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A study on the cutting surface roughness measurement
by image processing

Eui-Yearl So, Ho-young Im
Abstract

Many of non-contact measuring systems are used to estimate surface characteristics owing
to their advantages of high speed and undamaged test. In this paper, a new measuring
system is proposed to acquire image from CCD camera through back light illumination.
Lowpass filter is very useful in view of noise removal and optimum binary image can be made
through histogram equalization which is one of the histogram technique to maximize
brightness intensity between workpiece and background. Laplacian operator is used to detect
workpiece edge from binary image. In case of image treatment applying Laplacian operator,
surface roughness is calculated by introducing conversion coefficient for coordinate of pixel
which edge is composed of,

In summary, the work is concerned with the development of a new technique for roughness
measurement by the image processing in turning.

Key Word : Histogram Bqualization, Laplacian Operator, Surface Roughness, Diffraction,
Lowpass Filter, Back Lighting, Computer Vision, Edge Detection
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Fig. 1 Back light system.
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Fig. 3 Worked jig for experiment
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Fig, 4 Workpiece with feed variation
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Fig. 6 Image processing of surface roughness mea-

surement.

4.1 Histogram Equalization
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Fig. 7 Histogram equalization .
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Fig. 9 Original image
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Fig. 10 Histogram of original image

Fig. 99 994 A<4E3 LH (lowpass filter)
AR FE(noise) & AAT F AFAR wjA o]
EAst= AAEC M Fxpixeld, T ZE
(intensity) 2 St& A717] 48 s|~2E1% F435
(histogram equalization) = ¥ 23 Fig. 119 &
£ 94E 4T T+ d%eH Fig. 12¢ sl281% @
Yz BAE Aold ZEE FHEAZ Fig. 119 3§
SEAEE JERd Aol

ol7fd HHS AF I AEAI WA Aol BAD A
2% 8084 ] 98 o]F 94 (binary image) &
2 TEo de Aol AAez dasitt sl

olAg AL T e 28459 (thresholding) &t

o] Wad T9 2 wazAdue BEol A
4ol YOINE 247 de d4RRE Hdoz 1 &

129

AdmE »HHEY (thresholding) & F3 o274 @
o ZHBR Z g i 2daHEE g2 Table 2
g Zo] AR AT, a3 bl 7 2EHEG e
A AR AE A9EA FEEE7) qEd o g
ELR o ojRgie g AdsAt

Fig. 11 Histogram equalization image
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Table 2. Thresholding Value

Cutting Condition 1 21 3|4 516

Threshhoding Value | 190 | 190 | 200 | 200 | 205 | 205
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224 -

E8AM dod (13)4% ]
2AE Y4 F 9ok

gEeA g kaa g Fig 137 Zo] Fod
& thgH 2ol Uehd £ gth

&3t Fig. 89 3x39 =t

# (6)

Eiul,j+1 Ei,j+1 Ei+1,j+1
Ei—l,j_ Ei,j Ei+1,j
Ei-l,j-1 Ei,j-l Ei+1,j-1
Fig. 13 Kernel mask
2E
BX 2 (E i-1,§ — 2E + El+1 ]) (11)
2E
ay 2 (E - 2Ei.j + Ei,j+1) (12)
A71A e 1 FaFANY FT

CENERTPERIOE R DE =

L
ay? szl

2 (13)& olFgd e A&sle ik 23
B EXE o) &do 2 Pig, 147 & 943L 9& F
A9t

Fig. 14-4 G BAEL HA AR FF
g dAES Uthle AezA dqAge] Tz
dE 5}5‘.&%9—] AA7F AZ7) A=E UYENG &
sl

9 AAEC FAste i (pixel) 2 AX gl o
FESA] o] 4d BEAY FA S (conversion) S I
gate] §ogA AR TAAAA goz Yed
T Uk

+E  +E,,

i=Lj

7E
J
+ Ei,j+1) -E;;

F{E D
~—

b2

130

SEES

Fig. 14 Edge detection image

5.2 AMAEIE o[B8 EHMAEY| £HZN
=38 A A4 Fe % 1 EHAL7) Ragdt

cut off9 HWAAZ] Rimztel el Feldzm oS¢

£ Fig. 149 94<M si(pixel) E°] 7K Z&

(intensity) &2 #@Zol oplz XA ZAAN
(edge) & TAste A4S0 HAT AFFAAT Atz
BT (Arithmetic mean)@ Z cut off2¢<lA
peak to vellyE Fato cut-of[$E V& FLEA
o2 o] vEhd 4 stk

1.
=5 Y& [ox (10)
RtrDERyl+Ryz+Ry3+-- 12 (1)
n n&f

= (max- min)j
i=12234.n

Fig. 149 |el|Ael o) @.’-‘4‘347&3° AR Z g
A tdted FAAelE Psigon o diAY 2
o) )3} Table 29 #AAFE HA&gozn FT4A
EHAL7] Rag cut offd HdAL7] RtmE 78
F a9tk a8ln 44 234 (stylus method) 9

ARZNZ 337104 F8E Ao o] 2X AnZTet
= st

Fig. 159 Fig., 162 ¥& 100e] et 2404 &
AAE7] Ras} cut offe HAWAZAZ] Rtms &34



FEADFEHI A A1l 258

(profile stylus method) ¥ AR &372 &3
g Zgka ¥lad dapoln),

Table 2 The value of conversion with mm/per pixel

_ x 100#) x 20060
axis lmm | Ipixel |0,5mm lpixel
x Axis 211 0.00474 1209 ]0.00239
y Axis 267 0.00375|258 [0.00194
0.0e6
STvLUS /
0.0z —
IMAGE PROCESS /
£ oore Ve
g om ////
o
0.006 :///
ol— r r
1 2 a 4 6 6
CUTTING GONDITION
Fig. 15 Roughness value with cutting condition va-

ROUGHNESS{mem}

Fig,

riation

0.8
- r
0.08 aTYLUS /
c.07 et
IMAGE PROGESS /
0.06 /
0.05 //.//
0.04 //:/
0.03 / //
0.02 { ‘//./
0.01 1w
ol — y y v
1 2 3 4 [ €

CUTTING CONDITION

16 Roughness value with cutting condition va-
riation (Rim)

151

(199441 104)

0.02
f"-—-—-o-
ome reellien
aTyYLUS / /'
o.oe g
P IMAGE PROCESS / /
—_ 0.014 / /
..E 0012
g oot a4
£ / /-(
é 0.008 /)/
0,006}~
3,004 /
o'm- ----- .ﬁ,
R S
CUTTING CONDITION
Fig. 17 Roughness value with cutting condition va-
riation (Ra)
0.06
— /
0.05 STYLME
—— /
IMAGE PROGESE
E Q.04 /r’"
Y oos
X
Q /
2 ocoe
0.01-----//

RO A S T S S+
. CUTTING CONDITION
Fig. 18 Roughness value with cutting condition va-

riation (Rim)

Fig. 179 Fig. 18= & 2008« dig 244 &
HAA7] Rash cut offe HMAA7 RtmE &34
(stylus method) ®¥ AZ7] 23712 3% Ay
g3 vl E Ao},

Fig. 199 Fig. 20= W& 10080 2004 )
cut offe] HHAL7] Rime ol EH AdsIg
Z3gkolrt,

o g
ki

5:1_

Fig. 218 2 AT o438 olujr] Z2AA 4



2ol -

Yo PFig. 149 942 &4¢ ERAAYE e

& afz=elr},
0.08
0.08 T_:E_ORETICAL //’
0.07 svvtern
IMAGE PROCESS /
"E‘* 0.08
% o008 /
2 0.04
g
? ooo - /./
.00 Ve
oo ey
! —
c T T ¥ T

1 2 a 4 & 6
CUTTING CONDITION

Fig. 19 Roughness value with cutting condition va-
riation (Rim)

Q.08
——
e.or THEGHETIEAL /
—— /
0.08 TRTALE RS e /
%O.ﬁ
% 0.04 // ’.-——-"".
= /
2 oo
82 /
o /
0.01 7o
3 g & 4 & &

CUTTING CONDITION

Fig. 20 Roughness value with cutting condition va-
riation (Rtm)
NZ &
Al FAS L FREAUHEE o &
ol CCD 7iviglz &2 34E% A9EF ¥H
(lowpass filter) & F#A7|z 3A2EDY d9FE
8% £ 284 & (thresholding) & #e2A oA
%34 (binary image) & 9o gZgAgk JiA

HolA W&

132

SRS

0,063

"AWAWA

~0.01

ROUGHNESS {mim)

0,02

-0.051

0.04 , ; r T
) 0.6 1 1.5 2
MEASUREMENT LENGTH (i)

25

Fig. 21 Diagram of surface roughness
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