- 1- ’- 2056669. SELF- CALIBRATING RADI ATI ON SENSORS AND /|
CONTROL FOR RADI ATI ON SENSORS ‘The present invention relates to radiation .(
sensors and to .control circuitry for radiation sensors. 5 .. There.

is disclosed irn Appllcants earlier filed Israel Patent Applicati HAl3H,¢
: 54138 and 54139 fire and expl osi on supprétsTon appar at us enployln;?ﬁgiﬁ%Jt'g
cabined outputs of W and IR detectors. Is known that IR detectors are
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This fixed calibration involves difficulties where the
;radiation background is changing, since the sensor _
response. to a predetermined radiation signal . changes as
- a function of background. _ : : '
15 It is also appreciated: by the Applioants that
the presence of spurious background uv radiation can
- result in false alarms, It is therefore-des1rable.to;
prevent such’ false alarms in the sensed continuous .
presence of UV radiation. | _ o
20 _ The present invention seeks to provide radiation
' sensing apparatus whose response to a given”predetermined
signal input is substantially constant in the presence
of a changing background. The present invention also
seeks to provide radiation sensing apparatus which does
25 not produce a detection output in the presence of a
continuous UV radiation input.

In accordance with the present invention there
is provided self-calibrating radiation detection apparatus
comprising: an infra-red detector element;  calibration.

30 apparatus for maintaining'a generally constant response
of the infra-red detector element to a predetermined
radiation input notwithstanding changes in the level of
background radiation sensed by the detector element, said

- calibration apparatus having a calibrating filament

35 disposed in predetermined radiation communicating

relationship with said detector element and representing,
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I on sensed by the detector elenent,
ibrating filanment 35 disposed in predetern1ned radi ation
" .comunicating relationship with said detector el enent and representing,
- 2- when energised, a predeterfided standard fire;

r;fzgtlon | nput notw t hstandi.ng changes i'n the | evel of background

sai d calibration apparatus having.
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receiving the output of the infra-red detector and having a variable
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said UV detector element in response to receipt of a

- continuing radiation.input by said UV detector element -

15

for a predetermlned duration..

‘Means' may be prov1ded for actually termlnatlng;

calibration of said . 1nfra—red detectlon element upon

detectlon of UV radlatlon by said UV-detector element.
In a preferred constructlon,_the detector

‘element and sald calibration apparatus are disposed

in'a rigid medium which permits radiation communication

20

25

30

therebetween. Conveniently, the rigid medium is an

epoxy resin.

The follow1ng description in which reference
is made to the accompanying drawings is given by way
of further explanatlon, and - 111ustratlon, of the
invention. - -

In the drawings:

Fig. 1 is a schematic representation of an_'
example of an apparatus according to the invention;

Fig. 2 is a detailed schematic 1llustrat10n
of the circuitry of Flg 13 and o

Fig. 3 shows the operation of the circuitry
of Figs 1 and 2.



of {urther expl anation, and illustration, ‘of the 25 invention. In the . P
drautngs Fig. 1 is.a schematic representatlon of an exanple of an : 'Q?c

apparatus accordlng to the invention; Fi -2 i's a detailed schematic .
~illustrati-on 30 of the circuitry of Fig: 4;= and Fig. 3 shows the operation
of the circuitry of Figs.. 1 and 2. - I'n the apparatus of Fig. 1,. an input.

stage 10, typically a Lanbda 1512 voltage regulator- recei ves a pomer I nput
and prOV|des a stabilized 12 ‘Volt output ‘to a step "up unit 12, typically '
coaptising a transforner and oscillator, and to an IR input stage 14. A W
.. sensor 16, .such as an Edi son 630, receives a high.voltage (500 VDC approx.) -
fromthe step up unit 12. Sensor -16 provides output pulses so long.as W
~radiation is present thereat. Counter 18, such as a 4017. receives the '
-pul se out put of.sensor 16 and provides'an output signal to first .and second

one-shot circuits 20 gadthé UiHbsdtusCEE VRS term ned nunber of
out put pul ses from sensor 16 before counter. ?ese %9 a tlntng circuit 38.

Thi's nunbey, pﬁ‘Eré gof¢ls t&%]éhm esletppdd N8Y2 tyy1eakw rdgeTitabl, i wdtedvéor
recei pt of WJJ i"at | on

e shot circuit 20 remains SET when the output of

gounter 18 iggwlF eﬁ@ut drideppetidagch fs@abHl itzedEl12 Va1t loatpad ttera shepeug 1 may -
be, for exanple, 5 seconds. Thus if counter outputs -appear wth firequency

‘of atl eastypifte12] typicallyheompresiiot transfiorme?Oanemaicibla3ey, amd todincat es
the continuous preSence of UV radiati on. The out put of one-shot circuitry
_20 I S suppif ddpi® sﬂ:egetMt.o : _ , .
| A UV sensor-16,. such as an Edtson 630 receives a
- high voltage (500 voC approx ). from the step up unit. 12
_ Sensor 16. prov1des output pu1ses sO. 1ong as UV radtatton is: present thereat
. Counter 18, such as a 4017 recetves the pu15e output of sensor 16 and |
%prov1des an output 51gna1 to ftrst and second one-shot c1rcu1ts 20° and 5
22" when’ tt recetves a predeterm1ned number of output pu]ses from " |
sensor 16 before counter: reset by a t1m1ng c1rcu1t 38." This number i
corresponds to a predetermined threshold establtshed for receipt of
UV radiation. - |
One shot circutt 20 remains SET when the output of
counter 18 is present thereat. and for a time t 1 thereafter Ttme
r -t 1 may be, for examp]e, 5 seconds Thus if counter outputs appear w1th

frequency of at least , the one shot circuit 20 remains SET and

1
t1
1nd1cates the cont1nuous presence of UV radiation.

BN o The output of one-shot c1rcu1try 20 is supp]ted to reset to

| cattbratton stage c1rcu]try 24, ‘calibration stop circuitry 26 and | .
to enable to AND gate'circuitry 28. Circuitry 24 is operative in

response. to RESET of one shot c1rcu1try 20 to prov1de an output

51gna1 to caltbratton contr01 circuitry 30 for causing calibration of the

IR sensor 32. This calibration thus occurs upon termination of

receipt of UV radiation.



MAND gate circuitry 28. Circuitry 24 is operative in response to RESET of .
one’shot cjrcuitry 20 to provide an output signal to calibration contro
circuitry 30 for causing calibratienfo# the IR sensor 32. This ealibration

‘qggaigation stage circuitry 24, calibration stop circuitry 26 and to enable
t

- Sor et iodfeln TaR iy, G e ARMLRR RRatprp et
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cal ibration element 36 such as a filanment representing a standard flane and
may Rg W'M%é@@eﬁmebeﬁﬂﬁh@ﬁé B igraie EPOsIneact 2aer ¢ BN ey pivally
~radi ation comuni cation therebetween. This conbination enables the IR
. .sensgo tsadends i Dobleding SEF sfardmr dHétaneiveditryv@0y operating

- condition and background so.as to provide uniformy accurate results.
‘Oper ati on offhdeowtpubr afi oneelshodntcinc wimht2d| Ledabpud gei br & itypinakkpl
circuitry 30 which. also provides an output to the | R input _Stage 14. The
" out poif cfungdisiom TOAsoEeCwhiwdr chnyi s uppbed it ANANEREEs B4« s supplied
via the IR input stage_14 to AND gate 34. Qa'igrat'on control |l er, 30
. prevents t hetBUEPRFOBf Sehds| i 288 ¢¢ RATFeL ¥ hFRg2ARS Ruring
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~~thus occurs upon term nation of receipt of UV radiation. "Circuitry 26 is
" operative to provjde a.signal to calibration control circuitry 30 for -7
--terninatimgQi39¥ﬁ§€Yo%éogstﬂ@epﬁ%éﬁﬁuﬁoiﬁﬁﬁﬁﬁ ?e?ysﬁEBREr%Purn of one

_may_be'enclosed_tqgeﬁher¢thérewith.in gn-epbsy encloSuré:which_
Pebmits;rédiatibﬁ.commﬁhiéétionathérébetwéén.: This cpmbination.
énabieQ fhe'IR;se£;o£ftb be céiibrated'%o_the sténdand.flaﬁa_under _
every.bpéréfiﬁg'céndition and backgroﬁnd SQfas tqufovideauniformiy'
,-accdrate reéulfs.'_Operaﬁion-of:thé calibration element is
controlled by calibration conﬁrbl circuitry Bnghich also provides .
an-oﬁtput to the IR inputvstage 14,  The output of the IR sensor,
which ma& be a P398 R of Hamamatsu; is supplied via the IR input
stage 14 to AND gate 34. Calibration controller 30 prevents the
output of the IR sensor 32 from reaching AND gaté 34 durin |
calibration. ' |
| AND gate 34 is operative for providing a detection output
to utilizatioq cifcuitry (not shown)'ddring simultaneous '
appearancé'of outputs from_input gbage 14 and f#om'ohe shot.
circuitry 22 in@iéating simultaneous detection of UV and IR
- radiation otherithanin'the.continuoﬁs presence of uv radiation
| and when not Qisabled by ciﬁcuitry.zs which indicates continuous
- presence of UV from a spurious source. i
_Referring now to Fig. 2, voltage iﬁput gtageVlo comprises

a.pair of diodes D1l and D2 and. capacitors Cl, Q%i?nd c4



{o utilization circuitry (not shown) during simultaneous appearance of 13g -
,odTputs frominput stage 14 and fromone shot circuitry 22 indicating A

si nul taneous detection of UV and IR radiation other than in the continuous

presence of UV radi ati on and when not -di sabled by circuitry 28 which

|nd|cates ‘cont i nuous presence of W fnmn513pur|ous source. Referring now
' Fig. 2, voltage I nput stage 10 conprlses a pair of di.odes DI and D2 and
acapaC|tors

Lanbda
e 1oL ChtnSaanAeesel, mtrliee TRy A2 Ship B8RRGS0 5 g

?Zi?itﬁii oL LRRPRESE p berles ast?ﬁ f?ﬁiﬂf“ﬁ ik %?P%%%f Seng pro
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di odes D 5 and capacitors conhec as s omn Vi a

resistor R foaNgtargr RUNDERACEPECiddtnde il 1 t ERolY 88NE8E iﬁpuﬁ“%ﬁoﬁ put -
of the WV sensor I's supplied to counter 18 and associated.circuitry

~conpri sing ghafesoPferDB33nacdss aficderoutpat £6 00dpRéd eapapdcitd? C 7
~and a pair - of inverters 15 and 17. The output of counter 18 is supplied to
‘pne shot ciamdia reéﬁlfmeprcsmg;zsxhgx&idﬂéb D Sagndi D6r aQ85 caparcdtiotrCs
R15 and an inverter 19 whose output is supplied to cirrcuits 24, 26 and 28
Circuit 24.amd¢ﬁ9seennacteépa@|ﬁ&ownzﬁiaearzssssborﬁﬁze anpaargmbunded
anverters 21 and 41,.a resistor R.29, a resistor R 30 and-a transistor Q 4
‘~connect ed RERIBIROT € LOLE FbhecSWorsensom Iesistor R 22 and a transi'stor -

5 and t 28 t 9, t
an imverier 23 and AB6| BUEBBSCOR Qe AbisdhTeR Lo oBURPLAeALLE obnier 18 and

OUtpUt of o4& ated circuitry comprising diodes D7, D8 and D9, resistors.

R5, R6 and R?, capacltor Cll and a palr of 1nverters 15 and 17.-
- The output of counter 18 1s supplled to one. shot clrcult
- 20 comprlslng a diode- D16, a capacltor 015, a resmstor R15 ;nd an
.anerter 19 whose-output-ls supplzed to. c1rcu1ts~24 26 and 28;.'
“Glrcult 24 comprzses a capacitor C 18 a- resmstor R 20 & pair of
inverters 21 and 41, a resistor R 29, a reszstor R 50 and a
' -trans1stor Q4 connected ag shown._ Circuit 26 comprises a resisto:
R 22 and a tfanéistor Q 5 and circuit 28 comprises a diode D18,
a capacitor 019, a resistor Rél,-én inverter 23 and a diode D2C.
A one shot clrcult 22 also receives the output of o“nter
- 18 and comprlses -a diode- Dl?, a capacitor Cl6, a ‘diode D1S sné a
resistor R16 and prov1des an,output to AND.gape circuitry 34.
-AND gate'circﬁitryf34 comprises a diode D21, a Zener D22 and an
LED D23 as wéll as resistor pairs R 23-R 24 and R 25'- R 26, each |
defining a volfagé divider for respective positive and-ﬁegaﬁive
inputs of.an operational amplifier 27 at whose output the aforesai
_ diodes D21 - D 23 are comnected. |
| Calibration'contﬁol cigcuitry 30'compfises a2 timer 29

which_receives inputs from circuits 24 and 26 and which'provides



&nd conprlses a diode D17., a capacitor Cl6, a diode D19 and a resistor
and provi des an out put to AND gate circuitry 34. AND gate circuitry 34
rises a diode D21, a Zener- D22 and an LED D23 as wel| as resistor pairs’
3-R 24 and R 25 - R 26, each defigdng a voltage divider for respective
~positive and negative inputs of an operational anplifier 27 at whose out put
“the aforesaid diodes D21 - D_23 are connected._Calibration_control. LI'
ci r cuia Yo@pebipie sasdiodendr 1o and & "f%’é@"ﬂs@ PABEES OFr Bl r't&QJlac% m
and 26 and which EFOVIgg ~-.6-an outggé ﬁ a diode D_11 and |able\_/
resi stiiben ¢lerentR ] 08 &fbAn 35R se? %hﬁa‘éy&neﬂﬁ‘“@éﬁ 08 ‘i .

el enent _which, as ne tioned: a%?ve | s..di spesed.in_fixed Ity and

predetee?r rﬂ%ﬁi?ﬁﬁ‘?‘a‘f‘ 8¥%a ot FERITHE (2R }%ﬁghpgompﬁugﬁgpm ensor 32,

Resi st.qQrs a S t W
e BiFadb e idereali B R S ol e R BB IR0
- reS|s%ﬁ£ j; nd di ode. D13 to the Junctlon of resistor R 14 and di ode D
. i's Junction is al so connected: V|a a diode D 12 and a resistor R 11 .
to the base of fransistor . The _out | R sensor S sup ljed to IR
input stage 14 RGELEUPKE §Q§ B r s%?%?lﬁoysaﬁa?a 8013 AT 20

G %?fesb?%%“f%%@%%’ﬁhﬁ%%aa“al"aé“%%ﬁ# 5ah s o 13&'%%“?:%%2!213?
: -ffoi.“t hehed oy iant, Echle R e ﬁ“‘-ﬁ‘rgé‘ﬁﬁeé pBY. v, o s

'._Ope“ﬂdﬁﬁﬁﬁléﬂpbff53513%055R 14 and diode D 14. This junction is also’

.

connected v1a-a-d10de_n.12.and 8 resistor R 11 to:the base of
'tran31stor Q3. ' :: | “ o
. The output. of IR sensor 32 is Supplled o IR 1nput
. stage 14 includlng a. diode D 10 a re91stor R 8 and. a capacltor _ 
- C. 20 cpupled.between.ground and-the,p051t1veu1nput of an
'.operatiénal'ampliriéfiEB. ‘The. output of the operatlonal
E amplifier 33 1s Supplled via a resistor R 14 2nd a dlode D 14
to the IR input of AND gate c1rcu1try 54 at the p051t1ve 1nput
" of operatlonal ampllfler 27. '
The negatlve lnput.to operational amplifier 33 is

" connected to a capacitor C 14 which is charged by the follower

5

35.and Q3 to a reference voltage. The control of trénsistor Q3
IiS-prOVided by Qalibratiog control circuitfy-EO. An operétional -
- amplifier 37 also Cﬁa:ges capacitof 6114-but_oﬁly-when the
detector is energized, ﬁroviding a'high reference voltage, in
order to'prevent_é false inﬁicétion of detection of IR radiation
. until the 'vqltg_g_e is s’cabili"zed.: Resistors R 17, R18 end R19

- and capacitor Cl7 are associated with.amplifier437 as illuscrated.



a reference voltage. - The control of transistor B is provided by

calibration control circuitry 30. An operatlonal anplifier 37 also charges
capacitor-C 14.but only when the detector is energized, providing a high
ref.erence voltage in order to prevent a 4alse indication of detection of

I Ryzadi ation until the voltage is stabiTiz€d. Resistors R 17, R18 and R19
angeﬁapa0|tqr Cl7 are associated with anplifier 37 as iIIustrated_ -7-

Re ence is now nade to .Fig.3 which shows the operation.of the circuitry

of Fig 1 and 2. . ‘Upon energi zation of the circuitry, the R sensor is
automatically and’ i medi ately calibrated;, The calibration is /repeated each .
t 4 (typicall seconds |f there,is det cti.on by the UV detector,

cal i bration o?Re[f%et‘q‘F?%e% ?oY"sm?gFmtﬁ’aF% 3 PhiRh I@%‘é%s?)?etﬁﬁﬁrﬁﬁf‘—@& §f the
the presence of IR radiation, a UV and IR detection signal is provided to -

t he ANDgyﬁ¥?°$#ﬁnwd@ﬁgFaE-obeaaﬂlEg sUgoal enfngimationnof the tRrsafsey, the

-SSE?.C%E;U@IO%E% sge %%;Lq%oeeqmailf‘ﬂaeé o mDRRa AR 10 i He b ¢ L e co Litratior
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seconds) gaf;ﬁgt 89‘5 cﬁgﬁcgazmﬂ&?%ﬁ?{ If! sédesméuggmﬁmg@ Qi put .

so, the 0 I on ector.. ation 't ND gate is

di_ sabl ed gRdy etawid?stﬁ Watkdtst Bfe PredBA@ChFOIR FhaiWlioh T UPadRs, Whereupon

IR callbratlon es place once again. If the UV detecti on si gnal has not _
been preqﬂmedeeh&psswn% pﬁohedéhatt@Ctm AND due, Cbmbhﬁdg and the detection

-operating: s1gna1

CQﬂﬂECbed to a capaC|tor C 14 which is «charged by the’ fol | ower 35.and CB to(zég

Whether or not the IR sensor detects . the c1rcu1try 1nqu1res S
‘whether the UV detectlon has been cont1nuous over at 1east 5 seconds. '
'fIf not . the IR sensor 1s ca11brated once the UV detect1on -
terminates. If ‘the UV signal has: been _ _
'.C0151nLOL° over at least five seconds (th) the c1rcu1try
1nqu1res whether t 3 (60 seconds)- have passed s1nce the appearance of
the UV detection ou»put. { so, the operat1on of the detector
combination through the AND gate is disabled and remains so until
the UV deteetion signal terminates, whereupon IR ca]ﬁbration iakes
_place once agéin. If the UV detection signal has not been'present
for 60-seconds, the detector is not disabled and the detection
- signal indicating combined UV and IR detectdon can pess_through the |

AND gate to the uti]izatibn‘circuitry:

It will be appreciated by persons skilled in the art that
" the invention. is not limited to what has been particularly shown
and described herein. Rather the scope of the invention is defined

only by the claims which follow:

~cre B R e o~ et L 15 HERC



7 & aI“TﬁﬂTEﬁTTﬁﬁ—Eaﬁgrﬁg_ W and IR detection can pass through the AND
to t ‘mﬂmmmﬁl rcuitry. It will be appreciated by persons
Ied “““M the invention is not limted to what has heen

2 tlcular y¢ show? afd described herein. Rather the scope of the |nvent|on

I's defined only by the clains which follow -8- CLAI M 1.

-Sel f-calibrating radi ati on detecti on apparatus conprising: an infra-red -
detector elenent; 5 calibration apparatus for maintaining a 7
general ly const ant response of tdmpaimEra-red detector elenent to a NG

predeterm ned radiation input notw th- standing changes in the |evel of
- ‘background radi ation sensed by the detector elenent, said calibration 10 .
appar at ugd.havi ng Seldalddiridranirig | raxdba tlonpdetdcitionr egparatiused radi ati on
- conmuni ¢ éhgg sﬁh@%lonship_mﬁth sai d-detector’ el ement and representing,
when ene a )redet’ermi ned standard fire; threshold nmeans receiving
~the output of th@nlanﬁna%rQQxﬂQﬁﬂQﬁmbrehﬂmehﬁv|ng a variable threshold

whi ch det t I t t
i C 5|s e ern]g%ﬁdﬁﬁgﬁﬁbraﬁﬁﬁﬁﬂﬁ?hgé e hRthdakgadngekect or el enen 0

“energisation of | ament; a UV detector elenent; and neans
for combBRNRFALAY &&Hﬁﬁ%ﬁ?ﬁr%ﬁﬂQﬁ%Q ?ﬁf?%@réHfH€r€€§oﬁe$ﬁ@ﬁ§ﬁi and said UV

. detector e2bpeRit to 2 (?rede'ﬁiﬁﬁiﬁ%dlsrﬁ@ﬁétﬂbﬁglhﬁuﬁ aAbfwithavi ng neans for
.dlsabllngtthg conb angégﬂf%ﬂtﬁg f . |n£ ﬁacﬁground radiation
sensed by the detector element, said calibration
10 apparatus having a callbratlng filament disposed in
predetermined radlatlon communlcatlng relationship with
”sald detector element and representlng, when energlsed
a predetermxned standard flre- '
threshold means receiving the output of the
L 15-1nfra—red detector and hav1ng a variable threshold whlch '
1s-determ1ned by the response of the infra-red detector
: element.to.energisatiOn of said calibratipg'filament;
a UV detector element; and : |
means for combining the outputs of said ,
20 infra-red detector element and said UV detector element.

b

2. Apparatus according to Claim 1'having-means

for disabling the combined output of said infra-red

detector element and said UV detector element in

response to receipt of a continuing radiation input &
25 by said UV detector element for a predétermined'duration;\ '

3. Apparatus according. to either of Claims 1 or 2

and having means for terminating callbratlon of said | g
infra-red detection element upon detection of UV |
radiation by said UV detector element. .

30 4. Apparatus according to any one of the precedlng
claims in which said detector element and said
calibration apparatus are disposed in a rigid medium
which permits radiation communication therebetween.



detector. el ement and said UV detector elenent in re-sponse to recei pt of a@

continuing radiation i.nput 25 by.said UV detector ele
_predeterm ned duration. 3. Appar at us accordi ng tgelmnﬁﬂﬂmlﬂcﬂludlrlml
or ‘2-and having neans for termnating calibration of saitl i®hfra-#eds *
‘det-ection-el ement upon detection:of radiati-on by said UV detector

el enment. 30 4. Appar atus according to any one of the preceding clains

i whi ch sai ¢ detectqr._gl.g ' {.d_cali LOR app. s.akg di sposed
in a rigid nedi um m?‘&?qprg{?% s@%"dﬁ%‘?%n@%o%’?cgt ?gnﬁ?ﬁégeggﬁ\%een. C
N~M S i meddum isAmgmrepory zesinding to Caim 4 in which said
mediumi s an epoxy resin. 6. _ Sel f-calibrating radiation detection
“apparatus according to Claim1, substantially as hereinbefore 5 described
and illustrafed by REESGRELIRAEINE KadHpbHYR deBeakingsappAEatEst of the
tSDeCI ficati oaclfd:t@mdl;e@ ﬂotemlcsdm]?ﬁ, %ﬁ&lgé@@%@nmgaihﬁe@emhﬂégafﬁ OII gi na:j :
typescript. ont ai | ew men iC re, difficu o read.
The ori gi Hal d’?fﬁé‘%%@’t‘ﬂrﬁﬁﬁtqqfﬁﬁ %%i%ﬁ?ﬂ%ﬁ?s%ﬂﬁﬁﬁe i nspected an

t he prem ses agkcomparydrgntdyEhfines, . L

The text of the spscification has been rveproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these smendments may be inspected on the premises of the Patent Office
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