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Development of a Surface Roughness Measurement Method Using
Reflected Laser Beam Image and Its Application

Yun Feng Shen*, Hwa-Young Kim**, Jung-Hwan Ahn**, Lee-Jon Choi***
ABSTRACT

A light beam reflected from a machined surface generally containes information concerning about its surface
roughness. This study examines and proposes a surface roughness measurement technique for on-machine
measurement of machined surfaces. The technique is based on the measurement of a reflected laser beam pattern
and the statistical analysis of its light intensity distribution. The surface roughness was found to be closely related
to the standard deviation of the light intensity on the primary axis of the reflected pattern.

An image acquisition device is made up of a laser diode, a half mirror, a screen, and a CCD camera. The
exact image with the primary and secondary axes of a reflected laser beam pattern is calculated through such
image processing algorithm as thresholding, edge detection, image rotation, segmentation, etc. A median filter and
a surrounding light correction algorithm are improve the image quality and reduce the measuring error.

Using the developed measuring device the effect of screen materials and workpiece materials was investigated.
Experimental results regarding to relatively high-quality surfaces machined by grinding, polishing, lapping

processes have shown that the measurement error is within 10% in the range of 0.1ym~0.8ym R, Therefore, the

proposed method is thought to be effectively used when quick measurements is needed with workpieces fixed on
the machine.

Key Words : Surface roughness(EH #& 7)), Machined surface( 714 7} &%), Reflected laser beam(#) o] A ¥t
AHg)

1. A& & 7lEE 873 Jan, oo el EHAAY

A4 A3 Ui daAdx HA} AA 1w .

HTZ 7MEy 23U Ay dal AFe 714 7v3He B AAVNE FAHSE Wi
A PP opEt EAAAY] Aol iy 94 AA 71AAHQ] 2HE AEF FE2A gAY

=g 20013 29 6 FF
* REiggtn dgtiist e 5o A g et
. HAtoistw 7] A F e

e ()Mo

51



HEK - H8Y - AFY - Hol&E 3 AYFHEA A1sd Az

=497 L o188 HPEY EAAYY) 59
oz 4E 4 ok 234 FuAUY 2FYe
EWS 74 WA AR SHHEL Y
A7} e, TR %S Ao won
Qe g AUEs} BUs RS 2T A
weel H3us 424 379 54 9Pz 2
® ZAEY 43 29 Re FFHHOE Q
® 24 &% As L 23 ¥ard 27z e
e ZARY A3, 39 2 5 A B

AREE 7P ATKD). AR ol E Wl B

, BB T FHo) rhedlte A
. 9doRE 53 FWY Hab5o
of S MR SYHY EHE AR
FAANAF st Ado| w2 giALEe] 3po] d

B Fle] ggg AAs e es BAME 2
ULk FE o] &3 BAZA FUAZY] S
A¥kAL AAAYE o] &t WA, vH gAY
o] &3l W], FHAHE o] L W4, ¥}
ZF WA3tE olgdh: WalF dgdd SAYHe] sl
t}2~8). o5 ZHEHA A wALE oA Fe gt
AlFEe WEE o83 ZAY] o) FAZE
s Adstr] 98 go] dFHL Uk FAFE ol &
T olH AFEL YRE dEFY FrE FHI
= HHE o] &3l gl o5 WL EHAdH

E AA7E 23 FA 7P 990 dA=E 78
A AAE B Ee ¢de 2tan g

Fo] 233 ¥4 A o] 43 dvid A7)
ZA% L Adsigion Hy 97 A2 TE 0
A, Mg AFE Ea) AlE Fud FFE
¥ gAY FAA A7 Alolo &4 oY
of Wl dAF v BAN S S APgHer &
st ol A F HhAlH R & o] £33 AR FF
Aggte] 7heAE RAaFATh B 75 HolA
F 9IRS o) &3 Avkd ARV EAHYUY F
A4 A% g B Aoz JAAHHE 53
Ax9l 4, 2379 EA R 7EH
w2 kAl miRle) B ¥ 5A4E& EAsin A
A opddt 7 de] g H4oreAE A
=3

ofd flo fr 30 o O

i i
Sy
32 2 oA

i 9

_0‘1_4‘\.

52

2. 58 AlAfe 74

Fig. 12 #o]l4F dAlagd g o|&8 EHAZ
71 &3 A=A F2e AL Jeld, B dF
A& HolARe Aoz ZHH 2ALEY] 9
3] half mirror& AbR-8to #lo) A Fo] AL 90°
2 30 238F ZHE Aol AYE 50mE
sttt BlolA HAYIZ 93 A =0.6328m, &Y
4mwe] #HolA tole =g Algdlon U3
FEH & 47 98 #HolA teolecxe 83
0.5%°l3t=2 <HAAFA F e APC(Automatic
Power Control)3]| 2 & AF&3}ich L3 #olA i
olerd FE2THd A 1m THE BEL HX
o] Z2AFAL A 1mE Aot Seige
b7 o] AFIPAA Itz oz 713 wol A&
640x 4807449 CCD7tHetg A18-8d JY4E& &
33

(a) structure (b) photo
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7.CCD Camera 8..Measuring Device body

Fig. 1 Structure of the measuring device
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Fig. 2 Schematic diagram of the roughness measuring
system
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Fig. 3 Reflected laser pattern image due to scratch
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Fig. 5 Example of resulted pattern
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Qa: Mean value of gray level of all pixels
Qc: Mean value of gray level of column pixels
Qr: Mean value of gray level of row pixels
P : Value of gray level before correction
P': Value of gray level after correction

Fig. 6 Principle of correction
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(a) Before correction

(b) After correction

Fig. 7 Correction process
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Fig. 8 Noise elimination by median filtering process
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Fig. 9 Pattern segmentation by hierarchical

representation

5. 48z 2 2F

51 238 Ao EM Hot

2389 AFE& vl P Z J3¢S
Fa vk 239 AF WALEA, BgA, 7Y
Aol et FUg "ol oA Fe WA x|
% Fig. 103} Zo] gA3) & EX54E 717 3
& 97 Aok Fig. 102 7H5E, B2 ZaxE
233 AF2Z A8t Rmax7b 0.78m¢l Q2ba
£ ZASS W 239 P17 el Fst
ZAc ®ol] AHEHT ¥ el wbgo] 2



HER - 389G - OFH - Ho)E  FFFLTHIA A13E AR

a1 ZHEEo] A7) djFEol wiAluieel 2 BA 3
Qe o8ln WA} ZAAE HREet e
ZEE&9 ¥ B2 FX| v gALE 9] Alolef 9
A ZAAE 259 AR A9 E 9 7HF
2 e 48 + .

Fig. 112 Al 717 A8E 23de 2 Al &34
Rmax7} 0.29~0.79/m Atolo] A& G2+ A]H 6749
A& £3E P3RS o A" FEelA] F
FETO EEHAS BAAAY] Alolg) FA ot}
EM 7 EAAE Y W] R URd Hh S
PA3Y ezt EEA A7) sl Mg E4%
Hag gAEE & F At

(A)glass (B)white paper (C)black paper

Fig. 10 Reflected pattern due to screen material
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Fig. 11 Relationship between the surface roughness
and the standard deviation of primary
direction
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Table 1 Surface roughness measurements of machined

surfaces

Specimen

SV-400 10.2910.35/0.46)0.58)0.67:0.79
Grinding |PLBP(¢m)|0.32{0.37{0.42/0.63|0.70|0.87

SV-400 {0.18/0.31(0.49]0.60[0.72|0.84
Polishing| PLBP(ym){0.220.34)0.43 (0.67,0.68 (0.89
Ermor®%) [222| 96 |122/117) 56 | 5.6

SV-400 |0.31|0.48,0.59/0.7210.8110.94
Milling {PLBP(xm)(0.34|0.45|0.61|0.70}0.85|0.90

*SV-400 : Mitutoyo surface roughness tester
*PLBP : Proposed method in this study
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