; e3e< R GUN AND SHOOTI NG SYSTEM FOR THE SAME The present
|nve m@ﬁ uﬂmw to a laser gun, and a shooting systemfor the sane.
Shoot ive sports are known. In such shooting conpetitive sports,
it has be€ffesired that a | aser gun spould substitute a gun for shooting
with live bullets which need nuch care in view of safety and handl i ng.

There are various t e u i ash |ight

whi ch has been deve %%gd%{u 00 ?ﬁggsgﬁiﬁgngog{ Ir)1|al£léer§§lljd;1ﬂ used for

exer nected W th a conputer with a cable to display the bullet

arr| “ een demanded that the |aser gun should be connected with
so

it has bee manded .t o tabl sh a re strict one-to-one
relatlonsﬁ?ﬁ’betmeen a las 36”7 ohpd, o ﬂi & WP P® has been desired
n1|n mh

to supply an optical S st |ch the preC|S|on in detecting a position
shot by a l|-ase TS er, it is inportant to secure safety
of the laser gun mhlch emts a Iaser beam These demands need to be
satisfied, in additi dR& PFePrHFenthY 8Nt 9t cEf 4RSS SANkC sBed@ T a980r e
cal cul ati on process. - 2 Wth the score calcul ati on process, the center
point in a @R@s3- S bANGF SYTbAMcEICT | BBA SiagR- enitted fromthe |aser
gun needs to be cal cul ated fron1p05|t|on coordlnates of a plurality of
poi nts on 648 BQE d H 8414 on on inprovenments in
determ nati on preci si on of a shot p05| t| on in a shooting systemusing the
flash light gun. In Shedtiteg gomreohhsdved sPerts conpukaewyy. anl®| ectric
wire cable, the wire cable affects the shooter's sense which has becone
very sharp,sael lsihaget tngestanpetisilvia yspad tesonckht haisi dreeoh dies ishedt er .
Al so, there is a possibility that a shooter having a | aser gun nodifies the
gun to procesatdat daseshoguosshouddbysuhetidsdre baagunOfer webeotiinghe
organi zers keep guns or parts thereof, shooters cannot exercise.

with live bullets which need much care in view of

safety and handling. There are various types of laser
guns, e.g., a laser gun using flash light which has
been developed for the shooting sport, and a laser gun
used for exercises and connected with a computer with
a cable to display the bullet arrival.

It has been demanded that the laser gun
should be connected with no cable. Also, it has been
demanded to establish a more strict one-to-one
relationship between a laser gun and a target. Hence,
it has been desired to supply an optical system in
which the precision in detecting a position shot by a
laser beam is improved. Further, it 1s important to
secure safety of the laser gun which emits a laser
beam. These demands need to be satisfied, in addition
to improvements in precision and speed of a score

calculation process.



Thus, it was difficult to use the laser gun for the shooting conpetitive
sports. In conventional nethods, |aser beambullets can hit on adjacent
targets, so that a beginner may interrupt an adjacent user. Al so, fromthe
vi ewpoi nt of snooth managi ng of a shooting gane, the fairness of

cal cul ating scores, preparations before the& start of the gane, well

organi zed score displays and other factors nmay be very inportant for a

shooti ng system - Su ry of the_lLnvent]on_ An object of .the present
invention is to pr oviwéétlb Fgge%cgqﬁeaﬁaléz@%{bgf)ﬁgp BR"usiMy" t he sane,
in which a gun and a conpyter are connect eg Wi reédessl ¥ Anoih [0 | ect of
the presentCPRYER iIRALPE & 7 05T 8851 §28ELOJuPTnd §OHSH ng em usi ng
the sane, in which handling of |laser beambullets is restricted strictly.
Anot her obj &t8hdf ambt bpdsdfoMntBet ilFS¢E 8 eeaE 39 R%r gun and a
shooting systemusing_the sanme, in which safety of a | aser fun can be
secured. An®Rheulshiedt faom RopLédOn FRAQERLTGHE ¢S P B RIBEad {teePEgun
and a shooting systemusing the same, in which inprovements in precision of
det er mi nat i BAldtsa emod pedidebn cHAVEY gRal Lhedaants spedd mtatdedy con
cal cul ating process can be inproved. Another object of the present
i nvention i $mpyoprewens sa ighode Fagmsysa ehoinn piechsionewff eahshgue i s
provi ded for a shooting sport using | aser beam bull ets. Anot her object of
t he presentposidntiamnins at clpootidg & phben seringgtieviftla $ RSO ¢luf ust er
in the above shooting system which can inprove precision in detection of
the positiogushot with the |aser beam In an aspect of the present
i nvention, a shooting systemincludes a | aser gun and a target apparatus.
The target apparatus Imcthdedasdnargah condecsiede whthiuai ecaimpaten tby
wi rel essly connected with the laser gun to output a permssion signal to
the | aser gafi, edd@tget, wité gbhblecei vhagwdid eablealdffects the
shooter’'s sense which has become very sharp, and
hinders mental stability and concentration of the
shooter. Also, there is a possibllity 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 parts thereof, shooters cannot
exercise.

Thus, it was difficult to use the laser gun
for the shooting competitive sports. In conventional
methods, laser beam bullets can hit on adjacent
targets, so that a beginner may interrupt an adjacent
user. Also, from the viewpoint of smooth managing of
a shooting game, the fairness of calculating scores,
preparations before the start of the game, well-

organized score displays and other factors may be very

important for a shooting system.



connected to the target to receive a |laser beambullet, and a detecting
unit electrically connected to the light receiving unit, to detect an shot
position of the | aser beambullet. The |laser gun includes a gun side
conmuni cation unit which receives the perm ssion signal transmtted from
the target-side comunication unit, and & gun-section which outputs the

| aser beam bul |l et based on the perm ssion signal. The |aser gun may further
include a trigger, and a triggmnﬁi}pn@* gi\l@erﬂ}jrgﬂtq_iorncuit whi ch gener at es
a trigger signal in response {0 an -operation o e trigger. The gun
section may out put t I r heam byl | et based, on the rmssiop signal in
response to thetriggé §$Sﬁ§% é%sgﬁei%ﬁ%fﬁggi%ﬁﬁ%Pﬁﬁgpt e ggnﬁssion
signal has diregtjvity.to the |aser gun. Jn this case, the target-side
conmuni cat i BROYH® iy 1AFAUEE Plghi® efP PO Ueb¥ E& Shi RR1BS Jlte an
optical conical beam and_a slit which gives the transm ssion signal the
di rectivit yS2Bego 17 nEhigdya paum #nd e‘g ARPEY R EdBTE GR1E6SETY on signal
used for detecting the shot position of the |aser beambullet, and a | aser
beam bul | et W4r8ti&®RR1¥hi ng signal used for distinguishing - 5 the |aser
beam bul l et. Al so, the perm ssion signal nmay include a condition for the
out put of the |aser Beudthar| @bigeatt Bifs e eprepenbninvedt ) BE £Pul se
wi dth of the perm ssion signal. Al so, the |aser beam bullet may include a
plurality oPrevdntar jassn egun Tnd |aseholpdam Hublystt e sushgd sttheg
signal may include a first bullet distinguishing signal associated with a
first one ofamee plurwhiigh diarfiddmg a0f Bbalslegt sheamd balskebad isul | et

di stingui shing signal associated with a second one of the plurality of

el ement ary bebltetisstedd ssubiselgnt to the first bullet distinguishing
signal. The first bullet distinguishing signal is subsequent to the shot
position signal. In tAnstbaseocdjecti oft the | prediesit njnvemtigosi dsalt oray
include a first in bullet signal associated with the first el enentary

bul | et and prbivrisie canravs eat ggah iandi cat shgothiaigt bgsfanstusliarentaey

bull et belongs to the | aser beambullet. The second bull et distinguishing
signal nmay safleydeim HRAVH $afbtithl aif Shgnals exssgahaicath bé hsleltaared.

Another object of the present invention is to
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.

Another object of the present invention 1s to
provide a shooting system in which a new technique is
provided for a shooting sport using laser beam bullets.

Another object of the present invention is to
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.

In an aspect of the present invention, a
shooting system includes a laser gun and a target

apparatus. The target apparatus includes a target-



second el enmentary bullet and a second common signal indicating that the
second el enentary bullet belongs to the | aser beambullet. The first conmon
signal is equal to the second conmon signal. Also, each of the first
in-bullet signal and the second in-bullet signal is expressed in a sane
first nunber of bits, and each - 6 of-tHe first common signal and the
second common signal is expressed in a sane second nunber of bits. The

fi nber. of bits is.2 and th d_nunber_ of bits is.6. A
score for +hbaPoAgmpuRicaiten Wi oA kEe ta Ay seRhi L w it it pEspect

to the first_and second co n signals ased on at |least o of, the first
| aser beam bAPPE: Tt FROGIGHE & GEmOAS SO REUBAG 18R of BBedATEFI o1

di stingui shing signal. Also, the | aser beam bull et may inpluge a plurality
of el enent a¥Pbuld et3TIRdch HFLLAB MRS LV NG R LHeRPHACBI Vet s may

i nclude a shot position signal used for detecting a shot position of_the
cor r espondi REPBESERR at P Bd1g ctargRt HuFPECIN St Rnd@diSSH ngesfMyRipllet,
associated with the corresponding el enentary bullet, and a_common si gnal
indicaﬂru]@hétqrﬁﬁﬁepﬁéﬂﬁnﬁmhg elahrdcp 10y | eenpeIcHRS £e tHe| aser
beambullet. In this case, a score is calculated as one score with respect
to the combhgbitgeeceivdded] wmithe {9 udakect ¢fni ahpdl Ines dtdoimgef shi ng
signals. Also, a score is calculated by averagi ng scores based on the
plurality ofthenidsetr tesim rnguldbitng Silgnalassefr apimginglpuiéor pe@uwver
shot positions of the plurality of shot position signals. Also, a score may
be obt ai nedshdeedtcammanieatior paditt ivnakthr eleate buslsi ket peemishoion
positions of the plurality of shot position signals. Al so, the target
appar at us mayghal heransalitdee @ FEaom whiheh taatgd t esideshomhreundication
transm ssion of the perm ssion signal. Also, the |laser gun further may

i ncl ude a sehect,i andwat gurbysebtdlorsetietehod sputde thed Wweas erodesamand

t he nodes includes a real shooting node for emtting the |aser beam bull et,
and a test phigQldthgbaped forf €Nkt pidigh BOsopn el gaagnal different fromthe
| aser beambullet. In this case, the different optical signal of the |aser
beam bul l et may be a mignahselt ajwedmBy ek iierd ide1 a8 srdgayjer Al SO,
the different optical signal of the | aser beambull et nay be a signal

obt ai ned byafadid Y Plgger’ esPEREN NG HESa @t nid1ec PHBLAIY twh £ENi N- bul | et
signals. In anther aspect of the present invention, a signal processing
method is aghheueft ¥ Gcd{FFer Llidia B RE BSSHOAsE W aW Y £88LY off OM
a target apparatus to a |laser gun; by (b) receiving the perm ssion signal

by the |asepedyhe bYrigled thRg §unASEcPeam Ml ebukplf® tHgel Ao gun in
response to the reception of the pérmssion signal; and by (d) receiving

the | aser bgg%ﬁlilg%e?grgﬁegaggett@&p%gw%émﬁ sHyn£1 SRR ROSHbheR Of

the | aser bea et ect ed. emtting step nay be

achi eved ang”erPe btll,h_g?etli ngfgﬂgg_qnal to the laser beambullet. In this
I 0

case, the signal proce ng ne may further i nclude the step of

-9 _
(e) detecting the sh si tji,on, of et, t.ar get
appar at us based on tﬁ&elgﬁbt E&o& i%%@é&ﬁﬁéﬁ?ﬁ%ﬁ%‘l{x% %’r?%%%scl:%?e, t he
(c) emttin f hey. . ieved, addi | aser ] e
G &t 1 ngui sne A oL i T PR B B e, S BT bR R erss
ot her | aser ambullets,. to the |as t. sQ | aser .
bul | et di st Fﬁ%uirgsaf##(a%s_isginéa %ﬁ?"‘ﬁ%%%%g?%{yeﬂjygams oo%%?igﬁfc??o%lgﬁqn
operation a_triqger. so, the laser beam, bul | et ¢ incl ude . urality of
el enentary Bl e 9, ﬁletvﬁicse c‘ﬁgé"c h%ufgggl’g b%rémoggﬁcericd?gflil%gagil shlgﬁén !
signal may include a.plurality of bullet distinguishing signals ich are
Sutput tod | RPgerd il tBbSUbtiehy 983 et Bhof TR T 67 L0t cit FBR S THEI | and
whi ch correéﬁond to the plurality of elenmentary bullets. In this case, each
of the plur9tFSFGHVHEN et di stinguishing signals includes an el enentary
bul | et nunber signal indicating a corresponding one of the plurality of

el ementary bul lets, dhtS3-cdffont3F§RalPs#i PRLLRE tRAY RF LBRPeHondi ng

el ementary bullet belongs to the | aser beambullet. The sjgnal processing
met hod may ghofthagosition signal used for detecting the shot

position of the laser beam bullet, and a laser beam

bullet distinguishing signal used for distinguishing



include the step of (f) averaging scores of the plurality of elenentary
bullets of the |aser beambullet. Also, the (a) transmtting step nmay be
achieved by transmtting the permssion signal tothe _ g _ laser gunin
directivity. Also, the signal processing nmethod may further include the
step of (g) adjusting a position of the raryet apparatus which may include
a target which has nechanical coordinates (x, y) of an irradiation point,

and a two- digensi i CELYi Ng unit which receives the | aser beam
bul | et at %femi riraa I at Fg%mfooqlﬁt a\rEld outputs electric coordinates (x', y').

In this case, the (Q) j usting . e L.eve A pUSting the
el ectric coordi nates A(l>a<sdéf y%lg @Z%lgrglg%&t%e %th\r{h gna&cég)rc&'ﬁ%%eé (x, vy).
Al so, the (h justing st may_ _be gchi gv by, (i)_adjusting,relativw

bosi tione HE0RBMT Tan EatodhantuERet R cFRenadhr P PlLaR g T ¢
such that the electric ordi nate X", y').coincide with, chanj cal

coor di nat est{4s @a%?'a% &R b%ﬂ'ﬁo%fmgﬁebtearage?‘.‘ff’ﬁ t%@gga?g 6&% (h)
adj usting step may be achieved by (j) changing a position of the

irradi ati onPBsMASSLAR By 9031 nat hematical iy adjusting the electric
coordinates (x', y'), such that the electric coordinates (x', y') coincide
with the mechanical ddo¥@i n&bes ¥3sey) bgan hpuddetgdpHod MG IgHABF at he
irradiation goint. The %j) changi ng step and the (k) mathematically

adj usting sPéprimehl b efe@ipenfadperRiehirysin e utasiey Beamegi ons on a
coordi nate system of the nechani cal coordinates (Xx, Yy). - 10 Brief

Desvri pti onbufl lete @i akilmgnisging stigrad maputneludep|ar SLinsyt of
shooti ng boxes and a plurality of shot position detectors in a shooting
syst em usi ngulldedr guasiagoishhgot ¢iaghalsiassdhotated vwithhe grieseht
invention; Fig. 2 is a side cross-sectional view show ng the shot position
detector; Foge ®fi sthef pdniral thwyslociv eetmea tshwoy podilte tom, dendgctar; Fig. 4
is a diagram showi ng the em ssion of an infrared light froman infrared
LED, Fig. S5sesoadibeliedssdtetingmalsiviey shonal asgorbated vobty a
portion of the laser gun; Fig. 6 is a plan view showing a | ower surface
portion of &beogidh baerelf bty pantradd t¥i @f e leémanklaxok Wuadredns shawidng a
shooting systemfor a |laser gun according to a first enbodi ment of the

present inveabis@juéhfgstBAKLe EErarte Bullled ahbstinguavdlgng aongsal .beam
and various signals in the shooting systemshow in Fig. 7; Figs. 9Ato 9E

are bit charhe respeet bl Ve 6hawshA g @ahind @ignsar ieasubwd@ienki gs.

10A to 10D are timng charts showi ng a part of a signal shown in Fig. 8B

Figs. 11A t@olimetrenbithigk £2bhs SiWnhNg In khigdabas@nvensl EFirst
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 laser beam bullet. The first common signal is
equal to the second common signal. Also, each of the

first in-bullet signal and the second in-bullet signal

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



Fig. 12 is a circuit block diagram showi ng a | aser beam bull et generation
circuit in the laser gun; Fig. 13 is a front view showng a target plate in
the shooting system and Fig. 14 is a system bock di agram show ng the
shooti ng system according to a second enbodi nent of the present invention.
Description of the Preferred $nbodi nments "Héretnafter, a |aser gun and a
shooting systemusing the sane of the present invention will be described
bel ow in degaik Ff‘if@}ercf‘dmoﬁos%@%é‘itéghechfé YL RGHd FEGmmbrshovs a
| ayout of a plurality of shooting boxes and a plurality of shot position
detectors 2_1 e oQt. | e usj eJd g oL @i RO t he
first enbod?%Qﬂ%n%ffghgkbgg§%%§&i%bé%{ﬂ%%ﬁglﬁ%§§ﬁd1B%§Hg£gu%gcgg¥%§bonds
to one tar , ferrin Q. Fi < JL.he, nugber, o otin X i
exenplifi egﬁég Ei%'vreﬁ{aﬂgmttbr%r n%ﬁbgésr;to% %%o?t?p()asr?(ii gﬁgdgteecg gras “li]t')ségl SO
exenplified gs five. That is, the shot position detector 2 is provided for
each of the° IBF&VTt&Sog'shooting boxes 1. In this exanple, there is no
case that |aser beambullets are em tted fromone sﬁgotingugﬁf 1 to the
plurality of shot podt$®n Bef&A%?stoT B {RSEHerkeal gt may
case, the | aser beambullet is not detected or is invalidated, as wll be
described | Beefalgithaged s sABSt iSTPHOx¥d th ke pRecitt itgheliRBy fipst
partitions 3. A conmon shooting allowable plane 6 is forned for a plurality
of shoot i ng2B&x &L AoN @n CONRR NfidAIFHod: | RGSAI OMbRE pPiameteonehecfat er al
wi dt h of one shooting box 1 is 1 min the case of one gun to one target,
and may be Hhei fddr shrlaser iheaisdyibiebndigiinguasping sd@gnsil tanfet s.
A laser gun 7 is used to shoot a |laser beambullet in the shooting box 1.
Each of thetbeotsgosndi daska cbeam buklett dis pbrpuilehimgt svianah. | aser
beam bul l et. A square or circular target plate 4 is fixed to the front
position of each shotAleseit ttwe deaserobeam Thylfledntmayr flackbudé @he
plurality of target plates 4 forma conmon plane 5. The common plane 5 and
t he conmon phaoata gt gl bdwabl emphéacrt bmdlpdrsal | dacb edchtlmeher and are
both vertical. The distance of 10 mor 25 mis exenplified as the distance
bet ween t heptamalni pyab€E % bewde hitagonvob letesotmay dnlcdwadé e aplsdnet 6,
dependi ng

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 1s calculated as one score with respect to the
common signals, based on the plurality of in-bullet
distinguishing signals. Also, a score 1s calculated
by averaging scores based on the plurality of in-
bullet distinguishing signals. Tracing is performed
over shot positions of the plurality of shot position
signals. Also, a score may be obtained based on a
relative positional relationship between shot

positions of the plurality of shot position signals.



on the kind of shooting sport. The distance of 1 mis exenplified as the
di stance between center lines of every adjacent two shot position detectors
2. The laser gun 7 may be used freely between the adjacent two partition
pl ates 3 based on shooting sport rules as |ong as the gun does not go over
t he conmon - 13 shooting allowabl e plan€ 6 toward the shot position
detector 2. The shot position detector 2 emts a conical beam 8 such as an
opti cal conical beam opti,cal i pti i yram dal
beam gener at ed fronlg#%éﬁrgb%dHﬁ%%éEaé&é%¥%ﬁggog%ﬁggFaggﬁﬁ€gl beans 8
emtted fro fiv siftio tect or reaches correspondi ng
shooti ng m%&%?ﬁﬁﬁ %oggaho&%%%%cﬁg% éﬁ%gaghaﬁﬁfgﬁSmﬂ g boxes. The
| aser bean1PuIIet.9 if eni%tqghfron1t e laser qun 7.to have a signa
i nherent to T R8SMEF Q00O e PREA SRAAPLEHR 2 has a hi gh paral | el
flux characteristic d reaches .a target plate 4 of the correspondi ng shot
position detector 2 At§%brnFBf FPHFi g4R dHATHYer MHE HRCARAR I R be
described later. The conical heam 8 includes a |aser em ssion permni ssion
signal and §81PELiQRaSKY tEN iRht VR4S F BYesddiahnl 8f Makke | heEWeR 7. The
pul se width of the conical beam 8 is inherent to the shot position detector
2 and adj acePtieEoniadt bEBSnEeAee pRcINGeat Bs 1RF) efRAO Hine BGe of 0Br .
Fig. 2 shows a side cross sectional view of the shot position detector 2. A
casi ng and ¢Rhétiamppbhe JEager ubeasi ihblekot aivtiaj sesdetebrotinare
desi gned and assenbled to achieve high rigidity, so that the magnitude of
thermal di stedei divaembs tdaxd rant egp bdicdl nsagnsl oddbife remye £rowe thet
- 14 position detector 2 is conprised of a position detection opti cal
el enent 11 lasedditéam bolillet t aret thlist ecadseThehposdifdemaitcti on
optical elenment 11 is conprised of a convergence lens 12 and a position
detecti on septdécmaducstbgnellemehtti8. lasHmr heacoupl kletdewiaye HYECA devi ce) or
phot o- sensi ng devi ce (PSD device) is known as the position detection
sem conductoigelhdnmertttd®neldn Hhimodddypieg the RSinmden celdiBals prdfss ably
used as the position detection

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.

In anther aspect of the present invention, a
signal processing method is achieved by (a)
transmitting a permission signal wirelessly from a
target apparatus to a laser gun; by (b) receiving the
permission signal by the laser gun; by (c) emitting a
laser beam bullet from the laser gun in response to
the reception of the permission signal; and by (4)
receiving the laser beam bullet by the target
apparatus such that a shot position of the laser beam
bullet can be detected.

The (c) emitting step may be achieved adding
a bullet timing signal to the laser beam bullet. 1In

this case, the signal processing method may further



sem conductor elenent 13 in view of cost and detection speed. The shot
position detector 2 is further conprised of an infrared LED 14. The PSD
device 13 has a two-di nensional current generation film When the

t wo- di nensi onal current generation filmis shot with the |aser beam bul | et
converged by the target plate 4 and the codvergence | ens 12, the PSD device
13 generates currents Ix1 and Ix2 in opposite directions of the x axis

di rection, | S0 e r t Vi L N S| iyrectjans
of the v aaoaRes, SERCLTEEE SHTIET. Bd¥pcRind Shi g B BbEACSE b8
position s wi t_h, the | aser byl | r r.es h | | owi n
expr essi on%e- ll??ﬁ%(%-?%% /ﬁ%ﬁ?}ﬁ )Linye%hg( ?9%&%?)%?%&%@?% %)%Se#ru%g t he
beam poi nt gcoordinates (x,..y). can be cal cul ated and determ ned. The heam
ot Pviner et R s Fabieadn SRR RSl 5 Ra Tr 5 BT Gap e mttial as
a nechanicaL oordi nat e originnéo, 0) of the PSD device 13. _ The nechani cal
coordi nate bf? gePiiktingoSitSRnt WREFS T HRaZ 0B diaR £eVaL RGP as
descri bed above becone zero, and are the electrical center point of the PSD
devi ce 13. Tagefedtnfichmldsot dihatd i HFhing 1§ k@nadn usrd cE8ithg
structure of the shot Rosition detector 2. The target plate 4 is positioned
two di mensi $hatLpIRishang: dhei daswin headnbal wbbEs ommeehast ke i t h
respect to the PSD device 13. The target plate 4 has a light-scattering
transmittabpeam byulimesladea beamliagdertboai dmlthetl.as&d sun theeaches
the target plate 4 and a substantially circular imge having the dianeter
of about 1 hases flramdbod tdte dightingwtsbiing sianed mangbei I m The
substantially circular image is converged by the convergence lens 12 and is
formed as agedoexiatkedrey abedno o treged sora¢hionwe fili opesiadniabn car rankgger.
generation filmof the PSD device 13. In order that the val ues of four
currents generated bnide, PEhedédviser1Beamspealiled ymaxceéadt Ivdeshol d
val ues, the light anount of the |aser beamreceived by the PSD device 13
nmust be | argeariaiaint ¥ heft krlaahehdaral unsl1Eaks .t hilm pthpeseasde whadt h of
the Iight pulse to be

laser beam bullet distinguishing signal may include a

plurality of bullet distinguishing signals which are
outputted in series subsequent to the shot position
detection signal, and which correspond to the
plurality of elementary bullets. In this case, each
of the plurality of bullet distinguishing signals
includes an elementary bullet number signal indicating
a corresponding one of the plurality of elementary
bullets, and a common signal indicating that the
corresponding elementary bullet belongs to the laser
beam bullet. The signal processing method may further
include the step of (f) averaging scores of the
plurality of elementary bullets of the laser beam
bullet.

Also, the (a) transmitting step may be

achieved by transmitting the permission signal to the



described |l ater nust be larger than a certain wi dth. However, increasing
this wwdth neans that the period fromthe beambullet arrival to position
detection of - 16 the shot position with the |aser beambullet is

el ongated. The infrared LED 14 of the shot position detector 2 is

advant ageous in view of cost. However, an IPED suitable for a |ong distance
transm ssion has a sl ow generation speed, while an LED having a fast

generationa§¥ggg i Ipoinsahﬁggigiﬁg%g[he | ong di stance transm ssion. Taken

t hese char eristics 1nto accoun plurality of LEDs nay be used for the

| ong di stance transnhi?olog fﬂezgi%nﬁfp% O&ﬁghggﬁ%{gog appears as

if the generation speé ast . are i'ng w ndow formation
slit 15 is fix to front rtion of tge casi of . t he shot ition
detector 2 tuhaner Sholife FHe' EFaRyAta 85 mith Eh thdk 2 ThaBitdes
position of the slit can be adjusted freely. The jnfrared transmtting
vwndmNforﬁ#iﬁﬁ%ﬂqqrggti?Hﬁé%ﬁﬁ&ﬁl¥9*% PRY SHRELBES 13 oh2d&Sdct or 2.
It is preferable that a pIuraIité of infrared transmtting wi ndow formation
slits 15 arthdebadiihl Beghandiza bt copFdinasess (X, s¥)e@fedPn accordance
with the kind of shooting sport. In case of providing a plurality of
shoot i ng bok®Eaddwd ¥9R aPPrdmt negnBe & rloep yAda@n sboRpdt khehitnfrared
transmtting window formation slits 15 can be shifted horizontally on the
virtual planrecedoring henditi thiicharecsskveandheanl deeti eepmobudd &lstfig of
the shot position detectors 2 at a plurality of - 17 positions. An
em ssi on regheniagfradbatapmareeinEDan wwthudrs teslend rdpt i cabrddmatesbeam
8 is not a point region but is a multi-point region. By providing a |ens
system (not(showy)' J n f¥Imnthdfs tdmsenf rtdreed( ¢ EDatfjus héngnistsépnmagyilom of
the infrared LED 14 can be treated not as a nulti-point region but as
singl e poi nachégived Byg(hd shdyssthimeentkei edexdtrhe iofondidaltes 14x "',
Referring to Fig. 4, the point

y'), based on the mechanical coordinates (x, y). Also,

the (h) adjusting step may be achieved by (i)

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', yv'), such that the electric

coordinates (x', y’') coincide with the mechanical

coordinates (x, y) of the changed position of the

irradiation point. The (j) changing step and the (k)

mathematically adjusting step may be executed

independently in a plurality of regions on a

coordinate system of the mechanical coordinates (x, y).



region is represented by the point P. The center line of the |ight beam
fromthe infrared LED 14 as an infrared optical axis includes the crosses
the point P, crosses the common plane 5 at right angle, and crosses the
common shooting allowable plane 6 at a point Q The horizontal wi dth of the
infrared transnmtting window slit 15 is indi®ated by "d". The distance
between the slit and the common shooting allowable plane 6 is indicated by
D. The di stance betwee PGy the co n ne 5 is indicated by
X'. The horizontal w dp#ggft (#eégs%‘g%ggﬁ'gorgo?(fl% iﬂ;%i%gngcf by "a".

Al t hough the slit wdth d differs dependi ng on_the _angqul ar, ,posiiional

rel ati onship bet vveen?‘té'gsbegi FF‘@&’SSh%tJe'Bé’& i onE a8t é’?:]t‘glfaglgﬁd %’gspeci fied
shooting box, 1, .the slit width. d is_geo rical-optically expressed based
on proporti DR8Pt % PBKER Ay ?hBl?"c}‘l nﬁ\ﬂfg °é€xp$1é8§i (Pr‘?y ng’&i ng to
excellent a groxi mat i on. - 18 al/2(X+D) - d/2X Hence obtained is: d -

ax/ ( X+D) (25 ER U SibdPe e fRRP BAN@)SY S hema P LTFT  4AE Q3 FBBSr ni ned
values, and "X" is a design value. Fromthe equation (2), the slit width d
of the infrafe@udid@nt et end ¥ soRMNqdingnits afet Bhai BRESERE width of the
infrared transmtting w ndow formation slit 15 in the height direction is
det ermi ned WhVBNtdi@ ence to the hei ght position of the hand of a shooter
who extends his armat the time of shooting, or the height position of a
gun barrel body whenFtlige. sPodserd seiéeacqos st sek tganabnviiesw skbalwderg and
| ooks into a gun sight to fit the sight line to the target. Fig. 3 is a
front view bhet Isdsthapopddiitaronddteedtar; 2. Referring to Fig. 3

positioning holes 17 are provided in the front portion of the shot position
detector 2 at a plur&ligy ®f igos tfpostowvidwe shpgdingl ahe &hdte
positioning holes 17 are used for positioning of the target plate 4 with
hi gh preci sponiitidmhedéheeaal yensi onal coordi nate system defined based on
t he above-nenti oned nmechani cal coordinate origin of the shot position
detector 2. Al thoughFtire. target apl@i&gtant diepvaagd tepeaaiing Donaoli nd of

an infrared light from an infrared LED;

Fig. 5 is a side cross-sectional view showing
a 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 B8E 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 a signal shown in Fig. 8B;:

Figs. 11A to 11E are timing charts showing



shooting sport, a replaced new target plate 4 can be constant
to be strictly adjustable three dinensionally wth respect to
nmechani cal - 19 coordinate origin of the PSD device 13, by
pins into the positioning holes 17 of both sides. A conical c
attached between the target plate 4 and thel konvergence |ens

coni cal cover 18 forns a dark box to prevent scattering |ight

t he target e 4 ring into the convergence |lens 12
light. The gé%&bfﬁg%%ggkgﬁép1z and the PSD device 13 are atta

| y positioned
t he

i nserting
over 18 is
12. The
scattered by
as stray
ched to an

attachnment board 19. FTith a&&a&r t gcg%%ruciggb'?gc@g ﬁgggg?ne%(g&%g}gt th high

rigidity to a casingp ion o ot "posrtron

h i ig.. 3. Th Pti d i ncl,udes, |
2 - cool i ng RERT &l Pt Seleih bicicoare Bt T o

° s 21,
A4y gah:

described later, and js set _on a bage (not _shown) which is strongly
secured, such that tr’f:lei? argét erte rﬁ&pﬂntvi‘?wt ﬁ)éhqvéiﬁgt apl%ﬁ’égﬂ%i s set to

a defined height position. Fig, shows, a gun barrel body por

tion 23 of the

g, .9 sh
| aser gun 7Pi@tshotRhtRegShPrPbindsHfteRe fMlis onitted. A seni conductor

| aser oscillation element 24 is used as a |light source for a

visible |ight

or infrared light. AMk@&m &dj dst et ¥R PQCkr 4R ShRYWInAuItiSl e

| i ght em ssion points generated by the sem conductor | aser os

cillation

el enent 24 EROALRYVEYS teHpRECHISARY aliet & LR CPRE dEimkaddmestt 19fm The

beam adj uster lens 25 is provided coaxially on an - 20 opt
of the sem thedresenisdnwertioat.i on el enent 24. A photo-d

provided at a | ower portion of the front portion of the gun b
portion 23. The photo-di ode 27 receives a part of the coni cal
emtted fromthe infrared LED 14 of the shot position detecto

ical axis 26

ode 27 is

arrel body
beam 8

r 2 through an

infrared reception pemstc2Bpbpemecdf nthef PorafendedorBEmboddimeniies gun barr el

body portion 23. A shooting state indication

Hereinafter, a laser gun and a shooting

system using the same of the present invention will be

described below in detail 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

target. Referring to Fig. 1, the number of s

one

hooting

boxes 1 is exemplified as five, and the number of shot

position detectors 2 1s also exemplified as five.

That is, the shot position detector 2 is provided for

each of the plurality of shooting boxes 1. I

n this

example, there is no case that laser beam bullets are

emitted from one shooting box 1 to the plurality of

shot position detectors 2. Even if there is

such a



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
adj usted by neans of a stabilizer 36. A pow& ON OFF switch 32 is provided
at the | ower surface portion of the gun barrel body portion 23. The

an ON oper i RER 1 Ef)im%? YR OB %*J'l'clheﬁgig?ﬁ?ﬂs"‘ﬁ%%?% J 2L cati on'
LED 29 [
per i ssi o iﬁq‘g%&llds%t 7, R SthtLaPeoaanaribeflcafen’y the photo-di ode

27. The col or of continyous_I|ight of the shqoting state indication LED 29
is preferably change&&% &PEof eccﬂrb?°§5“t9naﬁ°¥ﬁg dhoot ePakitgritd ?1’6? get

di stracted. . As the shooter pulls a trigger (not shown), the -

seni conduct®Y F&@é@@ﬁ%?FF&ﬁﬁnﬁeleﬁeﬁpﬂﬂp%nFPQQ$4%&e?l&ﬂﬂﬁ%ﬁﬁlet 34
including a light beam bullet signal 33 defined by a control circuit to be
descri bed I1RL8Re & okg fREMSGS £ar axislyBalAtst F | FheoBngsboxkeas abky
attached to the gun barrel body portion 23 and can be fixed at an arbitrary
rotation pdent tée coemanksdagelngt isclalowabde3Ploanehéd .shivheed atigisat ownar d
a target, passing a cross-point of a cross-line sight 38 attached to the
upper end swiflibe gorenensdfodtbmg poxt i bnief 1t e fonther reasbodyf porei on
23. Three operation nodes of the |aser gun 7 are prepared dependi ng on
trigger opegahi dos.odéethmrgst noard may real dsifdiote dgviendieab hywdinch t he

| aser beam bullet 34 including the |ight beam bullet signal 33 inherent to
the | aser guasési facdénal gprenidt ad pdndyal htgasef of argedis/i ngA alparir of the
coni cal beam 8 through the infrared reception port 28. The second node is a
test shootiggnnydes nugbdchd hehbasera heagebulbleximi ballud thgihhehled ght beam
bull et signal 33 and an invalidation signal for invalidating the |aser beam
bullet is ashualtliywembked .only in case of receiving a part of the conica
beam 8 through the infrared reception port 28. The invalidation signal may

be realized as a sigmalch Nophittle asNati §idONishgdtéstBet Xonéakaad in

the | aser beambullet, or as a signal in which said | aser
a position shot with a laser beam bullet. A square 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. The common plane 5 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
every adjacent two shot position detectors 2. The
laser gun 7 may be used freely between the adjacent

two partition plates 3 based on shooting sport rules

as long as the gun does not go over the common



- 22 beambullet contains a nodification of the validation signal. For
exanpl e, to achieve such invalidation, a signal 75-1-1 which wll be
described later with reference to Fig. 9C may be set to "00".
Alternatively, a signal 75-1-2 may be changed to "000000". The | aser beam
bull et can be easily treated as an invalrdl3 ve bullet in replace of a
valid live bullet. By using this kind of signal, the |aser beambullet in

{irst node. STRETOY AT hbAR TS Bhade nkaVard headur uppEn

operation o% gul i nlg ,T;he trigger is only checked and no live bullet is
emtted. Th %,efﬁg atety can be secured. The selection between the rea
shooti ng node and the_test shootin de is made by shifting the position
of a node sel ection g‘\ﬁq Hhes Pr"o'i/’?'ﬁ Ana@atRCT BFer? &Pt hSe apd???gﬁac}f t he
gun barrel body portion 23, as shown in Fig. 6. Adoption of this kind of
slide swi tc‘heé%l SSUFR 8FoRAeroPEiGRdckCPRECRddP @8MectdOBbdC@lon of the
switch. It is preferable that the switches and | anps shoul d be positioned
in upper ar®dllérdddppesicalsikeanm.nand @ p¥aEwhdadr bem genefrated
naked-eye optical axis 37. In particular, the switches should be nore

pref erabl y Hvomt iagheknfnaties |bhRr sEdeh MEothet drt beeflercxsh caBat any
conspi cuous objects, especially |anps, should - 23 not exist near the
naked- eye opeamsl SaxemiBTedriffwom ¢henwst hivehedtdthgpegdttdmmusdagetdimtaser
gun according to the first enbodi ment of the present invention. The present
systemis canpeiasde ofat be drasespogdd ng asloblid rehobogodi .t ilmut ddbect aio as
descri bed previously. The shot position detector 2 executes bi-directional
commruni cat i pniby ipeehby ofr etalveh cowbcahdraimg dukdse | Rher leserbblelam 34
fromthe laser gun 7. The laser gun 7 is conprised of a |aser diode (LD)
unit 42 andbable® tatd é4mithhed| dsom dilvdelasdr 4guns 7conprhaed of the
sem conductor |aser oscillation elenment 24 and the beam adj ust | ens 25.

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 includes 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 different 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 position detector 2 are
designed and assembled to achieve high rigidity, so
that the magnitude of thermal distortion can be

restricted within an allowable range. The shot



The power fromthe battery 31 of the laser gun 7 is supplied to the LD unit
42 through the LD board 43 and the power OV OFF swtch 32. The LD board 43
is conprised of a direct current/direct current (D)D) converter 44 and a
i ght beam bul | et signal output control unit 45. The direct current power
fromthe battery 31 is supplied to the |ighHt4 beam bul | et signal out put
control unit 45 and the LD unit 42 through the D/D converter 44. The node
sel ection sy ; t he [ i gnal . 47 ed on the
operation o&%gglﬁeg&rr%g%%;te ec?i %?%ﬁgﬁ%gﬁ%dﬁ&éugp %S %ggfihe i ght beam
bul l et sign c I nj ~.Jhe. |l aser | 1 pyt ro
unit 45 out%%%g%ﬁ%%egggl?rﬁ# %,;eﬁ%nfti risa% ﬁzlsear&)(gggglr%g'[itgé\ gt{trer eucn?cggki n
the real shooting de,.or a_ .- 24 econd, | aser _generatiaqn curre 49 in
the oot SHOSEIERS oddBnBoRH AT A2 AR HLED OFe T Sekr e BhI Ak & 1
accordance with thqa%ir t |aser generatiog current 48 and the second | aser
gener ati on SAPPEHSSR. OFh@ GIRY SFLIERCYhBPE ilh BOFr EtPABLEA WPhe second
| aser generation current 49 is_not generated if an electric trigger, signal
52 1's not sAPBPLEd D PRBUCARIUBESH (RAPRENS gk oht FRERAM FOPRKRT 45,
The electric trigger signal 52 is outputted fromthe trigger signal
gener at or 5@3U6&¢[ﬁﬁ¢PnQQﬁi%ﬁfrP&QQhOFﬁ'ﬁﬁﬂ%i%ﬁ,mﬂﬁi¢¢réfﬁhwer
generation current 48 or the second | aser generation current 49 is not
generated | fevVhA€edlasks ERioYl onspéhe e shtdioghadesecddmnt at ed upon
reception of the conical beam 8 is not supplied to the | aser beam bul | et
si gnal out psemdemndnctart efeemaptorld nglin thd d easxampdem bulreeP SDs not
emtted fromany laser gun 7 that is not situated in the shooting box 1, so
t hat securidg¢viicre skl eig carebHerabtly nesiedThs stive posiithibeanddedsorioni s
conprised of the target plate 4, the photo-sensing diode (PSD) device 13,
and the i nfsamégdrEm¢tiorThelethentpdsi tinnvdetvece Hr csits dudt dert embponsed
of a transm ssion/reception signal control section 54 and a system contr ol
CPU 55. Thespeardsn Menshetepiovitdiognale tenttioad Zetsi duiSdhéas a
transm ssion/reception signal control unit 56 and a D/D converter 57. The
comprised of an infrared LED 14.

The PSD device 13 has a two-dimensional
current generation f£ilm. When the two-dimensional
current generation f£film is shot with the laser beam
bullet converged by the target plate 4 and the
convergence lens 12, the PSD device 13 generates
currents Ixl and Ix2 in opposite directions of the x-
axis direction, and also generates currents Iyl and
Iy2 in opposite 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+1Ix1)

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

Y

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

calculated and determined. The beam point where (Ix2-



- 25 shot position detector 2 is connected to a public power source 58
through a switch 59. The power received fromthe public power source 58 is
supplied to the DD converter 57 and the PSD device 13 through an A/ D power
converter 60. A green shooting-allowance |lanp 61 is turned on to indicate
the shooting allowed state, and a red shootliing=i nhibition lanp 62 is turned
on to indicate the shooting inhibited state. The |anps 61 and 62 are

provi ded i r ti f e.f r.ant (o) i Siiti o
det ect or 2%%"?12 %&ser(gggmlgﬂl fe?£g4q°nc u%ﬁ\g%& tlhge ?gg& e%éf)nabhltsl é{ si gnal
33 is scattered by t tar late 4., The scattered_|light 4s.cqnverged
onto the |irg,?,9gpg§l§%}fngog%ﬁig§%€8f OFHeg%D%gevioc ‘15 ttﬁ‘reOLPg%Dtﬁ?Vlge
conver gence, | ens : e evi ce uni i ncl.udi ng, t he eyi ce

2. The PSD devi it 67 includi t he PSD deyi 13
removes noi 52 sutRCad&fFREVLGATC 20 PF IR | 5d 9 IgbahF bl IP&SBYI OB
anplifies a signal corresponding to the received | aser beam bullet to

out put a cufprefse FhitecergddindBet yaliee g r AREHNR] oRFr desif T bRedi fheve

control unit 56. The current val ue signal 63 corresponds to the current
val ues of tPRCPRE FHFL. oRPCLr3eat $hien leabrdiGiehsrondlenireénito®t The
current values are shown by the above-nentioned equation (1) with respect
to a convergeac®SPidevitTee k¥ ansthesmewhantpailoraegainadentebigdm t 56
executes lightening control of the green shooting-allowance |anp 61, the
| i ghteni ng is- f2&ed&opmr sheofcasbnges oot umg- iothi bhei ghdtnposd tiom t he
em ssion control of the infrared LED 14. The current value signal 63 is
processed tdegerdrat €2 a blhkettaargettap ladiaied signgio it iwmiech two-
transmtted to the systemcontrol CPU 55. In particular, the system control
CPU 55 execdimensdarreatilycwlioth oa ane s fent wdntlvheednoral hewbblllest
arrival state value 64, and controls a display (not shown) provided on the
shot positivandet édfiitndd Wictlscpeepeadicut at ittve alsiDcdereiode ob3based on t he
bullet arrival state value 64 may be executed by a personal conputer 66
connected to the systrérs coatgelt GPLADE Uhmrughaallih65s chir tasEng
transmittable f£ilm. 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 £ilm. The substantially circular image
is converged by the convergence lens 12 and is formed
as a dot-1ike real beam image on the two-dimensional
current generation film of the PSD device 13. 1In
order that the values of four currents 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 certain width.

However, increasing this width means that the period

from the beam bullet arrival to position detection of



where the score calculation and correction is executed by the system
control CPU 55, the score count result is displayed directly on the display
(not shown). Figs. 8A to 8E show tinme sequences of the |aser en ssion

perm ssion signal 53 and | aser beam bul l et signal 33. The shooter sets the
nmode sel ection switch 39 to select the reall&hooti ng node or the test
shooting node, and brings the laser gun 7 into the shooting box 1.

ar get pi a0 et [ BeBA YRR YRR S THER, Bhah Bl e fr a8 on ol “heam

8 is receiveg by t.he.photo-diode 27 in the |aser gun 7 regardl ess of the

i nt ensi on of TPHEEHdter. The conical beam8 is enitted in a pr edet er m ned
time interval of 5 fromthe shot sitjon_detector 2, as . - 27 shown
0 Fig 8A Each ti neihel Padar e LBBo ebs Stieor e b S5 b9 Rt he

coni cal beam 8 shown in Fig. 8Cis received, a bullet timng signal 72 is
enmitted. WERLEIFFQAFi §gd® ixApaPtegeIte AasSripBamfoAqEt - 34HPHEMRE ng t he
bullet timng signal 72 is emtted fromthe LD unit 42. The bullet timng
signal 72 i3dnr vediggblie PSD @evieRg 1915 anee| taansnifglonygs7a
which is a bullet shot signal. The |laser beambullet 34 is emtted as a
plurality oflemerggnergtiisyerspegd burhile AN ILER3havizeg3a fies hunber of
el enentary | aser beambullets is predeterm ned. Each of the plurality of

el enentary geserdfehonbgipestd ¥8- hot73s@itamhd &3f @rcdiiani henghdimt ante
timng signal 72. The elenmentary | aser beam bullets 73-1, 73-2) 73-3 are
converted i hransml ssdonposiTtaoen déhecte ophazlagst esr yaliscs654ibyot he PSD
device unit 67 and the transm ssion/reception signal control unit 56 in
synchroni snawicourithe bulplleiralmityg cff ghiDs Wayl, bé4uzed4£8r amck akenghen
supplied to the systemcontrol CPU 55. As descri bed above, when the shooter
oper at es t haisrtiaggee €ransoibgs)ond @enN2bame t s el €t tihe tplggean isiynal
52, a laser beambullet identification signal 73 as a bullet attribute
signal corregpuEbfgappeldiss bakl aif tihé ngeniegnat 168 ispgedeiat ahdy.t he
sem conductor | aser oscillation element 24 and emitted fromthe | aser gun

7. The | aser beam buldietigériarddetransmitting 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 formation 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 the kind of shooting
sport. In case of providing a plurality of shooting
boxes, modifications may be freely made so that the
infrared transmitting window formation slits 15 can be
shifted horizontally on the virtual plane where the
slits 15 are set, and can be fixed to the casing of

the shot position detectors 2 at a plurality of



- 28 real shooting node or the test shooting node is conposed of the
bullet timng signal 72 and the | aser beambullet identification signal 73.
The PSD device 13 receives the bullet timng signal 72 and outputs the
bullet timng signal 74 corresponding to the bullet timng signal 72, as
shown in Figs. 8B and 8D. Also, the PSD devite-13 receives the bullet
timng signal 72 and the | aser beambull et identification signal 73 and

out puts the ggle¥otin1ng signal 74 corresponding to the bullet timng
signal 72 aR §t1a§%?'bean1bullet di stingui shing signal 75 corresponding to
the | aser beam bul l et, identifi.cation Ei nal 7? asligomn i.n_Figs., 8B and
8D. The bull et shot Syr@Mi8%ioN (KeIfAN A ¢ Fhengd BFHARPS Liondérted into
the bullet arrival val ue signal 64, which is _su glied to the systemcontro
CPU 55. As Yhdwk ism¥F§s theD apgigel t‘ﬁ‘?’ééclaé‘setP BBaB Bl 2Pt @eRENEati on
signals 73 (73-1, 73-2, 73-3) are enmtted based on a _single trigger
operation. FREUAsHUBedm KuIPel tid@ARIREcEETGPR gnBY PFOVIQiBFitR ed in
response to a bullet timng signal 72-1. Another |aser beam bull et

i dentificatLeRssighatem3(nqt shpwindd im Exopohseft henctmerapeld &EPi ni ng
signal 72-2. Further another |aser beambullet identification signal 73-3
is emitted LA.rddpnenlss fanthegimmtdér thel ldnframedy IsEinad TARIB. b¥hus,
based on the single trigger operation, the |laser beam - 29 bullet
identificattuveadigghahet7dsare mulittietb¢ hnte xteigresn Pt R8O déwvigdee as a
position detection sem conductor elenent 13 receives the three sets of
signal s 72 ppdni3 mediont.pulfsi q. sét shfowdiethel lemtishbbnsicghathé4-1 and a

| aser beam bul | et distinguishing signal 75-1 in response to a first one of
the three séhfraredt LBD dwt heRebeklrdinghbd Fiignal 4 74+heanmo anat her | aser
beam bul | et di stinguishing signal 75-2 in response to a second one of the
three sets, reed oh SE§ oot drEelduld et tERBOD wighab .74Theansle Aferherihaser

beam bul | et di stinguishing signal 75-3 in
of the light beam from the infrared LED 14 as an
infrared optical axis includes the crosses the point P,
crosses the common plane 5 at right angle, and crosses
the common shooting allowable plane 6 at a point Q.
The horizontal width of the infrared transmitting
window slit 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
indicated by "a". Although the slit width 4 differs
depending on the angular positional relationship
between a specified shot position detector 2 and a
specified shooting box 1, the slit width 4 is
geometrical-optically expressed based on proportional

relationship by the following expression according to

excellent approximation.



response to a third one of the three sets. The three signals 75-1, 75-2,
and 75-3 constitute one | aser beam bullet group. Fig. 9A shows a structure
of serial data 79 as a basic bit fornmat of the shot position signal 74 and
the | aser beam bul |l et distinguishing signal 75. The top bit 81 of the
serial data 79 is a start bit. The last bitl82-of the serial data 79 is a
stop bit. Fig. 9B shows a bit format of the bullet shot signal 74. Eight
bits between the topamj(gﬂDgnq th ast bit 82 are expressed as (0, 0, O
1, 1, 1, 1, 1). Four bits conposed of the start bit and three active bits
are suppl i LLh ulse width of 400 ~.cs in consideration of

t he output%%%r %rﬁgﬁgégﬁgb tsg'infrared LED 14 and t he phot o-di ode 27. -
30 Figs. 9C, 9D, ang 9E it, formpts of the | aser beam bul | et

di sti ngui shing signa§'75.§£%gkﬁg er ggh]bullet di stinguishing signal 75 is
conprised of a first _in-group. |aser beam. bull signal 75-1,,. 8 second

i n-group | aser beam B Itg?e sgaﬁé(le RIvatieq aF% irdd n-3PBup D astF ebeam
bul l et signal 75-3. Two hits on the side of the tqg si de anong eight bits
bet ween t hePTBfediar®ingfd Vil ¢8st afid 8% i ASedth ?H;QF’od‘baq-g%er BE&am
bul et signal 75 are an in-group identification signal, which is expressed
as "1", "2"thg, eapatyen;d s-edE]E‘G iSddrlt | Yy A& 1fbroBf ting ghtpageshent ary
| aser beam bul | et distinguishing signals 75-1, 75-2, and 75 3. In order to
di sti ngui sht¥ABsS&idriel ng4wdmAewesdignal 5 75si dekgeminede bdthe sV are
serialized, tinme-based order relationship between a first in-group |aser
beam bul | eto£i §h& Irsfnareghd panpmndit thongowigidpal fesmptiepogldt 15
preferably be reversed, although the relationship will be described later.
Of the eightnbthe Beeiwhtt Haeopibint i dadetrmuinedt wiith goeferenges from
the side of the last bit indicates an em ssion order identification nunber
of the | asetobth® e leht3sositioor ndsponds hteamd hef nantsdrootetri mdw of
triggering operation. In one unit game, it is possible to emt |aser beam
bull ets | essxthadsshiBehome &t athiend ine efioshogt bpegr,ataonthehdesighbits
are initialized to (0, 0, O, 0, 0, 0). In one gane, the trigger can be
pul | ed 63 tpoestdorexpfeasgiitbybarrel body when the shooter sets a

gun stock part on his shoulder and looks into a gun
sight to f£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 used 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 plate 4 is replaced depending on a kind of
shooting sport, a replaced new target plate 4 can be
constantly positioned to be strictly adjustable three-

dimensionally with respect to the mechanical




- 31 (32+16+8+4+2+1) (=(64-1)), so that 63 |l aser beambullets 34 can be
shot. Figs. 9Cto 9E illustrate the bullet nunber is "110000" and
exenplifies the third | aser beambullet 34. The bullet timng signal 74
shown in Fig. 9B has a total pulse width of 400 s, and the first and second
| aser beam bullet signals 75 1 and 75-2 of X%he-laser beam bull et group
shown in Figs. 9C and 9D have a total pulse width of 600 s, whereas a
trigger charact signal _75-3 sh in Fi.g. 9E has total pulse w dth of
200°5 10 ¢ hooia P8 T orih L “dR L RaB) S8 BR v e PERER 1AYs. ¢
and 75-2 may,be used f the gape and the trigger character signal 75-3 may
be used forzéﬁjsusltrhié?lt gb‘F t%%gfﬁﬁélérn%p]éf);ﬁsg%ﬁ%? BRER | 84 ted bul | et
nunber, O is used as active signal and_ 1 is used as passive signal. Its

bi nary val ue is "110800°°n4R{3 1t ROVEF 4B r&ﬁ"rbéltt@fcrf%@ Pﬁrté"ee?‘gsépebeam
bullets is commonly cal culated by (2 + 1) and hence equal to 3. As shown in
t he above, Fﬁ§ﬂqqsﬁlﬁﬁﬁgﬁmﬂﬁﬂa¥§ﬁlﬁﬁﬁVBﬁH%ﬁc%iéﬁﬂs'ﬁ?ﬂ.ighéonprised of
a first bullet in-group signal 75-1-1 indicating the first one of one

i dentical |8988larchneaveretl §rbapmsarl darkr oxokpoPTAGRAL 75-1-2

i ndi cati ng commonness to the | aser beam bull et group. The second in-group

| aser beam 8BaRltdtesiggall it scaddredebiyofthe stamgtbuplatei b gf oap
signal 75-2-1 indicating the second one of the | aser beam bull et group, and
a second en32rigogmbnto gita¢ E5nFr gadceatliews cd@namestray tlieghéser
beam bul l et group. The third in-group | aser beam bullet signal 75-1 is
conpri sed oThe faarstebglelngte | hegsou® sagdalthé-BSh idediicad¢i bg tahwee t hird one
of the laser beam bullet group, and a third common signal 75 3-2 indicating
commonness aatiawhddsep lamnbubhchmeyibupoaltd geser alfhea gt tachmegrtoup

| aser beam bul |l et signal 75-j is conprised of a j-th bullet in-group signal
75-] -1 indi baain®) 1heip- @ttonehell dwchasey heothbhlilg gigupitandta a-th
comon signal 75-j-2 indicating conmonness to the | aser beam bul |l et group.
The common su@tieig Opotlhadn rét ed@Whétgpalsibtdn2dexector 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
point of the target plate 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 1s
omitted. A semiconductor laser oscillation element 24
is used as a light source for a visible light or
infrared light. A beam adjuster lens 25 is provided
to unify multiple light emission points generated by
the semiconductor laser oscillation element 24 and to
give a proper beam dlameter at the distance of 10 m.

The beam adjuster lens 25 1s provided coaxially on an



equal to the comon signal of the second common signal 75-2-2. As wll be
described later, when the trigger is pulled once, a plurality of elenentary
| aser beam bullets are enmtted in response to the one trigger pulling
operation. This emission is |like a machine gun, but is different froma
machi ne-gun in that a plurality of |aser-bé&@mbullets are enmtted upon the
single instant triggering operation. As will be described later, a gun of a

different t fragm entd onal .|ive- in ' .egl The
first bul | eSBEAcERs ARTECA W he gl cBhamMARtE3A%UE 8 iTdrEEn
75-2-1, andeigﬁe%n§r94bullet in-group signal 75-3-1 are expressed by two
bits. The first commbn signal 75-1-2, the second - 33 conmon signa

75-2-2, and the thirq ¢ n si.gnal -2 are pressed by six bits. The
plurality of bullet s%f &%%8'3161%% g?miﬁ’g ps]f‘bﬁgﬁe‘ffl h 2o Miversifies
shooting sports. Due to the diversification, the score can be_cal cul ated as

one score WPRtHOGRt 8 WmBR ThidRr Ofaddif oBuPhdarTel BRd®t
in-group signal 75-1 1 and the second bullet in-group signal 75-2-1.

Further, tHheO¥&dOR cad-beThE ANAERIBY AR/ e? AgFrRF L SeEr 8 el B8F tHhe
first bullet in-group signal 75-1-1 and a score based on the second bullet
i n-group sigRBiLcal heama s jgmel tEpdt ifrom| theudin orabedddiDt hé fafhgbhe of
the shooter and the gun barrel after a triggering operation is reflected on
the score. sheta@osktipawialeoter thetkhonghosani dtnfafane@d recHp buPhet
arrival signal 74-1 and that of the second bullet arrival signal 74-2. If
the rel ati veoftudtfuaepeneids imrgefroms sendepiortbon Aft tmatgual y, if the
relative fluctuation is small, the score is high. Due to the fluctuation of
t he opticalbgsysredmiedyhpogubiionheé3t.hr de shbottingretate dumatiboatdodr o
arrive one sane point, so the scores thereof are not always equal. An
aver age valLBDof2% hieprooridlexdt andalesgsooédt Han tdr kewled |t sfiazecal cul at ed
by the system control CPU 55 or the personal conputer 66. A score
correspondi pgrtad.drheo Aivehageywal barre adbedyatpartion 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 stabilizer 36. A power ON/OFF switch 32 is provided

at the lower surface portion of the gun barrel body

portion 23. The shooting state indication LED 29 is

lit on continuously in accordance with an ON operation

the power ON/OFF switch 32. The shooting state

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 photo-diode 27.

The color of continuous light of the shooting state

indication LED 29 is preferably changed to a cold

color so that the shooter might not get distracted.

As the shooter pulls a trigger (not shown), the



- 34 by the systemcontrol CPU 55. The nunber of elenentary bullets may be
nore. In this case, the score is obtained in conpliance wth the relative
positional relationship between the shot position of the first bullet
arrival signal 74-1 and that of the second bullet arrival signal 74-2. The
first bullet arrival signal 74-1 and the-sécbnd bullet arrival signal 74-2
are representatives anong nore bullet arrival signals. The shot positions

of the pl Urgliyhy, i al886E AL ULLELS 1BY10S (4 AGRARAS A SERYERSS, Of

points. This trace 1s displayed in't ooting sport d on a display

separated f{QuEChe, L apagle PR e31 JRORGRI LGS 01 S0RL RGSLET B3 ugeh 2o

size of an area’indi cating aggregation o guence 1ons, an
averaged di stance from.an.origin (i.e, he.target center). and a spread of
angul ar di stHEBa ohe Bhet e ReBar ryon kAR tegiresa g ek ve Ars kAT PERs
the relative notions. of t shooter's finger nd gun barrel. This ki nd of
shoot i ng spLREeXanrfolOBg e | SBH LA ADLAL Pdal 41 95BN W ©Ehdd 117
conpetitions. If the trigger is not qgperated, the bullet timng signhals 74
(74-1, 74- 2XO%AFaLR) aftachgbedli 1Y FEPRAKT Y PRAY RQELINMt €34 as
long as the nmuzzle of the laser gun 7 is oriented toward the target plate
4. The tracah8f Gafe bal Fdxqd nfhgan anbi typgin 50 2 tda RpsAdiIRP to the
shot the bullet timng signals 72 is displayed on the display. This kind of
trace indi cBhes nakedrayteunp bhcefl taxlshddt @f The shenmercamnsul| the
trigger, watching the fluctuation of the trace displayed on a display
surface suchowarsd sartargetori Hadsiad . a Pegjos iPginiti ki adcgossatdnent o
a large-size screen can enrich services for audience. Figs. 10A to 10D show
data detectsdghti dhgattAaheadngbe thd | eppemmiendssyrdlacel perdrlien ged and
shown in Figs. 10B to 10D. A data conversion cycle all owance signal 83 is
del ayed by frpmddapertiioad af neher gur hizarzlell rigoddgeoaftibe BBl et tim ng
signal 74. Before the next bullet timng signal 74 is outputted, a data
conversion cycle sigrmiréd bpegmeiahethdades of the laser gun 7 are

prepared depending on trigger operations.

The first mode is a real shooting mode in

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 the infrared reception port 28. The

invalidation signal may be realized as a signal in

which a validation signal is not contained in the

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



synchroni zation 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, y) is included in the current val ue
signal 63. The coordinate position (x, yJ &2 the shot position is
cal cul ated in accordance with the above equation (1) by the system control

CPU 55 or tﬁ'&ﬁg@%&’?ﬁ?g@ﬁ%ﬂ;‘% 64 m‘f‘quf'ﬂgg'%gﬁcl |98 G dinpQ Aaf gy (X,

y) is transm conpu iS stored 1nto a nenory

section of éfSn ﬁi5°$%;08ﬁgﬁﬁ¥?ﬁgyosggﬁghygugﬂ%ﬁ’iBO%r¥HéE£§ndi5'EWEd

on the screenor ~d display uni he 'shootrng sport field on
real -tinme. The shot_ position coordinate data is use gor scoring when the
Foment ary 1598R lodkb Bt S €8] fudd: e “pRactiBRY, 1% i fhuar o
interpretation timngs, If the data conversiogn c%cj,ﬁ gl l owance signal 83 is
suppl i ed t oF BRETERT oF Ouditd 567 Ct M@YaRe E6hvéirdi ofiOcycl e signal 84 is
gener at ed pg the control unit 56. A BUSY signal 85 supplied to the control
unit 56 falddtegratiyelytoP tHt9Batput® ot ~EhdahiPar ATIPLI4L0A first
conversion data sel ection signal 86 and a second conversion data sel ection
signal 87 ar@0880& at edTReohasther t PaATNL} bALr f@dbthenedisgnaY €/t R unit
56 and nul tiplexed. There are four conbinations of the first_ conversion
dat a sel ecta28nagi gimivagddaddi Y aebydd@td tonv¥ersiame dafa asevatidond kygnal
87, expressed by (0, 0)) (0, 1), (1, 0), and (1, 1). If the conbination is
(0, 0), thebuhdetposiBY onsdod dilmbsekdatdr ¢k, sygnal i r theed asen beme of
the gun nuzzle direction to the target. If the conmbinationis (0, 1), a
si gnal corresgpded ngnt bhiehesexcendr ot ecanl e olishénghotspedi thmem
coordinate data (x, y) is transmtted to the control unit 56. If the
conbi nati onthe (hsdy, baaw ¢gnal ledr rigspondi fig Hwot tmedg-.coordi nate value is
transmtted to the control - 37
The third mode is a touch-sense check mode in

which an operation of pulling the trigger is only

checked and no live bullet is emitted. Thus, the

safety can be secured.

The selection between the real shooting mode

and the test shooting mode is made by shifting the

position of a mode selection switch 39 provided at the

lower surface portion of the gun barrel body portion

23, as shown in Fig. 6. Adoption of this kind of

slide switch allows the shooter to check the mode

selection position of the switch. It is preferable

that the switches and lamps should be positioned in

upper and lower opposite sides in the direction

vertical to the naked-eye optical axis 37. 1In

particular, the switches should be more preferably

positioned in the lower side. Also, it is preferable

that any conspicuous objects, especially lamps, should



unit 56. If the conbination is (1, 1), signals corresponding to the x- and
y-coordi nate values are transmtted to the control unit 56. After the data
conversion of converting the shot position coordinate data (x, y) into
coordi nate values is conpleted, the BUSY signal 85 recovers the status of
"H'. Fig. 12 shows a | aser beam bullet genetdtion circuit 43 which
generates the bullet timng signal 72 and the | aser beam bul | et

i dentificat] i r{ b lJ e 4_qQutputted fromthe

| aser gun 7‘58?‘he ’%’g{erzéggjm%ﬁuﬁ {elgﬁgedner E]l ?M&‘%%’Ei tagzéffoiés%éorrpri sed of an
anplifier 91, and the trigger,signa eraliqQn_cir.cuit o nplifier
91 anplifies the out g'ujté‘si gnglhofwfason’%t%g%pﬂﬁtg%%-gdigggetc% ?g&éleqngﬁi e a
synchroni zajion_signal 53. The triqgger, signal .generation cjrcuit 93

gener ates (hBSEE g BEGRAIERILELI NG At tster et PEA Il PEnd Hie
trigger. The |ight, beam byl | et signal output control unit 45 receives {he
synchr oni zaPF8R %) fgribh VE3 A ot BEs PRS PAEe R YSHEEM| 461 GPREFLEME A The
synchroni zatjon _signal 53 and the | aser oscillation current 94 are supplied
to an AND ghh&é dLSeEyHYRy ohidRfi R oiPat dATehiodsdet atPTof? 1@ | aser
oscillation current 94 is outputted as a | aser beam bul |l et correspondi ng
power 72' c@efEFHdREngTEy ktesbil-| efflxe shgtspypitonf deteeteE W dth
corresponding to the pulse width of the synchronization signal 53. - 38
Based on thexecugges bigedregtignjadsezopmyming tboncdry aepangi mf pbher
corresponding to the | aser beam bull et distinguishing signal 73 is

gener at ed bgonhedlaseeapednduf| shesikmaerolgan boatled 3I4i €rom The | aser
beam bul | et correspondi ng powers are supplied to an OR gate as a

synchr onousldeleay ghenZnt Fhe Bagedromgurhe? odispuwtonpnirnselte afynahdlasrs

del ay el ement 96, the sem conductor |aser oscillation elenent 24 outputs
the | aser béamdeul (&P )34aninc| 42i agd hen bLDI doardi AG .si Jied Ya@semd t he

| aser beam bul | et distinguishing signal 73. Fig. 13 shows details of the
target plat@iéde nahbe 4ar ged pbaparidedhefsatie ngemdgicandus tdizvi dedeirnt o
ten regi ons expressed by ten concentric circles. The outernost ring region
gives a scooecdflllapobit 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 control 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 supplied to the light beam bullet signal output
control unit 45. The laser beam bullet output control
unit 45 outputs to the LD unit 42, a first laser

generation current 48 in the real shooting mode or a



The central circular region gives a score of 10 points. A plurality of
target plates 4 are prepared. As has been expl ai ned previously, the target
plates 4 to be assenbl ed can be attached in a replaceabl e nanner by
inserting pins into the positioning holes 17. Al though the geonetri cal
precision of the circles of the target plat¥ 4-is sufficiently high in
relation to the precision of skills of shooters, the PSD device 13 has

nsut 11 of et Bt 11 £ YU LBLL AN OPLERY 48 chokan, dhgkelore. 1t 1s

i nportant that the ‘geonet poSiti onal ~"precision of e convergence | ens
12 rel ative the PSD device,13, - 3 chanical ptecision in assenbly
of the convséfrlgé)rifclg1 e'ﬁ‘s)g 2 a &"? hIéDPgﬂl ev ef’uar?dla‘fﬁe%glleec Ef’?%rplbeecarr%i on
in the electri try based on the1§%s rtion o he PSD device 13 are
i 1 i ned PBLEE A ER CREROBARRER B bOPrdhtsS AT ARG TSP R e L e Rot
shown) is pregared for this %rpose. The_adj uster tool is conprised of a
shift mechafiPSmeMot48naRY ke cAeCRRdi MBASToe T § ekl GRITRVes4d -
fixing tool (not shown) which fixes the position detection optical elenent
1, and a fi'ﬂ‘ﬁg fHaset P@ﬁ’?i&%@ef-’ﬁé:it%t‘i‘géi‘rﬁ]edt% 48 P 48 gemIRdonal
shift of the fixing tool and the shift nmechanismis relatively given. The
fixi ng tool laf@n HEeRAF At LAt hauF§oindr e4 Rndwn et ogenediatgedi dds . amhe
positional relationship between the fixing tool and the shift mechanismis
properly adflisecdria hahagsxr Atgaaleshit istmotighppddeed viagthe face of
the target plate 4 is made parallel to the two-di nensional shift surface of
the shift nbakenx drean dbullde spgncal eMitpudf ¢hertpodi timvhtddiSect iTire
optical elenment 11 is perpendicular to the light receiving surface. The PSD
devi ce 13 atlechedi¢ otrhiggeshi $1gmadhad2 sinsi Dwrpanhged ifiramdtited ached to
t he support structure of the shot position detector 2 as shown in Fig. 3.
The target praggelk atbggadi tdehbeaftion nflt aplon spalidahed £ oat ter shger.
position detector 2. The positioning holes 17 described above are opened in
this kind ofinfiaddigtionl,. the #Bfrst laser generation current 48 or

the second laser generation current 49 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

transmission/reception signal control section 54 and a

system control CPU 55. The transmission/reception

signal control section 54 has a transmission/reception

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



A laser is irradiated on the center point of the 10-score region on the
target plate 4. The shift nechani sm sequentially noves the position
detection optical element 11 in a two-dinensional direction. The novement
is executed in the direction in which the left side of the equation (1)
expressed by current values Ix2 and |x1 whi<h are generated by the PSD
device 13 at each point on the novenent. The position where both (Ix2-1x1)

and (Ily2- Iygme%@i%%«ﬂ ife 0L LH NEUL 8S cohith SEEEHT ito C&NbEbIAG Nt of the
PSD devi ce 13. The two-di nensi onal gauge of the shift mechanismat this

time is recgped: AndrbRe sy eCLbagien CLuhaidi 0§ thengSDglpyice 13

positioned Tn correspongence wth tthe gauge iIs termned "as the nechani cal

ori gin of thecaliqe @OPLLRON et SGHAN 2 H 0B PR, deNLCR el Lo a4 £dgi 0 Lhe

x- and y coor |nate directions hantsm PSD
device 13 s at Qe electrj oi espo ds to.t nmechani ca
origin. The ° h& ]?2< )cé’rﬂ:}’?‘?é §n7t g Pfg’a?sfﬁ)%lé a ﬁé Ijﬁ? Sg
shot p05|t|on i.S ane SX|s(ﬁ§5|t ve dlrect%on base gg
interval befRed{ ™ (ﬁﬂgﬁFHQ9QN?E t A& ROPESI B~ 22 LAKARC SN
the x axis neﬂatlve direction until (Ix2-1x1) becones_zero, Thejghgge of
the shift mtefEni%m FAdteRned B ﬁ[ﬂ/dﬂ%ﬂ?claﬁ% heh&- sheotingca ﬁ& t he
position X' is read with reﬁggct to the origin. Next, the |aser -
shot point ®Fat&seraBfof ZLHpFRAOHTIS thBh Q%ﬁ%°ﬂoé%mwe68|Hﬁn?%ﬁnﬁésed
on the length of the interval between concentric circles. Next, the PSD
devi ce 13 iSndedtRAicRd & - sShOpling éﬂﬂ&h}éﬁdwﬁﬁqt?kszhﬁ) becones
zero. The gauge of the shift mechanismindicates the nmovement in the y-axis
negative di +a@Pisorp hnanthé Hoarei proidedr dad Weehupdgiecpord itdre oFi gi n.
The | aser beam spot is noved on the surface of the target plate 4 in the x-
and y-axis theedinomt, wad ¥ ikl zbeo v ht powictiop| d2tleqfoand .(1y2-1y1l)
beconme zero, respectively. Thus, (x', y') is determ ned. Fromthe actual
nmeasurenents as descrilpedlabeve,beqmn belllloak ngd4f untloeddng etlaei dastemps are
obt ai ned:

beam bullet signal 33 is scattered by the target plate

4, The scattered light is converged onto the light

receiving surface 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

corresponding to the received laser beam bullet to

output a current value signal 63 to the

transmission/reception signal control unit 56. The

current value signal 63 corresponds to the current

values of the two palrs of currents in a two-

dimensional direction. The current values are shown

by the above-mentioned equation (1) with respect to a

convergence point. The transmission/reception signal

control unit 56 executes lightening control of the

green shooting-allowance lamp 61, the lightening



X'- jx Y~ kY If mapping relationship of the optical systemincluding |ens
is ideal, j and k are equal and constants. The conbination (x', y') of this
ki nd does not perfectly consistent with the coordinates (x, y) obtained
fromthe equation (1) at that position, due to asymretry descri bed
previously. Tenporary rel ationship between 3& -~ y') and (x, y) is expressed
by an approximate linear relationship for every area. In this rel ationship,

j and k Chae_g%f'z{beSQr%%C%&‘ﬁt Eh{oLJﬂn Qifn%!{§ftﬁ8 drlaaﬂrhﬁ’s%“,dlfﬁolﬁg

change in accordance wt e distance fromthe ortgin.
preferable di vide_the score regi tgg [ lLate, 4 in a
plurality O%RFegel'%Jﬁ%.S&ﬁ%‘erceogﬁxéo\'e}arofé;b%en ﬁbfgfagghez'gﬂ}r%éi'on&ﬁse expressed
as s, xX'- jsx_.Y, jsY_are given. Tg set (s ks% ig set in fqrmof a
fable 1n thErEnh: et HEEBaton T ERaProsRTSE A HEHSNBEARS the oystem
control CPU 55.. The abqve-nentjoned distortion correction can be executed
based on fiRH ﬁ??ﬁafﬁéva&xﬁﬁ%gep&ﬁQ?ﬁi éﬁTfﬁ@FSgeﬁqrFEGPQW%ﬁtﬁSim
and relative shift between the target plate 4 and the PSD device 13.
However, th&Ocdttect¥8itefhyCPHREERdCIRY Based Idh BRXE&FCEIAT hotRef the
target plate 4 and the PSD device 13, and the shift of the_laser
irradi ati onSE&tAM ¢enFTrNlor¢PBnS5Sora®ReNERS SeaFei @lrilapivhyasai fting
the | aser beam shot point, the laser beamis irradiated on the target plate
4. The | aseropdansthon pasiedonni Shmtbhddedi tareyvalt chatef vélweybdsad
the coordinates (x, y), and output coordinates (x', y') of the PSD device
13 correspoddidhgcamtrhd swe chedppeyi t ( matamsdowr dr ped.v e dabhne Toaver si on
of (x, y) and (x', y') is the sane as has al ready been described. The
vari abl e coshertsipms i iorecie bdcttor e¥er yTHevisdsrr ¢ egadic,u bmtlioan dred
expressed in a table for every divided region. In this case, no - 43

correction based on the bullet arrival state value 64

may be executed by a personal computer 66 connected to

the system control CPU 55 through a LAN 65. 1In case

where the score calculation and correction is executed

by the system control CPU 55, the score count result

is displayed directly on the display (not shown).

Figs. 8A 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

shooting 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 the shooter. The

conical beam 8 is emitted in a predetermined time

interval of 5 ms from the shot position detector 2, as



calculation is necessary. The coordinates (x, y) are not limted to

ort hogonal coordi nates, but polar coordinates nay be used in place of the
ort hogonal coordi nates. The wi dth of each divided region should be set to
be broad in the region which is nore distant than the electric center point
of the PSD device 13 and narrower in the-régfon which is closer than the
electric center point of the PSD device. The adjustnent method for the sane

is executed R%Swsln%’ﬁﬁeﬂ_ﬁl urkq\er ﬂf:lg&fluq:tinp tﬁgomaog J:C ﬁ&g&{gﬁees in the

shoot i ng spor s adjusinment to be carrie an engi neer

houl d f dj t.hod d put

Fol Lows, " A PREBAEETH (e brafSys B ok TR pPBst eeﬁ"otes o8N et ot or
2. A di t whi ch I .h d t t | of 5
misCSSQiL#’Sﬁedpﬁa‘ﬂ £ Fadntr ¢ e he R Bt ST ESE P ALt oncRurt ace

of the shot l}gosml on detector 2. Iaser beamem tted fromthe ray beam
gener at or titted at AR é%lﬁrégﬂﬁaﬁ etis aPutlde TentBe pJRferoPaaR
coordinate | ate. Electric coordinate values (x', y') outputted fromthe

PSD devi ce B81ldeY hdd shaClgptirgoik hgetReldet ta’r’él{le sHo9wRLlot’/Heri gl ose
coordinate values. The target plate 4 is finely noved together with the
coordi nat e phatdad fHpmsttheelBosinditontdt t Fber ryblefl| didanings gdgnaht
the electric - 44 coordinate values (x', y') beconme (0, 0). It is
possi bl e t o7adjlsstrepeipedt thvntbe tHED PEBvderd ck3 18swia Houl 1edj ustmhgat he
position of the target plate 4. Through adjustment of this kind, the
electric orsgonald’' 740whigth the RSPulkléteshdtcostgspdnds Thet hesmathani cal
origin (0, 0) of the target plate 4. Next to this nechanical adjustnent,
mat hemat i ¢ bdpmsthehl eits 3elixetsit enitAd dses kegiusailitgdi af ed lementhaky
adj acent to the hole corresponding to the origin of the coordinate plate.
At this tinkaskehe boandbudilest §x73y)1 of 78Re ,holE-3are The Dumbbr ®E or (5,
5) inunits of mMmm In this case, the output of the PSD device 13 does not
al ways correspmehtary5layer | beganawl 1 etlie inecpasidedte mbndidnat € acth ues
(x, y) of the hole in the coordinate

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

converted into the shot position detection wvalue

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
to the bullet timing signal 72 is generated by the
semiconductor laser oscillation element 24 and emitted

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



plate, which is irradiated with a | aser beam and the electric coordinate
values (x', y') of the PSD device 13 corresponding to the coordinate val ues
are not equal to each other. Between the nechanical coordi nate val ues (X,
y) and the electric coordinate values (x', y'), the above-nentioned

coordi nate conversion is carried out. Thé é%brdinate conversion of this
kind is transl ational coordinal conversion or rotational coordinal

converg(NLrthsgﬂggagkﬂmﬁgﬁgagkc€gg?§gg@n%§ﬁéﬁgggnﬂgﬁgdggate

conversion 1S execute respect to four qu shown in the figure.

onver si _ " four “quat n
dot ermined ByPREIEAEnES Snfiet sl U T2 g Prl et o o

a, /3, r, and_~ i.s sguare r.egion d_include ;ﬂ or ji.gin W.t h .respect
fo the quamanl PufhEY Teen CEERRaldon of HETAL nhsed PREL AP nREIVEe bf 5
mmin the x-axis diyectign and %ge y-axi s direction, and cpordinates (x',
V') based ohdt FEGRABRE oPe Heu bEBtAARER 9 SHERRD: 720010 A T001 t P
coor di nat es ﬁx, yg of the | aser beam_shot point are neasured. The
above- nent i bH&d hehatiding uStABRL i §4eROEHEWPORALR I thP s thiend of
adjustnment is_executed with respect to the other three quadrants. Fig. 14
shows the ePBiletsy&iBingr signrad d2 shdt FR@WhotR. FHEES shBB gad t8Bn
detector 2 including a target plate 4 corresponding to the |aser gun 7 of
one shoot erA4A@ .t HW8hBEDpSeTieA d&t ckeorivesciiugi g kikrett HAgdinPl ate 4
corresponding to the laser gun 7 of another shooter are together connected
to the persshanadonpit andoaher baglen Hee amNbee et c idisadt pf bedugy .
Connection between the two target plates 4 and one personal conputer 66 is
sel ecti vel ys$gntachel3 bgand mtpnksg the tbodlethet puisgnad igonaput’ed 66
di spl ays the shooters' entry nunbers, bullet nunbers, scores corresponding
to the bul | eormedmresdingt dlo stbeedulahetslidmipogi sigmaalwh@eReandsea beam
bull ets have hit on the target plates 4, simultaneously or at intervals.
Fi nal scorelasent beam46uliladt ediantd rogh pahtied fsbgnalprifiter 97 connected
to the personal conputer 66. The target plates 4 may be replaced with
target platesrfedpsndin®g to the laser beam bullet identification

signal 73, as shown in Figs. 8B and 8D. The bullet

shot signal 74 as the bullet timing signal is

converted into the bullet arrival value signal 64,

which is supplied to the system control CPU 55.

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

bullet identification signals 73 (73-1, 73-2, 73-3)

are emitted based on a single trigger operation. The

laser beam bullet identification signal 73-1 is

emitted in response to a bullet timing signal 72-1.

Another laser beam bullet identification signal 73-2

is emitted in response to another bullet timing signal

72-2. Further another laser beam bullet

identification signal 73-3 is emitted in response to

further another bullet timing signal 72-3. Thus,

based on the single trigger operation, the laser beam



The plurality of elenmentary bullets contained in a single bullet are
emtted in response to the single triggering operation, as shown in Figs.
9C, 9D and 9E. Not only scores of these respective elenentary bullets are
averaged but al so one score may be obtained fromevery el enentary bullet.
This score count nethod may nmake a differem® between scores based on a
fine fluctuation of the hand after pulling the trigger. Further, the
characteri s | j f_s b uner. y ssed by
bt ai ni ng i Pouat PoRe 408F Bosr EEORRE o0 ir 8 FHA T Pel PSR TT
bullet. It ﬁ' possi ble to provide a new sport style that could not be

attai ned i n"the onventi onal shooting sport in which only one live bullet
is shot. Further, the tri ri ction characteristi¢ is numerically
valued in formof a &ré%eggﬁ sdr%YfﬁSsFﬁ &SPBFiglpﬂrhréFithqofgﬁlaser beam
bullets on a target _plate 4, and swing of the trace is _scored. In addition,
knoWru)thes§W%ﬁf%%§°ﬁﬁﬁa%%ﬁ?§Bﬁ thecedivier Fhg dt5ef 58485 VEbul | et
shooting. A transm ssion signal 8 nay be emtted fromthe target side, and
a signal coPft@RFohtli A R he3t AR ABEPB Ssigyre t gofmyt heidbid e $hoér
beam bul | et - 47 34. Thus, invalidation of the |aser beam bull ets other
t han those Bagin@l t hé-doandpandaseripaam bulklett gd sthkrgupshhmgl | et s
emtted from adjacent shooting boxes or emtted unconsciously in the

shooti ng spsignfdlel §5can e rcaspoadeute Scdiiashl onleatdbntbe dhoreosition
di splay such as display of traces is not carried out for those bullets. The
| aser beam beltlset B84sefi tafedanobimeithebhddert Eho? Bdgndnt a74uch arsda pul se
wi dth, and tine corresponding to the transm ssion signal 8 as a perm ssion
signal. |f ahetlsser lbezm e amt beriliXe¢ eddfisdm reghoi bl rghosi gng 1bok5 + 8
emtted against the target plate 4 which does not correspond to the
shooti ng boxn tdespanee Meanabsklcein@nohieed ff rie anbidess sbast,i ropn®os i s
invalidated. In the above, the bullet timng signal is repeatedly outputted
i n responseska tdE anbithar beal @t astlots suisath As7uha |asér abheandénl | et or
el ementary bullet when the bullet identification signal is added. However,
the bul |l et 1&gy BégmnalbumBye beaauitin sad stilyg | 8igaHAoNss-Bo itrthe trigger
operation and nay be outputted with or without the bullet identification
signal . By teepensépkexiaigtwira ié ebft itHenotBigvals e, anTheditt cwal

signal, it is possible to establish a technique which produces nore strict
one-to-one E&lgatd poship 1b,et-y\geg Jthand a_ﬁsl’-sgl&bﬁié\éifthfté abHet 1@ hB_eam
initiative of the referee side, the em ssion of - 48 | aser beans is

properly regyniidedgrang the safety of laser guns can be nore steadily
secured. The serialization of the position detection signal and the

i ndi vidual signal carp{gal igae dHPHEVEMBIE SuLRuR LD H1 QB AN SREeE Gfg SCore
cal cul ating process. Signal generation fromthe gun side can diverse the
contents of ;ghQPtiAg; 8Pl FHEMEID SEVihe adiset BBRY tESROL sighd €74
and the laser beam 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 bullet shot signal
74. Eight bits between the top bit 81 and the last
bit 82 are expressed as (0, 0, 0, 1, 1, 1, 1, 1).
Four bits composed of the start bit and three active
bits are supplied with at least a pulse width of 400
(s in consideration of the output performances of the

infrared LED 14 and the photo-diode 27.



shooti ng system and the PSD devi ce adjustnment nmethod for the sane accordi ng
to the present invention can inprove precision in detection of positions

where | aser
conpri si ng:

target apparatus conprises: a target-sidé

W relessly
said | aser
connected t

beans are irradiated. - 49 CLAIMs: 1. A shooting system

a laser gun (7); and a target apparatus (2), wherein said
é@ﬁnﬂnication unit (14)

connected with said |aser gun to output a perm ssion signal t

gun; a taggels (49¢,add ONhnREGRI Vi BgwUBiity (FSkmARld C8E! ¥he
aser ik

0 said target to réceive a eam bull et; and a detecting

(54 ! L ; it
unit ( gﬁ%f8&6%{Arﬁa{>h¥18%%‘”&%%‘1&93%13%1}1%3'4 gs?{,gﬁg‘ie'%’é ng 1"18%;1:} r

detect an

conpri ses:
per m ssi on
a gun secti
perm ssion
sai d | aser
generati ng

| aser beam

position o ald Taser sai d | aser
Y oAt | : 4 . ‘ . .
SRR S D S R Sy i S
2), whi ch out.put id | b | 1 d i d
£l gk L SRR B R P rg Bt ChRLad G TOned A% b 18 Wirerd
rises:_ a trigge[; and a trigger_signal,

un further co
R OFOUR 5h8SGR 1 FBnBIHIET a5 LBRGderT 3 gnalt 1% PedBi® o

- 50 operation of said trigger, wherein said gun section outputs said

bR g&CYRsLASEF RN pEUFLRT of1gNGHal 7P n3resPoti P1E5s A

trigger signal. 3. The shooting systemaccording to claim1 or 2, where
sai d perm s&R8nsdidmapfhiden WoPesilida t3meBIsHiPh hsbA tFurbeiwerie Eheot i ng
systen1accordin% to claim3, wherein said target-side conmunication unit

conpri ses:

top bit 81 and the last bit 82 in each in-group laser
beam bullet signal 75 are an in-group 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 preferably 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. 1In one unit game, it is
possible to 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

(0]

and

an

n



alight emtting device (14) which outputs an optical conical beam and a
slit (15) which gives said transm ssion signal the directivity. 5. The
shooti ng system according to any of clains 1 to 4, wherein said | aser beam
bull et includes a bullet timng signal used for detecting said shot
position of said |laser beambullet, and a I3kser beam bul I et distinguishing
signal used for distinguishing said | aser beambullet. 6. The shooting

syt om accor 4509, d 42000 o 6L Bl ) 5 MERSIY £31 4L B8RP o9

i ncludes a condition for the ou ( _ eam I et - 51 7.
wdth of sayaipEtH TfoRal He| ng e B b ofuntTduls GRS, 3 0
clains 1 tq 7 erein said |as bul l.et _co ises a plurality._ of

ol onont ar y BiEEER tuleREd L S RLoBTHY Py ook R TR R f e B 53R Les a
bullet tim si gnal _used for, detect| ai d_shot position of sajid |aser
beam bul | et?gﬁﬁég}?%ﬂgegu&éaﬁﬁ bgﬁ'l'et lI'g'l%st ‘hgﬁfe%itrild“%?gnﬁlq'%% ?gr

di stingui shing said | aser beam bull et, and sai.d bul | et distinguishing
signal for SAPMRSEIGH SH PPuRAITASA L PAISRAFARF WA cf 0 o -
subsequent to said bullet timng signal for said first elenentary bullet.

9. The shod®Pfig thestEhratc A ngecond ol afsy eawri Ruddiet rsignagy | L5-

di stingui shing signal as said bullet distinguishing signal for said first
el ement ary buﬁP@:15m2u9€stﬁ¢il§?anhmaMegwﬁkﬁﬁj9§9§mﬂ%@éammﬁnlsaid
first elementary bullet and a first common signal indicating that said
first el eneigsy AL | @ndb@Dbiy@veoasdiataispulsenvbdithetof saP@ setond
bul I et distinguishing signal as said bullet distinguishing signal for said
second el enghezeasdud| eriiggd mdebaxasxstendsilignail | b -Si @ladwn in5Fig.
associated with said second el enentary bullet and a

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
number, 0 is used as active signal and 1 is used as
passive signal. Its binary wvalue is "110000", and the
bullet number of the three laser beam bullets is
commonly calculated by (2 + 1) and hence egual 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 l1dentical laser beam bullet group, and a first
common signal 75-1-2 indicating commonness to the
laser beam bullet group. The second in-group laser
beam bullet signal 75-2 is comprised of a second
bullet in-group signal 75-2-1 indicating the second

one of the laser beam bullet group, and a second



second common signal indicating that said second el enentary bullet bel ongs
to said | aser beambullet, and said first conmon signal is equal to said
second common signal. 10. The shooting system according to claim9, wherein
each of said first in-bullet signal and said second in-bullet signal is
expressed in a same first nunber of bits,~ ah#l each of said first common
signal and said second common signal is expressed in a sanme second nunber

of bits. 1looffiedhepthdd et £rageaifingshg olahibide ahersl Ryidie first

nunber of brts 1s 2, t he secon er o . 12. "The shooti ng

syst em accof di t y.of, ¢l ai 0 r,ej scor o} i.d | aser
beam bul | etilglggt%albg% at(ta) J‘alsé%ln é)cc#r'e ﬁ%wgégéi;tf?ogggﬁl fjl"?étgrand

second co n_sign based o |.east agne of, sai.d first_laser .b

bul l et di rsT?ﬁSﬂ'i g%‘iajngé& 5%@% 01551 e BRI AT o b BB bULLet

di stingui shing signal . - 53, _13. .The shooti.ng system according t of
Claimao1 ¢ olB ) aiediio: H1gmAE | ha3n Heat B PR TbnPAPo L B (RATIA% BRE

el enentary bullets, and each of said plurality of elenmentary bullets

i ncl udes a $REETHIEEIMoRUi Ikl IHOMP £ o Hefedit hda cOMROB oSG of S5ai d
correspondi ng el ementary bullet, an in-bullet distinguishing signal

associ at ed ¥ £h i HCREANSE FHPBMAG NG TFreffatP Ul REET HRRA Eﬁﬁﬁmt si gnal

i ndi cating that said corresponding el enentary bullet belongs to said | aser
beam bul | et 9TPRP Thel BhgeReAR by steh-ddvotdr Agou® clasariPeamebuild et score
is calculated as one score with respect to said common signals, based on
sai d plural ignefl i hSbdl H&at <wBPrd@s&hefigasijrh sbuld.etThtnsigawtumg syst em
according to claim 13, wherein a score is cal cul ated by averagi ng scores
based on sagdgplalr aT bty -df imdbghltdingli Shenguitehi agesioghatke 1l@seémhe
shooting system according to claim 13, wherein tracing is performed over
shot positiberamfbshidtplaralptyanfd shof -pbsidammmosi giamsal 175 -he2 shoot i ng
system according to claim 13, wherein a score is obtained based on a
relative 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 described 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
plurality of laser beam bullets are emitted upon the
single instant triggering operation. As will be
described 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 bullet in-group signal 75-2-1, and the third
bullet in-group signal 75-3-1 are expressed by two

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



- 54 positional relationship between shot positions of said plurality of
shot position signals. 18. The shooting system according to any of clains 1
to 17, wherein said target apparatus further conprises a |lanp (61, 62)
which notifies a shooter of transm ssion of said perm ssion signal. 19. The
shooting system according to any of claims 33to 18, wherein said |aser gun
further conprises a selection swtch by which selection is nade between

nodes, and ' i ngGl s, a,real sh [ node r Lk sa,d | aser

beam but | ot Cafte T FLabad, SFTa g2 odnd oFRE RATTE LRl A GBS

di fferent L\%Q? said | asg_r bea ull et The shooting system according to
efe

20

claim 19, iH SaT B ar St ent Yo "%a‘?lEanal of said | aser beam bul |l et
is a signal obtainedggé nngif i.ng sai 0 n_.signal . 21. The shooting
system according to clgf n? EF%\M%?E ﬂgsgﬁ%’fzfse%&ﬁ LRe; Pét‘lq%s‘? nal of said
| aser beam bullet is a signal obtained by _ nodi ;yi nJg_; correspondi ng ones of
sai d pl ural F£Pig9 i$t80pLet’ 4i HRacommon §§VQ?.1@\§Fgﬁﬂ°%F68€s§RﬁFﬁﬁrhod
conprising the steps of (a) transmtting a gernission signal wrelessly
from a targeBeafParh@sdtyer§shfdradirPn ( b heecF9FRig S8 dPPer i ssi on
signal by said laser gun; (c) emtting a | aser beambullet fromsaid | aser
gun in respéfdeulrted AScaONe ofcOresdH Htherfiseoh Siogmne grMMal)
receiving said | aser beam bullet by said target apparatus such that a shot
posi ti on of numben dxesefemn biheef igwmt beuddiedctorl- 9Z9uprheighgdal 75-1-
processi ng nmethod according to claim?22, wherein said (c) emtting step
conpri ses theagtdeprhvé asédionyd abbilllledt inngnguy gnbyned skb d2Faser beam
bull et. 24. The signal processing nethod according to claim23, further
conpri si ng Fhetdieap, ofthee)saetectiamg hdecahou lpuse di by civernadilmgsea beam
bullet in said target apparatus based on the bullet timng signal. 25. The
si gnal procssesirreg nes édd oaccidneli fd risot chaile2d, inhegrep sl dn@d) B3 1tilng
step further

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 1s 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



conprises the step of adding a | aser beam bull et distinguishing signal used
for distinguishing said - 56 laser beambullet fromother |aser beam
bullets, to said | aser beambullet. 26. The signal processing nethod
accordlng to claim?25, wherein said |aser beam bull et distinguishing signal
is generated by a shooter's action of operat4on a trigger. 27. The signal
processi ng nmet hod according to any of clains 22 to 26, wherein said |aser

beam bul | et of epentary bullets, and each of said
plurality o?gelenen S@equ&%g£¥nclu esgg bullet tim ng signal used for

detecting said shot aof . s % a ser._heam
bul I et di stingui shi ngﬂ-‘ §fﬂb&sed§‘# Fﬁ'g’% St n%g?]s 'ﬂlf gf’dg\%&ﬁ lLng'an:‘%%
bullet. 28._Th nal roc SSIn met hod a ordln 0 clal wher el
oach of sai BRpId | 9B CHIT P COTE | Thup BRI &g 5' i faag i Eth
el enentary b I 1 et nun?er sig i ndicating.a corr sp nd|n one_of salg
plurality of éléﬁ%ﬁﬁ VebQQ§£%l°8ﬁ&zf%$%ﬁﬁ %ﬁ8|%%RW%%P|%&%rﬁH° ai d
correspondi ng el ementary bullet belongs to said |aser beambullet. 29. The
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The shot positions of the plurality of laser

beam bullets may be traced as a sequence 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 sequences of shot positions,

an averaged distance from an origin (i.e., the target

center), 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 plate 4 as long as

the muzzle of the laser gun 7 1s oriented toward the

target plate 4. The trace of the bullet timing
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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, y)
is included in the current value signal 63. The
coordinate position (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, y) is

transmitted to the personal computer 66 and is stored

into a memory section of the personal computer 66.



A: AB' BSBBBBCPCWCCCCY®DZDDDD

EVWEEEEF5FdF} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! dFFFF3GhGGEEEHQHXHHHH, | " 1111/ J
©JJJJ

KMKKKKLQLL} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]‘ca'-‘] %a]’ca] ca] ca] ca]calca]ca]ca]calc

aJ cal ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca! LLL) MMMVMVNN7N NNNG,

COg OOOP8 Pk PPRE Bg]lgRlﬁac,_s i §g7] icﬁa%fg},gg% q,a,i cgheal calcaleca] ca] cal ca]
ajcal ca cafca cal caJca] ca R

ca] ca] ca] cal ca] ca]ca]c cal ca] cal ca!

SSSFS| SSSTME: TT.R 7 '
al ca] La] caivgg% aﬁ%ﬁﬁ?&%%ﬁﬂﬁ% gﬁ %lz?légf“?a‘% g%})gg}tgg%%%gg} g:} g
FRXXXXA Y] YYY. 8 \8\m\\]: .
?]B]C\?v] 11 Al’\ggh"}rxesaﬁﬁgéﬁ%gfa][ ?A{%a%%g}tcg}dcsa}E%fga]ccoa?ng'ga 1:cea] %%fga]lcsa] ca] ca]
A B i Y3 E bJbb
bbby ¢ cooePBRHAES RSACE Y] S o] BRFCAhS] CAPPE LSt EAT AT chpel A LLPEs) ca
] ca] ca] ca] ca] ca] ca%ca cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! e9epeeef f gegwgggghKhhhh
iR iiijGqjrkBaK kk szni d_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca) ca] ca].ca] ca] cal cal.ca] ca] ca]ca]ca!kl A sl || mNnmmmDny
nnno9okoooopJppppql qyigtgf} xdiifd 9] éé}]v‘caﬂtt%‘]' cpdd chEarPAd E4P8a] cal cal c
a] ca] ca] ca] ca] ca] ca] c\e&ca] ca] ca] ca] ca] ca] calca] calcalcalcalrlrPr~rrrsDswsss
tH~ttt uFuyG&lH\ﬁP\/ﬂ\ﬁ'vv ey data conversion cycle allowance
xVx} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] c&REA@h] 83] d&| cx}R]dgdc at xkRe&FOR YO vy R{ Pbs{ {{He | Aptd
}<}k}}}~B~y~~}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] eqncegealon] caleké calloamlach] 84) d&) @enexrgbed ;by the control
ovQt G } xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca
] ca] ca] ca] capdd] cB% ca] BaB¥saj tahed] &8 TPUEDAIjed >bpxdhiad_Idhtaloda] ca] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]caJca]c
aj caj] ca] ca! amM#T5 €JfAl}bsntd ZL]"'cd]l@ag tapcd]oa] cuftpaltcadLakba ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]cal >oD{IN\ & *_} xsnid_
Z] ] ca] ca] cajied]w=t ed] LEDCA] £a] cA] €ajrea] cap napadican cdpts ci¢ Lapddlam] ca] caj
cal] ca] ca] ca] ca] ca] ca] ca] ca!, c8nEvK| SRY&Y} xsni d_Z] ] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ed]jgaed raBealacri ca| sakoad ad oayealstiadn alledlacad e dkealica] cal cal cal Y
, _+ % -~1h>q} xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] calieal£R] 83] @l ageapelted caronl atle
D{ M vNm d6f } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] Cak@ﬁirﬁﬁhﬂ@b@.@]rﬁﬁ;}@@k?&h@l cgl gahaa!on €7\, Ry xsw chdd ] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
1 ca] ca] ca] cajuaad 1Py Died([ Oarhe £ Xahied_7d h faboriterd s8lioalLad £aktal opd £3kca] C
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! : q~Fx, "DzJ
I T} xsni d_Z] kealvwat §abaalaed £akealecd £ahcalicalLp] 8] edlsatral erlssdaal cal caj
ca] ca]ca] ca] ca]ca]ca] ca]ca]calcalcal NNWQ ULQ
}xsni d_Z] ] calorpl &A% §8hcal£8a cakadleed 6a] salfind raboal &t saksalelvgl ¢al,cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! :g>r
4 Tmt 4 *] " [ pyshi do Z] 193] ceq cahga] cépr]&a} ¢a] ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]l ca] ca] ca] ca] ca] ca]ca] ca] ca] cal ca]ca]ca![/d9oFzl K{Bx}xsnid_Z]]ca]ca]ca

] ca] ca] ca] ca] ca] ca] cat galqal cadqpl hakaafal sal@al cqj calerd cah sl cal cal cajca
] ca] ca] ca] ca] ca! EyJQ@XS

8g4j id
Al ool oal caT BNy EaT calc e o EE R At Dt oL By i 0] Fanl 2] Lo e] ch]
ca ca] ca] caleal el oglsahigd sebodioal cel 63l ) cehsakenl seleal 2l calgal cal cal

ca] ca] ca! yL<oCx

G LN~ mheh .

Toal cal cal c oty oaf BapRl e By S A o] S P B Pl SRR T kB o e

C] Cal on] obt ASAADFHAN S h02] [ ] EAPC TN chy BATAN Lot RAY A CAF Ba] ob ca]

I, ¢ W2aR)
Tenv] | ob AP cuf A on] Ch] EEACTCR) Efe Lo R Ea e Cap bap B eaf ba] chfca]
J ! <h$Za|’ mhc”?

oeslca oo i 60 € e BN Ll
A ' Xsni

] ca] ca] ca] cé]h@a]%afea]réaﬁ%}ea}'éah‘t%] t§] 6&%%%'&2%65539‘1? 5&&#0/@4%%831 d_7]]

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca! ALS@ k "Y'QH ~

4g} xsni d_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca
]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal (\pto;



FzdEbC1 ! 10% 10% h& ()-F F10% h& ()-y 10% h& ()- 10% h& ()-F F10%

h& ()->10% h& ()-z?udEbCL ! 10% m' 10% h& ()-, M 10% h& ()-F *F10%

h& ()- (& 10% h& ()-& 10% hé& ()-$10% h& () - FzdEbC1 ! 10%: 10% h& ()-1 @ 10%
h& ()-9610% h& ()-34M 10% h& ()-2 10% h& ()-F &0Z10% h& ()- G bCl ! 10%10%
h& ()- 10% h& ()-9!10% h& ()-s10% h& ()- -1 10 h 10 h9<10%

h& ()-KJEbCL ! 109®! 10% h& ()- 9! 10% h& ()- 10% h& ()-10% h& ()-110% h& () -

Y" 10% hé& WdERCL | LOUBRL1 % h&( 0% 10%

v () 1006 hAPDY S eF  Bhte AR 80 T B AR 51 1006

h& ()-Y &1 %.h& () - &L 10% , < 10%

ng () F - 109REY8° fété% '%39 SR e lcoﬁ%é SR fa%r%o%re

h& ()-239PzxY./ 10 h10% h& ( ocy h&' - 110% 0%,h& 10%

h () a200 PaApEIL Ot RARTE /9% S éu?%g s P E BT PR B 006

h& ()-10% h&' 10% h& ()-, dE: [ 10 h-. 109 %6 h& 0%

h& 8 mo%ﬂé)"(e)r%%w"ﬁ 'Y TERE Hdk: Weoa%&% Q’?éi&lq‘loé/g’ﬂé'd( nakeq100

h& ()-6110%h& ()-4 10% h& ()-2 10% h& () -OM 10% h ( sy"l = 10 hip
110% h he @RI f(x 1 18, AR (FOPTOIRAL & (’?lL"sel%%ﬁ&cﬂmP]lﬁ 950 e

h&<' 1 10% h&' 8) "I\/#z#(s_c{Y 10 h& ! 10%G&' ()-! !10%' ()-S!p

I 109466 ( B AR FQEONeX® the REatis, A% ()H(D/&/@/@/@/@/&/él&q &V7 10

110%4| & ()- ! 10%1| & ()-! 10%1| & ()- 10%] & ()- 10GG 10GG 10G3E y
& 1109%65G& ()-j &&& 6' FLFHEUVL ows a laser beam bullet generation

FY"10%1 & ()-10%| & ()-410%| & ()-9!10%4 & ()-10%| & () -

F10%| & () - CiTeue(l (4Buvhih | genews @) thel @l ket) timing signal 72

10%| & ()-9!10%| & ()-10%t| & ()-3 10%t| & ()-((-)d))))dEuvy
and the laser beam bullet identification signal 73 of
the laser beam bullet 34 outputted from the laser gun
7. The laser beam bullet generation circuit 88 is
comprised of an amplifier 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 oscillation 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 outputted 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.
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The laser beam bullet corresponding powers are
supplied to an OR gate as a synchronous delay element
96. Based on the output from the synchronous delay
element 96, the semiconductor 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 detalils 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 skills 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,
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high by adjustments. An adjuster tool (not shown) is
prepared for this purpose.

The adjuster tool is comprised of a shift
mechanism (not shown) which two-dimensionally shifts
and moves a fixing tool (not shown) which fixes the
position detection optical element 1, and a fixing
base which fixes the target plate 4. The two-
dimensional shift of the fixing tool and the shift
mechanism is relatively given. The fixing tool and
the shift mechanism are known as optical devices. The
positional relationship between the fixing tool and
the shift mechanism is properly adjusted in advance.
As a result, the light receiving surface of the target
plate 4 is made parallel to the two-dimensional shift
surface of the shift mechanism. Also, the optical
axis of the position detection optical element 11 is
perpendicular to the light receiving surface. The PSD
device 13 attached to this shift mechanism is arranged
in and attached to the support structure of the shot
position detector 2 as shown in Fig. 3. The target
plate 4 along with the fixing tool is attached to the

shot position detector 2. The positioning holes 17

described above are opened in this kind of fixing tool.
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device 13 at each point on the movement. The position
where both (Ix2-Ix1) and (Iy2-Iyl) become zero is
determined as the electric center point of the PSD
device 13. The two-dimensional gauge of the shift
mechanism at this time is recorded, and the electric
center point of the PSD device 13 positioned in
correspondence with the gauge is determined as the
mechanical origin of the shot position detector 2.

The PSD device 13 is shifted in the x- and y-
coordinate directions by the shift mechanism which
fixes the PSD device 13 such that the electric center
point corresponds to the mechanical origin. Then,
(Ix2-Ix1) and (Iy2-Iyl) are measured. Next, the laser
beam shot position is moved in the x-axis positive
direction based on an interval between concentric
circles. Next, the PSD device 13 is moved in the x-
axis negative direction until (Ix2-Ixl) 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
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is moved in the y-axis negative direction until (Iy2-
Iyl) becomes zero. The gauge of the shift mechanism
indicates the movement in the y-axis negative
direction and the position y7 1s read with respect to
the origin. The laser 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-Ix1l) and
(Iy2-1Iyl) become zero, respectively. Thus, (x', y')
is determined.

From the actual measurements as described
above, the following functional relationships are
obtained:

x'= jx

y'= ky
If mapping relationship of the optical system
including lens is ideal, j and k are equal and
constants. The combination (x’', y') of this kind does
not perfectly consistent with the coordinates (x, V)
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 approximate linear relationship for every area.

In this relationship, j and k change in accordance

with first to fourth quadrants, and also change in
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The above-mentioned distortion correction can
be executed based on fixture of the absolute position
of the laser irradiation point and relative shift
between the target plate 4 and the PSD device 13.
However, the correction may be executed based on
fixture of both of the target plate 4 and the PSD
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 beamnm
shot position is watched with eyes to artificially
read the coordinates (x, y), and output coordinates
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(x', y') of the PSD device 13 corresponding to the
watched position are recorded. Variable conversion of
(x, y) 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. 1In this case, no



10 h*10%4| & ()- 10 h 10 h 10 h&<110% h& ()- :10% h& ()-8nml0% h& ()-6" 10%
h& () - MimmmmDndEnbC 10 h! 10%4| & () - 10%4| & () -

109%4| & ()-10%4| & ()-!10%4| & ()-:!10%}| & () - Dhynnno9okodEnmbC 10 h10%| & ()-3
F109%4| & ()-109%| & ()- 109 & ()-!10%| & ()- 10%| & ()-koooopIppdEmbC 10 h*
10%4 & () - (! 10%4| & ()-&Y10%4| & ()-F $10%¢t| &3) "

109%4| & ()-10%4| & () - pppql qyqqdEnbC 10 h&610%4| & () - 4y10%4| & () -2

10| & () - 0&%{%@&%0&06{% %4 s B & (3REUCESE AL RRREY DG 0y) are

h10%| & ()

O ) 9,8 101 80 5 I CORRSIENECI 1 ponax

10%4| & ()-sstH~ttt
f2008 2 1) - 3BRRGE RS EBRL BN D2) UB6%) 4P (PLARRPE Ehe orthogonal

10%| & ( -tuFu uvd b

10%4| & () ; *F?G E‘*FIO%TF‘@ L e¥RoRf s idiehf’d Fe9499u RS vy
vwLwdEbC 10

h@! 10%| & PP- 8ot | Be Reead16m ¢ ) regiem | ¥hirh todgpere) dhdtansd () -
Lw} wwwwww xbC 10 h&'lO%)h& ()-10% h& ()-s10% h& g% 104| 104| 104]9<

10%4| & () - 3thadudiiee (plepbads &FPRIIC ROLIMTL (04 h @)Pl /oﬂ&“’(l)cq 183 h& () -
10% h& ()- !10% h& () 9! 10% h& ()-[yyyy' z\ zzdEbC 10 h"9!10% h& ()- 10%
h& ()- 10% BRI Naxrnovers i1 - theomeg 19n avhshHy: 13- Pﬂ-ﬁ?{sFP@E’oGh@ hF
.10% h& ()-,-10% h& ()-* 10% h& ()-(y10% h& ()-& 10% h& () - $f 10%
h& ()-{{]-| €LEelcdEnic: 10emta 11 0pp ha't( )of@me%ﬂﬂib (c,ﬂeg@!cm% h& ()-3410%
h& ()-,2!110% h& ()-&010% h& ()-|}}}} }<}k}}bC 10 hy
10%4| & ()-sT10%| & ()The oesl|i& (tmen0oanetf9d £O1h Uife hsadenlLikd 0%
h& ()-}}~B~y~~~dEbC 10 h
10%| & () - 16%#|csi{ed! Yy {hekirb0%N @& £) LnlHeMp&tdon D! 100 & iediadEbC
10 h#! 10%4] & ()-!110%4| & ()-10%| & ()-!10%4| & ()-3 10%4| & () - S10%| & () - Dz;
dEbC 10 h/| teTtrB ¢3 - 1b0%H & shooLhlg| &port) | ADedas ()EHis 19adus {he b
10%4| & ()-;1 ;1 mdE: /

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',
v') 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
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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 values (x, y) 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
equal to each other. Between the mechanical
coordinate wvalues (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

gquadrants shown in the figure. The quadrants ¢, B, 7.,
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y) of the laser beam shot point are measured. The
above-mentioned mathematic adjustment is executed.
Also, this kind of adjustment is executed with respect
to the other three quadrants.

Fig. 14 shows the entire system of a kind of
shooting sport. The shot position detector 2
including a target plate 4 corresponding to the laser
gun 7 of one shooter and the shot position detector 2
including the target plate 4 corresponding to the
laser gun 7 of another shooter are together connected
to the personal computer 66 through the LAN 65
described previously. Connection between the two
target plates 4 and one personal computer 66 is
selectively switched by a switching unit 96. The
personal computer 66 displays the shooters’' entry
numbers, bullet numbers, scores corresponding to the
bullet numbers, total scores, and shot positions where
laser beam bullets have hit on the target plates 4,

simultaneously or at intervals. Final score-count
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the personal computer 66. The target plates 4 may be
replaced with target plates 4’ for 25 m.

The plurality of elementary bullets contained
in a single bullet are emitted in response to the
single triggering operation, as shown in Figs. 9C, 9D
and 9E. Not only scores of these respective
elementary bullets are 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
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34. Thus, invalidation of the laser beam bullets
other than those having the corresponding signal, i.e.,
the laser beam bullets emitted from adjacent shooting
boxes or emitted unconsciously in the shooting sport
field can be carried out. Score calculation or shot
position dilsplay such as display of traces is not
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 signal 8 as a permission signal. If the
laser beam bullet emitted from another shooting box is
emitted against the target plate 4 which does not
correspond to the shooting box, the laser beam bullet
emitted 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
signal.

By the multiplexing of a bullet timing signal
and an individual signal, it is possible to establish
a technique 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
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precision and speed of score calculating process.
Signal generation from the gun side can diverse the
contents of shooting sport.
The PSD device adjustment method in the
shooting system and the PSD device adjustment method
for the same according to the present invention can

improve precision in detection of positions where

laser beams are irradiated.



s10%1| & ()- 10%t| & ()-9! 10%| & ()->r 4dEbC 10 hF 010%4| & ()-. 10%| & () -,
109%4| & ()-* 10%] & ()-'f 10%| & ()-& "10%| & ()-4j 7j kI dE: /104
104 9<310%4| & ()-3: 10%1| & ()-, 8 10%| & ()- &6y 10%| & ()- 4
10%4| & ()-29! 10%4| & ()-1 nt g xY:/ 104|!10% h& ()- 10% h& ()-10% h& ()-!10%
h& ()- 10% h& ()-10% h& ()- 104||*] dE: - #94]-10% h& ()-Y10% h& ()-10% h& () -
10% h& ()-F 10% h& ()- 10% h& ()-'[dE:/ 104|'!10% h& ()-% 10% h& ()-# 10%
h& ()-1110%h& ()-10% h& ()-F10% h& ()-/ddE:/ 104| 4 10% h& ()-2!10%
h& ()-0! 1095RAIMS: 1006 h& ()-, 10% h& ()-*:110% h& ()- 9oxnbC 104| s10%
h& ()- 10 h 10 h 10 h&<m' 10% h& ()-3:10% h& ()-, 8M 10% h& () - &10%
h& ()-FzdEnb€ 104| F18% HRPPFinthoshgtem compFA&ing: 10% h&' ()-!10% h& ()-3
10% h& () -1 KAEnbC 104 10% h& ()- 10% h& (3 -Y10% h& ()-10% h& ()-!10%
h& ()-10% h& () - K{ BxdErEs e04 |90 1079 h&'ama ' 710% h& ()-F 9%10% h&' () - $310%
h& ()-!Z10% h& ()-y10% h& () - xEydEnbC 104| && 10% h&' ()- 4f 10% h& ()-210%
h& ()-0Z10% h& () -, . 'alfbanget) apmasagus) - GH JQbC
104|1 10%4| & ()- 10%| & ()- 10 h 10 h 10 h9<z 10% h& ()- :z 10% h& ()-, 810%
h& ()-$XdEbC 104| 9! 16/ké B Ln- sEHORE| Batpet 10pYR& aHus & b0my s €5 g
10%4| & ()-s! 10%4| & () - SAEbC 104| 3 10%4| & ()-y10%4| & ()-- 10%| & () -
109%4| & () - F10%4| & () -al 004t §ett)—s Bijel EbGmhlix #&A¥d|o# (DAL t1q%Y R () -
'10%| & ()-3 %0%| & ()-#S10%1| & ()-!10%4| & () - g4j dEbC
104| 8&! 10%w&'rie)l-eéfs $ 19%dlotr(d c 84 AYAMIXH ) 310 WA Saf) dhn to output a
10%4| & ()--!10%| & ()-DxbC 104| 10%& ()-f 10%& ()-s10%& ()- 104| 104|
104| &<I| 10%p &rints s YAAY414 {1 X VBERG 11D4] X3Q¥R dunl0% ()- 1109 ()-3
Y109%&' €) -

a target (4);

a light receiving unit (67) optically

connected to said target to receive a laser beam
_bullet; and

a detecting unit (54, 55) electrically
connected to said light receiving unit, to detect an
shot position of said laser beam bullet,

sald laser gun comprises:

a gun-side communication unit (43) which
receives sald permission signal transmitted from said
target-side communication unit; and

a gun section (42) which outputs said laser

beam bullet based on sald permission signal.

2. The shooting system according to claim 1,
whereilin said laser gun further comprises:

a trigger; and

a trigger signal generating circuit (51)

which generates a trigger signal in response to an
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4. The shooting system according to claim 3,
wherein said target-side communication unit comprises:
a light emitting device (14) which outputs an
optical conical beam; and
a slit (15) which gilives said transmission

signal the directivity.

5. The shooting system according to any of
claims 1 to 4, wherein said laser beam bullet includes
a bullet timing signal used for detecting said shot
position of sald 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 beam bullet.
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8. The shooting system according to any of
claims 1 to 7, wherein said laser beam bullet
comprises a plurality of elementary bullets,
each of said plurality of elementary bullets
includes a bullet timing signal used for detecting
said shot position of sald laser beam bullet, and a
laser beam bullet distinguishing signal used for
distinguishing salid laser beam bullet, and
said bullet distinguishing signal for a first
one of said plurality of elementary bullets is

subsequent to said bullet timing signal for said first

elementary bullet.

9. The shooting system according to claim 8,
wherein sald first bullet distinguishing signal as
sald bullet distinguishing signal for said first
elementary bullet includes a first in-bullet signal
associated with said first elementary bullet and a
first common signal indicating that said first
elementary bullet belongs to said laser beam bullet,
said second bullet distinguishing signal as
said bullet distinguishing signal for said second

elementary bullet includes a second in-bullet signal
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second common signal indicating that said second
elementary bullet belongs to said laser beam bullet,
and
said first common signal 1s equal to said

second common signal.

10. The shooting system according to claim 9,
wherein each of said first in-bullet signal and said
second in-bullet signal is expressed in a same first
number of bits, and

each of sald 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 first number of blts is 2, and the second

number of bilts is 6.

12, The shooting system according to any of
claims 9 to 11, wherein a score for salid laser beam
bullet is calculated as one score wlth 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 bullet distinguishing

signal.
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13. The shooting system according to any of
claims 1 to 7, wherein said laser beam bullet
comprises a plurality of elementary bullets, and

each of said plurality of elementary bullets
includes a shot position signal used for detecting a
shot position of sald corresponding elementary bullet,
an in-bullet distinguishing signal assoclated with
sald corresponding elementary bullet, and a common
signal indicating that sald 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.

1l6. The shooting system according to claim 13,
wherein tracing is performed over shot positions of

sald plurality of shot position signals.

17. The shooting system according to claim 13,

wherein a score is obtained based on a relative
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positional relationship between shot positions of said
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plurality of shot positlon signals.

18. The shootling system according to any of
claims 1 to 17, whereln sald target apparatus further
comprises a lamp (61, 62) which notlfies 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 sajid laser beam bullet.

20. The shooting system according to claim 19,
wherein sald different optical signal of sailid laser
beam bullet is 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.
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(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 saild
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 said (c) emitting step comprises the
step of adding a bullet timing signal to said laser

beam bullet.

24. The signal processing method 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 bullet

distinguishing signal used for distinguishing said
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26. The signal processing method according to

claim 25, wherein said laser beam bullet

distinguishing signal is generated by a shooter’'s

action of operation a trigger.

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

each of said plurality of elementary bullets
includes a 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 laser beam bullet.

28. The signal processing method according to
claim 27, wherein each of said plurality of bullet
distinguishing signals includes an elementary bullet
number signal indicating a corresponding one of said
plurality of elementary bullets, and a common signal
indicating that sald corresponding elementary bullet

belongs to said laser beam bullet.

29. The signal processing method according to

claim 28, further comprising the step of (f) averaging
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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 coordinates (x,
y) of an irradiation point; and

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

point and outputs electric coordinates (x', yv').

32. The signal processing method according to
claim 31, wherein said (g) adjusting step comprises
the step of (h) adjusting sald electric coordinates

(x', v'), based on the mechanical coordinates (x, y).

33. The signal processing method according to
claim 32, wherein said (h) adjusting step comprises
the step of (i) adjusting relative positions between

said target and said two-dimensional light receiving
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unit, such that sald electric coordinates (x', y')
coincide with mechanical coordinates (0, 0) of a

center point of said target.

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

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

(k) mathematically adjusting said electric
coordinates (x’', y'), such that said electric
coordinates (x', y') 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 mechanlical coordinates (x,

Y).



