. 27 January 2006 LASER GUN AND. SHOO | NG SYSTEM FOR THE SAME Background of -
~the Invention 1. Field of the Invention The present i@/elanban 2086ates 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 arrivdhckgiroiasa begen tdamemgednttiain t he | aser gun
shoul d be connected with no cable. Also, it has been demanded to establish

a nore strigt, ongeher ¥ thel apAshi enbet ween 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

llaser beamgplfiese sfemndsg Nesd tiddn beosatirsd i €dmel.n 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 light which has

-been developed for the shooting sport, and a laser gun

: -ugsed 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® eWiAitP@SELbAN et hadaseyuhRea@edd 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 ngquﬂ“§r£ﬁggfﬁq wﬁé@&G%ﬁéw¥Heréj§%’Jrf?%&%%ﬁ@&%@BBnt

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

L N L R Rt i

.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 lInvention Exanple enbodi nents of the present invention
may provide a |laser gun and a shooting system using th@7~gawwy2pﬂ6mhich a
gun and a conputer are connected wirelessly. 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 Iy BF oGt ol SHogT N SyCtBA 11 Wy B 8 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-séid 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 RPRe P FUger JBPERAT | 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 topt he
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 dé&er thealm 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
is expressed in a sanme first nunber of bits; and each 27 January 2006 of
the first common signal and the second conmmon 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

bul'lets. Eaghof thee Plendl Ebhdd ¢ £L8MAATYe DHI R11Ss &8y i aREl Usle @nshot

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

corr espondi ng el ement gy bullel 1 belangseLg e | 8Chaheanoubbel 4 In this

cas’e,.a score is calcula as one score w respect "'to t
S stgnals, bagad ol RS R 81 bhbadal P Bl o 0! SELRIYAIL POpaighal 5. Al so.
y averagi ng scorées baséd on the pluourality of in
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




bul | et distinguishing signals. Tracing is perfornmed over shot positions of
the plurality of shot position signals. Also, a scoreiﬁh¥mH@Wé§pﬁined
based on a relative positional relationship between shot positions of the
plurality of shot position signals. 27 Janufry 2006 - 7 Also, the target
apparatus may further include a |anp which notifies a shooter of

transm ssi on, ©f, f e cperdi Sﬁb@&o\?\%%‘ nafl Shat Bé assééoﬁﬁn dothhdRr my

include a selection swtc selection Is made between. nobdes, and

e, 1005 LHET 3 lnSURONAIn ol e SULGARAMB e BesE

bullet, and a Shoot'1'ng e an optical "signa

fromthe | gser byl let, | | s,.case, Jhe_diff n tic i_gnal of
t he | aser bg%lr% b%)?]%gtt lr{fla%/rg%%ra%féit%lngg g%t a}T heaggy tfrﬂog(;i %?Fﬁ’g“% hlg{"gér?%gn
signal. Al so, t?ﬁﬁdef%%gnt optical signal of the |laser beambullet may

be a signal “Jbt d 15y hbdi fyi ng corresponding ones of the plurality of

I n-bul | et Sighals. According to a second aspect of the prese I nvention,
there is provided a stgfQ %&885%50%"5“% @i E)Ierﬁn f‘?‘n‘é%‘teé:psm%?: (a)
transmtting a girnission signal wirelessly froma target apparatus. to a
| aser ‘gun;; %’tﬂ Getetdeiedaftd §&hi 3SPBR Al TepP et dtraddte gharsic)

emtting a |l aser beambullet fromsaid |aser gun I n response to the
receptionfoﬁnd second common signals, based on at least one 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.




said permssion signal; and (d) receiving said | aser beambullet by said
target apparatus such that a shot position of said | agerJapuann2006| et can
be detected. The (c) emtting step may be achi eved adding a bullet timng
signal to the | aser beambullet. In this case, the signal processing

met hod may further 27 January 2006 --87 &nclude the step of (e) detecting
the shot position of the |aser beambullet in the target apparatus based
on the shot position detection signal. In this case, the (c) emtting
step further may be Athdevélcaddirget appsentbeanmpyl fetrtdisst i ngui shing
signal used for _ distjnguishing the | aser beam bullet from other |aser
beam bul | etRclge Fe 12BRr "hesh RPF2E 1A o, shARtELar beam bul | et

distingui%@ing %E n%! nqé bg egeg;rateg.b% %.sq?o er's action of operation
a trigger. A3 tHe ThseF bEEmMASUITRTS iy Sndlititie"a plurality of :

el ementary bullets. Apngdhi §hga§gseq:h«§ulll %ﬂth@ﬁ%ﬂéguihéiu%sﬁi ngui shi ng

signal may include a plurality of budllet distinguishing signals which are

outputted ddiseries swhseauent W dlhesshett pesi Lkomaddetratiedn si gnal, and
whi ch correspond to the plurality of elenmentary bullets. In this case,

each of tineded urahdt yhef modedsetirdilstdexgua shead shgpdlisg imelaidesr an
el ementary bull et nunber signal indicating a corresponding one of the
plurality <tifetepgntéyey 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




bull ets, and a common signal indicating that the corresponding elenentary
bullet belongs to the laser beambullet. The signal prdickasang08et hod may
further include the step of (f) averaging scores of the plurality of
el ementary bullets of the |aser beam bul TeB. Al'so, the (a) transmtting
step may be achieved by transmtting the perm ssion signal to the 27
January 2006incfudeas@ie 08Bebh o I €6Y | Wddecting tHE sheralpPsPELdn MF
method may further include the step of (g) adjusting a position of the

target appargfdsiwiieGh B@ymi Beluder i handfd taMgle®h {P5aMRiadi 6akeda on

coordinates (x, y) of an irradiation point, and a two-di nensional |ight

; A  oh ! 0 e o
receiving Whd ¥RbLG" JESELYGR %ééﬁ%@gﬁ?@?ﬂ)ﬂ} ﬂllﬁ] thg idd 1ea‘(-i§)%n

poi nt and outputs electric coor at es i s case, t

201 USt1 19 S160) % P01 PGS e L 2L DO A1 0B L g gl 1

(x', y'), based ont coordi nat es (X,
20101 10, U BB YR WL BBLLRS, SO Yo R L g Do e
opectiLe SOULPRGR s Lo ELSR, Wl MRIAN oploGORaR gagL: O
be achi eved, by, (119309 "853 RS11198. 00,408 LL3AL @ O 6o, the
. 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
pPlurality 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 corresp0nd 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) traﬁsmitting 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. BAto BE are timng charts show ng a

coni cal beam and various signals in the shooting syst&hJshoaw 2086Fig. 7;
Figs. 9A to 9E are bit charts respectively _showing signals of a | aser beam
bullet; Figs. I0Ato 10D are timng charts §ﬁ5mﬁng a part of a signal

shown in Fig. 8B, Figs. 11A to alE 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 presﬁ%okﬁh@tﬂ&ﬁes%ﬁﬁiéﬁ?ﬂ%ﬂgli BEsefsﬁ{éﬁfdﬁE@tiq{!icSTﬁms

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

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

attached dramngs. Fig. | shows a a pluarality o oot i ng boxes

e Talby" " doBltlEle 805kl CERBIARL. B 1651 0L I, £yt oM vt 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 signal 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 |l aser beam

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

of the shooting boxes 17s partltloned by two partitions 3. A combn

shooting allpyaghe ﬂééxﬂebﬁl'l%btf Qrfaotflénp'di{zaéﬁit' h ﬁ?ﬁti?%e@@ém,

On the conmon shooting all owa ane 6 at er al one

shooting box 1 is 1 mg;h, thgscage aoff:QB‘ﬁt 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 square or rcul tar |sf|xedtoth f ront sition
of each shot position &eqt ecf%r g"Th%PF?‘ ?l?]r‘agéfg%"i‘mtﬁ N HG i B}‘?
Largel plat ookl % oTeR” acpéggslagT S SOTED, P TIES D SE

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 distancd Jaetawa®tbhe comon
plane 5 and the comon shooting all owabl e pl ane 6, depending on the. kind
of shooting sport. The distance of 1 mis~ édnplified as the di stance

bet ween center lines of every adjacent two shot position detectors 2. The

laser ‘gun 7 d@yebe wysedi f5ee! Yné%ﬁ"‘ﬁﬁ'iﬂeh? iiQJ AANtae L VR tRA 111 94 plates 3

based on shooting sport rules s long as the gun does not go over the

comn 27 Jarwaay 14006q, L3 ShOoki B Ad uabeplanecs toward the shot

position detector 2. The shot position defector ts a conical beam$8
such as an optical an,.o I tihc G %ﬂﬁ% nd a
pyram dal beam genera?egﬁ1 f%?rﬁelm 3 O?éltgggLﬁééégch ¢) Q%églgﬁ'& i'ca @onl cal
beans 8 em t romd si.tion det ach
correspondin %féﬁ%otﬁ$£% %ﬁs do 508&90 % Q% ? 8W% eshooting
boxes. The s emtted fionlthe I un 7. to have a

|
si gnal |nherpgjrsl?e£?o ?rl'?es I%%E?le&ur#c’?r FhE®4UER 16§arﬂfb P8tt halBOFeS ghr

aral |l el racteristic,and . reaches a target ate 4 of th
Eorresponddﬁ% Egﬁ ﬁ&ﬂﬁ%?eﬁ Bgﬁﬁﬂ%ra§¥QW?B4ﬁ?@ﬁ oBtl&Qedﬁ?t&f%%

| ens whi ch mAII be described | ater. The conjcal beam 8 includes a | aser
emni ssi on dth 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




perm ssion signal and is received by a light receiving 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~silde tross sectional view of the
shot position detector 2. A casing and inner support structure of the shot

posi tion dettd O 1A PI£116808bANCH BAH 2SS N 88 al R AChERVE i £ighdi ty,
so that the magnitude of thermal distortion can be restricted wthin an

al l owabl e r gWeecEhe shot 27 January 2006 - 14 position detector 2 is
conprised of a position detection optical elenent 11 in addition to the

target plate . The pRs! Wil dBLeql ol ORbIGAle &L CPUnalds | 8 Ll ged of
t1on onduct or

a convergence |lens 12 and a pos etection semc €l enent—13. A

char ge coupl degvi Vi . phot o sensiing device (PSD _device)
i's known asbt ,empgsisﬁlfcoé\(%gt gg‘t ioﬁelgé&i r(gzoonl}ﬁf(:flor Ibe %ntanlf.p{flnc?gi S
exanpl e, the R device 13 is.preferably used as _.the position detection
seniconduct%;éigﬁéﬁt9ﬁ9+%avi\ﬁ?ﬁ'CSQ@;ﬂKP%E?Q 4%% 8?&&Hﬁeﬁﬁ5agﬁ
position detector_2 i.s further onprised of an infrared LED 14. The PSD
devi ce 13 fhgg‘"c’a{"t%- &%@F%ﬁall‘}fbcur r%ﬁ?ggé’ﬁertaﬁ‘? of P54 GR L whHem itdel

tmo-dinensi%pal cgrrent eperation filmis shot with the | aser beam
S eams emitted 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 Ixl and |Ix2 in opposiXeladuarg@0D®ns of the
Xx- axis direction, and al so generates currents Iyl and 1y2 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 I owi ng 1%69&%&%!110%e%e65.‘6(ﬂ Xi-i%l(yoy%@fgéhg) H*a rébx-,%-eiyéa/ (I'y2+lyl) (1)

Thus, the ‘beam poi nt coordi nates can C ulated and det er m ned.

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

zero i s determ ne mechani cal’ coordinate orrgin (

device 1 chanic r.di na riai n i position re.t

coor di nat&%%?%e?de]ﬁ?{neegﬁggg elg’cﬂsi‘%gagglb%vé;n %g%&neaize?gfemae\rlgjfajre']é %e
electricau:qgnte%eﬁpiqé of C}Qg PSD %evi e 13. .The aechanica%.coordinate
origin is"TIRed i the BaSioMy RTPHECT & OF 5t hé Y Bo®YSohiCBetector 2.
The target ate 4 is positioned two- dinensignally with a, precisiqgn
wenin on AFFBRE0E S ERTE T RO e TeRbeds 1 0 A HEBEBRRA RIS The
target plate 4 has a |light-scatterin transmttable film The |aser beam
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
transmtting wi ndow formation slit 15 is gﬁ%achable fromthe shot position
detector 2. It is preferable that a plur ty of infrared transmtting

wi ndow formation slits 15 are detachable and one of the slits 15 is

sel ect ed i phacedcanseswittibh hgikhndwd sheeld NYeasp®ill.1dh gase of ,
providing a plurality of shooting boxes, nodifications my be freely nade
so that thgiohkfdtd®d transmtting wi ndow fornmation slits 15 can. be

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
ftransmission. 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

Proporti onals ohebaliansthy p {1\eahold i og) Rl q@S@(O%) A6 b NGl e

excel | ent approxi nati on. anuary Hence

obt ai ned i-5;q flog XD s LBEAROPCRONR | OBl 2o B o o

predet erm n val ues, and " IS a design v R& equ
dot er m ne .dﬁrﬁegﬁf& "By, & ranh R et N Adde ?r'a" 5 HaFFBn o1 i
osi t1on ehﬁﬂ%a%h{iﬁs?st%8§h'52%9§f3§%?f‘§t%%“n55f%?%”&ﬁip 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 sho dp05|t|on 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 Rolqx+dY argqused for positioning of the target plate
4 with high precision in the three-dinensional coordinate system defined
based on tihenabovwwrveihe@ngd mechani cal coordinate origin of the shot
position detector 2. Although the target plate 4 is replaced dependi ng on
a kind of shootinggspordy, @ngglacqquem/target plate 4 can be constantly
positioned to be strictly adjustabl three- dinmensionally with respect to

15, by inserting pros i otoRg Spoay e iReRL Fal e B ctfbot b sics. A -
coni cal @vleédé%f@ Aldgched het vegy of he .« TaLoet @ég&ggborﬂ%é e ¢

conver gence T ens conical cover "18 ToOrms 0 preven
scatterln |ght sgatter by .t.he tar.get ed fro enterin |ntothe
conver genc ¢ eRIY f%laosnsf?ay 5%t S 'au%h %‘éﬁ % g}’? r‘eﬁrr%ﬁﬁ t he PSD
device 13 ,are ched to attach boar.d The att hrrent oard 19
'|szﬂtach&f%%§ﬂF% Wﬁtﬁlﬂ r§ ?angyt determlned Al ach

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



casing portion of the shot position detector 2 by bolts 21, as shown in
Fig. 3. The shot position detector 2 includes internaldfyaauaiy2086ol i ng

wi ndow and various electronic circuit units which will be described

| ater, and is set on a base (not shown)~ i ch is strongly secured, such
that the target center point of the target plate 4 is set to a deflned

hei ght pasdéi@indid. obizhonsoR §ue hags ehebadye POBL I ® Xzﬁl.@érttﬁﬁg | aser
gun 7, although a grip portion of the gun is omtted. sem conduct or

| aser oscigimki e &) eﬁﬁatp%‘blﬂﬁoﬁiﬁ@ 350 ekl ANt SBUbGR K Wide¥i sibl e |ight
or infrared light. A beam adjuster lens 25 is provided to unify nultiple

light em ssion poinjs &?&@éé&e@o%rtbﬁ &%ﬂ&@@%&t&f baBFEe@SGiRLALi ON

el enent 24 and to give a proper beam di aneter at the distance of 10 m

The beam adju gé fﬂ% 23 a%é)rwéd%@nqp@fb%iﬁ I a?ﬁ.g 137 Jaipary 2006 - 20

optical axis sem conductor | aser I on el errent 24. A

phot o- di o%e%g%caa pd'(%)‘yégeg fﬁirll]gvxgr dagrol(r() og thgef‘;eqlrg portion of the

gun barr el y “por hot o F2cBiVeS part of the
o A ST D WP LEOE i S ehte A T T
portlon(ﬁ ther.gLng inte the convergence lens 12 as stray light.
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 & proper 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 |ower surface portion of the gun barrel Edianpayt2066 23.
Plural batteries 31 are contained in an %t er portion (upper half region)
of the gun barrel body portion 23.so that ey 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
indicationel&fed® izs4.1it on continuously in accordance with an ON
operation the power OV OFF switch 32. The shooting state indication LED
29 may emt blinking ¢nhoedtarbess 271 gt phedaad asera efba@lon perm ssion
signal 53 of the conical beam 8 is received by the photo-diode 27. The
col or of GROE{ US4 I ohb Girde pBERLIAY SEAUS | GUhCRELGN LEDoEY | S
8_re{era?! y cﬁgnged to atcol d: ?:ol %r s_olc{}Eat'ﬁthe %a%lgter [ﬁgrtzgn;c))t %get 2006
istracte -t he shoo p L er,4n qyl%g nuar
- 21 sem'cbc%ndﬁ%?orﬁ]ésefﬁgsg!nﬂsca i%%bgl%enzentgég%em S % BI%aser %eg% ul | et
34 includip | hght_ bea | J signal def | ol Cizcuit to
be descri e f?%?‘e?’,e%'ﬁor%\mg%tﬁ!'hlf%%?i galoq%xgéezgin%%si géi ?’i%gé6offs eHe
‘rotatably attached .to. the n barre d ortion 23__and can be fi.xed at
on arbi 1) AR° Fopaeron 38 BiGe Fotng ddeeeREhe Gh. fesr dand Heogp il
ShQOterér%E%t 28 opened in a front end portion of the gun

j 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 fhat 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 |l aser gun 7 are prepared
depending on trigger operations. The fifst?hode is a real shooti ng node in
whi ch the | aser beambullet 34 including the Ilight beambullet signal 33

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

second nodgaseraplah 5099ld 193 009adiaYRGCR hegh S Ble AP ap RYkket
including the |'ight beam bullet signal 337and an i nvalidation signal for

vl datiggap lasescbaamaUbyel (el L AILLCY) ORl YalBcsashd

receiving a part of the conical” beam t e infrared reception port

28. Th [ | .dat | ' I . | ' ‘b reh.
vai | dat ot SEGhal TRt W S REA o PhbE PeCer hotbrBitdeY or6aet,

Lanal L0 e ARSSarly BBuARe 0P poline DoBRLAELEERN A °

invalidation, a__ si nﬁt,75g}-1 whi ch ljérbe descri ped Iag;r. Lth_

ref er ence TR0 FPED $E by Bl Gt T8 6L CTAFFer At TvaPP, BOSHOASP 75- 1.2

ey be chaged LR 00 optred £58k2AY PU § SN 3A3 LYk cat &d

:-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 validation 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 kind of signal, the |aser beam bullet in the sec&idlanvay 2086 be

di stingui shed fromthe | aser beambullet in the first node. The third node
is a touch-sense check node in ;which an gbe?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 provi ded ghatihe poamesxahphace POr hic®l ffe t BE QN PRA T8 aRAdYn POBt i On
23, as shown in Fig. 6. Adopfion of this kind of slide switch allows the

shoot er tgfﬁa& t7e. ey rselechien ﬁ%i%éu?gﬁ‘g)eé@elé‘ﬂetrcmiiﬁ s

pr ef er abl at the swtches and [ anps sho 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, the swtc u be nore breferably posi tioned
e ) U SR P8BS . SR A OB oDl LS,
0PI o2l 2 g dfaorT Sl SURHRA SURRS W R BT BT e AM,
Systemis SOPL 380110 Wiv oS 96Y 1P b0 PRo a1 a IFLGE OF 2 s
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
fchecked 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 conprig§¢, of 7agHihCta CURLYUY ML T 86t & 80 no( K] converter
44 and a |ight beam bull et gi gnal aout put co%trgl' uni t 45P9The di rect

current p r the i i.ed %FPI lLight be bul | et

si gnal ou%\%%e%og{ﬁr%lggﬁ?’?&ﬁ%ng%t k@{#gkf? %ﬁfgggahqpt%g 5 converter
44. The ectd i tch eperates.the de sel ection. signal. 47
based oﬁ’ﬁ%%%%ra }?gﬁ.n?ﬁfﬂlr{.. ?ﬁ%gnggg%s% Ects?]_gn ) gln Icﬁyp]inlsgggppfl ed to
out put “corktT Bl LAt 4Bnod Ate PB% RTD BT UL aAPHAGT Taokr a0 o
eneration current 48 in the real shooting pode aor. a 27_January 2006 - 24
gecond Ias%‘?sﬁﬁﬁg’reﬁi%ﬁe&}ror Y29 'Fﬁet @QQESPOS%’? n‘ae%&f&g’?h LD uni t
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 Is not emtted from
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security for

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

control unt E8e fRY IR O 2 S FhASPRTACULRRCRY PRt

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
Lot el gl U 2008 Ao B At R LR G L
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 val ue
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 afo 8¢ 01COs £ €€ hleOF B SEH R f1f@- PHLIi): © 6hValany 84 £, vane 64 may
be executed by a personal conputer 66 connected to the systemcontrol CPU

55 through Re LANiGR: 1 bR CRYrdNERLE tHife SEAFT LA ULADI QN Andpg@rrection 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 I et si gﬂgi%é% aTP:‘?ﬁQ&O%eélw?%ts i%fﬁaf“&'ﬁ S%Jhgfé%ﬂxgﬁr‘ia E:‘?r%&r?@m%%t 4 sel ect

t he real oti'ng node or the oot ng no ngs the laser gun

7 intotrm%%spggﬂé%%Ogﬁr%qiig%icwﬁyI 5 Wh ? %%;ghggiggtt{ﬁg the

muzzl e of e gun wa target” plate : “Taser €ém ssion _
perm s o SLeal % PLANGAPUEL SOANE LS dorcLY el in L IgPiRe, di ode
the. shot pUSTE PGt cbpgreh ShobBS " SHILES sstttva by tatR ehoe 4 .
Each tine the | aser em ssian .
;.and controls a display (not shown) provided on the
shot position detector 2. The score calculation and
correction based on the bullet arrival state value 64
may be executed by a personal computer 66 connected to
the system ‘control CPU 55 thfough a LAN 65. 1In 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 laser
gun 7 regardless of the intension of thé shooter. The

conical beam 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 conj f’lsl (%PL%PSinéiu%%. C”?ﬁ quv étmk%%r&lfl{]eegggf)tar .Pgeﬁzgt es the

trigger (n wi)~ to genera Frc "tri gnal a | aser

b bul | et tif t | |l et .att t
e o L TR (555, PPe @?9?% %u e Bugdiad Pty Ffunar
SR TN e

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
timing 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 padit RedASeh b%ra@%kettﬂedeﬂéfcigmmﬁ?i @Rle 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 8D, E..three ser. pe Il et

identificati o%%??}?i‘?“gmg‘ée( 'Péi-%?e%?f?r[%ﬁlggrag eJ{ni_t ?élépbaseﬂggr? a single

eri {red | FIESBOAAE Y of MBI &1 ¢ MAiing ©1 GRGT S PR a L Ao tiibr Fhser beam

(i ng si gHao$5- 5 ite REnabt Rar 1P erhBRamIBUI T L0% 1 Ut aPfcdDion

si gnal 73-3 is emitted 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 | a idst pguicshing signal -&mil psg to a
second on2§g¥lgﬁeq{ regggéggfggﬁﬁ gagget %fggng?%irg%ﬁrﬁg%?s ot signal 74-3
and anotheg-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?%%ﬁagﬁgnal 74 and

the | aser beam bull et distinguishi signal _75.,.The top bit 81 of. the
serial dattyCPRANHAF °b; .enghggléé TﬁYe§ZH§ethér§&ﬂ%ﬁgﬁaP§ 79 is 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 iTOHRLh T4 eaRE & prAseTwbEalr dukd6t (ELFRLIDGVEHREAS on of the

out put performances of the infrared LED 14 and the photo-di ode 27.
B :signal 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

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

S-laser beam bullet distinguishing signal 75-3 in

- response to & 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

|'s expressgdsas "Heam Buidlet 3318R4dGuilpithd Osiﬁ'ﬁ‘QEL' i35 & thRL Qfa ddis gr oup
el ementary | aser beam bull et d| Stl ngw shing “si gnal s 75 1, 75-2, an 75- 3.

In order t@eﬂhﬁtﬂd‘ﬂﬂéghdﬁ%ﬂ ”erhlﬂ] Sign Z%)er{ué‘\e%%% Vlﬂ?rg hot h

S|gnals are serialize time ase |ons en a firs

i n-group 228k %ﬁ”b% (lgrtsleé Pea%n 1b&g§e rgﬁ 4; 8& Coympn S's%”déen o-1-2

shoul d pre era e“rev hough ionship w | SCri bed

| at ht . bit t t . th t t_ 82, '
b?tgrf rom{"rt':e &4 %a'FﬁZ I :s%%ggf‘lﬁwﬁﬁedtr ng‘ggaé'nl'lin?s 5 g’?s‘dgg‘llréa .
denti f f nb f t I bul | d ds to th
nurtber ;?a%%l?r%gf%p L PE5eHaR ol brs LOA e 2Pt gBH, 7 EPs OPposs bl e

| 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 - 31
- (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' ﬁuhiﬁ{d’!{’%gt@c A0 s.

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

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

used for adjustnen trlgger opera |on bul | et

m 0 t . | |t
Erjln?regl val %%S.%ieﬂﬁ? 0 I' ?m;sjl the v ]‘E)fulﬁﬁ h-“?“i‘ﬁ g Vngaefgagi bﬁafn
u ets i s comuon cal Cc at.e a enc u snown
Cn the abo RSV b /i, (e gl}%ﬁp%‘ %&%?%8& SarriacsdE, 1907, 4

conprised of a firs bul | et rou nal . 75-1-1 indicatin the first
one’ o ot Aade chi TP s R heBrE B oh A §F Bupe P U LLa e s L BB L nal

75-1-2 indjcating conmonness to the _|aser beam bullet grou The second

i n-group 1as@P9 peunt bBf b i tRarrrReansbaddst sEHOYP S8 ¥Bnd
rFigs. 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




bullet in-group signal 75-2-1 indicating the second one of the | aser beam
bull et group, and a second 27 January 2006 - 32 commorE7slagnaty ZD86 2- 2

i ndi cati ng conmonness to the |aser beam bullet group. The third in-group

| aser beam bullet signal 75-1 is conprised of a first bullet in-group ‘
signal 75-3-1 indicating the third one of the |aser beam bullet group, and
a third common signal 75- _3-2 indicat,ing conmmonness to the | aser beam -
bul et orGUBmorh THAMRAL 753~ En PR h e PaCemERRRREA | &0 CBPgnal 75-
I's conprised of | -th bullet in-group _signal 75-j-1 indicating the j-th
one of thelRS8Er DARMAPBALEH GTOHR. afhe FhERTCHHOHE Sl A TST] - 2

I ndi cating cormonness to the |aser beam bullet group. The commpn nunber of
the first ReAPoR & kI SFFRAD T3 - lodiml COBPEHE DnRbn Ssifghaf toP e §econd
common signal 75-2-2. As will be described |ater, when the trigger is

pul | ed onckR-gTgMR aF 1 8h2adf &l eheht dnAieabingedihe btihiaid eRe €f thlel in
response.to the one trigger- pulling operation. This enissionis like a
machi ne- glmseputbgam dbffidedntg¥ovm.a am@hiandbgurd | aommen asighadalidy of

| aser beam bullets are emtted upon the single instant triggering
operation.3A2 wndidrtidgscoinmeenheatser ,ta ghe dfasedi beamertulypd from
conventional live-bullet shooting guns is realized. The first bullet

i n-group sgyomp.751b- gendeal, 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



second bull et in-group signal 75-2-1, and the third bullet in-group signal
75-3-1 are expressed by two bits. The first common si diialand&y2026 t he
second 27 January 2006 - 33 common signal 75-2-2, and the third conmon
signal 75- 3-2 are expressed by six bits. 3the-plurality of bullets for the
bullet timng signal 74 in common diversifies shooting sports. Due to the

dlverS|f|cat|on the scor a | ated as_one score with res ect to.
one comon® ﬂﬂﬁgeﬁﬁﬁgég 3? ge |F§ﬁ ?eFﬂﬁF%rSHBmﬁﬁyﬁﬂgﬁéll ~ and

‘the second_bullet in- ﬁroup Si nal 75-2-1. Further, the score can be
cal cul at ed®by A¢& KERGEES&t e B&§édxbﬁsthe 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 fluctd®S dhlPERKEY tHE Plddeats of otheBpoBidd ednd t he gun

barrel after a trlggerlng operation is reflected on the score. A trace is
drawn bet vEBR1iRHe sSHHRABoSi4 ioh epmmed fdiversifiies ahdoking| geeriza. 1
and that of the second bullet arrival signal 74-2. If the relative
fluctuati destparides dhweguoiicatiom. Ather satdwel gan iHethe rel ative
fluctuation is small, the score is high. Due to the fluctuation of the
opti cal syfsmbmll@rteidleagun,net heceheew il | eesparet nbd guar arnewesdnt 0 arrive
one sane point, so the scores thereof are not

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




al ways equal. An average value of three coordinate values of the three
bullets is calculated by the systemcontrol CPU 55 or Z/hkanpaiysifoél
conputer 66. A score corresponding to the average value is cal cul ated 27
January 2006 - 34 by the systemcontrol- GRUJ 55. The nunber of elenentary
bullets may be nore. In this case, the score is obtained in conpliance
with the relative positional,relatjqnship between the shot position of
- the first'%xlf%%'te3 ‘fﬁigp §FEHEF° 4- angg‘that of the second bullet arriva
signal 74-2. The fiyst bullet arrival signal 74- nd the second bull et
artival ‘s gnal ' 74- 2 H% PUBPECedth: FoET TG b CRGRI BTG BPTE gaal
The shot pfsi Lons of the plurality of |laser  beambullets_pay be traced as
a sequence Bf '%t%‘f’lse'rhi@‘? rat8Les 1ff spPAPINSHh EHe CHWRLLAG CSHIFLR el d
on a display separated fromthe target_plate 4. Properties of shot
posi tions SBBhT&lativee s hhigped TabrEaonfpipgbedaiedn ShesddiRbces of
“shot positions, ~an averaged distance froman origin (i.e., the target
center), anfsatdmeadfofthéndilns tdbarliobt psasi edbusianiel of giln adn
express strictly and variously the relative notions of the shooter's
fingers anthglinoihathel semvind kbnd left shwsivag spbgnradaribt2be Theal i zed by

conventional |ive-bullet shooting conpetitions.
: 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 seguences 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




. If the trigger is not operated, the bullet timng signals 74 (74-1, 74-2,
and 74-3) are sequentially received by the target platdy Janasri28§ as t he
nmuzzle of the laser gun 7 is oriented toward the - target plate 4. The trace
of the bullet timng 27 January 2006 - 3535ignals 74 corresponding to the
shot the bullet timng signals 72 is displayed on the display. This kind

of trace [nhdicate he fluctuation of thg shooter. e E.D:E) ek 4 ul |
the tri ggesr%gl\}vggghis?n&g'?%r |SLPC(%%('L81.%P§I’1 toof%["ﬁ_est?lroacetggs@ aye§£o%l§ﬁg}§pl ay

urf h | ded P ' hi g, ki f
onio o | arGhILRIE JoF obh BT A TER GOt VFhBe LRGP Bl oRBES AHOAL PEa 1o

10D show data detection timngs. _ . The single bullet timng sign 74 is -
enl ar ged ant®©€h Jiﬁaﬁaﬁs.tqﬁebefLBc 1t h0Jal c@f‘u@e?ﬂ%ﬁt%};—/cl gi!tihﬁl | owance .
signal 83 is delayed by a_predetermined time fromthe falling edge of the
bull et tirffHgOERGnAaYRULlBetdte TR IASE - DHRLE ¥R G b SsifghRf tration
outputted, a data conversion cycle signal 84 is generated in
synchr oni 2 | BRewittt ¢ 9 edisd ity @dgeTofa t FbsBARY TORESCSH oFuehcrs 2
al  owance signal 83. The bullet arrival position coordinate data (x, y) is
i nt er pr et RCTeANs PRI DAL damiedrt wi t Arpie cdak g c st skdRdcydl etT3fgnal 84.
The shot position coordinate data (x, y) 1is included in the current val ue
signal 63.01The a large-size screen can enrich services for
audience.
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 included in the current value signal 63. The
coordinate posgsition (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 (x; v) is

transmitted to the personal computer 66 and is stored

into a memory section of the personal computer 66. -




coordi nate position (x, y) of the shot position is calculated in
accordance with the above equation (1) by the system chhianohry@e655 or the
personal conputer 66. The shot position coordinate data (x, y) is
‘transmtted to the personal conputer 66-amb is stored into a nenory
section of the personal conputer 66. 27 January 2006 - 36 "Further, the

data is digplayed on_the_sgreen of ,.a_ display unit (not shown) in the
Shoot i ng ShBFERETel dBBnAREA - 17 nil SARAERG( OFosi BP off ST hI At 8 data i s
used for sgori n%é'v\hen_th el ementary | aser beambullet is inpgt_t d, Figs.
11A to 11E$ABRAFatt 4 he éP et SRPEA) i hBE. SO hEDFarSPLBhvErSiSh cycl e
al l omance signal 83 is sugg&ied to the control unit 56, the data
conver si orPRy&éP&1sitgHae - 84 Jeret aPeF iyl I meCOMT I BN tENiG2 B, LA BUSY
signal 85 supplied to the control wunit 56 falls to "L to stop the output
of the imMfafedoIEFAAring ivhencéhrerslenendarselasmbednghiiligstand a
second conversion data selection signal 87 are generated fromthe
transm ssibd/ Lepgdtieth. signal control unit 56 and nultiplexed. There are
four conbinations of the first conversion data selection signal 86 and the
second conversion Hag® -sel bAt iton k1gnahos7  dakpr deskeirpyet@ti@), (0, 1),
(1, 0, and (1, 1). If the conmbinationis (0, 0), the shot
‘-timings. If the data conversion cycle allowance

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

conversion 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 coordinate 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, v) is transmitted to the control unit 56. If

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

the y-coordinate value is transmitted to the control




position coordinate data (x, y) is treated as a trace of the gun nuzzle
direction to the target. If the conbination is (0, 1),27laugrys2006
corresponding to the x-coordinate val ue of the shot position coordinate
data (x, y) is transmtted to the contrel anit 56. if the conbination is
(1, 0), a signal corresponding to the y-coordinate value is transnmtted to
the control 27 January_2006 - unit 56. If the conbinati |s (1, ),
signals cdRtEspédi rfygftBhFhé’%@bh?lﬂtﬂ‘ocbe’rﬂl fdte Yht uBL9BALS transnitted
to the control unit 56. After the data _conversion of converting the shot
posi ti on cOBFAPFRNALRLL TR tES Kt FRDo¥ aFLATAYRRGEs Y& USfHpPdi%ed, the
BUSY signal 85 recovers the status of "H' 12 shows a | aser beam

bul | et geneFapssd tied cliet M?mﬁ?@ﬁrg@ne‘?’a#&%t%e R Fer t5hf nd28fgnal 72

and the | aser beambullet identification signal 73 of the |aser beam
buIIetZﬁl%Gﬂﬁﬁﬁﬁapﬁr@ﬁ1FW?Y%E@#n@ﬂth shed |Re8i thedm P radngehRr at i on
circuit 88 is conprised of an anplifier 91, and the trigger signal
gener at i ondatacdixt. 511 FThécampeofddmadie awpﬂhlfaaasishgonmﬂt@nedsi gied from
the photo-diode 27 to generate a synchronization signal 53. The trigger
signal oeB@8dt sdigmal cbt 33 gearsatidee t btattggef SHJnal 52 based on an
operation of pulling the trigger. The |I|ight beam bull et signal output
.control unit 45 re®digvesl2hshewrcha ohaszain dreamgibal 1l 63t ageneutpuient he
- 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 to 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 the laser oscillation current 94 are
supplied 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
power 72’ corresponding to the bullet timing signal 72

for a time width corresponding to. the pulse width of

the synchronization signal 53.




| aser oscillation current 94. The synchroni zation signal 53 and the | aser
oscillation current 94 are supplied to an AND gate as 2ZY Jaynatyra®bzat i on
output element 95. A part of the laser oscillation current 94 is
outputted as a | aser beam bull et corresposdi ng power 72' corresponding to
the bullet timng signal 72 for a tine wdth corresponding to the pul se

wi dth of the synchroniégtion si gnal , 53. 27_Januar¥a2006 - ased on the

38

trigger signal 52, 32F8&erhebhf BuUit 8o diRdhdPiy powkRSEST rSPBndi ng
to the laser__ beam bullet distinguishing signal 73 js generated_by the
| aser beambld fEt COTFRFPVBHFRI BAVLE IRTFTSIBONIARI | L9t R a P et
correspondi ng powers are supplied to an OR gate _as a synchronous del ay
el ement Pea@aREA 1GT (FbsbAnENi s HElSYAdhIGhGLE Heparakedmbat 96,
the sem conductor |aser oscillation elenment 24 outputs the |aser beam
bul | et 34 thel Lareg hermbbpidiet | piggash ghatprt grnthell agekt bdam bul | et
di sti'ngui shing signal 73. Fig. 13 shows details of the target plate 4. In
the targeffh# altasar thramcbrilde ¥ egporaspendided PaWe DSt &F < egi ons
expressed by ten concentric circles. The outernpst ring region gives a
score of Bbymphied Twe aenORalgadie cabard segchrogiowss dedeqr eebémed tphoi nts.
A plurality of target plates 4 are prepared. As has been expl ai ned
_previousl 6t haBagegebmpldtesodtimtbefrom the synchronous 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,




assenbl ed can be attached in a replaceable manner by inserting pins into
t he positioning holes 17. Although the geonetrical precianagf200be
circles of the target plate 4 is sufficiently high in relation to the
precision of skills of shooters, the PSD3device 13 has insufficient
electric, nechanical, and optical precision. Therefore, it is i npor t ant
that the geonetri cal, positional precision o% the convergence |ens 12

rel ative TP ERRNPEBIIRF GELFLOD71FaRFHSBHTe 0L Jghe nﬁ?ﬁ’é’rﬁ%%?nﬁlgem si on
in assenbly of the convergence lens 12 and the PSD device, and the

el ectric pgreft¥siénand. tl[‘ﬁepé[bc‘??Vécé*ym%‘f‘ﬁiyt’b"'fsé%ll%ﬁtFﬁé’ REEGAEIH of
the PSD device 13 are nmaintained to be sufficiently h by adj ust nents.
An adj ust ém t bl @&ﬁcﬁ%bﬁmﬁymﬁebF¥pﬁﬂﬁP@oPntmﬁﬁpﬁiﬁg§§tq%% &dj ust er
tool is conprised of a shift mechanism (not shown) which two-di nensionally
shifts aride®ed devi¢aglBodir¢ npeigHowhpedhiteh Be xe¥ifHecippilei on
detection optical elenment 1, and a fixing base which fixes the target

pl ate 4. THeghwoy didtenstoealt shi fAn ok dghes féxi tgotlool natid shiewshi £
mechanismis relatively given. The fixing tool and the shift nechanismare
known as gpteparedevicoesthIlse pyogosieonal rel ationship between the fixing
tool and the shift nmechanismis properly adjusted in advance. As a
result, the |light rehei awdipnstefradcm®l fLbe dommeised of a shift

‘mechanism (not shown’) which two-dimensionally shifts
and moves a fixing tool (not shown) which fixes the
position detection optical élement 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

j'peJ:'I.)end-:i.‘cu].ar to.the light receiving surface. The PSD

. device 13 attached to this shift mechanism is arranged
in and attached to the support struqture 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.




plate 4 is made parallel to the two-dinensional shift surface of the shift
mechani sm Al so, the optical axis of the position det ettJannary@006al

element 11 is perpendicular to the light receiving surface. The PSD
device 13 attached to this shift mechanismos-arranged in and attached to
t he 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 2A ﬂ?egg%sﬁsi ofiTyahered 197 F&&rFpREC LA RF e Odpened
in this kind of fixing tool. 27 January 2006 - 40 A laser is irradiated on
the cent ertp®i AL -SCOF he @i e ddiont dHIe RAREEt 4l atTdr e shALGhift
mechani sm sequentially noves the position detection optical elenent 11 in
a two- di me¥RFBARL S® reetneR t Imblfoeet theexpesidsdom dekeaitd@dtion in
which the left side of the equation (1) expressed by current values |x2
and I1xI wrirhigrd gekhemandd by iheaP3Wo déimen siBoanledsirgothvnon t he
novenent. The position where both (Ix2-1xl) and (ly2-1yl) becone zero is
det er mi ned'lxe mhyegiartric cemeentpd nitn ofthehdRSEctdew cien 18hiTie the

t wo- di nensi onal gauge of the shift mechanismat this tinme is recorded, and
-the el ectrieftceider @bi hheofedhiatPBh deV) cexbreooseti myedinrent '

correspondence with the gauge is determ ned as the nechanical origin of

the shot positiesnIdet eshdr IX1 WieiPEDadayi genbid seahbfyt athé nPSbe x- and y-
device lB'ét 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—I#1} and {(Iy2-Iyl) are measured. Next, the laser
beam shot positibn 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 shift mechanism indicates the
movement in the x-axis direction and the position x'

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




coordinate directions by the shift nmechani smwhich fixes the PSD device 13
such that the electric center point corresponds to the&7ndesobanyi2086 ori gi n.
Then, (Ix2-1xi) and (ly2-lyl) are neasured. Next, the |laser beam shot
position is noved in the x-axis positive 4irection based on an interval
bet ween concentric circles. Next, the PSD device 13 is noved in the x-
axis negative direction until (I1x2-1xl) becones zero. _The gauge of the
shift mectHH? EnPPAdicaPEs LafeT ndRekerts i ROVIRE I BkPs thier s£128ASand t he
position x' is read_with respect to the origin. Next, the |aser 27 January
2006 - 41 PSHHELING Mippcrddt Rpsedi Lhotke ﬂﬂ?ﬁ?ﬁe°$4£ﬁ% bBQQQW%l
direction based on the length of the interval between concentric circles.
Next, the FEEvaeRr gengentgimpvebrrdeshe Weaxits ddyatPFE diereeteod3unti |
(ly2-:1yl) beconmes zero. The gauge of the shift mechanism indicates the
movenent i¥e thevedaxin hhgatiaxidi peddbhvendimecpdont vt ¥ (F¥2ad with
respect to the origin. The | aser beamspot is noved on the surface of the
target pldtelf bepcadeesx- zand y- Dhies gdugectobnshea cshifit nechaoisms where
(I'x2-1xI') and (ly2-lyl) becone zero, respectively. Thus, (x', y') is
-det er m nedindioatielse tléualo veesut edanttshasydescks bedgaaliore, the fol |l ow ng
functional relationships are obtained:

@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




x'=ix vy,_ky If mapping relationship of the optical system including
lens is ideal, j and k are equal and constants. The cdvlamaaty®006x' , y')
of this kind does not perfectly consistent with the coordinates (x, Y)
obtained fromthe equation (1) at that poaiZzion, due to asymTetry
described previously. Tenporary relationship between (x', y') and (x, Yy)
is expressed by an approximate |linear relationship for every area. In
this rmans%ﬂgﬁﬂanea%atk ditmglinh ancer a0 thet ATAGIR - t ol Fodft h
guadrants, and al so change in 27 January 2006 - 42 accordance with the

di stance fRe@feRabde gia. divide phef arapte L6 %hRdent fdachbrEdedgi on on
the target plate 4 into a plurality of regions. Were the vari abl e nunber
of each raylahei ¢ dxpfesgedpiarrality of sreyionsy dikegevdhre This set (s,
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

Y'= Jsy

~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.

Tho 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
readrthe coordinates (x, v). 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




fixture of both of the target plate 4 and the PSD device 13, and the shift
of the laser irradiation -point. |If distortion correctiZZnlangary@086ed out
only by shifting the |aser beam shot point, the |aser beam is irradiated
on the target plate 4. The | aser beam shat3 position is watched with eyes
to artificially read the coordinates (x, y), and output coordinates  (x',
y') of the PSD device 13 corresponding to the watched position are
recor ded. OAHGRbAEIOAVEF sPEFSISarY,: yFhanFeerdipates (Ke Shhe®h€ has
al ready been described. The variable conversion is executed for every
di vi ded r &gitonlimadedhnt peodthagerdli fop¥abpretadr Bér P ¥ ded region.
In this case, no 27 January 2006 - 43 <calculation is necessary. The
coor di nat €@ qxdipptese mapt be Meed Lo aidogosdl Weoor arfxegonsdt pol ar
coordinates may be used in place of the orthogonal coordinates. The width
of each dionaediinagiesn sHuedwilddlserft oalpdh bilbudded thegieg chonileh is
nore distant than the electric center point of the PSD device 13 and
narrower ibe tdeetrégi dre whrolad sircl beer radmihobhehdl @t & 5c meoere eg ipdiant of
the PSD device. The adjustnent nethod for the sanme is executed by
engi neer s thaterthasieluwet tone fdeaanteff poiialt o©€f ditsesPsD teer shieoltidng sport
field. This adjustnment to be carried out by an engi neer should preferably
easy. An easy maiusweantinethed mgiohe wtnichedsouwiloser 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

easy. 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 beam 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




as follows. A |aser beam generator is set in front of a . shot position
detector 2. A coordinate plate in which small hol es arZ {aneawyd®008 t he
interval of 5 mmis positioned and attached to the target plate 4 in the
front surface of the shot position deteetdd 2- A |aser beamemtted from
the ray beam generator is irradiated on a hole situated at the center
point of the cqordi nate_plate, FElectric coordi

U ;
out put t ed FISRALRE 5D adESe 5 of Yt He ‘F\SPmepg@ét i ?ﬁ "de étct:b? 2yaae (0,

0) or other close coordinate values. The tar Iate 4 is finely noved
t oget her RS tRe Scdo? dftAdS I e P& S ek g’rﬁe lb‘E')sPlsl orff%‘f’lf’ﬁe 1t:‘{amget

pl at e 4 such that the electric 27 Januar 2006 - coordi nate val ues
(x', y') bekbhgutoadjusfing tlb%s?iolﬁllet-"t%naﬁjfus*%h?hEaE&qtc|B1"135‘Ie the PSD
devi ce 13 without adjusting the position of the target plate 4. Through
adj ust nentThronghs ad has tmes to| @€t thd sorkgnd. (he olpcriheoPdTidevice 13
corresponds to the nechani cal origin (0, 0) of the target plate 4. Next to
thi s mechd cal 0adj usf nkhe, PSint@erdciec bilj gotrmaspppdexdcut B8 A | aser
beamis: irradiated on a hole adjacent to the hole corresponding to the
ori gin of mewhandrcdihateigliat e( 0. AD }t kifs theetateetopdditteatés (x, y) of
the hole are (0, 5), (5, 0), or (5 5) inunits of nm In this '
Next to this 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.




"~ above- nenfit¢he

case, the output of the PSD device 13 does not always correspond to (5,
5). In general, the mechanical coordinate values (x, \J7 dhuaty@2006l e in the
coordinate plate, which is irradiated with a |aser beam and the electric
coordinate values (x', y') of the PSD devid&e - 13 corresponding to the
coordi nate values are not equal to each other. Between the nechani cal
coordi nate valaes (x

él'and the electric coordinate _vajieg (§ﬁ¥ y'), the
dotnAdng thmverdidni 9 ead idkteEmingd BIortditat e
conversion of this kind is translation cooadinﬁl onversion or
rot at i onaPeABEAEL RFEMERT TRTE ﬁaﬂPB? rmat &éhi% a.?ﬁ%tnent based
on coordinate conversion is executed with respect to four quadrants shown
in the fi gwadrangsqutdr ahts 7a., a@d 7& 27 JanganpDosedisn anpd C '
including the origin O and determined by the nechanical adjustment are
adopt ed. Eachlwfleshdheuedigins G, /Bith respects te stuar ewadFdntafd.
includes the origin 0. Wth respect to the quadrant a, the |aser beam shot
poi nt is fineedlanerhdeanmeshalt afobnfmiish noged 4 sther darioRvadd afhe
y-axis direction, and coordinates (x', y') based on the output of the PSD
devi ce 135amun conr édysorxlt agiso diwectdodi nardsthe v y3xas thkeregddoheam
shot point are neasured. The above-nentioned nathemati c adjustnent is
execut ed. andl soooriisikiesl Ok ‘adjws) nbatseéd eretiteed wiphtr exhethe
PSD device 13 and corresponding to the coordinates (x,
Ey) 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




to the other three quadrants. Fig. 14 shows the entire systemof a kind of
shooting sport. The shot position detector 2 i ncludi ne7alanasyet00fl ate 4
corresponding to the laser gun 7 of one shooter and the shot position
detector 2 including the target plate 4 d@&responding to the |aser gun 7
of another shooter are together connected to the personal conputer 66

t hrough the LAN 65 descri bed eyi ously. Connecti bet ween. t he .t wo
target pl d%%‘%lﬁsaﬁ(?eon‘éuﬁgﬂlst&%!l ¥Eﬁﬂht%rp€%n{%§r sée)?egtoll\/ré??/tgvﬁvi t'Shed by a
switching unit 96. The personal caonputer 66 displ aysltge shgot ers' eentry
nunbers, B¢ ePeRFANAL, COBRELCEoPPespdith nhRTE SthP 1 BEFFet® MifBePE ot al
scores, and shot positions where |aser beambullets have hit on the target
pl ates 4, rephaceshevtthy ter gt RLEHRT s¢ FERA %rofe- count 27 January
2006 - 46 tables are outputted froma printer 97 connected to the
personal computer 6BheTiElunadtipl af eslemantaey Mpthetd GIMtRAPGE
plates 4' for 25 m The plurality of elenentary bullets contained in a
singl e bulimtaasdnanie tbdliletr eaponsaitibtefie insinrpBONSYGePi f&perati on,
as shown in Figs. 9C, 9D and 9E. Not only scores of these respective
el ement ar s taiglet & mEregavéngyeup by tdlan, one sdorwn ngdp MHegsbt &hePProm
every elenentary bullet. This score count nethod may nmake a difference
bet ween sci@s9E. Not only scores of these 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 live-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




based on a fine fluctuation of the hand after pulling the trigger.

Further, the characteristics of fluctuation of shooterd Jaayaty@Oftinerically
expressed by obtaining individually the score of a j-th elenmentary bullet
of an n-th bullet. It is possible. to progizde a new sport style that could
not be - attained in the conventional shooting sport in which onIy one live
bullet is shot. Further, the triggering _actjion characterli'}?iﬂ

nuner i cal Byt valThags i n imgrad datdon L8 GPeshﬁsﬁSSlbﬁadﬁs Bi YWurality of

| aser beam bullets on a target plate 4, and swing of the trace is scored.
I n additi erfkhedmotihnag ttHeOSR '% ghéhs QR#F@EHQ&F%%% SrigRR@ting &t on
in live-bullet shooting. A transmission signal 8 nay be emtted from the
target sidde ahadsersigain b@mﬁﬁ#@nﬁmm}ﬁQﬂtﬁ§omr%#%ﬂ?@ﬁﬁnﬁ%?@ﬁ%nQBnay
add to the |l aser beam bullet 27 January 2006 - 47 34. Thus, invalidation
of the IahmxémanrbmmxitedtmgCQMaq1DM§iwhaulmyqrﬁhQQMMﬁﬁoﬁEPﬂ}5|gnm
i.e., the laser beambullets emtted from adjacent shooting boxes or
emtted uddaba&i oasl Ybé nchlreistboduhg sﬁmﬁrefceﬂ¢ukﬁtbenc@r|%h0@ut

Score calculation or shot position display such as display of traces is
not  carripibPriohodidwsaybwdati sasTidd dpbay bEanmbatest 184nefkitted from
the laser gun 7 has data such as a pulse width, and tinme corresponding to

~ the carried 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 .




transm ssion signal 8 as a perm ssion signal. If-the |aser beam bull et
emtted fromanother shooting box is enitted agai nst td7elanaaye00pl ate 4
whi ch does not correspond to the shooting box, the |aser beam bull et
emtted from anot her shooting box.is invaldglated. In the above, the bullet
timng signal is repeatedly outputted in response to the conical beam 8,
and is used as the | aser beam bul let or el enentary ul.l.et when thqﬁgullet
i denti ficat?BRATsPHAHNS | &SaddeP o T Lnd Rt trifd ot | 8P i%%f@%&ﬁaﬁ y be
outputted . only in response to the trigger_operation_and may be outputted
with or wit#®eE GWDHUFRBL BUdRRT R SHITRL LY FRFUTBE -t nd BRIl ti pl exing of a
bullet timng signal _and an individual signal, it is possible to establish
a t echni queThREH FRbHBRe 9 Indihke sPPiSdt boB- detfet ipB| &livrahi prsktWeen t he
| aser gun and the.target. On the initiative of the referee side, the
em ssi on cfR@¥Vigmk ys2ongl o@n [rgsdiipeapmpropepatisy ¥estricted, and
the safety of |aser guns can be nore steadily secured. The serialization
of the posir¢ohsdetrecandnspieprdl cingadree cadicddabing grdcess-real i ze
i nprovenents in precision and speed of score cal cul ating process. Signal
gener ati ors fgoalt lpegematiide danoui tdres egthe s idimt eans ddfveshset itlge sport .
The PSD devi ce adjustnment nethod in the

-~contents 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.




shooting system and the PSD device adjustnent nethod for the sane
according to the present invention can inprove precisiddnlannagi@088ti on of

- positions where |aser beans are irradiated. 27 January 2006 -49 CLAI M5:

1. A shooting systemconprising: a |aser gun; and a target apparatus,
wherein said target apparatus conprisesd-a target-side conmunication unit

w relesslyy connected with said |aser gun to output a permssion signal to
said laser gun; a target; a light receiving unit optically connected to
said tar t¥Sfeceive a laser beambullet; and a detecting unit

el ectrically connected to said |ight receiving unit, to detect an shot
position df said |aserOBRARAPLIYEEE™ SAMPTEEH I gun conprises: a gun-si de

comuni cati on unit mﬂ%%h receives cfaid perm ssion signal transmtted from
said target-side cominFtall'Bn &Rt; and a gun section which outputs said

| aser beam bull et | rmssion signal. 2. The shooting system
according to clain1%?§§€%§€e§§pg§%§uﬁdser gun further conprises:

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 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.

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



a trigger; and a trigger signal generating circuit which generates a
trigger signal in response to an 27 January 2006 -50 opfrdaniamy 2006sai d
trigger, wherein said gun section outputs said | aser beam bullet based on
said permi ssion signal in response to said trigger signal. 3. The shooting
system according to claim1 or 2, wheitein said perm ssion signal has a
directivity to said |laser gun. 4. The shooting system according to claim
3, Wwherein said target-side conmmunication unit conprises: a light emtting
devi ce whPehRratif-pit ©faraishttiztkdgenni cal beam and a slit which gives said
transm ssion signal the directivity. 5. The shooting systemaccording to
any of clains 1 to"2Sr@hBrérdds&dl 1Sl Pearh Rt et Spadl dd8€%a  bul [ et

timng signal us for detecting said shot, positiaon of said |aser beam

bul l et, ah@®& hﬁiﬁe%eQﬁFqQMQ%tsﬁ?étP&ﬁﬂ%ﬁ§hansﬁéﬂﬂa%séa for

di stingui shin said | aser, peambullet. 6. The shooting systemaccording to
Fasnd o' S s

any of cFSPHE P S 0%, %r fh995id ﬁgpﬁiSSion signal includes a condition

for the output of said |aser beambullet. 27 January 2006

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.




- 51 7. The shooting systemaccording to claim®6, wherein the condition
Is a pulse wdth of said perm ssion signal. 8. The shaitJJangagy2i06m
according to any of <clains 1 to 7, -wherein said | aser beam bul | et
conprises a plurality of elenentary bul refd, “each of said plurality of

- elementary bullets includes a bullet timng signal used for detecting

sai d shot pogition of %iéi SSI:“%?S’ Egpggas'E}]QELhﬁtacSBngqd asgr cheam byl | et
e =St '

di st i ngui shi hy signalT gui'shing -sai aser beam bulfet, and

said bullet djstingquishing signal for a firs one. sai ality of

el enentary BIRPELL stshﬁuggé‘ r}:n][o?ol's"ai%l %ﬂﬁﬁeet %%Eﬁg%s#g%%{e& for said
first elenmentary bullet. 9. The shooting system according to claim 8,
wherei n sai PEFPIEHAR F18PEN ngui shing signal as said bul | et

di stinguishing signal for said first elenentary bullet includes a first
in-bullet signal associated with said first elenentary bullet and a first
comon signal indicating that said first elenentary bullet belopgs to said
| aser beam bRt | et, salfdresctpatBmd stYarem REFSFIHAPSi hRaP N c'gai d bullet’
di stingui shing signal for said second elenentary bullet includes a.second
in-bul l et sighaimg7 Uakeafy 200sreip2said laser beam bullet

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




associ at ed with. sal d second elenmentary bullet and a second comon si gnal
indi cating that said second elementary bullet bel ongs 27oJasgary 2086er beam
bulliet, and said first comon signal is equal to said second comopn si gnal
10. The shooti ng system according to clai#f9; wherein each of said first
in-bullet signal and said second in-bullet signal is expressed in a sane

f t nmb f hit d h . d f l
econd comaeapgRatad Wkbhoeadt  AEKCud SLeiBRI Bl gt eRR &)

shoot i ng systen1accord|n to.cl ai ereln fLI of bits is
2, and the sEoA84 ﬁﬁW%% n Flﬁqﬁins ngi ﬂﬁéﬁn.%% Sys eﬁﬁgccording
to any of clains to 11, wherein a score for ai.d | ase bea IIet

cal cui at ed @1%611%‘6‘% Drihetedretengs & dsaf"%r 2R (rj%'éo

signals, based on at least one of said first |aser bean1bu||et

di sti nguishiaidsi gnal and said second | aser beam bul | et distinguishing
signal . 27 January 2006 - 53 13. The shooting systen1accord|n%§%p any of

claims 1 to 7, vmerelﬁasﬁ(fi%gérQQ%ﬂﬁ%uFM&na%oﬁﬁH%&%?% Pu 4y of
el ementary buIIets and

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
cleims 9 to 11; wherein a score for said laser beam
bullet is calculated as one score with respect to said
first and second common signals, based on at least one
of said'first laser beam bullet distinguishing signal
and said second laser beam bﬁllet-dietinguishing

‘signal.




~each of said plurality of elenentary bullets includes a shot position
signal used for detecting a shot position of said corr&sfsondiyrfoél enent ary
bullet, an in-bullet distinguishing signal associated with said
correspondi ng el ementary bullet, and a toP®on signal indicating that said
correspondi ng elenentary bullet belongs to said | aser beambullet. 14. The
shooting systemaccording to claim13, . wherein a scorqugsaﬁglg%lated as

one score wikd respethet PO RIMTIF EPPnFCLOBEERY &P B plurality of

~in-bullet distinguishing signals. 15. The shooting syst cgording to
claim13, WHearErs & $ork i YheHetR af'é&doyl%%‘é?agﬁer%“ sﬁgﬁg‘gt based on said

plurality of in-bullet distinguishing signals. 16. The ih%otin ystem
accordi ng t camprises, a nbrERd it acPhgalenRREarYePBYEP T ot h0si ti ons of
said plurality of shot position signals. 17. The shooting s§st HHGCCOFding
to clai,m 13, ~wherei reachcorie $a3idbpditedlbiyebnesomahrbyE by
2006 -54 positional relationship between shot positions of said  plurality
- of shot posiiti@hudegnal sshdB. phss bhoot isdgPngdt umedk brdi AF &P bh) %o
clainms 1 to 17, wherein said target apparatus further conprises a_lanp

whi ch noti f istsoa phedtteromf o £t Isaisdi serae sfordid e hessndany ghytlet,

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




19. The shooting systemaccording to any of clains 1 to 18, wherein said

| aser gun further conprises a selection switch by whi &7 JeehawytZ2006 i s nade
bet ween nodes, and said nodes includes a real shooting node for emtting
said |l aser beambullet, and a test shooting node for emtting an optical
signal different fromsaid | aser beamhdullet. 20. The shooting system
according-to claim19, wherein said different optical signal of said |aser
beam bull et is a signal_obtained by nodifying said comon signal. 21. The
shoot i ng @9§tlém0ewclorla¢h@t@@néhapmbmwe%eﬁgpﬁ @éisdtdquf%r@ﬁtséﬁﬁl cal
signal of said_laser beambullet is a signal obtained by nodifying
corresponHﬂH@a&%§¥cﬁfs%PﬁtppﬁﬁéﬁHﬁPcﬁl?%a%ﬁlIet signals. 27 January 2006
- 55 22. A signal processing nethod conprising the steps of: (a)
transmtting a permssion signal wrelessly from a target apparatus to a

| aser guny ,(b) recelLying,sai.d. ernls ion si naI aser gun; (c)
emtting a 18I aser bea%eb%lhloeqtjflﬁ) % o I%%e?rgun ‘51' ﬁc? e%%gnég to the

Lﬁlclegi' gnc%lg@ o tpé’rfﬁssh?lrér%'lgﬁas!alénga%letr S sakd ager beam

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.




~target apparatus such that a shot position of said |aser beam bullet can
be detected. 23. The signal processing nethod accordi n@%Janobeyiddig?2,
wherein said (c) emtting step conprises the step of adding a bull et
timng signal to said | aser beambullet.3%47 The signal processing nethod
according to claim23, further conprising the step of (e) detecting the
shot position of said |aser beambullet in said r : sed on
the bull et t3% ng si gnl Sispa hBr&cg?ﬁlelgo&%%l?%g %Wf%%@?ﬁi% to
claim 24, wherein said (c) emtting step further conprises the step of
addi ng a | agdreP8amfbul | et di stingui shing signal used for distinguishing
said 27 January 2006 - 56 |aser beam bullet from other Jaser beam bullets,
to said | aser beam bukpdt transmhé thngaf §¥H?E§§?ﬁ8“ﬂﬁ*ﬁﬁagccording to
claim 25, wherein said | aser beambul |l et distinguishing.signal is.

gener at ed byirehestsdry sErast ot BFIBFeBRPBRAL YT iRef. 12F°ThE " i'gnal
processi ng. net hod according to any of clainms 22 to 26, wherein said_|aser
beam bul I et conpri se¢bd plagedvipofsai@nPaEnyssirretsiIBAE &%rS3t%aid
plurality of elenmentary bullets includes a bullet timng signal used for
detecting - dasleshgtunposition of said | aser beambullet, and a

{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




| aser beam bul | et distinguishing signal used for distinguishing said |aser

. beam bullet. 28. The signal processing nethod accordi nggidanuatlyz08627,
:wherein each of said plurality, of bullet distinguishing signals includes

an el enmentary bullet nunber signal indirc@fing a correspondi ng one .of said

plurality of elenentary bullets, and a common signal indicating that said

correspondi:ng el enentary bullet _belongs to said | aser b%F u#let. 29. The -

signal procekasag MaHbdPHddSidi FEORo OTheF 28 2% (P B ABY dﬁi# €' nd % he

step of (f) averaging 27 January 2006 - 57 scores of said plurality of

el enentary biaidt ga@fe%apéaﬂhﬁlbéﬁm bul l et. 30. The signal processing

met hod according to one of clains 22 to 29, wherein said (a) transmtting

step conprises the step of transmtting said permssion signal to said

| aser gun iin a directivity. 31. The signal processing nethod according to

~any of clai2%.22 to 3be fsighed qumpeessAga Heethed FceRrdiay us®ing a
position of said target apparatus which conprises: a target which has

mechani cal 'cebatflmnatses yherein ofadd ilarsel abeam gonhitetand a

t wo- di nensi.onal |ight receiving unit which receives said |aser beam bull et

at said irragietiaeuishbhgandgusputis eeneradesbobdi patsdwgker 'y ).

 action of operation a trigger.

527; The signal processing method according to any
;of claims 22 to 26, wherein said laser beam bullet
-Ecomprisés a plurality of elementary bullets, and

each of said plurality of elementary bullets
5includes a bul;et timing signal used for detecting
gsaid 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




32. The signal processing nethod according to claim31, wherein said (g)

. adjusting step conprises the step of (h) adjusting sai4¥ {nuanrdoge

" coordinates (x', y'), based on the nmechani cal coordinates (x, y). 33. The
si gnal processing nethod according to cl&¥nr32, wherein said (h) adjusting
step conprises the step of (i) adjusting relative positions between said
target and said two-dinensional |ight receiving 27 January.2Q06 -_58 _.unit,
such that s&EPECOS S2b8r BilmKRELEY ,Oﬁl'?ie@&i%% uryLH'eﬁ:esch%%i gal%p
coordinates (0, 0) of a center point of said target. 34. The signal
processi ng red#ed Rea® PWYILS - clai m 32, wherein said (h) adjusting step
conprises the steps of: (j) changing a position of said irradiation
point; and (k) mathematically adjusting said electric coordinates (x',
y'), such that said electric coordinates (x', y') coincide with said
mechani cal ZWor di nat Bhe(rsignabf prrcepsiged MoEhefoRFosding %9 P&t on
point. 35. The signal processing nethod according to claim 32, wherein said
(j) changi n@Btepadmd st dt ok Mmtweseteiionl $ §iddj(wsk i hyassey e ErexELARI
i ndependently in a plurality of regions on. a. coordinate systemof said
mechani cal emapi-haieas 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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A shooting systemincludes a |aser gun (7) and a target2/agraeata06(2). The
target apparatus (2) includes a target-side comrunication unit (14) ‘
wirel essly connected with the laser gun O®) -to output a pernission signal

to the laser gun (7), a target (4), a light receiving unit (67) optically

connect'ed to the tar to re a | aser bullet, and _a

detecting urf®if 54Sé§ﬁ &P&Hrﬁ%ﬁ iﬁﬁﬁ@%?e&opEﬁgﬁatﬁﬁn(ﬁeCeFV|ng uni t

(67), to detect a_ shot Eosntlon of t he | aser bean1bu||et The Iaser gun
v

(7) i ncl udesC@ipeAas dei thoMmAFHaBLFG] FRPTEADARES choredd VRS £

perm ssion signal transmtted fromthe target-side comunication un|t
(14), and a ¢YeRteactRont42f dath §@5HRS-the | aser beam bull et based on
t he perm'ssion signal. Fig. 7.

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,

¥).
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LASER GUN AND SHOOTING SYSTEM FOR THE SAME

ABSTRACT

A shooting system includes a laser gun (7) and a target apparatus (2). The target
apparatus (2) includes a target-side communication unit (14) wirelessly connected with
the laser gun (7) to output a permission signal to the laser gun (7), a target (4), a light
receiving unit (67) optically connected to the target (4) to receive a laser beam bullet, and
a detecting unit (54, 55) electrically connected to the light receiving unit (67), to detect a
shot position of the laser beam bullet. The laser gun' (7) includes a gun-side
communication unit (43) which receives the permission signal transmitted from the
target-side communication unit {14), and a gun section (42) which outputs the laser beam

bullet based on the permission signal.

Fig. 7.




