" ; e3epppv6TpoP TARGET DEVI CE AND LI GHT DETECTI NG DEVI CE BACKGROUND OF THE

| NVENTION 1. Field of the Invention: 5 The present invention relates to a
target device and a |light detecting device for receiving a |light beam such
as a laser beamor the |like which is applied thereto and detecting the
position where the light beamis applied. 10 2. Description of the Rel ated

Art: Target shooti NgAREET! BEVDCE UANDOLIGHTSDEYECTGNG] DE¥UECEE archery,
archery, etc. have heretofore gained popularity anong many people. At

present, not only Japa nese archery and archery, but also gun shooting are
15 played in conpetitions. According to a typical gun shooting conpetition,
a player shoots a bull et BAGKGROWND QF fTHE AINVENBEN beam from a | aser gun
toward a target, and conpetes for a higher score based on the accuracy with
whi ch the Hul IBtelst afhdheadawenrddmriits the 20 target. Fig. 1 of the
acconpanyi ng draw ngs shows partly in block forma conventional gun

shoot i n§ conpet i theoPE§AEm fsrershigat i fRl atearyeta Wi FIet | d8BiCheam eni tt ed
froma laser gun.. As shown in Fig. 1, the conventional gun 25 shooting
conpetiti or?“‘é’gﬁ rhdtds &Gt Gith B0 Gt SR TR A hddteF IR orPe&Hbot i ng

| aser beam 13Q, target device 110 for detecting a act Positi on

where | aser® M3130 r }‘bretﬂﬁ Iansetrhelgu];%kiezd”fﬁcltké Jt%rébé%:ﬂp?%; %4D-Pount ed
. o di SR . . ! .
? Eet 2[18? ti (rjrag]\a/ldctheeotn]é% eiLrnggel tscq‘cfg\yﬂogsgf%ﬁﬁ‘, ‘gleg%edcgskgﬁot%%é}hn% %%?el?l 12?3(2)“’(Egrlsltl on as to

i nt erconne(‘éli-lrkgjlt arget device 110 and display unit 191. Laser gun 120 and
target devi’ce 110 are spaced fromeach other by a predeternined distance

for shegting q@m%gﬂﬁgiggaofﬂ@ﬁéﬂﬂégh%gathggg conprises a switching hub of
10BASE-T LAN (Local "Area Net 10 work) 193.
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
15 played in competitions. According to a typical gun
shooting competition, a player shoots a bullet from an
alr 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 accompanying drawings shows partly in
block form a conventional gun shooting competition system
for shooting a target with a laser beam emitted from a
laser gun. As shown in Fig. 1, the conventional gun

25 shooting competition system has laser gun 120 operated by

a shooter for shooting laser beam 130, target device 110

mam i
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A processing sequence of the conventional gun shooting conpetition system
at the tinme the shooter shoots |aser beam 130 from | aser gun 120 will be
.described below. 15 When the shooter operates |laser gun 120 to shoot | aser
beam 130 by triggering |laser gun 120 while directing | aser gun 120 toward
target device 110, |aser beam 130 is shot fromlaser gun 120. Laser beam
130 shot friwe |ldssictging I2GHet tipoat |pyo £ 1dediHd oim basem seaducsor 20
| aser oscillation device mounted in laser gun 120. As with a real bullet
shot from assheal figam,ld sesergledl2 A3 is sdwiet rphatdel dizrdenoéd| aser gun
120 and travels straight in the direction in which |aser gun 120 is
ori ented. 2Zen deisiere bebin 180sshay dmi 12befoguni dplaping theget plate
190 nounted on target device 110, target de 2 vice 110 detects the shot
i npact posiinirerien get o difee 190t aHEPaG e target ofeaiFenliepresenting
t he detected shot inpact position via swtching unit 192 to display unit
191. 5 Bi sy Tmitching cardlul Besinteeeranefting sabiehadenien +he shot

i npact position_ jnformation t ansnltted fro et device 110, and
di spl ays tr?e“‘gaqhﬁﬂ]a?%dl%tor SYAS5F UATR rqi%@ %é% F2E9St e RUL ERer ei n

f dent i f h he.identifica, 10
nunber of UHE <ot 814 Hha T 3?%%"?%%%:25%&?%&?%5 brEEaAt ot nurer
f the | f | ,19] al
3.sp|Zysafﬁéﬂﬁﬁg”%é??%%f.on F AR e LR B oI RE Biskiibe dn® 20,
nunber, the,sg S §0§&f§@@ﬂﬁinﬁu O fhﬁoéﬁ§§ITbﬁﬂﬁ‘%§o?H BhealfigcLotal

score galned t ot inpact position o aser beam 130 on
target 1pl atgo @0, 1€t her simul taneously or at spaced time intervals. As
shown in Fig. 2 of the acconpanying drawi ngs, target plate 190 has on its

surface ten annuhaprac€asingdOstacbHdengrateentpalestiedhar ganea j ust around
center 0, divided by ten concentric circles around center 0. These areas

are al so reflessethd ocaspscdt toar epstenmasigethpl aime 14Re akioobas an out si de
area around the annul ar areas. The shooter gets no score when | aser beam
130 hits theh@stouissee beaa. LA0sCooe Iasethguoulefnesilabhautar area, i.e.,
the annular area marked with "1", is 1. Scores for 3 t he ot her annul ar
areas are psoyilesdihelgvwincrenented by 1 toward center 0, and the score for
the central circular area is 10. A score which the shoogter obtains when
shooti g target BrapethaosheobgtePRERRESasBdeENIHReldPstS ERACE from

fhltm" i tar?ete%rhé‘igeléﬁp%ﬁﬁgélré? @%ﬁ"%h‘péi@%gb?ééi LR 3§£i :f
117 130 [
h;stig beenggag 5??%29?35228p§§5353 é%%gﬁltd?gggérhggat28%26 §%g]passinbc
I l'i gh Hh 3
only alig %Qeg%‘[)!‘??{gw o Qe%%éﬁheﬂ °£a5?§%e9ﬁaﬁ?§ QP%feOgrEfnom

| aser gun 1 ensi 1 ve tect or Sensor etecti ng
the laser b@éléré@métke@zér om k;\ﬁ@&agyp 479+ a8d ‘ffc@ﬂﬁ@ tbgrdcbRuoughopti 15

cal filter 117 and generating a curréent based on
20 laser oscillation 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 gun 120 and
travels straight in the 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-



anount of the detected |ight beam and the shot inpact position of |aser
beam 130 on target plate 140 nounted on target device 110, anplifier 113a
for anplifying a signal represented by the current generated by PSD sensor
111 20 and outputting the anplified signal, sanple-and-hold cir cuit |18
for sanpling the signal fromanplifier 113a at given tinme intervals and

out putting {heesampl gdrebgbathe ARcEONMBEEEr pdiathieh oanvarlierd plik@esi gnal
out put from sanple-and-hold circuit 118 into a digital signal and 25
outputting the, dagiit ekaskfinek, iphetpdtode sepsekehtd nfokheeaeraldtrg a
current based on an anount of extraneous 4 | ight applied to target device
110, an anpkhbtetmpddt posisiphi Fyengwatshgngl uhepr esented diyilag current
generated by phot odi ode sensor 112 and outputting the anplified signal, a
subtractor addtfdBlsubtracting the signal out s put fromanplifier 113b
fromthe signal output fromamplifier 113a and outputting a differential

si gnal , Jand i npabtispésit hoatcaPdukatlonlatesf er scalreulodt ithg tshetshot i npact
position of |aser beam 130 on target plate 140 and detecting a shot inpact
posi tion dePagefngnsthAaphebr inpargenppiiing Lasermesdmnl 30 anghildh ads
contained in |laser beam 130 shot from | aser gun 120, based on the signal

out put fronf&GBt FAEESE 2e¥icepeltiri 8RAIERIGEE O c&1EYdaties construct ed

w || be described below, 15 When_l.aser beam,130 shot from | aser beam 120
hits target SiPAfe 146SRbAN BALEn1PLr GBE GBGHSECTEG, HPATE: thaAhOrds I s

lied t rcal _fil V1170 t i 110 d dight b

P SRt AT (HIACLLR SRl 0 08 Bebipilt veom
ransm e : (6] a r r .

LTSI oA BRoHB. a0 be20ncayhie, LD anddgusatsd A hrsanser 1

recei ved thequoBraReheaknbh! hehbel? o&NdhEhe dsagie ROSHJOB O HeaSer beam
130 on target plate 190. PSD sensor 1ll1 has a two-di nensional current 25

generating geebtare fohegeferali B sp1aY ek hasedien m%pi%tf%ctt% l'i ght
beam If the light beamreceived through 5 optical filter 117 is applied
as a beam spdaentaftbettivadhorberondl o ceotgeneraid R JBNY dRgset a
coordi nate position (x, y), then the two-di nensional current generating
menbr ane geberat esmbher, eichecsepert sontriesy oadd nigmt s tdiemdrrssicandddayn | | near |y
commensurate with the coordinate position (x, y). Specifically, the

t wo- di ehsi oHabezur L8Rt tgndr acong werivesnd hyendrat eandvd heuratett sim—x| , | x2
flowing in two opposite directions_along the x-axis and two currents lyl,
ly2 flowi ngPPRtt RESSHEPEE PE dirEEdt PERS %@Oap@ndjatrrg@typdﬂt@. H sdsor 111
out puts a signal baSﬁd on thﬁ currents Ixl, 1x2 flown | ong the x-axis
and a si gnalt"fas&d™En FeREUEHYeRts 3ty SPaARs igG ngta ﬁgj%he y-axis.
Actual Iy, since %%Ds ensor. 1 al%ﬁh H:cts e&;raneous 1 A& htsmhich has
t he wavel engt h | asSer eam 130 *&rid Ich Eé§“ﬁé§§§f¥%ﬁ?nl optital filter

117, th i I f f PSD t. 3l ted b
e s'QQ?g@tgﬁlBg%le%nhag O%QQ§%réééﬁ%%%?f%hgﬁﬁﬂﬁﬁﬁﬂ;%uﬁ%ﬂ?ra e y

the extraneous “I'i ght I'i'ed to target ransmtted through
opticalydilter1hling2ddednt@aline QW N8 Sirea just around center O,

divided by ten concentric circles around center O. These
areas are also referred to as score areas. Target plate
140 also has an outside area around the annular areas.
The shooter gets no score when laser beam 130 hits the

25 outside area. A score for the outermost annular area,

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




20 along the x-axis and the currents along the y-axis. PSD sensor 111
outputs the sumof the currents along the xaxis and the currents al ong the
.y-axis as a signal representing the anount (err) of light received through
optical filter 117. 25 The signal output from PSD sensor 111 is anplified
by anplifier 113a, which outputs the anplified signal. 6 As shown in Fig.

4a of the a@ﬁ@ﬂ@@ﬁ&kﬂ@nﬂﬁ@&&ng@eahhsrénpkbgkedsibgm?lia@&@m@n&@@nm@nplifier
113a has a waveform i ncl udi ng wavef orm conponent 101 based on | aser beam

130 shot fromébased gentd20oandnvavhtosaveenperenhedctBZaahasadconatrhe
extraneous light which is applied to target device 110 and transmtted

t hrough optacah isller 1A7sasdedehéchedhbysRSbteensbtalhl. wheot odi ode
sensor 112 generates a current based on only the extraneous |ight which is
applied to shogeindetdfgetcpldtd. 1A0signdkterepiasenbadehy onhehgeridrsat ed
current is anplified by anplifier 113b, which outputs the anpli fied

si gnal . 5As thoem fnoRi genftprof chetacgetpanpiirg ldPaiongdbe tiheaarplpio- ed
signal output fromanplifier 113b has a 15 waveformincludi ng only waveform
conponent 162bipAsed bargpe BxkeF&nédds |ight which is applied to target
device 11 0. The signal output fromanplifier 113a is sueplied to
sanpl e- and- hol d &Fr 8BiPYR118. F&anpPeandRoPF COMPAMmYL NS0 P W%l es t he

signal base agge aaggiggagﬁ63gaghg%tgégq]filter 117 comprising a

bandpass filter for receiving laser beam 130 which has

10 been shot from laser gun 120 and hit target plate 140 and
passing only a light beam which has the wavelength of la-
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 filter 117 and generating a current based on the
amount of the detected light beam and the shot impact po-
sition of laser beam 130 on target plate 140 mounted on
target device 110, 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 for converting the signal output from
sample-and-hold circuit 118 into a digital signal and

25 outputting the digital signal, photodiode sensor 112 for

generating a current based on an amount of extraneous




| aser gun 120, of the signal output fromanplifier 113a, at such a tine
that | aser beam 130 is applied to target device 110. Thus, sanple-and-hold
.circuit 118 detects a change in | aser beam 130, and outputs a signal
represent 25 ing the detected change in | aser beam 130. In this nman ner,

t he signal conponent representing the extraneous 7 i ght that has the
wavel engt h dpighaseppbeam 430t andebagepaasedldhr aughmpptireak finBberokl7 is
renoved fromthe signal output fromanplifier 113a, and hence only the

si gnal baseamphifasey beabtyd3D sbpitebennedaber tpench2ens Heaxthaetled. The
signal output from sanple-and-hold circuit 118 is converted by A/D
converter 14% phovbodiddgi sahssrghadl &hdt ouspapplingdthe empadfipdsition

cal cul ator 116. Subtractor 114 subtracts the signal output from anl0
plifier 113bi@sashoansihtFagtonbllfofprheubtyaakiogt pbe sigmeanphlicti er 113a
as shown in Fig. 4a, thus extracting the signal based on only |aser beam

| 30 shotd f r B | Aser g@ﬁlkégeasléﬁbm%rpm Fhg. sdgnaf PhEPHECHHRENPIMY

drawi ngs. The signal extracted by subtractor 114 as shown in Fig. 15 4c is
suppl i ed t oPihpaet pb3ft RBA eaFequﬁeg ilélffﬁﬁﬁBFlﬁés?EBBﬁlcaPB§Iator 116

detects a shot ippact, 05|t|o tect| i_gnal ai ned | aser beam 130
shot from | ABBACHURST 2B BASEAE ﬂaerSESﬁ I NI B

based on tha"ARGEBPOL f@ﬂ§|°8uf %k?ﬁs AP B0CBRy BRLF 01533 CEpddtt R4 1y,
when the s goaLoouhgut Lram sybtracefet 1ha Leesupmbied;ta hmmast position

cal cul at or posItio conve e current val ue

25 of the 5598@%1%% §3§Qéb99bégﬁ @@@U“Rhﬁ%hr%soth%Qﬁheg etﬁ%sg&gnal

out put from subtra into a volftage value tects a shot

i npact posi bean debeshbRgrsbainaksker ghdenbf ybagekhaser theamiyd@l which is
contained in | aser beam 130 shot from | aser gun 120, depending on the

vol t age val gatpbtWiebnml sspergunot2@ighoots | aser beam 130, it al so outputs
a shot inpact position detecting signal having a predeterm ned period and
anount of |ight Dpeoadépnt ofi dempefy dexiere RAAMCHIG aonzdimgtsdot from

| aser gun 120. Wen i npact position calculator 116 detects the shot im 10
pact positiwhldebecteagrébgrabedontained in | aser beam 130 shot fromlaser
gun 120, using the voltage value of the sEgnaI representing the anmount
(err) of51ight, #hephdagegnareasutl gt shodmigopt dactedr Aepm 1ide Nidder beam
detected by target device 110 is identified as bei,ng shat 15 from | aser gun

120. \When t RBTERgnRI-266t pdP WPBﬁFﬂPDOBoﬁ@éﬂﬁérdffécﬁs1&&ppﬂ@§§rt@qaﬁbact

t | at t | qyl-at, 116 | cul.at hot
?ﬁiéclOBOS??§§n98?5PQiéde§§a% SB2BH EATGEE pLd: AT HAs 5 ERE A ent 20
val ues Ixl, jhy onhgegnﬁ¥§BWhb%gmagqu%@eE?%e%Fg%H%E%%%Qo%nl @%rngen{npact

position of [aser according to I"'ow ng equations: X = k(IXx

bogfg?gglﬁﬁé?glﬁg%ﬁ(%kOM Ia@%&y%efmlXbp/ﬁ&{%rép%%?%ﬁ%@?gﬁ%g%ﬁﬁégﬁggﬁfﬁgt
electrizpl aad #BGRAR 117 and detected by PSD sensor 111.
PSD sensor 111 generates currents based on the
amount of the light beam received through optical filter
117 and the impact position of laser beam 130 on target
plate 140. PSD sensor 111 has a two-dimensional current

25 generating membrane for generating a current based on the

detected light beam. If the light beam received through




9 cal coordinate origin (0, 0) of PSD sensor 111. Target plate 140 needs
to be positioned two-dinensionally with respect to PSD sensor 111 within an
.al l owabl e accuracy range. 5 Inasnuch as the inpact position (x, Yy)

cal cul ated according to the above equations is affected by the amount (err)
of light due to the characteristics of PSD sensor 111, inpact position

cal cul ator dpgeithereaiter divi desappeival ue af bkhR kpBaCtop@sikt ke (X, V)
by the sig 10 nal representing the anmount (err) of light, thus correcting

t he shot i npanenposhaiobueteh8sgenbeamihigOmenbirangettphateoctd@nalikt h target
device 110 shown in Figs. 1 and 3, as descri bed above, the extraneous |ight
havi ng wavepengthsnl%xdi /) er ehenf the the-damehenghblotukaset bearwrt30 shot
fromlaser gun 120 is renoved by optical filter 117, and a change in |aser
beam 130 shatifgomeihseneggeng26tes tHbeestedcuThestst Waishgaale based on
only laser beam 130 shot fromlaser gun 120 is detected, and the shot

i pact 20 p@smensaosplilisdinpaakyl1l0mprnsargse pllibhe theo cosorddnedst ed based
on the signal thus detected. The extraneous |ight having the wavel ength of

| aser beam B8818RABE f¥onY) asePPgGhtiseliy r ERGvEHCDY1BGRELRERING W e
extraneous |ight detec%ed bé ggotodiode sensor fromthe |ight trans 25
mtted throbfhtoPEPEAR TPt BRMPIZNS: AGECFELEES FHE CHETERGE itfgact Xfositi on
det ecti ng si?naL contained in |aser .10 bean11i0 shgg froml.aser gun 120.
In this fashf8HPEnd"sh8P PRERSE HoStEEGH6F 51 446 Idaf £36%6% £&get plate
190 is dete d.w Lhse dcer s er ect. t : { 1 npact
position ofg%ﬁecgk%ggg% gggﬁ\%ﬂgtfﬁPgﬁﬁghéﬁlggerOggﬁsgﬁgtﬁérfgﬁﬁzggblate

wi t houty foi gg.apd. Ergta the extraneous |ight having wavel engths different
fromthe wavel ength o tﬁe | aser beam shot fromthe |aser gun is renoved by

the optical filtegp ardsdienaal ek Rt&hanas gna it badaasem heamahot 10 from
the laser gun is detected. Thus, the signal ‘based on only the | aser beam

shot from tkenkasexlgunxps rdewesyedl oagd thiee xshati si mpacta pagintailon of the

| aser beamon the target plate is detected based on the signal thus

det est ed. Thesext paneébes chirglehtlsaviylg tThe Waweliengtilooly rhet hye-axaser beam
shot fromthe |laser gun is renoved by sub tracting the extraneous |ight
det ect ed byAphoeddiyedeiness®SDf semsohre 1llilglatl stor gledieiatise @ xttnagegvsopt i ca
filter, thus detecting the shot inpact position detecting signal contained
in the 1%seﬂlﬁéénwbﬁ§% hasmthige WaySdengh. 126 sHoReday 13§ ﬁ@@gﬂﬁ€i3btica
filter used to renpbve the ex traneous |ight havi_ng wavel engths different

from the wal8PeRGERSG thxeUIks OPtE&Eah Lhdtt ety drh/rhdNeasedtghs i Y Fensi ve,
t he manuf acturin ost of t convent,i onal qun shooting c etition system
i s incr easeérgf“rr%lsﬁ Eﬁ“ﬁéﬁrn}cﬁ% APt iEHTH S SRS rﬁ%eﬁg%e e jex-
difficult t%r%%%%%% &%ght 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 along the x-
axis and the currents along the y-axis as a signal repre-
senting the amount } of light received through optical
filter 117.

25 The signal output from PSD sensor 111 is amplified

by amplifier 113a, which outputs the amplified signal.




t he manufacturing cost of the conventional gun shooting conpetition system
A need exists to provide a target device which is capable of detecting a
.shot inpact position of a |laser beamon a target plate w thout 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 |ight
gun hits a targeispsRb®n MHNFed, OfadctarHet adeyneenying HirahtinBeamis
detected by a beam detested position detecting neans, which generates a
current basstk oamp hief 5ot sidpact oposit | prowf ampei Fight 1bsanmas khe target
pl ate. An extraneous |ight detecting nmeans 15 generates a current based on
extraneous waghfoapplhnetudng heataf gat dempoeenTheOtubasatl gendaated by the
beam det ected position detecting nmeans or a voltage based on the current,
and the curbem Lhestavedfbymt hesextganed® dndghvadefecmi ngmpeaastor a
vol t age based on the current 20 are supplied to a subtracting nmeans, which
subtracts th2zupased genehatedtbynehesekighhevhschi at agpléedi hg neans or
the vol tage based on the current fromthe current generated by the beam
detect ed posif9oh deviesi b0 neanst bansmetyedt hyeondbearbhcehetébitrsnt, and
outputs a djfferen 25 tial current or voltage val ue. Thus, an extraneous

li ght conpoheht3®d dehevesdiPBnftReSenfPEnt lenerated by the 12  beam

det ect ed iti det ect i . fter, iti | cul ati
ecogn zeo the | TBREOBOAHFSRBLCPF ol ChSIFGRE S6uR NG “ABLeEES Fharsnat

ferontial cbEantis, sredgeatar neft M kel PonaBhoste e Re- Bl 5 °
generaued by;the; et 1 afcousnli obLodeLentLnonyeans gentbecual agechgsed on

the_cyrrent I's su tracted fromt current generat t eam det ect ed
posi tion def&cihhgi FEAASLOT akh Eif9é£39@3é9 Qﬁ§€9 QﬁthEsCEEEGBhplQDd the

| i ght beam shot fromthe Tight gun is recognized and the shot i nhpact
position offike sighd1beamon the target plate is cal culated based on the
differential current or voltage value. Therefore, the |light beam detected
by the beam det eatedhpwai thoRige 1b bEsthegameanpanyingt driamined,to a
certain |ight beam having a given wavel ength by an optical filter, but the
shot i npacttipesampbinf oédt bieghafjhdubpam énomhempaifekrpllaBe hsasdet ect ed

wi t hout noise and error. According to an enbodi nent of the present

i nvent ilen, @@V@é@tmib@@lzqiagooe;ythéV¢épg@tcaeppaentoﬂoabtg@ﬁﬁngphe shot
i npact position of the |ight beam shot fromthe |ight gun on the target
plate is artafgedtransapér atohtnshéshr AfcabBlirghtOc6APERENESNESM t he |i ght
beam whi ch ?g@ hit the target plate for thereby renpving the extraneous

| i ght conpo *vent, and to recogni ze the Iight beam shot fromthe |ight

gun and det ect t?Eesgggngqp%%EpB%SEEg%na%%l%@%e&iqq%ab§%n%%%plied
to sample-and-hold circuit 118. Sample-and-hold circuit
20 118 samples the signal based on laser beam 130 shot from
laser gun 120, of the signal output from amplifier 113a,
at such a time that laser beam 130 is applied to target
device 110. Thus, sample-and-hold circuit 118 detects a
change in laser beam 130, and outputs a signal represent-
25 1ing the detected change in laser beam 130. In this man-

ner, the signal component representing the extraneous



on the target plate based on the extracted |ight conponent from which the
extraneous |ight conponent has been renoved. Therefore, the shot inpact
.position of the |ight beamon the target plate can be detected w thout 5
noi se and error, without the need for an optical filter for extracting only
a light conmponent having a certain wavelength fromthe light that is
applied to 1hght atget phaat ehe Thevelengtpl 65 Dhsap pehadipentndf hklke present
invention are also 10 applicable to a |ight detecting device for receiving
a |light beapadsydnghaopgkdepeisabedipubselsghal ramdvddat €egbmngha beam spot
position where the light beamhits the |ight detecting devise, the |ight
det ecti ng devgual beunguar f aogedmpdi Subrr atBaanardt haneesusnlliyghiheconponent
15 fromthe |ight beam which has hit the |ight detecting de vice for

t her eby rendivgnglthasesitoantassr|bgan tdfpehent framdlasedegent 1£hRe ipul se
signal and detect a beam spot position of the |ight beam having the pul se
signal on testragheddet ecting device. Therefore, the |ight beam posi 20
tion of the |ight beam can be detected w thout noise _and erraor, wthout the
need for an opti CAF FiPPat PBEPBLt FHET §§MBARY2RIhGRE Edmsorént Ifavi ng a
certain wavelength fromthe light that is plied to the |light detesting
devi ce. 25 FReCaABBGELEAICHt AP SBPEEFE?rfégBuFEEP andigdvant 84ova

nbodi h i i ilL_b 14 h
erbodi rent e gl {1 Brssent Lavention uill becoms appacent rom 14 the
il trat h i i . Rl SCRI_PTI OF THE
L Lustrate an example ol cthe i SSBOL  LOXCDLL o0 ALBRLES LeSG g N

shooti ng cogpettbbon: SyshembuByEN: RTPLEYSIB ERSA HUN Shanashagting a | aser

beam Fig. is afront eleational view of a target 10 plate us in the

convent i onafkrgdnNagpOOtiBg CORRELEt EABwAYShemighowa,i Rnbiksgextrackiigg 3 is a
bl ock diagram of a circuit arrangenent of a target device used in the
convent i onathgusighadtbAged 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 detects a shot im-
pact position detecting signal contained in laser beam
130 shot from laser gun 120 based on the signal output
from subtractor 114, and calculates a shot impact posi-
20 tion of laser beam 130 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 current value

25 of the signal representing the amount § of light, of the

signal output from subtractor 114, into a voltage value,



‘conpetition systemshown in Fig. 1; 15 Fig. 4a is a di agram showi ng the
waveform of a sig nal output froman anplifier in the target device shown
in Figs. 1 and 3; Fig. 4b is a diagram showi ng the waveform of a sig nal
out put from another anplifier in the target device 20 shown in Figs. 1 and
3; Fig. 4c is a diagramshowi ng the waveformof a sig nal output froma
subtractor amdtdetéerges gBMtC@mﬁQ@’Mpb@iELQﬁ-_déjcéaﬂiﬁ'g Eignad ifera View,
partly in block form a gun 25 shooting conpetition system which enpl oys a
target devitd®ermecrdyithagléseanbeanoldopnvhoéht be poasenhednyantieeeyr 15
Fig. 6 is a front elevational view of a target plate used on the target
devi ce showrmeam FB8Q. sbhot Ffgom7lasea blinck2dj agepending onr thet valitangenent
of the target device shown in Fig. 5; 5 Fig. 8a is a diagram show ng the
wavef orm ofagesvglual output froman anplifier in the target device shown
in Figs. 5 and 7; Fig. 8b is a diagram show ng the waveformof a sig nal
out put rom anot Weenakpbeti guni A2Phehrarget adevi bear 1SRewd ti mlEicgs. 5 and
7, and Fig. 8c is a diagramshow ng the waveformof a sig _
outputs a shot impact position detecting signal having a
predetermined period and amount of light in order to
identify laser beam 130 as being shot from laser gun 120.
When impact position calculator 116 detects the shot im-
10 pact position detecting 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 subtractor 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
20  values Ixl, Ix2, Iyl, 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 - Ixl), (Iy2

- Iyl) are zero is defined as the electrical and mechani-



nal output froma subtractor in the target device shown in Figs. 5 and 7.
15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT As shown in Fig. 5, a
.gun shooting conpetition systemwhich enploys a target device according to
an enbodi ment of the present invention conprises |aser gun 20 operated by a
shooter for shooting | aser beam 30, target device 10 for 20 detecting a

shot i npact cRPStbbeRivAeEe orageh Reamp30ogheisf Isemdasan 1qun R-Jud s target
pl ate 40 nounted on target device 10, di splay unit 91 for displaying the

i nformationpastkolubenghak kapaet peritabaed deni-eambdsidhISW talimg uni t
92 interconnecting target device 10 and display unit 25 91. Laser gun 20

and target degpeetl@oargDspatedri nam «achiot Ber sy cwvapledei=iurawd di st ance
for shooting coom 16 petitions. Switching unit 92 conprises a switching
hub of | OBASEn§el,AN 93. A processi ng sequence of the gun shooting conpeti
tion systemat the tinme the shooter shoots |aser beam 30 5 from | aser gun
20 wi || Ye descrilbesdryeihows \ien itipe oshpotsart ioer & ey )l asekcwyiatd to shoot
| a ser beam 30 by.tri%gering | aser gun 20 while directing}laser gun 20

t owar d t ar géccaédiiae IQ, thgsaboyeamavetiionshds fidmdtesePwyime0. Laser
beam 30 shot fromlaser 10 gun 20 is typically emtted froma sem conductor
| aser osci | PROMBE defifcd 1gBinCe§ itR thSechgdd Ieriatdihs wh FuIsHn | et

shot froma real .qun, |aser beam,30 is _shqt from.the nmuzzle of |aser gun 20
and trav el §°&t tdilght:MPR Eh&OFLEON GR LiGH 'O&hrﬂ%&h 56x i

oriented. vides the value of the impact position (x, y) by the sig-
10 nal representing the amount § 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 above, the extraneous light having wavelengths
15 different from the wavelength of laser beam 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
shot from laser gun 120 is detected, and the shot impact
20 position of laser beam 130 on target plate 140 is de-
tected based on the signal thus detected. The extraneous
light having the wavelength of laser beam 130 shot from
laser gun 120 is removed by subtracting the extraneous
light detected by photodiode sensor from the light trans-
25 mitted through optical filter 117, thus detecting the

shot impact position detecting signal contained in laser

10



‘When | aser beam 30 shot fromlaser gun 20 hits tar get plate 40 nounted on
target device 10, target device 10 detects the shot inpact position on
target plate 40, and transmts information representing the detected shot
20 inpact position via swtching unit 92 to display unit 91. Display unit
91 cal cul ates a score of the shot based on the shot inpact position

| nf or mat | onLbEANs ALt Lede! EON! a5gEL daNi 60010, 1ANdndLSRLans e el cul at ed

score. Display unit 91 has registered therein information for

i denti fyi ngshBe $RBQEE" po8ifiont BE &Q@@E'Bbﬁﬁtﬂgﬂ BHTRER Rk bh%t%hooter
and information representing the present 17 shot nunber of "the | aser beam

shot by thejsbookernerdbeealf ALenodtspbayeunntl 8krakso di splays the
i dentification nunber of the shooter, the present |aser beam nunber, the

score correspondiingotdetrheol aseecheamenyhber impatche ploatiali scarfe tgad ned t hus
far, and the shot inpact po sition of |aser beam 30 on target plate 40,

ei ther s nulasanebaahysbotafrspatied fLeperi guer val $heAsasigewn platle g. 6,
target plate 40 shown in Fig. 5 has on its surface ten annul ar areas,

i ncl udi ng awéehonal ntdsei rodl arrareathasexédrenrdusentight0 hadiivicded by ten
con centric circles around center 0. These areas are also referred to as
score areasvWavalgegtppadéfderansofhas Ahcovey¥rdengitda odr Sidd L& Tannul ar
areas. The shooter gets no score when | aser beam 30 hits the outside area.
A 15 score PBR™ FBOSuLEPRDENeahASEEr J8Peds FeBOVeChOYalth@ optical

filter, and thereafter a change in the laser beam shot

10 from the laser gun is detected. Thus, the signal based
on only the laser beam shot from the laser gun is de-
tected, and the shot impact position of the laser beam on
the target plate is detected based on the signal thus de-
tected. The extraneous light having the wavelength of

15 the laser beam shot from the laser gun is removed 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
wavelength of the laser beam shot from the laser gun is
expensive, the manufacturing cost of the conventional gun
shooting competition system is increased simply by using

25 the optical filter, and hence it is difficult to reduce
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area marked with "1", is 1. Scores for the other annular areas are
progressively increnented by 1 toward center 0, and the score for the
central circular area is 10. A score which the shooter obtains when
shooting target 20 plate 40 is determ ned based on the distance from center
O of target plate 40 to the inpact position on target plate 40. As shown in
Fig. 7, target device 10 has PSD (Posi tion Sensitive Detector) sensor 11
serving as a beam de 25 tested position detecting neans for detecting |aser
beam 30 emtted from|aser gun 20 and generating a current 18 based on

t he anmount thFh@aBQ?QEFéﬁlpﬁgﬁPSEeﬁﬁlgﬁ@ e veRdt anpdacturpadiaatemndf | aser
beam 30 on target kate 90 nounted on target device 10, anplifier 13a for
anpl i fyi ng acgﬂaﬁﬁﬁ r8Pr 8YEMERD by the current generated by PSD sen 5 sor
11 and outputting the aanified si gnal, photodi ode sensor 12 serving as
extraneous |ight defigediaxdstedamioVi#e generating a current based on an
anount of extraneous Iight appl.ied to target device 10, an anplifier 13b
for anplifyiAg-argPgnap F@Sr@EéﬁbeésbﬁaPﬁgléuPﬁeﬁ@t§€ﬁéﬁ@t@dSﬁ@ﬁnﬁm‘
phot odi ode senspr 12.End outputging tEg anplified si%fnal, a subtractor 14
for subtractPAGTtRBSEFYARI CEubplf SEFoRFaRpPHT Rel 2198 L PdRtEh& G out put
fron1anp|ifi§ri13a and outguttigﬁ a dkgferentigl Si naI,,A/E%CQ verter 15
for converting tRe®8fgRAf °but But"PREM-86b1F5E: 5PT18™M 8RS Ta Tdildiata

signal and outputting the digital signal, and inpact position cal culator 16
serving as a position calculating neans for calculating the shot inpact

position of |aser beam 30 on target nd detecting a shot i npact
position detecting signal for identi%ﬁﬁléggo ser beam 30, which is

contained in | aSGAc@@ﬁIﬁl%QOSdi'pémbb@mlbﬁ’ééftl%lPré’s@n_t Daeatticn) when ai [gFi
out put from subtractor 14. Operation of target device 10 thus consttucted

w || be descbiched shel-ofrok®a 1Mk lasehikeam IQrsjed Jroms Imseit deadh 20
hits target plate 40 nounted on target device 10, |aser beam 30 is detected
by PSD sensorm tirigett degedtcedevihee 1i@htPSBasensordeltle gurnbriat s loeRm el s
based on the 5 anobunt of the |ight beam detected thereby and the shot
tected position detecting means, which generates a cur-
rent based on the shot impact position 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 detecting means or a voltage based on the
current, and the current generated by the extraneous
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 detecting means
or the voltage based on the current from the current gen-
erated by the beam detected position detecting 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



“inpact position of |aser beam 30 on target plate 40. PSD sensor 11 has a

t wo- di nmensi onal current generating nenbrane for generating a current based
on the detected Iight beam If the detected |light beamis applied as a 10
"beam spot to the two-dinensional current generating nembrane at a

coordi nate position (x, y), then the twodi mensional current generating

rebr ane JOELA! SScLLELE! BoSHET A SPOLEDG Rebe: I HRASLARALLY Linearly

comensurate wt COO0 |na € positron Specifically, 5 the

t wo- di mensi ?8@&%5@&%?9@5& 'HQaﬁ?@ééBﬁnQ?@Er%és lg‘%tc%%%ﬁpts%olt)d | x2

flowng in two opposite directrons ong the x-axis and“two currents Ilyl,

ly2 f|0mﬁn9fk8mtﬂﬁe0998§tt§ ufll 884t HePE-RLORHe! BROY¥- éﬁb%ctpégs%%&%%r 11
outputs a signal based on the cur20 rents Ixl, Ix2 flowi ng along the x-axis

and a signabfberedl oghthBegHr 68Nt Rel yhrgéyanhew Besakobe the yHed s.

Actual ly, since PSD sensor 11 also detects extraneous |ight detected by
target devi ferdftibhecargantsooutrpiitageomaPs®.sensor 11 contain currents
generated by the ex 25 traneous |light applied to target device 10, added to
the currents al oAg tlkecxibridsabndet héheucnemes tabeng rattedy IR0 theaxi s. PSD
sensor 11 outputs the sumof the currents along the x-axis and the currents
al ong the yeaxranasua $ighal deeprésnat nagnsherabentvoltelel bgisedderect ed by
target device 11. 5 The signal output from PSD sensor 11 is anplified by
anplifier 1BBe GHreAnbulpubyPEhRachafl frradtbpgREKrens gremTatedrhy. 8a, the
anplified signal output fromanplifier 13a has a waveform i ncl udi ng
wavef or m coRf*BoReaR §65§§EldoﬁoPé§éPnb€§H?§§1§HOWGPP§nPFa§§ﬁ d@ﬁtﬁgeio and

o get Tevi °”%”Ofsh%P%S?ﬁ%a‘e’@é?%ﬁx%ﬁae 29t b3 B B i eon onl ¥
the ex”an%gh%hgna whi chols dsacted Byt andet sig v C%oﬂsqug%na'

r epr esent ed genera cufren I's anpli 13b,

sl out it et et B 1" skeolt, DO % Eut A 1 20
conponent ZQhQa§§@f@@ehh@a@XEﬁ§B@RHsok'Qaﬁtﬁ@bCQaﬂ%eqe Therefore,
| the light beam detected by the beam detected position de-
15 tecting means is not limited to a certain light beam hav-
ing a given wavelength by an optical filter, but the shot
impact position of the light beam on the target plate is
detected without noise and error.
According to an embodiment of the present invention, as described
20 above, the target device for detecting the shot impact
position of the light beam shot from the light gun on the
target plate is arranged to subtract the extraneous 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



-20 tected by target device 10. The signals output fromanplifiers 13a, 13b
are supplied to subtractor 14. Subtractor 14 subtracts the signal output
fromanplifier 13b as shown in Fig. 8b fromthe signal output from
-anplifier 13a as shown in Fig. 8a, 25 thus extracting the signal based on
only laser beam 30 shot fromlaser gun 20 as shown in Fig. 8c. The signal
z1 extracted by subtractor 14 as shown in Fig. 8c is sup plied to AAD
converter 18NakBei kpagetpBiptroRagscORattde EXTIACYeCovidtteCo Cconvert s
t he S|gnal output from5 subtractor 14 intg a digital nal, which is
suppl i ed t o"FHpattOoPo¥PEFBntREl etaRHEOYS. i ctCO&P§intei”3’ﬂ hed &@edt or 16
detects a shot inpact R03|t|on dehecth % sh%nal cont.ai,ned in | aser beam 30
shot from | AEBPVEHn 26"BREERTEN ThE SPQhal PSR T GRS act or 14,

based o t hbsaNGi PaRts PG RAP ggg'gtﬁgog}gg‘egggng G SReE o g%é%et*a Carly,
uhen the, si gaaLooubaut LLOM SUBERG LR A4S supl ed g Lirmagt gosi t1 on

cal cul ator p05| i'on ca fént val ue

of the si gn%rrSQE‘E%EHthoB% Am24Ghe~ k@bl st as'c%rlacl Queput from
subtract or Into a vol t age val ue, g g tects a ShOt |rrpact PosSI tion
detecting SwgﬁéheEQEh'@%Bﬁ'Eﬁbng1bﬁ%eEh@%aq%3%pﬁMTéa16656H¥“5§ﬂ&3%'r‘|aser
plate.
The principles of an embodiment of the present invention are also
10 applicable to a light detecting device for receiving a
light beam having a predetermined pulse signal and de-
tecting a beam spot position where the light 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 a beam spot po-
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 ex-
tracting only a light component having a certain wave-
length from the light that is applied to the light de-
tecting device.

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

tages of embodiments of the present invention will become apparent from

14



20 beam 30 shot from | aser gun 20, depending on the voltage val ue. \Wen

| aser gun 20 shoots | aser beam 30, it al so outputs a shot inpact position
detecting signal having a predeterm ned period and amount of light in order
'to 25 identify | aser beam 30 as being shot fromlaser gun 20. \Wen inpact
position cal cul ator 16 detects the shot im 22 pact position detecting

signal cont | aser .beam, 30 ,shot . from | aser un 20, using the voltage
value of thEh gﬂﬁowwseésﬁmageﬁa S o e X

out put fron]subtr ctor b iﬁr gean1detected zﬁlet deV| e 10 is
i denti fi ed 8¥188| §a¥ﬁ895fw ﬁFPa% UGGRA%E. A &X AR S &t om A/ D
converter IS ? B|Ied to inmpact position calculator 16, |npact posi tion
calculator afculfates a shot i npact position of 10 | aser beam 30 on
target plate 40, using the current val ues Ixl, Ix2, lyl, ly2 which are

generated depending on the shot inpact position of |aser beam 30, according

to the follow ng equati gagerXpEskRiDb%oN ¥ Aﬁ,hx% vdx)ﬁd(s (1) 15y = k(ly2 -
lyl)/(ly2 + lyl) (2) The beam spot position where Ix2 - Ix1), (ly2 -

lyl) are zero |qu%f|qeqsa§ thewe! eatrtigali nand Jechatim ca sqaprdinate

origin (0, 0) of PSD sensor Target pl ate 40 needs to be positioned

t wo- di mensi enahhy @Mhhshootlng competition system which employs a
laser gun for shooting a laser beam;

Fig. 2 is a front elevational view of a target

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-

nal output from another amplifier in the target device
20 shown in Figs. 1 and 3;

Fig. 4c is a diagram showing the waveform of a sig-
nal output from a subtractor in the target device 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



-20 respect to PSD sensor 11 within an all owabl e accuracy range. I|nasnuch as
the i npact position (x, y) calculated according to the above equations is
affected by the amount ~ of light due to the characteristics of PSD sen 25
-sor 11, inpact position calculator 16 thereafter divides the value of the

i npact position (x, y) by the signal 23 representing the anount ~ of
light, thus correcting the shot inpact position of |aser beam 30 on target
plate 40. Wth tBiget6devizefdonshelevanicthgs. vbewndf 7a tisrdescri bed above,
the signal represented by the current 5 output from photodi ode sensor 12 is
subt r act ed Brae tyredignadihe dpesehtdey bye t Heowurientsgoudb put from PSD
sensor 11, thus renoving the signal conponent based on the extraneous |ight
ot her than | aserFheani 30 detlekeel diapsmmsehsarcipculki agrangenpyhal from
whi ch the signal conpo 10 nent based on the extraneous |ight has been
renoved, tHe S 42%&% HE1 ¢ oth I | B efiBeati 30 on target plate 40 and

t he sho§ i npact %Psitéon,dete ting si gnal ., cont ai ned ig | aser. beam 30 shot
fromlager gun 200%re®Het®c? eH-2AETBr FFAGHYT the ¥ABEIPHBaBE PoSifion of

| aser beam 30, on 15 t et plate 40.is detected w thout noise and error. In
he presont o REh et STh LT hobSE bar 0t off BHCE aPGReCh| 308780 whi ch

i s detected; by-{ gef Yi£e 10 and the score depending on the shot inpact
position are dﬁs ayed on display unit 91. However, the shot inpact 20

position and thepsgorg, dependyngy Pnt Bgow ok E}‘gﬁaﬁévB?é'mtB?T‘a”ﬂ?be

di spl ayed on target device 10. ACcording to”su a nodification, the score
is cal cul atredh byid@igetrSeVAee-HOr bABEH: Pt hen SEIRE 8Bt gesiEton on
target plate 40. 25 In the present enbodi nent, the shot i npact position of
| aser heamsKbwi irrges pl atend07 posmged on target de 24 vice 10 is

cal cul ated using the currents (Ixl, Ix2) along the x-axis and the currents
(lyl, 1y2) alongrite §ec akssawhislramesgenenat edebyalPSBogrnsor aldigHowever,
the currents generated by PSD sensor 11 and phot odi ode sensor 12 5 nay be
converted imab wwtmayef nerh uess @bt saciges n etledi pgraepl dévecs 3B8aynl3b, and
i mpact position calculator 16 may cal cul ate the shot inpact position of

| aser beam BD B¥ds aryedndl bt e 40 nounted on target device 10, using these
vol tage val ues instead of the current val ues delO scri bed above.

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 gun 20 hits target plate 40 mounted on target
device 10, display unit 91 for displaying the information
as to the shot impact on target device 10, and switching
unit 92 interconnecting target device 10 and display unit

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

each other by a predetermined distance for shooting com-

16



In the present enbodi ment, target device 10 for detecting the shot i npact
position of |aser beam 30 shot fromlaser gun 20 on target plate 40 has

. been described. However, a light detecting device for receiving a light 15
beam having a predeterm ned pul se signal and detecting a beam spot position
where the light beamhits the |light detecting device may be simlarly
arranged t pedétéohst he sheamhipet upasl 2o oMpiricids thewieerhifrey b opti cal
filter. 20 While a preferred enbodi mrent of the present inven tion has been
descri bed oif gp@aiski-T tenn®,3.such description is for illustrative purposes
only, and it is to be understood that changes and vari ations may be nade

wi t hout departi g dfooomstsha s paduenare scopthefgurnesHaltiow np@etclai ns. 25
CLAIMS 1. A target device for detecting a shot inpact position of a |ight
beam shot ftiom &yisitght agurthen tdmearthgetshslodtes, sdwadrd siaspr P it neans
for subtracting _an extraneous |light conponent fraomthe |ight beam which has
hit the’tafgeom grses, dmerdoy iddodecides caiked hedist 1§ ght conponent, and
recogni zi ng the |ight beam shot fromsaid |i ht‘%ﬁ? and detecting the shot

i npact posi ti on "EET S iIGROURTF RRERFFS AP T ar M e TR A sai d

t ted ligh t.,. 2. At, t devi di . laim1, wh i
Shi d i 1 CUREITBEA o S TN AP e @ Bodl (oIt Horbais Tid Thans for de
tecti t he | i ght i jt.t .t | ' ti
Corrent baddd an e 2ehae Ekshap e WS B8, B, S U 2 reans

‘;C’r. gener atg N9 4 GHNLRAL. RAED N %)%tsreein%%'ﬁﬁn 'é(ﬂ@h@cppﬂoéo%@' i dhe target
evi ce; subtracting neans for subtracting the current 10 generated by said
ext ranggus Jirdhto det @GLJiNG IMBARSIM R from a semiconductor laser
oscillation device mounted in laser gun 20.
As with a real bullet 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 of 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, e.g., the identification number

of the shooter, and information representing the present
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‘vol tage based on said current fromthe current generated by said beam
detected position detecting neans or a volt 26 age based on said current,
~and outputting a differential current or voltage value;, and 15 position

cal cul ating nmeans far recogni zing the |light beam shot fromsaid |ight gun
and detecting the shot inpact position of the |light beamon said target
plate basedsRs: salilodt! ber eAL 8bsEUrpelh GhotObLAGRCVahUBLE. A target

devi ce according to claim 2, ereln sald position cal culating neans

conpri ses ner8scfOre! €899p1 A NAnEReohi ghkobaarpIhgk themigRing ildight- gun by
detecting a shot inpact position detecting signal contained 5 in the |ight
beam shot f¢oshsai@oelrgbE gHAB. shoofekdl Bk gdevkedtateeed BEakO G M 2,
wherein said beam detected position detecting neans conprises neans for
generating letjrshecscoest cbasedpondangosot ithrall agexpoeant nohbeai,d shot

i npact position along an x 5 axis of an xy coordi nate system and a
positiomal tbeapboheht sobrsapgdishdt thnpaébrposnti ahealbod ampaaxi poef the xy
coordinate system and said position calculating neans conprises neans for
cal cul ati ngsahignceér dpparebeamt R »y tespditnatletsydlemedttheai ¢ igwdt i npact
position froma 10_val ue which is produced by subtracting the current
gener at ed by2B&PHS&Xt PANBSUSPRFEAt CdBEedtREVAEENs or the vol t age based on
sai d current fron1sa£d first gurrent or 27 a volta based on said first
current, and a vAFuEMRHPCcHD §1frofuc&dre¢ts e Ec it ?Fﬂgldﬂ¥ﬁﬁﬁﬁ'd%nerated

b id 15 ext light d ti th | t based id
Current Troff EnBPebREoP EARECr (PGt BUPIBA SARE ¢a A SUCoNY AurroNeadr 1 he

sum of ;spi d_yeLLage based;u,said, Lir stoeutr ent Agd A vell age haged on said

second ‘currén cu g a’y ordirnat’é i'n the xy-“coordinate sys 20

tem of Saidcéﬂ@&ih”B%EElBQSEEbﬁﬂgfE%EE%rV%L“eTW%E%haE%a%r%Q\C%QQQY

subtracting the current generated Dy said extraneous |ight g%tectlng nmeans
or the voltage-hagadtgnagaikd clr heBhL sl M 0M3dd $96QRd 4QUENRRY Hls the

vol t age based on said second current, and a“val ue which is pro 25 duced by
subtractingotibeiger aedh gedenat edebynsaindrexiieds. The shooter gets
no score when laser beam 30 hits the outside area. A
15 score for the outermost annular area, i1.e., the annular
area marked with "1", is 1. Scores for the other annular
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 device 10 has PSD (Posi-
tion Sensitive Detector) sensor 11 serving as a beam de-

25 tected position detecting means for detecting laser beam

30 emitted from laser gun 20 and generating a current
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"neous |ight detecting neans or the voltage based on said current fromthe
sumof said first current and said sec and current or the sumof said
~vol tage based on said first current and the voltage based on said second
cur 30 rent. 5. Atarget device according to claim3, wherein said beam
detected position detecting neans conprises neans for generating a first

current basetkon ¢h PO dnhond soMpRdendt ttsail tighetbéaRaghdpesktion al ong
an x 5 axis of an xy coordinate systemand a positional conpo nent of said

shot i npactsssiingac@l pegh 0 on aXf Sl et Nige i BO06AI batgesyplene aod said
position cal cul ati ng neans 28 conprises neans for calculating an x

coor di nat e mourtesd xyn ctomr gk hadev sSyst Bin odmshi flishol 3anpact appsifyodongfrom a
10 val ue which is produced by subtracting the current generated by said
ext raneous a i giignaleteepiesemeanisbprthdecuntenyegbasedted sgi BSBuseent from
said first current or a voltage based on said first current, and a val ue
whi ch i § prodtuckld dyd seitpakctimg the anphehicdentghatéd bhosapigods,
extraneous |ight detecting nmeans or the voltage based on said current from
the sum of SRAIPFiF5tSLUVIRNt2andxEhrdeceeohddRlr deRECHENGhRE3NM 6P sai d
vol tage based on said first current and a voltage based on said second
current, arfFRATTART | HCETeRbOPYFAAL @1 ANt RBORYT cBEr BFREPRESYSE 20 tem of

id shot i t jti f |, ue, whi [ d db b ti th
current  gerBratbd By LT - ex T BREhuSeT BRt [het S8t FRE RERRE BPEt FaEvol {age
based ' { d t t id
second cur R EHEREN { LPURAL TR RRFRRELE B0 cRE FUECYRE B0R-REEER. " o7
cur rent ogengy ghied: by; s ds@e%éfl ﬂ?xgxﬁd'bﬂgﬁ?ﬂﬂﬁattﬂe aRANS Lokl beqvol tage

based on said current fromthe sum of sal irst "current and said Second

current or fgde, Sémé@rf)tﬁélci:gofoilag@rb§§1§gr98t§ﬁ%gdtﬁier §§tgﬁ!de_r©GEpﬁ'Ed the
vol tage based on said second cur30 rent. 6. ATlight defecting device for

r2 Scei ving aftoghdmbearidavipeg arphedetesmyngd putpatrskgsal anpdidetecting a

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 impact 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, based on the signal output from sub-
tractor 14.

Operation of target device 10 thus constructed will

be described below.
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beam spot position where the |ight beamhits the |ight detecting device,
conprising: 5 circuit neans for subtracting an extraneous |ight conponent
fromthe |ight beam whi ch has been received, thereby producing an extracted
| i ght component, and detecting said pulse signal and the beam spot position
of the Iight beam having the pul se signal based on 10 said extracted |ight
component. 7. A kightgelectiing devigstagcandi B8e0pEhAI Bb5hiRerei n said

circuit neans conprises: beam detected position detecting neans for de

tecting thecdighd beare ang generadi 9 faryst eqtvbasetponl asthepbgam spot
position; extraneous |ight detecting nmeans for generat ing a current based

on extraned® 1 gdtappdd asly toshheehsght 1deigctingeteybeecesubiracting
means for subtracting the current 10 generated by said extraneous |ight
detecting means PgDas&¥ntbagel bgsrdravesatdresntenbakednohheheurrent
generated by said beam detected position detecting neans or a voltage based
on sai d5curamoint anfl o pui¢htgoaadi déeeebedathevebgnindr tikel sAge val ue;
and 15 position cal culating neans for detecting said pul se signal and

cal cul at i ngirnpechepds spoen pofi tasaropedd 30t be thghetbpaathadbng PRE pul se
signal based on said differential current or voltage value. 31 .A A@Qé& Ay,
L. Af NL. Af NOS@gSQr Algh haf ; 8. @W?td%memél%aflAQUAQWERLgﬁBenﬁgan merm-
sA%Q%aA@LANN/ﬁ AfN. A uL. A@Ns. A s. As, AYs* FaCFi
<rNY202upkf%X®?%af%é]%%T%éTEbT%F%]Eﬁf&%?%a?%é?@a?ﬁafﬁé]ééf@SFSQ]ca]ca]ca]ca

R pal s chlest %%J]l?llf Bhrhsasee %’ﬁa?!:;}%a# chFen) 48 8BPEAPEaFEarca) cal cal
calcal 53] calealoabogl eal calcalsa °@é§%¥§ af GhEEbns) 98PeRRE AP e cay ca) ca
}??]Ca]calcgiéﬁéﬁgi &%ﬁiﬁ§%§§%§3£§?lf ?ca?cafcé]cafcafca]cafEa]ca]ca]ca]c

alca]Ca]Ca]&ﬁ&&ﬁiﬁ@iéﬁlE@lE@iEa&éﬁéEQLEB%CQLBELSQEC@LE@LS@E%a%ﬁ§§§§% $. $Y$S
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))))**++++++0, 1, p,q,u,v,--=->"-¢c-J. (/}xsnid_Z] c]ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca]ca]ca]ca@ta]aﬁtnatba]cabcdlaateabca}cabnakga]g&}cabpabd&heahaalca]ca!(/
)y/ellll/y0z0>1?1C1D1H1I 1IMLN1111111111111, 2- 2223292} xsni d_Z] c] ca] ca] ca] ca] ca
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] ca] ca] cal 92: 2?22@q2r 2v2{ 22222\ 333338494@A4[ 4° 4c5x66777UT\W_7a7778} xsni d_Z
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kﬁﬁ*ﬁ;kﬁﬁ&?a%§§%CﬁkN%kgaL% ca]c ca]%cha]caLca]ca]ca]calGHHIJ5KLLLLTLNNNM

@ac e s AR

SSEL§§§%|d ETchaf Icafcaf ?cafggfcgrcarcgf ]ggfbg]cé] g]ca]ca]ca]ca]
ca] cal ca] capgabaabgalal cakoahea] qg,hca& RTRRBRRRERS1 SRERSHS" Sa 885 SSSSSTTH#T5
T8Ti TUUt VW} xr mhc”Y] ] ca] ca] ca] ca] ca aJ ca] ca) caJca]calca] cajca]ca] ca]ca]ca
] ca] ca] ca] cateahta ak@ab@absal@éh@@kcthah@@'M%V%&%@Bﬁ&%wﬁﬁé%%%XXYAY{YYYY+
ZczZZ[ B[ | [[[(\.\]B fwwnhcAY]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] tafna] askeakea] 69| eakgakcakeakeale)aker] edlyBlls] U _b_?" {°
(adaaabcdf fghj, |21 | mPm} xsni d_ Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]cafcahcﬁp@abeaboa]aa]cahcaﬁ@ab@&k@&k@abeahmakmﬁﬂ¢adnﬂnamﬁhnnnZo?op
oooplphpppaMySqqqqqg4r Srrrrdsmess}xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca]cal]ad traneous light applied to target device 10, added to the
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cd]ca]ca]ca]ca]ca]ca'ss8tuCpquuu1V|v
ovOMMMWWAX NRRXX$Nts along the x-axis and the currents along the y-
yoyyyzQzVzzzz1{}xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
aJca] ca] ca]ca] calca]calcalca]ca]calca]ca]calcalca! 1{g{m{}"[rE, Z>|wnhc”Y]]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca! >FV! ZAz@S9?&@&} xsni d_Z]]] ca] ca] ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caPca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calr
"qFMp@S9?&@&} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]ca] ca]ca]ca]calca]calca]calcalcalcalca*FaCii K-, @10%& ()--
10%& ()- 109%<& ()-f109%& () -
MLO%<& () - L10%<& ()-:10%<& ()- i <rNYi K-@ &10%& ()-"10%& ()-s,
GlOY%& ()-109%& ()-- 10%& ()-10%& ()- 10%& ()-Y20iK-F



,810%& ()- BL0%& ()-SL3"109%& ()-11T10%& ()-/t10%& ()-- @ 10%& () -
+10%<& ()-X | ?F ,810% x@ 10% " & ()-g& @ 109K’ () - g&

~@109% ()-g&& 109 ()-z & 109 ()-2z10<10<10<l Pw ti~<F ,810'L "109% ()- 10
10 10 :s109% ()-!x@ 109 CxC& ()-g& @10% & ()-g&@10% & ()-g&w CH[9i ~<F
,8lay3"10%&' ()-'y3"10% & ()-!yy3"10%& ()-y"10%& ()-f!yy"10%& ()-fL

"109%& () - 7%xiss{ YHsD fdenlkdd& 1(D) -dudfdutdd%hd )sudbAOkhe currents

10Y: s109& ()-!ty3"10%+& ()-!y3"109%& ()-sNii K} [ <{ Y7F

ly"" 109 ( )19y "tH¥Ox & {i)s Y HH& dyr Ennys3 "oy (DhSf - d0P& 43 -4 ~f L" 10%H

& ()-f{Y:F 19 "10%& ()-2!'9 "10%& ()-z 10 10 10F:s10%& ()-!x+4" 10%8&& ()-Y
't +4" 10% { & i(Qnall etHeédnting the amount § of light detected by

target device 11.
5 The signal output from PSD sensor 11 is amplified
by amplifier 13a, which outputs the amplified signal.

As shown in Fig. 8a, the amplified signal output
from amplifier 13a has a waveform including waveform com-
ponent 1 based on laser beam 30 shot from laser gun 20

10 and waveform component 2a based on the extraneous light
which 1s detected by target device 10.

Photodiode sensor 12 generates a current based on
only the extraneous light which is detected by target de-
vice 10. A signal represented by the generated current

15 1is 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 2b based on the extraneocus light which is de-

20 tected by target device 10.

The signals output from 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 output 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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ly""109%& ()-1y""10%"& ()-f"10%& ()-!f"10%& ()-!f"10%& ()-!f"10% ()-JLMNO
0j {Y:F 19110% & ()-!9! 10%gg& ()- 10 10
10F: 109 ()-!xy""109%00& ()-!y""109%8&& ()-j 6 q SI'E"z[9{Y:F !l +"10%& ()-Z
Y1098 ()-S!~""109%& ()-Sy "10%& ()-!yy "109%& ()-!py
"100& ()-E'UUUUUUHX#E~ @ 11 109 ()- @O%& ()- | 10%& ()- 10 10

10F3510%&(éxﬂﬁé%@gﬁm%ﬁ)s@%ﬁﬁﬁﬁﬁﬁ§¥ﬁ§4§idg%&ﬂSﬁp%ﬁ%)'Sc is sup-
F10%& () - 100& ()-100%& () - 2 10%& ()- 100& ()- $SO0EE B~ @ 115

"10%&'()-1%%@dd-téiﬁﬁb(doﬁ&@ﬁ%éﬁ-ﬁﬂigﬁa(ﬂmﬂ@%ﬁJﬁB@ﬁ&ﬂo&@@@@&§¥A£&£~_@F
N+@10%& ()-sS*3"10%& ()- (10%& () -
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0 A/D converter 15 converts the signal output from
5 subtractor 14 into a digital signal, which is supplied to
impact position calculator 16.

Impact position calculator 16 detects a shot impact
position detecting signal contained in laser beam 30 shot
from laser gun 20 based on the signal output from sub-

10 tractor 14, and calculates 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 impact position calculator 16, im-

15 pact position calculator 16 converts the current value of
the signal representing the amount % of light, of the
signal output from subtractor 14, into a voltage value,
and detects a shot impact position detecting signal for
identifying laser beam 30, which is contained in laser

20 beam 30 shot from laser gun 20, depending on the voltage
value.

When laser gun 20 shoots laser beam 30, it also
outputs a shot impact position detecting signal having a
predetermined period and amount of light in order to

25 identify laser beam 30 as being shot from laser gun 20.

When impact position calculator 16 detects the shot im-
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gun 20.

When the signal output from A/D converter 15 is
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:

X = k(Ix2 - Ix1)/(Ix2 + Ix1l) (1)
15 y = k(Iy2 - Iyl)/(Iy2 + Iyl) (2)
The beam spot position where both (Ix2 - Ixl), (Iy2

- Iyl) are zero is defined as the electrical and mechani-
cal coordinate origin (0, 0) of PSD sensor 11. Target
plate 40 needs to be positioned two-dimensionally with

20 respect to PSD sensor 11 within an allowable accuracy
range.

Inasmuch as the impact position (x, y) calculated
according to the above equations is affected by the
amount ¥ 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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5 output from photodiode sensor 12 is subtracted from the
signal represented by the currents output from PSD sensor
11, thus removing the signal component based on the ex-
traneous light other than laser beam 30 detected by PSD
sensor 12. Using the signal from which the signal compo-
10 nent based on the extraneous light has been removed, the
shot impact position of laser beam 30 on target plate 40
and the shot impact position detecting 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 present embodiment, the shot impact 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
such a modification, the score is calculated by target
device 10 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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5 may be converted into voltage values at stages preceding
amplifiers 13a, 13b, and impact position calculator 16
may calculate the shot impact position of laser beam 30
on target plate 40 mounted on target device 10, using
these voltage values instead of the current values de-

10 scribed above.

In the present embodiment, 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 light

15 beam having a predetermined pulse signal and detecting a
beam spot position where the light beam hits 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 specific terms, such descrip-
tion is for illustrative purposes only, and it is to be
understood that changes and variations may be made with-
out departing from the spirit or scope of the following

25 claims.
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(10%&' () - poPOCBRSafigpClight beam shot from a light gun on a tar-

get plate, comprising:

5 circuit means for subtracting an extraneous

light component from the light beam which has hit the

target plate, thereby producing an extracted light compo-

nent, and recognizing the light beam shot from said light

gun and detecting the shot impact position of the light

10 beam on said target plate based on said extracted light

component,

2. A target device according to claim 1, wherein
said circuit means comprises:
beam detected position detecting means for de-
tecting the light beam which has hit the target plate and
5 generating a current based on the shot impact position;
extraneous light detecting means for generat-
ing a current based on extraneous light applied to the
target device;
subtracting means for subtracting the current
10 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 volt-
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g10%&' 1p- 10%&' ()-Y 108Bi€j)en 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.

3. A target device according to claim 2, wherein
said position calculating means comprises means for rec-
ognizing the light beam shot from said light gun by de-
tecting a shot impact position detecting signal contained

5 in the light beam shot from said light gun.

4, A target device according to claim 2, wherein
said beam detected position detecting means comprises
means for generating a first current based on a posi-
tional component of said shot impact position along an x-

5 axis of an xy coordinate system and a positional compo-
nent of said shot impact position along a y-axis of the
xy coordinate system, and said position calculating means
comprises means for calculating an x coordinate in the xy
coordinate system of said shot impact position from a

10 value which is produced by subtracting the current gener-
ated by said extraneous light detecting means or the

voltage based on said current from said first current or
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said current from the sum of said flrst 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-
20 tem of said shot impact position from a value which is
produced by subtracting the current generated by said ex-
traneous light detecting means or the voltage based on
said current from said second current or the voltage
based on said second current, and a value which is pro-
25 duced by subtracting the current generated by said extra-
neous light detecting means or the voltage based on said
current from the sum of said first current and said sec-
ond current or the sum of said voltage based on said
first current and the voltage based on said second cur-

30 rent.

5. A target device according to claim 3, wherein
said beam detected position detecting means comprises
means for generating a first current based on a posi-
tional component of said shot impact position along an X-

5 axis of an xy coordinate system and a positional compo-
nent of said shot impact position along a y-axis of the

xy coordinate system, and said position calculating means
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ated by said extraneous light detecting means or the
voltage based on said current from said first current or
a voltage based on said first current, and a value which
is produced by subtracting the current generated by said

15 | 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-

20 tem of said shot impact position from a value which is
produced by subtracting the current generated by said ex-
traneous light detecting means or the voltage based on
sald current from said second current or the voltage
based on said second current, and a value which is pro-

25 duced by subtracting the current generated by said extra-
neous light detecting means or the voltage based on said
current from the sum of said first current and said sec-
ond current or the sum of said voltage based on said

first current and the voltage based on said second cur-

30 rent.

6. A light detecting device for receiving a light

beam having a predetermined pulse signal and detecting a
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and detecting said pulse signal and the beam spot posi-

tion of the light beam having the pulse signal based on

10 said extracted light component.

7. A light detecting device according to claim 6,
wherein said circuit means comprises:
beam detected position detecting means for de-
tecting the light beam and generating a current based on
5 the beam spot position;
extraneous light detecting means for generat-
ing a current based on extraneous light applied to the
light detecting device;
subtracting means for subtracting the current
10 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 volt-
age based on said current, and outputting a differential
current or voltage value; and
15 position calculating means for detecting said

pulse signal and calculating the beam spot position of
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the light beam having the pulse signal based on said

differential current or voltage value.
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