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31 74+ b OYE~DER
3.1.1 FoMERE & oGt & S iBiE V2

KG0 b DA =R N F— (BLF, HSt (radiation)) O CTHIZRIZBIZET 58451213,
BETE 2L, 1Z1E 300 nm 75 3,000 nm F TOI R L F—HiEEsE LT (EEMIZEIN
BEL) 8FENTWD, BKALRATWA LS, ARBICR LERE 24U S HESR
PHIE, 1F1¥ 380 nm »°5 780 nm DRI TH Y, FHRHE (visible radiation) & FEiTHh 5,
KB 6 DBEIZIL, ZOFEBRBREENTWEDT, ABOBICAS LERENRAEL,
DK LBZ LIThd, LER-T, KBNS OBEITTLETN S,

JEDRTFET HERIED Z & 2B 5E (lighted environment) &5, SEBEEICITLTIE
BHD, ANHAD (MERED) XBEOHE, HLEERNLEIIRETHLR, KBTI L
RS20, KEFUADEED ATHIED SO HBELHER L T3,

HIEK EONREOEEMRER L 725 ATHEIL, 7ok, AROEBEREELE X8
DT LaFE1IBL LTHE - BESh7ZbDTHA0 0, ATRE LS SHh 558,
RS TR END L D ICRE SR TIIV AR, EBMICZONOLS TR AERR 1T
TSN TS Z LITEL, KB L ORERREIC, REXRICIILESL L
BRI PR BN ERO—E & 2> T3, LER-T, ABIBSATHIE
RKGIHEDOTT (R 1FEETD L, AMEDR, T 5 EINECHRI B OB % R4y
AIICZITTLED ZLiTh2d, (KB b OMEICEEN TN D, LA - AHEHE - 5
A 2P LT ekt (optical radiation) ] £ 9,)

e, KBREOEREIT TEL, ERPEENSTR LI, XM o AER #E
B, —REHAAUAONR B2, EFRAXE a2 C—AONE, OAMSESANIE
RIFIDOMIR, SACFEEZERAIE, THEMERBRANE, BEAT—22Y) BAR LT,
IRFIRESNDBEENEZTWER, Zhb
DR OEBEIR) 55 D YT & 4 U=
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BLEAFETH S, L LAFIASEICL-
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ThH, BICHEICH R bR EIC RRE R o]

TR 57200, BRIZR~_= X 51z, Hirzx K1 ¥HECePoxz i x—
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NEXE—ThHB0b, NMEPHORKEEZT, BRNTDHE, WAWARERZALTL S, T
b, BWROEWENSIL, ST (T4 b)) ozxaF—»pRE< (K1 2R,), AE
LR SND &, AT EDNAEMBERZIR, BRI EYRIEE 2 RITTARERH 5.
INLOFEERICOVTHEREEZLY, NEXRSOITEIREEE T LRERL -
TS,

B, AREICEINERRIRIMNADNFET 2 REESRHDHEIE, Th b OB OE
ARHRICOWTOERREABR LR D, Bx ORE, FIEENRETDAIEEICONT
EREICHTT L ETHIRERF 21T O L L b, BEORAEZIETOHEEZ & > TR
TLBEETHD,

312 T# FoDIRLEF—ELHERDID

BEC L DREBOZ R AXF—BHZPICEEIND L, —HIIRNIN—HITZDOEE
FBL, BVIZFOMBEMIRINEND, ZORNENTZEDIE, —BROKIE7+ b0
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BOICITB T XL F—ICEBEI N D,

2 OPFRERERICL D ANEHEDEEBRT 20 FORKROLRREFHOBEETRNLF—
% 1R,

K1 DFICRT 2RENZFEFEOME ST RN F—

P aTRLF— S A EaETRLF—
b # & & [kJ - mol1] o = & & [kJ - mol1]
C=N (=hUn) 875 Cc—0 364
C=C 837 S—H 364
C=0 728 N—-H 352
C=C 607 C—C (Eli%) 335
=8 540 C—0 (=—FN) 331
C—C (F&EK) 519 C—Cl 1327
C—H (TEFLV) 507 S=S 318
C—F 498 Si—H 314
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O—H 460 C—N (=hmr2&V) 285
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Si—0 373 N—N (k FF ) 155
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R1ILVHALIRE DI, BEOHTERET ZRENFEFHEOBEETRNALF—IL 150
[kJ - mol'l] &V HREW, LasosT, MMEERGRLREMERIGIE, 74+ broTR
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W-T, BR800 nm K VEVWEROKMIZL > TRESNS ZLITRBDT, FIK
S (FE 830nm XY bREROMS) 1T, AMEPHEIZRNSNA TS, HLEERD
HEMFERERIET Z L7, B XNXF—IERENDZZ BB NEEZI O NE, L
B o T, FROABEIIMADBRIZBLFIA SRS,
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BICHEREPRS Lo TL DL 74 PV OZFINAF—R—B/NESL RBDT, AERHY
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B = RN =R T DfFRE T RN X7 I BB EN R 2 5, DFRREFOES T
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EREATIHENH D, 2L, BRI LF—~DOEBBEEZRRVDT, BRI
DIEBSEM (non-thermal effect of far infrared radiation)” & MEIZH 3,
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322 Ko e RUN R R

(D LI
HZEABDOWRARY MIVRIRZITOSHE. TOHBOYWEN, {LEMHEEICX> T,
BEICERBRAEDONE,. ARRFESH S, HlAIE. BERAEEIZ. RENESH
TEARABOHEEIIEFTH O, HENKEL TARABHLZRBHIFRFTH DM, RH=
BIEEL, EE0NEVNZITBEBEOANERTHDEE>EETHD, R, RIVKIN
AR FVIZ—EICEERRRIEEICE > TRIEINTE =, LML, BBERAIEETIT.
AREOESIELITEBEZEYRHHICHABTILNEND D, M DM BIGEIFE L ARFN
H L 372\, ATR(Attenuated Total Reflection WE T, MBI ZEEHERED T X AT
TTERFUEITRKOEINARY MVZRET 0% TOZMERZET, £RHZE 2 &,
IBEMYT T LIk > TRINRIE B TE BHE LOFAND B, —FH. ATR KT,
AFFRANZEZRETRO T ) XLZEATEHIHEND DN, ZREOFRETORHICLS
BROLDITRHEITET ZHED 12~13 THEAL., SSIRHFEROABRLTE M
HdE, 15~110 TETFTITREEDNTWS, LML, 7—U ZEHRIET-IR) DS
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R BIIVBIEMAIRRIZR > TETWS, ATR #Eid. &, {LFORHTELFAINT
B, ZOICAITEICEEMREBMIIESNTWED, AT, ZEEIICDOVWTHM
IROEHRBERNGEONS L, SHIRARBOEESNICHHEMATES ZENHEHLNIC
INTETND, AREETIE, BNRARY MIVAEIEE L TOBBEBRAEE, ATR k.
gL, EE T TWRYY PAS(Photo-Acoustic Spectroscopy) {EIZDWTIE, %< D
HIEMEECHMAEZENHE SN TNEIOTERTEZZEET B, UTFTIE. B EEN
B 5 N7 BRI RIT K B FRHV 73 YW X G+ (Photothermal Deflection Spectroscopy) i2
SWTHE LD TRET 5, |
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B 1 1. KRS-5 OABYRAEIRIC X2 RIAIEZITI DITEBRLEZXFEROTOY
JR%ERT, TONFRIT, BEEEITREAR ORABINARY bV % JEuERICHIE
THIEEEMEL, FT-IR AAREMAEDLETHEATEL LD BRI NI TV S, K
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Beam Spectro— —
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erive E‘I E | I L
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TE5TO0-TRORAOKZZI(RMAAE)L, TO—THEEDREHEIIKEIKET
52 ENAMENTVWEY, Zhid, BRAREEOKBICBI D AEEPRICEDEBDOTH
0. ZORBEENRIIEERDOBA N AL > THRETHEITBRBMICHIET S, K 2
2. KRS-5 BRI BTO—THORAFREAMBRHEBICEDHBRERESH OB
BROPEFZERL TS, K 2 ORI, KRS-5 OXHEENRICHETE2HDTH D,
HERREESN T O—THORAF L > TRES BT B EEZRLTED., KN
R MVOBEIBIZBNTTO—THRORHA ML, HBEAEENRDAEIFEND L
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BB OWIN AR T bIVEIZE T, FT-IR 7 t&8(Bruker IFS-66V)2IHW SN TW S,
—#%IZ. FT-IR #JEERICIE. <A 7Y D FHEHCRBS NS IRES BB D 2 AR TFHE
NESAWSENTVWS, ZOBROTEHFHTRE—LZA T vy —lZX0pElaniz 2 KK
OFHELVEEND FHREMRA >y — 7075 0)EHEL, TOT7—1) TEHRIT
KOFRHNART MVEETSD, £z, 2 ARTHCBIT5UBHEORH HR T, EHiEE
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Photothermal Deflection Signal (arb.)

FREATY TEEFRICKIEND, BEREEAFRIT. BEAF v > EEENS He-Ne
L—HHDA >y —T7 207 5 LAONMBEREELHMATDINIEELAXE LT FT-IR
SRBIZEAVSLNTVWS, —FH. ATy TEEARIL. UHEZH 5 —EABRENE
T—EHELEDTHE., TO%, BB HIERZTHNL, ZOME THO—ERMHIE
DTHESEVWSHAFHBEDRAT Y TREBEERTVRNSA ¥ —T 2075 L2HET S
FRTHD, COHRIT. ERELTEEEELBONETHEH, WANWSRZISHAHE
MARE LI BEIZFF> TW5,

EE KRS-5 ORABURHAPIRICE BHINARY MVEIE T, BBNOAFEIE. FT-IR
SHEOFEHEN S OHFRFRZEEZEF 3 v /X\—TERAL. M 1 TRIAFRNART
ZEDIRSTVS, ZOK, FT-IR 2XBICBIBHEIEIL. ATy TEEARICELLT
Fbhiz. 5T, HUBREBIIBIBZABRAEEICHET S XF—T7x0T 74
X, BEEFa v - KEBEFEBGCHESREFLLTOY I 1 VEEHEZHWTH
ExhD, COATY TEAFROBAOEREMNIL. DERXBOTINARY MVZEFEEK
EECH L T—EOLHERKICL 2 RBFEAEELENZ2HED I L. 2)ENEFARK
KL TREVHKBRRMETHNZED LR ETH D,
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OB RERE IO ICAKEESEF R LICBT AR AR EINS.

BEIER

1) T. Baba and A. Ono, Meas. Sci. and Technol., 12 (2001), 2046-57.

2) Y. Nagasaka and T. Baba, Progress in Heat Transfer New Series: Vol3 (Ed. by JSME),
Yokendo (2000), 127.

3) M. Kobayashi, T. Baba and A. Ono, Japan. J. of Thermophysical Properties (Netsu Bussei), 8-3
(1994), 143-8.

4) K. Shinzato, J. Ishii, Y. Shimizu and T. Baba, Proc. of SICE Ann. Conf. 2002 in OSAKA, (2002),
1435-9.

5) J. Ishii and T. Baba, Japan. J. of Thermophysical Properties (Netsu Bussei), 13-2 (1999), 70-2.

53



6) K. Shinzato, Proc. of 20th Japan Symposium on Thermophysical Prop. (1999), 631-4.

7) T. Baba and K. Shinzato, Proc. of 21st Japan Symposium on Thermophysical Prop. (2000),
244-6.

8) T. Baba, Proc. of 11th Japan Symposium on Thermophysical Prop. (1990), 449-52.
9) K. Shinzato and T. Baba, J. of Therm. Anal. Cal., 64 (2001), 413.

10) K. Shinzato and T. Baba, Proc. of 21st Japan Symposium on Thermophysical Prop. (2000),
238-40.

11) M. Akoshima and T. Baba, Proc. of 22nd Japan Symposium on Thermophysical Prop. (2001),
425-27.

GFE ER, BRKEHERTV ANV U2

54



33 FRAE—EBLUVTOHEOKRFRECET 25K

BAEICEW T, BRAERICE LSS ER, MBS 5 0N T2 oMo
DECEVNTEATHIN, TRICEEL TLHEL ShAHEKER G BERAGS
ERLICERBEIL2OH B,

3.3.1 EFKRMNLAHEE IS Z 8117)
OB =E

HFEROBETIE, BICT I SHERE TRERASE MHlEsh TRy, zodic
ERABROMBIEAICA VS AELEENR TS, LA LERABETIX, T T4
CERAERDOTRIAF—IZEB LT, ThEMED B VT Z OO ARICSA
LESLEWOERFHNERTHY . REKDERE, AR THIRLOFLVWSHE
. BWRICL, HESHFIZELTHEALRY, LWO BMBEAREL TS,

ZOH, TNHLEERERRTIGR)ERABHS L POLE LT, EHRIIE
%@%%&:M\Eiﬁ@ﬁﬂ:ik‘9&;5&%b=kb\oﬁiﬁ§ﬁ@m=75>t&@L/Lﬁlmxfbﬁ%b
LATRY., ZORRL LT ERABRAT] LKRBEICERRS TERfe — &K
NEMODIHHRBE] &8, ER 14E 3 B2 JIS L LT, ERXICEESH
y I

NEIZ. DREARI - B CEET I EROZASE. DFhbET 20EE
EXDREIERBIZET 2 HAE. IMRHIE - Fobe —FBECBET 3 HE. )M
EBICETO2ME. DICACETIRAEDEE 121 B0 0K Y . ERAEEREH
EUHEEERICBWVWTHVWOA TS, HAWENLELINhSTHS 5 ASE
ET A THEHBEL TV D ANEHHTH 3,
Q@R B & R IR

ﬂ?ﬁﬁ&%ﬁ&tﬁ%@ﬁﬁ%@?&ﬁiﬁmzﬁﬁ‘é%@z‘?&zci\ ek, RABR. AR,
BARODES T, REBRFL L TRBINTWEN, SEEZFSTF & P00
ZOMEBIICE L T /ﬁ(ray)f“ 1372 < bt (radiation) 2 AWV S OB FE L, & W
DBABFZFFANLGN, ERTRAABICBVWTLZDOLIKED LR TS,

LOLERPEOERNEERLZOATLTIZ, BERABLVIRENEL 25
E<REBELTERY., ZOJIS REERDOBEL 2o EmFRNABBLOLHE KM
TNERRLTVWDIEWVWIEE, SLII—BEBEFCLERMOF N2 U LIE
WEWSBELH Y, BRI, BRABRFOHFREIMCHOVTHLRE) E 2>
TW3,
Q@R BRBEIRANE O EX 5

55



IECHBETIZ. FABFOBERE 3 212D, YEKFOBERNT —%RT
BEES 2umUTORRBICBT 22, 2um~4u mOBEIIZASZ . H50 T 4
pmUECETE0, KEoTENREN, BFRAERE)KH. FFRA(FEE)
B, BRAMERERBRA LAFT TV

—HERPEERNEERTIE. — B 3y mEPEIC, EHRIBEK L EHRAE
MEWXZHTDLVIBITRDY, BRARBETLENEERLE 2 Tk, *
T, JIS TRERKOFAKREBIZ, 2OHFE - FHOBEVEZZRLTEVWICK
ML, BRESICELTESZE L LTHABHIZLE LTV S,

BRBIECORABMANBEEOERICEL TIE. ZAERFRALERICFE L 20
RBERETHERRDH S Z L, BRARBSESELLERIATRY, =
niCELTRBRY 5,

@mEIRIMR * * % L FEIRI: * * *

BRABFAZEZXD2DICANVDE e —ZRERABAEFA LEMB D - L %
TNENEFIIRE —F BRABMBEAR LD L1, ERNE 2 —F M
ﬁ\%5m@%@m®ﬁ=kﬁ&Abﬁfﬁmé%%# COZHETIEIERADL
No, TNHITHIET HHEFFERBLL far infrared heater, far infrared heating
TH Y far infrared D% (2 radiation.ray £ 2 F S 2 VORBEORETH 5,

o T, ARZNOABRERNE —F, BHRAMBADL > CEBELELEFNE
REBDONDB, ZOERTIIUMM»S TR 2HLTHAVSHEL D 2L 2,
EDEBEMNL, BEMLEAFBICOVWTHEIRENLTWVS
OFBMEM. HRICET A5

SIS OMBENBRECHRBEORNYE - EATHIN, SAHICHET S AE
DRI, FERBOBEM 2L CICHBIERICE T2 AES 11 BRIV LTWS,

INOAFZ, DRBET-ZFV LAV, HIVIREEBOMEARK SR TV AN
REELT, HBEORRORLEMIHERODLLIATHIN, Z0L5 k%R
CHETOIHAEARELMNBCED I DI, ERANEAICE T RHRICH X,
RERLETHILEBRONAERZERIh TS,
®IEC L Oxtbh & 20O RIEA

ODPEEXHDHTHERL L HIC, IEC TRHMZELTHIHRFNICEL, 201U
—ORKMEB. 2p mB T, 2~4pm, 4y mUEDO L OEEBHICET 5. 2k

TN, PR, BRABREZDHITTNWS,

COEBZINT 4 mUA EO@ERMBEERTHEA T —DE— 2 2RT k&
DB MIL. TOREDN AB2CUTTRINIERD 2V, LW\ B2 fERNYE

56



v, BEKRKTIE, BRAL —FIZEETEI bORDOTHENRE N, L HER
LTW DX BEMBE 2,

HmRICAD L, MARYV—BERLZ2ZEELIZ. BEOBRE,. 2ORE L
VEREERTHER T XAV F—RZRIVERERTRF SN2 AL F—0D
BELRDEIRBERTHDZLBNDE, o TIDORHEREREAMOETS
Z3FLBRIC, RERMOFEEZZORMIZFMLTWS, #lziE 750CH E
B —ZEBFART D=2 28umTHEND, BHRAL Y ERMNIC
BEELABSTONS, LALEEZ, ZRPELEROVWIERAE 3o m E
CEBWTHATHIZRIAX B, EHFATEZLF—D 71% % 5B, [EC D\ H &=
FRABAp mU ETH 0% bDEAEELEHTVWEDTH B,

3.3.2 ERANE—ARHBHMA LI I v I RO HKETEBE IS R 1801)
O E

BERAL = IR ERIIERN ENIZIVF—DREDHERD B - LITKRE
LW, TZITEE. E—ZICAVLRTVWEBRFHHM (LS I v 7 )0 K
REZHEL, ThEUTE—FOBRFAEEEHET I ERITbhA TS,
L2 LABKRBOREEIZL W 20D FERHY ., F-ERLHIEEICHE
LTHRBLEPEENTE LT, HESBEEICHMAOFETR > THERRINT
WHORMTH D7D, HECHERR—B LRI HBW, 20 JISiEE0RE
RERRTD2EOHEENTEZEDOTH B,
@xt & &+ 5 HEFE

AHBHBRAEFTEL LT, BEREDERLTVWIDIIFTIRICL 2 5 ETH
D2DOT, TNEMRLLE, FEIOFEICHOVTL, BELVAELHTEH
B, ABHBEEREICHIBEOREER LRI LEY L WVWS “ABREEEREE
EBAHVLNTWDS, A JIS REOEREEL T, MEELRALERTOH
EEDORBLRFTEINEN, BRHICKRLEARN 2L VA B> = FEICOWN
TJIS flE S iz,
O & & H

UEBRERTTHHRAMEEIT 2.56~25um. =7 LRAEBEEDN 500C k5
300°CLL EDHE1E 83.3~25 1 m . 300°CAKRE 100°CLL ETIX4.5~25um &+ 5,
E—IRHRTHDDT, 100CU FTORKIETOREICITEA LA,
OUEZRMH

BAEMITEROBRBEEICE N T, REHA. 2OMNE 02 ETHB = &

57



ELBEETD, IERABEBEEDORENSITEICUTLE T3,

O E.

DBERE : RYZAFLUEORARN ALY FAREICE VTS,

DIRECHHEE) S L TOWTRAPICEVIT) 2 L RNZEE L1,
FREFLDOBHE 100%, TRICHERE0%D=a— NS 17 4 L& %1E
ALTBEZ 50%. JBEMEB LM% 0% & LT, Bapid s,
FREDHGHDERABRHRIC SIC BABSA TV A > EL., Bt
—F L —RTHILERRTS,

3.3.3 0tk
OERI - REBRELZRERFEAVCHET 2 FEE

TERTR & LTHERISN TV ELDE, ERIC JIS & LTHET 2 -5, B8
MEBEMEBRBERCBS DV CRERERZESREIN, 22 COEZH L L2 JISE
BREINLTNS,
@ERI e —F OHHBHFT XX —DHIE S

GOERABRBROL L THREERZBLBEIN JIS ERABRESH T3,
RBZDHEORBLR L VICRFOFRTRIBIZONTIZ, GORBEZL2D (K4
BHRHOHUCETIHARAEEZELSHEE) (ER 134 3 A)p.10~15 0 o &
23V =74 EKBARREC LB BN — & OEEIL | ICHBE S h
TW5,

(KA FZ%)

58
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3.5.2 FIMRY—FET 57 4 EMIELH : /ULZMBFEIC K 908 5 DR

#@ X4 : Development of a New Diagnosis Method for Incipient Caries in Human Teeth

Based on Thermal Images under Pulse Heating (JSME International Journal)
EFE  KRIRKRFRFRLFHER BhEdR K LA (AEBE THE LZBOEE D&

2.1 Basic principles

Pulse heating thermographic NDT techniques
have been developed by many researchers, and have
been applied for many kinds of engineering materials
and structures®-"  Recently a few infrared thermo-
graphic NDT systems combined with high-power
flash lamp were commercially available. The basic
principle of the pulse heating thermographic NDT is
iflustrated in Fig. 2. When a pulse heat flux is applied
to the sample surface, out-of-plane heat flow is gener-
ated in the sample. The uniform temperature rise is
observed on the surface, if the sample has no defects.
If the sample has defects, on the other hand, a local-

Figg. 2 Schematic of basic prisciple of pulse heating

thermographic NDT

ized high temperature region appears on the sample
surface just above the defect due to the insulation
cffect of the defects. The shape of the high tempera-
ture region reflects the defect shape under the surface.
Consequently, the location, shape and size of the
defect can be estimated from the temperature distri-
bution on the sample surface.

The resolution of the defect inspection is
influenced by the thermal diffusion, which degrades
the localized temperature rise around the defect. The
localized temperature rise is poorly detected in the
samples with higher thermal conductivity, even if the
intensity of the applied heat flux is the same. There-
fore, it is required to complete the temperature mea-
surement during a short elapsed time after the appli-
cation of pulse heat flux, when the influence of the
thermal diffusion is less dominant. This can be discus-
sed in terms of a ratio of the thermal dilfusion length
d and the size of the defect 2. The thermal diffusion
length 4, which characterizes the thermal diffusibility
ol materials, is given as follows.

d=4Jkl (1)
Hecre ¢ is an elapsed time, and % is the thermal
diffusivity which is given in terms of the thermal
conductivity A, the density p, and the specific heat ¢ as
follows.

,1 —

A

p (2)
In order to detect the localized high temperature
region due to the defect, ¢ must be much smaller than
@. Therefore, for the detection of small defects in
materials with high thermal conductivity, the elapsed
time ¢ in Eq.{1) must be small. The pulse heating
thermographic NDT has advantage of avoiding the
degradation of defect identification duc to the thermal
diffusion. Thus this technique has been effectively
applicd to the detection of subsurface small delamina-
tion or void in the materials with relatively high
thermal conductivity such as graphite cpoxy compos-
ites.

Further, the pulsc heating thermographic NDT
has an advantage in the quantitative evaluation of the
defects. The high-power xenon flash lamp for taking
commercial photographs is usually used for applying
pulse heat flux to the sample surface. The output
power and uniformity of this kind of flash lamp is well
adjusted, and this enables us to apply stable and
repeatable heat flux to the sample. Then the full-field
sequential thermography data are analyzed to obtain
quantitative defect parameters such as volume or
depth of defects.

Some of the present authors!®™ investigated the
practicability of the pulse heating thermographic
NDT for delamination defects in several kinds of
engineering materials, such as carbon fiber reinforced
plastic composites and zirconia ceramic thermal bar-
rier coaling materials. Based on the results of these
experiments, the present authors expected that the
pulse heating thermographic NDT was applicable to
the identification of incipient caries. When the ther-
mal properties of the demineralized portion are
different from those of the sound enamel, the deminer-
alized portion works as an obstacle in the thermal
conductien from surface to inside of the teeth under
the application of the pulse heat flux. Thus the local-
ized temperature change appears just above the
demineralized portion, and the incipient caries can be
identified from this.

2.2 Experimental system

A schematic illustration of the proposed pulse
heating thermographic NDT system is shown in Fig.
3. A high-speed infrared thermography with a snap-
shot InSb 256X256 pixels array detector was em-
ployed in this experiment combined with a high-speed
digital image capture board and a personal computer.
The temperature resolution of the employed infrared
thermography was 0.025°C. Tull field digita! data on
the distribution of the infrared radiation energy were
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captured every 1/140 s and stored in the hard disk. A
xenen flash lamp was employed as the heat source of
the pulse heating. Xenon light is an excitation light
source without after heat of the light bulb and it has

Xenon Flagh Bulb High

Speed
infrared Thermography

Touth

3

Fig, Schematic of caries inspection system using high-

speed infrated thermography and xenon flash
pulse heater

a spectrum infrared emission over the short wave-
length range below 3 pm. An excitation time of the
employed xenon {lash bulb was 1/1 200s. The sensi-
tive infrared wavelength range of the employed infra-
red camera is 3 - 5 um. Therefore the infrared energy
from the xenon light bulb reflected at the sample
surface does not affect thermography data after the
pulse heating. The flash bulb has a ring-like shape
with the diameter of 160 mm. It was installed around
the lens of the infrared camera.

3.3 Experimental resulis

Thermal images taken at 1/70 s before and after
the flash of xenon bulb, and z visibie light image for
the tooth sample with 7 days demineralization are
shown in Fig. 4. Thermal images and an optical image
taken in a similar way for the tooth sample with 28
days demineralizalion are shown in Fig. 5. The white
regions indicated by the arrows in visible images are
artificially demineralized subsurface lesions. It was
reported in the previous paper! that both sound
region and demineralized region on the surface of
teeth have high infrared emissivity around 0.97.
Therefore these color changes under visible light
alfect nothing on the emissivity in the infrared mea-
surement. It is found in the thermal images before the
flash that demineralized regions are identified as the
localized low temperature regions due to the evapora-
tion of the water from the lesion, as shown in the
previous paper). It is found in the thermal images
after the flash, on the other hand, that demineralized
regions can be identified as the localized high tempera-
ture regions. It is also found that the higher contrast
image of the demineralized region was obtained for
the tooth sample with 28 days demineralization. This
indicates the possibility of the quantitative cvaluation
ol the degree of demineralization from the quantita-
tive analyses of the obtained thermal images. A

method for the quantitative evaluation of the degree
of demineralization will be proposed in the next para-
graph.

(a) Optical image

(b) Thermal
taken before
pulse heating

(c) Thermal image
taken at 1/70 s af-
ter pulse heating

image

Fig. 4 Identification of demineralized region for 7 days demineralized sample

(a} Optical image

(b) Thermat
taken
puise heating

ic) Thermal

image
taken at 1/70s
after pulse heating

image
before

Fig 5 Identification of demineralized region for 28 days demineralized sample
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