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Real—-time optical monitoring system using

chromatic modulation technique
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MHZT J|E2 AEY =01 M(chroma)g 2X8te |el8 JI=Z 8t JUCH Mol CHEk nsH D
ZE= 16664 Isaac NewtonO| Z2|E0| 28t A2l AEE S& spectrum ZAUNAM MEELCEH "'OI
AEe =02 S0H2Y Aot HZHMXE So 2o Z4i(foveal pit)ofl 4101 WSICH OIT 242
ale arorll AEHE(cone cellOlA OIRO0 X, Ol HE=s JHAIZELHS UZS AN Dt red,
green, blue 'i,”_J 301Xl type2 detector2 FEELH &AD| HIOIX ZE8E detector® &NE B3I}
28 100 LIEHU %1901, Ol2t 20| 3o EISE0 et RE MZ20l F2 =USHH 0I1E 'colour
matching functions'2t) & 8tCF. Z2UELEZ 2orol AZNHE = red, green, bluell 342 tristimulus

detector2 Z26HH, 2+2tS| detector= wide—band overlapping response® BHH, Ol three
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Fig. 1 Spectral response of three

detectors in the human eye.
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Tristimulus detector0l 2lof 2E& %2 28 Hue, Lightness, SaturationOl2t= 3JtAl etOIE Ol
o ZEst Mol THO| 0IROIXIA ECHHLS colour model). 2t2t2l Met0EE OtcHel &g OI&3HH
& trichromatic coefficients(x, y, 2)& chromaticity diagramOi2t= A0l matching AIZ2EA
&= USM, Ol= 2% 200 LIEHE UL

x=red/(red+green+blue), y=(green/red+green+blue), z=(blue/red+green+blue) (1)

D& M2 chromaticity diagramli2l spectral locus(ciosed curve)@t0ll StE 22 (XI5t0{, O It
locus2tSl ZME S 3K A M0IEHE P £ UCH OIFA PHEI Hue, Saturation H&E&
2o AT A DR spectral factorOiM, Lightness= 2o 2T Z LIEHLCE Hue, Lightness,
Saturation2 general term2& dominant wavelength, luminance, excitation purity2t 1= 2ECf.
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FE ZUHZGoIT o= D122 LSCH1-5]. 0] Ji&8 2822 ZY % (optical domain)%20t0| Ot
t 8¥%(acoustic domain)OilA SIS 24 L AHHT R0 JH=S8HCH6].



([l MBHX AjAE P&l
S8 = 2UIHE ER2N0 Tet AAH 20tX AIAEES IS8 4 UOH, 18 30 LIEHL QUCH
XM, 2+E¥ DUEZ (indirect optical monitoring) AIASIC2 ZLIEHEZ EI0] S HESIA &2

M AFA BWHBZ ZAGIH BHAIDE 22 HEBOZ JUEHES B WEHQY 2= laser
=

AH
cleaning S8 & O dH2 Ba ¥ =& S8 ZUHESE AMAE

EM, T2 ZLIE & (direct optical monitoring) Al
&2 photodetectorE OIE26 XE AE;oIH ZLIHRE 285l
laser welding, cutting, drillingS 2t 20| @M ES0 2238t ZStX0HE0| LAl A

A @ AMESHE ZUEE AMAERE S UL

Laser Beam

Laser Beam Fibre Amplifier
bundle Optical
P fibre Amplifier
Optical N, -, Red detecter Focusing Fidre optica)

tens heam
splitter,

4 Plasma
,/ Beam Green detector plume
splitter
Focasing
lens Blue detector

PC based O
D signal 0
snafyser 0

Facasing

lens et

Light source
lamp or laser

Workpiece

V. X D=9 &A 88

O% 4= HIOINE 0188t M (marble) 23 H S8 (art restoration)0ff U MBIX J|&=ES 0|2l
ZF T BY MEQ A2 SUHEES 88 ZU0ICH 23T S0 A0 H3st THAEY 20
EHY2 Scld UGA0l S8licts S£+422 2t tHHdl =28 2FO0IN, MBX J=2 oIS 3l
OIKF EA XA 2015 LMots B2 BSE Z3LUSID FHEHCZ AMAL 2ULIHEE +3E & Y
oM 2oiY HFQ ZYS ES dominant wavelength® XH0IE 18 4 (b)UAN 20HECH T8t A=
photodetector2 fIXIE BSIAIHAT ZEHE 29 AT AAU0| BHBEl= spectral signature(tid)

= dominant wavelength)& H&3| SHE £ AN AF HFI BZ0E 2Ist ZLIEE (robust
monitoring)2 +#E = AU 2 4 (b)) ZUOA 2L AUCH Ol= JIE9 ZE B X(intensity

s8 1
modulation) FLIEHE HHOZE=E 20158 2010 5Lt

J% 5= =CHI dioldeis B SEL 322 ZFtE0F E8Al, MEXE HHOoE =XE
S=F EOHEC F2 219 ¢32 MAHA Hiwd o3& ZetE0 plumell ZMBIRAL2LE, 0| f2
RE0| A8t Zct=0t plumell ZMES 24 QUCH EBF & 30X

toner NIAANES dUR2=2 &
chromatic signalE OI28 & H spectral parameter® ¥ 4 QUSCH, 0|2 0
chromatic 328 F&E&4 ACH, 0|5 A2 E 0/2d 0N 242 2F2 olak’
QUL

w2 K

24 plasma2)

HeE8 8 £

o o o
%
o



MHX |2 QRIE 2HHF SHEAD, dOIK IIEB SFEO AN SE ItsSE MAESE HHEU
Ch MBIX D22 0|28 ZF9 ZUHE MAEBE 1 EIF 26D, HE dSHelg &+ U2
M, O} DIZBILE 215 &ZQ BUa0 2I6tH, =E Z Ml 3 spectral parametersE OIS Al 3
H HOE Hs 4 QU= 248 NUREYHE JIXD JUCH Ol AN Z s AASFBOUMS 22UE
2 AIARI0| 2200 FR SHS0IT & '

22

% 204 - - - e e oo oo
§ 20 {BUEORRAAGRARALNS :v:'zm'“;d:rsg Fig. 4 Marble surfaces
2 cleaned surface

e §e i‘- NCAN ‘-. '-i . - ‘22?:3.:‘.%:2;‘:": beforfz and after .laser
§ 18 ...h‘ﬂ.lz..' . iAf:- m | | Actanged posiion cleaning (a), and dominant
% P wavelength change for the
3 1 surfaces with two different

0 5 10 15 20 25

sensing positions.
No. of Tests
After laser clesning

Oxides on Cu
-’ ~5 g Y
Ny N
~

Intensity (a.u.)
Intensity (a.u.)

Toner on Paper

------

[} 50 100 150 200 250 0 50 10¢ 150 200 250
Time {asec) Time (nsec)

Fig. 5 Plasma plume signals form three chromatic photodetectors in the laser removal of oxides
from copper (a), and toner from paper.

vi. #1 2&

1. J. M. Lee: In—process and Intelligent Monitoring Systems for Laser Cleaning Process, Ph.D. thesis,
Chap. 5, The University of Liverpool, Liverpool, UK (1999)

2. J. M. Lee and W. M. Steen: In—process surface monitoring for laser cleaning processes using a
chromatic modulation technique, The International Journal of Advanced Manufacturing Technology, Vol.
17, pp. 281-287 (2001)

3. J. M. Lee, K. G. Watkins, W. M. Steen: In-piocess chromatic monitoring in the laser cleaning of marble,
Journatl of Laser Applications, 13 (1), pp. 19-25 (2001)

4. J. M. Lee and K. G. Watkins: In—-process monitoring techniques for laser cleaning, Optics and Lasers in
Engineering{invited paper), Vol. 34, No. 4~6, pp. 429-442 (2000)

5. J. M. Lee, K. G. Watkins; Chromatic modulation technique for in—line surface monitoring and diagnostic.
Journal of Cultural Heritage (in press)

6. J. M. Lee, K. G. Watkins, W. M. Steen, P. C. Russell, G. R. Jones: Chromatic modulation based
acoustic analysis technique for in—process monitoring of laser materials processing, Journal of Laser
Applications 11 (5), pp. 199-205 (1999)



