1 DETECTI ON DEVI CE AND METHOD This invention relates to a detection device
and nethod of detection. Mre particularly, the invention 5 concerns the
detection of objects which rotate or are subjected to other cyclic or
repetitive notion relative to the detection device. Particularly, but not
exclusively, the object is a rotating tool for use with a machine tool.
Additionally the invention relates to 10 the detection of objects which
conme between the device and a rotating elenent. Conventionally, tools and
the |i ke have been detected wusing the breéking or remaki ng of a beam of

i ght which 15 may propagate di rectlé between an aligned light transmtter
and receiver e.g. as shown iPEEHSEIONIBEVICE HLAEEEPRi th this arrangement

is that the tool etc has to fit between the light transmtter and receiver
20 in order to be detected. Vibrations can cathsjre transm’tteﬁ[ maertlzgﬂor ecei ver
mi sal i gnment wHiRdtF dPFERE E01 HePLadetetPi DB THE Y 86 T CARHT i"Biarly t he
tool has to be ofQitkicenes. aasideabaly inhi ol ,s thet iakwaysompossible if the

exact size of the tool | not, known. Ln this t 5 S shadow i s
formed on tRe EFEEEE’ %5et‘%'ete<i oGt 8?‘ %]f’%eecrstsawt?lﬁgﬁerg ?c%- %Ig?g%s t hr ough

the beam and whan<chatl sbadidverbycliesot heegrddmiy mopkenatadafived

anount, a tool present_signal i roduc ;Advant ggeousd y, the tool or
the |ike can betp%gcglﬁ Fgge%gjf nec(fevﬁf:gh'g g%atnf e .trgr'lsmgtter and recei ver can
be mounted togetdersivelgh Systabiecsr ésdeserididadi hooUsEopomAgLh

(B2200747A and é%%iﬁé4t§31.|*ﬂﬁﬁi%&on5ffy BHOURkeat ibh o1 6fd ected by the

tool islimte ) ,
10 the detection of objects which come between the device

and a rotating element.

Conventionally, tools and the like have been detected
using the breaking or remaking of a beam of light which
15 may propagate directly between an aligned light

transmitter and receiver e.g. as shown in EP1050368.

A problem with this arrangement is that the tool etc
has to fit between the light transmitter and recelver
20 in order to be detected. Vibrations can cause
transmitter and receiver misalignment which affects the
detection of the tool. Additionally the tool has to be
positioﬁed accurately which is not always possible if
the exact size of the tool is not known. In this type
25 of system a shadow is formed on the detector by the
tool or other article which passes through the beam and
when that shadow obscures the beam by a predetermined

amount, a tool present signal is produced.

30 Advantageously, the tool or the like can be used to
reflect light and the transmitter and receiver can be
mounted together. Such systems are described in
US5,293,048, GB2200747A and DE 34 344 61. However, the
amount of light reflected by the tool is limited




2 because tools generally have poor reflectivity, so the 1ight
transmtter nust be powerful in conparison to the power of the |ight
transmtter of the aligned system described in the paragraph above. \Were
the light 5 transmitter is a |laser the output power required of the |aser
to produce a neasurable reflection fromthe tool nay exceed current safety
limts. In US5, 940, 787 the el ectromagnetic radiation fromthe 10 region in
which a tool contacts a workpiece is detected. Depending on the condition
of the tool, <characteristics of the signa? received by a detector between
contact and retraction of the tool _changes. Theigkgnal.charact?{istics are

moni t ored and dvedadpEed te8lE IYRILE BEEDORIYT STdHEFI ViR erTerEfce from
cool ant and deﬂdkﬁ: ah@nkhl t€£etusRUbei potdeftiase ebmpakbser teydem such

filtering masks certain characteristics, . and sl.ows _.th S wn maki ng a
| aser system Uﬂ§ﬁﬂiéﬁléh?o}lqmbéﬁjgﬁWﬁBE?ﬁﬁgst%ﬁ ﬁéé%?%?ﬁ% tégg first
aspect the i nvegtd annaHoyhdese pardetaphi gnodeyvi Glefrer tiet bigtitng t he

presence or absence .of an. object, t devi 4 SLAGs fed it h
transnitter 2 and &34 rréﬁé%SEFkﬁbgﬁ?igﬁt relative ?olthe Iight 25

transnitter to reoei we pbirghtce of Imeesedable t pefsjtden, freRafhttdised in

that the transmtted light. ] ransmtied:mith varying intensity.
According to algaééﬁ{Gﬁ%pég%?e?$éﬁﬁnggntioﬁ provi des a 30 method of

detecting the presence or absence of an object, conprising the steps of:
transmtting |ightysd onar 657t hee Qhicket-omagte £ B alading ibhghtori efleect ed by

10 region in which a tool contacts a workpiece is
detected. Depending on the condition of the tool,
characteristics of the signal received by a detector
between contact and retraction of the tool changes.

The signal characteristics are monitored and analysed

15 to produce a control signal. Interference from coolant
and debris are filtered, but in the case of a laser
system, such filtering masks certain characteristics
and slows the system down making a laser system
unsuitable for those situations.

20
According to a first aspect the invention provides a
detection device for detecting the presence or absence
of an object, the device comprising a light transmitter
and a light receiver positioned relative to the light

25 transmitter to receive light reflected by the obiect,
characterised in that the transmitted light is

transmitted with varying intensity.

Bccording to a second aspect, the invention provides a

30 method of detecting the presence or absence of an
object, comprising the steps of: transmitting light
towards the object; and receiving light reflected by
the object; wherein, the transmitted light is

transmitted with varying intensity.




t he object; wherein, the transmtted light is transmtted with varying
intensity. 3 Preferably the varying intensity is a variation between no
light and full light transmtted by the light transmtter. In a preferred
enbodi nent, the light is 5 transmtted periodically. Preferably the "on"
period is 1-50pS in every 2-100S, i.e. approximtely 10- 500kHz.
Preferably, the object is adjacent the device. 1In this way the detection
devi ce does not detect light 10 continuougly but only at predeterm ned
periods. This results in the periodic instantaneous power of the |ight
transmtter being higher than the average output power because the |ight
transm tter does not output |ight continuously. This hi(}ghh%r tr%eri odi c

out put power 1Brefaradyuteel YaFYaaPeY et dadd Eheraburt! §FYEGht
received at thg,lighit eegerver idynhingritenitaied pertioeslighitt hout causing
unsafe average levels of output light. . Th verage Qut put .i.s .preferabl
bel ow current BEXEFIELEE- | it WS?eﬁ’ﬁ%?ong’c?{%é e%lgéwg}]%ﬁo ghtthélgl aser . %o‘
Al so the vayyi pgaridaiensit yeofodiicght ypr oblugiesabdy bhe efordt inegisidgnal at the
| i ght receiver, which can_be readi mpd i fi l.y {fy.om t he si gnal
produced by tHe e @Fa??ye%eo%t%a%bxﬁﬁbile'rﬁ' I%gsﬁggﬁg%%r%b O(rams_ associ at ed
Wi th tool detestiionr.devirefsralganetakl ghiqudr tiiscglapegnbuihensievasel usi vel y
those of the type which utilise reflected light, include interference
fromother light sources and reflections 30 or beam bl ockage from

contanmi nati on Di tHies deyethé¢ gletection device does not detect light

10 continuously but only at predetermined periods. This

results in the periodic instantaneous power of the

light transmitter being higher than the average output
power because the light transmitter does not output
light continuously. This higher periodic output poﬁer
15 = can be used to safely increase the amount of liéht
received at the light receiver during the said periods

without causing unsafe average levels of output light.

The average output is preferably below current

acceptable limits for unprotected viewing of the laser.

20
Also the varying intensity of light produces an
alternating signal at the light receiver which can be
readily amplified separately from the signal produced
by the generally constant ambient light.

25

Problems associated with tool detection devices
generally, particularly but not exclusively those of
the type which utilise reflected light, include
interference from other light sources and reflections

30 or beam blockage from contamination of the detection

environment. In US5293048, these issues are alleviated

by use of a laser source which is angled with respect
to the rotational axis of the tool. This reduces the

problem of blockage by debris. If the reflected signal




environment. | n US5293048, these issues are alleviated by use of a |laser
source which is angled with respect to the rotational axis of the tool.
This reduces the problem of blockage by debris. If the reflected signal 4
surpasses a certain threshold then a tool present signal is issued. If the
threshold is not surpassed in the tinme taken for one revolution of the
tool then the tool is considered broken. 5 A problemw th the prior art is
that any reflection that is above the threshold is recorded as a tool
present signal thus false triggers fromthé presence of coolant or swarf
occur. In addition, in the situation 10 where there | s nore than one
cutting edge pr&nﬂp@ééeéna et aigoEhr8RN gLl ridiedr at RSt RERI9Hy edges is

identified. In soppisituabiens, Uﬁfth@othtébHﬁT@VhéeﬂotM&ﬁfpdéh@@ugh t ool
coolant. In this case, in order to erffrn1a tgo ch CKLg:e h%% to wait
until the cool drte F8M8as2bFRI TR “&Ray TR £8%i hoy ay in the
machi ni ng proceass]. Ascepfiigetan arkbnd aspect the invention provides a
device for detecting the presence or absence of an 20 object which has
repetitive Motion, the device conprising a receiver for receiving a signa
fromthe obje@t;amdlemreﬂtmrghé<mridetertﬁiﬁlﬂ@athenﬁrégikﬁﬁiiﬂﬂ absence of

the object to bg detectgdy charaghathsed I -Jdabichgsciraaii ry records the

si gnal from t he" ecelver as a pat ern o at a urlng at | east part of
t he repetlt|v3nmmkmmnsmgn@heﬂnb§é@ﬂSECBﬁyﬁK§§ frendaba BFEIEN® Pfevi ously

recorded data Rﬂ&h% @ ggdsw§§PQHﬁ§§uanIn addition, in the situation
10 where there is more than one cutting edge provided on
the tool, only one of these cutting edges 1is
identified. In some situations, the tool is provided
with through tocl cooclant. In this case, in order to
perform a tool check one has to wait until the coolant
15 has drained away which results in a delay in the

machining process.

According to a third aspect the invention provides a
device for detecting the presence or absence of an

20 object which has repetitive motion, the device
comprising a receiver for recelving a signal from the
object and circuitry for determining the presence or
absence of the object to be detected, characterised in
that the circuitry records the signal from the receiver

25 as a pattern of data during at least part of the
repetitive motion of the object, compares the data with
a previously recorded data pattern and, produces an

output signal based on the comparison.

30 Thus, the circuitry produces an object detection output
signal either when the pattern matches a previously
recorded data pattern or when the pattern no longer

matches a previously recorded data pattern.




out put signal based on the conparison. 30 Thus, the circuitry produces an
obj ect detection output signal either when the pattern matches a
previously recorded data pattern or when the pattern no | onger matches a
previously recorded data pattern. ICl it 5 According to a fourth aspect,
the invention provides, a nethod for detecting the presence or absence of
an object which has repetitive notion, the nethod conprising the steps
of: receiving a signal fromthe 5 object at a receiver; recording the
signal fromthe receiver as a pattern of data duri ng at least part of the
repetitive notion of the object; omparin e.data V\nthaprewously
recorded data pPERACEEANT Y aprféﬁﬁfépna p%?]t'oﬁglﬁutlng?ﬁhh‘?n DG 65 t Re
conpari son. 10;[{.3&11566561:8@@%1:311@1‘ thbeppiasent ornyeatnon,of ke art of tool
br eakage detecti on has_ bee rmve % ?m i dent |fy| EH rﬁle&e obscuration or
breakage or, r&§ISCEr FRECE HftS £°PFSf ?a‘é?érﬁj Sam has an intensity which is
above a 15 threﬁﬂft@lrdslhgeth@ sthpisc ef of rexdiofihgsyssasal of 1dwe thgosi ti ve

identificati ont?%a a tool Dbein v%r esep Iba/lngp%}lgegggﬁgfo%ﬁ iR i.e. the

change in tfe Ao |%Iene[C as bei ng charactéristic of a tool. 20 The
repetitive notireretanrbes a mataztelmmérd@ttw dorheg afepeadl riy?lrr’mtoifon

Preferably the §lonabl o [10Rorib BePEsd eafied:; enbadiamny cidi@abboht s
fromatransm 8 25 receiver receéives |gt fromthetransmtter
in order with a previously recorded data pattern; and producilng

an output signal based on the comparison.

10
In these aspects of the present invention, the art of
tool breakage detection has been moved from identifying
a beam obscuration or breakage or, registering that a
reflected beam has an intensity which is above a

15 threshoid, i.e. a choice of on/off systems to the
positive identification of a tool being present by
pattern recognition i.e. the change in the beam is

identified as being characteristic of a tool.

20 The repetitive motion can be a rotation or any other

repeating motion.

Preferably the signal is light. 1In a preferred
embodiment, the light is from a transmitter and the

25 receiver receives light from the transmitter in order
to produce the said signal. Preferably, the

transmitted light is transmitted with varying

intensity.

30 Thus in embodiments of the invention the circuitry of
the device is able to find patterns of data which
match, thus confirming the presence of the rotating
object. The patterns of data may be selected or
downloaded from historical data of drill bit patterns




to produce the said signal. Preferably, the transmtted light is
transmtted with varying intensity. 30 Thus in enbodi nents of the
invention the circuitry of the device is able to find patterns of data
which match, thus confirm ng the presence of the rotating object. The
patterns of data may be sel ected or downl oaded from historical data of
drill bit patterns 6 which are then conpared to the current data or, in a
preferred enbodi nent, current data is conpared to previously recorded data
received during at | east one earlier rotdtion. The term previously
recorded data in 5 this specification includes both data_recorded during

an earlier rotahigh afetHien 6ORPAIRS P (tHE SHRESTT M¥PecFon'By?l e and

historical datga,.Adr2dyadiiRE@Rneht YsitgrdhitstiaEhcas daterecdcups when a 10
tool having nore than one cutting,edge is.bei,ng _used. b ce of one
or nore of thePéGY%Pﬂﬁl%dﬁﬁ?réﬁﬁ %@ngﬁﬁﬁ?F Fegugén?ﬁgzg%??grﬁg%roduced
will differ frerrtiher hbsdtdioncal ThatisermAgrant agebusigcomaledi fet@eimf the two

types of data could be empl oyed to fl o houl,ds:he changed
soon as sur?acEgF?nﬁgﬁchﬁﬁ?gﬁgn HHFEE edEggh ?ﬁggt%ﬁ) |é§ nnrelpgone to
br eaki ng whi chani sarkhsesrdthé iphs«f ofhectoati Agrsey apie Affcgeonet ri ca

change can be i.dentified e £+dMaLthgrwrong tool is in the chuck,
which is fIagg&BSchaﬁo%d%&%fbéﬁgpgo fﬁe object may be a cutting tool, the

presence of which is to be confirmed, or a noving part of a nachine, the
tool being broyght sbefwean 4iesdeyices@nid bhedaeyi dgurs when a

10 tool having more than one cutting edge is being used.
The absence of one or more of the cutting edges can be
identified as the pattern produced will differ from the
historical data. Advantageously, a mixture of the two
types of data could be employed to flag that a tool

15 should be changed soon as surface finish will be
affected and the tool is more prone to breaking which
increases. the risk of creating scrap. Any geometrical
change can be identified for example, that the wrong
tool is in the chuck, which is flagged to an operator.

20
The object may be a cutting tool, the presence of which
is to be confirmed, or a moving part of a machine, the
tool being brought between the device and the moving
part to prevent the object detection signal and thus to

25 confirm its presence as a result of the discontinuation

of an object found signal.

Preferably the circuitry determines the amount of
signal received at the receiver during discrete time

30 intervals and produces a value for each interval.

The circuitry either converts the value of signal (such
as light) received into digitised form such as a binary

value or an analogue signal is used. Binary is




part to prevent the object detection signal and thus to 25 confirmits
presence as a result of the discontinuation of an object found signal.
Preferably the circuitry determ nes the anmount of signal received at the
receiver during discrete tine 30 intervals and produces a val ue for each
interval. The circuitry either converts the value of signal (such as’
light) received into digitised formsuch as a binary value or an anal ogue
signal is used. Binary is 7 preferred as Lt enabl es sinple processing that
can be done real tine. Preferably when thée binary value or other pattern

of data has a correlating relationship, wth the previgu a,then a tool
found signal | ¥BhesEgedEHyLY r?é‘a(?ilieéug{mﬂ% HrﬁnggéS}ga&%%t gct%&lng}gget ool or

simlar noving QhiceebalWkihe be rdefreetiety whem tthe pabtey nsalofe owo or nore

sets of data are co red an tched. Preferably t . ampynt of signa
fecei ved at t heECePIEFTR Hortar Ba° %ﬁﬁﬁﬁ%lggkﬁgeg %%%-IQ 2Rceoded
during any one iinirerval préhioud bhietbi hbely avdlagd dbunfiestanal i1$ recorded as a
1. Aternatively, if. the val.ue t he signal does not reach the threshold
during the Pntéﬁéﬁﬁdtﬁgngggﬁ#%§P§EO 15 i s recorded. Enbodinents of the
invention will now be described with reference to the draw ngs, wherein:

Fig 1 shows a I}"tt%tiisoﬂ ?eé(if AGGEr dboHg 40 stifﬂﬁlagombﬁi/ﬁ?tdﬂ?j@dtn use as a
cutting tool ctor; E'g 2 shows "a schemati c diagran1o t he device shown
in Fig 1; Fig 3visHows debfekxd ciheauthe draigratifSoffefFaurt rpre sets

of data are compared and matched. Preferably the

10 amount of signal received at the receiver is monitored
and if a threshold is exceeded during any one interval
then the binary value of the data is recorded as a 1.
Alternatively, if the value of the signal does not

reach the threshold during the interval then a binary O

15 is recorded.

Embodiments of the invention will now be described with
reference to the drawings, wherein:
Fig 1 shows a detection device according to the
20 invention in use as a cutting tool detector;
Fig 2 shows a schematic diagram of the device
shown in Fig 1; .
Fig 3 shows a block circuit diagram of circuitry
for use in the detection device shown in Figs 1 and Z;
25 Figs 4a,b and c show diagrammatic representations
of the operation of the circuitry shown in Fig 3:
Fig 5 shows the invention used in a different way;
Fig 6 shows a diagrammatic representation of an
alternative cperation of the circuitry shown in Fig 3;
30 and
Figs 7a and b show alternative configurations of a

device according to the invention.

Fig 1 shows a pictorial view of a detection device 10




for use in the detection device shown in Figs 1 and 2; 25 Figs 4a,b and c
show di agranmati c representations of the operation of the circuitry shown
in Fig 3; Fig 5 shows the invention used in a different way; Fig 6 shows a
di agrammatic representation of an alternative operation of the circuitry
shown in Fig 3; 30 and Figs 7a and b show alternative configurations of a
devi ce according to the invention. Fig 1 shows a pictorial view of a
detection device 10 8 and a nounting bracket 80 for fixing the device to a
machine or the like. Shown also is a porti%n of a tool 30 which is to be
detected by the detector 10. 5 Fig 2 showﬁzghe sape device 10 in section
Shown are a | &6r agmedetinghtrackshsh? 11y H¥ing Fﬁ%n 1 %er® focusing | ens
14, an output ljitineabh BZe 1@ ueef | sabed aldoghs papdrihn @frecebuer |ens 16

and a photodi ode |ight receiver, 18. The |i.ght jtted nomnally 10
normal |y to the® & l%§0.lsLT'%hb[e idéﬁ‘éae‘?fb m@ﬁedﬁggéégggm's f ocused
approximately at the point where the tool 30 is expected, along path 52.

When the a rotating tool 30 is pre ; it hohtai

roflectod &t ludst 338}9{6 the ek é%g}r?égﬁ éﬁ‘& Eéggff‘g?hef fé(eilc?{w'é‘d Iight 54 is

then focused MyadeanslidBeohighit eaphotodet déor EBRNPRLENFE machi ni ng

environnent, p EE%L%% ?ang9L|%npgﬂtp%ﬁ_ggﬁﬁu5gtghgzjQ§q%fbgaﬁb52,54 and
a

the |enses 14, 16. 10 eviate this, e transmitter lens 14 is provided
with an air supglgnt22ashi Bh 4 gRseoteT| Here thfe 2Rfchi PPt BV Fonment via an
aperture in rm“fﬁdﬂl 24.80dat M. The light is transmitted nominally

10 normally to the tool 30.

Light issued from the laser 12 is focused approximately
at the point where the tool 30 is expected, along path
52. When the a rotating tool 30 is present the

15 transmitted light is reflected, at least along
reflected light path 54. Reflected light 54 is then
focused by lens 16 onto the photodetector 18.

In the machining environment, particles of debris can

20 obscure the laser beam 52,54 and the lenses 14,16. To
alleviate this, the transmitter lens 14 is provided
with an air supply 22 which flows out into the machine
environment via an aperture in housing 24 and the
receiver lens 16 is larger than required so if any

25 particles do stick to the surface or an oil film
partially coats the surface, there is sufficient
surface area remaining to enable the signal to be
received. Thus the system has in built redundancy so,

the reflected signal can deviate from the optimal path

30 and still be received.

The detector device 10 includes circuitry 20, in this
instance mounted inside the device 10. The circuitry

20 is shown in detail in Fig 3. When the circuitry




receiver lens 16 is larger than required so if any 25 particles do stick to
the surface or an oil film partially coats the surface, there is
sufficient surface area renmaining to enable the signal to be received.
Thus the systemhas in built redundancy so, the reflected signal can
deviate fromthe optimal path 30 and still be received. The detector
device 10 includes circuitry 20, in this instance nounted inside the
device 10. The circuitry 20 is shown in dﬁtail in Fig 3. Wen the
circuitry it 9 detects (or does not detect) a tool 30 an output signal is

sent to the controller 50 ich controls, operatiqgns__o t 0. 5 Figs

7a and 7b show M4 KalPle %ﬁ?éﬁééﬁ%ﬁ?gg%Vggmo egpcgnaéggggfﬁg'ng§the

invention. In Hg séat thetht¢ ramsniditler 1d2weEind cegsiveés dSrariendi spl aced

vertically from h other,and provided in separate housings 100 and 102
9F By B9t 90

respectively. ? two sets 10 of transmtters and receivers 212/218
and 212' /218" respectively are shown. In both cases, the transmtter /

recei ver paig |4es i sHbstanlial |t cheasare aebhieabneplane; but, they are
radi al Iy di spl ac about the rotating axis of the tool 30. In one case

212/ 218 the 15ieatigiee 26FCBALHY deeridift 1PEeRed t hdR §69 (9 tH¥ ot her case

212' /218" the anglg.qktdispl acamentecesvhet weenr0diapdad8®. Referring to
Fig 3 an oscillator 21 and a divider_ 20 c'rcuitd2§tare shoqu'The di vi der
22 produces tworeIRERLBNFERY G PEEeT TR M5t 950t plit STR S gnal to

housings 100 and 102 respectively. In Fig 7b, two sets
10 of transmitters and receivers 212/218 and 2127/218’
respectively are shown. In both cases, the transmitter
/ receiver pair lies in substantially the same vertical
plane but, they are radially displaced about the
rotating axis of the tool 30. In one case 212/218 the
15 angle of displacement is less than 90°. In the other
case 2127/218’ the angle of displacement is between 90°

and 180°.

Referring to Fig 3 an oscillator 21 and a divider

20 circuit 22 are shown. The divider 22 produces two
synchronised outputs. The first output is a signal to
trigger the laser and the second output is a signal to
a sample and hold circuit 23. The signal from the
divider circuit operates at about 150kHz. At this

25 frequency the laser diode 12 is constantly fiashing on
and off at a rate which, to a machine operator or
observer appears as a weak laser output. Thus the
average light output 52 of the laser 12 will be below
currently acceptable limits for unprotected viewing of

30 the laser. Consequently the output 52 from the laser

is safe for the operator.

Reflected light 54 returning to the lens 16 and ambient
light is detected by the photodiode 18 and its analogue




trigger the laser and the second output is a signal to a sanple and hold
circuit 23. The signal fromthe divider circuit operates at about 150kHz.
At this 25 frequency the | aser diode 12 is constantly flashing on and off
at a rate which, to a machi ne operator or observer appears as a weak | aser
output. Thus the average |ight output 52 of the laser 12 will be bel ow
currently acceptable limts for unprotected viewing of 30 the | aser.
Consequently the output 52 fromthe laser _ .is safe for the operator.
Reflected Iight 54 returning to the |ens 18 and anbi ent light is detected

by the photodi ode 18 and its anal ogue 10 ignal_1is, | if,i in,a
t wo- st age anpl istigeplous o ld fipg ng?&?ﬁ?fgggﬁoﬁﬂ%ffﬁggéﬁﬁéﬁgéti%g si gna
about a suitabje etbage 1@ rsiap the veltdamahgndusi¢mallemogésa e. g. in

anbient light leyels. The sanple apd hald 5 cirtcui ' l,ggered at
appr oxi mat el y tHétahhe Y?%%“ﬁh§°tﬁgo?é@éPmﬁggfﬁggséﬁ%ﬁF%%ﬁééggsignal from
the clock divider €hrambierd21iThe ségeld. pTbdusanrby arvk hoddplifier 24/ 25

will represent gne f of .the | ro. 1 - \Signals 3¢ tiga the
sanpl e and ﬁol&15FP&%?€91k?i%?lggeﬁggdﬁéﬁ#g?%ggéiﬁ§\%hat it appear s
continuous as ashowa iasdy gHahal shockperiisesk aéoned B SAPpFECFE  taken

appr oxi mat el y e‘é%&&?@ffcuiﬂ“%zs.a”@hgdsﬁjfrwlabrbaucé@e@yfﬂ'rlet ered in a low
pass filter 27 to renove unwanted high requencX noi s The periodic

anal ogue 15 si gmalifiem 2hET Widdr TPRUSHEN opri £13R0 ?gaij%§5e§ignal
conparat or and figﬁq%r gace A/Oelj,tc?m@ BY Oflksih Ndhe GlampBbt £d 2% lebrrksing a peak
signal strength detector and a erceq%qg%iQEV|gggg géﬂ%ﬁﬂdbuSng out put
fromthe 10 is so frequent (150kHz) tha jojs)
shown in Fig 4a although in practice one sample is
taken approximately every 6uSec. The sampled signal is
then filtered in a low pass filter 27 to remove
unwanted high frequency noise. The periodic analogue
15 signal from the filter is then split and fed to a
signal comparator and reference voltage producing
circuitry 29 comprising a peak signal strength detector
and a percentage dividing circuit. The output from the
reference voltage circuit 29 Vref is thus a percentage
20 of the peak analogue signal strength from the low pass
filter 27. This reference voltage Vref is compared
with the analogue signal 37 and the comparator 28
produces an output only when the analogue signal
exceeds the reference voltage. This will happen only
25 when the amount of light at the photodetector is
abnormally high i.e. when the laser light 54 is
reflected ontoc the photodetector 18. The -output 38
from the comparator 28 is shown in Fig 4b. If the tool
30 is rotating and has teeth or other irregularities
30 then the amount of light detected by the photodetector
will peak regularly as the teeth etc move into the
pulses of light 52 and cause reflections 54 which are
detected by the detector 18. The pulses occur so
frequently that rotating teeth etc are not missed by




reference voltage circuit 29 Vref is thus a percentage 20 of the peak

anal ogue signal strength fromthe |ow pass filter 27. This reference
voltage Vref is conpared wth the anal ogue signal 37 and the conparator 28
produces an output only when the anal ogue signal exceeds the reference
vol tage. This wiil happen only 25 when the anount of |ight at the

phot odetector is abnormally high i.e. when the laser light 54 is
reflected onto the photodetector 18. The-qutput 38 fromthe conparator 28
is shown in Fig 4b. If the tool 30 is ro ing and has teeth or other
irregularities 30 then the anount of |ight detected by the photodetector
wi |l peak reguldd yeiscther t¥&HELE nmove into the pulses of |ight 52 and
cause reflections 54 which are detected by the detector 18. The pul ses

occur so frequ ntI%t%ﬁgt%%%%ﬁhgngoﬁegﬁgxg;QBa&g 2fo)3 £g§§qp by 11 the
T 2

det ection circuity fro e conparator 28 is fed into a
m crocont rol | emi32octherol lrod@nt r Bhé erid¢rpgensgeatredis PrAGEMEAogr anmi ng

i nput and has a .clock {9 %ﬁﬁ?ﬁﬁ EF?éPCQ&§QEH§ﬁWEﬁBCRh§3%@QRJHQQ rate. The

mi crocont r ofl er’ ‘ol £ore . I nput signal over a'period of tinmne
and if the sigmaindhsoobuaiwnidd fthenmreRel 1nbri&rat of*¢hen the ni crocontrol | er

records this e 2 b Rany ols- tid herpicse anphpas yn=Q" overr ecor ded.
In this exanpléﬁgﬁg%%g??%dlis 3.753E§ 5

. Put anot her .th eri is one
16th of a revolatdesdodf of &g 2Rkl & tlﬂ%tsalt‘%?latlslé\%%?b?ﬁdeé%ﬁg‘r gggri ods are
possi bl e. The J&eRRALBISLIALE 18R ok edotdMrA 132 bbtoregitstiar e4@nshown 15 in
Flg 4cin %Dscréglg %%ngggq%ﬁﬂ n% hg%%gsgqyi%%gg§y"0“ is recorded.

In this example the period is 3.75mS. Put another way
the period is one 16th of a revolution of a tool which
rotates at 1000rpm. Other periods are possible. The
recordings are entered into a 32 bit register 40 shown
15 in Fig 4c in a scrolling manner, new data constantly

displacing the old data by one place.

Tine 1 of Fig 4c shows recordings of the
microcontroller for one revolution of the tool 30 which
20 corresponds to the signals shown in Figs 4a and b.
Line 2 represents data which was recorded during the
revolution of a tool prior to the revolution of the
tool recorded in line 1. The data in line 2 has been
displaced from line 1. In practice the register is
25 long enough to hold data which is 120mS old, i.e. two
revolutions of the tool rotating at 1000rpm. 1iIn

practice, in this embodiment lines 1 and 2 are one

register.

30 The entries in lines 1 and 2 of the register are
exclusively ORed as shown to get the resultant line 3.
Line 3 will only be all Os when lines 1 and 2 match,
lines 1 and 2 will match only when they have the same

pattern of data. Lines 1 and 2 will have the same




di splacing the old data by one place. Line 1 of Fig 4c shows recordings of
the mcrocontroller for one revolution of the tool 30 which 20
corresponds to the signals shown in Figs 4a and b. Line 2 represents data
whi ch was recorded during the revolution of a tool prior to the revolution
of the tool recorded inline 1. The data in |line 2 has been displaced
fromline 1. In practice the register is 25 | ong enough to hold data which
is 120n5 old, i.e. two revolutions of thgztool rotating at 1000rpm In
practice, in this enbodinment lines 1 and are one register. 30 The

entries inlines 1 and 2 of the register. .are. exclusi,vel ed as shown to
get the resultéﬁFtPFﬁe°§.daﬁﬁlﬁge i TEEHHM? 580§I?ICEP?M%§%gFineS 1 and 2
mat ch, lines kean@dc2sWiidhtmaintb ehéyphdiendtkeyohal® dtheéhsasemepattern of

data. Lines 1 and 2 wil].have the RALLET Br of , Aat@ 1 wheqpgg r ot ati ng
tool or the Ii®&* eFPeéf%efﬁﬁﬁfgo§?%§f%§mﬁhotogetectpr 18 at the same
point in time dumeng eath ceveliot bh ©f whrn o6l todhuss JGtAEIBIWRF| contai n
all Os when_.the.toaql i tating at 5 the detector 10. Additionally line 3
will contaiR a%ﬁngeaﬁgﬁgffﬁés 1 and 2 contain all is or all GCs. This is
possi bl e when no tool is present, when |ight beam 52 is constantly 10

reflected onto g 1dgheelioriiy 30L1vhesexcessilveosighén ieashes the
detector. To prevent any of the above _events auslgg?the Hool detector to

false trigger, andogi €onsaiethl A PFnst ¥%md T918oht A1FF A €968 all o5
then a | ogical ) it$centergeeaintANDhgat Bighk H@aly52 is constantly

10 reflected onto the detector 10, or when excessive light
reaches the detector. To prevent any of the above
events causing the tool detector to false trigger,
logic is used. 1If lines 1 and 2 contain all 1s or all
Os then a logical 0 is entered at AND gate 42. Only

15 when lines 1 and 2 are not all 1ls or not all 0Os, and
1ine 3 is all Os does the BND gate trigger an output.
Tt can be seen from the foregoing that a rotating
object is reguired to produce an output from the
circuitry 20. In general this output is fed to machine

20 tool controller 50 via what is known as a skip line

comprising a simple 24 volt on/off signal.

Alternatively, line 1 shows previously recorded data

which has been selected or downloaded from a historical
25 data source. In this embodiment, lines 1 and 2

comprise two registers which are compared in the manner

previously described.

An alternative method of operation of the device

30 illustrated in Fig 3 is shown in Fig 6.

When droplets of machine coolant saturate the
environment adjacent the tool detector it is possible

for these droplets to cause false triggering of the




15 when lines i and 2 are not all is or not all Gs, and line 3 is all Gs
does the AND gate trigger an output. It can be seen fromthe foregoing
that a rotating object is required to produce an output fromthe
circuitry 20. In general this output is fed to nachine 20 tool controller
50 via what is known as a skip line conprising a sinple 24 volt on/off

signal. Alternatively, line 1 shows previously recorded data which has
been sel ected or downl oaded froma histori,cal 25 data source. In this
enbodi ment, lines 1 and 2 conprise two ré%'l sters which are conpared in the

manner previously described. An alternative nethod ion of the
device 30 ill d@Hat@Y nSEHYS | goshﬁg\}ﬁarf%agﬁoas y’vﬁ%rﬁﬁeﬁtﬁet s of machine
cool ant sat ur atg the t regyéronrentcoadpagientn tdfe dedel idetaetind iotliti s possi bl e

for these droplets to cause f%os etvggg?%ﬁéﬂg of the 13 tool found signal.

So, advant ageol¥ISF, ™5 preéven al'se triggers the correlation of data is

carried out over nore than two revolutions. 5 In Fig 6 matching patterns

of data ar e sought, Quer o LI &8 (A:2eaNd &) d:R¥OkuLI 8BSgl vy Lool . Logi c
g

circuits ar€ used as Shown | c to produce a tool  found signal if
correl ating datthies fleuhdaidh Pheevglsbiopardtss tye po%and 9%t the data in a

register 41 i.e.; 1078t ghingsd$ A sBBwn MM erilhar tBr peodey®laittiords coul d
be used. The determnation of correlation data is nade, o ce .every

revol uti on (60r®uUNs BAEEAE Nkt £iftdelaFhRYd G e 4% my BE any Fength but
36 bits of infoumtizonparend efuigfedhtodbe: sitroredegister 41 i.e.

10 matching 1s or Os. More than three revolutions could
be used. The determination of correlation data is made
oﬁce every revolution {60mS in this instance)}. The
register 41 may be any length but 36 bits of

information are required to be stored.

15
In practice, over the two revolutions shown in Figs 4,

the speed of clock 21 and the rotational speed of the
tool need not be exactly synchronous because the short
time period involved means that the two do not become
20 out of phase significantly. Also, often the demanded

and actual rotational speed of the toocl do not match

exactly.

However, using more revolutions to correlate data

25 dictates that the clock sample speed and the rotation
of the tool should be better matched to give accurate
results. This can be as few as three but, is a
function of the speed of rotation. It is not necessary
to determine accurately the rotational speed of the

30 tool with the present system.

In the method illustrated in Fig 6 twelve samples per
revolution are used instead of sixteen, i.e. one every

5mS. This reduces the data per revolution collected.




15 In practice, over the two revolutions shown in Figs 4, the speed of
clock 21 and the rotational speed of the tool need not be exactly
synchronous because the short tinme period involved neans that the two do
not become 20 out of phase significantly. Also, often the denmanded and
actual rotational speed of the tool do not match exactly. However, using
nore revolutions to correlate data 25 dictates that the cl ock sanpl e speed
and the rotation of the tool should be better nmatched to give accurate
results. This can be as few as three but, %% a function of the speed of

rotation. It is not necessary to deternlne accurately the rotational speed
of the 30 tool Antrie-thetprieant(seght 8 @ |9 4 e PiEd ho8 P¢ st rated in Fig 6

S5, Thi & T eduche R Ut o per foual st on ol Loeted. - L fwitooth tool
is uces v .

(such as a dri linsiegy P Slﬁ@ﬁei@@%*ﬂhlcﬁ X3 ?8?%E$ﬁﬁfﬁr%h%prOX|nately

980r pm inste@ﬁ Qﬁsbbeaﬂﬁﬁéme&hi@@ﬂopﬂﬂhﬁﬁénaabahaguelsugnmsergédr|ses

above a threshol , ar s insert o] t I nt osition
Bbor S RpheLgt B PR B L0 e D! o

of register 411748 regis i's Scrol e new data pushing
out the ol destthdatragiWhen is fiarsfllsngniiie Iy ﬂgtﬁeE@$h@REtQﬂ§ that er nal

clock is reset %Sdﬁtg@at JLhe mhddl g ef .Lheg %@al'rpbanQgUféC@i[védﬂ%h@ecel pt of

signal 37a i. #hext sanple start | ater (and ends 7.5ns
later). Such amtadpaitnbﬂ¢kdutaﬁ§6ﬁhé% ?&?%ﬁ@ﬁamlﬁﬁ%eb%%ﬁjm?ecelved f or

60n6 (1 rev) 'rgéﬂ$l§ 595&PQQ§E E%%drEBQIbt of signal 37a i.e. the

10 next sample starts 2.5mS later {and ends 7.5ms later}).

Such an adjustment occurs when no signal has been
received for 60mS (1 rev) in this instance, and then
every signal 37b,c¢ which occurs after the twelfth

15 sample is taken, until no data is collected for 60mS.

Thus, if a tooth is coming round again but the tool is
not rotating at exactly 1000rpm, then the tooth and the
tool detector will be resynchronised at every

20 revolution. This means the pattern of data which
occurs due to the reflections of the teeth will not
drift across the register positions 1 to 12 from one
revolution to another, but will remain in the same
register position during each revolution due to the

25 resynchronisation of the clock with the tool at each
revolution. Thus an increased number of revolutions
can then be used to detect the tool which reduces the

occurrence of false triggers or undetected tools.

30 In the example shown in Fig 6 register a',b' and c' all
have matching data despite the tool rotating at only
980rpm because the recordings in the register are
delayed slightly by an amount d at each thirteenth

recording. The same concept can be used for a tool




every signal 37b,c which occurs after the twelfth 15 sanple is taken, until
no data is collected for 60nS. Thus, if a tooth is com ng round agai n but
the tool is not rotating at exactly 1000rpm then the tooth and the tool
detector will be resynchronised at every 20 revolution. This neans the
pattern of data which occurs due to the reflections of the teeth will not
drift across the register positions 1 to 12 fromone revolution to
another, but will remain in the sane register position during each
revolutlon due to the 25 resynchronlsatlonl%f t he clock with the tool at

each revolution. Thus an increased nunber of revol uti ong 1n_larn(_itt hen be used
to detect the tBoFaHI%FPeEUESELY he [PoBER rFhIITRTFS S8%t P gYerE or
undet ected tool g 30 Iﬂrtslﬁes@m@wlﬁt&howachntr&]g?ﬁ rsegpdteribl 42 and c’

all have matchi n dat a ite the to tati n 980r pm because
the recordings F‘ﬁ tr*@gl gg@rn%ffte a&?ﬁ%yﬁg a‘? g%fts galtén amount d at each
thirteenth recordl ng. The sane concept can be used for a tool 15 rotating

too quickly._In_such an i stance { L t f after
each twel ft P sa%‘f"lg ‘?/\ﬁaimprb{ s%eotl%gég hggl ext fega}(r%ﬁi ggg%ﬁérsmle_e ns

| ater. 5 Twel venssivgt es pteethevblmhq ontisrpiefidedd bechase fHEChunmber of

teeth of the cuttel %svel . k%kysgo Q@eiﬁi E@@Iegflorpfs.&j&‘%ll\éew:_hi S&ut eeth
detection S|gnasvv|]l occur In the mddle of the sanple tine not at the

periphery of the semmisidlenaf %ss@&lﬁ’éﬁt Fime iy &4 §h§ PEGUREIYO ri sk of
a tooth detectigp signashkoatihdg fd@meqient BANMH: ROSist hoRedicah adj acent

sanpl e pOSIH;Oan;EIé] a %ﬁgthh&gﬁgéﬁgoﬂoEﬁgﬂgfc¥f53é¥ka %&O&hgndetectlon and

sample position to an adjacent sample position during
the three or more revolutions of the detection, and
hence less chance of a tool being undetected due to the
lack of correlating data. However, it will be

15 appreciated that other sample rates and tool speeds can
be used and it is a simple task for a person skilled in
the art to calculate the relative sample times

involved.

20 However, not all machine tools have rotating tools.
Lathes generally have non-rotatable tools and a
workholding chuck which rotates. The tools are able to
move only in a non-repeatable manner. Fig 5 shows an
embodiment of the invention for use with lathes and the

25 1like where tools do not rotate. Detector 10 is shown
in plan view, fixed to the headstock 51 on the lathe
and directed toward lathe chuck 56. Lathe chuck 56
rotates in the direction of arrow A. As described
above, reflected features on the chuck will produce an

30 output signal from the circuitry in the detector 10
when the chuck rotates. However, when lathe cutting
tool 30' is brought into the beam 52 or 54 then the
output signal will stop. Consequently the presence or

absence of lathe tool 30' can be determined from the




hence | ess chance of a tool being undetected due to the |[|ack of
correlating data. However, it wll be 15 appreciated that other sanple
rates and tool speeds can be used and it is a sinple task for a person
skilled in the art to calculate the relative sanple times involved. 20
However, not all machine tools have rotating tools. Lathes generally have
non-rotatable tools and a workhol di ng chuck which rotates. The tools are
able to nove only in a non-repeatable manner. Fig 5 shows an enbodi nent
of the invention for use with lathes and th® 25 |ike where tools do not
rotate. Detector 10 is shown in plan view, fixed to the hg dst ock 51 on
the lathe and gtzeeted thewakdrtatHeTehuékoB6tne AHFEehtEK @6 rotates in

the direction of,a5¢OW Lchscgesss ithedbrabaye, if eflecqtigtf Batmres on the
chuck will produce an 30 out put siqﬂ§l fromthe circuitr g%?ég%xpetector

10 when the chigkiPEtsRELO HBGERRIC WHERSI At %FQﬁnﬁﬂo&glgto is

brought into thesbgare5dmer bdawhen the output signal will stop.
Consequently the presence or absence of |athe tool 30" can be determ ned
fromthe 16 °state of the output signal fromthe circuitry 20. Geater
accuracy can berabtiad fiedntdddithet ) i gritheresh®B2the dadcpgedidong Hérgoi nt

where a | athe tong%i S, ex e%cﬁ%di?%%raeé&tas?%irtﬂa{m%@%ﬁm 2nhl thés emnbodi nent,

rather than thePf Tr%rOV|d|ng tern en It interacts with the beam
thus the produptodnciofort d pheterirar@ansanfathathdhodirolsiSpresent, it is

the inverse Sitﬂﬁééégk,lﬁtii§ tH€ inverse situation. It is the
10 absence of the pattern produced by the chuck which is
indicative of a tool being present. In either case, a
change in the data stream either producing the pattern
or obscuring the pattern indicates that a tool is

present.

15
Tn the embodiments described so far, light which has

been reflected off an object — either a toocl or a chuck
— is directed to the receiver. In an alternative
example, light which is emitted from the object is

20 directed to the receiver for example, the object is
provided with LEDs. 1In Fig 5, LEDs are inset at the
points 58 and are angled to transmit light in
approximately the same direction. As before, rotation
of the chuck 56 moves the LEDs with respect to the

25 detector 10 producing a pattern which is obscured when
a tool 30’ is brought into the beam path. When
transmitted light is used, the pattern of data produced
by rotation of the chuck may vary both in intensity and
frequency/wavelength. This can be used to ascertain

30 actual chuck/spindle speed (rather than merely knowing
the demanded speed) and, use of different colours can

show when one of the LEDs has blown.

Software in the machine tool controller 50 can be used




10 absence of the pattern produced by the chuck which is indicative of a
tool being present. In either case, a change in the data stream either
produci ng the pattern or obscuring the pattern indicates that a tool is

present. 15 In the enbodi nents described so far, light which has been
reflected off an object - either a tool or a chuck - is directed to the
receiver. In an alternative exanple, light which is emtted fromthe

object is 20 directed to the receiver for exanple, the object is provided
with LEDs. In Fig 5 LEDs are inset at the17points 58 and are angled to
transmt 1light in approximately the sanme direction. As before, rotation

of the chuck 56 tFoVBEOFRe-NEMECHIPR FREpdtd PEGITRB 9B FtdcSr 18 produci ng
a pattern whi chyashobssyrsshskenyhant 9otodA0'haksbbewugdtedtirico (hienbeam pat h.
When transmtted light is used, the pattern_ of dﬁ%a rod%%pq by rotation
of the chuck maf €8thfﬁﬂ$Fq Pﬁt8n§?$%F%5%§ln9réﬁ hdyRBvErdAgth. This can
be used to ascertain 30 actual chuck/spindle speed (rather than nerely

knowi ng the_denanded speed d, use, of . di ff show when
one of the LEDS%ﬁ SS%YJO%.&@O%?%S?em?%h{ Seogagé}?%&et%g%%%o%ﬁﬁ%gﬁ er 50 can
be used 111 17 hheei béan masveimpadhibeveut Many progrem tdhicdr fplén t he

Techi ning process phenca. 108k chas been; dekegbrdulel therreauingt ati ng tool or
a non-rotating l'athe type tool). 5 One device and three nethods of
det ecting an objpeperehbvieo Hden sfested R ESSFE: MY P PR s TWAi ch f al

detection of objects other than tools is possible

10 provided the object to be detected or some part near
the object is moving. Rotation of the object to be
detected is described but other repetitive motion is
possible to give the same results. Laser light has
been described however, any visible or non-visible

15 light may be provided from any source including ambient
light. bependent on the speed of movement of the
object, the intervals at which the recording of the
amount of light detected at detector 18 can be
increased or decreased. A4 binary register of up to 36

20 bits has been described but other sizes are possible

and binary data need not be used.

If binary data is recorded, any number of bits can be
used in place of the single bit described above. 1In
25 such instances it will then be possible to record the
amount of light present at the receiver, not just an

on/off value as described above.

In an enhancement to the above, a unit can be provided
30 to send a signal which corresponds to the light which
would be reflected from a tool. Thus, the tool
detector can be installed and checked on a machine tool
without the need to bring a tool adjacent the detector.

The unit could comprise a simple rotating mirror or




within the anbit of the invention will be readily apparent to the skilled
addressee. For exanple, the detection of objects other than tools is
possi bl e 10 provi ded the object to be detected or sone part near the
object is noving. Rotation of the object to be detected is described but
other repetitive notion is possible to give the same results. Laser |ight
has been descri bed however, any visible or non-visible 15 Iight may be
provi ded from any source including anbient. |ight. Dependent on the speed
of novenent of the object, the intervals Ht which the recording of the
amount of light detected at detector 18 can, be increased or .decreased. A
bi nary regi st erodfenpreaidessipy %H%@?CﬁasbBEehscﬁﬁﬁﬁ%rﬁggyb%ts%ﬁﬁ1 r sizes are
~possible and bipary fatageeesk ROt dpepusadees fa iulaky oflat@sérs Yrighor ded, any
nunmber of bits can be wused insggg e of the SHQQ&F gh% desgribed above. In
25 such instancts F¥SRANSE £Reh l§8§sPB &%t¥tecard the anount of Iight
present at the sgeesiier., not just an on/off value as described above. In
an enhancenent to the above, a unit can be provided 30 to send a signal
whi ch corresponds to the light which would be reflected froma tool. Thus,
the tool detector can be installed and checked on a machine tool w thout
the need to bring a tool adjacent the detector. The unit could conprise a
sinple rotating mrror or 18 other reflective surface, but is preferably a
solid state arrangenment which produces a pulse of laser light in response
to a simlar pulse sent by the tool detector.




11 19 CLAIMS 1. A device (10,100,102, 212,218) for detecting the presence
or absence of an object (30,56) which has 5 repetitive notion, the device
conprising a receiver (18,118,218) for receiving a signal reflected or
emtted fromthe object; and circuitry (20) for determi ning the presence
or absence of the object to be detected, 10 characterised in that the
circuitry (20) records the signal fromthe receiver as a pattern of data
during at least part of the repetitive notion of the object, conpares the
data with a data pattern recorded during®a previous repetitive 15 notion
of the object durlgg t he sane inspection cycle and, produces an out put
signal (42) ba&t8L the conparison 2. A device according toclaim1l
wherein, the signal 20 (37) is received during discrete time intervals. 3.

A deV|ce accordi ng |, ai h nal_.s light (52,54).
25 4: A deV|cegaccd$dF%3% n} %fgf@hgf%ﬂﬁﬁE ﬁgr %ﬁﬁ ting Fbg
transmtter (1R¥ezente log ab@@m&ﬁerof( 38) objestei(38s56) ghitidly duasst he t ransmtter

n order U progugeiBeusdlh Slaleval: Sonprdevhee according to any
precedi ng clai mwherein, , the CIrCUItré) determ nes the val ue of signal

recei ved at the redelfErivel Prioddéed! ﬁoﬁaF?C%hWkﬁg 4 siggalA device
accordi ng to ctefiaciedher ednittdd trhem3bhsioghattfF edhgcted fromthe Obl ect

(30,56) exceeds a circuitry (20) for determining the presence or
absence of the object to be detected,
10 characterigsed in that
the circuitry (20) records the signal from the
receiver as a pattern of data during at least part of
the repetitive motion of the object, compares the data
with a data pattern recorded during a previous repetitive
15 motion of the object during the same inspection cycle
and, produces an output signal (42) based on the comparison

2. A device according to claim 1 wherein, the signal

20 (37) is received during discrete time intervals.

3. A device according to claim 1 or 2 whereln .the
signal is light (52,54).

25 4. A device according to claim 3 wherein, the light
is from a transmitter (12) and the receiver (18)
receives light from the transmitter in order to produce

the said signal.

30 5. A device according to any preceding claim wherein,
the circuitry (20) determines the value of signal

received at the receiver and produces a binary value.

6. A device according to claim 5 wherein, if the
35 signal reflected from the object {30,56) exceeds a
predetermined threshold (Vref) then the value of the




predeterm ned threshold (Vref) then the value of the 20 data is recorded
as a l. 7. A device according to any precedi ng claimwherein, when the
previously recorded data has a correlating 5 relationship with the pattern
of data then a tool found signal is issued by the circuit. 8. A device
according to any of clains 1 to 6 wherein, when the previously recorded
data is no longer 10 matched by the pattern of data then a tool found
signal is issued by the circuit. 9. A devi according to any of clains 3
to 8 wherein, the transmtted light (52) is transmtted with 15 varying
intensity. 10. %ethod fgg QS%SCtEPQ.the presence or absence of an object
(30,56) which h 3 PebStF?lvﬁ ¥ oh, 't he met hod conprising the steps of:
20 receiving a signal (54) reflected or emtted from the object at a

recei ver, recorging jhgesigpalcldaiiided 8aG! kebeRRifly PAiRNmdietata
during at | east gart of the repetitive notfon of the object; 25 conparing
the data with awdafathatPeeviovekorfsorded Agta BrévRot_rFeltitd ve notion

of the object @uibpgchbRiSANEH NSREP=i@BrEY6ECIaBAdtRERCMCEREL bl put
signal (42) based on_the  conparison. 3Q 11. A nethod according to claim 10

[ Q
wherein, 21 thelgaetetn HFRA LY £82 FiRgHYtpattern.

8. A device according to any of claims 1 to 6
wherein, when the previously recorded data is no longer
10 matched by the pattern of data then a tool found signal

is igsued by the circuit.

9. A device according to any of claims 3 to 8
wherein, the transmitted light (52) is transmitted with

15 wvarying intensity.

10. A method for detecting the presence or
absence of an object (30,56) which has repetitive
motion, the method comprising the steps of:

20 receiving a signal (54) reflected or emitted from
the object at a receiver;
' recording the signal from the receiver as a
pattern of data during at least part of the repetitive
motion of the object;

25 B comparing the data with a data pattern
recorded during a previous repetitive motion of the
cbject during the same inspection cycle; and

producing an output signal (42) based on the

, comparison.

30
11. A method according to claim 10 wherein,




12. A nmethod according to claim11l wherein, if the signal reflected from

t he object (30,56) exceeds a 5 predeterm ned threshold (Vref) then the
value of the data is recorded as a 1. 13. A nethod according to any of
clainms 10 to 12 wherein, when the previously recorded data 10 has a
correlating relationship with the pattern of data then a tool found signal
is issued by the circuit. 14. A nmethod according to any of clains 10 to 13
wherein, the previously recorded data includes 15 data from an previ ous
repetitive notion of the object. 15. A nmethod according to any of clains
10 to 14 wherein, the signal (52,54) is light and the |light 20 has varying

intensity. 21

the.pattern of data is a binary pattern.

12. A method according to claim 11 whexein, if
the signal reflected from the cobject (30,56) exceeds a
5 pPredetermined threshold (Vref) then the value of the

data is recorded as a 1.

13. A method according to any of claims
10 to 12 wherein, when the previously recorded data

10 has a correlating relationship with the pattern of
data then a tool found signal is issued by the circuit.

- 14, A method according to any of claims 10 to 13
wherein, the previously recorded data includes
15 data from an previous repetitive motion of the ocbject.

15. A method according to any of claims 10 to 14
wherein, the sgignal (52,54) is light and the light

20 has varying intensity.




