SPECI FI CATI ON - Radi ation dinical Thernoneter
[ Techni cal Fi el d] The present invention relates to a
radiation clinical thernoneter for perform ng noncontact tenperature

measur enent by detecting thermal radiation energy and, nore particularly, ]

to tenperat %Sg%gwnsati_on in an optical system PCT/IP96/03261
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[ Background Art] A radiation clinical thernmoneter has been
proposed to nmeasure a body tenperature within a short period of tine.

This instrument is designed to perform noncontact neasurenent of the
‘tenperature of an eardrum sel ected as a neasurenent portion. For
exanpl e, sugyoragesati on clinical thernoneter is disclosed PCTIUPY/BIENESE
Unexam ned Patent Publication No. 61-117422 wherein the head portion of
the probe unit is inserted into the external acoustic neatus, and thermnal
radi ations fromthe eardrumare focused to an infrared sensor by an
optical wavegui de placed in the head poltTon, thereby neasuring the

eardrum tenperature. The probe unit wth this infrared sensor includes a
heati ng control neans :
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for preheating the head portion to a ref erence tenperature
The head portion is preheated to a tenperature

(36.5[err] Q).

and calibration is perforned in advance in this state. Wth:
this operation, when the head portion is inserted into the external

For

“acoustic neatus the tenperature of the head portion under nge.
this rem #¥asurement errors caused by changes in th gﬁf%wg

of the head portion can be elimnated. That is,
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the inner surface of the optical wavegui de nust be set equal in
tenperature to that of the infrared sensor itself so as to prevent thernal
radi ati ons fromthe optical waveguide itself from causing neasurenent
errors. In order to prevent a change in the tenperature of the head
porti on upoWONHMEYti on into the external acoustic neatus, pdwIreguRe: ature
of the head portion is stabilized at the reference tenperature
(36.5[err]C). Wth this setting, thermal radiations - fromthe inner surface
of the optical wavegui de can be negl ected. The radiation clinica
t hermonet er disclosed in Japanese Unéxam ned Patent Publication No.
61-117422, however, requires a heating control device with a high control
accuracy. For this reason, the structure and
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circuit configuration of this instrunent are conplicated, and its size

I ncreases, resulting in an increase in cost. In addition, a |ong
"stabilization tine is required to preheat the head portion and control ‘its
“tenperature to a constant tenperature. Furthernore, high energy is '

required to ggi ﬁ_%ﬁe heating control device. This schene
therefore be 5ﬁ¥ o a portable clinical thernometer wusing a conpact

battery as an energy source. - 2-
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Under the circunmstances, a radiation clinical thernmonmeter with a high

t enper ature neasurenment accuracy has been proposed, which is a conpact,

. portaple'clinical thernoneter having no heating control device. When t he
. probe of this instrunent is inserted into the external acoustic neatus to
measur e thewaogrresa t enperature, the tenperature of the pr ®OCFIPHNIZES.
However, this change causes no error. . For exanple, such radiation
clinical thernmonmeter is disclosed in Japanese Unexam ned Patent
Publication No. 2-28524. Simlar to the radiation clinical thernoneter

di scl osed in Japanese Unexam ned Pat ent “PBBTi cation No. 61-117422, the
radi ation clinical thernoneter disclosed
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in Japanese Unexami ned Patent Publication No. 2-28524 uses an optical
wavegui de as an optical systemfor focusing thermal radiations -from the
eardrum However, this instrument has no heating control device for -the
infrared sensor, and hence the infrared sensor and the optical waveguide °
are kept at al rmst t he anmbi ent tenperature, i.e. roomterrperature The
first tenper WO Whsor is arranged near the infrared sensdCIERH0ReL
second tenperature sensor is arranged in the optical waveguide. A
tenperature is neasured on the basis of the tenperatures of the |nfrared
sensor and the optical wavegui de. If thepdifference in tenperature
between the infrared sensor and the optical waveguide is extraordinarily
| ar ge, measurenent is inhibited. If the tenperature difference is °~
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- 3- predeterm ned val ue, neasurenent is permtted in spite of
the tenperature difference. Body tenperature data is then calculated in
consideration of the tenperatures of the infrared sensor and the
optical wavegui de. In this radiation clinical thernoneter, an

operation ofodahrssyati ng- body tenperature data S perfornmmzsl
m croconputer on the
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basis of the output voltage fromthe infrared sensor, the output
tenperature fromthe first tenperature sensor for neasuring the
tenperature of the infrared sensor, and the output tenperature fromthe
second tenperature sensor for nmeasuring the tenperature of the optical
wavegui de. exanple, the probe is in the external '
neatgs, thghﬁgﬁygégiure g? t he optPcaI wavegui de gradual ly ?&@é@khgﬂ?le
the tenperature of the infrared sensor hardly changes. For this reason

tenperature difference is caused between the infrared sensor and the
opti cal wavegui de. However, since bodygtenperature data is cal cul ated

consi der ati on

of these tenperatures, an error caused by this tenperatur

di fference can be el i m nat ed. The foll ow ng probl ens, however,

posed in the
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radi ation clinical thernoneter disclosed in Japanese Unexam ned Patent
Publication No. 2-28524. Since body tenperature data is cal cul ated by
using a conplicated equation based on a total of three variables, i.e.,
the tenperature data obtained by the two tenperature sensors and the

out put frorWOIS¥1788Tr ar ed sensor, the m croconputer reqwr Wﬂ cated
program for this operation, and a

-10-

£— FEMTEH2 6 »SHERBFARTE 1 60k o ¥ 3 8ITHL TESEE
FL. BEHERE 1 CEEE— FCBIET 2 L SICIERT 5. CORBE—FT
kL2 38K URY 36 SOBERMERRL. CORMERMICESY
CERESRESNS (F—2) . 28, BiRax2 5 4 105, k@1
BRSO IREETIE. SERERETH2 846, FEOHEMRMHSHIER
HRRTH 1 6DLYAS 3 6Ly FENB LI MASNTNS.

e, FBW2 3DAS v F24%20NTHE. B4 OlBEHKE 1%

TEEEE, %WS3@6@&&%%&66;5m7u—72&7b—7ﬁﬁmﬂ
ASICHALTEETS (F-3) .

Tu—7 2 u—FEERH 4 5 REFSh 2 SIE, FEE2 31Kk
BH1OA-DaVA—% 19 hshaBET—% (1 0BREF—%)
EBIOATYI0KEETS (F-4) . Thbb, WHEI LH207ME
e yH1 1 LOMIIIBEELNEWSEREIRENTHWSOT, 8205R5MR
Y1 1QHAIREO L0, Tty FShEBERBA VDL SETH-
T, BEGNESTE sOHANICOLRSB, COLIRTETLILVE
SFE 1 3 LE 1 OFMILYY 1 0 LOBEESZVES (81 OBEES
#)ka65¢33@@&@%EF§%%1®%%USOREEénégtL
5. -

Kic. ¥4<—250BICLD | OBMORBEES (F-5) . TOH,
A-DavnN—%19»oHNhahsBET—5 (B20RBET—%) 2620
AEY31IEETS (F—6) » CCT. 7u—7Rs84 513, kim&ilg
FELBERELNTHVAOT. | OMRIBET Az LIZLD, Tu—T72IRE
BU-EEFE] 30EEIERTS. chichl., B1ORMELEYY 10
7 U —TRSEH 4 5P SN TV, KL L TIRITEROKBIEN
TNBOT. EBHFER13LE 1 OFMRELYY 1 0 LOBRIZBESENELS
(B2 OEEERE) » FRICELEI LE20/MMEEYY 1 1 LOMICLE
CEERASEL D, 5T, B20FMRLY Y1 1 PSRCOBEERINUL

; LHLSRE T 5. BEFSASTR] 6. TOUMty b ShHERBICE

1 S0, B2oRMRTYY 1 | ORAAMEL RN ERET 5. BETR



long tine for arithnetic processing. Furthernore, in the conplicated
equation used for this operation, constants such as the emssivity of the
opti cal wavegui de nust be neasured and set in advance. However, this -
setting is also difficult to perform The present applicant has
di scl osed a A" clinical thernometer is Japanese Jé@ipagnited
Patent Publication No. 6-142063, which uses an analog circuit to correct
an error caused by the difference in tenperature between first and second
tenperature sensors on the basis of the output voltage froman infrared
sensor, the output tenperature fromthelfli+st tenperature sensor adapted
to mneasure the tenperature of the infrared sensor, and the output

t enperature fromthe second tenperature sensor
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adapted to neasure the tenperature of an optical wavegui de. The
radiation clinical thernoneter disclosed in U S. Patent No. 5,159, 936 :
includes ‘a first infrared sensor for receiving thermal radiations fromthe
eardrum and thermal radiations froman optical waveguide itself, and a
second i nfr WeQWt®WBEor for receiving only thermal radi ati onPCIHIPSHER6lc
optical waveguide itself. This instrunent is designed to correct an
error caused by the difference in tenperature between the opti cal
wavegui de and the infrared sensors by subfracting the output fromthe
second infrared sensor fromthe output fr6mthe first infrared sensor.
Assune that the second tenperature sensor is nounted on the probe unit of
the radiation_clinical thernp
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- 5- disclosed in Japanese Unexam ned Patent Publication
No. 6-142063 to nmeasure the tenperature of the optical waveguide. In this
case, the nounting positions of such sensors slightly vary with radiation
clinical thernoneters. For this reason, when the radiation clinical

t her nonet er »96 A.ﬁﬁed in Japanese  Unexanmi ned Patent PuBliSadeaasks NO
6- 142063 i s nmass-produced, the neasurenent results
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obtained by the respective radiation clinical thernoneters include slight
errors. : If the output fromthe second infrared sensor is sinply
subtractéd fromthe output fromthe first infrared sensor, as in the

radi ation clinical thernoneter disclosed in U 'S Patent No. 5,159,6 936, a
body tenperwinse7a7s’d a neasurenent result includes an errorPGRARINER6L! t he
I nfl uences and the like of a shielding plate for shielding the second

i nfrared sensor fromthermal radiations froman object to be neasured.

[ D scl osure of |nvention] It iﬁean object of the present invention
to provide a radiation clinical thernomeTér which can inprove the
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accuracy of a body tenperature as a neasurenent result. I n order
to achi eve the above object, according to an arrangenent of the present
i nvention, there is provided a radiation clinical thernoneter conprising
an infrared sensor for outputting an infrared detection signal upon
reception of radi ati ons from an object to be 6103261

- 6- “}(119%':}@7 -7 - nmeasured, opti crgw’!\’\,’/évegull de
means for guiding the thernal ' '
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radi ations fromthe object to be neasured to the infrared sensor, a :
tenperature sensor for neasuring a reference tenperature and outputting a
referencé tenperature signal, tenperature difference detection neans for
detecting a tenperature difference between the infrared sensor and the
optical wavey@pusseans and outputting a tenperature diffePEHIRISMY,]
and tenperature cal culation nmeans for receiving the infrared detection
signal, the reference tenperature signal, and the tenperature difference

signal and calculating a tenperature _d_?ég signal by correcting an error

caused by the tenperature difference, c acterized in that the

t enperature cal cul ati on means includes correction coefficient adj usti ng
nmeans for adjusting a correction coefficient for the tenperature
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According to the above arrangenent of the present invention, 'since the
tenperature cal cul ati on neans includes the correction coefficient

adj usting neans for adjusting the correction coefficient for the
tenperature difference signal fromthe tenperature difference detection
sensor for detecting the tenperature difference between thedifposénsh
sensor and t WOVAM¥al wavegui de neans, a radiation clinical thernoneter
can be provided, which can cal cul ate tenperature data upon properly
adjusting the error anount based on the tenperature difference between the
infrared sensor and the optical waveguiidg sreans, and i nproves the

measur enment accuracy. : ' REPLACENMENT
SHEET
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According to the present invention, the tenperature calculation nmeans
conpri ses t enperat ure difference correction neans for subtracting the
tenperature difference signal fromthe infrared detection signal, and
tenperature data calculation neans for calculating the tenperature data
on the basi wwobwemssout put signal fromthe tenperature diffBCEAIRS/03261
correction means and the reference tenperature signal, the tenperature
difference correction neans including the correction coefficient
adjusting neans. Since this terrperature1 gi fference correction neans can be
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constituted by an analog or digital subtraction neans, a correspondi ng
circuit can be forned, as needed. I n addition, the correction

coefficient adjusting neans is a neans for adjusting the contribution of a

tenperature difference signal to the subtraction neans, and a
correspondlnq”0|rCU|t can be forned in either an analog or

circuit. FIIER ¢ her nore, according to the present i nveﬂ“i%ﬁ,&uﬁ%

different tenperature difference conditions are set between the infrared
sensor and the optical wavegui de neans, and the correction coefficient in
the correction coefficient adjusting neprs—is adjusted on the basis of the
out put under each condition. A correct correction coefficient can

t herefore be set.
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[Brief Description of Draw ngs] Fig. 1is a front view of a
radi ation clinical thernoneter according to the first enbodi nent of the
present ‘invention, Fig. 2 is a partially cutaway sectional view of the

- probe of the radiation clinical thernmoneter in Fig. 1, Fig. 3is a
schemat i ¢ blwolera7sayr am showi ng the radi ation clinical thePCriPE326Ind a
devi ce which performcorrection anount adjustment for the error based on:
the difference in
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tenperature between the infrared sensor and optical waveguide of the
radi ation clinical thernonmeter in Fig. 1, Fig. 4is'a circuit diagramof a
tenperature difference correction neans in Fig. 3, Fig. 5is a circuit -

di agram of an addition circuit including the correction coefficient

adj usting negpgobAyghd 9- 4. Fig. 6 is a view showing the outger/measisance
of each device in Fig. 3, Fig. 7 is a flow chart for explaining the steps
in adjusting the correction anmount for the radiation clinical thernoneter
by using the device in Fig. 3, Fig. 8 is a view for expl aining

tenperature difference conditions under—@hi eh the probe is heated, Fig. 9
is a view for explaining another exanple of the place where the correction
coefficient adjusting nmeans 1is arranged, Fig. 10 is a view for expl aining

still anothergea.ise | TRAREESEENT AREL V¥ L. FEHARLE ¥ LTIRE
ST OREEARH L TRESESLHNTIREERETRY . R
RIS L AR ES L IRREERES L 2 AL, ERESRESY
MEAMEL-EET - ESAEN T2 BERETR L 2 BALBEHR
BNT, o | |
FEFARL 5 L FR R ROREECE SV T L SRENEES
F R REES OSSR S RELSHETRARY. —EOBEC
Rz Bk SOMME R 5 & > kR A RET 5 TR L. MR
AfR V¥ LB TROS | OREERATHNISNSE | OHAT—5E
SRRHTSTEL. WEMML Y L TN TEOE 2 OREERHETH
NENBE20HHT— s ESERHTLTRL, JRS1 BLTBE20HA
F— 5 H B THRT~ 2 27T 2 TRE, BHET— CES SRS 1
DOHAF —FEELHEB2OENT— S ES LHI—HT 5 & > CHDBEER
EFE4EET2IRLHOMS T LHISH Y T AR REHOBEEEHES
. |
19,  HREMED S OMKNE S THRMEHIES 2T 255 Re >4
b BRIESHED S DB A AR V¥ AEL RHOMNFRL . BHR
EEHEL TEREEES 2T AREE Y &, SRR oY LR
KFRLOBEEERE L TREFR2ESAHNTIREERHTR L. MR
HIES LR EEES L REEEES LA AL, NREESICE S|
MmEAWE L -BET — S ESAEHTARERETH L 2 HAREHERE T
BN, | |
| EROBEAHETSEENTERL. MFMIE VY L RIREERROR
EERESVTEL A AEEES DR ES 0T S R4 T
ZEEERETFHRLRT. NERESSOMBHERIT 5 &5 KBS EH &R
BTA5TI2L. FRFIMEL VY LR RROE | OBREERGTHASH
5% 1 OHAT—FESERIETHTEL. MEMMRL Y LRErTRO
; E2OREERETHASNBE 20HNT—7ESERETA TR, WiE
4 1 OEEEEACSIT 2HRBEONTERE L HiRE 2 ORERREICE T B

* ¢ L M S8 *




exanpl e of the place where the correction coefficient adjusting neans is

arranged, Fig. 11 is a view for explaining still. another exanple of the

pl ace. whére the correction coefficient adjusting means is arranged, Fig.

12 is a schematic bl ock diagram showi ng a radiation clinical

. -9- WO 97/1788% nonet er and a devi ce whi ch perform corr BETARNG/O3ASD UNt
adj ustnent for the radiation clinical thernmoneter according
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to the second enbodi nent of the present invention, Fig. 13 1is a block
di agram showi ng a correction coefficient adjusting neans and a subtraction
nmeans in Fig. 12, Fig. 14 is a partially cutaway sectional view of the-
probe of a radi ation clinical thernoneter according to the third

enbodi nent o&v Pﬁl gesent invention, Fig. 15 is a schematic P@‘L,ﬂ?gmakpgram
showing a ra Iron clinical thernnneter and a device which perform
correction anount adjustment for the radiation clinical thernmonmeter in
Fig. 14, and Fig. 16 is a circuit diagramshowing a tenperature difference

correction neans and a tenperature differgnce detectlon means in Fig. 15.
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The present invention will now be described wwth reference to the

acconpanyi ng draw ngs. Fig. 1 is afront view of a radiation
clinical "~ thernoneter according to the first enbodi ment of the present
i nvention. A radiation clinical thermoneter 1 is a chéRifsilszs

t hermomet er f MOMWEA8ri ng an eardrumtenperature, and conprisés a hain
body 4 and a probe 2. The main body 4 has a liquid crystal display el enent
6 for displaying a body tenperature and a neasurenent switch 5 having a

pushbutton structure. 116 - - 10 -
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The radiation clinical thernoneter 1 is operated in the foll ow ng. manner.
When the nmeasurenent switch 5 is depressed, the radiation clinical
thernoneter 1 is powered on to start tenperature neasurenent. Thereafter,
the probe 2 is inserted into the external acoustic neatus OfPC?ﬂPSMS t
toward t he eWNOOWAT®8D neasure the eardrumtenperature, After e probe 2
Is properly directed to the eardrum the probe 2 is renoved fromthe

external acoustic neatus. In this case, since the highest tenperature
that has been 2/186 '
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measured is displayed on the liquid crystal display elenent 6, the eardrum
tenperature, i.e., the body tenperature, is displayed on the liquid
crystal display elenent 6. This display is read as the body tenperature
of the object. Fig. 2 is a partially cutaway section | t he
probe 2 of thworsad78?i on clinical thernmoneter 1 in Fig. 1. ﬁ%ngﬁﬂ%éH
filter 7 havi ng transni ssion wavel ength characteristics is nounted
on the distal end of the probe 2. This filter 7 consists of an optical
crystal such as silicon (Si) or bariug Hugyide (BaF[err]) or a polyner
such as polyethylene, and has a functidn of selectively transmtting

I nfrared wavel engt hs and a dust proof function. An optica
waveguide 8 is a pipe for efficiently focusiag thermale radiations fromthe
eardrum of the object, ' o ' -
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and consists of a netal pipe, e.g., a copper, brass, or stainless steel

pi pe. The inner surface of the optical waveguide 8 is a mrror surface
plated with gold (Au) to have a high reflectance. Even with such a
process, the inner surface of the optical wavegui gerSeseaniset be

made into awIYMHREAIdy Pl ancki an radi ator having a refl ectance of 1.00.
The i nner surface of the optical waveguide 8 therefore has a slight

em ssivity. An optical waveguide 9 consists of the sanme material
4/16
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as that for the optical waveguide 8. The inner surface of the optical
wavegui de 9 has undergone the sane process as that for the optical
wavegui de 8. However, one end (on the filter 7 side) of the optical

wavegui de 9 is sealed such that no infrared radiations fro @E&ma t
enter. Thewo9178811 waveguide 9 is arranged near the optigkkg vegﬁﬁde 8

to have the sane tenperature as that of the optical waveguide 8. The
condition required for the optical waveguide 9 is that it has the sane
tenperature as that of the optical eV igle 8. That is, the optical

wavegui de 9 need not consist of the sdme material as that for the optical
wavegui de 8, and need not have the sane inner surface state as that of the

opti cal wavegui de 8. A first infrared sensor 10 is a sensor for
det ecti ng
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infrared radiations emtted fromthe object and focused by the optical
wavegui de 8. This sensor also detects thernmal radiations fromthe optical
wavegui de 8 itself. In contrast to this, a second infrared sensor 11
detects thermal radiations fromthe optical waveguide 9 its

&&Bgﬁe t he
di stal end owaQ9¥87887t i cal. waveguide 9 is seal ed. The second %’f‘?are

sensor 11 is arranged near the first infrared sensor 10 to have the sane
tenperature as that of the first - 12 -
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infrared sensor 10. A tenperature sensor 12 is a sensor for neasuring the
tenperatures of the first infrared sensor 10 and the second infrared
sensor 11. The principle of the operation using the first and
second infrared sensors 10 and 11 will be described bel ow. 3261

t enper at ure WOXHE8Ipti cal waveguide 8 is equal to that of e first
infrared sensor 10, the first infrared sensor 10 can apparently detect _
only infrared radiations fromthe object, even though thermal radiations
emtted from the optical -waveguide }&1 g'his is because, when the
tenperature of the optical wavegui de Z Is equal to that of the first

i nfrared sensor 10, thernmal radiations fromthe optical wavegui de 8 can be
negl ected in consideration of the FI1G. 7
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bal ance between the radiations incident on the first infrared sensor 10
and the radiations emtted therefrom \Wen, however, a tenperature

di fference occurs between the optical waveguide 8 and the first infrared
sensor 10, the thermal radiations fromthe optical wavegui ?—ﬁCﬁ'}"H‘L’%&E from
t he thernmal WOR7AT$8Ins fromthe first infrared sensor 10. eTiIrs
infrared sensor 10 therefore detects both the thermal radiations fromthe
first infrared sensor 10 and the thermal radiations fromthe optical
wavegui de 8, and the thermal radiatigng{ gomthe optical waveguide 8
cannot be negl ected. For this reason, the radiation clinical

t hermonmeter 1 includes the second infrared sensor 11 to detect infrared
radi ations fromthe optical waveguide 9 wunder the sane tenperature
condition as that for the optical : - -
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- 13 - wavegui de 8, and subtracts, at a proper ratio, the output
fromthe second infrared sensor 11 fromthe output fromthe first infrared
sensor 10 on which the influences of the tenperature of the optical
wavegui de 8 are exerted, thereby detecting the infrared radkﬁkhgﬂé$£§on1

t he object WWQ9/1388 free fromthe influences of the tenperaturfe o 1he
optical wavegui de 8. ' -
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Fig. 3 is a schematic block diagram showi ng the radiation clinical
thernoneter 1 and a device which perform adjustnment of the.-correction
anount for an error (to be referred to as "correction anount adjustnment"”
hereinafter) based on the difference in tenperature between the infrared
sensor and op¥P8H}8¥hvegui de of the radiation clinical ther FSHaFapISzel
Fig. 1. Referring to Fig. 3, reference nunerals 23, 32, and 33
respectively denote an adjusting device, a water thernoneter, and a

bl ackbody which are used to perform P gcf igPn anount adj ustment for the
radiation clinical thernoneter 1. As will -be described later, the -
bl ackbody 33 is constituted by a thernostatic chanber, as shown in Fig. 6,
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and the water thernoneter 32 nmeasures the water tenperature of the
thernostatic chanber, i.e., the tenperature of the blackbody 33.

The radi ati on clinical thernmoneter 1 conprises an optical waveguide means
13 constituted bﬁ the filter 7 and the optical wavegui de 8 pEOr/irdeid3261
t her mal radi WOBASBY r om an - 14 -

object to be neasured, the first infrared sensor 10, a
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tenperature difference detection neans 54 constituted by the optical
wavegui de 9 and the second infrared sensor 11, the tenperature sensor 12,
a tenperature calculation nmeans 21 for calculating the tenperature of the
object on the basis of the outputs fromthe first infrared ‘ﬂﬁﬁ&B t he
second infr¥YR@4YEEor 11, and the t enperature sensor 12, ans |sﬂ
means 22 which has the I|qU|d crystal display elenent 6 and di spl ays the
tenperature as the calculation result obtained by the tenperature

cal culation neans 21. Referring to Fip.2 3/ 1te object is the bl ackbody 33
The tenperature cal cul ati on nmeans 21 conprises a tenperature difference
correction neans 18 for correcting the error based on the difference in

t enper at ure bet wephr—tpre—epi-—eat—yavequi ge---afe-ttre~Frfsi-—i-RE+ar-eey sensor
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converter 19 for converting analog data into digital data, and a _
tenperatuyre data cal cul ation neans 20 for calculating the tenperature data
of the object on the basis of the digital output fromthe tenperature
difference c ' means 18 and the output fromthe -terrpq;cq;.#ggaﬁgzpsor
12. The terrpqgégf’ﬁrsgﬁdifference correction neans 18 conprises a fi1rst
initial-stage anplifier 14 for anplifying the detection signal fromthe
first infrared sensor 10, a second initial-stage anplifier 15 for
amplifying the detection signal fromkBe/stdbnd infrared sensor 11, a
correction coefficient adjusting nmeans 16 capable of adjusting a
correction coefficient for adjusting the detection signal

- 15 -

20N

-6 0 HREFE

+— BEF-9HEFR

1% 10k [ 35

617

-5 9 FIEMMNETH

FE

II-’-@ '
M| »
8-

IIN

4,

13

564
566

FIG.
BEEBEER
RWEH
XEY
XEY

RIERSRY
FEB2 8505

657

63’

BT KEm
F2 6

5 Thio
565

A~-DIisX~4%
A-Davik-4



fromthe second infrared sensor 11 to a proper value, and a subtraction
means 17 for subtracting the detection signal fromthe second infrared
sensor 11, which has been adjusted to the proper value by the correction
coefficient adjusting neans 16, fromthe detection signal fryipbgeshér St
infrared serf¢@P7HES The adjusting device 23 conprises a switch 24
for designating the start of correction anmbunt adjustnent for the

radi ation clinical thernoneter 1, a tiner 25 for
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nonitoring the | apse of a predeterm ned period of tinme after the switch 24
Is turned on, an adjustnent node notification neans 26 for notifying the
radiation clinical thernmonmeter 1. that an adjustnment node is being set; a
first menory 30 for storing the digital output fromthe te [ -

di fference H¥PPEBEON neans 18 which is output through then§§B§h§8ﬁ93+ter
19, a.second nenory 31 for storing the digital output fromthe tenperature
di fference correction neans 18 which is output through the A-D converter
19 upon checking the |apse of the prefleg of pigged period of time by the
timer 25, a conparison neans 29 for conparing the value stored in the
first menory 30 wwth the value stored in the second nenory 31, a

correction coeff; DN nmeans 28 sdor out pueting a new correction
coefficient to th T ECTT O ' N o
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coefficient adjusting nmeans 16 on the basis of the conparison result
obt ai ned,by the conparison neans 29, and a storage instructing neans 27
for instructing the correction coefficient adjusting nmeans 16 to store the

- 16 - 7§§7rrently set correction coefficient on thediapsédsaé: t he
conpari son r PVIBYL ai ned by the conpari son neans 29. In
correction anpunt adjustnment, the tenperature of :
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the bl ackbody 33 upon storing the output in the first nenmory 30 may differ
fromthat upon storing the output in:the second nenory 31. For this
reason, ‘every time correction anpunt adjustnent is performed, the
temperature of the blackbody 33 is neasured by the water thernonmeter 32,
and ° the neasured water tenperature, i.e., the tenperature of the

bl ackbody 33, is stored in the first and second nenories 30 and 31. The
conpari son nmeans 29 then conpares the value stored in the first. nmenory 30

with the value stored in the se r 1 opsidari;ng the water
tenperature as well. F.%OIQ?LEP?E iéi ?cﬁi% gi %grga% of the

tenperapure_ di fference corregdantRaNciithidhiri®herometer The
correction coefficient adjusting neans 16 and the subtraction nmeans 17

Shown in Fig. 3 are realized by an

[Technicai Field]

The present invention relates to a radiation
clinical thermometer for performing noncontact temperature
measurement by detecting thermal radiation energy and, more

particularly, to temperature compensation in an optical

system.

[Background Art]

A radiation clinical thermometer has been proposed
to measure a body temperature within a short period bf time.
This instrument is .designed to perform noncontact
meésurement.of the temperature of an eardrum selected as a
measurement portion.

.For example, such radiation clinical thermometer is
disclosed in Japanese Unexamined Patent Publication
No. 61-117422 wherein the head portion of the probe unit is
inserted into the external acoustic meatus, and fhermal
radiations from the eardrum are focused to an infraréd
sensor by an optical waveguide placed in the head portion,
thereby measuring the eardrum tempefature. The probe unit
with this infrared sensor includes a heating control means
for prehéating the head portion to a reference temperature
(36.5°C). The head portion is preheated to a temperature

near the body temperature, and calibration is performed in



addition circuit 35 in Fig. 4. The correction coefficient adjusting neans
16 is realized by a variable resistor whose resistance can be externally
- changed. In this enbodi nent, the tenperature difference
cofrection neans.-18 including the subtraction nmeans 17 is realized by the
~addition circuit 35. However, since the polarity of the second infrared
- sensor 11, whose output is input to the addition circuit 35, is opposite
“that of the first infrared sensor 10, the addition circuit 35

?ugit?htially Opgéégggetgns%ggga%%égg%(Mﬁf¥ﬁ-éﬂfgné£§}ation, when the head
portion is inserted into the external acoustic meatps, the
temperature of the head portion undergoes no change. For
this reason, meésurement errors caused by changes in the
temperature of the head portion can be eliminated. That is,
the inner surface of the optical waveguide must be set equal
in temperature to that of the infrared sensor itself so as
to prevent thermal radiations from the.opéical waveguide
itself from causing measurement errors. In order to prevent
a change in the temperature of the head portion upon
insertion into the external acoustic meatus, the temperature
of- the head pdrtion is stabilized at fhe reference
temperature (36.5°C). With this setting, thermal radiations
from the inner surface of thé optical waveguide can be
neglected.

The radiation clinical thermometer disclosed in
Japanese Unexamined Patent Publication No. 61-117422,
however, requires a heating control_ devicé with a high

. control accuracy. For this reason, the structure and
circuit configuration of this instrument are complicated,
and its size increases, resulting in an increase in coSt._
In addition, a long stabilization time is required to
preheat the head portion and control its temperature to a
constant temperature. Furthermore, high energy is reguired

~to drive the heating contfol device. This scheme cannot
therefore be applied to a portable cl_inical thermometer

using a compact battery as an energy source.



second infrared sensor 11 fromthe dutput fromthe first infrared sensor

10. In addition, the .initial-stage anplification méans 14 and 15 are
respectively connected to the outputs of the first and second infrared

sehsors 10 and 11. However, these neans nay not be required dependi ng on
- the degrees of sensor outputs and the performance of the addition circuit
- 35. Fig. 5is a circuit diagramof the addition circuit 35
~including the correction coefficient adjusting neans 16 in Fig. 4.

As _t he correction coeffigifyt aghasttPgciR8tantBs, @ a radiation clinical

thermometer with a high temperature measurement accuracy has
been proposed, which is a compact, portable clinical
thermometer having no heating control device. When the.
'probe of this instrument is inserted into the external
acoustic meatus to measure the eardrum temperature, the
temperature of the probe changes. However, this change
causes no error.

| For example, such radiation cliniéal thermometer is
disclosed in Japanese Unexamined Patent Publication
No. 2-28524. Similar to the radiation clinical thermometer
disclosed 4in Japanese Unexamined Paterit Publication
No. 61-117422, the radiation clinical thermometer disclosed
in Japanese Unexamined Patent Publication No. 2-28524 uses
an optical waveguide as an optical system for focusing
thermal radiations from the eardrum. Howevér, this
instrument has no heating control device for the infrared
sensor, and hence the infrared sensor and the optical
waveguide are kept at almost the ambient temperature, i.e.,
room temperature. The first temperature sensor is arranged
near the infrared sensor, and the second temperature sensor
is arranged in the optical waveguide. A temperature is
measured on the basis of the temperatures of the infrared
sensor and the optical waveguide. If the difference in
temperature between the i.nfrared "sensor and +the optical
waveguide 1is extraordinarily large, measurement is

inhibited. If the temperature difference is smaller than a



wet | - known R-2R | adder. resistor type C-A converter may be used, as shown
.in Fig. 5. Ref erence nuneral 36 denotes a register in which a
correction coefficient is set in accordance with an instruction fromthe
cofrection coefficient generation neans 28; 37, a nmenory for storing the
~correction coefficient set in the register 36 in accordance with an
cinstruction from the storage instructing neans 27; and 38, a selector for
selecting the correction coefficient output fromthe register 36 upon

reception of e@%&;éﬁﬁ% txizﬁgqtéheﬂx‘étésfd:%?&ér%“ id Ogllei:fﬂﬁtﬂghu%ﬁ%i@d&

notification neans 6, s _ correctlon_cpef I cl ent stored in the
menory 37 When1ﬂﬁ§etémﬁ§ké%hﬁél&ifﬂéﬂbn&&qe @Qgglﬁéﬂpéﬁ?ﬁdféndﬁﬁa is then
, an

adj ust nent nmode notification means

calculated in consideration of the temperatures of the
infrared sensor and the optical waveguide. In this
radiation clinical thermometer, an operation of éalculating
body temperature data is performed by a microcomputer on the
basis of the output voltage from the infrared sensor, the
output temperature from the first temperat;re sensor for
measuring the temperature of the infrared sensor, and the
output temperatuie from the second temperature sensor for
measuring the temperature of the optical waveguide. When,
for example, the probe is in the external acoustic meatus,
the temperature of the optical waveguide -  gradually rises
while the temperature of the infrared sensor hardly changes.
For this reason, a temperature difference is caused between
the infrared sensor and the.optical waveguide. However,
since body temperatﬁre data is calculated in consideration
of these temperatures, an error caused by this temperature
difference can be eliminated.

The following problems, however,'are posed in the
radiation clinical thermometer disclosed in Japanese
Unexamined Pateﬁt Publication. No. 2-28524. Since body
témperature data is .calculated by using a complicated
equation based on a fntal of three variables, i.e., the
temperature data obtained by the two temperature sensors and
the outpﬁt from the infrared sensor, _the microcomputer

requires a complicated program for this operation, and a



ON OFF-control |

ing the respective swi t ches connected to the resistors on

. the basis of the selected correction - 18 -

coefficient.
the R 2R | adder

Wth this OVOFF control, the synthetic resi stance of
resistor type C A converter changes Fig. 6 shows

" the outer appearance of each device in Fig. 3.

long time for arithmetic processing. Furthermore, in the
complicated equation used for this operation, constants such
as the emissivity'of the optical waveguide must be measured
and set .in advance. However, this setting is also difficult
to perform.

The present applicant has disclosed a radiation
clinical thermometer is Japanese Unexamined Patent
Publication No. 6-142063, which uses an analog circuit to
eorrect an error caused by the difference in temperature
between first and second temperature sensors on the basis of
the output voltage from an infrared sensor, the output
temperature from the first temperature sensor adapted to
measure the temperature of the infrared sensot:', and the
output temperature from the eecond temperature sensor
adapted to measure the temperature of an optical waveguide.

The radiation clinical thermometer disclosed in
U.S. Patent No. 5,159,936 includes a first infrared sensor
for receiving thermal radiations from the eardrum and
thermal radiations from an optical waveguide itself, and a
second infrared sensor for receiving enly thermal radiations
from the optical waveguide itself. = This instrument is
designed to correct an error caused by the difference in
temperature between the optical waveguide and the infrared
sensors by subtracting the output from the second infrared
sensor from the output from the first infrared sensor.

Assume that the second temperature sensor is mounted

on the probe unit of the radiation clinical thermometer



The bl ackbody 33 conprises a heater 46 for heating water 48 filling a

~thernostatic chanber 44 having a recess (to be referred'to as a "bl ackbody
cavity" hereinafter) in which the probe 2 is to be inserted, and an

agitator 47 for - making the tenperature of the water 48 uniform

Fig. 6 shows a cutaway view of the main body 4 of the radiation clinical

thernoneter 1 to allow the board on -which a battery 42, an 1 C 43, and the

like are mounted to be seen. The radiation clinical thernmometer 1 is

connected to g RMidedd ngiﬂeviﬁd}a%?eéwou%xama%ad CPREEALOT PlibBikhtion

vertically noved by an el evator 40 connected to the adjusting device 23,
so that the profe.26-942099 t €8 iméfsarePrt® Rempeigt@meebriSthaviagtical

high thermal conductivity and kept at alnbst the sane tenperature as the

Mﬁteﬁ - waveguide. In this case, the mounting positions of such
sensors slightly vary with radiation clinical thermometers.
For this reason, when the radiation clinical thermometer
disclosed in Japanese Unexamined Patent Publication
No. 6-142063 1is mass-produced, the measurement results
obtained by the respective radiation clinicai thermometers
include slight errors.

If the output froﬁ the second infrared sensor is
simply subtracted from the output from the first infrared
sensor, as in the radiétion clinical thermometer disclosed
in .U.S. Patent No. 5,159,936, a body temperature as a
measurement result ipcludes an error because of the
influences and the.like of a shielding plate for shielding
the second infrared sensor from thermal radiations from an

object to be measured.

[Disclosure of Invention]

It is an object of the present invention to provide
a radiation clinicai thermometer which can improve the
accuracy of a body témperature as a measurement result.

In order to achieve the above object,.according to
an'afrangement of the present invenfion, there is provided
a radiation clinical thermometer comprising an infrared
sensor for outputting: an infrared detggtion signal upon

reception of thermal radiations from an object to be



tenperature, and fixed in the blackbody cavity. For exanple, a
- display section 39 of the adjusting device 23 displays a co[% o) I

coefficient, a procedure for adjusting the radiation clini ca?ﬁ(s;%g IS BEEN
1,"an adjustment end nmark, or the like. Fig. 7 is b_floREPhAGED .
for explaining the steps in adjusting the correction amount for the '

radiation clinical thernonmeter -1 by using the device shown in Fig. 3.
- 19 - ’

measured, optical waveguide means for guiding the thermal
radiations from the object to be measured to the infrared
sensor, a temperature sensor for measuring a reference
temperature and outputting a reference temperature signal,
temperature difference detection means for detecting a
temperature difference between the infrared sensor and the
optical waveguide means and outputting a temperature
difference signal, and temperature calculaéion means for
receiving the infrared detection signal, the. reference
temperature signal, and fhé temperature difference signal
and calculating a temperature data siQnal by correcting an
error caused by the temperature difference, characterized in
that the temperature calculation means includes correction
coefficient adjusting means for adjusting a correction
coefficient for fhe temperature difference signal.
According to the above arrangement of the present
invention, since the temperature calculation means includes
the correction coefficieﬁt adjusting means for adjusting the
correction coefficient for the temperature difference signal
from the temperature difference detection sensor for
detecting the temperature difference between the infrared
sensor and the optical waveguide means, a radiation clinical
thermometer can be provided, which can calculate temperature
data upon properly adjusting the error amount based on the
temperature difference between the infrared sensor and the

optical waveguide means, and improves the measurement

accuracy.
_—

S




First of all, the radiation clinical thernmoneter 1 is left to stand in the
surroundi ngs so as to keep the first infrared sensor.10; the optical

"~ wayegui de nmeans 13, and the tenperature difference detection nmeans 54 in

. an"isothernmal state at alnobst roomtenperature (first tenperature -

. difference condition) (F-1). The radiation clinical thernonmeter 1 is

- then set on the elevator 40 and connected to the adjusting device 23

 through the board' connector 41. The adjusting device 23 outputs a signal

from the adjustnent ”Dqﬁcﬁafdih afd ofy sgﬁ%tfh&%ﬁ?%ghefgﬁ%aﬁgmﬁgrggure

correction coefficient adjustlng nmeans o Irnstruc

clinical thermmmuﬂaim@perﬁéangn t eempadided M edPlifatutd N8ifference
adjustnent node, the sel ector

correction means for subtracting the temperature difference
signal from the infrared detection signal, and temperature
data calculation means for-calculating the temperature data
on. the basis of an output signal from the +temperature
difference correction means and the reference temperature
signal, the temperature difference correction means
including the correction coefficient adjusting means. Since
this temperature difference correction means can be
constituted by an analog or digital subtraction means, a
corresponding circuit can be formed, as needed;

In addition,'the correction coefficient adjusting
means is a means for adjusting the contribution of a
temperature difference signal to the subtractlon means, and
a corresponding circuit can be formed in elther an analog or
digital circuit.

Furthermore, according to the present invention, two
different temperature difference conditioné are set between
the infrared sensor and the optical waveguide means, and the
correction coefficient in the correction coefficient
adjusting means is adjusted on the basis of the output under
each condition. A correct correction coefficient can

therefore be set.



setects the correction coefficient fromthe register 36, and a resistance
is determ ned on the basis of this correction coefficient (F-2). Note
that in the initial state in which the board connector 41 is connected
too the radiation clinical thernmoneter 1, a predeterm ned

correction coefficient fromthe correction coefficient generation neans
28 is initially set in the register 36 of the correction coefficient

adj usting neans 16. When the switch 24 of the adjusting device 23

is turned on, t@% E%PV tqé AQt%omer§ %he radiation clinical thernmoneter 1
to insert the probe 2 into IR PPBLR: noF 8FhB9Shenber 45 so as to receive

thern’al radiations fromf.:[lg_ p! %.(‘é(bgd_yff’ghé Fvlew of a radiation clinical

[} .
thermometer according to the first embodiment of the present

invention, Fig. 2 is a partially cutaway sectional view of
the probe of the radiation clinical thermometer_iﬁ Fig. 1,
Fig. 3 is a schematic block diagram showing the radiation
clinical. thermometer and a device which perform correction
amount adjustment fbr the error based on th; difference in
temperature between the_ infrared sensor and optical
waveguide of the radiation clinical thermometer in Fig. 1,
Fig. 4 is a circuit diagram 6f a temperature difference
correction means in Fig. 3, Fig. 5 is a circuit diagram of
an addition circuit including the correction coefficient
adjusting means in Fig. 4, Fig. 6 is a wview showing the
outer appeérance of each device in Fig. 3, Fig..7 is a flow
chart for explaining the steps in adjusting the correction
amount for the radiation clinical thermometer by using the
device in Fig. 3, 'Fig.;8 is a wview for explaining
temperature difference conditions under which the probe is
heated, Fig. 9 is a view for explaining another example of
the place where the correction coefficient adjusting means
is arranged, Fig. 10 is a view for explaining still another
example of the place where the correction coefficient
adjusting means is arranged, Fig. 11 1is a view for
explaining still another exampie of the place where the
- correction coefficient adjusting means is arranged, Fig. 12

is a schematic block diagram showing a radiation clinical



- 20 -
+ menber

wavegui de

state

When the probe 2 is fixed to the probe hol di ng

45, the adjusting device 23 stores, in the first nenory 30, the
tenmperature data (first tenperature data) -output fromthe A-D converter 19
of*the radiation clinical thernmoneter 1 (F-4). That is, since the optical

wi t hout

9 and the second infrared sensor 11 are kept in the isothernal

any tenperature difference

thermometer and a device which perform correction amount
adjustment for the radiation clinical thermometer according
to the second embodiment of the present invention, Fig. 13
is a block diagram showing a correction coefficient
adjusting means and a subtraction means in Fig. 12, Fig. 14
is a partially cutaway sectional view of the probe of a
radiation clinical thermometer according to the third
embodiment of the present inveﬁtién, Fig. 15 Es a schematic
block diagram showing a radiation clinical thermometer and
a device which perform correction amount adjustment for the
radiation clinical thermometer in Fig. 14, and Fig. 16 is a
circuit diagram showing a temperature difference correction

means and a temperature difference detection means in

Fig. 15.

[Best Mode of Carrying Out the Invention]

The preseht invention will now be described wifh
reference to the accompanying drawings.

Fig. 1 is a front view of a radiation clinical
thermometer according to the first embodiment of the present
invention.

A radiation clinical thermometer 1 is a clinical
thermometer for measuring an eardrum temperatufe, and
comprises a main body 4 and a probe 2. The main body 4 has
a liquid crystal display element 6 for displaying a body'
temperature and a measurement switch 5 hgving a pushbutton

structure.

- 10 -



t hrer ebet ween, the output fromthe second infrared sensor 11 becones zero,
and .the output fromthe correction coefficient adjusting neans 16 becones
zero regardless of the value of the initially set correction
~coefficient. Wth this operation, the first nmenory 30 stores the

. measurenent result on the tenperature of the blackbody 33 in the state in
- which there is no tenperature difference between the optical waveguide

" nmeans 13 and the first infrared sensor 10 (the first tenperature

diti : Wh h h
clapsed (F.5), the tenperat iratiFhor eEBRIER L h?f@ peBRaEafS HBkER L An
the A-D convertegyd9 bil%h‘i hdhi S TRHED ea}uf{q{n@% switdhl§ is

~case, since the probe ng nenber 45 i s kept at same
tenperature as depressed the radiation clinical thermometer 1 is powered

on to start temperature measurement. Thereafter, the probe
2 is inserted into the external acoustic meatus of an object
toward the eardrum +to measure the eardrum temperature.
After the probe 2 is properly directed to the eardrum, the
prbbe 2 is removed from the external acoustic meatus. In
this case, since the highest temperature that has been
measured is displayed on the liquid crystal display element
6, the eardrum temperature; i.e., the body temperature, is
displayed on the liquid crystal display e;ement 6. This
display is read as the body temperature of the object.

Fig. 2 is a partially cutaway sectiohal view of the
probe 2 of the radiation clinical thermometer 1 in Fig. 1.

A filter 7 having transmission wavelength
characteristics is mounted on the distal end of the probe 2.
This filter 7 consists of an optical crystal such as silicon
(si) or barium fluoride (BaF,) or a polymer such as
polyethylene, and has a function of selectively transmitting
infrared wavelengths and a dustproof function.

An optical waveguide 8 is a pipe for efficiently
focusing thermal radiations from the eardrum of the object,
and consists of a metal pipe, e.g;, a copper, brass, or
stainless steel pipe. The inner surface of the optical
waveguide 8 is a mirror surface plated with gold (Au) to

"have a high reflectance. Even with such a process, the

- 11 -



the water tenperature, when 10 seconds have el apsed, the tenperature of

t he opti cal
this, the first

wavegui de neans 13 near the probe 2 rises. In contrast to.

infrared sensor 10 is still kept at al nbst room

" tehperature because it is spaced apart fromthe probe hol di ng nenber 45.

- For this

- 21 -
- (second

reason, a tenperature difference occurs between t-he optical

wavegui de neans 13 and the first infrared sefnsor 10

inner surface of the optical waveguide 8 cannot be made into
a blackbody Planckian radiator having a reflectance of 1.00.
The inner surface of the optical waveguide 8 therefore has
a slight emissivity.

An optical waveguide 9 consists of the same material
as that for the optical waveguide 8. The inner surface of
the optical waveguide 9 has undergone the same process as
that for the optical waveguide 8. However, ofie end (on the
filter 7 side) of the optical waveguide 9 is sealed such
that no infrafed radiations from the object enter. The
optical waveguide 9 is arranged near the optical Waveguide
8 to have the same temperature as that of the optical
waveguide 8. . The conditioﬁ required for the optical
waveguide 9 is that it has the same temperature as that of
the optical waveguide 8. That is, the optical waveguidexg
need not consist of the same material as that for the
optical waveguide. 8, and need not have the same inner
surface state as that of the optical waveguide 8.

A first infrared sensor 10 is a sensor for detecting
infrared radiations emitted from the object and focused by
the‘optical waveguide 8. This sensor also detects thermal
radiations from the optical waveguide 8 itself. 1In contrast
to this, a second infrared sensor 11 detects thermal
radiations from the optical waveguide 9 itself because the
distal end of the optical waveguide 9 is sealed. The second
infrared sensor 11 is arranged near tpe first infrared

sensor 10 to have the same temperature as that of the first

- 12 -



tenperature difference condition). Sinmlarly, a tenperature difference
occurs between the optical waveguide 9 and the second infrared sensor 11. .
The second infrared sensor 11 therefore generates an output corresponding
tothis tenperature difference. On the basis of the initially set
correction coefficient, the correction coefficient adjusting neans 16
generates an output obtained by correcting the output fromthe second
infrared sensor (11. The subtractlon neans 17 subtracts the .corrected

ou]E put Lr om t helBEEBREd FRNFIF L0 ser dromBeR YIS REHIRD S o FRESPT &P
Infrare sensor 10. $inc A—D C nverter copyver (0]

t he subtracti on™FBEHELTY %HFO §Wﬂ%ﬁﬁ r%ﬁﬂQﬁjéE%dP % #?g?géﬁfgéa %%ngh
tenperature dat a étSﬁon%e%%ﬁﬁ?&%&%%?edd%%%%of:qﬁ.adJUSt'ng devi ce 23 stores

t'he second tenp

The principle of the operation using the first and
second infrared sensors 10 and 11 will be described below.
If the temperature'of the optical waveguide 8 is equal to
that of the first infrared sensor 10, the first infrared
sensor 10 can apparently detect only'infrafed radiations
from the object, even though thermal radiations emitted from
the optical waveguide 8. This is because, when the
temperature of the optical waveguide 8 is equal to that of
the first infrared sensor 10, thermal radiations from the
optical waveguide 8 can be neglected in'considefation of the
balance between the radiations incident on the first
infrared sensor 10 and the radiations emitted therefrom.
When, however, a temperature difference occurs between the
optical waveguide 8 and the first infrared sensor 10, the
thermal radiations from the optical waveguide 8 differ from
the thermal radiations from the first infrared sensor 10.
The first infrared sensor 10 therefore detects both the
thermal radiations from the first infrared sensor 10 and the
thermal radiations from the optical waveguide 8, and the
thermal radiations from the 6p£ica1 waveguide 8 cannot be
neglected. | For this reason, the radiation clinical
thermometer 1 includes the seéond infrared sensor 11 to
detect infrared radiations from the opFical waveguide 9

under the same temperature condition as that for the optical

- 13 -



data in the second nenory 31. . The conparison neans 29 ‘conpares
- the first tenperature data stored in the first nenory 30 with the second
tenperature data stored in the second menory 31 (F-7). |If the conparison

result indicates incoincidence (F-8), the correction coefficient

. generation nmeans 28 outputs a new correction coefficient to the register
- 36 of the correction coefficient adjusting neans 16 to change the

- correction coefficient output fromthe register 36 (F-9). The ab

processing is t WeNSFSAOG fed 3Rfhi RUPEFEFEP ngafr GmPAIRCS Rty B}Q‘\éte patput

second temper at e 13ta (Ecdhia Ihdkaba sdiSotX T E-A0 g5 Wule pul5h] Whe

i . first infrared sensor 10 on which the influences of the
temperature of the optical wavéguide 8 are exerted, thereby
detecting the infrared radiations from the object which are
free from the influences of the temperature of the optical
waveguide 8.

Fig. 3 is a schematic block diagram showing the
radiation clinical thermbmeter 1 and a device which perform
adjustment of the correction amount fbr an error (to be
referred to as "correction amount adjustment" hereinafter)
based on the difference in temperature between the infrared
sensor and optical waveguide of the radiation clinical
thermometer 1 in Fig. 1.

Referring to Fig; 3, reference numerals 23, 32, and
33 respectively. denote an adjusting device, a .water
thermometer, and a blackbody which are used to perform
correction amount adjustment for the radiation clinical
thermometer 1.

As will be described later, the blackbody 33 is
constitufed by a thermostatic cﬁamber, as shown in Fig. 6,
and the water thermometei 32 measures the water temperature
of the thermostatic chamber, i.e., the temperature of the
blackbody 33.

The radiation clinical thermometer 1 comprises an
optical waveguide means 13 constituted b¥ the filter 7 and

the optical waveguide 8 to focus thermal radiations from an

- 14 -



the second tenperature data stored under the second tenperature difference
condition differs fromthe first tenperature data stored under the first
tenperature di
difference between the first infrared sensor 10 and the optical wavegui de
13. That the first and second tenperature data, which should be

means
equal
anmount

to each o
for the

fference condition in which there is no tenperature.

ther, differ fromeach other indicates that the correction

econd |nfrared sensor, 11 i s t corre
%Jec be measured, the Qgrst {n rared sensor 10, a

temperature difference detection means 54 constituted by the
optical waveguide 9 and the second infrared sensor 11, the
temperature sensor 12, a temperature calculation means 21
for calculating the temperature of the object on the basis
of the outputs from the first infrared sensor 10, the second
infrared sensor 11, and the temperature sensor 12, and a
display means 22 which has the 1liquid chStal. display
element 6 and displays the.temperature as the calculation
result obtained by the temperature calculation means 21.
Referring to Fig. 3, the object is the blackbody 33.

The temperature calculation means 21 comprises a
temperature difference correction means 18 for correcting
the error based on the differeﬁce in temperature between the
optical waveguide 8 and the first infrared sensor 10, an A-D
converter 19 for converting analog data into digital data,
and a temperature data calculation means 20 for calculating
the temperature data of the object on the basis of the
digital output from the temperature difference correction
means 18 and the output from the temperature sensor 12. The
temperature difference correction means 18 comprises a first
initial-stage amplifier 14 for amplifying the detection
51gnal from the first infrared sensor 10, a second
initial-stage amplifier 15 for amplifying the detectlon
signal from the second infrared sensor 11, a correction
coefficient adjusting means 16 capable of adjusting a

correction coefficient for adjusting'the detection signal

- 15 -



Therefore, until a correct correction anmount is determned, the correction
coefficient is changed to find the resistance of, the correction
~coefficient adjusting nmeans 16, which nakes the tenperature of the

' bl ackbody 33, neasured by the radiation clinical thernometer 1, uniform

~even if the tenperature difference condition changes. If it is
determ ned in step (F-8) that the conparison result indicates

i ncoi nci dence, e storage i nstructin ans 27 out uts a signal .to the
ooy 37 of |t ha Tod RHE FEroRge i caimd SRS 7S PRORSE VadgRy, Ut

(Fo10). The 1 adi AEFGH %érﬁ%ve"%’rﬁf hngee "s‘ttﬂtr;“ﬁ' 1 shdcgepgegh ot
celevator 40 and IGRRYRdhel SUBIH 1 U LS YU 1 1] wilich has W 'difjusted

radi ation clinica

- to the proper value by the correction coefficient adjusting
means 16, from the detection signal from the first infrared
sensor 10.

The adjusting device 23 compriées a switch 24 for
designating the start of correction amount ‘adjustment for
the radiation clinical thermometer 1, a timer 25 for.
monitoring the lapse of a predetermined.period of time after
the switch 24 is turned on, an adjustment mode notification
means 26 for notifying the radiation clinical thermometer 1
that an adjustment mode is being set, a first memoxy 30 for
storing the digital ouﬁput from the temperature difference
correction means 18 which is output through the A-D
converter 19, a second memory 31 for storing the digital
output from the temperature difference correction means 18
which is output through the A-D converter 19 upon checking
the 1apse of the predetermined period of time by the timer
25, a comparison means 29 for comparing the value stored in
the first memory 30 with the value stored in the second
memory 31, a correction coefficient generation means 28 for
outputting a new correction coefficient to the correction
coefficient adjusting means 16 on the basis of the
comparison result obtained by_the comparison means 29, and
a storage instructing means 27 for. instructing the

correction coefficient adjusting means 16 to store the
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thermonmeter 1 is disconnected fromthe adjusting device 23 in this manner,
no signal indicating the adjustnment node is output to the selector 38 of
the correction coefficient adjusting neans 16. As a result, the selector
38 sel ects ' - 23 - the correction
coefficient fromthe nenory 37, and a resistance is determ ned on the
basis of this correction coefficient.

cﬁrrently set correction coefficient on the basis of the
comparison result obtained by the comparison means 29.

' In correction amount adjustment, the temperature of
the blaékbody 33 upon storing the output in the first memory
30 may differ from that upon storing the output in the
second memory 31. For this reason, every time correction
amount adjustment is performed, the temperature of the
blackbody 33 is measured by the water thermometer 32, and
the measured water temperature, i.e., the temperature of the
blackbody 33, is stored in the first and second memories 30
and 31. ‘The comparison means 29 then compares the value
stored in the first memory 30 with the value stored in the
second memory 31, considerihg the water temperature as well.

Fig. 4 is a circuit diagram of the temperature
difference correction means 18 in Fig. 3.

The correction coefficient adjusting means 16 énd
the subtraction means 17 shown in Fig. 3 are realized by an
addition circuit 35 in Fig. 4. The correction coefficient
adjusting means 16 is realized by a variabie resistor whose
resistance can be externally changed.

| In this embddiment, the temperature difference
correction means 18 including the subtraction means 17 is
realized by the addition circuit 35. However, since the
polarity of the secoﬁd infrared sensor 11, whose output is
input to the addition circuit 35, is opposite that of the
first infrared sensor 10, the add;;ion circuit 35

substantially operates to subtract the output from the
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The tenperature of the blackbody 33 under the first tenperature difference
condition may be slightly different fromthat under the second tenperature
difference condition. It suffices, therefore, if the actual tenperature of
the blackbody 33 is neasured by the water thernonmeter 32 and stored in
the first and second nenories 30 and 31 every tine the first and second
tenperature data are obtained, and the conparison neans 29 conpares the

(st and second oL SIReIAELEHAMILh RO AhNGIe CONFLAET gt Ao YRk

I'S no tenperature ference etween

first infrared _R?EPQPéd 19en§§g §ge optyfal g yRveEd dechansnisiaiD8tage

out put fromthe converter changes as the tenperature of the

bl ackbody 33 chaggesifiéatibhenshrs 14t BREC16SaRe ILEEBEEDER PPt ¥BRAERBD to
t enper at ure of

the outputs of the first and second infrared sensors 10 and
11. However, these means may not be required depending on
the degrees of sensor outputs and the performance of the
addition circuit 35.

'Fig. 5 is' a circuit diagram of the addition circuit
35 including the correctibn coefficient adjusting means 16
in Fig. 4.

As the correction coefficient adjusting means 16, a
well-known R-2R ladder resistor type C-A converﬁer may be
used, as shown in Fig. 5.

Reference numeral 36 denotes a register in which a
correction coefficient is set in accordance with an

~ instruction from the correction coefficien£ generation means
28;: 37, a memory for storing the correction coefficient set
in the register 36 in accordance with an instruction from
the storage instructing means 27; and 38, a selector for
selecting the correction coefficient output from the
register 36 hpon reception of an adjustment mode
notification from the adjustment mode notification means 26,
selecting the correction coefficient stored in the memory 37
when receiving no adjustment mode notificaﬁion, from the
adjustment mode notification means 26, _and
ON/OFF-controlling the respective switchgs connected to the

resistors on the Dbasis of the selected correction
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t he bl ackbody 33 upon storage of the first tenperature data and the

t enperature of the blackbody 33 upon storage of the second tenperature
data, the first and second tenperature data nmay be adjusted in accordance
with this difference. In this enbodiment, the first tenperature
difference condition is the condition in which the optical wavegui de
means 13 and the first infrared sensor 10 are set in an isothermal state.

However, the preseni_jnyvention is not . limte o this; a.predeterm ned . .,
t enper at ur e diff%ﬁ%%%%cﬁ%§t'be th™ this ON/OFF control, ‘the sypyhetic

resistance of the R-2R ladder resistor type C-A converter

: changes.

Fig. 6 shows the outer appearance of each device in
Fig. 3.

The blackbody 33 comprises a heater 46 for heating
water 48 filling a thermostatic chamber 44 having a recess
(to be referred to as a "blackbody cavity" hereinafter) in
which the probe 2 is to be inserted, and an agitator 47 for
making the temperature of the water 48 unifoim.

Fig. 6 shows a cutaway view of the main body 4 of
the radiatibn clinical thermometer 1 to allow the board on
which a battery 42, an IC 43, and the like are mounted to be
seen. The radiation clinical thermometer 1 is connected to
the adjusting devicé 23 through a board connector 41 and
vertically moved by an elevator 40 connected to the
adjusting device 23, so that the probe 2 is inserted into a
probe holding member 45 having a high thermal conductivity
and kebt at almost the same temperature as the water
temperature, and fixed in the blackbody cavity. For
example, a display section 39 of the adjusting device 23
displays a correctibn coefficient, a procedure for adjusting
the radiation clinical thermometer 1, an adjustment end
mark, or the like.

Fig. 7 is a flow chart for explaining the Steps in
adjusting the correétion amount for fhe Fadiation clinical

thermometer 1 by using the device shown in Fig. 3.
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Inthis enbodi ment, under the two types of tenperature difference
conditions, i.e., the first and second tenperature difference conditions,
the correction anount is adjusted such that the tenperature of the
bl'ackbody 33 which is neasured by the radiation clinical thermoneter 1 is
made uniform However, the present invention is not limted to this;

- adjustnment may be perforned such that the tenperature of the blackbody 33

R L e
is left to stand in the surroundings so as to keep the first
. infrared sensor 10, the optical waveguide means 13, and the
temperature difference detection ﬁeans 54 in an isothermal
state at almost room temperature (first temperature
difference condition) (F-1). The radiation clinical
thermometer 1 is then set on the elevator 40 and connected
to the adjusting device 23 through the board' connector 41.
The adjusting device 23 outputs a signal from the adjustment
mode notification means 26 to the selector 38 of the
correction coefficient adjusting means 16 to instruct the
radiation ciinical thermometer 1 to operate in the
adjustment mode. In the adjustment mode, the selector 38
selects the correction coefficient from the register 36, and
a resistance is determined on the basis of this correction
coefficient (F-2). Note that in the initial state in which
- the board connector 41 is connected to the radiation
clinical thermometer 1, a predetermined correction
coefficient from the correction coefficient generation means
28 is initially set in the register 36 of the correction
coefficient adjusting means 16.

When the switch 24 of the adjusting device 23 is
turned on, the elevator 40 lowers the radiation clinical
thermometer 1 to insert the probe 2 into the probe holding
member 45 so as to.receive thermal radiations from the

blackbody 33 (F-3).
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In this enbodi ment, the adjusting device 23 adjusts _the correction anount
until the first tenperature data becones equal to the second tenperature
data. However, the present invention is not limted to this; adjustmnment
may be perfornmed such that the difference between the first and second
tenperature data falls wthin a predeterm ned range (in which the

measur enent accuracy i s not affected). In this enbodi nent, the

ol ding | member Zée. ' tHESE! AORboBI OB b B! ot HFEd priber il Gop CRB1ding
pr edet er m ned d t
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shown in Fig. 8.

output from the A-D converter 19 of the radiation clinical
thérmometer 1 (F-4). That is, since the optical waveguide
9 and the second infrared sensor 11 are kept in the
isothermal state without any temperature difference
therebetween, the output from the second infrared sensor 11
becomes zero, and the outpue from the correction coefficient
adjusting means 16 becomes.zero regardless of the value of
the initially set correction coefficient. With this
operation, the first memory 30 stores the measurement result
on the temperature of the blackbody 33 in the state in which
there is no temperature- difference between the optical
waveguide meansllé and the first infrared sensor 10 (the
first temperature condition).

When the timer 25 operates, and 10 seconds have
elapsed (F-5), the temperature data (second temperature
data) output from the A—b converter 19 is stored in the
second memory 31 (FQG). In this case, since the probe
holding member 45 is kept at almost the seme temperature as
the water temperature, when 10 seconds have elapsed, the
temperature of the optical weveguide means 13 near the probe
2 rises. In contrast to this, the first infrared sensor 10
is still kept at alﬁost room temperature because it is
spaced apart from the probe holding memper 45. For this

reason, a temperature difference occurs between the optical
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In this enbodinment, the addition circuit 35 incorporates the
correction coefficient adjusting nmeans 16, -

25 - as shown in Fig. 4. However, the present invention is not

limted to this. For exanple, as shown in Fig. 9, a second initial-stage

anplification neans 51 may incorporate a correction coefficient adjusting
means 34. As shown in Fig. 3, this enbodinent includes the

waveguide means 13 and the first infrared sensor 10 (second
temperature difference condition). Similarly, a temperature
. difference occurs between the optical waveguide 9 and the
second infrared sensor 11. The second infrared sensor 11
therefore generates an output corresponding to this
temperature difference. On the basis of the initially set
correction coefficient, the correction coefficient adjusting
means 16 generates an output obtaiﬁed by correcting the
output from the second infrared sensor 11. The subtraction
means 17 subtracts the corrected outp’ut from the second
infrared sensor 11 from the output from the first infrared
sensor 10. Since the A-D converter 19 converts the output
from the subtraction means 17 into a digital value, and
outputs the resultant temperature data (second temperature
data), the adjusting device 23 stores the second temperature
data in the second memory 31. |
The comparison means ~ 29 compares the first
temperature data stored in the first memory 30 with the
second temperature data_stored in the second memory 31
(F-7). If the comparison result indieates incoincidence
(F-8), -the correction _coefficient. generation means 28
outputs a new correction coefficient to the register 36 of
the correction coefficient adjusting meane 16 to change the
correction coefficient output from the register 36 (F-9).
The above proceesing is then performed again,.starting from
the sampling of the second temperature data (F-E). That is,

the comparison result indicating incoincidence means that
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correction coefficient adjusting neans 16 for adjusting the correction
coefficient for the signal output fromthe second infrared sensor 11, and
the adjusted output fromthe second infrared sensor 11 is subtracted from
the output fromthe first infrared sensor 10. However, the present

i nvention is

‘'not limted to this. For exanple, as shown in Fig. 10, a

correction coefficient adjusting neans 83 may be used to adjust the output

fromthe first

infrared sensor 10 to a er ratio, .and the adj,usted
out put from t he te stSeGeHG ar"e%l“%"e‘?%%‘l‘rﬁo ‘y’asuﬁFPﬁgfl f Pﬁ‘ﬂe?heq%\ﬁ

the second jnfrared sensor
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correction ITE&I’IS
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difference condition in which there is no temperature
difference between the first infrared sensor 10 and the
6ptical waveguide means 13. That the first and second
temperature data, which should be' equél to each other,
differ from each other indicates that the correction amount
for the second infrared sensor 11 1is not correct.
Therefore, until a correct correction amount is detérmined,
the correction coefficient is changed to find the resistance
of, the correction coefficient adjusting means 16, which
makes the temperature of the blackbody 33, measured by the
radiation clinical thermometer 1, uniform even if the
temperature difference condition changes.

If it is determined in step (F-8) that the
comparison result indicates incoincidence, the storage
inst;ucting means 27 outputs a signal to the memory 37 of
the correction coefficient adjusting means 16 to record, on
the memory 37, the correction coefficient currently set in
the.register 36 (F-10). The radiation clinical thermometer
1 is then raised by the elevator 40 and removed from the
board connector 41 (F-11). When the radiation clinical
thermometer 1 is disconnected from the adjusting device 23
in this manner, no signal indicating the adjustment mode is
output to the selector 38 of the corrgction coefficient

adjusting means 16. As a result, the selector 38 selects
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85 in Fig. 10 which corresponds to this arrangenent. | - In this

enbodi.nent, the

first and second tenperature data are obtained from-the

~outputs fromthe A-D converter 19:. However, the present invention is not

limted to this.

For exanple, as indicated by the dotted arrows in Figs. 3

and 10, the outputs fromthe tenperature data cal culation neans 20 may be

obt ai ned as the
--_26-

first and second tenperature data.

the correction coefficient from the memory 37, and'.a
resistance is determined on the basis of this correction
cqefficient.

The temperature of the blackbody 33 under the first
temperature difference condition may be slightly different
from that under the second temperature difference condition.
It suffices, therefore, if the actual temperature of the
blackbody 33 is measured by the water thermometer 32 and
stored in the first and second memories 30 and 31 every time
the first and second temperature data are obtained, and the
comparison means 29 compares the first and second
temperature data with each other, considering the actual
témperature. Even if there is no temperature difference
between the first 'infrared sensor 10 and the optical
waveguide means 13, the output from the A-D converter 19
changes as the temperature of the blackbody 33 changes. If,
therefore, there is a difference between the-temperature of
the blackbody.33 upon storage of the first temperature data
and the temperature of the blackbody 33 upon storage of the
second temperature data, the first and second temperature
data may be adjusted in accordance with this differenée.

In this embodiment, the first temperature difference

condition is the condition in which the optical waveguide

means 13 and the first infrared sensor 10 are set in an
isothermal state. However, the present invention is not

limited to this; a predetermined temperature difference may

be set.
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Al though the first and second nenories 30 and 31, the conparison neans 29,
and the |like are arranged in the adjusting device 23, these conponents may
be_arranged in the radiation clinical thernoneter 1. Fig. 12 is-a
schematic bl ock diagram showing a radiation clinical thernoneter 55 and a
devi ce which perform correction anount adjustnent for the radiation
clinical thernoneter according to the second enbodi nent of the present
i nvention. The sanme reference pnunmerals j.n Fig. 12 denote the sane parts a
8‘}” two r‘ES‘{)

in Fig. 3, and a descri R on*Mifier & _"\Féiﬂe%'e o4 . the BR%s ©

enbodi ment A D A A% SIS ol ATYA, S 4. LRI Crirat ana

' second temperatﬁre difference conditions, the correction
amount 1is adjusted such that the temperature of the
blackbody 33 which is measured_by the radiatioﬁ clinical
thermometer 1 is made uniform. However, the present
invention is not 1limited to this; adjustment may be
performed such that the temperature of the blackbody 33
which is measured by the radiation clinical thermometer 1 is
made uniform under three or more types of temperature
difference conditions.

In this embodiment, the adjusting device 23 adjusts
the correction amount until the first temperature data
becemes equal to the second temperature data. However, the
present invention is not limited to this; adjustment may be
performed such that the difference between the first and
second temperature data falls within a predetermined range
(in Which the measurement accuracy is not affected).

In this embodiment, the second temperature
difference condition is set by caﬁsing the probe holding
member 45 in.the_blackbody 33 to hold the probe 2 for a
predetermined period of time. However, the present
invention is not limited to this; the probe 2 may be heated
by a heater block 49 heated by . a heater device 50 to set the
second temperature difference condition, as shown in Fig. 8.

~In this embodiment, the add%tion circuit 35

incorporates the correction coefficient adjusting means 16,
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conversion on the input stages of a correction coefficient adjusting nmeans
59 and a subtraction neans 60. Reference nuneral 58 denotes an A-D
converter for converting the output froma tenperature sensor 12 into
~digital data. : Fig. 13 is a bl ock diagram showi ng the correction
~coefficient adjusting neans 59 and the subtraction neans 60 in Fig. 12.

: The correction coefficient adjusting nmeans 59 conprises a contribution

setting nmeans 63 for setting .and_ outputting a contributjop on the basis of
the signals froff &RO¥Hj d&t %é—ﬁt fode %‘f*?lgrat’%lb% %%%%“J%G}“‘éeg bPRgd" Rot

28, o mul {1 pl i cAURGRoB FeUFRiBs EP BAPRALEr| R PRE"BorReltda St AUFSFPRR
q_second Infrarggitial—stage amplification means 51 may incorporate a
correction coefficient adjusting means 34.

As shown in Fig. 3, this embodiment includes the
correction coefficient adjusting means 16 for adjusting the
correction coefficient for the signal output from the second
infrared sensor 11, and the adjusted output fiom the second
infrared sensor 11 is subtracted from the.output from the
first infrared sensor 10. However, the present invention is
not limited to this. For example, as shown in Fig. 10, a
correction coefficient adjusting means 83 may be used to
adjust the output from the first infrared sensor 10 to a
proper ratio, and the adjusted output from the first
infréred sensor 10 may subtract from the output from the
second infrared sensor 11, thereby detecting infrared
radiations from the object without any influences of the
temperature of the optical waveguide 8. Fig. 11 is a
circuit diagram of a temperatﬁre difference correction means
85 in Fig. 10 which corresponds to this arrangement.

In this embodiment, the first and second temperature
data are obtained from the outputs from the A-D converter
19. However, the présent invention is not limited to this.
.For example, as indicated by the dotted arrows in Figs. 3
and 10, the outputé from the temperature data calculation
means 20 may be obtained as the first and §econd temperature

data.
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- 27 - sensor 11 by nultiplying the contribution fromthe
contribution setting neans 63 and the output fromthe A-D converter. 57
which is recorded on a nenory 66, and the menory 66 for storing the
corrected output fromthe second infrared sensor 11 in place of the output
fromthe second infrared sensor 11. The subtraction nmeans 60
conprises a nenory 65 for

Although the first and second memories 30 and 31,
the comparison means 29, and the like are arranged in the

' adjusting device 23, these components may be arranged in the
radiation clinical thermometér 1.

Fig. 12 is a schematic block diagram showing a
radiation clinical thermometer.55 and a device which perform
correction amount adjustment for the radiation c¢linical
thermometer according to the second embodiment of the
present invention. The same reference numerals in Fig. 12
denote the same pérts as in Fig. 3, and a description
thereof will be omitted.

In this embodiment, A-D converters 57 and 56 in a
temperature difference correction means 61 perform digital
conversion on the input étages of a correction coefficient-
adjusting means 59 and a subtraction means 60. Reference
numeral 58 denotes an A-D converter for converting the
output from a temperature sensor 12 into digital data..

Fig. 13 is a block diagram showing the correction
coefficient adjusting means 59 and the subtraction means 60
in Figqg. 12;

The correction coefficient adjusting means 59
comprises a contribution settiﬁg means 63 for setting and
6utputting a contribution on the basis of the signals from
anl adjustment mode notificatioﬂ means 26, a storage
instructing means 27, and a correction coefficient

generation means 28, a multiplication circuit 64 for

calculating the corrected output from a second infrared
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storing the output from the A-D converter 56, and a substraction
circuit 67 for subtracting the corrected output fromthe second infrared

sensor 11, stored in the nenory 66, fromthe output froma first infrared
sensor 10, stored in the menory 65. In this enbodi nent,
~correction amount adjustnent is perforned as follows. First of all,

. the con;ributi?P setting neans 63 sets a contribution on the basis of the
correction coefficient from.the correcti on coefficient, .generatio an
28. ghe PultipFFBﬁPFon%ﬁrwRXt %ﬂ££ﬁ8 Yipg,  L0Bs (SRR l??onf%ﬁ@ the
second infrared senso 1 on e basi s of e t ntrj j O h
substraction ciFSHFFlgg%;gﬂbFéggﬁyqiﬂ?%ﬁﬁrégtggaoﬁﬁ%ﬂéqéﬁggt#ﬁ?@éggﬁdA-D

infrared sensor 11 fromthe output fIombheqblr Sini &f MidfsrF€R%QT df8d the

memory 66 for storing the corrected output from the second
infrared sensor 11 in place of the output from the second
infrared seﬁsér 11. |

The subtraction means 60 compriseé a memory 65 for
storing the outpﬁf' from the A-D converter 56, and a
substraction circuit 67 for subtracting the corrected output
from the second infrared sensor 11, stored in the memory 66,
from the output from a first infrared sensor 10, stored in
the memory 65. |

In this embodiment, correétion amount adjustment is
performed as follows. First of all, the contribution
setting means 63 sets a contribution on the basis of the
correction coefficient from the correction coefficient
generation means 28. The multiplication circuit 64 then
corrects the output from the second infrared sensor 11 on
the basis of the éet contribution. The substraction circuit
67 subtracts the corrected output from the second infrared
sensor 11 from the output from the first infrared sensor 10.
In this case, adjustment is performed until a contribution
that makes the outputs from the substraction circuit 67,
stored in first and second memories 30 and 31, uniform under
the first and second temperature difference conditions is

determined. Since the manner of setting the temperature
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I this case,
outputs fromthe substraction circuit 67, stored in first and second
menories 30 and 31, uniformunder the first and second tenperature

difference conditions is determned. Since the manner of setting the

tenperature
condi ti ons

S

adjustnment is performed until a contribution that nakes the

: - 28 - di fference
the same as in the first

difference conditioné - is the same as in the first
embbdiment, a description thereof will be omitted.

This embodiment includes the correctioh coefficient
adjusting means 59 for adjusting the correction coefficient
for the signal from the second infrared sensor 11, as shown
in Fig. 12. However, the present invention is not limited
to this. For example, the embodiment may include a
correction coefficient adjusting means for ‘adjusting the
correction coefficient for the signal from thé first
infrared sensor 10.

Fig. 14 is a partially cutaway sectional view of the
probe of a radiation clinical thermometer according to the
third embodiment of the present invention. The same
reference numerals in Fig..14 denote the same parts as in
Fig. 2, and a description thereof will be omitted.

In the first and second embodiments, the temperature
difference detection means 54 is constituted by the optical
waveguide 9 and the second infrared sensor 11. - In this
embodiment, a temperature difference detection means is
constituted by a second temperature sensor 69 for measuring
the temperature of an optical.-wa#eguide 70 and a first
temperature sensor 72 for measuring the temperature of an
infrared sensor 71. | .

Reference numeral 70 denbtes the optical waveguide
for efficiently focusing thermal radiations from the eardrum
of an object to be ﬁeasured. Thié .optical waveguide

consists of the same material as that for the optical
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embodi ment, a description thereof will be omtted. Thi s enbodi nent
I ncl udes-the correction coefficient adjusting neans 59 for adjusting the
correction coefficient for the signal fromthe second infrared sensor 11,
- as shown in Fig. 12. However, the present invention is not limted to

"~ this. For example, the enbodi ment may include a correction
coefficient adjusting neans for adjusting the <correction coefficient for
~the signal fromthe first |nfr%r.ed ensor

partially cutand§VEaRiAgnd e e a‘b‘?lg"g méd?jé%og%?%‘ cléaﬁﬂl%almner_
ther nonet er. acc%r gfgget cbf&'feesé hiid tﬁé@"q}f’m&ﬁ%l giavlé dd’' §Sent peference

I nventi on. erence nunerals in enote the sane

parts as in Fi ﬂum@ra§n€9adélﬁ’§€éépé | QI eMpetdtule s¥fidd®dor measuring

the temperature of the opticai waveguide 70; and 71, a
sensor for detecting thermal radiations emitted from the
object and focused by the optical waveguide 70. This sensor
also detects thermal radiations from the optical waveguide
70 itself when there_is a temperature differente between the
infrared sensor 71 and the optical waveguide 70. Reference
numeral 72 denotes a first temperature sensor for measuring
the temperature of the infrared sensor 71.

Fig. 15 is a schematic block diagram éhowing a
radiation clinical thermometer 73 and a device which perform
correction amount adjustment for the radiation clinical
thermometer in Fig. 14. The same reference numerals in
Fig. 15 denote the same parts as in Fig. 3, and a
description thereof will be omitted.

Referring to Fig. 15, the radiation <clinical
thermometer 73 comprises an optical wavéguide means 74 which
are constituted by a filter 7 and the optical waveguide.70
to focus thermal radiations from a blackbody 33, the
infrared sensor 71, the temperature difference detection
means 75 constituted by the second temperature sensor 69 and
the firét £emperature sensor 72, a temperature calculation
means 81 for calculating the.temperature of the object on
the basis of the outputs from the tempgrature difference

detection means 75, the infrared sensor 71, and the first
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In“the first and second enbodi nents, the tenperature difference detection
nmeans 54 is constituted by the optical waveguide-9 and the second infrared

sensor 11.:

In this enbodi nent, a tenperature difference detection neans

is constituted by a second tenperature sensor 69 for neasuring the
tenperature of an optical waveguide 70 and a first tenperature sensor 72

for nmeasuring the tenperature of an infrared sensor 7. Reference
nunmeral 70 denotes the Q tical wav |de for |C|entl C S|n er nal

radi ati ons fromThe i m° o1 ofa bf"88[ argt ?)B A LT % Jé) 9
?agggelde Cons¥ﬂ€3égmﬂéféééﬂg ggt%hbab&%% fE%lfc"régﬁiQpEBEaned by the

temperature calculation means 81.

The temperature calculation means 81 comprises a
temperature difference correctien means 79 for correcting
the error based on the difference in temperature between the
optical waveguide 70 and the  infrared sensor.71, an A-D
converter 80 for converting analog data into‘digital data,
and a temperature data calculation means 20 for calculating
the temperature data of the object on the basis of the
digital output from the temperature difference correction
means 79 and the output from the firet temperature sensor
72. The temperature difference correction means 79
comprises an 1initial-stage amplification means 77 for
emplifyiﬁg the detection signal from the infrared sensor 71,
a correction coefficient adjusting means 76 for adjusting
the corfeetion coefficient to correct the error based on the
temperature difference, and a subtraction means 78 for
subtracting the detection signal from. the temperature
difference detection means 75, which is adjusted to a proper
value by the correction coefficient adjusting means 76, from
the detection sighal from the infrared sensor 71.

| Fig. 16 is a circuit diagram showing the temperature
difference correction means 79 and the temperature

difference detection means 75 in Fig. 15.
The correction coefficient adjusFing means 76 and

the subtraction means 78 are realized by an addition circuit
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waveguide 8 in Fig. 2, and has undergone the sane inner surface process as
that of the wavegui de 8. Ref erence nuneral 69 denotes a second
tenperature sensor for nmeasuring the tenperature of the optical waveguide
70; and 71, a sensor for detecting thermal radiations emtted fromthe

obj ect and focused by the optical waveguide 70. This sensor also detects
thermal radiations fromthe optical waveguide 70 itself when there is a

erper at ur.e di Figey eage PEG1CEE. 1 e 1Al LS CPRE" JIrAlSc ISR WdfAlcient
adjustiﬁg means 16 in Fig. 5, as the correction coefficient

‘ adjusting means 76, an R-2R ladder resistor type C-A
converter may be used. The correction coefficient adjusting
means 76 includes a register 36 in which a correction
coefficient is set iniaccordance with an instruction from a
correction coefficient generation means 28, a memory 37 for
storing the correction coefficient set in the register 36,
in accordance with an instruction from the storage
instructing means 27, and a selector 38 for selecting the
correction coefficient output from the register 36 upon
reception of an adjustment méde notification from an
adjustment mode notification means 26, selecting the
correction coefficient stored in  the memory 37 when
receiving no adjustment mode notification from the
adjustment mode notification means 26, and
ON/QOFF-controlling the respective switches connected to the
resistors on the basis of the selected correction
coefficient. = With this ON/OFF control, the synthetic
resistance of the R-2R ladder resistor type C-A converter
changes.

In the temperature difference detection means 75,
the first temperature sensor 72 and the second temperature
sensor 69 are series-connected, and the two terminals of
this series circuit are respectively connected to a (+)
power supply and a (~) power supply. These power supplies

are set to +2.5 V and -2.5 V, i.e., the same voltage with
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nuneral 72 denotes a first tenperature sensor for nmeasuring the
tenperature of the infrared sensor 71. Fig. 15 is a schematic
bl ock diagram showing a radiation clinical thermoneter 73 and a device
whi ch perform correction anmount adj ustment for the radiation clinical

thermoneter in Fig. 14. The sane reference nunerals in Fig. 15 denote
the sanme parts as in Fig. 3, and a description t her eof mﬁll be omtted.
Referring to Fig. 15 he radlgﬁgon clinical EQHDneter ri ses. an
optical wavegui dESFBERE 75%whik aﬁ%&%ﬁﬁ@ﬁ?tu?@ B9Sa filt fYPERature

opti cal maveQU|d@igg?ﬁég?éocggteg%r é%£§'025t2§§1 ma blaCkbogémpgra£Q%e

I nfrared sensor enperature i ffererice Smedhs

constituted by thesperondet 8780 W R&EVERS GRdBRJone voltage division at

the first temperature sensor 72 and the second temperature

" sensor 69. Note that the two temperature sensors 72 and 69

consist of thermistdrs having sihilar electrical
characteristics.

In this embodiment, correétipn amount adjusfment ié
performed as follows. First of all, é correction
coefficient is set in the register 36 in accordance with an
instruction from the correction coefficienf genération means
28. The resistance of the correction coefficient adjusting
means 76 is then determined on the basis of this correction
coefficient. The temperature difference signal Td from the
temperature difference detection means 75 Dbecomes a
corrected temperature. difference signal through the
correction coefficient adjusting means 76. The subtraction
means 78 subtracts the corrected temperature difference -
signal from the output from the infrared sensor 71 which is
amplified by the initial-stage ampiifigation means 77. In
this case, adjustment is performed until a correction
coefficient that makes the outputs from the A—D_Converter
80, stored in first and second memories 30 and 31, equal to
eaéh other is determined. Since the manner of setting the
temperature difference conditions is the same as’ in the.

first embodiment, a description thereof will be omitted.
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the first tenperature sensor 72, a tenperature calculation means 81 for
calculating the tenperature of the object on the basis of the outputs from
the tenperature difference detection nmeans 75, the infrared sensor 71, and

the first

- 30 - t enperat ure sensor

72, and a display neans 22 for displaying the tenperature as the
calculation result obtained by the tenperature calculation nmeans 81.

This embodiment includes the correction coefficient

adjusting means 76 for adjusting the correction coefficient

for the signal from the temperature difference detection

means 75, as shown in Fig. 15. However, the present
invention is not 1limited to this. ° For example, the
embodiment may include a correction.coefficient adjusting
means for adjusting the correction coefficient for the
signal from the infrared sensor 71.

In the present invehtion, as each infrared sensor,
for example, a sensor using a thermopile or a pyroelectric
element may be used. In addition, the temperature sensors
are not limited to the thermistors, and any elements can be
used as long as they have temperature characteristics. For

example, diodes may be used.

[Industrial Applicability]
Although the present invention has been disclosed
for the radiation clinical thermometers, the invention can

be applied to general radiation thermometers.
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The tenperature cal culation means 81 conprises a tenperature difference

correction means /9 for correcting the error based on the# T ﬁA @EEN
tenperature betﬂﬁ‘s@ﬂe&ﬁﬁ‘sBeQﬂiﬂ'ﬁ?d wavegui de 70 and the infr ﬂé§

an A-D converte ting analog data into digithgl _da

t enper at ure dat am { m ans 20 for calculating the terrperature data
of the object on digital output fromthe tenperature '
di fference correction neans 79 and the,o tRu &r mthe first tenperature
sensor 72, The tenperature differ® g % gction means 79
conprises an initial-stage anplification "means 77 for anplifying the
detection signal fromthe infrared sensor 71, a correction coefficient

adj usting meansy 76 for gdj pglkREiohhecEQREEELT OBhELRbREELENt cbApeeEiag! hRe
error based on tﬁe

lnfrared'sensor for outputting an infrared detection signal

upon reception of thermal radiations from an object.to be
measured, optical waveguide means for guiding the thermal
radiations from the object to be measured to said infrared
sensor, a temperature sensor for measuring a reference
temperature and outputting a reference temperature signal,
temperature difference detection means for detecting a
temperatufe difference between said infrared sensor and said
optical waveguide means and outputting a temperature
difference signal, and temperature calculatioh means for
receiving the infrared detection signal, the reference
temperature signal, and the temperature difference signal
and calculating a temperature data signal by correcting an
error based on the temperature differénce,

characterized in that said temperature calculation
means inc1udes correction coefficient adjusting means for
adjusting a correction coefficient for the temperature
‘difference signal or the infrared detection signal.
2. A radiation clinical thermometer comprising an
inf:ared sensor for outputting an infrared detection signal
uﬁon receptioﬁ of thermal radiations from an object to be
measured, optical waveguide means for guiding the thermal
radiations from the object to be measured to said infrared

sensor, a temperature sensor for measuring a reference

[T T ——
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tenperature difference, and a-subtTactiom means 78 for subtracting the

detection signal fromthe tenpegatyr L fference detectio _ >

is adjusted to a proper value Ehls gﬂeenﬁ dcerﬁiecoeffi ci ehtTHIGISHEET mAS BEEN
means 76, from the detection si rﬂ'ﬂﬂ fnfrared sendor 7I1REPLAGED
Fig. 16 is a circuit diagramsho e 1 ature diff amenee~

correction neans 79 and the tenperature. difference detection neans 75
in Fig. 15. correcgtion coefficient adjusting nmeans 76 and the

S The
subtracti on rrean%e“?%e’é?feu’r'%a"f“ﬂéeB“BQuEFI-lQHdi_a.t irtﬁﬂfeé%ﬁ ttemperature signal,
- 31 -

temperature difference detection means for detecting a
t - temperature differenée between said infrared sensor and said
optical waveguide 'means and outputting a temperature
difference signal, and temperature calculation means for
receiving the infrared detection signal, the reference
temperature signal, and'thé temperature difference signal
and calculatihg a temperature data signal by’ correcting an
error based on the temperéture difference,
characterized in that said temperature calculation
means includes correction coefficient adjustiﬁg means for
adjusting a correction coefficient for the temperatﬁre
difference signal.
3. A radiation clinical thermometer according to claim
2, characterized in that said temperature calculation means
comprises temperature _diffefence correction means for
subtracting the temperatufe difference signal from the
infrared detection signal, and température data calculation
means for calculatihg the temperature data on the basis of
an output signal from said temperature difference correction
means and the reference temperature signal, said temperature
~difference correction means including said correction
coefficient adjusting means.
4. A radiation clinical thermometer according to claim
3, characterized. in that said temperature difference
correction means comprises subtractioﬁ.megns for subtracting

the temperature difference signal from the infrared
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82-in Fi'g. 16. Simlar to the correction coefficient adjusting neans 16
in Fig. 5 as the correction coefficient adjusting neans 76, an R-2R

| adder resistor type C-A converter may be used. The correction
coefficient adjusting neans. 76 includes a register 36 in which a
correction coefficient is set in accordance with an instruction froma
correction coefficient generation nmeans 28, a menory 37 for storing t he

C e o e e O g 1 o lag b E BT8R M (obcson

sel ecting the RIJAGHUhCOLESISLERS AUbRY Jdipidiss r§85§§€£n§6m%%%% for

' adjusting a contribution of the temperature difference
signal with respect to said subtraction means.
5. A radiation clinical thermometer according to claim
4, characterized in that said subtraction means comprises an
addition circuit constituted by an operational amplifier for
receiving the infrared detection signal and the temperature
difference signal, and said correction coefficient adjusting
means comprises resistance adjusting means for changing a
resistance of a temperature difference signal input
resistor.
6. A radiation cliﬁical thermomeﬁer according to claim
5, characterized in that said resistance adjusting means
comprises a plurality of resistors, switching means for
switching and connecting said resistors, and a control
circuit for controlling said switching meané.
7. A radiation clinical thermometer according to claim
3, characterized in that said temperatﬁre difference
correction means comprises subtractionumeans for subtracting
the temperature difference signal from the infrared
detection signal in a digital manner, and said correction
coefficient adjusting means comprises adjusting means for
adjusting a contribution of the temperaturé difference
signal with respect to said subtraction means.
8. A radiation clinical thermometer gccording to claim

7, characterized in that said subtraction means comprises an

L —



recepti on of an adjustnent node notification froman -adjustnent node
notification nmeans 26, selecting the correction coefficient stored in the

menory 37 when

receiving no adjustnment node notification from the

adj ust nment node notification means 26, and
OV OFF-controlling the respective switches connected to the resistors on
the basis of the selected correction coefficient. Wth this OVOFF

control, the

synthetic resistance of the R 2R | adder resistor type CGA

converter changfrared detddtidif !SFBRAA! Uit or BRGe det Ctbhiph

75, the first

respectively connected to a

tenperature sensor 72 a the second tenperature sensor 69

are series-conngcfedrennd gm?nhmomémb&ynab& gtortiigs ther HaFrareduidetdiction

+)

signal and the temperature difference signal as digital
values, respectively, and a digital subtraction circuit for
subtracting data in said two memories from each other, and
said correction coefficient adjusting lﬁeéns comprises a
multiplication circuit for multiplying the value stored in
said temperature difference signal membry by the
contribution, and contribution setting means for setting the
contribution.

9. A radiation clinical thermometer according to claim
3, characterized in that said optical waveguide means
comprises a first optical waveguide portion having an open
distal end, said infrared sensor comprises a first infrared
sensor arranged at a proximal end of said first optical
waveguide portion, and said tempeiature difference detection
means comprises a second optical waveguide portion kept in
substantially the same temperature state és that for said
first optical waveguide portion and having a sealed distal
end, and a second infrared sensor arranged at a proximal end
of said second optical waveguide portion.

10. A radiation clinical thermometer according to claim
3, characterized in that said optical waveguide means
comprises an optical waveguide member having an open distal
end, said infrared sensor comprises a thermopile arranged at
a proximal end of said optical waveguidq.member, énd said

temperature difference detection means comprises a first

e
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power supply and a (-) power supply. These power supplies are set to +2.5
Vand -2.5 V, i.e., the sane voltage with- - 32

respect to the reference voltage. The tenperature
dlfference detection neans 75 outputs a tenperature difference signal Td
havi ng undergone voltage division at the first tenperature sensor 72 and

thg second tenperature sensor 69. Note that the two tenperature sensors 72
and 69 |
: temperature sensor for measuring a temperature of said

optical waveguide member and a second temperature sensor for
] measuring a temperature of said thermopile.

11. A radiation clinical thermometer according to claim
9, characterized in that said temberature difference
correction means comprises subtraction means for subtracting
the infrared détection signal output from said first
infrared sensor and the temperature difference signal output
from said second infrared sensor from each other in an
analog manner, and said correction coefficient adjusting
means comprises adjusting means for adjusting a contribution
of the temperature difference signal with respect to said
subtraction means.

12. _ A radiation clinical thermometer according to claim
11, characterized in that said subtraétion means comprises
an.addition circuit_constituted by an operational amplifier
for receiving the infrared detection signal and the
temperature difference, .and said correction coefficient
adjusting means comprises resistance adjusting means for
changing a resistance of a temperature difference sighal
input resistor.

13. A radiation clinical thermometer according to claim
12, characterized in that said resistance adjusting means
comprises a plurality of resistors, switching means for
switching and ‘connecting said resistors, and a control

circuit for controlling said switching means.

(W -



consi st of therm stors havi ng simlar el ectrical <characteristics.
In this enbodi ment, correction anmount adjustnment is performed as

fol |l ows. First of all, a correction coefficient is set in the
régister 36 in accordance with an instruction fromthe correction
coefficient generation neans 28. The resistance of the correction
coefficient adjusting neans 76 is then deternmined on the basis of this

S e GoThaL, o0 3 FRBRETRR Bibd o eehRReted Ak e 1 a4

I on neans correcte enperature

oo P80, R SHCTSERAEn SRR, At o

gifference sigpalrbctTonhReaHEPEdmpE P E NEl +4¥ riafiad SenfiQige’ hmpfliiFi dat ion
means for amplifying the infraréd detection signal ocutput
fiom said first thermopile, second initial-stage
amplification means for amplifying the  temperature
difference signal output from said second thermopile, and
subtraction means for subtracting, in an analog manner, the
temperature difference signal output from said second
initial-stage amplification means from the‘ infrared
detection signal 6utput from said first initidl-stage
amplification means, and said correction coefficient
adjusting means comprises aﬁ amplification factor adjusting
means for said second initial-stage amplification means.
15; - A radiation clinical thermometer according to claim
2, characterized in: that said .correction cbefficient
adjusting means is adjusted on the basis of a first output
data signal 6utput under a first temperature difference
condition for said infrared sensor and éaid optical
wavegﬁide means and a second output daté signal output under
a second temperature difference condition for said infrared
sensor and said optical waveguide means.
16. A radiation clinical thermometer according to claim
15, characterized in that the first temperature difference
condition is a condition in which a temperature of said
inf;ared sensor is substantially equal t9 a temperature of

said optical waveguide means, and the second temperature

T
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anplified b_ytheinitial st age amhﬁmmaanﬁ? In this case,

adj ust nent

Is perfornmed until a c effl I ent that
outputs fromthe A-D converter 8{] ce I% Been and secmgﬁﬁegﬂﬁ?ﬂ'&@@&”

and 31, equal

to each other is det
tenperature difference conditions i

the manner} of. s&EPLAGEDR he

|n the first enbodi nent,

a description thereof wll be onmitted. : _ - 33

difference condition is a_coﬂdition in which theltemperature
of said infrared sensor differs from the temperature of said
optical waveguide means.
17. A radiationldlinical thermometer according to claim
15, characterized in that the second temperature difference
condition is set by héating said optical waveguide means.
18. A temperéture error correction method for a
radiation clinical thermometer comérising'an infrared sensor
for outputting an infrared detection signal upon reception
of thermal radiations from an object to be measured, optical
waveguidé means for guiding the thermal radiations from the
object to be measured to said infrared sensor,.a temperature
sensor for measuring a reference temperéture énd outputting
a reference temperature signal, temperature difference
detection means for detecting a temperature difference
between said infrared sensor and said optical waveguide
means and outputting a temperature difference signal, and
temperature calculation means  for receiving the infrared
detection signal, the feference temperature signal, and the-
temperature difference signal and calculating a temperature
data signal by correcting an error based on the temperature
difference, characterizéd by comprising

the step of arranging temperature difference
correction means for -‘adjusting a contribution of the
temperature difference signal or the infrared detection
signal based on a temperature differgnce between said

infrared sensor and said optical waveguide means, and
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Thi s enbodi nment includes the correction coefficient- adjusting neans 76 for
adj usting the correction coefficient for the signal fromthe tenperature
difference detection nmeans 75, as shown in Fig. 15. However, the
present invention is not Jlimted to this. For exanple, the
enbodi nent may include a correction coefficient adjusting neans for

adj usting the correction coefficient for the signal fromthe infrared
sensor 71. n. t he pr.ese ention,.as e cqginfrared sensor

exanpl e, a s_enjsoarmi%’lf%n% e nng%iflléggpg Py HREe2 ric SR T iy b&s f&r)

et brora L ferd I LSRR ¢a9880CRo eFoficla MIASAAR. Bepe. ar, 2

characteristics.cdiftant temperature, the step of detecting a first output
data signal output under a first temperature difference
condition for said infrared sensor .and said optical
waveguide means, the step of detecting a second output data
signal output under a second temperature difference
condition for said infrared sensor and ‘said optical
waveguide means, the step of comparing the first and second
output dataland outputtihg comparison data, and the step of
adjusting said correction coefficient adjusting means on the
basis of the comparisoh data such that the first output data
signal coincides with the second output data signal.
19. A temperature errof correction method for a
radiation clinical thermometer comprising an infrared sensor
for outputting an infrared detection signal upon reception
of thermal radiations from an object to be meésured, 0pti¢a1
'aneguide means for guiding the thermal radiations from the
object to be measured to said infrared sensor, a temperature
sensor for measuring a reference temperature.énd outputting
a reference température signal, temperature difference
detection means for detecting a femperature difference
between said infrared sensor and said optical waveguide
means and outputting é'temperature difference signal, and
temperature calculation means for receiving the infrared
detection signal, the reference temperature signal, and the

temperature difference signal and calculating a temperature

- 42 -
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exanpl e, di odes may be used. i al Applicability]

[ L,ndyst i

Al though the present invention . b e&hd for t et -

clinical thernoneters, the inve 'I Eppl ied to Q‘B%SHEEBW\%&EW
' REPLACED

t her nonet er s.

data signal by correctiﬁg_an error based on the temperature
difference, characterize&.by.comprising |

i the step of a::anging temperature measuring means
for measuring a tempefature'of a blackbody, and temperature
difference correction means for adjusting a contribution of
the temperature difference signal or the infrared detection
signal based on a temperature difference between said
infrared sensor and said optical waveguide means, and
arranging said radiation clinical thermometer so as to
receive thermal radiations from a blackbody . képt at a
constant temperature,'the step of detectihg a first output
data signal output under a first temperature difference
condition for said infraréd sensor and said optical
waveguide means, the step of deﬁecting a second output data
signal output under a second temperature difference
condition for said infréred sensor and said optical
waveguide means, the step of meésuring a measurement
temperature difference between a measurement temperature of
the blackbody under the first temperatﬁre differenée
condition and a neaéurement temperature of the blackbody
under the second temperature difference condition, the step
of outputting a témperature difference betwgen the first
output data signal and the second output data signal, and
the step of adjusting said correction coefficient adjusting
means on the basis of the comparison data such that the
temperature difference coincides with' the measureﬁent

temperature difference.
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infrared sensor for outputtlng etectlon si gnal |-THISCSHERTCRRS |
of thermal radiations from an HMH!“ rreasured opti cfal FFRS IBEEN
means for guiding the thernal I ONs o~re—reasued 1o

said infrared

_ 35 -
1. radlﬁgsﬁuatuaelabamkc bood t her monet er onprising an

wa
fromthe object ﬁ HQEHAGED

sensor, a tenperature sensor for' measuri ng a ref erence

20. A temperature - error correction method for a
radiation clinical thermometer comprising an infrared sensor
for outputting an iﬂfrared détection signal upon reception
of thermal radiations from an object'to be measured, optical

waveguide means for guiding the thermal radiations from the

ekis

object to be measured to said infrared sensor, a temperature

sensor for measuriﬁg a reference temperature and outputting
a reference temperature signal, temperature difference
detection means for detecting a temperature difference
between said infrared sensor and said optical waveguide
means and outputting a.temperature difference signal, and
temperature calculation means for receiving . the infrared
detection signal, the reference temperature signal, and the
temperature difference signal and calculating a temperature
data signal by correcting an error based on the tempe;ature
difference, characterized by comprising

the step of arranging temperature difference
correction means for adjusting a contribution of the
température difference signal based on a temperature
difference between said infrared sensor and said optical
waveguide means, 'and arranging said radiation clinical

thermometer so as to receive thermal radiations from a

blackbody kept at a constant temperature, the step of

detecting a first output data signal output under a first
temperature difference condition for said infrared sensor
and said optical waveguide means, the step of detecting a

second output data signal output under a second temperature

~ 4| EWRN IR HORD T
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tenperatureﬂand outputting a reference tenperature signal, tenperature
di fference detecti ffi HeqNas Bk RpRLACL i ng a tenperature di

said infrared senso |
tenperature di ffer'gm Em
receiving the infra

d tenperature cal cul ati

i cal wavegui de means and Hﬁ?%ﬁ%ﬁf S BEEN
u t Eea EPMQ%% '

and the tenperature difference signal and calculating a tenperature data
'signal by correct error ¢ the .te at ur

SLanal by, corr oal D B ST HaFRHSE A {RELeTPRERLULS AIRLENSS G sata

correct on CoctLLELSH ARAThIA8 ERRE, Ble APLASH bR P irat and

gﬁtection Si gNalacofid outphit H%QE?QAH106%§J%£Eﬂg LORPEPIBLR datQTPRNS Rhe
step of adjustinc said correction coefficient adjusting
means ‘on the basis of the comparison data such that the
first output data signal coincides with the second output
data signal. | |
21. A temperature error correction method for a
radiation clinical thermometer comprising an infrared sensor
for outputtinc an infrared detection signal upon reception
of thermal radiations from an object to be measured, optical
waveguide means for guiding the thermal radiations from the
object to be measured to said infrared sehsor, a temperature
sensor for measuring a reference temperature and outputting
a reference temperature signal, temperature difference
detection means for detecting a temperature difference
between said infrared sensor and said optical waveguide
means and outputting a temperature difference signal, and
temperature calculation means for receiving the infrared
detection signal, the reference temperature signal, and the
temperature difference signal and calculating a temperature
data signal by correcting an error based on the temperature
difference, characterized by comprisinc

the step of arranging temperature measuring means

for measuring a temperature of a blackbody, and temperature
difference correction means fcr adjustinq a contribution of

the temperature difference signal based on a temperature

LT T

ignal, the reference tenperature srgmat-



infrared sensor for outputting -an infrared detection signal upon reception
of thermal radiations froman object to be nmeasured, optical waveguide
means for guiding the thermal radiations fromthe object to be measured to
said infrared sensor, a tenperature sensor for neasuring a reference

-36- tenperature and outputting a reference tenperature signal

tenperature difference detection neans for detecting a tenperature

difference between said infrared sensor sai
ifference between sagd ln%rareé sensor and said optical

waveguide means, and arranging said radiation clinical
u - thermometer so as to receive. thermal radiations from a
blackbody kept at a constant tempefature, the step of
detecting a first output data signal output under a first
temperature difference conditioh for said infrared sensor
and said optical waveguide means, the step of detecting a |
second output data signal'output under a second temperature
difference .condition for said infrared sensor and said
optical waveguide means, the step of measuring a measurement
temperature difference between a measurement temperature of
the blackbody wunder the first temperature difference
condition and a measurement temperature ot the blackbody
under the second temperature difference condition, the step
of outputting a temperature difference between the first
output data signal and the second output data signal, and
the step of adjusting said correction coefficient adjusting
means on the basis of the comparison data such that the
temperature difference coincides with the measurement
temperature difference.
22. A temperature error correetion method for a
radlatlon clinical thermometer according to claim 20 or 21,
characterlzed in that the first temperature dlfference
condition is a condition in which a temperature of sald'
infrared sensorx is‘substahtially'equal to a temperature of
said optical waveguide means, and the eecond temperature

difference condition is a condition in which the temperature
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optical wavegui de neans and outputting a tenperature difference signal,
and tenperature calculation neans for receiving the infrared detection
signal, the reference tenperature signal, and the tenperature difference
signal and calculating a tenperature data signal by correcting an error
caused by the tenperature difference, characterized in that said
tenperature calculation neans includes correction coefficient adjusting

f dj ust j a C ti ffigient f t he t t .
di fference signdit Said Lnfraedisanagy cithers Lenl thfetERPRERbREPAGE: 821d

claim 2, chanm§§¥ig§i{éé&éggidgaﬁgaﬁgnperature cal cul ati on neans
er

conprises tenperattre dif nce correcfion neans for subtracting the
tenperature d'ffffﬁnce SAgn%EmLEQQEBQQ error correction method for a

radiation clinical thermometer according to claim 20 or 21,
characterized in that the second temperature difference
condition is set by heating said optical waveguide means.

24, A temperature error correction method for a
radiation clinical thermometer according to c¢laim 20 or 21,
characterized in that said temperature correction means
comprises an addition.circuit constituted by an operational
amplifier for receiving the infrared detection signal and
the temperature difference signal, the step of adjusting
said temperature difference correction means comprises
adjusting a resistance of a temperature difference signal
inbut resistor of said operational amplifier.

25. A temperature error correction méthod for a

radiation <c¢linical thermometer according to ciaim 24,
characterized in that fhe first and second output data
signals are output signals from said operational amplifier
constifuting said addition.circuit.

26. A temperature error correction method for a
radiation clinical thermometer according to claim 20 or 21;
characterized in that the first and second output data

signals are temperatﬁre data signals.

UL
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I nfrared detection signal, and tenperature data cal cul ation mneans for
calculating the tenperature data on the basis of an output signal from
said tenperature difference correction mneans and:the reference tenperature
si'gnal , said tenperature difference correction neans including said
correction coefficient adjusting neans. 4. A radiation clinical
thernoneter according to claim 3, characterized in that said tenperature
difference <correction neans conprises_subtracti on neans for subtracting
the tenperature difference signal fronftReSihfRafell T

i It is an object of the present invention to provide
a radiation clinical thermometer which can improve the
accuracy of a body temperature as a measurement result.

in order to achieve this object, according to the
present invention, there is provided a radiation clinical
thermometer including an infrared sensor for outputting an
infrared detection signal upon reception of thermal
radiations from an object to be measured, optical waveguide
means for guiding the thermal radiations from the object to
be measured to the infrared sensor, a temperature sensor for
méasuring a reference temperature and outputting a reference
temperature signal, temperature difference detection means
for detecting a temperature difference between the infrared
sensor and the optical waveguide means and outputting a
temperature difference signal, and temperature calculation
means for receiving the infrared detection signal, the
reference temperature signal, and the temperature difference
signal and calculating a temperature data signal by
correcting an error based on the temperature difference,
wherein the temperature calculation means includes
correction coefficient adjusting means for ddjusting a
correction coefficieht for the temperature difference
signal.

According to the present invgntion, since the

temperature calculation means includes the correction
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detection signal i'n an anal og manner, and said correction coefficient

adj usting neans conprises adjusting neans for adjusting a contribution of
the tenperature difference signal with respect to said subtraction neans.
5. A radiation clinical thernoneter according to claim 4,
characterized in that said subtraction neans conprises an addition circuit
constituted by an operational anmplifier for receiving the infrared
detection signal and the tenperature difference signal, and said

cor ect i on_coel e &ns gk U8kl Nty B R SRUP Eo3eSad A3k ELARC 410 USHEBG 1 on
aﬂ a ere ut

means for changinga resrs ce o eﬁgerature ce signal Inp _
resistor. 6. coefEf @At PO CLhEl tehpelatiRer s RGEHH NS diaL! 8k8h the
' temperature difference detection means for detecting the
temperature difference between the infrared sensor and the
optical waveguide means, a radiation clinical thermometer
can be provided, which can calculate temperature data upon
properly adjusting the error amount based on the temperature

difference between the infrared sensor and the optical

waveguide means, and improves the measurement accuracy.
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5; characterized in that said resistance adjusting neans conprises a
plurality of resistors, switching neans for sw tching and connecting. said
resistors, and a control «circuit for controlling said switching nmeans. 7.
A'radi ation clinical thernoneter acCording to claim 3, characterized in
that said tenperature difference corre t @eans conprises subtraction
nmeans for subtracting the tenperature ference signal fromthe infrared
detection signal in a digital.mnner, and sai'd correction coefficient

adj usting neans conprises adjusting neans for adjusting a contribution of
the tenperature difference signal with respect to said subtraction neans.
8. A radiation clinical thernoneter according to claim 7,

char act er| zed in that sai d subtraction l]_]E?né cor]Frl ses an

| RADIATION CLINICAL THERMOMETER

)

LIQUID CRYSTAL
GDISPLAY ELEMENT 4 MAIN BODY

2 PROBE \ | /

< 7
Q S
/

5 MEASUREMENT SWITCH

[\




infrared detection signal nenory and a tenperature difference signal
menory for storing the infrared detection signal and the tenperature
difference signal as digital values, respectively, and a digital
subtraction circuit for subtracting data in said two nenories from each
other, and said correction coefficient %?Usbu ng nmeans conprises a
multiplication circuit for nultiplying t al*fue stored in said
tenperature difference signal nenory by- the
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centribution, and contribution setting neans for setting the contribution.
9. A radiation clinical thernoneter according to claim 3,
characterized in that said optical wavegui de means conprises a first

opti cal wavegui de portion having an open distal end, said infrared sensor
conprises a first infrared sensor arranged at a proximl end of said first
optical waveguide portion, and said tenpeggtyyre difference detection
means conprises a second optical waveguide portion kept in substantially
the sane tenperature state as that for said first optical waveguide
portion and having a sealed distal end, and-a-secand.unfrared sensor ____ 5
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conpri ses

wavegui de menber

conprises an opti cal
tenperature difference detecti-on nmeans conprises a first

said infrared sensor

end,

end of said optical
r qee§uring a tenperature of said-

wavegui de neans
éﬁperature sensor for

¥

a proxi nmal

tenperature sensor f

havi ng an open di st al
wavegui de nmenber and a second

de menber

a thernopile arranged at

3, characterized in that said optical
wavegui

and sai d.
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measuring a tenperature of said thermopile. 11
thernoneter according to claim 9, characterized in that said
tenperature difference correction nmeans conprises subtraction nmeans for
subtracting the infrared detection signal output fromsaid first infrared
sensor and the tenperature difference sigipaly gutput fromsaid second

I nfrared sensor fromeach other {n an anal og manner, and said correction
coefficient adjusting neans comgrises adjusting neans for adjusting a
contribution of the tenperaturexdifference signal with respect to said

A radiation clinical

subtraction neans. 12. A radflation clinical thernobnmeter according to
claim 11, characterized in .that®%said subtracti on neans conprises an
addition circuit constituted by %n operational anplifier
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fer receiving the infrared detection signal and the tenperature
difference, and said correction coefficient adjusting neans conprises

resi stance adjusting nmeans for changing a resistance of a tenperature
dirffference signal input resistor. 13. A radiation clinical thernoneter
according to claim 12, characterized iqs}hzt sai d resistance adjusting
means conprises a plurality of resistors] mptching means for swtching

and connecting said resistors, and a control - circuit for controlling said
sSwW t chi ng neans. _ . -39-

. - | FIG. 6
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detection signal output from said first "initial-stage anplification
nmeans, and said correction coefficient adjusting nmeans conprises an
anplification factor adjusting neans for said second initial-stage
anplification nmeans. 15. A radiation clinical thernmoneter according to
claim 2, characterized in that saig prgection coefficient
adjusting neans is adjusted on the basis of a first output data signal

out put under a first tenperature difference ~condition for said infrared
sensor and said optical waveguide neans and a second output data signal
out put under a second tenperature difference condition for said infrared
sensor and said optical wavegui de neansgs , A radiation clinica

t hernoneter according to claim 15, ch raLt ri z in that the first
tenperature difference -
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15, characterized in that the second tenperature difference condition is
set by heating said optical wavegui de neans. 18. A tenperature error
correction nethod for a radiation clinical thernoneter conprising an
infrared sensor for outputting an infrared. detection signal upon reception
of thermal radiations froman object to be neasured, optical waveguide
means for guiding the thermal radiations frqp}ﬁEe object to be neasured to
said infrared sensor, a tenperature sensor TOr neasuring a reference
tenperature and outputting a reference tenperature signal, tenperature
difference detection nmeans for detecting a tenperature difference

2 1 TEMPERATURE CALCULATION MEANS

between said infrared sensor..and said qptical _Waveduide . Oeans and ]
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detection signal, the reference tenperature signal, and the tenperature
difference signal and calculating a tenperature data signal by correcting
an error caused by the tenperature difference, characterized by conprising
the step of arranging tenperature difference correction neans for
adjusting a contrib@tion of the tenperature difference signal or the

I nfrared detection msignal caused by a e fbﬁhre di fference between
said infrared sensgr and said optical wavegui de neans, and
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agranging said radiation clinical thernonmeter so as to receive thernmal
radi ati ons froma bl ackbody kept at a constant tenperature, the step of
detecting a first output data signal output under a first tenperature
drfference condition for said infrared sensor and said optical waveguide
nmeans, the step of detecting a second output data signal output under a
second tenperature difference condition foil§ Ld infrared sensor and said
optical wavegui de neans, the step of conpa.%nggthe first and second

output data and outputting conparison data, and the step of adjusting said

correction coeffic

. . . - .
such that the firdgt -Gpirici des wth,.the second_.autput
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radi ation clinical thernoneter conprising an infrared sensor for
outputting an infrared detection signal upon reception of thernal

radi ati ons froman object to be nmeasured, optical waveguide nmeans for
gtiding the thermal radiations fromthe object to be neasured to said
infrared sensor, a tenperature sensor ﬁog/pepqyring a reference
tenperature and outputting a reference tenperature signal, tenperature
difference detection nmeans for detecting a tenperature difference

bet ween said infrared sensor and said optical wavegui de reans apd
outputting a tenperature difference signal, and tenperdﬁure cal eyl ati on
means for receiving the infrared detection signal, the g erencgf
temperature signal, and the tenperature difference signglgand cd&l cul ating
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- 42 - - - 43 - data signal by correcting
an error caused by on the tenperature difference, characterized by

conpri si ng " the step of arranging tenperature neasuring nmeans for-
measuring a tenperature of a bl ackbody, and tenperature difference
correction nmeans for adjusting a contriQut, the tenperature
difference signal or the infrared detecti§n9ngﬂénal caused by a tenperature
difference between said : :
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infrared sensor and said optical wavegui de neans, and arranging said
radiation clinical thernoneter so as to receive thermal radiations froma
bl ackbody kept at a constant tenperature, the step of detecting a first
omt put data signal output under a first tenperature difference condition
for said. infrared sensor and said optical waveguide neans, the step of
detecting a second output data signal outﬁgy gnder a second tenperature
difference condition for said infrared se 61%and said optical waveguide
means, the step of measuring a neasurenent tenperature difference between
a neasurenent tenperature of the blackbody under the first tenperature

difference condition and a neasurenent tenperatare of _tHe brackpody —tnde
the second tenperaturegdifference condition; the step !
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i nfrared sensor, mE sensor for measuring ﬁé%eS'éEETeHAS BEEN |
t enperature and reference t enper at ure silgnal , REPLAGKEmRt ur e |

di fference det ectlon means for detecling a terrperaturé'mrente——beﬁ‘/een
said infrared sensor and said optical wavegui de neans and out putti ng a

tenperature diff t | cul
recei vi n;r trﬁ%l ﬂﬁ%‘gp ggpscdgﬁgct"faovr?%‘fﬁ%\np’%%ﬂ%r &f 2 Cuﬁlcdgﬁfiprpgggg ur e%5| gnal ,
and the teppesalyLe dielhar 69Ge &b %db%alnfé‘éis"i’fféég fo ! eABEH A G eqdat a

signal by correcting an error caus he tenperature difference,
characteri zggn Q¥ CONPr k¥npdrature sensor for measuring a reference

1

temperature and outputting a reference temperature signal,

temperature difference. detection means for detecting a
temperafure difference between the infrared sensor and the
optical waveguide means and outputting a. temperature
difference signal, and temperature calculation means for
receiving the infrared detection signal, the reference
temperature signal, and the temperature difference signal
and calculating a temperature data signal by correcting an
error caused by the temperature difference, characterized in
that the temperature calculation means includes correction
coefficient adjusting means for adjusting a correction

or the infrared detection signal
coefficient for the[;emperature difference signal.

According to the above arrangement of the present
invention, since the temperature calculation means includes
the correction coefficient adjusting means for adjusting the
correction coefficient for the temperature difference signal
from tbe temperature difference detection sensor for
detecting the temperature difference between the infrared
sensor and the optical waveguide means, a radiation clinical
thermometer can be provided, which can calculate temperature
data upon properly adjusting the error amount based on the
temperature difference between the infrared sensor and the
optical waveguide means, and improves the measurement

accuracy.
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t he step™of

adjusting a contribution of the

t enper at ure

arranging tenperature difference correction neans for

difference signal caused by a tenperéture di fference

between said infrared sensor and said. optical waveguide neans, and
arrangi ng said radiation clinical thernmonetgg so as to receive thernal
radi ations froma bl ackbody kept at a constant tenperature, the step of

detecting a

difference condition for said infrar@dls@ndoM Sand said optical wavegui de

first output data signal output under a first tenperature

nmeans, the step of detecting a second output data signal output under a
second tenperature

1. A radiation c¢linical thermometer comprising an
infrared sensor for outputting an infrared detection signal
upon reception of thermal radiations from an object to be
measured, optical waveguide means for guiding the thermal
radiations from the object to be measured to said infrared
sensor, a temperature sensor for measuring a reference
temperature and outputting a reference temperature signal,
temperature difference detection means for detecting a
temperature difference between said infrared sensor and said
optical waveguide means and outputting a temperature
difference signal, and temperature calculation means for
receiving the infrared detection signal, the reference
temperature signal, and the temperature difference signal
and calculating a temperature data signal by correcting an
caused by

error based-on the temperature difference,

characterized in that said temperature calculation
means includes correction coefficient adjusting means for
adjusting a corfection coefficient for the temperature
difference signal or the infrared detection signal.
2. A radiation c¢linical thermometer comprising an
infrared sensor for outputting an infrared detection signal
upon reception of thermal radiations from an object to be
measured, optical waveguide means for guiding the thermal
radiations from the object to be measured to said infrafed

sensor, a temperature sensor for measuring a reference

caused by

-

N
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- 45 - difference condition for said infrared sensor and said opﬁZQB’VO'J
wavegui de neans, the step of conparing-the first and second output d

and outputting conparison data, and the step of adjusting said corre?ﬁ?ﬂs
coefficient adjusting neans on the basis of the conparison data such that

the first. output data signal coincides with the second output data

signal . - 21. A tenperature error —cérrection nmethod for a radiation
clinical thernonmeter conprising an infrared sensor for outputting an

infrared demesbugedsi Gl idHIONWELEGRLEEN meRdins! MRITBdu i Adhgt ithleS $K@PRAD

obj ect to be neasured, optical
radiations from the object to be measured to the infrared
sensor, a temperature sensor for measuring a reference
temperature and outputting a reference temperature signal,
temperature difference detection means for detecting a
temperature difference between the infrared sensor and the
optical waveguide means and outputting a temperature
differencg_signal, and temperature calculation means for
receivinérzthe infrared detection signal, the reference
temperature signal, and the temperature difference signal
and calculating a temperature data signal by correcting an
error caused by the temperature differeﬁée;lcharacterized in

that the temperature calculation means includes correction e

coefficient adjusting means for adjusting a correction
coefficient for the temperature difference signal or the
infrar detection signal.

According to the above arrangement of the present
invention, since the temperature calculation means includes
the correction coefficient adjusting means férmadjusting the
correction coefficient for the temperature difference signal
from the temperature difference detection sensor for
detecting the temperature difference between the infrared
sensor and the optical waveguide means, a radiation clinical
thermometer can be provided, which can calculate temperature
data upon properly adjusting the error amount based on the

temperature difference between the infrared sensor and the

optical waveguide means, and improves the measurement

accuracy - REPLAGEMENT SHEET
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AMENDED SHEET




wavegui de nmeans for guiding the thernmal radiations fromt b-ect =6 be
measured to said infrared sensor, a tenperature sensor fDREHEAQHWEN fEET
reference tenperature and outputting a reference “tenpefaftre 5|gna|;
tenperature difference detection neans for detecting a {egp Zﬁt_@@
difference between said infrared sensor and said optical {waveEgui 'ar%gan
and outputting a tenperature difference S|§§al and tenper -
cal cul ation neans for receiving the infrar detection sfgnal, the
reference tenperature signal, and the tenperature differencesrgmat—arnd
cal cul ati ng atemppeatubtee andbtcutpittindya Coefecéntg @empelratugausddgnay t he
tenperature difference, characterized by conprising the step of
arrangi ng tenpemperatureasdiffigrenars débechiasurmagns tBmperddtectiofgaa
bl ackbody, and tenperature

temperature difference between said infrared sensor and said

optical waveguide means and outputting a temperature
difference signal, and temperature calculation means for
receiving the infrared detection signal, the reference
temperature signal, and the temperature difference signal
and calculating a temperature data signal by correcting an
caused by

error Based—on the temperature difference,

characterized in that said temperature calculation
means includes correction coefficient adjusting means for
adjusting a correction coefficient for the temperature
difference signal.
3. A radiation clinical thermometer according to claim
2, characterized in that said temperature calculation means
comprises temperature difference correction means for
subtracting the temperature difference signal from the
infrared detection signal, and temperature data calculation
means for calculating the temperature data on the basis of
an output signal from said temperature difference correction
means and tﬁé reference teﬁperature signal, said temperature
difference correction means including said correction
coefficient adjusting means.
4. A radiation élinical thermometer according to claim
3, characterized in that said temperature difference
correction means comprises subtraction.meqné for subtracting

the temperature difference signal from the infrared

o —_—

U L AMENDED  sweer

—




difference correction neans for adjusting a contributicﬁERﬁAC@W@NT SHEET
tenperature difference signal caused by a tenperature cH-++g1 6

bet ween said infrared sensor and said optical waveguilde ns, aﬂﬂk
arranging said radiation clinical thernoneter so as tfo rgzgiﬁéu: Bnd
radi ations froma blackbody kept at a constant tenperfatiuce __ithe sfep jof
detecting a first output data signal output under a fijrst tenperature

“difference condition for said infrared sédsor and sai ‘eeptt+eat—wavegu-de

neans, the stggf%f detectin

erence congi%ion is a condition in which the temperature
of said infrared sensor differs from the temperature of said
optical waveguide means.
17. A radiation clinical thermometer according to claim
15, characterized in that the second temperature difference
condition is set by heating said optical waveguide means.
18. A temperature error correction method for a
radiation clinical thermometer comérising an infrared sensor
for outputtihg an infrared detection signal upon reception
of thermal radiations from an object to be measured, optical
waveguide means for guiding the thermal radiations from the
object to be measured to said infrared sensor, a temperature
sensor for measuring a reference temperature and outputting
a reference temperature signal, temperature difference
detection means for detecting a temperature difference
between said infrared sensor and said optical waveguide
means and outputting a temperature difference signal, and
temperature calculation means for receiving the infrared
detection signal, the reference temperature‘sig;al, and the
temperature difference signal and éaiculating a temperature
data signal by correcting.an error %%é%%gﬁgythe temperature
difference, characterized by comprising

the step of arranging temperature difference

correction means for adjusting a contribution of the
temperature difference signal or the infrared detection
signal %%%%%gzgg- a temperature difference between said

infrared sensor and said optical waveguide means, and

nce
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second out put data signal output under a second tenper atr i,
condition for said infrared sensor and said optical maygmﬁiAEENEXHESHEEE
step of neasuring a nmeasurenent tenperature differenceibdtween a
measurenent tenperature of the bl ackbody under the firgt tzmi)e{lm;upggg
difference condition and a neasurement tenperature of tihe bl ackbody uhder
the second tenperature difference condition, the step qf "eutputtrng—=a
tenmperature difference between the first 43out put data sijgnal and the secomd

out put data signal, and the step of adjusting sai reectiron coefficrent
adjusting nmeans on the g?asis of the conparison agxscéa b t hat the

tenper at ure HFFR IR L FHEUTLH T 1L SERTRARSO8 e Riperature

difference. 22 corefbe ! MELALULE EH') SRLLESLAGN method for a

the step of arranging temperature measuring means
for measuring a temperature of a blackbody, and temperature
difference correction means for adjusting a contribution of
the temperature difference signal or the infrared detection
signal %%%%%%:%% a temperature difference between said
infrared sensor and said optical waveguide means, and
arranging said radiation clinical thermometer so as to
receive thermal radiations from a blackbody kept at a
constant temperature, the step of detecting a first output
data signal output under a first temperature difference
condition for said infrared sensor and said optical
waveguide means, the step of detecting a second output data
signal output under a second temperature difference
condition for said infrared sensor and said optical
waveguide means, the step of measuring a measurement
temperature difference between a measurement temperature of
the Dblackbody under the first temperature difference
condition and a measurement temperature of the blackbody
under the second temperature difference condition, the step
of outputting a femperature difference betwéen the first
output data signal and the second output data signal, and
the step of adjusting said correction coefficient adjusting
means on the basis of the comparison data such that the
temperature difference coincides with the measurement

temperature difference.
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radi ation clinical thernoneter according to claim20 or 27 ﬁﬂﬁ@ﬁﬂTe
in that the first tenperature difference condition is a & n
a tenperature of said infrared sensor is substantially éq al to a

tenperature of said optical wavegui de means, and the.seqgord ¢ anganaidgfie
di fference condition is a condition in which the tenperatjurje

- 46 - of said infrared sensor differs fromthe

sai d - 44 -

20. A temperature error correction method for a
radiation clinical thermometer comprising an infrared sensor
for outputting an infrared detection signal upon reception
of thermal radiations from an object to be measured, optical
waveguide means for guiding the thermal radiations from the
object to be measured to said infrared sensor, a temperature
sensor for measuring a reference temperature and outputting
a reference temperature signal, temperature difference
detection means for detecting a tempeiature difference
between said infrared sensor and said optical waveguide
means and outputting a temperature difference signal, and
temperature calculation means for receiving the infrared
detection signal, the reference temperature signa;, and the
temperature difference signal and calculating a temperature
data signal by correcting an erior<§§§§§Z§¥the temperature
difference, characterized by comprising

the step of arranging temperature difference
correction means for adjusting a contribution of the

caused by

temperature difference signal based—on a temperature
difference between said infrared sensor and said. optical
waveguide means, and arranging said radiation clinical
thermometer so as to receive thermal radiations from a
blackbody kept at a constant temperature, the step of
detecting a first output data signal output under a first
temperature difference condition for said infrared sensor

and said optical waveguide means, the step of detecting a

second output data signal output under a second temperature
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et et hnrl

optical wavegui de nmeans. 23. A tenperature error corp
for .a radiation clinical thernoneter according to claim?2
characterized in that the second tenperature difference cqg
by heating said optical wavegui de neans. 24. A -t enper 3
correction nethod for a radiation clinical thernoneter
claim20 or 21, characterized in that said tenperature cor

conprises an addition circuit constitutedsby an operati onal

@EPLAEEMENT SHEET

ndrTTon 1S SEt
tyr enk Al aac
aé c?r (!Ii rﬁé&tiggg
I 464--0n—ABaNS

anplifier for

receiving the infrared detection signal and the tenperatu

cdirfferemce

signal, the giefedler’d UsbhAYLidA df&f”pfa{ﬁi Ui Fdlafdel CBERs6RT &R ! WhPans

conprises adjusting a resistance of a tenperature difference signal input

resistor of &pitdcapeaviedidldediBanki,€the step of comparing the first and

second output data and outputting comparison data, and the
step of adjusting said correction coefficient adjusting
means on the basis of the comparison data such that the
first output data signal coincides with the second output
data signal.
21. A. temperature error correction method for a
radiation clinical thermometer comprising an infrared sensor
for outpgtting an infrared detection signal upon reception
of thermal radiations from an object to be measured, optical
waveguide means for guiding the thermal radiations from the
object to be measured to said infrared sensor, a temperature
sensor for measuring a reference temperature and outputting
a reference temperature signal, temperature difference
detection means for detecting a temperature difference
between said infrared sensor and said optical waveguide
means and outputting a temperature difference signal, and
temperature calculation means for receiving the infrared
detection signal, the reference temperature signal, and the
temperature difference signal and calculating a temperature
data signal by correcting an error %the temperature
difference, characterized by comprising

the step of arranging temperature measuring.means
for measuring a temperature of a blackbody, and temperature
difference correction means for adjusting‘a ;ontribution of

caused b
the temperature difference signal bEEéEZEg a temperature
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25. A terrperat ure error correction nmethod for a radiati onq703m'0 .
clinical thernometer according to claim?24, characterized in that the leﬁ
first and second output data signal sy @ spsisgme gnals fromsaid

operati oniJ lifier tconsti I uti ng SEli cgkadwi tonmcircuit.  26. A
t erper at ub&Cler r or cor r dGEFe M%W\T%Eﬁ@%?"' + Ep A cal
t her noneter according to cIa|m20 or ,  Characterized in that the fII’St
and secopd—ouit Bt data . gi rlnnl s are temer data si rinnl S
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(57) Abstract - . '
A clinical radiation thermometer for measuring body temperature with unproved accuracy comprising an infrared sensor for
receiving heat radiation from an object and outputting an infrared detection signal; a light guide for guiding heat radiation from the object to
the infrared sensor; a temperature sensor for measuring a reference temperature and outputting a reference temperature signal; a difference
detector for detecting the temperature difference between the infrared sensor and the light guide and outputting a temperature difference
signal; and an arithmetic circuit which, in response to the infrared detection signal, the reference temperature signal and the temperature
difference signal, calculates a corvected data signal free of the error due to the temperature difference, wherein the arithmetic circuit is
provided with a coefficient adjustment for adjusting a correction coefficient of the temperature difference signal. Since the arithmetic circuit
.2 | includes the coefficient adjustment for adjusting the correction coefficient of the temperature difference signal from the difference detector
._é for detecting the temperature difference between the infrared sensor and the light guide, the temperature data can be calculated by carrectly
adjusting the error due to the temperature difference between the infrared sensor and the Jight guide, and the clinical radiation thermometer
_has improved measurement accuracy.
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