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Automatic Surface Inspection Systems for Cold Strip
Hitoshi Awzawa, Yoshimi Fukuraka, Yasuhiko Masuino and Hidekazu Mivake

Synopsis : In steel industry, customers’ request for better quality of product surface has recently become very keen, which
inevitably requires more strict inspections of the products before shipping.
Though human eyes, which have been widely used for in-process product visual inspections, are an excellent sensor,

organoleptic visual tests have drawbacks.

A human inspector ay overlook flaws in case of even momentary

distraction. In addition, today’s demands for better performance and higher throughput on production and inspection
far exceed the ability of human visual tests, in most cases.
Consequently, visual tests are being replaced by ASIs (Automatic Surface Inspectors) using optical apparatuses.

There still remain, however, some flaws ASIs are not able to detect because of their low signal level.

We have,

therefore, kept trying to detect those flaws by developing and improving signal and image processing techniques for

ASIs.

In this paper, described are some of the new technologies of this kind, which have been developed or tested in
Kawasaki Steel Corporation ; a floating-threshold-level signal processing method, a high precise definition TV monitor
system, an on-line ASI performance test system, and Fractal analysis for the scanning waveform of ASlIs.
Key words : colds ; surface inspection ; human visual inspection ; image processing ; quality assurance ; optical sensor ; laser beam ;
diffraction pattern ; spatial filter ; solid-state imaging device.
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Fig. 1. Example of the ability of detecting flaws by
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Table 1. Examples of optical systems of surface flaw inspection for cold rolled sheets.

Flying-spot method

Flying-image method

Item
Oblique scanning sytem

Parallel scanning system

Rotary mirror

1.Structure

He-Ne LASER

-LASER beam(ex.He-Ne)

) Parabolic CCD Camera
Collimeter i
Photomul, /‘LD—W¥
He-Ne LASER Spatial filter £
2T .
Rotating ) Light source
mirror ‘ strip
ondensing \ =
_ , lens : /
/ N ¥ [signat
£ _ processor
canning / . i
direction ;liltim—Utlpllgi Optical Rod
2.Light source Halogen lamp -LASER beam(ex.He-Ne) ‘Rod-typed light source

(ex.fluorescent lamp)

-Si-semiconductor
-Spatial filter +Photomultiplier

3.0Optical sensor
system

-Optical rod + Photomultiplier

Solid imaging device(ex.CCD. ITV)

1.To detect minute flaws

2.Limitation of moving velocity by using
polygonal mirror

3.Complicated optical system

4.Characteristics

1.To detect minute flaws

2.Limitation of moving velocity by
using polygonal mirror

3.High sensitivity by uniformity of
scanning directional reflected intensity
4.More simple signal processing but
complicated optical system

1.Without moving parts by the
electrical scanning,so detectable at
high speed

2.Simple constitution

3.Limitation of a kind of flaws to be
detected using scattering light

1985~1990 1991~

Period of practical use of

Development of new type
sensor + high performance
Image/signal procesing

for higher performance
-Floating threshold method

Practical use level for inner
pannel for mobiles

inspection /
demand
level

Period of hardware developmgnt

1965~1974 1975~1984
High Practical use level for outer
pannel of mobile, CGL
Practical use level at EGL Period of image/signal
e ————— . —| processing development
"""" Profile method
Low : 5D space method :

-Co-inspection between
man and machine(High
difinition camera)

for lower cost
-Picture pyramid method
-Simplified method for
classification of flaw

Fig. 2. Technical trend of development about automatic surface inspector in Kawasaki Steel.
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Fig. 3. Outline of self-correlation type periodicity
defect detector.
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Fig. 4. Schematic of measurement method of noise
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Photo. 1. Example of self-correlation function.
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Table 2. Specifications of camera type surface-flaw
inspector.

Item Specifications

Pickup tube: 1 inch
Scanning line : 1536 lines

1440dots X 1440dots 20inches

High definition camera

High definition display

Stroboscope Discharge tube : Xe tube

Image memory :
1440 X 1440 X 8bits/frame
16frames

Image input-output
device

Image memory :
1440 X 1440 X 8bits/frame
2frames

Multi 16-1V
RAM : 512Kbytes

(1) Manual mode
(2) Auto mode
fixed time cycle mode
fixed length cycle mode
(3) Full auto mode

Image processor

Control computer

Measurement mode
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Surface-flaw inspection system with high definition camera

. Optical :

Strip dick @ :

Surface Q O driver
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of laser > ! control )
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Fig. 6. Schematic diagram of surface-flaw inspection system.
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Table 3. Results of sample test.

WIS OR T RIRE S 27~ 837 I

- d Number of Visual inspection on high definition display Judgment of laser type inspector
aw grade
sample Easy Possible Difficult Possible Impossible
Light 4 1 3 0 1 3
Middle 8 3 4 1 4 4
Heavy 10 10 0 0 10 0
Total 22 21 1 15 7
Table 4. Results of on-line test. ASI (Inspection system)
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Fig. 7. Example of conventional method.
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Fig. 8. On line ASI evaluation system.
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Number of element ; 1323 bits
Number of scanning ; 10

A/D Sampling Rate ; 12MHz
Scan Speed ; 2.4mm/usec

Photo. 2. An example of scanning data name of
defects : “Slip”.

Table 5. Significance test of normalization of time

series.
No Time series D X*Test ; 5% Judge.
1 F-B function 15 81.9>x*=14.0 O
Difference of F-B 4.06=x*=14.0 X
function
2 F-B function 2.0 5.73=x*=125 X
Difference of F-B 9.656=x*=14.0 X
function
3 Scanning data about 6.79=x°=94 X
Difference of 1.8 249> x*=94 O
scanning data
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: Pseudo flaw:Position 50psec, width 64bits :
Fig. 9. Analysis of time series by simulation data.
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Fig. 10. Analysis for time series of scanning data by Higuchi method.

Table 6. Analysis for time series of scanning data by Higuchi method.

Wave form 1

Wave form 2

Wave form 3

ltems (Fig.10 1-1) (Fig.10 2-1) (Fig.10 3-1)
Correlation : rave 0.987 0.924 0.969
Fractal dimension : Dave 1.78 147 1.70
Difference of Fractal : D Slip ; 0.49 Slip; 0.22 Slip 1; 0.11
Slip 2; 0.08

Possibility of detection
by Automatic Surface

Inspector

Slip ; Possible

Slip ; Possible

Slip 1 ; Possible
Slip 2 ; Possible

Surface Treatment

Polished

Sandpapered

Polished
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