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(? 10 2, Description ofrthe Related Art:

Target shooting‘sports including gun shooting,
Japanese archery, archery, etc. have heretofore gained

popularity among many people. At present, not only Japa-

nese archery and archery, but also gun shooting are
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played‘in’competitions. Acoording'to a typical gun
shooting competition a player shoots a bullet from an
air rifle or a laser beam from a laser gun toward a tar-
get, and competes for a higher score based on the accu-
racy with which the bullet or the laser beam hits the
20 target.
Fig. 1 of the accompanylng drawings shows partly in
'block form a conventlonal gun shooting competltlon system
for shooting a target w1th a laser beam emitted from a
laser guﬁ. As shown in Fig. 1, the conventional gon
25 shooting competltlon system has laser gun 120 operated by

a shooter for shootlng laser beam 130, target dev1ce 110
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| ( 10 work) 193.
‘ A processing seQuencé,of the conventional gun
shooting competition system at the time the shooter
shoots laser beam 130 from laser gun 120 will be de-

scribed below.

When the shooter operates laser gun 120 to shoot

[
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laser beam 130 by triggering laser gun 120 while direct-

ing laser gun 120 toward target device 110, laser beam

130 is shot from laser gun 120. Laser beam 130 shot from

laser gun 120 is typically emitted from a sémiconductor
20 laser oscillétion device mounted in laser gun 120.

As with a real bullet shot from a real-gun, laser
beam 130 is shot from the muzzle of laser‘guﬁ 120 and
travels straight inlthé direction in which laser gun 120 -
is oriented.

25 "~ When laser beam 130 shot from laser gun 120 hits

. target plate 140 mounted on target device 110, target de-




i ts the shot inpact position on target plate 214%Gril 2006 _
Ylgﬁsﬁsgsdsafgrnation repreggnting the detected shot inpact position via
switching unit 192 to display unit 191. Display unit 191 calculates a-
score of the shot based on the shot inpact position infornation
transmtted fron1 rget device 110, and displays the calculatedf scortehe
Di spl ay unit H&@ Fekiestsr ddet Isodi nnipdalr nEos it ion for datepdd fyi s
shoot er, the identifica 10 tion nunber of the shooter, and ot
|nfornat|on }égreégﬂtlﬁ&nsﬁﬁ§sp#§§@ﬁﬁaﬂmﬂnlnﬁpmassﬁtlﬁdutﬂéﬂﬁﬁtéﬁﬁﬁaS ot
by the shootgh Ther ef di splay unit 191 al so displays the .

i dentificatio Eu%@@?cgprﬁétéﬁﬁoFéﬁ Sthié riegentniltasé? toearhspliaier, t he

| score gai ned
corres to the | aser beam 15 nunber, the tota
fﬁagefar gﬁgﬂe@ i m pact position of Iaser beam 130 on target plate

i Fi g.
h Si usl o] d time intervals. As shown in
%4gf ?Lefgcgonpagyﬁﬁgﬂgg EQTtSPg ﬁﬁéﬁealé@oﬁﬁsoénth@ss@@ﬁface ten0
annul ar areagzsed0o hnEﬁédéHQt @ggéi C|lrcularn gga us; ar ound Egnéﬁr ,
di vi ded by ten conoentric aryct otiRd EéﬂPeFl :H é@n gﬁfgfgi a;aeaso

dto C eQSv r p a s as
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the annul ar area marked with "1", 1Is Scores

tion for identifying the shooter, e.g., the identifica-

(ﬁ 10  tion number of the shooter, and information‘representing

the present shot number of the laser beam shot by the

shooter. Therefore, display unit 191 also displays the
.identification number of the shooter, the present laser
beam number, the score corresponding to the laser beam
15 number,_the total score gained thus far, and the shot im-
- pact position of laser beam 130 on target plate 140, ei-‘
ther simultaneously or at spaced time intervals.
As shown in Fig. 2 of the accompanying d?awings,
target plate 140 has on its surface ten annolar areas,
20 including a central circular area just around center 0,
divided by ten concentric circles around céoter 0. These
' aréas-ére also referred to as score afeas Térget plate
140 also has an out31de area around the annular areas.
The shooter gets no score when laser beam 130 hltS the
25 outside area. A score for the outermost annular area,

i.e., the annular area marked with "1", is 1. Scores for




t he other annul ar areas are progressively increnented by 12tawaedogent er
-0, and the score for the central circular area is 10. A score which the
shoot er obtains when shooting target plate 140 is determ ned based on the
dis 5 tance fromcenter 0 of target plate 140 to the inpact po- sition on
target plate_140. ﬁs shown in Fig. 3 of the acconpanyi ng draw ngs, target
devi ce 110 hhi8%opthesl apppiar AIPacoAPEl pirograskbdndngssndrddRnted by -
recei ving Iaiei beaailso whi ch has 10 been shot from|laser gun 120 and hit .
target plate-14873h8 CBAESFng oARY &bki ghorbedorwhheh chas rahe caaveliangt h of

| a- ser beang%SO shoi fromlaser gun 120, PSD (Position Sen- sitive
Detector) sef§8F 1311Por debeerenghink theeshbeter ehtttied them | aser gun
15 cal filter 117 and generating a current

120 and trangpitied through optj i
based on the§H%%%h&? g?r? 1 %g?E%téﬂoliéh@ebéﬁmiaﬁd bheedhoh khpadtspo-
| ate 140 nounted on target device 110,
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Jampl o and- 1o a e ro I SRR g the oi gnal fromamplifier 113a
s for“Comarc) D S G PR e o el 5 o
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bandpass filter for receiving laser beam 130 which has
(j‘. 10 been shot from laser gun 120 and hit target plate 140 and
| passing only a light beam which has the wavelength of lé—
ser beam 130 shot from laser gun 120, PSD - (Position Sen-
sitive Detector) sensor 111 for detecting the laser beam
emitted from laser gun 120 and transmitted through opti-
15 cal fiiter 117 and generating a current based on the
amount of the détected light beam and the shot impact po;r
sition of laser beam 130 on target plate 140 mounted on
target device ilQ, amplifier 113a for amplifying a signal
represented by the current generated by PSD sensor 111
. 20 and outputting the.amplified signal, sample-and-hold cir-
cuit 118 for sampling the signal from amplifier 113a at
~ given time intervals and Outputting the sampled signal,
A/D converter 115 fdr cénverting the signal output from
sample—-and-hold circuit 118 into a digital signal énd

25 outputting the digital signal, photodiode sensor 112 for -

- generating a current based on an amount of extraneous




light applied to target device 110, an anplifier 113b for zamyri ooeng a
signal represented by the current generated by photodi ode sensor 112 and
outputting the anplified signal, a subtractor 114 for subtracting the
signal out 5 put fromanplifier 113b fromthe signal output fromam
plifier 113a ang outgﬁttin a differential signal, and inpact position
cal cul at or 116905, 2BRILGPatrn§arEets Howicenpadt paosiatipdd fdfer ageh kFgam 130
on target plg% l1_0.and detecting a shot inpact position detecting signal
for 10 identi §| ﬁéwageﬁ BédRP13peraREented bynthenedrirentagencrhean 130

"shot from | aggr 20,. based on_the signal output from subtractor 114.
Oper at i on ofE?a?ggﬁoééggﬁesfﬁﬁothté2c6ﬁ§tPuépéatimglthbeadps¢ﬁﬁbdd bel ow:

15 When | aseg; 130 t_fromlaser beam 120 hits target plate 140.
nmount ed on ta%gg%f%e%i%éggiﬁ? ?ﬁsi? b9 SYBbragtipgl the sogopli oak—filter

117 in t& gepyeeps ; o} a.light. beam havi ng the wavel engt h of
| aser bean1e%%0 %ﬂ%ﬁ ro%%fggﬁrf£g%nF59@ FRe 3 a9Ra t PeEPYEr Sugh apti 20 ca

filter 117 awmpi getec 11. .PSD sensor 111 generates
currents ba?gd on tH%ﬁﬂzg%ﬁgﬁagiﬁﬁﬁg?%g%tdb M $Reed b edil ghe bughndpt i ca
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detecting a shot impact position detecting signal for
(f: .'10 ‘identifying lase; beam 130, which is contained in laser
beam 130 shot from laser gun 120, based on the signal
' output from subtractor 114,

Operation of target device 110 thus constructed
will be described below:
15 When laser beam 130 shot from laser beam 120 hits
target plate 140 mounted on target device ilO, laser beam'
130 is applied to optical filter 117 in target device 110
| and only a light beam having the wavelength of laser beam
(m‘ - 130 shot from laser beam 120 is transmitted through opti-

20 cal filter 117 and detected by PSD sensor 111.

PSD sensor 111 generates currents based on the
'améunt'of the light beam réceiﬁed through optical filter
117 and thg impact position of laser beam 130 on target
o plate 140. PSD sensor 111 has a two-dimensibnal cﬁrrent
25 generating membrane for generating a current based on the

~ detected light beam. If the light beam received through




. i ical fil i i t 2t p\prihg0dewo-
| 2006 optical filter 117 is applied as a beam spo Ap!
gsnéﬁ;:onal curPent generating membrane at a coordinate position gx, y),
then the two-di mensional current gener- ating menbrane generatesht ﬁreln
currents which are two 5 dinensionally I|neaLIytconganﬁg?EﬁarnEurf ?ent
rdi nate osi.tion (X, y). Spq0|f|ca[ly, the two-di nensi I
;ggerating ngﬁgﬁﬁﬁé générat dd 7t ds eppierts alsxla, bewd slo@Witdg tha R -

it i i i ly2 flowing in
tions along the x-axis and two currents lyl,
?agogbégsgléggW?EEFPBﬁ% %Yérgpéngeﬂhéaylaglm@mBsaF&ea$?E bbb;gﬁ?ﬁgﬁz g
[ .Lhe cyr- rents Ixl, |x2 flowng al ong e X-
::82:: bﬁzgg%gg £f§8 zﬁrr¥ﬁtsth9p,th?thpodﬂmgnahongltharyeaXIgene&ctualIy,

i | i ght which has the
since PSD se | so detects extraneous 15 ch _ ,
wavel engt h Iaserg%&%ﬁsi§ﬁeaﬂﬁnﬁﬁ?Eﬁs FHRasrpigsedrranbaghhophi eak tivbter 11

i i ts generated by the
the signals ; PSD sensor 111 contain curren € :
ex- trgngous@%ﬁéﬁ%;%%%fﬁgd 13 T arYetoWRT 2 whbht thasabordiedtehr ough

[ [ | ong the x-axis and the
curront s al dng they Bt o7 perbeEhElFrkiy. Gefp it dorAensum ofat heuct rent s
curren - P 807 _ _

¥ - s as a signal repre
senting the anoumo b ot gieRiEnd Ft ot it clrronts (Bl a1rk2 o5 The
oignal - ' i f i ifi 13a, which
si gnal out putldwiorg RSP sRISHpdded AL fed o Py, ammlifier 113a
outputs the anplified signal.
two currents Iyl, Iy2 flowing in two ocpposite directions

(?_ 10 élong the y-axis.

PSD sensor 111 dutputs & signal based on the cur-
rents Ix1, Ix2 flowing along the x-axis and a signal
based on the currents Iyl, Iy2 flowing along the y-axis.
Actually,.since PSD sénsér 111 also detects extraneous

15 1light which has the wavelength laser beam 130 and which
has passed throﬁgh optical filter 117, the signals output
from PSD sensor 111 contain currents generated by the ex-—
traneous light applied to target device 110 and transmit-
ted through optical filter 117, added to the currents

20 along the x-axis and the currents along the y-axis. PSD
sensor 111 outputs the sum of the currents élong the x-
‘axis and the currents along_the y-axis as a signal repre-
senting the améunt Z ofrlight received through optical
fFilter 117. | |

25 ~ The signal output from PSD sensor 111 is amplified

by amplifier_ll3a, which outputs the amplified signal.




21 April 2006 As shown in Fig. 4a of the acconpanyi ng drawi2igspri 2006
anplified signal output fromanplifier 113a has a waveform i ncl udi ng
wavef orm conponent 101 based on | aser beam 130 shot fromlaser gun 120 and
wavef orm conponent 5 102a based on the extraneous |ight which is applied to
target device 110 and transmtted through optical filter 117 and detected

by PSD sensor 111ASPidtui dde Bensdra WP genel et @so eqt ‘p_g§ on only
which is applied to target ngp- 1%H\{/qce all (f%’ si gnal

t he extraneouys |ight . )

repr esent ed ggetﬁgpgéﬁéﬁgtéégaaﬂr@ntpM$ aimein faingd st eamaliFd ef5 1130, whi ch
out puts the ngli- fied iignal. As shown in Fig. 4b of the acconpanying

dr awi ngs, tﬁ% SRBET FBGlundRel wauefornt companpiitf ilen bhk3kdhas, a a5k

wavef orm i nc i n nl ef orm conponent 102b based on the extraneous
li ght which *gg%pg?ﬁeax?ga¥596e%aa@9i@@n 120. afikde waivgifakmo dbRonkhem

anplifier 113g@,is lied , to sanpl e-and-hold circuit 118. Sanple-and-hold
circuit 20 1%%2%a%%¥§§ ?ﬁetg?gﬁ%?r%%@@ﬂsoﬁlgh§ewhbehni$3ﬁp§mﬁbdft@ﬁ1 | aser
lifier 113a,  at such a tine that

120, of i . out froma .
gun 0 ngbéﬁg@@$}§%dff% 4 gk ggagypggd1§bro¢ghspptaaplefamdeb0|d

| aser. beam 130" is app _ i
eprosent 25 ng t ne et oot B I TREP Astl L beam 130, 1n This man- ner.
t he signal COWDOWMﬁtdéﬁwﬁéﬁggﬁégktff?eééﬁgggggg a current based on
| only the extraneocus light which is applied to target de-
(i 1Q vice 110. A signal represented by the generated current
is amplified by amplifier 113b, which outputs the ampli-
fied signal.
As shown.in Fig{ 4b of the accompanying drawings,
the amplified signal output from amplifier 113b has a
15" waveform including only waveform component 102b based on
~the extraneous iight which is applied to térget device
110.
The signal output from amplifier 113a is supplied
to sample-and-hold circuit 118, Sample—and;hold clrcuit
20 118 samples the signal based on laser beam 130 shot fiom
laéer gun 120, of the signal output from amélifier 113a,
'atisuch'a time that laser beam 130 is applied to target
device 110, Thus, sample-and-hold ciréuif 118 detects a -
change in laser beam 130, and outputs a signal repfesent—

25 ing the detected change in laser beam 130. In this man-

. ner, the signal component representing the extraneous




21 April 2006 light that has the wavel ength of |aser beam 23®parzbdsas
passed through optical filter 117 is renoved fromthe signal output from
anplifier 113a, and hence only the signal based on | aser beam 130 shot
fromlaser gun 120 is 5 extracted. The signal output from sanpl e-and-hold
circuit 118 4. ert d by A/D converter 115 into a digital signal that
is applied to li%g: B%In at~°1 dhealaplangtil k6 1Sy aston 136 Sabtgacts the

si gnal outpu |& . 10 pllfler 113b as shown in Fig. 4b fron1the si gnal
output from arrp PE IS il e gl Uds tdemvaxd rBedh Nehe t he
si gnal based s9% IR ean1130 shot fromlaser- gun 120 as shown in

Fig. 4c of t he accorrpa )‘71| n FFafiiRgs £ iethd ISiagnaindestteraet exhlby t3ibt r act or

114 as showngi hg c iLs sup lied to inpact position cal culator 116.
| npact posi tiéL gé‘l il ? é 185§&t @P@ &3hshotmfpant lpssirt iqum detecty ng

signal caont akRedalbpcljaser bean1 130 shot from |l aser gun 120 based on the

signal output fromsubtractor 114, and cal cul ates a shot i.npact posi 20
digital signal.

O beammA3 ate 140 based on th
tion of laser beamyi Qleﬂa&aEQ%E§Q ngcﬁpp§?%aﬁ€%nbﬁégspgmmu1¢uﬂﬂﬁt from

out put from A/ D converter

subtrac tor 134coéBveppedi Agpl i | cul ator 116, i npact
position cal cul ator 116 C%gve?tsgB ggggfe%#gvé? @ ardigitapesipgaal

representi ngtide BﬂUM@ﬁlfé@ft$lﬂﬁﬁaCpr$Q§t§5§n§$l Y1 DL fr9g1subtractor

114, into a voltage val ue,
‘ Subtractor 114 subtracts the SLgnal output from am-

(j 10  plifier 1l3b as shown in Fig. 4b from the signal output
from amplifier 113a as shown in Fig. 4a, thus extractlng
the signal based on only laser beam 130 shot from laser
gun 120 as shown in Fig. 4c¢ of the accompanying drawings.

| The signal extracted by subtractor 114 as shown in Fig.

15 4c is.supplied'to impact position calculator 116,

Impact position calculator 116 deteéts'a shot im-
pact position detecting signal contained in laser beam
130 shot from laser gun 120 based on the signal ocutput
from subtractor 114, and calculates a,shot_impact posi-
tion of laser beam 13Q on target plate 140 based on the
digital signal output from A/D converter 115.

' Specifically, when the signal output from subtrac-
tor 114 is supplied‘to'impact position calculator 116,
impact position calculator 116 converts the currenf value
25  of the signal representing the amount 2, of light, of. the

signal output from subtractor 114, into a voltage value
. . ’




[ hot inpact position detecting23iapuagodeor
2é ﬁf{;;iﬁgoﬁaggg gg;ﬁf&éoa ah?ch ?E con?ained in |aser beam 130 iggt from
| as i : - | aser gun
" I t- age value. 5 \Wen | ase _
l'aser gun 120, depending on the vol ot | moaet post 1o det eati ng
shoots | aser beam 130, it also outputs a s npf L position cetecti
[ [ term ned period and anount o i g ( 0.
;51132?: fca?/:'aggrn%b&l%aﬁ%%%@ &s Sé@tnginmwthfprogﬁﬂia?grdegﬁb%ig% t%%bﬁ{hdiet 5 itng
iti | cul ator. 116 detects the shot i m ) pa : gn dete
g?;hgiogoﬁ?aﬁﬁgﬁ Fﬁyﬂ§§é#a§@5hb@®gt§ﬁfp Mm?ﬁiﬂgﬁgﬁﬁ?ugfggﬁi%ﬁlfg%#pfhe
( ignal representing tr t » O
g?g;:?eox?Lﬂgegﬁo%?@583%2c%6pm1g@ﬁGﬁh@Hﬂa@@ﬁ,bda@e@din@eQﬁﬁggnyoﬁgﬁgfae
evi. i S i.fi i 15 from | aser gun :
device 110 i d fied as being shot _ _ men
si gnal outpu?g%rgﬁi D converter 115 is supplied to inpact pos

' i - ti | cul ator 116 cal cul ates a shot i npact
calcul atgr 116, i t i- tion,.ca _ 0
positionqgf -Iase?ﬂ%ga%ggéﬁ 8Hnt§?§e§hﬁpéﬁelﬁﬁgx bsamg 180 dir marb

' ' d depending on the shot inpact
I I xI, I re geperate : . : P
ESS?E?On of ?§§%$#gb%a%¥§ggghé%8grH?gbgl?B.d?E§C dNpowiagadghavingsa x

. 25 The beam
sbot posi 11 o e & birtrsan by ato it 161 YEae' Yol oSt ool e as the
el ectrical ambmechaniaser beam 130 as being shot from laser gqun 120,

| ~ When impact positién calculator 116 detects the shot im-
'(f. 10 pact position détecting signal contained in laser beam

130 shot from laser gun 120, using the voltage value of
the signal representing the amount ¥ of light, of the
signal output from éubtractor 114, the laser beam de-
tected by target device 110 is identified as being shot
15 from laser gun 120.

When the signal output from A/D converter 115 is
supplied to impact position calculator 116, impact posi-
tion calculator 116 calculates a shot impact position of

. - laser beam 130 on target plate 140, using the current
(f‘ 20 values Ix1l, Ix2, Lyl, Iy2 which are generated depending

on the shot impact position of laser beam 130, according

to the following equations: .

X = k(Ix2 - Ix1)/(Ix2 + Ixl) (1)
y = k(Iy2 - Iyl)/(Iy2 + Iyl) - (2)
'25‘ The beam spot position where both (Ix2 ~ Ix1), (Iy2

- iyl)-are'zero is defined as the electrical and mechani-




-140. Wth target device 110 shown in Figs. 1 and 3, as describe

21 April 2006 cal coordinate origin. (0, 0) of PSD sensor 1by.aplpp@ss plate
140 needs to be positioned two-dinensionally with respect to YSD sensor
111 within an all owabl e accuracy range. 5 Inasnmuch as the inmpact position
(x, y) calculated according to the above equations is affected by the
amount s of Ii%ht due to the characteristics of PSD sen- sor 111, inpact
posi tion cal GGFateCrriidatsecadigior. (i,- O) des HITe sealdey of1 1 he T%BP
position (X, ﬁ) by .the sig 10 nal representing the anmount 5 of |%ﬁ#, t hus
correcting PHEtENAU msgsls posibe eosdft ilomser ﬂnﬁﬁmih%@lﬂ'bdﬂﬂﬁtwdiﬁtat e
above,
t he extraneod§SPPF hF°h£§Pn§ewé@é|éﬂgtwsthandbhfeﬂa@mabrynédﬁaﬂﬁwﬁlength
of | aser beaggésg_shot fromlaser gun 120 is renoved by optical fi'lter 117,
and a change I'H°raser beam 130 shot from | aser gun 120 is de- tected.

Thus, the signal Qgﬁgg Q onl¥ | agser beam 130 shot fromlaser gun 120 is
det ected,” and the™s uFﬁpﬁ@t B§ dBPECtoRost tiigver xhean T30 culatasget pl ate

140 is de- tg ed_op, the signal thus detected. The extraneous |[ight
havi ng t he maggﬁg%g@ﬁ g? ﬁgge?bﬁggn?ﬁgétéﬁﬁﬁ ipoaffrated hwntb20 is renoved

by subtractifgobhe e€xtEa | ight detected by photodi ode sensor fromthe
§d$%h$g§§§ %%?iQ%I9??I?%?r§@¥?r%ﬁﬁécée@§cfﬁﬁgsehe shot

‘light trans 25 mtt

inpa§t positééMIIﬁﬁﬁﬁﬁﬁﬁﬁb§iﬁEEQtfgﬁtégi@ﬁhéQoéaff% thereafter di-
m  vides the value of the impact position (x, y) by the sig~'
(T 10 nal representing the amount '3} of light} thus correcting
the shot impact position of laser beam 130 on target |
plate 140.
With target device 110 shown in Figs. 1 and 3, as
described‘abo#e, the extraneous light having wavelengths
15. different from the wavelength of iasér beém 130 shot from
laser gun 120 is removed by optical filter.117, and a
change in laser beam 130 shot from laser gun 120 is de-
tected. Thus, the signal based on only laser beam 130
(if shot from laser gun 120 is detected, and thé shot impact
- 20  position of laser_beam 130 on target plate 140 is de-
tected based on the signal thus detected. fhe exXtraneous
light having fhe wavelength of laser beam 130 shot from
laser gun 120 is removed by subtracting the extraneous
-light detected by photodiode sensor from the lightltrans~
25 mitted through optical filter 117, thus detecting the

shqt impact position detecting signal contained in laser

10




10 21 April 2006 beam 130 shot fromlaser gun 120. In this $pApHGDost he
shot inpact position of |aser beam 130 on target plate 140 is detected

Wi t hout noise and error. In order to detect the shot inpact position of the
5 laser beam shot fromthe |aser gun on the target plate w thout noise and
error, the extraneous |ight having wavelengths different fromthe

wavel engt h oPegRe 1B4sshotbdawmshetetr guomt heo.asamn @ 4 %aggﬁﬁ%gdtgy t he
optical filter, and thereafter a change in the |l aser beam shot’ 1 $rom the
| aser gun i sShetedPBactThasitihsg sitghakelbadedm QBOO@EYth%eEaiﬁkﬂQﬁaﬁlShOt,
fromthe Ias?r gun i.s de tected, and the shot inpact position of the |aser
beam on thelf4r g8t dpraFEersvibhest edobasedndnetrersi gnal thus de- tect ed.
The extraneous |ight having the wavel ength of 15 the |aser beam shot from
the laser gun is 8n86§arb ospteetathpnghohe impacaneoud thioghto ddatect ed by

phot odi ode sen: [ fron1%€e light transmitted through optical filter,
t hus det g’cti%s?%gb%%ts? aE’EOfgo%lil?ib@nS@lét@@ning_ thgnakrgeonpakmed in the

b st R T ST L N
ot aotur Rt AGaRy SEPALA AT R e dutn compene: Teaenyst om i s
![SC: ggﬁgg SiHEyY dNotUSt g, %nd r.EI.E‘:asOeDé 'g?uar|1 lfsI lge?rgévggdbgeggg élgtligal(.jl fiieult
‘filter, and thereafter a change in the laser beam shot
(f 10 from-the laser gun is detected. Thus, the signal based
- on only the laser beam shot, from the laser guﬁ is de-
tected, and the shot impact position of the laser beam on
the target plate is detected based on the signal thus de-
tectéd. The extraneous light having the wavelength of
15  the ;aser_beam shot from the lasef gun is removéed by sub-
tracting the extraneous light detected by photodiode sen—‘
sor from the light transmitted through optical filter,
thus detecting the shot impact position detecting signal
contained in the laser beam shot from the laser gun.
.20 However, since the optical filter used to remove the ex-
| traneous light having wavelengths different from the
_._wavélength of the laser beam shot from the laser gun is
expensivef the manufécturing cost of the conventional gun

shooting competition system is increased simply by using

25  the optical filter, and hence it is difficult to reduce

11




11 21 April 2006 the manufacturing cost of the conventi onal2tgupmil 3¢osot i ng
conpetition system A need exists to provide a target device which is
capabl e of detecting a shot im pact position of a |aser beamon a target
pl ate without noise and error, without the need for an optical filter.
SUMVARY According to an enbodi nent of the present invention, when a |ight

10 beam shot froma light gun hits a target plate nounted on ‘a target

device, the light beamis detected by a beam de- tected position detecting

means, whi ch geeemnaheFad tGyis o on the shot inpact position of the

i ght beam on the target pﬁé%%?ﬁfﬁpgﬁfSﬁﬁ%dﬁ@?V?qEﬂﬂn%kHQEniSﬁpmm%w@ 15
the target

generates a cuompbtibaseds9Rrex! raneous |ight applied to
device. The current generafed by the beam de- tected position detecting

means or a vol tage g nt, and the current generated by the
extraneous |ight éﬁ?é?@ﬁ%&“&@§;§5%ﬁﬁa vol t age based on the current 20 are
supplied to aasubtsEt §EG; ‘ Lch subtracts the current generated by
t he extraneous |ight dete%??ﬁgﬁﬁ%ﬁﬂ%g 8?p?%EEVSﬁtQSEGE§§é§ énshivé durr ent

fromthe currmndtt gessi€idtedeby { e etected position detecting neans
or the voltage based on the curr%%?? §§1 oﬂ?pﬁtgaggaFfPéPEﬁ whthpak
current or voldiage arad Ueer JUSyi B §Xt | Lght __conponent is renoved
fromthe current generated by the CRENESa £ an “OptPcal £ilter.

( SUMNIARY
— According to an embodiment of the present invention, when a light
10 beam shot from a light gun hits a target plate mounted on
a target device, the light beam is detected by a beam de-
tected position detecting means,.which generates a cur-
rent based on the shot impact pﬁsition of the light beam
on the target plate. .An extraneous light-detecting means
15 generates a current based on extraneous light applied to
the target device. The current generated by the beam de~
tected position detectihg méans Or a voltage based on the
_ (ﬁ' current, and the current generated_by the'e#tfaneous.
light detecting means or a voltage based on the current
20 - are supplied to a subtracting means, which subtracts the
current generated by the extraneous light détecting means
or the voltage based on the current from the current geh—
erated by the beam detected position detécting means or
the voltage ‘based on the current, and outputs a differen-—
25 tial current or voltage value. Thus, an extraneous light

component is removed from the current generated by the

12




12 21 April 2006 beam detected position detecting nmeans. Thargafteoe a
posi tion cal cul ati ng neans recogni zes 'the |light beam shot fromthe |ight
gun and detects the shot inpact position of the |ight beamon the target
pl ate based on the dif 5 ferential current or voltage value. As described
above, the current generated by the extraneous |ight detecting nmeans or 4
the vol tage Besad detedivel pugiaitond e Witis m the current generate
by the beam det ect ed posi??%n detegiingtﬁgg%gﬂ%%{ he @Eﬁ?%. £9¥r pased ond
the current, basd tilee daghtullzaams ktarfs GRINE, 1 Jd 1S necogni zed an
the shot inpact. position of tr?z | i'ght begrg%énée%%g}%egﬁg}eqh%l%?aég@h“

cal cul ated bdgem he thghdi fger end aetewteRtheOsnel L Peaqul ue. . Therefore,
the |ight beam detected by the beam detected position de 1 qexﬁq%ﬁpneans
is not lim té’%] thealdghtaprati ght theamahawt plGt2 WALy Ry eligngth. by an
opti cal fglt r, but the shot inpact position of the Iight beam™©on the -
target plate Pgengéﬁ cFegranthout vadtageandlaeeror. According to an

enbodi ment of the rgsent,invention, as described 20 above, the target
device.for-detectﬁ%g fRerihee phpust thescuirarnafl gl dait@lt heamRshot from
| ate is arranged to subtract the extraneous

the light gu he _target |
i ght conpo%’éﬁ?a#‘?%ﬁ?tﬂégﬂ gﬁ?t%féﬁwwchnhasrhtnet heltaggebasplbabg for
t her eby renow,l traneous |ight conpo 25 nent, and to recogni ze the
1ight beam shot g?"trl%fnersﬁel‘?i%ﬁ?tracged from the current generated by

the beam detected position detecting means or the voltage

(T 10 based on the current, and the light beaﬁvshot from the
light gun is recogniéed and the shot impact position of
the light beam on the target plate is calculated based on
the differential current or voltage value.. Therefore,

~ the light beam detected by the beam detected position &e-
15  tecting means is not limited to a éertain light beam hav-
ing a given wavelength by an optical filter, but the shof
impact position of the light beam on the target plate is
detected without noise and error.

| According to an embodiment of the present invenﬁon,' as described

__20 above, the target device for detecting the shot impact
po;ition of the light beam shot from the light gun on the
target'plate is arrangeﬁ to subtract the extréneous light
component from the light beam which has hit the target
plate for thereby removing the extraneous.light compo-

25 . nent, and to.recognize the light beam shot from the light

gun and detect the shot impact position of the light beam

13




gun and detect the shot inpact position of the light beam 18 RdiApoé! 2006"
- on the target plate based on the extracted |ight conpo-- nent from which the
‘extraneous |ight conponent has been renoved. Therefore, the shot inpact
position of pRernkl ¢ht 2%5; te n.be, detected w thout 5
noi se and error, withggt&??é%%gte c??{g%} o‘g{e?ceg’ft |Cfiieeqdf]f t SPWRRT i ng
only a |ight neABPERe whILh ¢hd exitidl lfotd ldght that is
applied to the target plate. The 5%%#(%03%\3% ,a#ﬁr%’glg&rgﬁfaso%%%
present i nvepghotedl ¢ ehseerd@oanRhictahlor tiRdd s dalectigdevi ce for
an

receiving a |i1ght beam having a predetermn pufse signal

de- tecting

a beam spot pbghtibsawhenethBethirgBt peawehichs bleheltePtedSLTHoLEd deViﬁf’A'
af

the light detecting device being arranged to subtract an extraneous |’
_conponent5 15néioen ahd éfght,bﬁﬁﬁhuhtcbhbaﬁeéhtfb&eahiﬁﬁtiéﬁﬁegﬁhﬂgrde' vice
for thereby renoving the extraneous |ight conponent, and to detect the

pul se si gnal f@ndexfetact ing beaby spolightstbnpbnehtt Havihght Beagwhavi ng the
pul se signal on the 1light detecting device. -Therefore, the |ight

beam posi 20vavekemgth heréom ghite bbbghtathdt dst appededi tB0odhenehsgeand
error,*w thout the need for an optical filter for ex- tracting only a |ight

“conponent héﬁ%ﬁ?frcertaip wave- |length fromthe light that is applied to

t h? lTght de- teghin ig&\ﬁigsebf an embodiment of the present invention are also
~ 10 applicable to a light detecting device for receiving a
light beam having a predetermined pulségsignal and de-
tecting a beam spot position where the ligﬁt beam hits
the light detecting device, the light detecting device
being arranged_to subtract an extraneous light component
15 from the light beam which has hit the light detecting de-
vice for thereby removing the extraneous light component,
and to detect the pulse signal and detect é beam spot po~l
sition of the light beam having the pulse signal on the
light detecting device. Therefore, the light beam posi-
20  tion of the light beam can be detected without noise and
error, without the need for an optical filter for éx—
Vfracting only a light component having a certain wave-
length from the light that is applied to the light de-
tecting device. |

‘ In accordance with an aspect of the present invention,
‘ thgre is provided a.target device for detecting a shot impact

‘position of a light beam shot from a light gun on a target

i4




I n accordance with an aspect of the present invention, thenepris2goeovi ded a
target device for detecting a shot inpact position of a |ight beam shot
froma light gun on a target 14 21 April 2006 In accordance with an aspect
of the present invention, there is provided a target device for detecting

a shot inpact Irposidireancé aithgbh Bepsrshet thempackdghtiguniqana target
pl ate, s ihd devi ce con%reci sing circuit nmeans for subtracting an extraneous
| i ght conponent®f PORY1 3 IBEafP T hE Hadhretivhe ¢ etiMpRrate,

t her eby prosducbngodn aextigaet @dahi ghbt €eeponent ghandush €6QgRI Zizrgethe i ght

beam shot_.from sai i_ght un_and detecting the shot inpact position of
the Ii ghtplﬁécgm g%héjs%el “Farg® ™ pi*Af% “HASRHt gIFaEi doexty n‘}c)‘taé:&lﬁﬁgﬁ?
conponentextrsaedusi Foghitt mnseﬁbmljrérﬁiﬂgé bﬁﬁmv\h_ dﬁtaﬁctwﬁ;?o?ﬁgl anc t
detectin a cting,t i ght bheam whi ¢ as _hi . targe

pl at e an%hggngrgé ?%gdéf%fﬂre%&eﬁeg]%d rno‘%ﬁ:éngho?ni At H58si ﬁ'rlght:

ext r aneowsmbpghnt detnac triengymeaing ftoe giegﬂgir dtdang saotCﬂde?rﬁaiﬂasedhﬂP
extraneo | i,ght ' t.g t ar, ce. suhtracti.n ns for

subt r act :4%8 taf%g g%??(lé%lte& g%r?etggltotetd l%g%%i §¥e§ hn&0us™ &ﬁghg‘;?@%’?i ng means
or a volPhagéiBasedooh wlate baseentnfsaid tdiregteénl igeneratedeby, said

beam det egt gd RQsLLioN detecti Bgmé@ﬂl% " \elboelvat?“l te%ecel%%ggd Qn.said current,

and outputting a differential current or age” val ue; aﬁ&spps??i oni ng
cal cul at iFR§eFeES Hegns Fek odpliesitigyt bee | 1ightt beam siith fiasmhsai thé i ght gun

and  det eathog SNashol [ERACI:iRgSht ERR-&ft gk ot cheam.en fald:
' position; extraneous light detecting means for generating a
current based on extraneous 1light applied to the target
device; subtracting means for subtracting the current
.generated by said extraneous light detecting means or a
voltage based on said current from the current generated by
said beam detected position detecting means or a voltage based
on said current, and outputting a differential current or
veltage value; and positioning calculating means' for
‘recognizing the light beam shot from said light gun and
detecting the shot impact position of the light beam on said
target plate based on said differential current or voltage

- value., _

In aécordance with another aspect of the present
invention, there is provided a 1light detecting device for
receiving a light beam having a predetermined pulse signal and
detectingia beam spot positiop where the light beam hits the

' lighﬁ detecting device,‘said device comprising circuit means
for subtracting an extranecus 1light cdmponent from the 1light
“beam which has been received, thereby producing an extracted
light component, and detecting said pulse signél and the beam
Spot-position of the 1light beam having the pulse signal based
on said extracted light component said circuit means
'comprisiﬁg: beam detected position detecting means for
detecting the iight beam and generating a current based on the

‘beam spot position; extraneous light detecting means for -

l4a




target plate based on said differential current or voltage21vgriugood n
accordance with anot her aspect of the present invention, there is provided
a light detecting device for receiving a |ight beam having a predeterm ned
pul se signal and detecting a beam spot position where the |ight beamhits
the 1light detecting device, said device conprising circuit nmeans for

subt r act i ng°BHT ¥%aFe SUSTER g hpazsshpun et rhneons hki dlitghipplhedamwhigd has
been recei veght tdeyRY npr adycidg e j ght  conponent, and

det ecti ng sa?é ul se signal 5?%’;ﬁ%“%é%ﬁ?ﬁépﬂ?a%%gﬁ?i5ﬂﬁggafﬁéhgi§wf beam
havi ng t he“PufEE AGRERTBASRE Thid#ixfrarepast dight gletecdiponeninsabs
circuit meansolieayE@ibaskAdonbearm datected I Ehon tig eans for
detecting thqiligpt beam and generating §?§§r?%%t° aéﬁl 5%gfﬁ%€%eéﬁ¥spot
position; ¥Xt% AFEBUSSFPGHY ROSdEL PR gisiratd tBoRedds @1 AprilitageOBagmher at i ng
a current dasedian exteateousd i @ghiparRhbed t@; FAS-oAight dgtegting device;
subtractingyggpgs fgr subt acthg the current generated by said extraneous
li ght det ecting nmSans®ord™h ReSiEAgRI Ma<Ed coAasing meansefor dehethimaur r ent
gener at ed 4pid saildehedinmdet eatiedaposi it oMy deiechidly HEANSHOL; 8 ROl Jage
based ~on&§ﬂgdlE%BEengéaanqﬁfutputt'ng a differential current or voltage
val ue; and positroni ng cal cli’af®ng thEanRUFf 98t ngasedi dopul s dsi gnal
and cal culditfifegentiabeanmrspotoposilthgs e{1ud.he |ight beam having the' pul se
signal based on said differential current or voltage val ue.

25 The above and other objects, features, and advan-

 tage$ of embodiments of the present invention will become apparent from
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25 The above and other objects, features, and advan- tages2ofapandpedi nents
of the present invention will becone apparent from 14b 21 April 2006 the
f-ol | owi ng description with reference to the acconpa- nying drawi ngs which |
illustrate an exanple of the present invention. 5 BRI EF DESCRI PTI ON OF THE |
DRAWNGS Fig. 1 is a view, partly in block form a conven tional gun

shooti ng conpéki tFodn owy sike I I a. | r _qun faqr, shooting a |aser
beam Fig. 2 is a front gl E"\?‘gt@irgﬁgfi%& g%/iv%o- rngt%gcfe& % %r}ﬁ SUEPA N t he
convent i onal ngingsHeatiingsCarpehi i em,s in Fig. .1 Fig 3is a
bl ock di agram of ga ci rcuigt ar ra?gerlrg%ft%}é?teagba?gg&p svie ﬁjgéegqe%q%
conventi onal iguanshonting conpetition systemshown in Fig. 1; 15 Fig. 4a
is.a diagram showi ng the waveform of a sig- nal output froman anplifier in
the target device showmn in Figs. 1 and 3; Fig. 4b is a diagram show ng the
waveform of a sig- nal output fromanother anplifier in the target device
20 shown3in Figs. 1 and BRIEFgDESCRIBTZOHI 08r eRSBRMfGkhe wavef orm of a
sig- nal output froma subtractor in the target device shown in Figs. 1
and 3; Fig. 1 is a view, partly in block form, a conven-

tional gun shooting competition System which employs a
laser gun for shooting a laser beam;
o Fig. 2 is a front elevational view of a target
(ﬁ- 10 plate used in the conventional gun shooting competition

system shown in Fig. 1;

Fig. 3 is a block diagram of a circuit arrangement
of a target device used in the conventional gun shooting
competition system shown in Fig. 1;

15 Fig. 4a is a diagram showing the waveform of a sig-
nal output from an amplifier in the target device shown |
in Figs. 1 and 3;
Fig. 4b is a diagram showing the waveform of a sig-
(ﬁ; - nal output from another amplifier in the tafget device -
20  shown in Figs. 1 and 3; | |
E Fig. 4c is a'diagram showing the waveform of a sig~
nal output from a subt:actor in the target déﬁice shown |
in Figs. 1 and 3;
Fig. 5 is a view, partly in block form, a gun
25 shooting competition system which employs a target device

according to an embodiment of the present invention;

15



i i i ' i k for a gun 25 shoot i ng copnEst Lbh®n
oy en k;_ahv;em?opgrglgalgeglggVng rT]acco?ding to an enbodiggﬁi of the
o aeent | nve trgn'y15 21 April 2006 Fig. 6 is a front elevational view of a
hodel IPVSQ used on the target device shown in Fig. 5; Fig. 7 is a block
f}l?;gre;m 8f aa circuit arrangenent of the target device shown inf Fig. 5 5
i i i ' 1 ' vef or m,of si,g- nal output from an
arpi i f1er in the f ager SSvice SRowALoPACEPel S1GHOF aHirass s
i i ; ' ier in
di agram showhng¢ hes M@vss, of iy, of 8L 93.hal eogf_l ut troEmiano_tsf]er anpl i |
the target device 10 shown in B gse BOARGS7°RKB #RgFifc PS a ?Ihag::p]get
i { j ; .actor in the

dovi o shomn 1 Froa 5 aeat Bk ATAPEER BRShRe BTGP L FAESPREPERRED

evi ce sho . . _ ON _

' stovt 4 i : Ghidhs hpot ceppetition sys- tem which
Exslag;g/lzgrrt:rsget dev?{%ggﬁ:%%?%g to gnﬁgn%%gi rrght of the pr eh s;ain; iser
[ i oft i Skeisy i a r shoot i
boam 30_ targat devi co 10 Tor S0 Ern ot Far o AR e o ROt e <
beam 30, target device 10.for 2 etec g

| aser beam 3@Ishkottfutonitaas e Ginp POEIE Sid afgete PLALE égvfgé"”%ﬁgwfﬁ” tar get

device 10, display unit 91 for displaying the information as e shot

i npact on tdfgdtiagevicartd,7;and swi t chi ng

Fig. 8b is a diagram showing the waveform of a sig-
_ nal output from another amplifier in the target device
C 5

shown in Figs. 5 and 7: and

Fig. 8c is a diagram showing the waveform of a. sig-
nal output from a subtractor in the target device shown

in Figs. 5 and 7.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
As shown in Fig. 5, a gun -shooting competition sys-
tem which employs a target device according to an embodiment of the pre-

sent invention comprises laser gun 20 operated by a

-(“}: shooter for shooting laser beam 30, target device 10 for

20 detecting a shot impact position where laser beam 30 shot
from laser qun 20 hits target plate 40 mounted on target
 deVice iO, display unit‘Qi for displaying the‘information
as to the shot impact on target device 10, and switching
unit 92 interconnecting target device 10 and display unit

257 91. Laser gun 20 and target device 10 are spaced from

each other by a predetermined distance for shooting com-~
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unit 92 interconnecting target device 10 and displ ay unit”zzapamuxbazer gun
20 and target device 10 are spaced from each op?gr by gmfggﬂfhgrgh?? -

Ii | shooting com 16 21 April 2006 petitions. _
Sgi;??ggsfgrsmjtching hub of 10BASE-T LAN 93. A processing sequence of the

i i i hoots | aser beam .
i mpeti- tign systemat the time the shoote( S
ggn5sp ?8;1' ngéfggbﬁnﬁo Vi tE8188s bpilbed2beoomr iviken ot lbwislddier Heper at es

i i | aser gun 20 while
| aser gun 20.to N r ,neam 30 by triggering _
direct?ng |%§e%6ggﬁkzé Pgﬁapg'target device 10, laser beam 30 is shot

is typically.
20 I.,Ream 30 shot fromlaser 10 gun 20 is t) _
Lﬁfglggsfﬁogfg seﬁiégﬁgﬁg?épgl§§8Pen8§cP¢I§PPOﬁuae@h@@tn@@nmempemlkaser gun

the mizzi e of Tacer gun 3o 408 £E. %%Egé@%ﬁ?sh'fsﬁ?a%%@Eiig‘eiﬁbéémﬁg-‘étgo&&fg‘g
ar et plare 40 maintad ont 2E bbt DuT Sar 1SSt AP Rt devi co. 10 det ect <
Fepr ZEE& gt he deteciad Shett 95 oBsEkFe8oLrefEobh a2 duFpoRhRgtuRRT 62 to
di spl ay un (s bdamH@byini 41 e LS U AES 2,,5095 €011 LN, Doty based on
"the shot inpact position information transmite
laser gun 20 toward target device 10, laser beam 30 is
shot from laser guﬁ 20. Laser beam 30 shoﬁ from laser
: (7 10 gun 20 is typically emitted from a semicoenductor lase£
oscillation device mounted in laser gun 20.
As with a real bgllét shot from a real gun, laser
beam 30 is shot from the muzzle of laser gun 20 and trav-
els straight in the direction in which laser gun 20 is
15 oriented. |
When laser beam 30 shot from laser gun 20 hits tar-
get plate 40 mounted on target device 10, target device
10 detects the shot impact position on target plate 40,
and transmits information representing the detected shot
20  impact position. via switching unit 92 to display unit 91.
| Display unit 91 calculates a score Qf the shot
“based on the shot impact position information‘transmitted
from target device 10, and displays the calculated score.
Display unit 91 has registered therein information for
25 identifying the shooter, €.9., the identification number

of the shooter, and information representing the present

17




fromtarget device 10, and displays the calculated score. Bigpfagoginit 91
has registered therein information for 25 identifying the shooter,
e.g.,.the identification nunber of the shooter, and information
representing the present 17 21 April 2006 shot nunber of the |aser beam
shot by the shooter. Therefore, display unit 91 also displays the
identifica- BP8% Rumber of the dhcetre be atthahpite $8Ntr HeASWo Jteam num  ber,

t he score corkesponding to the | aser beam nunber, 5 the total score gained
thus far, andPFREISKSr Fipréaypanisi Blonlsh kaserlayeannal ierdrargel-pl at e
40, either sipul- taneously or at spaced tine intervals. As shown in Fig.
6, target pl at8P4BUSREHNCEnthpgsheotras thei psesentade sken barmuham-ar eas,
including a § ntrgé 10 circular area just around center 0, divided by ten
con centric CiTtl 68°aF90hE ceRrfeFrandiRgstcatbas laserabsanr ebebred t o as

score areas. ﬂ@rgg{aflate 40 al so has an _ outside area around the annul ar
areas. The shooter Jet 3°°hD JRoredwhBHS| AaEr pedntBe mhot thpacut pbde ar ea.

A 15 score f t t.annukar area, i.e., the annular area marked
with "1", isgg?i‘gs&goér’)%sf%%& th a%t%@r"%nﬁﬁ%’%?t Biake 4Pe pibheessimoly

i ncrenment ed {ynd L ONRr gy cont nd the score for the central circular
¥ vékcé?kééﬁ%%%oﬁe ©obthFhéahfen shooting target 20

area is 10. A score !
20t the Trmast moaribacel p0L0E, Lalges (Ll 15" LEbw iR FlGIOE P
' has on its surface ten annular areas, including a central
(ﬂ 10  circular area just around center 0, divided by ten con-
~centric circles around center O. These areas are also
referred to as score areas. Target plate 40 also has an
outside area around the annular areas. The shooter gets
no score when.laser beam 30 hits the outside area. A
15 score for the outermost annular area, i.e., the annular
area marked with "1", is 1. Scores for the other amnular
areas are progressively incremented by 1 toward center O,
and the score for the central circular area is 10. A
score which the shooter obtains when shooting target
20 plate 40 is determined based on the distance from center
O of target plate 40 to the impact position‘on target
" plate 40. | |
As shown in Fig. 7, target de?ice 10 has PSD (Posi-.
tion Sensitive Detector) sensor 11 serving as a beem de—

- 25  tected position detecting means for detecting laser beam

30 emitted from laser gun 20 and generating a current
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pl ate 40. As shown in Fig. 7, target device 10 has PSD (Pogh1¢ﬁign?_on

Sensitive Detector) sensor 11 serving as gobeanlggaffohsrgggrpgah EO i
i nmeans for detecting |aser beam em

gg;g?;;?%g a current 18 21 April 2006 based on the ampbunt of the detected

i i iti | aser beam 30 on target plate
i ght beam the shot inpact position of . 30 ¢ _
469 nnuntedaggs?gr%%tpaﬁv?EQUQQ,O§n§hﬁfﬁ@temBadféughtpbebmlagd &hesSi gnal

5 sor 11 and outputting the
represent ed | he current generated_by PSD sen _
anglified si%%% ,l%%%?%d?8ﬁgtl§€n§§rl§§e§ebeaMg3asoextaagebuplhtghﬁO

[ MEANSH erating a. current based on an amount of extraneous
| ??;ﬁffggglied t6E€%r%%f@%ﬁ%?%egﬁﬁ}cﬁnlanﬁmpiéflqsblﬁerfoanpmplyfpgng

[ ' ' 10 .by phot odi ode sensor 12 and
signal repr y. rent. gener at ed
out put ti nS ﬁgﬂa%f flfée%&e%lgéﬁt%%lk,’g a-ReLtREEeE danepatedbby aBSbngethe

| }ﬁg 5? J fromanplifier
i | ost far ; from the, sjgnal output : _
il?,gngnd gu?tﬁﬁﬁ ilngraa di ngér eng a($ %rll%naﬂp?f’ﬂflf&éﬁﬂ@% r Phstediodenverting

Lhe stonal s oBSGGO AR A B Bl slanal g
s sl omnssala mans prog e sty 0 21 o, po | o
gfet IegtS ?Lgbiﬁg@;‘i fgguptﬁcrégﬁtﬂdg) Walgdta il 128 M 3Un Y &1L S ot ai ned in
| aser beam 30 shot :
- amplifying a signal represented by the current generated
,(“ .+ 10 by photodiode sensor 12 and outputting the ampiified sig-
~nal, a subtractor 14 for subtracting the signal output
from amplifier 13b from the signal output from amplifier
13a and outputting a differential signal, A/D converter
15 for converting the signal output from subtractor 14
15"into a digital signal and outputting the digital signal,
and impaét position calculator 16 serving as a position
calculating means for calculating the shot impact posi-
tion of laser beam 30 on target plate 40 and detecting a
shot impact position detecting‘signal for identifying la-~
20  ser beam 30, which is contained in laser beam 30 shot
from laser gun 20, baged on the signal outpﬁt from sub-
tractor 14,
| Opération'of taréét device 10 thus constructed will

be described below, -
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n 20, based on the signal output from sub- tragtQy ddhs
E%gpglﬁzﬁro?utarget device 10 thus constructed will be described belomﬁ 39
21 April 2006 Wien |aser beam 30 shot from|aser beam 20 hits target p ile
40 mounted on target device 10, |aser beam 30 is detected by PSD ﬁenzor ,
in target device 10. PSD sensor 11 generates currents based qn the ! f
amount of the I|igHfePedmseat Seaad 3thehetty Fah tleseshdfean MTAGLHOSI T f)n 0
| aser beam 30_on target plate 40. PSD sensor 11 has a tmo-dlnen5|ona
current genegg{gﬁ Hgﬁ¥ebﬂ9n@°ﬂ8?e§eﬁ@réﬁmggtadewnnenﬂObaie@eQﬂb@@m

i I i lied as a 10 beam
detected |ight.Dbe I f _the detected |ight beamis app . _
spot to the ?go}ﬁiﬁgthBﬁglbEuPﬁ@n§e§§ﬁ§réﬂlng tremrgebr degiae ao0coordi nate

Bener ot os. ¢ het &1 n SELFRERL T Shrq‘é?%'tg%kaﬁféé%%@fm%@@ %?%anbmm
o di mesi oA Caur Pont i g oherat ?ﬁaérﬁgﬂ%%gﬁéé’éé'ﬁﬁééé‘@yymgﬁga[ soats 1xi.
PR e L s Ly
caxi s and o ol onal L haged o e SR AT TSR DS FGerRG a0 chaRthe
y-axi's. brane for generating a current based on the detected
| light beam. 1If thé detected light beam is applied as a
(ﬁ 10 beam spot to the two-dimensional current generating mem-
‘brane at a coordinate position (x, ¥). then the two-
dimensional current generating membrane generates therein
currents which are two-dimensionally linearly commensu-
rate with the coordinate position (x, y). Specifically,
15  the two-dimensional current generating membrane generates
two currents Ixl, Ix2 flowing in two opposite directions'
along the x-axis and two currents Iyl, Iy2 flowing in two
opposite directions along the y-axis.
o - PSD sensor 11 outputs a signal based on the cur-
C 20 rents Ixl, Ix2 flowing along the x-axis and a signal
based on the currents Iyl, Iy2 flowing along the y~axis.
Actually, since PSD sensor 11 also detects extraneous
light detected by térget device 10, the signals output
from PSD sensor 1l contain currents generated by the ex-

'25. traneous light applied to target device 10, added to the

currents along the x~axis.aﬁd the currents along the y-
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Actual Iy, since PSD sensor 11 also detects extraneous |ighbdgtipsgged by
target device 10, the signals output' from PSD sensor 11 contain currents

generated by the ex 25 traneous light applied to target device 10, added to
the currents along the x-axis and the currents along the y 20 21 Apri

2006 axis. PSD sensg 11 outputs the sumof the currents . along the x-axis
and the curr&ht? al %@ TS okl soukpat si ghal swmpoEsehti ogribatamunt E of

| i ght detect target device 11. 5 The signal output from PSD sensor 11

is anplifi eoaep%‘%/a%‘?i%ae’fl%ﬁ}dv%ﬁ%hcwmts abenanphéfyedxsbgnal 4 As ~.
shown in Fig,:; the anplified signal output fromanplifier 13a has a
wavef orm i n%l | nlg %ﬁ@%%%t%'@muqt basedl brohasdetdeasd30yshot from

| aser gun 2Q vef arm conmponent 2a based on the extraneous |ight
which is deté%%% gyﬂggﬁﬁe:Lﬁevice 10. Phot odi ode sensor 12 generates a

T SR ona R S B R LSSt 8
IR arpl 128 SRS k2 MRSl s ol ol B
?2L¥e3aggf?;pbefgﬁﬁs?ﬁghﬁgg‘Qq@ngﬁltﬁﬁ%‘ﬁﬁﬁfﬁﬁﬁy gf Igl\guéghés-de- 20
from amplifier 13a has a waveform including waveform com-
ponent 1 based on‘léser beam 30 shot from laser gun 20
(T 10 and waveform component 2a based on the extraneous light
‘which is detected by target device 10.
Photodiode sensor 12 generates a éurrent based on
only the extraneous light which is detected by target de-
vice 10. A signal represented by the generated curfent
15 is amplified by amplifier 13b, which outputs the ampli-
fied signal.
As shown in Fig. 8b, the amplified signal output
from amplifier 13b has a waveform including only waveform
component 2blbased on the extraneous light which is de-
720 tected by target device 10. |
The signals output ffom amplifiers 13a; 13b are
‘supplied to subtractor 14. 'Subtractor 14 subtracts the
signal output from amplifier 13b as shown in Fig. 8b from
the signal‘odtput from amplifier 13a as shown in Fig. 8a,

25.‘ thus extracting the signal based on only laser beam 30

- shot "from laser gun 20 as shown in Fig. 8c. The signal
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The signals output fromanplifiers 13a, 13b are suppl i ed @g;&ypgmﬁp&griﬁ4.
Subtractor 14 subtracts the signal outpr;ffronlggpggf;ﬁgm%3?na§i3 o8a A
Fig. 8b from the signal output fromanplifier i } >
i i | aser beam 30 shot fromlaser g
thus extracting the signal based on only _ shot 1ron
in, Fi c, The signal 21 21 April 2006 F extra y
58b??ai?grn1%§§§agﬁ8anbynSPPE?aséors1§ups phowd tin A&@.f@@rﬁgtgﬁgﬁglagﬂtpUt
[ itjon galcu or 16. A/D converter 15 converts f _
from 5 Subt rU8R 18 PAPOCANEPEHeEI L5 ghdl iranbthpooisipal badchoatLEPAct t
position cal ¢gdl ator 16. |npact position calculator 16 detects a shot inpac

i i i i fromlaser gun
iti ting signal contained in | aser beam 30 shot |
ggshgggg gﬁt?ﬁelsgg aE output fromsub 10 tractor 14, and. calculates a SPOt
i npact position o% Pa %eyeggﬁﬁ1gg SﬂnYﬁFéﬁttbﬁaﬁé?ﬂ@laﬁsén?ﬁnfgbgng:gBL?DUt
P :
i g- I t converter. 15. Specifically, en e
fSIrgm gﬁbsfgc%%%%ﬂ%ujbp Tt P9t iphetioRal i whlchl tul seppli6d tor 15

iti : rrent val ue of the signal
ek poﬁ;?hﬁ%ﬁ%ﬁ%%@éﬂ%ﬁgéﬁ hf@w;u signal output from subtractor
represent - ’ ' ition detectin
14, into a volt agemy#tiGos AL AL LS & Shof¢ | AT NS impact J
signal for '

position detecting signal contained in laser beam 30 shot
from laser gun 20 bésed on the signal output from sub-
(ﬂ_ 10  tractor 14, énd caiculates a shot impact position of'la—
ser beam 30 on target‘plate 40 based on the digital sig-
nal output from A/D converter 15.
Specifically, when the signal output from subtrac-
tor 14 is supplied to impéct position calculator 16, im-
i5 pact position calculator i6 converts the current wvalue of
the signal ieprésenting'the amount 3 of light, of the
signal output from subtractor 14, into a voltage value,
and detects a shot impact position detecting signal for
identifying laéer beam 30, which is contained in laser
20  beam 30lshot from laser gun 20, depending on the voltage
value. | | |
When laser gun 20 shoots laser beam 30, it also
oufputs a shot impact pbsition detecting signal having a
predetermined period and amount of light in order'ﬁo
25 identify laser beam 30 as being shot from laser gun 20.

_Whén impact position calculator 16 detects the shot im-
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identifying laser bearn 30, which is contained in laser 20 Baappooghot from
| aser gun 20, depending on the voltage value. Wen |aser gun 20 shoots
'aser beam 30, it also outputs a shot inpact position detecting signal
having a predeterm ned period and anount of light in order to 25 identify

| aser beam 30 as being|shot fromlaser gun 20. When inpact position
cal cul ator 1B2Hbt BEFtine drsECing2 s2ynagr icon2@Qfepadh pesidd o agdetket i ng
si gnal contaiﬂeg in | aser beam 30 shot fromlaser gun 20, using the

vol tage val ud"8F fhem LpgRal gpBpPOsensiing the andunteEvafiuki @t thef t he

- si gnal outpgi%%%$n1subtractor 14, the | aser beam detected by 5 target
[

device 10 is i FFREC8ENbirAgtERoEMPHBM Easér Lighh, 26 Whensthaadi gnal

out put from nyerter 15 is,  supplied to inpact position calculator 16,
i npact posi-%%ﬁgcgﬁ‘m%‘ﬂ%&%’:ea Ar atBs Aashstbeapadetpositi by of 10
the current val- ues Ixl, Ix2, lyl,

| aser beam | at e, 40, .using, .
ly2 which a?gagéﬁéﬁggg%:%eg%nﬁ?nbdﬁﬂkl?ﬁﬁdsﬁ%tb?h@ﬁcﬁhQESftbmnleBeraser
beam 30, . acgef g to the follow ng equations: x = k(Ix2 - IxI)/(1x2 +
Ixl) (1), 15y = k(ly2 - lyl)/(ly2 + lyl) (2) The beam spot position where
. ) . . cal
both (1x2 - 1x1) skddthe Lydhaf SuShe ERofioh)Bodo g5 Lpe, o805 c@! and
supplied to impact position calculator 16, impact posi-

" tion calculator 16 calculates a shot impact position of

(‘ 10 laser beam 30 on target plate 40, using the current val-

ues Ixl, Ix2, Iyl, Iy2 which are generated depending on
the shot impact position of laser beam 30, according to

the following equations:

i

X k(Ix2 - Ix1)/({Ix2 + Ixl) (1)
T15 ¥ = k(Iy2 - Iyl)/(1y2 + 1yl) (2)
The beam spot position whe;e both (Ix2 - Ix1), (Iy2'
- iyl) are zero is defined as the electrical and mechani-
cal ccordinate origin (0, 0) of PSD sensor 11. Target
(ft | plate 40 needs to be positioned two-dimensionally with
2Q respect to PSD sensor 11 within an allowable accuracy.
range. |
- Inasmuch as the impact position (x, y) calculated
according to the abcve'equations is affected by the
amount 3} of light due to the characteristics of PSD sen-

25: sor 11, impact position calculator 16 thereafter divides

the value of the impact position (x, y) by the signal
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“cal coordinate origin (0, 0) of PSD sensor 11. Target plat®t Afiimeesls to be
positioned two-di nensionally with 20 respect to PSD sensor 11 within an

al | owabl e accuracy range. I nasnuch as the inpact position (x, y) calcul ated
according to the above equations is affected by the anount E of |ight due
to the characteristics of PSD sen 25 sor 11, inpact position calculator 16
thereafter dr¢Pdesenthsgviheeanbunheyi opattgpesi thos @@Iﬁgkg@éng%egignal
23 21 April 2006 representing the anount E of |ight, thus corréecting the
shot inpact pBeFtivRast paséribeami3Dasart begat 3pl ahe t4@geW h kar aef,
-device 10 shown in Figs. 5 and 7, as described above, the signal
represented by thB1EBrFangetsdeuipat 10r ehophotndFads .senserd 12 iss

subtTact ed fron1t£ﬁ%€i'nal represented by the currents output from PSD
sensor 11, tHTR°F i%@o’fﬁe hgnaigeahpoeeneseosed by the exrrbthgneous

l'i ght ot her n laser beam 30 detected by PSD sensor 12. Using the signal
.fron1whi§h t%@e%?%n FORIMPOLABLORRt SPRzer bA ihesextrantedsfrbghthbas been
renoved, the, | aser beam 30 on target plate 40 and

(proved, Thesi el JBRESoReRN i on f LeoeL bean 30, on Largel bl ate o
{rom acer ot gt & Bl od o AEELILIOLY Lhe, Shol Lrpact position of
t he present‘ .&'H}%Hd@@igﬁ@%ﬁ@ ﬂ.l{gﬁa%a eOrSil;[eiaorrrll 30 detected by PSD |
sensbr 12. VUsing the signal from which the signal compo-
('  10 nent based on the exXtraneous light has been removed, the
.shot impact position of laser beam 30 on target plate 40
. and the shot'impact position detécting signal contained
in laser beam 30 shot from laser gun 20 are detected.
Accordingly, the shot impact position of laser beam 30 on
- 15 target plate 40 is detected without noise and error.
In the preéent embodiment, the shot iﬁpact position |
on target plate 40 which is detected by target device 10
| and the score depending on the shot impact position are
= displayed on display unit 91. However, the shot impact
. 20  position and the score depending on the shot impact posi-
tion may be displayed on target device 10. 'According to
'suéh a modificatidn, the score is calculated by target
device lq based on the shot impact position on target
plate 40. |

25 In the present embodiment, the shot impact position

of laser beam 30 on target plate 40 mounted on target'de—
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on target plate 40 which is detected by target device 10 -agndagringoggore
dependi ng on the shot inpact position are displayed on display unit 91.
However, the shot inpact 20 position and the score dependi ng on the shot

i npact posi- tion may be displayed on target device 10. According to such
a nodification, the score is calculated by target device 10 based on the
shot inpact PbSFtBnisncrdeyéetegl aséng0rhas charehesprigsant 1amhodiy , the
shot inpact position, of |aser beam 30 on target plate 40 nounted on target
de 24 21 Apr{:) €2808%VFcandoths eurcenasedIydi ngytheatongenhs (hykisl x2)

along the x-axis and the currents glgl, ly2) along the y-axis which are
gener at ed byw¢%fﬁs%ﬁ%o?eﬂﬁFaFﬁﬂebﬁr,S heepapr iént sHgeneeat edhbycBBD sensor

11 and phot odi ode sensor. 12 5 may_be converted into voltage val ues at
st ages precé%%ﬁgs %ﬁ%?F?F%%sbKB%gD1%%?S@ﬁd1in@adtpbgsbdiodecaénubatQQ 16

mount ed on tErbafe RO EEREY HiimgroltRde Velteseayabesesnproadabhgt ne
Govi o6 101 orlert 1988 P P EN G et 5 oot Ehont o Leelnenni 80°<hot
seroe rg PSSR AS 0 W o e a0
signql and et e dblate 40 mounted on target device 10, using
' these voltage valués instead of the current values de-
(i" 10 scribed above,

| In the present émbodiment, target device 10 for de-

tecting the shot impact position of laser beam 30 shot

from laser gun 20 on target plate 40 has been described;

However, a light detecting device for receiving a iight

15 beam having a predetermined pulse signal and detecting a

beam spot position where the light beam hiﬁs the light

detecting device may be similarly arranged to detect the

beam spot position without the need for an optical fil-

ter, |

20 While a preferred embodiment of the present inven-

-tion has been described in speéific terms, éuch descrip-

‘tion is for illustrative purposes only, and it is to be

understood that chahges'and variations may be.made with-

out departing from the spirit or scope of the following

25 claims.
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beam spot position where the light beamhits the Iight detxcipringoekevi ce
may be simlarly arranged to detect the beam spot position wthout the

need for an optical fil- ter. 20 Wile a preferred enbodi nent of the
present inven- tion has been described in specific ternms, such descrip-
tionis for illustrative purposes only, and it is to be understood that

changes and variations nmay be made with- out departing fromthe spirit or
scope of tGRAEMELowing 25. clains. 25 21 April 2006 CLAIMS: 1. A target
device for detecting a shot inpact position of a |light beam shot froma
‘light gun on a targed tapteetr,dsalck dbvr cdeivanpingiaglotr cingaateans f or
subtracting an extraneous |light conponent fromthe |ight beam which has
hit the tapgeitpbatef,a theyhethybearedsicd gl amm extTagitedyun gt a copetent, and

recogni zing the light beamshot fromsaid |ight gun and detecting the shot
i npact pospilava, ofatdiedevightcdigam ©ing atdrdaitgeiegrlsat b asgst ractsiaigd :
extracted |ight conponent, said circuit neans conprising: beam detected

position detesttrgnemansl fghit caieseidmg £ | dightl hgampyddne Rediash Hids t he
target plate and generating a current based on the shot inpact position;
ext r aneoushit gttie dedepdt Nl OB SLHOF eIl NRF AL dith P arC Uhftafic thas ad o1t

extraneous |light applied to the target

component, and recognizing the light beam shot from said
liight gun and detedting the shot impact position of the
light beam on said target plate based on said extracted
light component, saidrcircuit means comprising:

beam detected position detecting means for
detecting the light beam which has hit the target plate and
generating a current based on the shot impact position;

extraneous light detecting means for genefating a
current based on extraneous light applied to the target
device;

-subtracting means for subtracting the current
generated by said extraneous light detecting.means or a
voltage based on said current from the current generated by
sald beam detected p051tlon detecting means or a volt-age
based on sald current, and outputting a differential
current or voltage value; and

position calculating means for recognizing the

‘light beam shot from said light gun and detecting the shot
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devi ce; subtracting neans for subtracting the current gengfapgichoog said
extraneous |ight detecting neans or a voltage based on said current from
the current generated by said beam detected position detecting nmeans or a
volt-age based on said current, and outputting a differential current or
vol tage val ue; and position cal culating neans for recognizing the |I|ight
beam shot fromsaid |ight gun and detecting the shot 26 21 ril 2006

i npact post¥PBAT PCTheI PR ghf Beam beh G dperpt oyetail atargdla wh said
differential current or voltage value. 2. A target device according to
claim1, whefednonsgadd pdsiferentehtl reanient myarfso tlorge isekbuereans for
recogni zing the light beamshot fromsaid |ight gun by detecting a shot

i npact position?det e&timgoetl ghericometording rte helaight, béwrasiot from
said light gun. 3. A target device according to claim1, wherein said beam
det ect ed poeidipesietert¢abcwbarng ongais esomparses firargenBrat i ng a first
current based on a positional conmponent of said shot inpact position along
an x- axi s oécogmi xing ooreli hisglet sysdrernsiand arqosdidnagoonponént of said
shot .inpact position along a y-axis of the xy coordinate system and said
position céttedainmo ndeots norgrtd gess neians ddgcttiale W iadridly conbaiceaer di nat e
in the xy coordi nate system of said shot inpact position froma val ue
which i s pimdtieedlight beam shot from said light gun.

3. A target device according to claim 1, wherein
said beam detected position detecting means comprises means
for generating a first current based on a positional
component of said shot_impact position along an x-axis of
an xy coordinate system and a positional component of said
shot impact position along a y-axis of the xy coordinate
system, and said position calculating means comprises means
for calculating aﬁ ble cdordinate in the xy coordinate system
of said shot impact position from a value which is produced
by subtracting the gurrent genefated by said extraneous
light detecting means 6r the voltage based on said current
from said first cufrent or a voltage based on said first
current, and a ﬁalue.whiéh is produced by subtracting the

current generated by said extraneous light detecting means
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by subtracting the current generated by said extraneous | izghtprifgdect i ng
nmeans or the voltage based on said current fromsaid first current or a
vol tage based on said first current, and a val ue which is produced by
subtracting the current generated by said extraneous |ight detecting neans
27 21 April 2006 or the voltage based on said current fromthe sum of said
first current and said second current or the sumof said voltage based on
sai d firstOoEuFRenyodhage Desedgenbased owrreat df sesobiie cewm enf ,said
calculatlng.a y coordinate in the xy coordinate sys-tem of sald shot

i npact posfirsh fuvheat gadusaihi secodrd prodoerd by shbtsactehgdadd current
generated by said extraneous |ight detecting neans or the voltage based on
sai d currevieltegen basddsesopiduf tent cnrréeme amnd tageo beses mrsehich second
current, and a value which is produced by subtracting the current

gener at ed dyidasecondst caneews, | amht calbt w4 t g neanscasrdhea ol iragehdased on
said current fromthe sumof said first current and said second current or
t he sum of xgatdovditrage dbasedeobadalidfshict Dwaentpedikidie Mmald age based
on said second current. 4. A target device according to claim2, wherein
sai d beam delweetweld qosis i mrodietad thn gs ulEasc COPTtisescumans. for generating
a first current based on a positional conponent of said shot inpact

posi tion ajengrated-loxisaidd edfratye®or i glet elsysd €IR@nthahs RASIdHONal

conmponent of said shot inpact position along a y-axis of the xy coordinate
voltage based on said current from said second current or
the voltage based on said second current, and a value which
is produced by subtracting the current generated by said
extraneous light detecting means or the voltage based on
said current from the sum of said first current and said

second current or the sum of said voltage based on said

first current and the voltage based on said second current.

4, A target device according to claim 2, wherein
said beam detected position detectiﬁg means comprises means
for generating a fi;st current based on a poéitional
component of said shot impact position along an x-axis of
an Xy coordinate system and a positional comporent of said

shot impact position along a y-axis of the xy coordinate
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28 21 April 2006 system and said position calculating neaps ApENRIOGSES
means for calculating an x coordinate in the xy coordi nate system of said
shot inpact position froma value which is produced by subtracting the
current generated by said extraneous |ight detecting neans or the voltage
based on said current fromsaid first current or a voltage based on said
first current, and a value which is produced by subtracting the current
gener at ed bBystaind ardraatdusosighendedievlatyingansangrcomer Veks ageahased on
said current fromthe sumof said first current and said second current or
t he sum of fezi dalgolengeobased onmosdidatérsh theresntcarddmaiodtsigetdased on
said second current, and calculating a'y coordinate in the xy coordinate
sys-t em of c§asdidhshot npmpacpososioiohr bneom avedlee whhteh i Bs ppookiceed by
subtracting the current generated by said extraneous |ight detecting neans
or the vobtagebbaseting shédconrerntgénennsaddogecsaohnd extrranéows the
vol t age based on said second current, and a value which is produced by
subt racti ngighe dateeningemesns edr byhs avrdl t&xé riasnesd soh i giid detiecéning nmeans
or the voltage based on said current fromthe sumof said first current

and said seeangatdrfenst ofuihensudt 04 $al tayel baged baseshoh sairslk first
current and the voltage based on said second current. 29 21 April 2006 5. A
_| i ght det egtiAgndevase fovaleseiidl BslpBbluced by subtracting the
current generated by.said extraneous light detecting means
or the voltage based on said current from the sum of said
first current and said'second current or the sum of said
voltage based on said first current and a voltage based on
said second current, and calculating a y coordinate in the
Xy coordinate sys-tem of said shot impact position from a
value whiCh is produced by subtracting the current
generated by said extraneous light detecting means or the
voltage based on said current from said second current or
the voltage based on sailid second current, and a value which
is produced by subtracting the current genefated by said.
extréneous light detecfing means or the voltage based on
‘said current from the sum of said first current and said

second current or the sum of said voltage based on said

first current and the voltage based on said second current.
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beam having a predeterm ned pul se signal and detecting a b2pAp[IPOLS
position where the |ight beamhits the Iight detecting device, said device
conprising circuit neans for subtracting an extraneous |ight component
fromthe light beam which has been received, thereby producing an
extracted |ight conponent, and detecting said pulse signal and the beam
spot position of the Iight beam having the pulse signal based on said
extracted |ight >conpdnthghtadgteetingi devraasieonpesei ning beakiglet ect ed
position detectjng, neans for detecting the |jght beam and generating a
current baB8EMoREViRG BeRRPIpbErPLRrd i BRlSextierb ANt | ¢REcEet®Etd ng neans

f ' . based t light. applied to the Iight
ot eot i ng EOcaPoELBRs et PR ABEns br | LERE 1 REET g Cha-Rer HARE generat ed
by said ¥ tect | . _vol t based id
clrront 1 oneeoitn, ¢8Rt e gl B MR T8 detlo Rundiiec TR O Tty of
detecting SEBAS;Of; V&ﬁté%?fénééé§d1P&héﬁ%ﬂg%%ﬁ%ﬁ%“fréﬁﬁkﬁ%“fh #d N9 a

differential current or v age val ue; ion ‘cal culatT means for

detecting saifl whRUESenss Q9bn ARECERALEH] A BEeINE AR SROtaPOSI ti on of the
30 21 April 2006 |ight beam having the pul se signal based on said
di fferentiakteattedt 1 DFhty cbdrAgSndet Ueand detecting said pulse signal
and the beam spot position of the light beam having the
pulse signal bésed on said extracted light component said
circuit means comprising:
beam detected position detecting means for
detecting the light beam and generating a current based on
the beam spot position;
extraneous light detecting means for generating a
current based on extraneous light applied to the light
detecting device;
subtracting means for subtracting the current
generated‘by said extraneous light detecting means or a
voltage based on said current from the current génerated by
said beam‘detectéd position detecting means or a volt-age
based on said current, and outputting a differential
curfent or voltage value} énd'
position calculating means for detecting said

pulse signal and calculating the beam spot position of the
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31 TARGET DEVI CE AND LI GHT DETECTI NG DEVI CE ABSTRACT OF PMEA{D 3eOSURE
When a light beam shot froma light gun (20) hits a tar get plate (40)
nounted on a target device (10), the light beam (30) is detected by a beam
detected position detecting unit (11), which generates a current based on
the shot inpact posi- tion of the Iight beamon the target plate. An

ext rane- ﬁ kkggt de ectlng nit ng) enerates a current based on ex
traneous |igH ﬁﬁ?e AYHEhE FaPB Feag ?E%l heeduPreftidgenerated by the
beam det ec et n or vol t age based on the current,

and the cu?ggﬁggégﬁéggtg rg%?ktﬁﬁ X?iF%ﬁ%oﬁ% YFyht detecting unit or a

vol tage based on the current are supplied to a subtractor (14), which sub
tracts the current generated by the extraneous |ight de- tecting unit or

t he vol tage based on the current fromthe current generated by the beam
detected position detecting unit or the voltage based on the current, and
outputs a differential current or voltage val ue. Thus, an extrane- ous

| i ght component is renoved fromthe current generated by the beam detected
position detecting unit. Thereaf ter, a position calculating unit (16)
recogni zes the light beamshot fromthe |ight gun and detects the shot
inmpact position of the light beamon the target plate based on the"
differential current or voltage value. (FIG 7)
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TARGET DEVICE AND LIGHT DETECTING DEVICE
ABSTRACT OF THE DISCLOSURE

When a light beam shot from a light gun (20) hits a tar-
get plate (40) mounted on a target device (10), the light beam (3 0) is

detected by a beam detected position detecting unit (11),

which generates a current based on the shot impact posi-

tion of the light beam on the target plate. An extrane—

ous light detecting unit ( 12) generates a current based on ex-

traneous iight'applied to the target device. The current

generated by the beam detected position detecting unit or
a voltage based on the current, and the.current generated
by the extraneous light defecting unit or a voltage based
on the current are supplied to a subtractor (14), which sub-

tracts the current generated by the extraneous light de-
tecting unit or the voltage based on the current from the
cdrrenf generated by the beam detected position detecting
unit or the voltage based on the current, and outputs a
differential current or voltage value. Thus, an extrane-
ous light component is removed from the current generated
by the beam detected position detecting unit. Thereaf-

ter, a position calculatiﬁg unit (16) recognizes the light

_beam shot from the light gun and detects the shot impact

position of the light beam on the target plate based on

the differential current or voltage value,

(FIG. 7)
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