. 27 January 2006 LASER GUN AND. SHOOTI NG SYSTEM FOR THE SAME Background of -
~the Invention 1. Field of the Invention The present i @/elanian 208bates to a
| aser gun, and a shooting systemfor the sane. 2. Description of the
Rel ated Art Shooting conpetitive sports are known. I'n such shooting
conpetitive sports, it has been desired that a | aser gun should substitute
a gun for shooti ngLASER GUMWe AND | SHOORING S¥STEMIANORaLEE rSAMBw of
safety and handling. There are various types of laser guns, e.g., a |laser
gun using flash Iight which has been devel oped for the shooting sport, and
a laser gun wused for exercises and connected with a conputer with a cable

to display the bullet arrivehckgirowasd begn tdanemgtednttiain t he | aser gun
shoul d be connected with no cable. Also, it has been demanded to establi sh

a nore strigt, ongeher ¥¥ theehakicgpshbp between a | aser gun and a target.
Hence, it has been desired to supply an optical systemin which the

preci si on_'_i n detectingnd pPASI44RR IMQledYidn RSE{tE8aMJ = | TAE@*Eun,
Further, it is inportant to secure safety of the laser gun which emts a

laser .'beag,dhgsendeieiws 8584 df PSrsatisfégte.in addition to

i nprovenents i n precision and speed of a score calculation process. 27

January 2008, pescription of the Related Art

Shooting competitive sports are known. In
such shooting competitive sports, it‘has been desired
that a laser gun should substitute a gun for shooting

| with live bullets which need much care in view of
safety and handling. There are various types of laser

E'guns, e.g., a laser gun using flash 1light which has

been developed for the éhooting sport, and a laser gun

: used for exercises and connected.with a computer with
a cable to display the bullet arrival.

it has been demanded that the laser gun
should be connected with no cable. Also, it has.been
~demanded to establish a more strict one-to-one
.relationship between a laser gun and a target. Hence,
it has been desired to supply an optical system in

- which the precision in detecting a position shot by a
laser beam is improved. Further, it is important to
secure séfety of the laser gun which emits a laser
beam. These demands need to be safisfied,‘in addition
to impro%ements in precision and speed of a score

calculation process.




-2 Wth the score calculation process, the center point in a
cross-section of a conical flash light enmitted from tZ& Jagualy 2§06 needs to
be calculated fromposition coordinates of ja plurality of points on a
target. However, there is a limtation on ?nprovenents i n determ nation
-precision of a shot position in a shooting systemusing the flash |ight

gun. In the |aser gunweemeagi€dswoilt acsbopUlalidy paoisecirtheni re cable,
the wire cable affects the shooter's sense which has becone very sharp,

and hi nder capbal pdiabt| ihy aart-eo8ceridtd@No®f 4 heonsbaqt erlashso,
thereis a possibility that a shooter having a |laser gun nodifies the gun

to process daigh® efiAitP@SELLAN et hadaseyuReaBedd hepWoee, if the
organi zers keep guns or parts thereof, shooters cannot exercise. Thus, it

was di ffiCuléai@uma%et&eff@ﬁego@aﬂtiaar ddir 8hAaticid SPMReLid VeI $RY Ik I n
conventional nethods, |aser beambullets can hit on adjacent targets, so

that a begi ﬂg@yﬂﬂ“§r§ﬁggﬁﬁq wﬁé@&G%ﬁéw¥Heréj§%’Jrf?%&%%ﬁ@&%@BBnt

of snoot h nagi ng o a ng gane, falrness of calculating scores,

abocher sl s EL 0L SLA el e RaTE, L 480 g o e

.2006 ‘position in a shooting system using the flash light

. gun. |

In the laser gun connected with a computer by

 an electric wire cable, the wire cable affects the

f shooter’'s sense which has become very sharp, and
"hinders mental stabiiity and concentration of the
shooter. Also,‘there is a possibility that a shooter
having a laser gun modifies the gun to process data a
shot position by the laser beam. Otherwise, if the

. organizers keep guns or Qarts thereof, shooters cannot
- exercise.

Thus, it was difficult to use the laser gun

- for the shooting competitive sports. In conventional
mefhods, laser beam bullets cén hit on adjacent
targets, so that a beginner may interrupt ah adjacent
user. Alsq, from the viewpoint of smooth managing of

g a shootiﬁg game, the fairness of calculating scores,
preparations before the start of the game, well-
lorganized score displays and pther féétors may be very

important for a shooting system.




3 Summary of the Invention Exanpl e enbodi nents of the present invention

may provide a | aser gun and a shooting system using thé&7 Jaauery 2086 whi ch a
gun and a conputer are connected wrelessly. Exanple enbodi nents of the
present invention rmay provide a laser gun and a shooting systemusing the
sane, in which handling of |aser beamdullets is restricted strictly.
Exanpl e enbodi nents of the present invention nay provide a |aser gun and a

shooti ng system using the, sane |£%v¢%8h saf et.V. q; a |laser gun can be

secured. Exanple enbodineﬁf%mg?“{he preseﬁpvfhvéh ifon may provide a |aser

gun and a shoot i ”%%Xﬁgﬁ.@ %ﬁ%ﬂﬁ'ﬁntga%f tHL "M&Q%h@p&?ﬁ% {Snin

precision of determnation o shot position can be réalized and speed

f I 3 ' [ t f th
o1 coont T AYoRET oy BF oGt Al s SHogT ne SyCt B 11 Wy BnUa e Tehni que

i's r ovj far hoot L n I i Ex I
: P Végﬁ@,-‘lnh%«kﬁh&? LNg,RPAHY %'@%ﬁagggﬂ%gzema % hELBegExanpl e

enbodi nents of the present “invention nma ot o- sensi ng devi ce
(PSD) ad%y§g§%8iqdkhe above shooting system which can inprove precision
in detection of the position shot with the | aser beam 27. January 2006 4

According to a firgh AsReClerfodReREESBH the present invention
may provide a laser gun and a shooting system using the
same, 1in which handling of laser beam bullets is
restricted strictly.

Example embodiments of the present invention may
provide a laser gun and a shooting system using the
same, in which safety of a laser gun can be secured.

Example embodiments of the present invention may
provide a laser gun and a shooting system using the
same, in which improvements in precision of
determination of a shot position can be realized and
speed of a score calculating process can be improved.

Example embodiments of the present invention may
provide a shooting system in which-a new technique is
provided for a shooting sport using laser beam bullets.

Example embodiments of the present invention may
provide a photo-sensing device (PSD) adjuster in the
above shooting system, which can improve precision in

detection of the position shot with the laser beam.




invention, there is provided a shooting system conprisin a |l aser gun;

and a target apparatus, wherein said target apparatus & H?@@Q%a
target-side communi cation unit wirel essl y connected with said |laser gun
to output a perm ssion signal to said |laser gun; a target; a |light
receiving unit optically connected to- 4atd target to receive a | aser beam
bullet; and a detecting unit electrically connected to said |ight
receiving unit, to detect an shot position of said | aser beambullet, said
| aser gun conprisesAGEYIMRY de0 @okhiffcapPertumt TR @Feret ves said
perm ssion signal transmtted from sajd target-side conmunication unit;

and a gunSERFEPahFRRTBULFUPEOYAIIE] dseth IR BuFYeteBased on said

permSS'onﬁﬁSﬁ'ﬂqpa‘ jhe 'gser L wrrch @ dea e P Re FPFUger JBRgRaT | n

trigger si gehe? at Fng Err cdP whi

response tg he tri &l The ciiQn may. output the
Iasgr beam é’f %ase P8n thg f):g%n sSIOn € g%aajfgigﬁ %egponsg to ltohe
trigger sigpal t d I o] i as
diroctivity T t#asfa%%ruhﬁt e s (8 T EEh a8 338 B 1 on

unit may | ude Guibaht a BELRL LSRG P\ e hich @é‘i@ui§s@9 gﬁh‘ cal conical
beam and a slit which gives the transm ssion signal the irectivity. 27
January 20Qf6-getd? a light receiving unit optically connected to

said target to receive a laser beam bullet; and a

detecting unit electrically connected to said light

receiving unit, to detect an shot position of said laser
beam bullet, said laser gun comprises: a gun-side
communication unit which receives said permission signal

transmitted from said target-side communication unit; and

a gun section which outputs said laser beam bullet based
on said permission signal.

The laser gun may further include a trigger,
and a trigger signal generating circuit which
generates a trigger signal in response to an operation
of the trigger. The gun section may output the laser
beam bullet based on the permission signal in response
to the trigger signal.

Also, 1t is desirable that the pexmiséion
signal has directivity to the laser gun. In this case,
the target-side communication unit may include a light
emitting device which outputs an optical conical beam,
and a slit which gives the transmission signal the

directivity.



Al so, the |aser beambullet may include a shot position signal used for
detecting the shot position of the |aser beam bull et, Zn@ndayZ98¢ beam
bul I et distinguishing signal used for distinguishing 27 January 2006 - 5 -
the | aser beambullet. Al so, the perm ssion signal may include a condition
for the output of the |aser beam bul l-etda 'n this case, the condition may
be a pulse width of the perm ssion signal. Also, the | aser beam bull et may
i'nclude a pIuraIitélof el enentary bullets. The | aser heam . bull et

di stingui shing si gndilSfy Fhel déd&er rhealm oflet BR¥t iRGUWHiEH® nd si gnal
associ ated ,wi,th a_first one of the pluyrality of elenentar ullets, and a
second bulslhecft d?%?ilﬁdtﬂr%h?%%ngﬁgﬁaﬁetgsg%léi gt%c?%%rﬁgggﬂge%ho%' one of the
plurality £l enentar v hul { gLs q:;gii spRsequent, t o the . first,bullet
distinguighf%g s?ﬁnal. lgﬁe %%rgf bul'l et %?stfndﬁ%sh%ngagigné? %%
subsequentu et h@i%hlqtngl@ﬁshﬁﬁg Signed1l LBedhifoeagesttihgqdidisingbul | et

di stinguishing signal may include a first in- bullet signal associated with
the first elenmentary bullet and a first conmon signal indicating that the
first elementary bullet belongs to the | aser beam bullet. The second
bul | et distinguishing signal may include a second in-bullet signal
associated wth the second elenmentary bullet and a second comon si gnal




I ndicating that the second elenentary bullet belongs to the |aser beam
bullet. The first conmon signal is equal to the second®/cliHan 208nal .

Al so, each of the .first in-bullet signal_apd the second in-bullet signa
s expressed in a sane first nunber of bits; and each 27 January 2006 - 6
of the first comon signal and the second common signal is expressed in a

sane second thyheasefr hidsm bThadtrst nunber of bits is 2, and the second
- nunber of bits is 6. Also, a score for the | aser beambullet my be '

cal cul ated as one scoggswi,t knespeemidsiba Hilgdalandys eaoetuaenmdn
signals, based on at least one of the first |aser beam bullet

di stingui shicih @i 898n & thHe REOPEt! agercpeanalyy ab e dinStidigilé €0i NIn
~signal. Also, the |aser beambullet”  may include a plurality of elenentary

bullets. Eaghiaf thge Plin@l bbhddl e £bRTRAAMYe bH! oiss &Py iiate usle anghot
position signal used for detecting a shot "position of the corresponding

el ementary hul.l Ssggdlgikw%&t di stingui shing signal associated wth the
correspondi ng el enentary et, and a common signal indicating that the

cor.respondi ng el errentﬁtix b’uldl,% ’ Pglsgrlgsbégwt 'B%llféfr{ngﬁrfrﬁhpé’ihﬁ% dn this

case, score is calcul'ated asone score wth respec 0"t he ~conmon signals,
based on the RLMIAELY 3 L PeRdhEley dbB4ITOL SN A ShUNAL S palsp @ score

i s cal cul at &
bullet distinguishing signal may include a first
bullet distinguishing signal associated with a first
-one of the plurality of elementary bullets, ahd a
second bullet distinguishing signal associated with a
second one of the plurality of elementary bullets, and
subseguent to the first bullet distinguishing signal.
The first bullet distinguishing signal is subsequent
to the shot position signal. In this case, the first
bullet distinguishing signal may include a first in-
bullet signal associated with the first elementary
bullet and a first common signal indicating that the
first elementary bullet belongs to the laser beam
bullet. The second bullet distinguishing signal may
include a second in-bullet signal associated with the
second elementary bullet and a second common signal
indicating that the second elementary bullet belongs
to the léser beam bullet. The first common signal is
egual to the second common signal. Aiso, each of the
.first in;bullet signal and the second in-bullet signal

is expressed in a same first number of bits, and each




. by averaging scores based on the plurality of in- bullet distinguishing
signals. Tracing is performed over shot positions of tdelaprawA006y of shot
position signals. Also, a score nmay be obtai ned based on a relative
positional relationship between shot positforts of the plurality of shot
position signals. 27 January 2006 7 Al so, the target apparatus may further

nel ude a | 3 WAECR 004 1 LBRufdSOPLRG10%an 4 T BASMSSLORAOdfoRCT M Ssi on

signal. Al so, | aser gun further y include a selection swtch by

whi ch sl ectiqnd e Fade. hetueenq odeq, Jand thecmules hABllSs: apial

shooti ng no emtting aser bea and a test shooting

node for. engﬁti ng. an.opt.ical _si .different from I r-b | et.
In this Case,‘%h%lngnggﬁﬁeroﬁg?ggfggié%hﬁpbfabﬁe1%§§e?egﬁgﬂgbﬁﬁﬁg?%hay be
a signaIAobgfineg bé nqgifying the common signal. Also, the different
optical sigfdl Bt*FhdS &er beambullet may be a signal obtained by

nodi fyi ng correspondip ones of the plurality of in-bullet signals.
According to a secondp‘g%’e'ct"'l oFCPRE Fr¥sehbe HARRTI BN ﬁ%‘r‘ili% fti ded a

si gnal pr0cessh§§ met hod_conprising the steps of: (ag transnittin% a -
permi ssi on Syl R §5f POR SFAFGet HpparstRectots HerfIgst ()

recei ving -said permssion signal by said | aser gun; (cl emtting a | aser
beam bul | et and second common signals, based on at least oné of

the first laser beam bullet distinguishing signal and

i-the second laser beam bullet distinguishing signal.

Also, the laser beam bullet may include a

plurality of elementary bullets. Each of the
plurality of elementary bullets may include a shot

§ position signal used for .detecting a shot position of
the corresponding elementary bullet, an in-bullet
distinguishing signal associated with the
corresponding elementary bullet, and a common signal
indicating that the corresponding elementary bullet
‘belongs to the laser beam bullet. In this case, a
score is calculated as one score with respect to the
common signals, based on. the plurality of in-bullet

j:distinguishing signals. Also, a score is calculated
by averaging scores based on the plurality of in-
bullet distinguishing signals. Tracing is performed
overrshot positions of the plurality of shot position
‘signals. Also, a score may be obtainéd based on a

" relative positicnal relationship between shot

- positions of the plurality of shot position signals.




fromsaid | aser gun in response to the reception of said perm ssion

si-gnal ;- and (d) receiving said | aser beam bullet by s&/dansay&00@ppar at us

such that a shot position of said |aser beambullet can be detected.. The

(c) emtting step nmay be achieved adding a bullet timng signal to the

| aser beambullet. In this case, the signal processing nethod may further
27 January 2006 8 include the step of (e) detecting the shot position. of

the | aser beambullet in the target apparatus based on the shot position

detection signal. |ldbs thsetanget (spremattingnayepufiihidier may be

achi eved addi nlg1 a 'laser beam bull et  distinguishing signal used for
di sti ngui s hgttRe 3 aSFFP bERMBUITRELFEER 6t hehOPE&&r ©heam bullets, to the

| aser beam' brlill }ngt o .Aél) SO t@%e I aser. bgag] buIiI et i stinguishing signal may
be generat ed By a SHOdt 8F ' SISO LTS 538 B R trigger. Also, the |aser.

beam bul I et may inclagde,a pbufakbly 4ok @M@rﬂafudhgﬁ_ﬁdel n this case,

the | aser beam bul | et distinguishing signal nay inctude a plurality of

bul I et di s$d nget s8hNgwsicghals, WHiGh a¥€l e QUi pHt i edmialles ¥dtgReglibsequent to
the shot position detection signal, and which correspond to the plurality

of el enentrardebul drtisthenmollies daseludacha ofalhshpbtrialg tmods fod | et
di stingui shing signals _.includes an elenentary bull et nunber signal
i ndi cati nggmitting the laser beam bullet, and a test shooting
mode for emitting an optical signal different from the
laser beam bullet, In this case, the different
optical signal of the laser beam bullet may be a
signal obtained by modifying the common signal. Also,
the different optical signal of the laser beam bullet
may be a signal obtained by modifying corresponding
ones of the plurality of in-bullet signals.
According to a second aspect of the present
invention, there is provided a signal processing
method comprising the steps of: (a) transmitting a
permission signal wirelessly from a target apparatus
to a laser gun; (b) receiving said permission signal
by said laser gun; (c) emitting.a laser beam bullet
from said laser gun in response'to the reception of
said permission signal; and {(d) receiving said laser
" beam bullet by said target apparatus such that a
shot posgition of said laser beam bullet can be
detected.
The (c) emitting step may be achieved adding
a bullet timing signal to the laser beam bullet. In

this case, the signal processing method may further




a correspondi ng one of the plurality of elenentary bullets, and a conmon
signal indicating that the corresponding el ementary bi7&nudyid®8gs to the
| aser beam bullet. The signal processing nethod may further include the
step of (f) averaging scores of the pIuréIﬁtY‘of el enentary bullets of the
| aser beam bullet. Also, the (a) transmtting step may be achieved by
transnmittingiddeuper fﬂﬁ!@ﬁe?' Gl (£9. dhed¥isdnualy 6% lHRseit9um idE
directivity. Also, the signal processing nethod may further include the
step of (0) @déUshisRG & LLAI bAN e Of 1LhaHAT 98 gRRPH BHHS MR £ T ABY G ] ude
a target which has nmechanical coordinates (x, y) of an irradiation point,
and a two- difipaSLARYl dddit 1okl VEBY1WH s 1Bhal 1 eqg] VeRsLhe ddser cheam
bullet at the irradiation polint and outputs ectric coordinates " (x',

y'). In thi SEpm i ) US| e v.he ' d dj usting
the electri z(&cgogﬁﬁatgﬁe!{s&(iegkﬁ ?g‘#;gléggoﬁ"ﬁeb%e@ﬁgﬁ%‘%ac5‘?}%{,%% %s (x,

y). Also, t .ustdn ep, may. be achieved hy (1 adj.usting relative
positions beeaV\E(/'e(g%l ?%]é‘:llﬂrf a}%‘bgg‘atgn(%u% & o=t he sisgr?arﬁa%i lglﬁte’JdLrje]%:%]l_:vi ng unit,
such that ‘the electr.ic coordinates (X' ') coincide_wth chani cal

coor di nat es s Eof o5 £8G1 EPEar et ndat BRrg&e SbpnosRERataghe (1)
A Ut N9 ST e A BE°UAY {LLeEM YR T RS 185 e

. laser beam bullet distinguishing signal may be
.generated by a shooter’s action of operation a trigger.
Also, the laser beam bullet may include a

plurality of elementary bullets. In this case, the

' laser beam bullet distinguishing signal may include a
Plurality of bullet distinguishing signals which are
-outputted in-éeries subsequent to the shot position

- detection signal, and which correspond to the

plurality of elementary bullets. In this case, each
of the plurality of bullet distinguishing signals
includes an elementary bullet number signal indicating
‘a corresponding one of the plurality of elementary
bullets, and a common signal indicating that the
corresponding élementary bullet belongs to the laser
beam bullet. Thersignal processing method may further
include the step of (f) averaging scores of-the
pluralitj of eleméntary bullets of the laser beam
bullet.

‘Also, the (a) transmitting step may be

-achieved by transmitting the permission signal to the



point, and by (k) mathematically adjusting the electric coordinates (x',
y'), such that the electric coordinates (x', y') coi n@7damupryl2006e
mechani cal coordinates (x, y) of the changgd position of the irradiation
point. The (j) changing step and the (k) “ndthematically adjusting step may
be executed independently in a plurality of regions on a coordinate

system of theageghapirfaincaer@d@ies X, y). 27 January 2006 - 10 Brief
Description of the Drawings Fig. 1 shows a |ayout of a plurality of

shooting boxes and a Rhufal i¢{¥e 0k i1 PRELIHNE 1 Mgt REtAH Sal Mmag shooti ng
system usi ng |l aser guns according to a Tirst enbodi nent of the present

i nvention; RigrifehS i%éi@ﬁec!ﬁx%s'.ﬁg\%&)i Yl (¥ ewaShE Py & §Bk 1R@si tion

detectof; Fig. 3 1s a front view s ng the shot ™ position detector; Fig.

4 is a diagram shaw cTSé“E S?g%szle?@uﬁf widleh hE9' 9% d198E I %?Qgitnfrar ed
e C C ng ag

LED, Fig. 5 1s a si 0Ss- tional view sho a gun barrel “body
e on of RE B RP Uk Bhlly Sl SoBgP ey, SR B ey uriace
shooting  sySEemuhiah B 3585 adU" HEGOLINL 181 Behlsttin £TPIY gIoL
ﬁgreceiving unit which receives the laser beam bullet at
;the irradiation point aﬁd outputs electric coordinateé
?(x', ¥"). In this case, the (g) adjusting step may be
E achieved by {h) adjusting the electric cocordinates (x',
é-Y'). based on the mechanical coordinates (x, y). Also,
§ the (h) adjusting step may be achieved by (i)
'G adjusting relative positions between the target and
: the two-dimensional light receiving unit, such that
the electric coordinates (x', y') coincide with
% mechanical coordinates (0, 0) of a center point of the
target. In this case, the (h) adjusting step may be
achieved by (j) changing a position of the irradiation
point, and by (k) mathematically adjusting the
electric coordinates.(x;, v"), such that the electric
coordinates (x', y') coincide with the mechanical
coordinates (%, y) of the changed position of the
irradiation point. The (j) changing step and the (k)
"mathematically adjusting step may be executed
independently in d plurality of regioﬁs on a

- coordinate system of the mechanical ccordinates (x, y).




of the present invention; Figs. 8Ato 8E are timng charts show ng a

coni cal beam and various signals in the shooting .systXdrasheaw?00® Fig. 7;
Figs. 9A to 9E are bit charts respectively _showing signals of a | aser beam
bullet; Figs. 10Ato 10D are timng charts §ﬁ5mﬁng a part of a signal

shown in Fig. 8B; Figs. 11A to 11E are timng charts show ng 27 January
2006 - 11 data conversi ®ki&FJDelect $peitn Wt theoDesrfagam showi ng a

| aser beam bull et generation circuit In the laser gun; Fig. 13 is a front

vi ew showi ng a target rileat &1 i 8nbhe sDoPhy B Syt eql pand-di gryled S a system
bock di agram showi ng the shooting system according to a second enbodi nent

of the pra%ﬁ%okﬁh@“ﬂ&%esDﬁﬁHithﬂﬂﬂglfff 8%9@H6€dPg@%¥§@ﬁnts

Hereinafter, a laser gun and a shooting .systemusing the sanme of the

present inveqtiotWzdd P 96%@{3@@?393{? 4 & O8kaldg M EDerelqlgnce Lo the

attached dram ngs. Fig. 1 shows a a pluarality o oot i ng boxes

T Talby" " doSltlEle 05 Wkl SERSINELL) Bl \GyST R £t oM st o
invention;

Fig. 2 is a side cross-sectional view showing

5 the shot position detector:
Fig. 3 is a front view showing the shot
: position detector;

Fig. 4 is a diagram showing the emission of
an infrared light from an infrared LED;

Fig. 5 is a side cross-sectional view showing
2@ gun barrel body portion of the laser gun;

Fig. 6 is a plan view showing a lower surface
portion of the gun barrel body portion:

Fig. 7 is a block diagram showing a shooting
system for a laser gun according to a first embodiment
of the present invention;

- Figs, 8A to 8E are timing charts showing a
conical beam and various signals in the shooting
system shown in Fig. 7;

Figs. 9A to 9E are bit charts respectively
showing Signals of a laser beam bullet;

Figs. 10A to 10D are timing charts showing a
part of é signa; shown ‘in Fig; 8B;

Figs. 11lA to 11E are timing charts showing




invention. In Fig. 1, one gun corresponds to one target. Referring to Fig.
1, the nunber of shooting boxes 1 is exenplified as fi2#jargay 2006 nunber
of shot position detectors 2 is also exenpaicill ed as five. That is, the
shot position detector 2 is-provided for of the plurality of shooting
boxes 1. In this exanple, there is no case that |aser beambullets are

emtted fronggea HJworépgilkex. 1 to the plurality of shot position detectors
2. Even if there is such a 27 January 2006 -- 12 case, the | aser beam

bullet is not detectegiQf. i$2 |1@vadlg§;:%qu@sb%lclk ke dgsakd Rathy ahgr o Each

of the shooting boxes 171s partitioned by two partitions 3. A conmodn

shooti ng mlfﬂ@gkebéﬁﬁnﬁuﬁﬂ f&ép@%éf&oﬂ @#ﬁéﬂi%ylﬂf Oi?ggﬂﬂﬁﬁh§ 1.

On the conmmon shooting all owabl e pllane 6, the lateral one

shooting box 1 is 1 Mg, thescase pfepne + g‘pzpe&,o ?ﬂﬁvt ggt,taiaggi gay be

defined variably in ca es of one gun to a uralty targ | aser

gun 7 is u_s;gijfgg g_ ec olr%%'%r tttnelallm l%ul |_€eml n th& shooting box 1. Each of

t he shot po o p05|t| ohnh"shot with a | aser beam

bullet. A | t f dt th f t t
'019 egch shggugz)gi '?iron &«raqtcgcf%r 5 g"Th%PF?‘ il),lélr‘alg)ég‘g%"i(‘)mtﬁ Oﬂ’frfﬁ?%l BB}‘?I "

thoott no 2 Sh3otdy & FETER acpéggsmg JQeacosmmecg‘na' an. OSdfggntth%fcommn

the present invention.

Description of the Preferred Embodiments

Hereinafter, a laser gun and a shooting
system using the same of the present invention will be
described below in defail with reference to the
attached drawings.

Fig. 1 shows a layout of a plurality of
shooting boxes and a plurality of shot position
detectors 2 in the shooting system using the laser
guns according to the first embodiment of the present
invention. 1In Fig. 1, one gun corresponds to one
target. Referring to Fig. 1, the number of shooting
boxes 1 is exemplified as f£ive, and the number of shot
position detectors 2 is also exemplified as five.

That is, the shot position detector 2 is .provided fdr
each.of fhe plﬁrality'of shooting boxes 1. 1In this
rexample, there ‘is no case that laser 5eam bullets are
emitted from 6ne shooting box 1 to the plurality of

shot_position.detectors 2. FEven i1f there is such a




al | onabl e plane 6 are parallel to each other and are both vertical. The
di stance of 10 mor 25 mis .exenplified as the di staridelapeayeddct he
common plane 5 and the caonmon shooti ng allomable pl ane 6, dependi ng - on
the kind of shooting sport. The distance of 2 nTis exenplified as the
di stance between center lines of every adjacent two shot position

detectors 2.c4be, I@%rlayer7ﬂ%bﬁu§§@éitfigehmbe&&@settélf fﬁj agent  two

partition plates 3 based on shooti ng sport rul es | ong as e gun does

ot go-over 1hgadquLE] danyary 2086 g &ﬁlba@oolt gzal | ovabl e plane 6

toward the shot position detector e shot p05|t|on ‘detector 2 enits a
coni cal beam 8 such n t | GO qﬂgl n,optd c I

coni cal beam and a pgﬁg%(ﬁﬁ)gggn1%g%%§§bgp r%%laﬁﬁéﬁ %F%ﬁ%ﬁéﬁééach of
t he opt: cal ni gegp§ mjte fron1the five.shot Pt detectors
2 reaches a rrespc?n |ng sﬁggt |3t'ng x2St %8?3%&9 Qgioﬁ’c?bp Iy reach
two shootin oxe The let 9.is emtted framthe | aser gun
7 to have a%fsﬁlﬁngl $5h ?E'Hth %aq]ﬁeal Qé'&r%bﬁ%?'. °#1es 894 HE aRP=EF | bt
has a hi gh gﬁh kg flux cha acterlstlﬁ and _reaches a target plate 4 of
the corresp CsHFAM YD sP PPGT 1Y e &Dﬁﬁ?ﬁef&ﬁﬁQﬁ fn %ﬁ?cﬁ?t&ﬁa%y a

| ens which wil| be described | ater. The conjcal beam 8 includes a |aser
emission . width of one shooting box 1 is 1 m in the case of one

gun to one target, and may be defined variably in
cases of one gun to a plurality of targets. A laser
gun 7 is used to shoot a laser beam bullet in the
shooting box 1.

Each of the shot position detector 2 detects
a position shot with a laser beam bullet. A sguare or
circular target plate 4 is fixed to the front position
. of each shot position detector 2. The front surfaces
of the plurality of target plates 4 form a common
plane 5.7 The common plane’S'and the common shooting
allowable plane 6 are parallel to each other and are
both vertical. The distance of 10 m or 25 m is
exemplified as the distance between the common plane 5
and the common-shooting allowable plane 6, depending
on the kind of shooting sport. The distance of 1 m is
exemplified as the distance between center lines of
everj adjacent two shot position detectors 2. The
laser gun 7 may be used freely betweeﬁ the adjacent
two partifion plates 3 based on shooting sport rules

-as long as the gun does not go over the common




'permission signal and is received by a light receivin%i section of the
| aser gun 7. The pulse width of the conical beam 8 is 4/nig8raMi200% t he shot
position detector 2 and adjacent conical beans have pul se w dths
different fromeach other." Fig. 2 shows a di3de” cross sectional view of
the shot position detector 2. A casing and inner support structure of the
shot positi GheletealgraPlonb® 1951 dRed AndoRgsamiied LRAChSvecbah
rigidity, so .that the nagnitude of thermal distortion can'be .restricted
w thin an aldomelkg. ange. The shot 27 January 2006 -- 14 position
detector 2 is conprised of a position detection optical elenent 11 in
addition to the targeineblasy 4polhe £ORI hEQUHASILCH A OPLi Gal. sl £IRRT 11
is conprised of -a convergence Pens 12 and "a position et ecti &N
sem conduct e . ar l ed device (CCD device). or

Yo UBC Bachlin S0P FOUE, Shp SEX 0T D 4RAT P 681 688 on

phot o- sensi ng_ devi ce D devic own e

sem conduct qr, £l nt 13..1n.this exanpl.e, the PSD vice 13 is preferably
used as t he%plojg}ﬁ?gr? SREERon PEl cnﬁ(‘}ucﬁ ﬁyﬁﬁgﬁgﬁdfl S \ﬂwgﬁ%é’it

and detecpi?p speed.. The shaqt &ﬁiitégn getect r 2 is further conprised of
an i nfrared ety 132 PP Helite: 1EAGE 2% Vi Qi ARt oAl cogdiGaeht
generation film Wen the two-di nensjonal . current generation filmis shot

with the I'a aaqﬁaﬁ]emltted from the five shot position detectors
| 2 reaches a corresponding shooting box 1, but does not
A;principally reach two shooting boxes. The laser beam
bullet 9 is emitted from the laser gun 7 to havé a
signal inherent to the laser gun 7. The laser beam
bullet 9 has a high parallel flux characteristic and
reaches a target plate 4 of the corresponding shot
position detector 2 in form of an optical dot by a
lens which will be described later.
The conical beam 8 includeé a laser emission
'permission signal and is received by a light receiving
section of the laser gun 7. The pulse width of the
 conical beam 8 is inherent to . the shot position
-detector 2 and adjacent conical beams have pulse
- widths differeﬁt from each other.
Fig. 2 shows a side cross sectional view of
the shot position detector 2. A casing and inner
- .support structure of the shot positioﬁ detector 2 are
-designed and assembled to achieve higﬁ rigidity, so
that the'magnitude of thermal distortion can be

~restricted within an allowable range. The shot.




bul |l et converged by the target plate 4 and the convergence |lens 12, the
PSD device 13 generates currents |Ixi and |Ix2 in opposiXeladuarg@0D®&ns. of the
X-- axis direction, and-al so generates currents Iyl and Iy2 in opposite
directions of the y-axis direction. The ddordinates (x, y) of a beam point
as a position shot with the | aser beambull et are expressed by the

fol | owi ng %égﬁ%a%prﬁe%eag%(ﬂ X@'i%l()c’o%ﬁ@fééh) o = Eg&xé%-ediyéa/ (1y2+lyl) (1)

Thus, the ‘beam poi nt coordi nates can be ¢ |'at ed and determ ned.

The beam ReLPboMASE dh¥dc Zth@fgaquoﬁ.1n1%adi<tlioﬁngo(g§@%} ok fLE Poth

zero i s determ ne mechani cal’ coordinate orrgin (

zero i s d as i difidt & orv g1 R (
coor i nat & YA Ged deriiod 38 0de  REs R REtaerbcbRinslif iy’ B

lectrical_cent int of _the PSD device 13. .Th hani cal . di nat
o1 gin 1 STIREGSSR (e BaSOY et FHREG oL OP>1 AE SO RoBltd bWt Shot ect or 2.

The target ate.4 is positioned two- dinensignally with a: precisign
wenin on AFFBRE0R S ERTE T ROt WP T el eds 1 0 A HEDBEBCRA RIS The
target plate 4 has i ght-scatterin transmttable film The |aser beam

a li :
bulTet 9 f %ﬁ%?ﬁe(q%&e$e§&ﬁ91r%%cﬁ theSeRsddg pllavdcs RSB

substantially circul ar, i mage having the di aneter of
- -device} is knowh as thé position detection

semiconductor element 13. In this example, the PSD
device 13 is preferabiy used as the position detection
" semiconductor element 13 in view of cost and detection
-speed. The shot position detector 2 is further
comprised of an infrared LED 14.

The PSD device 13 has a two-dimensional
current generation £ilm. When the two-dimensional
current generation f£film is shot with the laser beam
bullet converged by the target plate 4land the
convergence lens 12, the PSD device 13 generates

.currents Ix1l and Ix2 in opposite directions of the x-
axis. direction, and also generates currents Iyl and
Iy2 in oppesite directions of the y-axis direction.
The coordinates (x, y) of a beam point as a position
shot with the laser beam bullet are expressed by the

following expression:

)]

X k{(Ix2-Ix1)/{Ix2+Ix1)

k(Iy2-Tyl)/(Iy2+Iyl) (1)

b4

~ Thus, the beam point coordinates (x, y) can be

calculated and determined. The beam point where (Ix2- .




about 1 mmis fornmed; on the light-scattering transmtting film The
substantially circular image is converged by the conveél7gizmoeryl2808 12 and
is formed as a dot-like real beam i mage ggﬁthe t wo- di nensi onal current
generation filmof the PSD device.13. In der that the values of four
currents generated by the PSD device 13 respectively exceed threshold

val ues, theih)i gita ageyst- 0f1§ harkasitheaRiiLces vad thrn e §#SBs ¢evi ce 13
must be | arger than the threshold values. For this purpose, the w dth of

the light pebs@diche cdR3dibetel 3rargiMsl obe d prger tihanrg@pcaetaideW dth.
However, increasing this w dth neans ﬁ%at the period fron1the beam bul | et

arri val t0190Si k@ flet A6k 01 2ErdaMA Y 800% rn 10s hNGGUIPE(BASI i On

with the | aser beam bul 'S ongate The i nfrared 14 o% the shot

position ggLeetqye b%o@c‘ﬁ’ﬁi‘é@geg‘ﬁd&s Vhﬁ‘gé‘?fae&oﬁk d'é‘@’é?ﬁ’f d-xﬁg

suitable for a long distance transm ssion ow genera |on spee

whi | e an, Egagﬁ'l\é %fof a%tlk r%.tﬂl Onefgc I‘LC focen"llzl tablglirl%r téﬁ'e ! ong

di st ance' nsm sSi on. ese char acteri sti Ccs nt O CCOUI’]'[

Tee o thetBPuran 9oV g “é&*’ %fé%rglegiﬂ”%wﬁ t%ﬁ%@iﬁ% 5 SZ%%@'}%? fast,

é\gr![ Im(‘)rna:)](cad? L%ansra Léxlln \M ncda?gvlflgr n%trltgcr:]tu:?:lel to:f:J'Sthg fslhxoetd égsgtflroox{]t
detector 2. The target plate 4 is positioned two-

dimensionally with a precision within an allowable

range defined with respect to the PSD device 13.

The target plate 4 has a light-scattering
transmittable film. The laser beam bullet 9 from the
laser gun 1 reaches the target plate 4 and a
substantially circular image having the diameter of

about 1 mm is formed; on the light-scattering

"transmitting film. The substantially circular image

- is converged by the convergence lens 12 and is formed
as a dot-like real beam image on the two-dimensional
current generation film of the PSD device 13. 1In
order that the values of four currenté generated by
the PSD device 13 respectively exceed threshold values,
the light amount of the laser beam received by the-PSD
device 13 must be larger than the threshold values.

For this purpose, the width of the light pulse to be

described later must be larger than a cértain width.

However, increasing this width means that the period

from the beam bullet arrival to position detection of



t he shot position detector 2, and has a vertically elongated elliptic
shape. Thus, the position of the slit can be adjusted #rJaeugry 2066 i nfrared
Jtransmitting window formation slit 15 is qftachable fromthe shot
position detector 2. It is preferable- fhat a plurality of infrared
transmtting window formation slits 15 are detachable and one of the slits

15 is sel eghed sihb acseEdanicen Wi R bt Reh & Nl sefr Shwahi Bh1BsPeris | n case of
providing a plurality of shooting boxes, nodifications my be freely nade

so that thgiohkfdtd®d transmtting wi ndow fornmation slits 15 can. be 7
shifted horizontally on the virtual plane where the slits 15 are set, and

can be fixed to theqgasiNgeofardderEhot 0G5t t{AR daiSEL BbSid @na plurality
of 27 January 2006 - 17 positions. An emssion region of the infrared LED

14 which egit8 s opt E%a'acf@&h'éé'g B Bn! 910 GePQidt . rﬁl%v??xrrg!él s a

mul ti-point region. By providing ns system (not shown) In ont” of the

infrared LED (g dhecgRiasipp. goio of gt BE Aid AE el J4: 63N R,
as a mu e- I'g. 4

treated no as I -point region as sing ~pornt region. _
o 1 £RRS N Shah Ve ALERREC R A% oS TR0, T g 1 200
fromthe QLABLed P dhedh A hOW USP BULCHo AR M goRs LR AL GO ES
. transmission. Taken these characteristics into
faccount, a plurality of LEDs may be used for the long
é distance transmission of 25 m. Use of the plurality
;of LEDs appears as 1f the generation speed is fast.
An infrared transmitting window formation
; slit 15 is fixed to a front portion of the casing of
the shot position detector 2, and has a vertically
elongated elliptic shape. Thus, the position of the
slit can be adjusted freely. The infrared
transmitting window formatipn slit 15 is detachable
from the shot position detector 2. It is preferable
that a plurality of infrared transmitting window
formation slits 15 are detachable and.one of the slits
15 is selected in accordance with thé kind of shooting
sport. In case of providing a plurality of shooting
boxes, modifications may be freely made so that the
infrared fransmitting.window formation slits 15 can be
€_shifted horizontally on thé virtual pléne where the

slits 15 are set, and can be fixed to the casing of

the shot position detectors 2 at a plurality of




crosses the common plane 5 at right angle, and crosses the commopn shooting
al l owabl e plane 6 at a point Q The horizontal width ofZ7tJasuamnyf2086 ed
transmitting wi ndow slit 15 is |nd|cated]gy "d". The di stance between the
slit and the comon shooting all owabl e ne"6 is indicated by D. The

di stance between the point P and the common plane 5 is indicated by "X"'.
The hori zgid @i t Wogtdh of the shooting box 1 is indicated by "a". Although
the slit width d differs depending on the angular positional relationship

between a speci fi edagh@in P98t bho-&igt At At %@@dlﬁf&pﬁ&af Le@ Shpoting box
1, the slit width d is geonmetrical-optically expressed based on

propor ! oRdlscheb@lianshhg Bp Lheahollan gy SKURFS) OB SR S nolie

excel | ent approxi nati on. anuary Hence

obt ai ned 'lse%gon %%Yt( @9) a,(, 1@1tE% qﬁovfeg.qr.ﬁ?lt.l 0239; ﬁ%r?vidl ] D" are
predeterm ned val ues, and e5|gn hé eq tfon (2),
dot er m ned d'-’fr% IR GRSy ar &0 iRy et NEFR RRAE TERRREERn 1 i
posi 1o g Lﬁmﬁa%'afiﬁs?st%8§h'5§%9§f3§%?f‘§t%%“n55frﬁ?%r”$nﬁ§e> RN
Shootlng Ort edhﬁé¥“as a malti-point region but as single-
| point region. Fig. 4 shows the emission of the
infrared LED 14. Referring to Fig. 4, the poipt
region is represented by the point P. The center line
of the light beam from the infrared LED 14 as an
infrared optical axis includes the crosses the point P,
crosses the comﬁonplane 5 at right angle, and crosses
the common shooting allowable plane 6 at a point Q.
The horizontal width of the infrared transmitting
- window siit 15 is indicated by "d”". The distance
between the slit and the common shooting allowable
plane 6 is indicated by D. The distance between the
point P and the common plane 5 is indicated by "X”"
The horizontal width of the shooting box 1 is
indjicated by "a”. Although the slit width d differs
dependipg on the angular positional relationship.
:,between a specified shot position detector 2 and a
specified éhooting box 1, the slit width d ié
geometrical-optically expressed based oh proportional

relationship by the following expression according to

excellent approximation.




position of a gun barrel body when the shooter sets a gun stock part.on
his shoul der and | ooks into a gun sight to fit the si diftJanuary 2006t he
target. Fig. 3 is a front view of the shot1 osition detector 2. Referring
to Fig. 3, positioning holes 17 are provided in the front portion of the
shot position detector 2 at a plurality of positions on the target plate
4. The positioning hohqxdyyaceqysed for positioning of the target plate 4
with high precision in the three-di nensional coordinate system defined
based on tihenabovwwrveihe@ngd mechani cal coordinate origin of the shot
position detector 2. Although the target plate 4 is repl aced depending on a
kind of shooting sgoLt ;8 [gRp3ced (pgw target plate 4 can be constantly
positioned to be strictly adjustable three- dinensionally with respect to

t he mechani cal 27 Japu 2 - r.di Ofi_Q the RSO, devi ce
13, by inserting p?ﬁs%{ryn% ogtgﬁgepéez?%%g%iongnﬁ%Fés f7g'I onafl?%ot sides. A

coni cal tcqu LS, C el we t =target - 4 he
convergehgjele%%%gefilﬁléé Q%(éir'ifec‘éél gg‘\(/ier 8 gr(reras (gégggl? B%r(iqf%' pr%gghnt
scatteri ng.

dight scatter by ,t.he tar.get edfro I .entering into the
conyergeénceh?eﬁguf%laosnsfge;y Iﬁrb%tfs'au%hemg‘éﬁ elﬁge%%eg}igngr‘%%’ﬁﬁgt he PSD
.deV| ce 15‘3 tare atttq:(:hed to %n attfgr%miqjt ‘board . 19. The attq,%hrre“pjt_dth

ransmitting window s is determined. e
of the infrared transmitting window formation slit 15
in the height direction is determined with reference

to the height position of the hand of a shooter who

extends his arm at the time of shocoting, or the height
position of a gun barrel body when the shooter sets a

gun stock part on his shoulder and locks into a gun

sight to fit the sight line to the target.

Fig. 3 is a front view of the shot position

detector 2. Referring to Fig. 3, positioning holes 17
are provided in the front portion of the shot position
detector 2 at a plurality of positions on the target
plate 4. The positioning holes 17 are uséd for
positioning of the target plate 4 with high precision
in the three-dimensional coordinate system defined
based on the above-mentioned mechanical coordinate

-.origin of the shot position detector 2. Although the
target pldte 4 is replaced depending on a kind of
shooting sport, a replaced new_target piate 4 can be

' constantlf bositioned to be strictly adjustable three-

dimensionally with respect to the mechanical



board 19 is attached securely with high rigidity to a casing portion of
the shot position detector 2 by bolts 21, as shown in Filgnugy208e shot
position detector 2 includes internally ai r-cooling window and vari ous
el ectronic circuit units which will be “destribed later, and is set on a
base (not shown) which is strongly secured,. such that the target center

poi nt of tdwotahgeitd! ake A Sosethnlko mslefeRat el ght pyposideorinkf 9. S
shows a gun barrel body portion 23 of the laser gun 7, although a grip

portion ofpihe gwtd StheMplderk i fn3ay anpddst ary | @8eporIcidi@ékon el enent
24 .is used as a light source for a visible light or infrared light. A

beam adj uster |ens 25 de, D58Yi defbed 01 HNisty FULLLRI b ohle®H Sien points

generated by the sem conductor |aser oscillation element 24 and to give. a

pr oper beaggld'gqe O 8L hh%.}]qi;]s{ggcgo f%%_pg@?&eThf anqlzadj £Er lens 25 is

provi ded coaxtally on an. anuary op?l cal "axis 26 of the

seni conduc : er Il Lati I t_24. A phot 0-di 27 is provided
at a | omeréoqéjé(lrzgliorgc%?g#hel%f rfgar:]fm%osrﬁ;anr%f btoﬁceptg%ngﬁgbr%g]let body portion

23. The phot o- di ode 27 tecei fth i cal beam 8 enitted f
the i nfr AroiF EEBE IR i HAET St ERBER O dBheeoF Soneadont af FAThred

reception o oLt 138 PRSIk BLLOMLREEOLLEY £f 108y 1agne.

The convergence lens 12 and the PSD device 13 are
attached to an attachment board 19. The attachment
board 19 is attached securely with high rigidity to a
casing portion of the shot position detector 2 by
bolts 21, as shown in Fig. 3. The shot position
detector 2 includes internally a air-cooling window
;-and various electronic circuit units which will be
described later, and is set on a base (not shown})
which is strongly secured, such that the target center
ﬁoint of the target ﬁlate 4 is set to a defined height
position.

Fig. 5 shows a gun barrel body portion 23 of
the laser gun 7, although a grip portion of the gun is
omitted. A semiconductor laser oscillation element 24
is used as a light source for a wvisible light or

' infrared light. A beam adjuster lens 25 is provided
to unify ﬁultiple light emission points generated by
.the semiconductor laser oscillation elément 24 and to
give a prdper beam diameter at the distance of 10 m.

The beam adjuster lens 25 is provided coaxially on an




barrel body portion 23. A shooting state indication LED 29 is provided and
exposed in a |lower surface portion of the gun barrel Eddanpayt2006 23.
Plural batteries 31 are contained in an gﬁfef portion (upper half region)
of the gun barrel body portion 23.so that hey may be replaced with ease.
The center of gravity of the gun barrel main body 23 is adjusted by nmeans
of a stalyptienl3xBspavelofONKEFseMiEbndAdisoPr Pukded obdilhe timwer
surface portion of the gun barrel body portion 23. The shooting state

i ndicati one1l&e’d® is4. it on continuously in accordance with an ON
operation the power OV OFF switch 32. The shooting state indication LED 29

may emt blinking op ¢HUtHUAYSAd | BN i sVWHEMLR1 BBJETa e SEHRR Per M ssi on
signal 53 of the conical bean18 is received by the photo-diode 27. The

col or of, %Hht%ﬁ“%f | AL 95‘3: %B%ﬁ'c{“&ﬁ Skal® e | HGhCRLIAL L EDoES 1S

preferably anged to a col at the shooter m ght not "get

di stracted,,. Ag Lhe hO%ﬁFagwéoadeFh%g% Lesye) o Bli-27 gaeu%ry

2006 -- 2 sem conduct or oscl at’1 on e aser beam

bul | et 34|%ﬁ1§gin% h%ﬂ%%%“ IIet gn é%%?gﬁ' %%t%% B%O@H

G
circuit to escd ater, ong = axrs 2 ilizer
an  he flxed

' ed b b d
5 an arniids bR %%ﬁ"s‘g&%g%%r i %31%%»2%% p“%%?rsgl e eS o e
shoot er r%“%t 28 opened in a front end portion of the gun

: barrel body portion 23. A shooting state indication
LED 29 is provided and exposed in a lower surface
portion of the gun barrel body portion 23. Plural
batteries 31 are contained in an upper portion (upper
half region) of the gun barrel body portion 23 so that
they may be replaced with ease. The center of gravity
of the gun barrel main body 23 is adjusted by means of
a stabilizerxr 36. A power ON/QOFF switch 32 is provided
at the lower surface portion of the gun barrel body

éfportion 23. The shooting state indication LED 29 is

j'lit on continuously in accordance with an ON operation
the power ON/OFF switch 32. The shooting state

f indication LED 29 may emit blinking or continuous

.~ light, when a laser emission permission signal 53 of
the conical beam 8 is received by the photq—diode 27.

E-The colorrof continuous light of the shooting state
indication LED 29 is preferably changed to a cold

color so that the shooter might not get distracted.

As the shooter pulls a'trigger {noct shown), the




toward a target, passing a cross-point of a cross-line sight.38 attached
to the upper end surface portion of front portion of tZielaguarylgf6el body
portion 23. Three operation nodes of the Iaser gun 7 are prepared

depending on trigger operations. The fifst 2kode is a real shooti ng node in
whi ch the | aser beambullet 34 including the Ilight beambullet signal 33

i nherent toehheo@REEtO¥N 1adSr B&i4allyt €8t b RBhY i2h CaRetal af eceiving
a part of the conical beam 8 through the infrared reception port 28. .The

second MDA, & § A pleith 599.‘1%199350@%&%&%%(3% UNEgh 85 Ble i A R klet
including the |ight beam .bullet signal 33 and anh invalidation signal for

[ nval i dat idigohle | AeeioBaABEUbLCh IR Aetyd! AT Eeds YU YabBetastedf

recei vi ng a art of t e coni ca rou e infrared reception port

28. The 'fa{@&datalocr&]gt e %%g‘*&l eaf*iée 625 Sé%ghlll e'}[ef“’“é%hlé

val i dation s grnal s n cont aser eam or as a

si gnal in mh |d I 7 J 2006 : eam.bul | et. cont

modi i cat i'on Fa é{ va % g% ‘I’:%rbgf f 63 ofy & llqe%gnsﬂjc

i nval i dation 1tvvh| \2\% %}ébe descr | Eed | at er, th reference
to Fig. 96”?7%y 6" At \fPe TR VERYY FRFFhaPT7RASD f‘r&? ‘be

changed 't g . 000000". The Iaser beam hul | et can he easily treated
. The na ed-eye optical axis 37 of the shooter runs

.- toward a target, passing a cross-point of a cross-line

sight 38 attached to the upper end surface portion of

front portion of the gun barrel body portion 23.

Three operation modes of the laser gun 7 are
prepared depending on trigger operations.
The first mode is a real shooting mode 1in

which the laser beam bullet 34 including the light

beam bullet signal 33 inherent to the laser gun 7 is

actually emitted only in case of receiving a part of
the conical beam 8 through the infrared reception port
28.

- The second mode is a test shooting mode in
which the laser beam bullet including the light beam

. bullet signal 33 and an invalidation signal for

invalidating the laser beam bullet is actually emitted
only in case of receiving a part of the conical beam 8
through tﬁe infrared reception port 28. The
invalidation signal may be realized as é signal in
which a vélidation signal is not contained in the

" laser beam bullet, or as a signal in which said laser



as an invalid live bullet in replace of a valid live bullet. By using this
ki nd of signal, the | aser beam bullet in the second néifelapaary!2606

di stingui shed from the |aser beambullet in the first node. The third node
is a touch-sense check node in which an 3r?er'ation of pulling the trigger
Is only checked and no live bullet is emtted. Thus, the safety can be

secured. Wwamebeation Behwesinihg mRAlisHeqting "Wedethand dheabeslon
shooting node is made by shifting the position of a node selection switch

- 39 provided ghatihe pomesxahphace POr hic®l ffe t BE QN DRA T8l aR0dyn POkt i on
23, as shown in Fig. 6. Adoption of this kind of slide switch allows the

shooter Q3 ghgek Adiey Rdgn 10k LN ROSALLBR e d Neatlicd Gl cht 19
e oul

pr ef er abl at the swtches and [anps s e positioned In upper and

| ower ,opp(}séfgrg%lg:%s £0 %.?%e_diggcltnhg,g bsvgéﬁggc%lo t:oy ¢ he naked-eye opti cal

axis 37. I'n particular, swtc u be nore preferably positioned
D0 | Ok ARy | b S BSSTALE £g EHRRR oD ot S
naked: e REROGbCE b 1afetk Hadlo B R AL R R e s 202
systemis ComPl §8% e sa' 19V @580194T G e blG 108 £ POSI 0y IRL GG O 2 as
ébullet. By using this kind of signal, the laser beam
gbullet in the second mode can be distinguished from
?the laser beam bullet in the first mode.
The third mode is a touch-sense check mode in
éwhich an operation of pulling the trigger is only
- checked and no live bullet is emitted. Thus, the
. safety can be secured.
The selection between the real shooting mode
fand the test shooting mode is made by shifting the
'fposition of a mode selection switch 39 provided at the
élower surface portion of the gun barrel body portion
5 23, as shown in Fig. 6. Adoption of this kind of
slide switch allows the shooter to check the mode
selection positibn of the switdh; It is preferable
that the switches and lamps should be positioned in
upper and lower opposite sides in the direction
: verticél fo the naked-eye optical axis 37. 1In
:-particular, the switches shoulq be more'preferably
positioned in the lower side. Also, it is preferable

that any conspicuous objects, especially lamps. should




descri bed previously. The shot position detector 2 executes bi-directional
conmmuni cation by neans of the conical beam 8 and the |2sknuay2006ul | et 34
fromthe laser gun 7. The laser gun 7 is conprised of a |aser diode (LD
unit 42 and an LD board 43. The laser didd® tnit 42 is conprised of the
sem conductor |aser oscillation elenent 24 and the beam adj ust | ens 25.

The pover 46emetdies Pahbary tHe OhaklaRl&9EM opditd1 i §x§4PR7 €d to the LD
unit 42 through the LD board 43 and the power OV OFF switch 32. The LD

board 43 is conpri $§q; of 7agfihfCt 4 CULE M ect i re ng () converter
44 and a |ight beam bull et gi gnal aout pg'{gico%t rggl' uni t 45P9The di rect

curnent popetel Ofin {AECHTAEIY Eb InUPRLERS dibbientianobegmbul et
based on I Re eber dT oenet ot THalnBRe LT bcPT Al hy) oL R L
bul 1 e out it Sl S5nit H oS b Phe el thi €35 % F | Fopd acer
decond | A GERBAA | RRCTRRAEY 20 PR 1RR BoPOSSIo nIoRBIE STne LD uni
42 outputs the | aser, beam bul]ets_in accordance with the first |aser

gener at i orP*LEREER B~ dhd el QRBInFARRAIGATE 2R | B RGAht °fg the

conical beam 8 and the laser beam bullet 34 from the
laser gun 7. The laser gun 7 is comprised of a laser

: diode (LD) unit 42 and an LD board 43. The laser
diode unit 42 is comprised of the semiconductor laser
oscillation element 24 and the beam adjust lens 25.

The power from the battery 31 of the laser

gun 7 is supplied to the LD unit 42 through the LD
board 43 and the power ON/OFF switch 32. The LD board
43 is comprised of a direct current/direct current
(D/D) converter 44 and a light beam bullet signal
output control unit 45. The direct current power from
the battery 31 is supplied to the light beam bullet
signal output contrel unit 45 and the LD unit 42
through the D/D converter 44. The mode selection
switch 39 generates the mode selection signal 47 based
on the operation of it. The mode selection signal 47
is ﬁuppliéd to the light beam bullet signal output
control unit 45, The laser beam bullet'output control
unit 45 oﬁtputs to the LD unit 42, a first laser

generation current 48 in the real shooting mode or a




The first |aser generation current 48 or the second |aser generation
current 49 is not generated if an electric trigger si@falangaryi2806ot
supplied to the |aser beambullet signal output control unit 45. The
electric trigger signal 52 is outputted fridmthe trigger signal generator
51 upon pulling of a trigger. 1In addition, the first |aser generation

current - 48; 9k onlde SEELNY AL + IBRETAI + PBREUF LM n 4PhkS W04+ generated if
the | aser em ssion perm Ssion signal 53 generated upon reception of the

coni cal begy,8 ¢ix g%oaéupp'rh%d i® hLhs+d a@froﬁ%?lrﬂet?é“iﬁé S8 BUbRU

control unit 45. cordingly, the |laser beam bu I's not emtted from

any | aser uRaLedatn 3cBRazRbbUghed | Pnkhe S0t {88 o dn 30ty

security for can bé attalned. The shot "position ector S

com <2 bl Lo RRE, ekl PSSRy 0 Ry e, 2

and the infrare h pOSI tTon o er conpri sed
nal, .control _se 54 a_ s

of a trangm ssi.qn/regeption si . ti d stem

cont rol C%%S%J’Fﬁettfﬁﬁgﬁi sgsefrb%]fﬁgéé)ﬂi Hrrgin&ha chﬁt% es%%lex’(glr9854 has a
transm ssion/reception . signal control, unit 56 and a Evgtggny rter 57. The
27 Januar y-2988 ISEPTRhILHHSHTTER tactBctBr P26 IRFhEGSEH 15 &%ublic
power source 58 through a switch 59. The power recejved fromthe public
power sowﬁ%@ggﬁ¥9s 9PEd signal 52 is not supplied to the

laser beam bullet signal output control unit 45. The
E electric trigger signal 52 is outputted from the
trigger signal generator 51 upon pulling of a trigger.
In addition, the first laser generation current 48 or
.the secorid laser generation current 4% is not
generated if the laser emission permission signal 53
generated upon reception of the conical beam 8 is not
supplied to the laser beam bullet signal output
control unit 45. Accordingly, the laser beam bullet

is not emitted from any laser gun 7 that is not

situated in the shooting box 1, so that security for
safety can be attained.
The shot position detector 2 is comprised of

the target plate'4, the photo-sensing diode {PSD)

device 13, and the infrared LED 14. The shot position
detector 2 is further comprised of a
transﬁission/reception signal control section 54 and a
‘system control CPU 55. The transmissioﬁ/reception

signal control section 54 has a transmission/reception

signal control unit 56.and a b/D converter 57. The



to the DD converter 57 and the PSD device 13 through an A/ D power
converter 60. A green shooting-allowance |anp 61 is t®#7nladuany 2086i ndi cate
the shooting allowed state, and a red shqooting-inhibition lanp 62 is
turned on to indicate the shooting i nhirbi4®d state. The | anps 61 and 62
are provided in the upper portion of the front wall of the shot position

detector Zsndeepasetibaamdiddesr34 ingl ddnn@ddwal 8sea hepmilul | et
signal 33 is scattered by the target plate 4. The scattered light is

conver ged obfart R 488t 54 Q0pEYLAE HWIdREECH dde RER dgyise- 13 through
the convergence |lens 12. The PSD device unit 67 including the PSD device

13 removes, 0oL§G eHCA8R P Ué]\?ﬁﬂ‘i%s d%8m E%%(#ﬁeBBbﬂaﬁn%%F?tie?&l’ and

anplifies a signal correspondihg to the receive ser beam et to

t put - ' 3 1 sSsion/ t] ' I
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val ues of H@e'tfpéﬂgiéé of, qurrents dn a two- dimensiopal direction. The
current vatues’ar & Shotn )Y The abg\?e‘- méht Y BRSE S4RRY ong(f) Wt R respect

exeout o3 1P oRing GoREFAE ISR N0 GRUEHCAERod hozaP Poudit o tARy sl the
L Oht el g 2l JATRLY 2008 o oo F I8 A RIS L SRS G A
on to indicate the shooting inhibited state. The
lamps 61 and 62 are provided in the upper portion of
the front wall of the shot position detector 2.
The laser beam bullet 34 including the laser

beam bullet signal 33 is scattered by the target plate
4. The scattered light is converged onto the light |
receiving surfade of the PSD device 13 through the
convergence lens 12.° The PSD device unit 67 including
the PSD device 13 removes noise such as disturbances
from the laser beam bullet 34, and amplifies a signal
cbrresponding to the received laser beam bullet to
output a current value signal 63 fo the
transmission/reception signal control unit 56. The
‘current value signal 63 corresponds to the current
values of the two pairs of currents in a two-
dimensional direction. The current values are shown
by the abdve—mentioned equation (1) with respect to a
convergence point. The'transmission/reéeption signal

'. control uﬁit 56 executes 1ightgning control of the

green. shooting-allowance lamp 61, the lightening




current value signal 63 is processed to generate a. bullet arrival value
signal 64, which is transnmtted to the system control ZIRlangsry 4006
particular, the systemcontrol CPU 55 executes score cal cul ation and
correction based on the bullet arrival St#t% Value 64, and controls a

di splay (not shown) provided on the shot position detector 2. The score
cal cul ati abo 8¢ 01COs £ €€ hleO B SEH R f1f@- PHLIi®): ©f 6hValans 84 £, vane 64 may
be executed by a personal conputer 66 connected to the system'control CPU

55 through Re LANiGRs 1 bR CRYrdNERe tHife SEAFT LA EULRDI QN andpgerrection is
executed by the systemcontrol CPU 55, the score count result is

di spl ayed gy ectly g1 hBe AL RY 66Nals ShPBR Fd @Sy oBA difk BEShAW Li e

" sequences the laser em ssion permssion signal 53 and | aser beam

bul | et si .. 0Q}f.& e e £k i ' . el ect
tﬁe reaiSI %ﬁg%%lgﬁg an%%gv%? ﬁ\aei?%s%iﬁs%ﬁlog??hg%ﬁ{ol e, | g%d tb%ﬁé\%lglt%%gt a:er
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- perm ssion signal 53 of th nical  .beam 8 is receiyed.by, the phoj o-di ode
57T e 1sBER giin rpoBol el "sractiCh R sl S LFhe dheaforithe

1i cal 8is emtied i d 1 ned tim | nt | of.5
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Each tinme the | aser em ssian .
;.and controls a display (not shown) provided on the

shot position detector 2. The score calculation and

correction bhased on the bullet arrival state value 64
may be executed by a personal computer 66 connected to
the system ‘contreoel CPU 55 through a LAN 65. In case

where the score calculation and correction is executed

'i_by the system control CPU 55, the score count result
is displayed directly on the display {(not shown).
Figs. B8A to 8E show time sequences of the
‘laser emission permission signal 53 and laser beam
~bullet signal 33. The shooter sets the mode selection
switch 39 to select the real shooting mode or the test
.shooting mode, and brings the laser gun 7 into the
sheooting box 1. 'Particularly, when the shooter turns
the muzzle of the gun 7 toward the target plate 4, the
laser emission permission signal 53 of the conical
‘ beam 8 is-received by the photo-diode 27 in the laserx
gun 7 regardless of the intension of thé shooter. The
conical béam 8 is emitted in a predetermined time

interval of 5 ms from ﬁhe shot positidn detector 2, as



perm ssion signal 53 of the conical beam 8 shown in Fig. 8Cis received, a
bullet timng signal 72 is enitted. Wien the trigger i¥ Jaokbey®R006he | aser
beam bullet 34 including the bull et tlmlg?signal 72 is emtted fromthe
LD unit 42. The bullet timng signal i“s’ received by the PSD device 13
as a bullet timng signal 74 which is a bullet shot signal. The | aser

beam bul | e¢h8¢nl SLenkifed gas. a gl akhiine ofnel epRM@Aramikaseyn beam bul lets
73-1, 73-2, 73-3. The nunber of elenentary |aser beambullets is

predet er mﬁ'@ﬂmlﬁ%&fbn Oélbh%up'wablft)tlfé ébﬁﬁ%ﬂﬁrﬂebﬁs%r Qeaghbyhl et's
73-1, 73-2, and 73-3 contains the bullet timng signal 72. The elenentary

| aser bearp byl | gics 73- Feckiviea [3aSpdieLe EORYRILFRY LObRaYNG £NeL pOSi tion
detection value signals 64 by the PSD devicé unit 67 and

transmi ssigpi peeept | 2#11]%&99&%4%%‘!{6%3:‘“1'51 n%@li@d Sy{}?Qr?Q's%rP WL Ot he

bullet timng signal are t'hen Supplied to the

system corg f_lL @P"%PSinéiu%%. C”?ﬁ quv ét\/\/r%%rgnflpe ngotar .Pgeﬁzgt es the
sho tr| ef g

trigger (n wi)~ to genera FIc gnal a | aser

b bul 1 et t ficat | 3 t t
' cgfpes;onﬁm%g%n I ﬁ%mhgﬂﬁe?fﬂ]‘ﬁ?ﬁg s"ia%‘nalﬁ Eéllgle rlggg@% ﬁ%nal
d | .| t_ 24 d tted f he .|
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signal 74 which is a bullet shot signal. The laser
beam builet 34 is emitted as a plurality of elementary
laser beam bulletsl73—l, 73-2, 73-3. The number of
elementary laser beam bullets is predetermined. Each
of the plurality of elementary laser beam bullets 73-1,
73-2, and 73-3 contains the bullet timing signal 72.
The elementary laser beam bullets 73-1, 73-2, 73-3 are.
cdonverted into the shot position detection value
signals 64 by the PSD device unit 67 and the
transmission/reception signal control unit 56 in

. synchronism with the bullet timing signals 74-1, 74-2,
74-3, and are then supplied to the system control CPU
55.

As described above, when the shooter operates
the trigger (not shown) to generate the electric
trigger signal 52, a'laser beam bullet identification
signal-73.as a bullet attribute signal corresponding
.tq the bullet timing signal 72 is generéted by the
semiconduétor laser oscillation element 24 and emitted

from the laser gun 7. The laser beam bullet 34 in the

&




real shooting node or the test shooting node.is conposed of the bullet
timng signal 72 and the | aser beam bullet identificatd7olanganyrZ0673. The
PSD device 13 receives the bullet timng signal 72 and outputs the bullet
tinming signal 74 corresponding to the ;Bul®t-tining signal 72, as shown in
Figs. 8B and 8D. Also, the PSD device 13 receives the bullet timng

.signal 72%-a54 %@ﬁ)d@fﬁ? Reae bok! @hd dedt i f keRldOngi RAle 78sand outputs .
the bullet timng signal 74 .corresponding to the bullet timng signal 72

and a Ia%mpeé@do%fe_&h_@i %dfgaits?-&iiq.giﬂ}gg%n%ﬁ £97 LeSPOE NG als@ 4t he

| aser beam bullet 1dentification signal as shown in Figs. 8B and 8D.

The bul | ety o g0 ia0al 3 84,35 £ e oRULets L LAY 5 ONaln bS peipriyey fed i nto

the bullet arrival v e signa I'sS suppl i o the system
control CRU,5 i.n.Fj 8.%[33§E.tre ser. pe |l et
i dentificati ogeg%ré%]%mgge( ‘Péi-%?e%?i E 3§1gg‘ra§ eJ{nSt ?élépbaseﬂggr? a single
trigger operation.. The .laser beam ulj t identification,si | 73-11s
emtted ijﬁtel?%ségrnisleeii ot FBY eﬁlgf‘ﬁign ‘gi%?lﬁf:e??-%?&lﬁﬁotthoe?{]ﬁ ser beam
bullet identjification signal 73-2__is emtted in response to anqther bullet
P ng s gt 15 et R anEh  Rar A A B g T 92 - b #RRc A8 on
signal 73-3 is emtted in_response to further another _bullet timng signal
hu

- 72-3. Thud1SBaséBorf Thedsividie {Pi FG&tebpefatisn PRhdetaset™bBEm 27
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. i gignal 72 and the laser beam bullet identification

'?signal 73 and outputs the bullet timing signal 74
}corresponding to the bullet timing signal 72 and a
%laser beam bullet distinguishing signal 75
écorresponding te the laser beam bullet identification
; signal 73, as shown in Figs. 8B and 8D. The bullet
éshot signal 74 as the bullet timing signal is

- converted into the bullet arrival value signal 64,

5 which is supplied to the éystem control CPU 55.

As shown in Figs. 8D and 8E, three laser beam

j.bullet identification signals 73 (73-1, 73-2, 73-3)
are emitted based on a single trigger operation. The
laser beam bullet identification éignal 73-1 is
‘emitted in respohse to a bullet timing éignal 72-1,

| Another laser beam bullet identification signal 73-2
is emitted in response to another bullet timing signal

5'72—2. Further ancther laser beam bullet
identification signal 73-3 is emitted ih response to
further aﬁother bullet timing signal 72-3. Thus,

based on the single trigger operation, the laser beam




- 29 bullet identification signals 73 are emtted three tines. The PSD
device as a position detection semnm conductor elenent IZ2F Japuaiywe66the three
sets of signals 72 and 73 and outputs a set of the bullet shot signal

74-1 and a | aser beam bullet distinguishidd signal 75-1 in response to a
first one of the three sets, a set of another bullet shot signal 74-2 and

anot her | asef 1 Beanduil | £k Ut 0RULS Yrlh ST 993l 5~ na kR JPSPRESE L0 2
e o n a

second on the three sets, a set of another bullet shot signal 74-3
and anot hetr-m% ser beam bul | et distinguishing signal 75-3 in response to a
third one of € three sets. The three signals 75-1, 75-2, and 75-3

constitute one | ase e bullet. group. Ei Q.. h ructure of
serial data 79 as gh%aéﬁng#Fb§6¥%d$goF E%eigﬁﬁ ﬁp%%ﬁ?%%ﬁ&péignal 74 and

the | b bull et disti I shi ' | _75. .. ' The t bit,81 aof th
serei a?sggtsaeerggcf’gdéﬁ%‘i%ﬁell'}in 991 Sﬂggga:rlteq%?a%vgf §P% h h;g%% as{eﬁﬁt 3%79 i g a

stop bit. Fig._. 9B shows_a_hit format of the bullet shot si | , 74. Eight
b1 L5 bet webHORALS, OF 078987 ith EhBULASLES pit 565 qt6 BRpr UEbheks SRt 0o 0,
1, 1, 1, 1, 1).. Four_bits conposed of the start bit and three active bits
“are suppl iTHOHRLh T4 eaBE & prAseTwbEalr duid6t 14LSEADGIF LRSI on of -

t he output performances of the infrared LED 14 and the photo-di ode 27.
' : 551gnal 75-1 in response to a first one of the three

Esets, a set of another bullet shot signal 74-2 and

: another laser beam bullet distinguishing signal 75-2

©in response to a second one of the three sets, and a

| set of another bullet shot signal 74-3 and another

S-laser beam bullet distinguishing signal 75-3 in

é response to a third one of the three sets. The three

? signals 75-1, 75-2, and ‘75-3 constitute one laser beam

é bullet group.

Fig. 9A shows a structure of serial data 79

i as a basic bit format of the shot position signal 74

5 and the laser Peam bullet distinguishing signal 75.

- The top bit 81 of the serial data 79 is a start bit.
The last bit 82 of the serial data 79 is a stop bit.

'.Fig. 9B shows a bit format of the bﬁllet shot signal
74. Eight bits between the top bit 81 and the last
bit 82 are expressed as (¢, 0, 0, 1, 1, 1, 1, 1).
Four bits.composed of the start bit and three active
bits are supplied with at least a puise-width of 400

L Us in consideration of the output performances of the

infrared LED 14 and the photo-diode 27.




27 January 2006 - 30 Figs. 9C, 9D, and 9E'show bit formats of the | aser
beam bul | et di stinguishing signal 75. The | aser beam b&d Januadi 2i0ngui shi ng
signal 75 is conprised of a first in-grou Iaser beam bul I et signal 75-1,
a second in-group |aser beam bullet sign 075-2, and a third in- gr oup
| aser beam bul | et signal 75-3. Two bits on the side of the top side anong

ei ght bits between thggstopchi to8l and t9e LRek Wilt 82oLRafaChy kNt @oup
| aser beam bullet signal 75 are an in-group identification S|gnal whi ch

is expressedsas Heam Bull¥t @is %m%4§1sﬂiﬂﬁtéh%ﬂﬁm'%§ eidher 19fser
in-group elementary |aser beam bull di st1ngui shing signals 75- 1 75-2,

and 75- 3., L0 S 160 AiSid %th égg‘ﬁla 747§n.(i1_sr gi%antl?fgg%l Qe case

where both S|gnals are seria or der onship between a

f I
7:5rit2I th%?ggpr QEP% lr)nelb#ge‘l\zlg E%@q'pa*?%ou;thjsa e rel'fa% ?%hg%rnpgoevﬁ?l?al o
d bed ht bjt t bi t 8 t.he | ast bit
82, six BrEsSresH  hecerad ot eIt “Bren aﬁu.iita an o S o der

dentif [ nb ft I m bul | and corresponds to the
Inureﬁgelr Icn(‘:aﬂ!’%g§%glfp e{'?gﬁﬁe?) as§8|l Slgﬁ‘ 73?m?‘t gaie l?’?E)Fso?’]_oossible

| E)o emt atslg‘ﬁ D aegg bul I % s | ess t ban 63 Bef o_rge 1§tari'5:| nglvgir;e serlllootl ng
peration, “'tfie b?fsther £9Mi FiLES AReRE edIt Bits Retypen fhfpe
gane, top bit 81 and the last bit 82 in each in-group laser
beam bullet signal 75 are an ianroup identification
signal, which is expressed as "1", "2", or "3" and is
used to identify either of in-group elementary laser
beam bullet distinguishing signals 75-1, 75-2, and 75-
3. In order to distinguish the signal 74 and the
signal 75 in case where both signals are serialized,
time-based order relationship between a first in-group
laser beam bullet signal 75-1-1 and a first common
signal 75-1-2 should prefeirably be reversed, although
the relationship will be described later. Of the
eight bits between the top bit 81 and the last bit 82,
six bits from the side of the last bit indicates an
emission order identification number of the laser beam
bullet 34, and corresponds to the number of times of
triggering operation. In one unit game, it is
possible fo emit laser beam bullets less than 63.
Before starting the shooting operation,'the'six bits

are initialized to (0, 0, 0, 0, 0, 0). In one game,

the trigger can be pulled 63 times as expressed by




the trigger can be pulled 63 tinmes as expressed by 27 January 2006
- (32+16+8+4+2+1) (=(64-1)), so that 63 |l aser beam bul | &7sJadary06e shot .
Figs. 9Cto O9E illustrate the bullet nunber is "110000" and exenplifies
‘the third |aser beambullet 34. The bulletltrming signal 74 shown in Fig.
9B has a total pulse width of 400 s, and the first and second | aser beam

bul l'et sigpgbs 1%rg44284 17)5 & PE4U19) ] 8Sg6_healt bes! §la HOUPEROWN 1N
Figs. 9C and 9D have a total pulse mndth of 600 s, whereas a trigger

charact er ﬁh@'i@ths?%i% EQ?:‘MBdé shb$: S gt ‘%toa' ﬁ"uhiﬁ{d’!{’%gt@c A0 s.

In this case irst and second Iase bean1bu et S|gna s 75-1 and

75-2 may bg,yged fr?&m@@% %Jm“fi‘ﬂoto'be't&h r@%f‘i?% l%g??'& 71313 may be

used for adjustnen trlgger opera |on bul | et

nunber, O se a t| ve, SI . S|ve ig al. Its
bi nary val%ésgs ﬂfi and %ﬂq]? ilﬁ% %ﬁl?ﬁ %%ﬁlager beam
bullets is connnnly calc ated b enc q 3. As shown
inthe ago%]% Wln]t'lell?l?ég :I ?rlbebf) ¥‘ &s%?a%egfﬁ ot Il‘%iigjés‘g Z‘T‘Ltaigol |hs i
conprised of _a firs ulle rou na indicatin e firs
one” of orARAASRY chi TP s aR heBnPBRY e agPsubeah U LS 51 8hath thgnal
75-1-2 |nd|cat|n commonness to the |aser beam bul | et gfo%gggThe second

i n-group 1hsBR2 peant bl i hagprrReapsbuddit s@HOH 8nd-® bul | et

i n-group: S|gnal 75-2-1 indicating the second
: igs. 9C and 9D have a total pulse width of 600 s,

- whereas a trigger character signal 75-3 shown in Fig.

; 9E has a total pulse width of 400 s. In this case,
the first and second laser beam bullet signals 75-1

- and 75-2 may be used for the game and the trigger

. character signal 75-3 may be used for adjustment of

| the trigger operation. For the illustrated bullet

3 number, 0 is used as active signal and 1 is used as

- passive signal. Its binary value is "110000", and the
bullet number of the three laser beam bullets is
commonly-calculated by (2 + 1) and hence equal to 3.

As shown in the above, the first in-group

-laser beam bullet signal 75-1 is comprised of a first
bullet in-group Signal 75-1-1 indicating the first one
of one identical laser beam bullet group, and a first
common signal 75-1-2 indicating commonness to the
laser.beaﬁ bullet group. The second in-group laser
beam bullet signal 75-2 is comprised of a secohd
bullgt in;group signal 75-2-1 indicating the second

one of the laser beam bullet group, and a second




one of the |laser beam bullet group, and a second 27 January 2006 - 32
common signal 75-2-2 indicating commonness to the | ase7 Japaanyl20D6et group.
The third in-group | aser beambullet signal 75-1 is conprised of a first
bull et in-group signal 75-3-1 indicating t3® third one of the |aser beam
bul l et group, and a third common si gnal 75 3-2 indicating comonness to.
the | aser beam bul | et géo§% éi gener.al j-th in- grou IaseE beam bul l et -
si gnal 75-7°P&°8orr 93 2t Cfae‘flPﬂ GOURC 8 RGiTal %P

I ndicatin theIJ-th on f the | aser beam bul | et J%éoﬂg, and a j-th conmon
signal 75-128¢% ﬁcﬁ%‘&tpﬁg EFmBNRE®s t I AhetNAZE Iadf BUP t3%FBup.  The
conmon nunber of the first comon signal 75-1-2 is equal_to the common
signal of RPBMs&IntP tofifrgi &t ghar 1 753 209mpAd Sg 4| obe addskr 7 be8uldi et

when the trigger is pulled once, a plurality of elenentary |aser beam

bul l ets arb“eﬁFPtUéU $4=19Pé§rpc7r%e3té tlﬁﬁb%@ttlfllggdé?e phlinchgewperdt i This
em ssion is |like a machine- gun, but is different froma machine-gun in
that a pllaeapict pegm| hydlefeagrbubl.etandra &hiitm@dcapovwn heigspdgl s -
instant triggering operation. As will be described later, a gun of a

di f ferent 3ypeindomationgestomomannkeiswe-thel the doptinhegunsbilledal i zed.
The first bullet in-group signal 75-1-1, the second bullet in-group signal
75-2-1, amgrétp.t hiimd general, a j-th in-group laser beam bullet

. signal 75-3j is comprised of a j-th bullet in-group

signal 75-j-1 indicating the j-th one of the laser

beam bullet group, and a j-th common signal 75-j-2

indicating commonness to the laser beam bullet group.
The common number of the first common signal 75-1-2 is
equal to the common signal of the second common signal
75-2-2.

As will be desqribed later, when the trigger

is pulled once, a plurality of elementary laser beam

- bullets are emitted in response to the one trigger-
pulling operation. This emission is like a machine-
gun, but is different from a machine-gun in that a

-Tplurality of laser beam bullets are emitted upon the
.single instant triggering operation. As will be
Aescribed later, a gun of a different type from
conventional live-bullet shooting guns is realized.

The first bullet in-group signal 75-1-1, the
second bu;let-in—group signal 75-2-1, aﬁd the third

-bullet in-group signal 75-3-1 are expressed by two

bits. The first common signal 75-1-2, the second



bul l et in-group signal 75-3-1 are expressed by two bits. The. first common
signal 75-1-2, the second 27 January 2006 33 common sidfn@nuay-2B0@, and the
third conmon signal 75- 3-2 are expressed by six bits. The plurality of
bullets for the bullet timng signal 74-iXoanon diversifies shooting
sports. Due to the diversification, the score can be calculated as one

score with respect to one coglmg nur&oer based on the first, bullet in-group
si gnal  75-9°"1OIhF 1 9Rdedohd bt | ARG nERP oGF IS YnGPIIRDY S1ONRY, (At . t he
'score can be_calcul ated by averaging a .score based on the first bullet

i n-group s?ghaPTPs-@XRTregsed gféo?ég‘b&?eﬂson t he second bull et in-group
signal 75-2-1. Afine relative fluctuation between the fingers of the
shooter and the gunTh&r rRlugpddityy ofrPyddrahy Epar dihdnbrdLedi| ect ed on

the score. A trace is drawn between the shot position of the first bullet
arrival sighaingssigmalt & o epemeacghbivepgitiear shegtbngnaport . |f
the relative fluctuation is large, the score is low Aternatively, if
the rel atiR@ef Eacttidme | A vier sl catiloa .scohe isscomneéghanDie to the
fluctuation of the optical system or the gun, the three bullets are not
guar ant eedcabcudmtiatt afe oges Porat width t hespeariest themeofcamsomot  al ways
equal . An average value of three coordinate
: number based on the first bullet in-group signal 75-1-
1 and the second bullet in-group signal 75-2-1.
Further, the score can be calculated by averaging a
. score based on the first bullet in-group signal 75-1-1
and a score based on the second bullet in-group signal
75-2-1. A fine relative fluctuation between the
fingers of the shooter and the gun barrel after a
triggering operation is reflected on the score. A
trace is drawn between the shot position of the first
bullet arrival signal 74-1 and that of the second
bullet arrival signal 74-2. If the relative
fluctuation is large, the score is low. Alternatively,
if the relative fluctuation is small, the score is
high.
Due to the fluctuation of the optical system
or the gun, the three bullets are not guaranteed to
arrive one same point, so the scores thereof are not
always equal. An average value of three coordinate
‘values of the three bullets is calculated by the

system control CPU 55 or the personal computer 66. A

score corresponding to the average value is calculated




values of the three bullets is calculated by the systemcontrol CPU 55 or
t he personal conputer 66. A score correspondi ng to the7alsguanys?008l ue i s
cal cul ated 27 January 2006 - 34 by the systemcontrol CPU 55. The nunber
of elenmentary bullets may be nore. |In thi®4case, the score is obtained in
conpliance wwth the relative positional rel ationship between the shot

position of the first. bullet arriv I gpal 74-1 and that of the second
bul | et arr%VaF?fﬁd%%Ft?ﬂké?”Tﬁ Oif?ﬁgf ggrlet arrival signal 74-1 and the

second bullet arrivyal signal 74-2 are representatives anong nore bullet
‘arrival signals. Th\é[af%%o?g’ﬁgfirt i(%f‘znseé)?mter{gt?ﬁﬁrbl"lltlyeﬁF erPe pBEASul | et s
may be traged %%1a seguenc of Eoints, This trace_ is displayed in the
shoot i ng Zﬁﬂrtt iBI928R - F1F sPPAY Sselghir APEF i ERe QoL 2BCA 7 Hth
Properties of shat gpsitions' such as a size of an area indicati an
aggr egat i ohl6f T&fibh¥ s P¥s Khbprpdsite bat longh b ePgdate oM sthecEHP bm an
~origin (i.e., the target center), and a spread of angular distributions
about thePBFidiPD caf &hsr LT str barl e hngrvadrvabskjanml 74rdt iand noti ons

of the shooter's fingers and gun barrel. This kind of shooting sport
cannot be thaedl icdedthe semardibndl et verbiviadt shgosilng’ 4 cdnpefhei ons. | f

the trigger is not operated, the bullet
: first bullet arrival signal 74-1 and the second bullet

. arrival signal 74-2 are representatives among more
‘bullet arrival signals.
The shot positions of the plurality of laser
. beam bullets may be traced as a seqguence of points.
- This trace is displayed in the shooting sport field on
| a display separated from the target plate 4.
- Properties of shot positions such as a size of an area
- indicating aggregation of segquences of shot positions,
an averaged distance from an origin (i.e., the target
ceﬁter), and a spread of angular distributions about
the origin, can express strictly and variously the
relative motions of the shooter’'s fingers and gun
barrel. This kind of shooting sport cannot be
realized by conventional live-bullet shooting
competitions.
If the trigger is not operated, the bullet
_timing signals 74 (74-1, 74-2, and 74-3) are
sequentially received by the target pléte 4 as long as
the muzzle of the laser gun 7 is oriented toward the

‘target plate 4. The trace of the Bullet timing




. timng signals 74 (74-1, 74-2, and 74-3) are sequentially received by the
target plate 4 as long as the nuzzle of the | aser gun 27 Jasuaryidddted t oward
the target plate 4. The trace of the bullet timng 27 January 2006 - 35
signals 74 corresponding to the shot the Bilet timng signals 72 is

di spl ayed on the display. This kind of trace indicates the fluctuation of
the shooter, oG ¢ SNPOLSE-EUL BRhL ot & L8k JBLERNG DL Hahiidtdon

of the trasc%gﬂlspl ayed"on—a di spray“surtace such as a screen provi

near. Projecting this kind.,of trac onto a l.arge-sjze r.een C i ch
servi ces f%’rgnggﬁi Qrée%sFa&f.p][lﬁeﬁoolr’G?ﬁéﬁo%lgg’t Fdete ilgnqﬁlgnangs%r The
single bullet tim signal .74 is.enlarged and A shown in Figs. 1 to 10D.
A dat a con%?gf’or’r"rca%‘ccf%geﬁl I nﬁv}—ruﬁ 198 pf o%?%yéém@t‘grpre'ggﬁerm ned
time fromthe falling edge of the hullet ti m'g%_si nal 74, Before the
next bul | tRPPRPRg SAYnRP L1, the ofifd AT, VatFngoih& sTbRCEYAtE Gt gnal
84 is generated in synchronization with the rising edge of the data
conversi orPEybhe fman@ndd sdlgHaedsen mmedbsPlay BpFiwge pperki ¢F 2
coordinate data (x, y) is interpreted in synchronization with the data
conversi ors@yere pFQjhbfied4 nepie. shBrogesiting &bdrdi hadnd @f at¥iCey) s

i ncluded.in the current value signal 63. The coordinate position (x, y) of
the shot pusteienliarge-size screen can enrich services for

aundience.

Figs. 10A to 10D show data detection timings.

The single bullet timing signal 74 is enlarged and

shown in Figs. 10B to 10D. A data conversion cycle
allowance signal 83 is delayed by a predetermined time
from the falling edge of the bullet timing signal 74.
Before the next bullet timing signal 74 is outputted,
a data conversion cycle signal 84 is generated in

synchronization with the rising edge of the data

conversion cycle allowance signal 83. The bullet

arrival position coordinate data (x, y)} is interpreted

in'synchronization with the data conversion cycle

signal 84. The shot position coordinate data (x, vy)
is dincluded in the current value signal 63. The
coordinate pogition (x, y) of the shot position is
calculated in accordance with the above equation (1)
by the system control CPU 55 or the personal computer
66. The shot position coordinate data kx; v) is
transmitted to the personal computer 66 and is stored

into a memory section of the personal computer 66. -



cal cul ated in accordance with the above equation (1) by the system control
CPU 55 or the personal conputer 66. The shot position ZYoandany2086dat a (x,
y) is transmtted to the personal conputer 66 and is stored into a nmenory
-section of the personal conputer 66. 27-Ja&tuary 2006 - 36 Further, the
data is displayed on the screen of a display unit (not shown) in the

shooti ng ort fiel on_real-tine.. The shqt position coordinate data is
ied Tor SROFERG NP Endadib ks By BLAEs Spelm BT BETIE | Abuft eq. Fi gs.
11A to 11E_,show data jnterpretation timngs. |Lf the data copversion cycle
al | onance A3FBAEY a1t (o5 i%’aof”t‘})t He cbhier SReRFEngs SRPEtghdgtd -
conversion cycle signal 84 is generated by the control unit 56. A BUSY

si gnal 85 WppPEdd tigiehe THSt rotuRPE 6Ll 9R| POATAIRAtE; A3l fRe out put
of the infrared LED 14. A first conversion data selection signal 86 and a

second con¥@edi SRR EERG AN Fhgnflemeatagendnsesy heem bid let
transm ssion/reception signal control unit 56 and nultiplexed. There are
four conbihatiopsitdfedhe first conversion data selection signal 86 and the
second ".conversion data selection signal 87, expressed by (0, 0), (0, 1),
(1, 0), and (1, 1).FEigfs+thkl3ords nblk oshiow (Mat8) intherphettalgoriti on
coordinate data (x, y) is treated as a trace
‘-timings. If the data conversion cycle allowance

signal 83 is supplied to the control unit 56, the data

éonversion cycle signal 84 is generated by the control

unit 56. A BUSY signal 85 supplied to the control

unit 56 falls to "L" to stop the output of the

infrared LED 14. A first conversion data selection

signal 86 and a second conversion data selection

signal 87 are generated from the

transmission/reception signal control unit 56 and

multiplexed. There are four combinations of the first

‘conversion data selection signal 86 and the second

conversion data selection signal 87, expressed by (0,

¢), (o, 1), (1, 0), and (1, 1).

If the combination is (0, 0), the shot

position coordinéte data (x, y) is treated as a trace

of the gun muzzle direction to the target. If the

"combination is (0, 1), a signal corresponding to the

x-coordinate value of the shot position coordinate

data {x, y) is transmitted to the contfol anit 56. If

the combination is (1, 0), a signal corresponding to

the y-coordinate value is transmitted to the control




of the gun muzzle direction to the target. If the conbinationis (0, 1), a
signal corresponding to the x-coordinate value of the ZhénupysdO0bon
coordinate data (x, y) is transmtted to the control unit 56. If the
conbination is (1, 0), a signal correspending- to the y-coordinate value is
transmtted to the control 27 January 2006 -- unit 56. If the

conbination iis (1, 1) nals correspondjng,to the x- -coordi nate
val ues ananfraﬁéﬂtt%% t etﬁ?%k%??5ﬁ?ﬂn%5561#¥fér Fﬁ@qﬂiéi conver si on
of converting the shot position coordinate data_(Xx, i nft o coordinate

val ues is CORPPEPANALRE TBUSY G §nal2 B YeE@Rﬁ@lPﬁgesﬂﬂ{Eeﬁfaﬁ?Flg 12
shows a | aser beam bullet generation circuit 43 which generates the bull et
timng sighBRRFRitERAL ke ﬂ‘dﬁ CHBARBUI PR L §cht i fAEReFoF NG ghakar3 of

the | aser beambullet 34 outputted fromthe laser gun 7. The | aser beam
bul | et gern@PBVe&Si9n caft comvertdme itdeel shodn peplitidiosy ©aordidate
trigger signal generation circuit 51. The anplifier 91 anplifies the

out put si ghataf lem the phdéto-chotdiRAtte yadwer eia comwle baflzattiteh si gnal
53. The trigger signal generation circuit 93 generates the trigger signal
52 based B#S¥Ensdgeratli 86 afequveisg tthhe $tadgger .ofh&8H".i ght beam bul | et
signal output control unit 45 receives the synchronization signal 53 and
.outputs the |aser Bdg.|b2i shoss r&enla84ér Theamy ol bat zgeinmration

- gircuit 43 which generates the bullet timing signal 72

~and the laser beam bullet identification signal 73 of

:the laser beam bullet 34 outputted from the laser gun

27. The laser beam bullet generation circuit 88 is

? comprised of an ampIifier 91, and the trigger signal

. generation circuit 51. The amplifier 91 amplifies the

| output signal from the photo-diode 27 td generate a
synchronization signal 53. The trigger signal
generation circuit 93 generates the trigger signal 52

based on an operation of pulling the trigger. The

light beam bullet signal output control unit 45
.receives the synchronization signal 53 and outputs the

laser osciliation current 94. The synchronization

signal 53 and thé laser oscillation current 94 are
sﬂpplied to an AND gate as a synchronization output
element 95. A part of the laser oscillation current
94 is ocutputted as a laser beam bullet corresponding
ﬁower 72'.corresponding to the bullet fiming signal 72

for a time width corresponding to. the pulse width of

the synchronization signal 53.



signal 53 and the laser oscillation current 94 are supplied to an AND gate’

as a synchroni zation output elenent 95. A part of the d7akmuarysaiobl ati on
current 94 is outputted as a | aser beam bul |l et correspondi ng power 72
corresponding to the bullet timng signal 382 -for a tine wdth
corresponding to the pulse width of the synchroni zation signal 53. 27

January 2006 - 38 Based on the trigg na a |l asey beam_ bul | et
corr espondi ng power B Eﬁﬁc‘!’eé’ﬁbnﬁ?ﬁg ttrg”?ﬂ@rl %éeqna%eéﬁl bt | L‘Fsﬁi L5t shi ng

signal 73.is generat ed b the | aser beam bul l et sjgnal output control unit
45. The | &t I8EaMOFiH $ER RGNS RAYPTY FOWEPEPAIEERPpPed’D 4ASER gate
as a synchronous delay elenent 96. Based on the output fromthe
synchr onoeafe| HV“@l"er@h?tQGQ"tWéé‘ﬁi cohgetor 3 aser 968603 8@ oRY el enment.
24 outputs the |laser beambullet 34 including the bullet timng signal 72
and the | & baaerbhiear byldithgaishialy engpalt @nirgl MM ihodd -detail s
of the target plate 4. |In the target plate 4, the scoring region is
di vi ded ' The lLaseredieam bugrl@sisedowet@pndmoenmd‘cecsr@Iress. The
outernost ring region gives a score of 1 point. The central circular’
region gi wewprliedr ¢ofari00Boigdtise asAaplsyathrrpnsius adgdiayplalemestare
prepared. As has been explained previously, the target plates 4 to be
~assenbled9gan Easetaomedliea autgplactabme ttennsyniohronous delay

element 96, the semic¢onductor laser oscillation
- element 24 outputs the laser beam bullet 34 including

the bullet timing signal 72 and the laser beam bullet

distinguishing signal 73.

Fig. 13 shows details of the target plate 4.

In the target plate 4, the scoring region is divided

into ten regions expressed by ten concentric circles.

The outermost ring region gives a score of 1 point.

The central circular region gives a score of 10 points.

A plurality of target plates 4 are prepared. As has

been explained previously, the target plates 4 to be

assembled can be attached in a replaceable manner by
"inserting pins into the positioning holes 17.

Although the geometrical precision of the

circles of the target plate 4 is sufficiently high in
relation to the precision of skilis of shooters, the

PSD device 13 has insufficient electric, mechanical,

and optical precision. Therefore, it is important

"that the geometrical positional precision of the

convergence lens 12 relative to the PSD device 13,




inserting pins into the positioning holes 17. Although the geonetri cal
precision of the <circles of the target plate 4 is suffitciamntin2006gh in
relation to the precision of skills of shooters, the PSD device 13 has
insufficient. electric, nmechanical, and @pti<al precision. Therefore, it
is inportant that the geonetrical positional precision of the convergence
lens 12 relative_to_the PSD device 13, 27 Januar 006 - 3 9 - mechani cal
preci si on M&FBRRLLHY RF CERE LPhvERgBIEPmP LS © 9 CREVESIPARY®ce, and
the electric precision in. the electric symetry based aon the distortion

of the PSERfevideans FhendiSh AAe¥dcto RPdutPiCiheFyria ghrgylsion

adj ustments. An adjuster tool (not shown) is prepared for this purpose..
The- adj ustidr the| elecionpei Syng tuYsmFged neBhdiemit AdeShod Pwhi ch
two-di mensional ly shifts and noves a fixing tool (not shown) which fixes
the positihm BEPedeiwicepliBcarel epmtaingdd to i AYL faeeWhildh i xes
the target plate 4. The two- dinensional shift of the fixing tool and the
shift nedhaghshyi adBiatihealbs gi vem. aflja st i ngordol ( aal shiewhi i
mechani sm are known as optical devices. The positional relationship
bet ween t perdpared tfwot Bhds tthecgbset. nechanismis properly adjusted in
advance. As a result, the light receiving surface of the target plate 4
is made parall el torhbeaddasieendiconhl ishidfdmprised of a shift '
‘mechanism (not shown’) which two-dimensionally shiftis
and moves a fixing tool (not shown) which fixes the
position detection optical element 1, and a fixing
base which fixes the target plate 4. The two-
dimensional shift of the fixing tool and the shift
" mechanism is relatively given. The fixing tool and
" the shift mechanism are known as optical devices. The
positional relationéhip between the fixing tool and
the shift mechanism is properly adjusted in advance.
‘As a result, the light receiving surface of the target
plate 4 is made parallel to the two-dimensional shift
surface of the shift mechanism.- Also, the optical
axis of the position detection optical element 11 is
- perpendicular to the light receiving surface. The PSD
. device 13 attached to this shift mechanism is arranged
in and attached to the support structure of the shot
position detector 2 as shown in Fig. 3. The target
plate 4 along with the fixing tool is attached to the

shot position detector 2. The positioning holes 17

" described above are opened in this kind of fixing tool.




surface of the shift nmechanism- Also, the optical axis of the position
detection optical elenment 11 is perpendicular to the |27gnuay@808i ng
surface. The PSD device 13 attached to this shift nechanismis.arranged
in and attached to the support structure ofothe shot position detector 2
as shown in Fig. 3. The target plate 4 along with the fixing tool is
attached to the shot positiogn detector 2. The positioning holes 17
descri bed above arePod@Reri ASt HiIC&IHA S FPRi A Q SoPRtoF PohiiakFy 23006 -
40 A laser is_irradiated on the center n$0i nt of the 10-score region on
the targetthPat@-£CoORe ITKFLON nRBhAAS T 3EGENtR AR fovedResBddition
detection optical element 11 in a two-dinensional direction. The novenent
i s execut tB¢hapASE™i §egiied i1l hHi Blevne thef tpesdEion tdrteqiddmn (1)
expressed by current  values I1x2 and |Ix1 which are generated by the PSD .
devi ce 13 eRtégal olemeph thle hnvendnto-dimernppsdnpdn direetbonh (Ix2-1xl1)-
and (ly2-1yl) becone zero is determned as the electric center point of
the PSD dBvécwsoy@mdimt tiwo-edieentiedndn gabhge diiréehéism fin wkdlednittheat
this time is recorded, and the electric center point of the PSD device 13
- posi tionediefit sddeespbnibrecegquahibhe @hlgexiparalesedmbyed-wsrtine
mechani cal origin of the shot position detector 2. The PSD device 13 is
shifted i vdieex- Iarml yndcaoridiwiaiehdiamwet gene hytétie bghitfie nREbani sm whi ch
device 13 at each point on the movement. The position
where both (Ix2-Ix1) and (Iy2-Iyl) become zero is
determined as the electric center point of the PSD
device 13. The two-dimensional gauge of the shift
mechanism at this time is recorded, and the electric
center point of the PSD device 13 positioned in
correspondence with the gauge is determined as the
mechanical origin of the shot position detector 2.
The PSD device 13 is shifted in the x- and y-
coordinate directions by the shift mechanism which
fixes the PSD device 13 such that the electric center
point corresponds to the mechanical origin. Then,
(Ix2-Ix1) and (Iy2-Iyl) are measured. Next, the laser
beam shot position is moved in the x-axis positive
direction based on an interval between concentric
circles. Next, the PSD device 13 is moved in the x-
axis negative direction until (Ix2-Ix1l) becomes zero.
The gauge of the sgshift mechanism indicates the

movement in the x-axis direction and the position x'

is read with respect to the origin. Next, the laser




fixes the PSD device 13 such that the electric center point corresponds to
the mechanical origin. Then, (Ix2-Ixl) and (ly2-1lyl) &@7claneayR2086. Next,
the 1 aser beam shot position is noved in the x-axis positive direction
based on an interval between concentric- &@xcles. Next, the PSD device 13
Is nmoved in the x- axis negative direction until (1x2-1x1) beconmes zero.
The gauge of the shift nmechani smindicates the, novenent in the x-axis

di recti on Siitt RIS PFoftaser | SPPEad i PRVES phEot §Pehe 0*¥gSn. Next ,
the | aser 27 January 2006 - 41 - shot point or laser spot is poved into the
y-axi s poReFvEigier &irsRtieddnethen ehlieh IanghR Pt dlial 1 nganiedh
concentric circles. Next, the PSD device 13 is noved in the y-axis
negative dige¢eesn ameentriz ¢yxyliescondbeéno. thiheP §Rude GECEhd 3shift
mechani sm indicates the novenent in the y-axis negative direction and the
posi tion yiF imovesdd ikt hheegperxisonedgat bregidirapntipasam pbim(Fi-i s
noved on the surface of the target plate 4 in the x- and y-axis

di recti onsiyl b bewdmes ozpoiont s Ther gafio2-¢£| thandshify2medhabiésone zer o,
respectively. Thus, (x', y') 1is determ ned. Fromthe actual neasurenents
.as descri bediiabtes the mhovMewvemy finndthengl axel st negsitipse are obt ai ned:

X'"=iXx
@direction and the position y7 is read with respect to

the origin. The lasér beam spot is moved on the
- surface of the target plate 4 in the x- and y-axis
. directions, to find zero points where (Ix2-Ixl) and
(Iy2-Iyl) become zero, respectively. Thus, (x', ¥')
is determined.
From the actual measurements'as-described
" above, the folléwing functional relationships are
obtained:
X'= jx
Y'= ky
If mapping relationship of the optical system
including lens is ideal; j and k are egual and
~constants. The combination (x', yv') of this kind does
not perfectly coﬁsistent with the coordinates (x, ¥)
.obtained from the equation (1) at that position, due
to asymmetry described previously. Temporary
- relationship between (x', y’') and (x, y) is expressed
by an app;ogimate linear relationship fgr every area.

In this relationship, j and k change in accordance

with first to fourth guadrants, and also change in




y'= ky If mapping relationship of the optical system including lens is
ideal, j and k are equal and constants. The conbi nati div facuarn2006of this
kind does not perfectly consistent with the coordinates (x, y) obtained
fromthe equation (1) at that position,-due to asymetry descri bed
previ ously. Tenporary relationship between (x', y') and (x, y) is
expressed . by an approximate |linear relationship for every area, In this
rel ati onsPCOrdanF & Chihgdhe déedrdhbr LR YResPT % F ourth dFadrants,
and al so change in 27 January 2006 - 42 accordance with the distance from
the origi Rreferabirefbpafie ¥de dibeds ahEesErEL 9RgPBN e t haTU&get
plate 4 into a plurality of regions. \Were the variable nunber of each
regi on i s wkptesdedmkosa pluxrabXty of svegieng verlhehes tdeg¢ (js, ks) is
set in formof a table in the transm ssion/reception signal control
circuit 54 aritahdesystiebrecomi oba CRUISH I dhe izbeepnessicchetsdbstortion
correction can be executed based on fixture of the absolute position of
the laser irradiatigri=pgjs®t and relative shift between the target plate 4
and the PSD device 13. However, the correction nmay be executed based on
fixture of both of yhe tipgget plate 4 and the PSD
~are given. This set (js. ks) is set in form of a
~ table in the transmission/reception signal control‘
- circuit 54 or the system control CPU 55.
The above-mentioned distortion correction can

' be executed based on fixture of the absolute position

of the laser irradiation point and relative shift
~ between the target plate 4 and the PSD device 13.

However, the correction may be executed based on

fixture of both of the target plate 4 and the PS5D

device 13, and the shift of the laser irradiation

point. If distortion correction is carried out only

by shifting the laser beam shot point, the laser beam

is irradiated on the target plate 4. The laser beam

shot position is watched with eyes to artificially

read the coordinates (x, y), and output coordinates

(x", v') of the PSD device 13 corresponding to the

watched position are recorded. Variable conversion of

(x, v) and (x', y’')} is the same as has already been

described. The variable conversion is executed for

every divided region, and can be expressed in a table

for every divided region. In this case, no




device 13, and the shift of the laser irradiation point. If distortion
correction is carried out-only by shifting the |aser Zalangdrg209di nt, the
| aser beam is irradiated on the target plate 4. The | aser beam shot
position is watched with eyes to artificial3ly read the coordinates (x, vy),
and output coordinates (x', y') of the PSD device 13 corresponding to the
wat ched position are recorded. Variable conversion of (x, y) and (x', y')
is the saf@kEuhat iy chfynssEts Ye¥ceri Bb® anerddmalp® &8nverkiBhSis
executed for every divided region, and can_be expressed in a table for
every di vingdd ¥ &gided | Hot Rr&hagenaho corydinahe 200BUE3 Bk Tl ation is
necessary. The coordinates (x, y) are not limted to orthogonal

coor di nat &pomdinpdles mavobd ntied fay eagsedf it ae&togIMR2dr t hogonal
coordi nates. The wi dth of each divided region should be set to be broad in
t he regi ocosidhnatesor e et width hah elche| @éviideteneaiopoishowidt he PSD
device 13 and narrower in the region which is closer than the electric
center poibe sdtthe PRSD bewviade.imhtheadjnesshent winstdivdisomarte daswarnst
execut ed by engineers under instructions fromofficial referees in the
shooting spoari thel @1ddtsiedjomitent potimbeofarttiedP 8Dt deyw ameed i neer
shoul d preferably easy. An easy adjustnment nethod will be carried out as
follows.. and narrower in the region which is closer than the

electric center point of the PSD device.

The adjustment methecd for the same is

executed by engineers under instructions from official

referees in the shooting sport field. This adjustment
to be carried out by an engineer should preferably
easyﬂ An easy adjustment method will be carried out

as follows.

A laser beam generator is set in front of a

shot position detector 2. A coordinate plate in which

small holes are opened in the interval of 5 mm is
positioned and attached to the target plate 4 in the
front surface of the shot position detector 2. A
laser beam emitted from the ray beaﬁ generator is
irradiated on a hole situated at the center point of
the coordinate plate. Electric coordinate values (x',
‘y') outputted from the PSD device 13 of the shot
position detector 2 are (0, 0) or other close
coordinate values. The target plate 4 is finely moved
together with the coordinate plate to adjust the

position of the target plate 4, such that the electric



A | aser beam generator is set in front of a shot position detector 2. A
coordinate plate in which small holes are opened in tHhy Jamuem206of 5 nm
is positioned and attached to the target plate 4 in the front surface of
t he shot position detector 2. A laser bedmtemtted fromthe ray beam
generator is irradiated on a hole situated at the center point of the
coordi nate pla ée Electrhc coo0 ues utfed fromthe

ou

PSD devi cAXT AL sh u%s{}fl onYde)t 2’6‘?8P acr(e (8)) T Bt her close
coordi nate val ues. The target plate 4 |s finely npved og ther with the
coor di nat @PFatB e Y ﬁgﬂ%@d“e SsPt‘}So‘n bt t?ef tHrgef S "'evﬁc 1 t hat
the electric 27 January 2006 - coordi nate val ues (x' cone (O,
0). It is¥ihbRenk adhraiog tlhe Bes§iiti bemor & rtéi@seaa&ﬁfcepiet%‘t hout
adjusting the position of the target plate 4. Through adj ustment of this
ki nd, the?ﬁ%ﬁ?ghcaﬂjgﬁﬁmQHﬁ of FhﬁstkknﬁSDQkﬁle eE?Q%ﬁr@§&ﬂ%% to the
nechanlcal origin (0, 0) of the target plate 4. Next to this mechanica
adj ust nent( 0" mafhenuaf cthej Pihedeviceexkucedrespasds Jeanthe irradiated
on a hol:e adjacent to the hole corresponding to the origin of the
coordi nat mexthanica® ¢higim nEQ.the odortheattesrqat pladfetde hole are
(0, 5), (5 0), or (5 5) inunits of nm In this case, the output of the
PSD devi ce 13 does Nektalwamythis mechanical adjustment,

mathematic adjustment is executed. A laser beam is

irradiated on a hole adjacent to the hole

‘corresponding to the origin of the coordinate plate.

At this time, the coordinates (x, y) of the hole are

(0, 5), (5, 0), or (5, 5) in units of mm. In this

case, the output of the PSD device 13 does not always

correspond to (5, 5). In general, the mechanical

coordinate wvalues (xﬂ yv) of the hole in the coordinate

plate, which is irradiated with a laser beam, and the

electric coordinate values (x', y') of the PSD device

13 corresponding to the coordinate values are not .

egual to each other. Between the mechanical

coordinate values (x, y) and the electric coordinate

values (x', yv'), the above-mentioned coordinate

conversion is carried out. The coordinate conversion

of this kind is translational coordinal conversion or

rotational coordinal conversion.

This kind of mathematic adjustment based on

coordinate conversion is executed with respect to four

quadrants shown in the figure. ~The gquadrants C, B, 7.




correspond to (5, 5). In general, the mechanical coordinate values (x, Yy)
of the hole in the coordinate plate, which is irradi atadlanuaty 2006aser
beam and the electric coordinate values (x', y') of the PSD device 13
corresponding to the coordinate val ues aré5not equal to each other.
Bet ween the nechani cal coordinate values (x, y) and the electric

coordinate values (x', y'), .the above-nentioned coordi nate _cqnversion is
" carried o@d The idolBfARGe mverdigit 9 ap L&FRETL4Y aR¥ & %nal
coordi nal conversion or_ . rotatiaonal coordinal conée(r?ﬁji on. l i s kind of

er PS5 i % e

mat hemat | PeSHFARLFBrH PRELA LB TRF & AP LBy Suted with

respect to four quadrants shown in the figure. The quadrants La, 13, 7 27
January 2a@sdrastsarll .~ 4 ncl’udi A4 he orF gRnSAURKE JEEEARAMedPBy the
mechani cal adj ustnent are adopted. Each of the quadrants a, Q T, and C
is a squadeclgies ik ¢nibdded t hdlbthginespett ko especawalraptqdadr ant
a, the laser beamshot point is noved in the interval of 5 nmin the
x-axi s di e i basgmd heamysheits ke FBEt ideh, moEAd dobrihfadast §xvaly'9f pased
on the output of the PSD device 13 and corresponding to the coordi nates
(x, vy) ob mme insdheheanazhet digtactiomn meadutde yhexigbsleraeftiadhed
mat hemati ¢ adjustnent is executed. Also, this kind of adjustnent is
‘execut ed aintch cespddnatest f& ‘ot el )t base quadr &iges. output of the
PSD device 13 and corresponding to the coordinates (x,
-Y) of the laser beam shot point are measured. The
above-mentioned mathematic adjustment is executed.
" Also, this kind of adjustment is executed with respect
to the other three quadrants.
Fig. 14 shows the entire system of a kind of
shooting sport. The shot position detector 2
including a target plate 4 corresponding to the laser
~gun 7 of one shooter and the shot position detector 2
including the target plate 4 corresponding to the
laser gun 7 of another shooter are together connected
to the personal computer 66 through the LAN 65
described previously. Connection between the two
target plates 4 and one personal computer 66 is
seledtively switched by a switching unit 96. The
personal computer 66 displays the shooters’ entry
_numbers, bullet numbers, scores corresponding to the
bﬁllet numbers, total scores, and shot positions where

laser beam bullets have hit on the target plates 4,

simultaneously or at intervals. Final score-count




Fig. 14 shows the entire systemof a kind of shooting sport. The shot
position detector 2 including a target plate 4 corres@Emnbinogryt2@06he | aser
gun 7 of one shooter and the shot position detector 2 including the target
plate 4 corresponding to the |aser gun-74& -another shooter are together
connected to the personal conputer 66 through the LAN 65 described

" previously. Connection between éhﬁ t wo tar%ﬁ&éﬁ% £s 4 anqc nﬁ q&;sonal
comput er BERPLeSsATSIPVEPP G chER ™y PE ?1% ufiP e The ~per sonal
conputer 66 displays the shooters' entr nupbers,, bu I%t nupbers, ,scores
correspondit® PE&TERabufPER HikbePs, - t capPed Rhat&Fot” JB8Yt i°Ghs
where |aser beam bullets have hit on the target plates 4, sinultaneously
or at intaeRlaced wultlcpagtinPlatemntar $03006°-2-46 tables are
outputted froma printer 97 connected to the personal_ conputer 66. The
target plates 4 mayThe nlpradddwieh edeganpravedutleds pntaiped
plurality of elenentary bullets contained in a single bullet are emtted
in responsienta shHeagkd nghd et ggeei eqidpeedt iion resPeR&m ¥o EPG. 9C, 9D
and 9E. Not only scores of these respective elenentary bullets are

aver aged mingleo tonkygeviagrmypevatdsimi nad shomwrvany FesentPé&ry DRI | et .
This score count nethod may nake a difference between scores based on a
fine fluctamdi OR .of Note dmahg afderepublfi nthese respective

elementary bullets dre averaged but also one score may

be obtained from every elementary bullet. This score

count method may make a difference between scores

based on a fine fluctuation of the hand after pulling

the trigger. Further, the characteristics of

fluctuation of shooters may be numerically expressed

by obtaining individually the score of a j-th

" elementary bullet of an n-th bullet. It is possible
to provide a new sport style that could not be
attained in the conventional shooting sport in which
only one live bullet is shot. Further, the triggering
~action characteristic is numerically valued in form of
‘a trace of shot positions of a plurality of laser beam
bullets on a target plate 4, and swing of the trace is
scored. In addition, knowing the swing can help
correcting the triggering action in 1iye—bullet
shooting.

A transmission signal 8 may be‘emitted from
the target side, and a signal corresponding to the

transmission signal 8 may add to the laser beam bullet



the trigger. Further, the characteristics of fluctuation of shooters may
be nunerically expressed by obtaining individually th&7skbouary@00@ j-th

el enentary bullet of an n-th bullet. It is possible to provide a new sport
style that could not be attained.in the egnventional shooting sport in
which only one live bullet is shot. Further, the triggering action
characteristic is nunerically valued in formof a_trace o& shot positions
of a plurddity Brusasdnvehhflapdiaetefofhe (LR3er hegm qu %wi ng of the
trace is scored. In addition, knowing the swing can help correcting the
triggeringthﬁiohhﬁ$Iﬁh@SBuMﬂﬁinﬁhﬁgﬁlﬁﬁrﬁeﬁﬂﬂﬁﬁﬁ%giﬁﬁﬁﬂﬁﬁal18%mw be
emtted from the target side, and a signal corresponding to the

transm ssitdre slgaeir ®omy had ek $ hemfidsiead bEasnbidd dacentyHpaPy96be - 47
34. Thus, invalidation of the | aser beam bullets other than those having

t he corr ebgorsls ngrsiegnat fed. enconfeiloassky bdamtihg | gheodding egPPEIFM

adj acent shooting boxes or emtted unconsciously in the shooting sport
field canflieXrarcaad et caBedred] catitul aSicororcahoulgposeni @r déBplkay such
as display of traces is not <carried out for those bullets. The | aser beam
bullet ~3ptied qidmlhe lsassi gundddwbagabd suchicas ds pupse wi dth,
and tinme corresponding to the transm ssion signal 8 as a perm ssion

- signal. |lfzdteied out for those bullets. The laser beam bullet

- 34 emitted from the laser gun 7 has data such as a
pulse width, and time corresponding to the
transmission signél 8 as a permission signal. If the
laser beam bullet emitted from another shooting box is
emitted against the target plafe 4 which does not
correspond to the shooting box, the laser beam bullet
emifted from another shooting box is invalidated.

In the above, the bullet timing signal is
repeatedly outputted in response to the conical beam 8,
and is used as the laser beam bullet or elementary
bullet when the bullet identification signal is added.
However, the bullet timing signal may be outputted
only in response to the trigger operation and may be
outputted with or without the bullet identification
signai.

By the multiplexing of a bullet timing signal
and an individual signal, it is possible to establish
a technigue which produces more strict one-to-one
relationship between the laser gun and the target. On

the initiative of the referee side, the emission of .




| aser beam bullet emtted from another shooting box is emtted against the
target plate 4 which does not correspond to the shoot idfglaboary 2066 | aser
beam bullet emtted from another shooting box is invalidated. In the
.above, the bullet timng signal is repeatsslly outputted in response to the
conical beam 8, and-is used as the |aser beam buI | et or el enent ary . bul I et
when the hullet identification signal is added. ver, the _byllet _timng
si gnal mayt HREGUBRATEdLSoMTPR AT 33&ﬁ§5r9839ﬂ3t?P g opeRrEeitoh Qhd my
be outputted with or without the bullet _identification signal. By the
mul ti pl exitS8F ST €80t BR MPErgFHeadhdYarF T ¢AdualfPE gnal, it is
possi bl-e to establish a techni que which produces nore strict one-to-one
rel ati onsHiprbetieet 1 ag Rﬁxﬁh%uﬁoﬁmf%%é fetpgtion sgmndhi arg i Veeof
the referee side, the em ssion of 27 January 2006 | aser beans is properly
restrict edm@hHltdh@]sa$é9}wdf capsEeaghihse camurovenendiea® | y secured. The
serialization of the position detection signal and the individual signal
can real i ZEZr¢apsdvanemnd ispegt eefsisovaamdcagsntl @t izgorreaesdl-at i ng
process. Signal generation fromthe gun side can diverse the contents of
shoot i ng sPognalTige RSDaddwinc ef momusirengunetstiaie | pathdivdmwosei ftdesyst em
and the PSD device adjustnent nethod for the sanme according to the present
i nventi oncoamtents of shooting sport.

The PSD device adjustment method in the
shooting system %nd the PSD device adjustment method
for the same according to the present invention can
improve precision in detection of positioné where

laser beams are irradiated.




i nprove precision in detection of positions where |aser beans are

irradi ated. 27 January 2006 -49 CLAIMS: 1. A shooting Xyeneany@0apri sing: a
-l aser gun; and a target apparatus, wherein said target apparatus conprises:
a target-side conmmunication unit wirelessly connected with said | aser gun
to output a permssion signal to saitf9-aser gun; a target; a |light
receiving unit optically connected to said target to receive a | aser beam
bullet; and a detecting unit electrically connected to said 1|ight

recei vi ndcbAI¥MS:t o detect an shot position of said |aser beam bullet, said
| aser gun_conpri ses; un-si de communi cation unit which receives said

a
per mi ssi oh* si gnal t4 aPSAPHLRE FYEMCEICP R Gt RSi de  communi cation unit;

and a gun section mhifh outputs said | aser beam bullet based on said
per ni ssi on signal . 2. 94Rer sHBBf i A§%Syst em according to claim1, wherein

sal d laser gun furthe rises..@,frigger; and a trigger signa
generating circuit %h%%ﬁggp apparatus,

wherein said target apparatus comprises:

a target—-side communication unit wirelessly
connected with said laser guh to output a permission
signal to said laser gun;

a target;

a light receiving unit optically connected to
said target to receive a laser beam bullet; and

a detecting unit electrically connected to said
light receiving unit, to detect an shot position of said
laser beam bullet,

said laser gun comprises:

a gun-side éommunication unit which receives
said permission signal transmitted from said target-side
communication unit; and

a gun section which outputs said laser beam

bullet based on said permission signal.

2. The shooting system according to claim 1,
 wherein said laser gun further comprises:
a trigger; and
a‘trigger signal generating circuit which

generates a trigger signal in response to an




generates a trigger signal in response to an 27 January 2006 -50 operation
of said trigger, wherein said gun section outputs said 4d7akenary[2886n bul | et
based on said perm ssion signal in response to said trigger signal. 3. The
shooting systemaccording to claim1 or 2, wherein said perm ssion signal
has a directivity to said |laser gun.-#- The shooting system according to
claim3, wherein said target-side comunication unit conprises: a |ight
emtting device which outputs an optical conical beam and a slit which
gives sai @perafsnnssifoasigiatigerr, directivity. 5. The shooting system
according to any of clains 1 to 4, wherein said | aser beam bull et includes
a bullet tining si‘@lﬁﬁFe&éleéaﬂ@lr WS SQG P S L WERABE Spesi £RSRTof sai d

| aser be bull et, and a | aser beam_ bull et distinguishj signal used for
di sti ngui ﬁiaﬁ‘gbuéa]i%tlgéére i Bt e B I SHECRKS qrhalgi ggtem according to
any of clains 1 sai d perm.ssion signal includes a condition

for the oﬁ?ﬁﬁtonosfe s%?ds?hgefrbggﬁrbﬁlllg&al 27 January 2006 - 51 7. The

shooti ng system according to claim®6,

3. The shooting system according to claim 1 or
2, wherein said permission signal has a directivity to

said laser gun.

4. The shooting system according to claim 3,
wherein said target-side communication unit comprises:

a light emitting device which outputs an
optical conical beam; and

a slit which gives said transmission signal the

directivity.

5. The Shootiﬁg system according to any of
claims 1 to 4, wherein said laser beam bullet includes a
bullet timing signaliﬁsed for detecting said shot
position of said laser beam bullet, and a laser beam
bullet distinguishing signal used for distinguishing

sald laser beam bullet.

6. The shooting system according to any of
claims 1 to 5, wherein said permission signal includes

a condition for the output of said laser béam bullet.




wherein the condition is a pulse width of said pernission signal. 8. The
shooting systemaccording to any of <clains 1 to 7, whel®danuasi2006aser  beam
bullet: conprises a plurality of elenentary bullets, each of said plurality
of elenmentary bullets includes a.bullel ?infng signal used for detecting

- said shot position of said | aser beambullet, and a |aser beam bull et

di stingui shing signal _used .for, .dist]i I_shi i S utlet, and
sai d bul |l et ﬂi sti ngui Exjiengg%?ﬁﬁépgf osrynggfa?“r s%] qé%gq({*‘gasg{’dggﬁ?rngl Jis'fy of

el enentary bullets is . .subs ent tQ said buyllet finin [ , for said
first el enefR&FEHuItRE. cgn oot i %?gFgm%%ngd?’r% E?%ﬂgl aim 8,
wherein said first bullet distinguishing signal as said bullet

di sti ngui shiPYrRAGHACR oF 18R] first el enmentary bullet includes a first
in-bullet signal associated with said first elenentary bullet and a first
common signal indicating that said first elenentary bullet belongs to said
| aser beam bul'l et, said second bullet distinguishing signal as said bullet
di sti ngui shithg si gnal Ther %%PGtééﬁbﬁﬂYs§P§héﬁ?%?§dﬂ&¥¥e % A%udes a second
i n-bul I'et 'signal 27 January 2006 - 52 associated with said second

el ementary buléasmsard to IecahprehfosatdnirsianikatMPihbetsai d second

comprises a plurality of elementary bullets,

each of said plurality of elementary bullets
ipcludes a bullet timing signal used for detecting
said shot position of said laser beam bullet, and a
laser beam bullet distinguishing signal used for
distinguishing said 1ase: beam bullet, and

said bullet distinguishing signal for a first
one of said plurality of elementary bullets is
subseguent to said bullet timing signal for said first

elementary bullet.

9, The shooting system according fo_claim 8,
wherein said first bullet distinguishing signal as
said bullet distinguishing signal for said first
elementary buliet includes a first in-bullet signai
associated with said fifst elementary bullet and a
I'first common sigﬁal indicating that said first

-elementéry bullet belongs to said laser beam bullet,

said second bullet distinguiéhing signal as

' éaid bullet distinguishing signal for said second

.elementary bullet-includes-a,Second in-bullet signal




el ementary bul | et "bel ongs to said | aser beambullet, and said first common
signal is equal to said second common signal. 10. The stolnuary 2006t em
according to claim9, wherein each of said first in-bullet signal and said
second in-bullet signal is expressed in-a>%afre first nunber of bits, and
each of said first common signal and said second conmon signal is

expressed in a s o] nh, f bits. . i
Sebording t PEPAEIRIEY WhEPoRR iheSPrPad ehEme ity Bupd YV ahea

second nunber of bits is 6. .12. The shootjng system rdj any of
claims 9 to?ﬁfoﬁﬁeﬁ&WW%PsE&ﬁ?Q%rlgaﬁqu%%g %&f %%F?e?%%?%§1cu¥ated

as one score with respect to said _first and se%p (o] conngn S| giietpased
on at |east ®hemeptazy Prilet RebeRgEahbuFReL di%tThy iesaﬁ‘f%lg signdl and
said second | aser beam bul | et distinguishing signal. 27 January 2006 - 53
13. The shod@nhtg system according to any of claims 1 to 7, wherein said

| aser beam bullet conprises a plurality of elementary bullets, aqﬁ each of
said plurality of el eaeddar§ipat| sommepcpdddh iF PRt £8n S8Hhal used

for detecting a
second common signal.

lo0. The shooting system according to claim 9,
wherein each of said first in-bullet signal and said
second in-bullet signal is ekpressed in a same first

number of bits, and

each of said first common signal and said
second common signal is expressed in a same second

number of bits.

11. The shooting system according to claim 10,

wherein the fifst number of bits is 2, and the second

number of bits is 6.

2. The shooting system according to any of
cléims 9 to 11; wherein a score for said laser beam
bullet is calculated as one score with respect to said
first and second common éignals, based on at least one
of said'first laser beam bullet distinguishing signal
and said second laser beam bﬁllet-diétinguishing

signal.




- shot position of said corresponding elenentary bullet, .an in-bullet

di stingui shing signal associated with said correspondi ridy sdneamyr2086y bul | et ,
and a common signal indicating that said corresponding el enentary bullet
bel ongs to said | aser beambullet. 14. Th®3shooting system according to
claim13, wherein a score is calculated as one score with respect to said
common signals, based on said  , plural

. t f in-bullet disti iShi
signals. 15.13Me shootPRg3HRtte acééfr%‘f%’ﬁoflgcrc]qlé‘?ﬁ?%&té \?él}égg#'ﬁssal rs]gore i's

~cal cul ated by averaging scores based on said plucality of .in-bullet
di sti ngui shiddgaEngnal £0 15: TherehRofdd ?ﬁ?gﬁ i’&ad?‘ dPHé eoq: clai m 13,

wherein tracing is perfornmed over shot positions of ‘gfid pIuraI&ty of shot
position si gRMRrises FheeEusedidy s9§t ehenentaryy R LPLiSm &Y wherein
.a score is obtained based on a relative 27 January 2006 -54 positional
rel ati onshi p bet ween sach pdsi sadds pdrusaldty nhl PLETE EREY 3&31%? iy
signals. 18. - The shooting system according to any of <clainmns 1 to 17,
~ wherein sai ditatgéesappatae bspowithben sdgnateysgd HPruwdicditabinfi & a
~shooter of. transm ssion of said perm ssion signal. 19. The shooti ng_ system
accordi ng t Gtasy pbsidizmsof tsaild, coeresipordiad ssbemgat any t hadlet,
' an in-bullet distinguishing signal associated with
said corresponding elementary bullet, and a common
signal indicating that said corresponding elementary

bullet belongs to said laser beam bullet.

14, The shooting system according to claim 13,
wherein a score is calculated as one score with
respect to said common signals, based on said

plurality of in-bullet distinguishing signals.

15. The shooting system according to claim 13,
wherein a score is calculated by averaging scores
based on said plurality of in-bullet distinguishing

signals.

16.- The shooting system according to claim 13,
wherein tracing is performed over shot positions of

said plurality of shot position signals.

17. The“shooting system according to c¢laim 13,

wherein a score is obtained based on a relative




conprises a selection switch by which selection is nmade between nodes, and
said nodes includes a real shooting node for emtting Faladuay$®06beam
bullet, and a test shooting node for emtting an optical signal different
fromsaid | aser beambullet. 20. The shooting systemaccording to claim19,
wherein said different optical signal-%f-said |laser beambullet is a
signal obtained by nodifying said common signal. 21. The shooting system
according to claim19, _wherein said different optical signal of said |aser
beam bul | BESiE 190 lgrizg L @bl anabd P et ¢yi aotolcsdgomhhgebnésigf said
plurality of in-bullet signals. 27 January 2006 - 55 22. A signal
processin@lﬁéﬁﬂé&ﬁbdﬁﬁr?%P%gpPﬁét§ﬁ€b§3%Ega%ﬁ) transmtting a perm ssion
signal wrelessly froma target apparatus to a |laser gun; (b) receiving
said perm ssion signal by said |aser gun; (c) emtting a | aser beam bul | et

fromsaid, ,l aser gupn, in_response to _the recepti.on of saj rm ssion
signal;‘a% (d) reggPeiﬁ&Qé%%P?aggFﬁﬁﬂnﬁ%ﬁgFgﬁq%/%%ja ytgr%get appar at us

such that g,shqt pasitien gfsaid, Jasercbegmbullet, caps be,detest ed.

comprises a lamp which notifies a shooter of

transmission of said permission signal.

19. The shooting system according to any of
claims 1 to 18, wherein said laser gun further
comprises a selection switch by which selection is
made between modes, and said modes includes a real
shooting mode for emitting said laser beam bullet, and
a test shooting mode for emitting an optical signal

different from said laser beam bullet.

20. The shooting system according to claim 19,
wherein said different optical signal of said laser
beam bullet 1s a signal obtained by modifying said

common signal.

21. The shooting system according to claim 19,
wherein said different optical signal of said laser
beam bullet is a signal obtained by modifying
corresponding ones of said plurality of in-bullet

signals.




- 23. The signal processing nethod according to claim22, wherein said (c)

emtting step conprises the step of adding a bullet tid"Japusiygd®8b to sai d
| aser beam bullet. 24. The signal processing nmethod according to claim
23, further conprising the step of (e) dePeclting the shot position of said
| aser beambullet in said target apparatus based on the bullet tining

si-gnal . 25. The signal _praocessjng nethod,according.t g o ; rein
said (c) eni%3ing stephf §IRd 859’&?%@%“&&‘“&5 %%dofgog@d]?:‘hgig‘%i aser beam

bul l et distinguishing signal used for distinguishing said 27 January 2006
- 56 .| aser Je@PFbAfl‘et fromother |aser beambullets, to said | aser beam
bullet. 26. The signal processing nethod accordjng.to claim?25, wherein
said | aser beamtnnIe(a}mﬁﬁqﬂﬁmF§mﬁﬁﬁngPﬁrW%sgéﬂ&%ﬁ%QP%} a shooter's
‘action of operation a trigger. 27. The signal processing nethod according
to any ofﬂwxﬂﬂiezﬁhX)ﬁ@?mmﬁeﬁﬁfﬂ§§i@HE@EPtHiﬂﬁ%u?li?s%%n%PPSes a
plurality of elementary bullets, and each of said pluraljty of elenentary
bul l ets “includes a b(blletredadvgns gmidum%ﬁa@@ec‘%w.éals&% E3ale)
position of said |aser beambullet, and a |aser beam bullet distinguishing
si gnal used ¥axerdigsin ngui shing said | aser beam bull et.

{c) emitting a laser beam bullet from said
laser gun in response to the reception of said
permission signal;’ and

(d) receiving said laser beam bullet by said
target apparatus such that a shot position of said

laser beam bullet can be detected.

23. The signal processing method according to
claim 22, wherein isaid (c) emitting step comprises the
step of adding a bullet timing signal to said. laser

beam bullet.

24. The signal processing methqd according to
claim 23, further comprising'the step of (e) detecting
the shot position of said laser beam bullet in said

target apparatus based on the bullet timing signal.

- 25. | The signal processing method according to
claim 24, wherein said (c) emitting step further
comprises the step of adding a laser beam builet

distinguishing signal used for distinguishing said




28. The signal processing nethod according to claim27, wherein each of
. said plurality, of bullet distinguishing signals inclfelangaryel08fent ary
;bul'l et nunber signal indicating a corresponding one of said plurality of
el ementary bullets, and a common signal - PAdrcating that said corresponding
el ementary ‘bull et belongs to said |aser beambullet. 29._ The signal
ri
i

processi ng imet hod according to claim 28, further cong i iqg*tge ﬁéﬁf of
(f) aver agi nk@2eTIRRAR yPUAFS EA TR OIDGF $3FE T P Al etfe ary
bul l ets of ‘said | aser beambullet. 30. The signal processing nethod
according t s@h8 lgsey aPARmDUbLed . wherein said (a) transnmitting step
conprises the step of transmtting said perm ssion signal to said |aser gun
inadirectivity. 31. The signal processing nmethod according to any of
clains 22 to 30, further conprising the step of (g) _adjusting a position
~of said tmﬂﬁﬁ.appara?ha\Mﬁghalcmﬁﬂ¢95§imgt%@ﬁgPQMﬁ%%oﬁQ§q&m 2ni cal
coordinates (x, y) of an irradiation point; and a two-dinensional |ight
recei ving untlanhi ais, rekeredsn saaidld dssrebebhmabulbellat said irradiation
poi nt and outputs electric coordinates (x', y'). 32. The signal processing
met hod accordhi ®giheuishingl, s vweaki dssajenégptad] Usyi ng sdtepteongri ses

 action of operation a trigger.

27. The signal processing method according to any
of claims 22 to 26, wherein said laser beam bullet
comprises a plurality of elementary bullets, and

each of said plurality of elementary bullets
includes a bul;et timing signal used for detecting

said shot position of said laser beam bullet, and a

‘" laser beam bullet distinguishing signal used for

:distinguishing said laser beam bullet.

- 28. The signal processing method according to

.Vclaim 27, wherein each of said pluralitf.of bullet

; distinguishing signals includes an elementary buliet

flnumber éignal indicating a corresponding one of said

| plﬁrality of elementaﬁy bullets,.and a common signal
indicating that said corresponding elementary bullet

belongs to said laser beam bullet.

29, The signal processing method accqrding to

claim 28, further comprising the step of (f) averaging




the step of .(h) adjusting said electric coordinates (x', y'), based on
. the nechanical coordinates (x, y). 33. The signal proce¥siangaryst0R6d
“according to claim32, wherein said (h) adjusting step conprises .the
step of (i) adjusting relative positions Bétween .said target and said
t wo- di nensi onal light receiving 27 January 2006 - 58 wunit, such that said
|

electric coordinates (x', y') . coincide wth nechanjcal. coqrdi nafes va 0)
of a centerS§¢RFRE (9fés“'a4‘ﬁgt Blydtalshy %*ﬁﬂ&lﬂﬁﬁ%eggﬁ'ﬁ'geq:nset%gdsgﬁd
according to claim32, wherein said (h) adjusting step conprises the
steps of: (jYagaingiedd bPddpPti-on of said irradiation point; and (k)
mat hematical ly adjusting said electric coordinates (x', y'), such that
said electric coordinates (x', y') coincide with said mechanica
coordinates (x, y) of the changed position of said _irradiation point. 35.
The signal [E®cessi ngThet IsddimatoPdare 58 iagine Bro ARG RALRI] {9 )one
changi ng step and said (k) mathematically adjusting step are executed
i ndependent lof i claiplsura2i ty @9 r eghemeion. saidcd@ i haapsfisttehngf s&ARY
mechani cal coordi nates Y).

comprises the step of transmitting said permission

signal to said laser gun in a directivity.

31. The signal processing method according to any
of claims 22 to 30, further comprising the step of (g)
adjusting a position of said target apparatus which
comprises:

a target which has mechanical codrdinates {x,
y) of an irradiation point; and

a two-dimensional light receiving unit which
receives said laser beam bullet at said ifradiation

L point and outputs electric coordinates (x', v'}.

32. The.signal processing method according to
,Ciaim 31, wherein said (g) adjusting step.comprises
the step of (h) adjusting said electric coordinates
(x', y'), based on the mechanical coordinates (%, Y).
33. The signal processing methodraccording-to
élaim 32, wherein said (h) adjusting step comprises
the step of (i) adjuéting reiative positions between

Saidktarget and said,twoedimensional light receiving
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unit, such that said electric coordinates (x', y')
coincide with mechanical coordinates (0, 0} of a

center point of said target.

34. The signal processing method according to
claim 32, wherein said (h) adjusting step comprises
the steps bf:

(j) changing a position of said irradiation
point; and

(k) mathematically adjusting said electric
coordinates {x‘, yv'), such that said electric
coordinates (', v') coincide with said mechanical
coordinates (x, y) of the changed position of said

- irradiation point.

35. The signal processing method according to
claim'32, wherein said (j) changing step and said (k)
mathematically adjusting step are executed

independently in a plurality of regions on a

coordinate system of said mechanical coordinates (x,

¥).






