Gunnery Scoring System to provide the Air Force, for
exarriple, with- Total ‘Weapons Range Instrumentation capability. In another
preferred embodiment, a Video Tracker-based Missile and/or Gun Scoring option is
also available for shipboard applications and weapons development, wherein, this
system comprises two or more synchronized portable high performance Video-

Trackers and a scoring analysis computer that combines the tracker information to
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'scoring systemconprising at |east two high resol ution CCD caner as,
"wirel ess transceivers, and a conputer assenbly, enabling the accurate
determ nation of bearings for the triangul ation of weapons inpacts. Another
object of this invention is to providée a portable weapons scoring system
wherein the systemis able to nmeasure wgapons inpacts to an accuracy of
Ketter than one netre over one kilometre at ranges of several Kkilonetres
f Tom t he aobiwatelnt compateattherweapon scorel sSuch abgystemoicanhalso iveeusednta o
provi de a portabl e weapons scoring systemwhich is ideal for deploynent to
conbi nedcﬂ&H{?@éFﬂﬁ ,"rﬁri als sites, direct fire target areas and tenporary
yeapons T angeg o tHELGHTHR GRF \okable QReaRond 8e8fihgPSYStLPLT. tHe présént
further object of the present Invention to provide a portabl e weapons
invention and the method of weapons scoring using the same and many -of its

“attendant advantages will be understood from the foregoing description and it will
be apparent that various changes may be made in the form, and arrangement of the
parts thereof without departing from the spirit and scope of the invention, the form
hereinbefore described being merely a preferred or exemplary embodiment thereof.
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scoring s ‘anges and/or site installation information can

'be.pree pr d for rapi d deploynent. It is another further
obj ect of Efﬂ',”ﬂlﬂ Im] Ilnmlr' on to provide a portable weapons scoring
system whi chr aksoroifsers manual scoring capability for the verification or
re-scoring of results. It is yet anotheg object of the present invention to
Rrovide a portabl e weapons scoring system wherein the systemis fully
automatic for reliable hands-off operations at renote | ocations. Yet
anot her further object of the present_i éﬂlon is to provide a portable
weapons scoring system which allows |r|ng anal ysis via video tape
record, print and graphic display sunmari es. I s yet another object of
the present invention to provide a portable meapons

1. A portable weapons scoring system comprising

(a) at least two high resolution charge-coupled device-(CCD) cameras (20)ﬁ
(b) wireless transceivers (22) including a wireless receiver (221) and a
wireless transmitter (222) coupled to said cameras (20); '
(c) a computer assembly (24) equipped with software programme and
including a scoring éomputer (242), a display monitor (241), and a printer
(244), said scoring computer (242) being mounted to said wireless receiver
(221); and

(d) video recording equipment' (26) including a video recorder (261), and a
multiplexer (262), said video recorder (261), at one end thereof, being linked
to said wireless receiver (221), and the other end of said recorder (261) being
linked to said scdring computer (242) of said computer assembly (24),
characterised in that said portable CCD cameras (22) are positiqned atknown
survey points and are installed approximately in quadrature and trained onto
a target for weapons impacts, and real-time pregise electronic images of
weapons impacts are relayed to said computer assembly (24) by said
wireless transceiver (22), said computer assembly (24) automatically freezes
the camera images upon weapons impact and accurately caiculates the
impact position and displays the results.

2. A portable weapons scoring System as set forth in Claim 1, wherein said

wireless transceivers (22) are in omni-directional wireless transmission mode.

3. A portable weapons scoring system as set forth in Claim 1, wherein the .
images of impact, data, and scores are displayed in the display monitor (24).

4. A portable weapons scoring system as set forth in Claim 1, wherein said
wireless transceivers (22) are linked in between said computer assembly (24)

and the remote cameras (20).
—_—
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;scorlng systen1 wherein a permanent record of results is kept and may be
used for

t he, present

Hlmml'mm\m:,ﬂmuter based training. Yet a further object of
provi de a portabl e weapons -4- scoring

system whi ch'is‘a prove ~alcurate, cost-effective neans for use day and
. Addi tional objects will become agparent fromthe follow ng
cription of the present invention, its enbodi nent, and the appended

i ms. BRI EF AOpSABbIETWepOhs BdbrihirA)steR® comprising
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(a) at least two hlgh resolution charge-coupled device (CCD) cameras (20);
(b) wireless transceivers (22) including a wireless receiver (221) and a
wireless transmitter (222) cbupled to said cameras (20);

(c) a computer assembly (24) equipped with software programme and
including a scoring combuter (242), a display monitor (241), and a printer
(244), said scoring compufer (242) being mounted to said wireless receiver
(221); and | |

(d) video recording equipment (26) including a video recorder (261), and a
multiplexer (262), said video recorder (261), at one end thereof, being linked
to said wireless receiver (221), and the other end of said recorder (261) being
linked to said scoring computer (242) of said computer assembly (24),
characterised in that said portable CCD cameras are positioned at known
survey points and are installed approximately in quadrature and trained onto
a target for weapons impacts, and real-time precise electronic images of
weapons impacts are relayed to said computer assémbly (24) by said
wireless transceiver (22), said computer assembly (24) automatically freezes
the camera images upon weapon impact and accurately calculates the impact
position ‘and displays the result, and the images of impacts are recorded by
said video recording equipment (26) for post-firing analysis.

A method of weapons scoring using a weapons scoring system compriéing'
(a) at least two high resolution charge-coupled device (CCD) cameras (20);
(b) wireless transceivers (22) including a wireless receiver (221) and a
wireless transmitter (222) coupled to said cameras (20); (c) a computer
assembly (24) equipped with software programme and including a scoring
computer (242), a display monitor (241), and a printer (244), said scoring
computer (242) being mounted to said wireless receiver (221); and-(d) a
video recording equipment (26) including a video -recorder (261), and a
multiplexer (262), said video recorder (261), at one end thereof, being linked
to said wireless receiver (221), and the other end of said recorder (261) being
linked to said scoring ¢omputer (242) of said computer assembly (24),
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~The invention will be better understood when consideration is given to the
foll ow mwmumum'm“ ption of special enbodi nent thereof. Such '
descri p{H“ idhce to the annexed drawing wherein: Fig. 1is a
schemat i ¢ bl®ock dl‘agsr am of the portabl e weapons scoring systemin
accordance with the present invention. f§SCRI.PTION OF THE PREFERRED

ODI MENT The enbodi nent of the present weapons scoring system shown in
FIG 1 conpri sderein theamnprowemendrapemprisgsl G pdsitioniag($2D)CCPreamerd® (20) .

s o o shAv A T ShaiSamat it alasrsOte: s i

(it Pocor 2 CORhE Oy S BAREPE aons R (i st . o
time precise electronic images of weapons impacts to said computer
assembly (24) via said wireless transceivers (22); (iv) automatically freezing _
the camera images by said computer assembly (24) upon weapons impact
and accurately calculating the impact position; and (v) displaying the results

of weapons scoring in said display monitor (241).

7. A method of weapons scoring as set forth in Claim 6, characterized by the
further step of printing out the results of scoring in graphic or tabular

c

summaries by said printer (244) of the computer assembly (24).

8. A method of weapons scoring as set forth in Claim 6, characterized by.the
step of displaying the images of impact, data, and scores on the display'
monitor (241) of the computer system (24).

-
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JFi g1 is a schematic diagram of the portabl e weapons scoring systemin
accordance with the present invention. In accordance with the present

i nvention, two high resolution CCD caneras (20) with perfect linearity and
near zero distortion are installed approximately in quadrature at surveyed
sites. The caneras (20) provide preciseq¢l ectroni c nmeasurenent of bearings,
\or; the triangul ati on of weapons inpacts. The caneras (20) are trained onto
a target. centre (100). A sinpTéTkEOF RHE INVENTIONshed and confirns target

bear i ngs. m HORIAR e WrARQNB BraitNG AR TR Ancn i S TeIR g, Ver <
(22) conprising a wireless rg @@NING(L?%INGW AlEe! ess transmtter (222),
which is in omi-directional- wreless transm ssi on m)de are linked in

bet ween the caneras .(20) and the video recordi ng equi pnent (26). The video .
Eggg;d: gg equi prrent (26) hgéswcs'/_l 8; FIECB{&?LO&I(E% and a mul ti pl exer
A portable weapons scoring system comprising at least two charge-coupled
“device (CCD) cameras (20) for the determination of weapons impacts,' wireless,
transceivers (22), a.computer assembly (24) for accurately calculating the bearings
for the triangulation of weapons impacts and maintains a complete database, and
video recording equipment (26) having a video recorder (261) to record all weapon
\_ impact images. The cameras (20) with known survey points provide precise
electronic images of impact positions. Real-time images of the weapons impacts are
relayed by the wireless transceivers (22) to the computer assembly (24).

 (Fig. 1 is suggested for publication)
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sthen linked to the conputer assenbly (24). Apart fromusing wireless
t.ranscei vers (22), a cable system including fibre optic cables, can also
be wsed. The video recorder (261) of the video recording equi pnent (26), at
one end thereof, is connected to the wireless receiiver (221) of the

wi rel ess transceiver (22) and the other end of said rder (261) is
IN.nked to the sdqoring conputer (242) of the conputdr, denbl y -(24). The

di splay nonitor [(241) of the conputer assenbly (24) Ised for - di spl ayi ng
canera i mages frlom the CCD cameras (20). araphic dijN , data and scores
di splay. The printer 244) of the conputer assenbly (24) will print out

graphi c and tabul arf su riesy ’
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In gperadtion, the CCD caneras, ((20)"§ ed at krdiwn survey points are
trdined onto a target (100}, ¥and real-ti me<ii-hrages:ofi 4.npacts are relayed to
the conputer “assenbly (24 v¥a. the’:wi rel-ess transcetver (22). The inages of
weapons inpacts are then aut 6rra-t':i_-=:c;a1_j'_l;_‘y:gci.gt-.ed’t,e;ﬁ_i- ipt.ocessed by the
conputer assenbly (24). The €coring conputer4(:242).-aceuriately cal cul ates
the inpact position and the results are displayed on the display nonitor
(241). The results can al so be print e.(__;_l;_,--Q:u;.,...,.grzgdﬁbj,‘cal |y or tabul ated by the
printer (244). |n accordance with the-pf-esent -i-nvedtion, the present
scoring systemcan mai ntai n aT¢OREIQFTHEINVENTION scoring results and al |
weapon i npact inages are recorded on the video recordi ng. equi pnent (26)
for post-firing analysis, and the graphic and tabul ar print-outs of the
scoring resuAtPORTABIE WHARONS SGORING! SYSTEMANDETHENMETHODsOFDI y

(24). The present systemal so offers manual _scori rllv(lt;Ecapabi lity for the
verification or re-scoring SCORING USING THE SA

BACKGROUND OF THE INVENTION

(a) Field of the invention ' _

The present invention relates to a weapons scoring system, and in particular,
to-a portable, fully automatic weapons scoring system Which comprises at least two
high resolution charge-coupled device (CCD) cameras, wireless transceivers, a
computer assembly equipped with software programme, including a scoring
.computer and a display monitor, and video recording equipment. The present
portable weapons system is ideal for deployment to combined arms ranges, trials
sites, direct fire target areas, and temporary weapons ranges to determine accurate
weapons impact positions and display the results thereof. The present invention |

also relates to a method of weapons scoring using the system.

(b) Descripﬁon of the prior art
In conventional weapons scoring systems, such as the BullsEye Television
Bomb Scoring System, developed by Marine-Air Systems Ltd, New Zealand, a split
screen monitor is used such that the quadrature views of a target can be presented
thereon, and dual cursor positioning dials are used as console controls. In such
conventional systems, upon weapon impéct, the operator of the system has to
manually operate a switch in the system in order to manually freeze the television
image. The operator places the cursors of each of the split screen over the centroid
~of the weapon impact before hitting the score button to activate the computer system
to calculate the point of irhpact in relation to the target centre. Such a sequence of
manual inputs by the operator is laborious and time cOnsuming _and therefore
incapable of handling rapid réte of fire. Apart from these, the operator may make
judgment errors when he attempts to place the cursor at the centroid of the flash,
smoke, or splésh created by the weabon impact. Another disadvantage of the

-:,'f_"_'_le'i'g is;_”j_t,{-hg__"!geplacement sheet

Do --'D;m 1 0 DEC 1996



of results. In accordance wth the present invention, only one display
nonitor (241) is enployed to view the canera i mages, data entry, results,
and graphic presentation for the verification of scores. In one preferred
enbodi ment, the present weapons scoring systemcan be interfaced with an-
Acoustic Gunnery Scoring Systemto provige the Air Force, for exanple, with
Total Weapons Range Instrunentation capabrlity. |In another preferred

enbodi merdomv@nibASIOwEagsHE élc?z\’ggyéfe% id @it ebnvatioRaPsyStENPRiquires snél SO

avai |l abl e for shi pboard app i ons and weapons devel opnent, wherein, this

syst em cdejevisien towsooitomrtiie camneararimagasd apdrangiher sogipuirir manitender vadao.

Tracker s a0d 8,3GQL0AY ARALGRE Sin" Q0BRSS Wit F2 B8Rt MIBSRACHR present
scoring system is designed to be fully automatic and totally hands-off without having
the operator to go through the above-mentioned laborious manual input steps. The
computer assembly of the present invention is equipped with software programme
which automatically freezes the camera images upon weapon impact, and
automatically identifies the centroid of the impact flash, smoke or splash, calculates
and displays the results instantaneously. In the present system, there is no
requirement for the operator to manually control the system before result output.
However, the present system is designed with backup manual operation for the
verification of scores. Additionally, the system uses only one computer monitor to
display the camera images, data entry, results, graphic presentation and tabular
presentation. _ | _

The conventional weapons scoring system is primarily developed to be used
over land, whereas, the present System is developed to be used both over land and
water.

Consequently, in view of the drawbacks of the conventional weapons scoring
system, a need exists for improvements in the accurate and automatic calculation
of bearings for the triangulation of weapons impacts in all weather conditions day
and night, capability of visual recording, and in maintaining a complete database of

scoring results for all weapons impact images.

SUMMARY OF THE INVENTION -

The present invention provides a portable, fully automatic weapons scoring
~system designed to satisfy the aforementioned needs and a method of scoring using
the system. The invention embodies a weapons scoring system comprising at least
two charge-coupled device (CCD) cameras, wireless transceivers, a computer
assembly, equipped with software programme, comprising a scoring computer, a
display monitor and printer, and video recording equipment including a video
recorder and a multiplexer. In accordance with the present invention, these caméras

are positioned at known survey points and real time images of impacts are relayed
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accur.ately conpute the weapon score. Such a system can al so be used to
calculate trajectory. It is thought that the portable weapons scoring
system of the present invention and the nmethod of weapons scoring using the
sanme and nmany of its attendant advantages wi |l be understood fromthe
foregoing description and it will be appgrent that various changes may be
made in the form and arrangenent of thé& parts thereof w thout.departing

L’ e BBIcorair seRenBly, b S RErLMiSho s, ' ORI RISES, Ao
help of the software programme, the computer assembly automatically detects the
impacts, processes the images, accurately calculates the impact position and
dispiays the results.

It is a first and major object of this invention to develop a portable weapons
scoring system comprising at least two high resolution CCD cameras, wireless
transceivers, and a computer assembly, enabling the accurate determination of
bearings for the triangulation of weapons impacts. '

Another object of this invention is to provide a portable weapons scoring
system, wherein the system is ablé to measure weapons impacts to an accuracy of
better than one metre over one kilometre at ranges of several kilometres from the
observation station/s.

It is also an object of this invention to provide a portable weapons scoring
system which is ideal for deployment to combined arms ranges, trials sites, direct
fire target areas and temporary weapons ranges to determine accurate weapons
impact positions. | |

It is a further object of the present invention to provide a portable weapons
scoring system, wherein all ranges and/or site installation information can be pre-
programmed and stored for rapid deployment. |

It is another further object of the present lnventlon to provide a portable
weapons scoring system which also offers manual scoring capability for the
verification or re-scoring of results. '

It is yet another object of the present invention to provide a portable weapohs

" scoring system, wherein the system is fully automatic for reliable hands-off
operations at remote locations.

Yet another further object of the present invention is to provide-a portable
weapons scoring -system, which allows_post-ﬁring analysis via video tape record,
print and graphic display summaries.

It is yet another object of the present invention to provide a portable weapons
scoring system, wherein a permanent record of results is kept and may be used for
re-scoring and computer based trammg

Yet a further object of the present invention is to provide a portable weapons
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-7- CLAIMS A portable weapons scoring systemconprising (a) at |east two
hi"gh resol uti on charge-coupl ed device (CCD) caneras (20); (b) wreless
transceivers (22) including a wireless receiver (221) and a w rel ess
transmtter (222) coupled to said caneras (20); (c) a conputer assenbly
(24) equipped with software programme an#l - ncluding a scoring conput er
(242), a display monitor (241), and a printer (244), said scoring conputer

(242) bei ggoriy Bystent Witich ds Wi prRVER Sadc@fdteY Rbst-éfddtived Rband) on'di‘éOday and
recordi ng eaylpnent (26) |nclud|ng a V|deo recorder (261), and
Additional objects will become apparent from the following description .of the
present invention, its embodiment, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be better understood when consideration is given to the
following detailed description of special embodiment thereof. Such description
makes reference to the annexed drawing wherein:
Fig.1isa schematlc block diagram of the portable weapons scoring system
in accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The embodiment of the present weapons scoring system shown in FIG.1
comprises at least two chlarge-coupled device (CCD) cameras (20), wireless
transceivers (22), a computer assembly (24), equipped with software programme,
including a scoring computer (242), a display monitor (241) and a printer (244), and
video recording equipment (26) ineluding a video recorder (261) and a multiplexer
(262).

Fig 1 is a schematic. diagram of the portable weapons scoring system in
accordance with the present invention.. In accordance with the present invention,
two high resolution CCD cameras (20) with perfect linearity'and near zero distortion
are installed approximately in quadrature at surveyed sites. The cameras (20)
provide precise electronic measurement of bearings, for the triangulation of weapons
impacts. The cameras (20) are trained onto a target centre (100); A simple routine.
is established and confirms target centering. Range installation data, such as
camera to target, ranges and bearings, may be stored for rapid repeatable setup.

Wireless transceivers (22) comprising a wireless receiver (221) and a wireless
transmitter (222), which is in omni-directional wireless transmission mode, are linked
in between the cameras (20) and the video recording equipment (26). The video

recording equipment (26) having a video recorder (261) and a multiplexer (262) is
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mul ti-pl exer (262), said video recorder (261), at one end thereof, being

| Fnked to said wireless receiver (221),. and the other end of said recorder
(261) being linked to said scoring conmputer (242) of said conputer assenbly
(24), characterised in that said portable CCD caneras (22) are positioned
at known survey points and are installed gpproximtely in quadrature and
trained onto a target for weapons inpactsi—and real-tinme precise electronic

i mages  of thepakes ﬂd‘ﬁé%cﬁnéut%r ré@sé%?ik( 394 ahFart N an'ﬁ‘ Iﬁ%%ytrér?é'aelwrlsy

said wireless transcei ver ute asserrb aut onat |
freezes t(Z2)camabie isyaigss, mpbldlmgéﬁbwlsptlmblesaMnaalsurb& eS@d cal cul ates the

et post L ofngidh RIS 1615 Bh ieed e AROEL SRR R A ST,
i n omi - dilepsdf, NBbnEdtel 86 Thé VARSEES FUIVEPPER1) of the wireless transceiver (22)
and the other end of said recorder (261) is linked to the scoring computer (242) of
the computer assembly (24). The display monitor (241) of the computer asserhbly
(24) is used for displaying camera images from the CCD cameras (20), graphic
display, data and scores display. The printer (244) of the computer assembly (24)
will print out graphic and tabular summaries. |
- In operation, the CCD cameras (20)’ positioned at known survey points are
trained onto a target (100), and real-time images of impacts are relayed to the
compufer assembly (24) via the wireless transceiver (22). The images of weapons
impacts are then automatically detected and processed by the computer assembly
{(24). The scoring computer (242) accurately calculates the impact position and the
results are displayed on the display monitor (241). The results can also be printed
out graphically or tabulated by the printer (244). In accordance with the present
invention, the present scoring 'system can maintain a complete database of scoring
results and all weapon impact images are recorded on the video recording.
equipment (26) for post-firing analysis, and the graphic and tabular print-outs of the
scoring results are available from the database of thé computer assembly (24). The
present system also offers manual scoring capability for the verification or re-scoring
of resuits. |

In accordance with the present invention, only one display monitor (241) is
employed to view the camera images, data entry, results, and graphic presentation
for the verification of scores.

In one preferred embodiment, the present weapons scoring system can be
interfaced with an Acoustic Gunnery Scoring System to provide the Air Force, for
example, with Total Weapons Range Instrumentation capability. In another
preferred embodiment, a Video Tracker-based Missile and/or Gun Scoring option is
also available for shipboard applications and weapons development, wherein, this
system comprises two or more synchronized portable high performance Video-

| Trackers and a scoring analysis' computer that combines the tracker information to
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3. A portable weapons scoring systemas set forth in Caim1l, wherein the
i frmges of i.npact, data, and scores are displayed in the display nonitor

(24). 4. A portabl e weapons scoring systemas set forth in daiml,"-
wherein said wireless transceivers (22) are |linked in between said conputer
assenbly (24) and the renote caneras (20). - -8- 5. A portabl e weapons

. scoring systemconprising (a) at |east tWo hi gh resol ution chargg-coupl'ed
devi ce (@FduraRiE aimpude) thel Wealdne!sedfe.t rSﬂéﬁeéVs%féferﬁzé’%n'élﬁbUSé N@séd to
W rel ess receiver (221) and a '
calculate trajectory.
It is thought that the portable weapons scoring system of the present
invention and the method of weapons scoring using the same and many of its
-attendant advantages will be understood from the foregoing description and it will
be apparent that various changes may be made in the form, and arrangement of the
parts thereof without departing from the spirit and scope of the invention, the form

hereinbefore described being merely a preferred or exemplary embodiment thereof.
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W reless transmtter (222) coupled to said canmeras (20); (c) a conputer
assenbly (24) equi pped wth software programme and including a scoring
comput , ' y. monitor (241), and a printer (244), said scoring
conput ﬂmﬂﬂm “ﬂ”ﬂlﬂl nted to said wireless receiver (221); and (d) video
recordi ny équitpn®nt$(26) including a video recorder (261), and a

mul ti pl exer (262), said video recorder (261), at one end thereof, being
linked to said wirel ess receiver (221) ~4qd the other end of said recorder _
(261) being linked to said scoring conputer (242) of said conputer assenbly
(24), characterised in that said port &ILAIMED caneras are positioned at
known survey points and are installed approximately in quadrature and
trained onto a target for weapons inpacts, and real-time precise electronic

i mages of 1, A portable weapons scoring system comprising -
(a) at least two high resolution charge-coupled device (CCD) cameras (20);
(b) wireless transceivers (22) including a wireless receiver (221) and a

wireless transmitter (222) coupled to said cameras (20);

(c) a computer assembly (24) equipped with software programme and
'iricluding a scoring computer (242), a display monitor (241), and a printer
(244), said scoring computer (242) being mounted to said wireless receiver
(221); and

(d) video recording equipment (26) including a video recorder (261), and a
multiplexer (262), said video recorder (261), at one end thereof, being linked =~
to said wireless receiver (221), and the other end of said recorder (261) being
finked to said scoring compﬁter (242) of said computer assembly (24),
characterised in that said portable CCD cameras (22) are positioned at known
survey points and are installed approximately in quadrature and trained onto
a target for weapons impacts, and real-time precise electronic images of
weapons impacts are relayed to said computer assembly (24) by said
wireless transceiver (22), said computer assembly (24) automatically freezes
the camera images upon wéapons impact and accurately calculates the

impact position and displays the results.

2. A _portable'weapons scoring system as set forth in Claim 1, wherein said

wireless transceivers (22) are in omni-directional wireless transmission mode.

3. A portable weapons scoring system as set forth in Claim 1, wherein the
images of impact, data, and scores are displayed in the display monitor (24).

4, A portable weapons scoring system as set forth in Claim 1, wherein said
wireless transceivers (22) are linked in between said computer assembly (24)

and the remote cameras. (20).
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weapons i npacts ar B‘Jayed to said conputer assenbly (24) by said wreless

transc ml“z conputer assenbly (24) automatically freezes the
camera on inpact and accurately cal cul ates the inpact
position a

d dISp| ays the result, and the inmages of inpacts are recorded by
said vi deo recordi ng equi pnent (26) for ost-firing analysis. 6. A net hod
of weapons scoring using a weapons scoring system conprising (a) at |east

two high gesol eﬂasu@ewaspweb&g?geiggg@gac (eclsr?@ns@gras (20); (b) wireless

transceivers (22) including a wr and a wirel ess
transmtter (2£2) abbaptwo tghseeamlldmchmgeaﬁ)upléd:)dwmao@ﬂmrcamas‘o@ZjD)

(24) = G opi 1) Raidess HebaBe Ve 02D Ireue eonirpIcsss racaer (R8Th slicer

(242) being Mowiiehsks! ﬁaﬁé\'hﬁtéﬂ' (225 88uplRacloVSdid (citddrasd@d)( d) 2 |
(c) a computer assembly (24) equipped with software programme and
including a scoring computer (242), a display monitor (241), and a printer
(244), said scoring computer (242) being mounted to said wireless receiver
(221); and
(d) video recording equipment (26) including a video recorder (261), and a
multiplexer (262), said videb recorder (261), at one end thereof, being linked
to said wireless receiver (221), and the other end of said recorder (261) being
linked to said scoring computer (242) of said computer assembly (24),
characterised in that said portable CCD cameras are positioned at known
survey points and are installed approximately in quadrature and trained onto
a target for weapons impacts, and real-time precise electronic images of
weapons impacts are relayed to said computer assembly (24) by said
wireless transceiver (22), said co'mpufer assembly (24) automatically freezes
the camera images upon weapon irﬁpact and accurately calculates the impact
position ‘and displays the result, and the images of impacts are recorded by
said video recording equipment (26) for post-firing analysis.

6. A method of weapons scoring using a weapons scoring system comprisfng‘
(a) at least two high resolution charge-coupled device (CCD) cameras (20);
(b) wireless transceivers (22) including a wireless receiver (221) and a
wireless transmitter (222) coupled to said cameras (20); (c) a computer
assembly (24) equipped with software programme and including a scoring
computer (242), a display monitor (241), and a printer (244), said scoring
computer (242) being mounted to said wireless receiver (221); and (d) a
video recording equipment (26) including a video recorder (261), and a
multiplexer (262), said video recorder (261), at one end thereof, being linked
to said wireless receiver (221), and the other end of said recorder (261) being
linked to said scoring cbmp_uter (242) of said computer assembly (24),
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vi dee recordi ng equi pnrent (26) including a video recorder (261), and a

mul tiple | deo recorder (261), at one end thereof, being

i nked ttﬂummﬂﬁl"uﬂmﬂlnecel ver (221), and the other end of said recorder

(261) beifig finked' t& sdid scoring conputer (242) of said conputer assenbly

(24), -9- wherein the inprovenment camarises (i) positioning said CCD

cameras (20) at known survey points and-approxi mately in quadrature; (ii)

training sald GReréidtREaMpréMmant omdrRedcl) hOLiURAG Wiid | CEBCLamefad (20)

transmitting real - tine precise electronic ges of “weapons i mpacts t'0

sai d conput er at known survey points and approximately in quadrature; (i) training said
CCD cameras (20) onto a target for weapons impacts; (jii) transmitting real-
time precise electronic images of weapons impacts to said computer
assembly (24) via said wireless transceivers (22); (iv) automatically freezing
the camera images by said computer assembly (24) upon weapons impact
and accurately calculating the impact position; and (v) displaying the results

of weapons scoring in said display monitor (241).

7. A method-of weapons scoring as set forth in Claim 6, characterized by the
further §tep__ of printing out the results ‘of scoring in graphic or tabular
summaries by said printer (244) of the computer assembly (24).

8. A method of weapons scoring as set forth in Claim 6, characterized by.the
step of displaying the images of impact, data, and scores on the displayT

monitor (241) of the comp'uter system (24).

This is the repiacement sheet

1 0 QEC 1935

Date:



assenbly (24) via said wireless transceivers (22); (iv) automatically
ffeezing. the camera i mages by sai:d conputer “assenbly (24) upon weapons

i npact and accurately cal culating the inpact position; and (v) displaying
the results of weapons scoring in said display nonitor (241). 7. A et hod
.of weapons scoring as set forth in Caim6, characterized by the further
step of printing out the results of scoring in graphic or tabular summaries

by said printer (244) of the cwmlggpqtp@meN(r&éN 8. A et hod of
weapons Scori n% as_set -forth in aim6, characterized by the step of

~di spl ayi ng t Ht RORGABLEY W%BQ{NS RBEQRINGISYSIEM AND: REEIMEBTHODNDF t or
(241) of the conputer systeméééklNG USING THE SAME _

ABSTRACT OF THE DISCLOSURE

A portable weapons scoring system comprising at least two charge-coupled
device (CCD) cameras (20) for the determination of weapons impacts, wireless,
transceivers (22), a computer assembly (24) for accurately calculating the beanngs
for the triangulation of weapons impacts and maintains a complete database, and
video recordmg equipment (26) having a video recorder (261) to record all weapon
impact images. The cameras (20) with known survey points provide precise
electronic images of impact positions. Real-time images of the weapons impacts are

relayed by the wireless transceivers (22) to the computer assembly (24).

(Fig. 1 is suggested for publication)
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