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Activities to Production Support with Visual Sumitomo Chemical Co., Ltd.
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surement, and the Plant-Monitoring— Osamu HirRosE

Takashi Suzuki
Masaya SHimiIzU

Ichiro WasHIzAKI

The image processing technology is widely used for various production fields, for example, object recogni-
tion, visual inspection, OK/NG diagnosis and so on. Although the computer technology has advanced rapidly,
to make the image processing technique fit for practical use is still extremely difficult issue because the com-
puter does not have comprehensive discretion. The authors have developed total machine vision systems,
including the illumination technique, image sensing, image processing, and production improvement tech-
niques, for various production lines. In this paper, the key technology of machine vision is described for each
developmental stage. This paper also shows several actual applications involving visual inspection, measure-
ment system, and plant monitoring system.

oooag 1z Application fields of the visual information
analysis
godoo0obooobooboooooooooo Scope Application fields
booodbooodobobooodboood Visual inspection Appearance quality control for foods, medicine,
gooobooooobobboooooobobbooo package, electronic parts, automobile parts, film,
00000000000000000000000 paper, steel material, ec.
0000000000000 0000000000 Measurement Measurement of position, velocity, inclination angle etc.
Automatic measurement of visual information
oooooooboooodoooooooood Positioning/Alignment Industrial robot control, material handling
goooO0OO0o0O0O0oOoOoOoOoOoooooboooon Geometrical feature ~ Total inspection of the geometrical features, 3D
goooooooooooboobooobonood recognition measurement

Color recognition Irregular color inspection, Different kind mixing

0000000000 vYw000ooo0o0oooooon
vooooodoodoodooooooadadd Motion measurement ~ Motion detection, optical flow analysis
goooO0oO0o0O0O0oOoOoOoOoooooooooon Monitoring/Security ~ Surveillance, detection of unusual plant situation,
00000000000000000000000 intruder detection

OO0Table 1000000000000000000 Research support Automation of routine research activity such as visual
goooooogn

inspection, etc.

observation, data gathering, data analysis, etc.

Character recognition  Identification of lot-products, Vehicle identification, etc.

gooo0o0ooooooooooooooooaoa Segmentation/Pattern ~ Label-Inspection of print, Identification of individual
00000000000000000000000 recognition (face and fingerprint)
Temperature Heat image analysis, Tunnel inner wall flaking off
gooooooboooooboooooooooa . . . .
information nspection, etc.
oooooooboooooooooooooooon Others Medical treatment, Welfare, Safety device,
good0oooooboooboooooooooboon Entertainment, etc.
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Opticéll . |and judgment|

i phenomenon 3 Y-
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Object ' - ' technologyg
. Camera e

(1) Clarification of phenbmenon

(2) Image sensing :
(Extraction only necessary optical phenomenon)

(3) Image analysis

- Construction of optimum algorithm by assembling
general-purpose algorithms and self- developed ones

- Robustness against various kinds of noises

- Effective use of image analysis result to improve the
manufacturing process

(4) Effective use of the visual information

- Process improvement : Disclose the root causes of troubles and
reduce them.
Automatic control of production line based on image measurement

- Operation support : Support operators to make their operations easy

and safety

BGEEEM  Effective data supplying to manufacturing
process
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11578 The base elements for image construction

# DBase element Contents

1 Information Visible light, Infrared or Ultraviolet light,
carrier Temperature distribution, etc.

2 Characteristics  Reflection, Transmission, Diffusion,
of the light Scattering, Luminescence, Absorption,
Straight light, Refraction, Diffraction,
Interference, Polarized light, Wavelength,
Chromaticity, etc.

3 Intensity of the (Compared with the dynamic range of
light camera) Over-range ~ optimum range ~
under-flow
4 Information 1D, 2D, 3D data, Protein structure, Inside
acquisition form information, etc.
Still image, NTSC, Double speed (60FPS),
High-speed camera, etc.

5 Frame rate

6 View Microscope image, Close-up image,
Standard, Wide angle image, Long shot
image, etc.
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Polarizing film

Retardation film

Color filter

Liquid crystal cell

Light guide sheet

BGEE¥  structure of LCD display

Defect Location|  Defect Suitable lighting
classification system
Stain (Diffused)
- Stain Scratch | Reflected light
Dimple Scratch
Polarizi Surface |
clanzing Dimple Diffused
film o
transmitted light
i Bubbl
Bubble  Particle Inside ! . ¢ Transmitted light
Particle
Bank mark
Diffusion | Pit mark Pitmark | (Diffused)
sheet Bank mark (Diffusion | Reflected light
ﬂ Surface |sheet)
Bank mark
Light L | Pitmark | Diffused
guide (Light guide| transmitted light
sheet Black spot sheet)
Inside |Black spot |Transmitted light

BEEEN Characteristics of defects on the optical
sheets
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Defect observation images
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camera
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Particle

Transmission
axis

(Upper side == — Transmission
of the film) — E axis
Particle ® Light ) Polarizing film
(Lower side of the film) source

(a) Crossed Nicols optical system  (b) 5 degree-opened system

Each planate arrow shows transmitted light, which plane means
electric field direction.

Electric field direction of each light is also indicated by linear ar-
row in front of the planate one.

BGEEM Observation method by using Crossed
Nicols optical system
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BEENEN  Variations of detection rate with defect
size

groobooobooo
oioooooo
gobboboooooobboooobobboooo
goooboboooobbboboooobbboo
gboooboobooboz2b00bOoicoboobobon
goliggooobobobobbbbbboooooogo
gooobobooooobbboboooobbbbo
gooobobooooobbbobooooobbboo
goobbbbooooobbboooobobbboo
gooobobooooobbboboooobbobbo
goboobooobbooboobn
oiDooooood
gogbooboboobobooboboob
oooobooobooop mboobooboboDbo
goobbobooooobboboboooobbboo
gooobbobooooobbbobooouobobboo
gooooboooooobbbboooobbboo
goobbobooooobbbobooouobbboo
goooboooooobbboboooobbboo
goboobooboobobooboobouoboooDoo
Fig. 70 0000000000O00DOOOOOOOO
O00000oOoooDOooooDooos/NODOD
000000000000 00D0050u m/pixel
O0o0Do00oooooooooos/NOODOoOooo

18

gdooobOoocboooOooooobOobbOOooon
s/NOOOOOO0OO0OO0O0o0Oos/NODOOOO0oOooOd
gooooooboobobooooobooboboooono
gooooOoobooboooooobOooboOoooo
oobooooooono

=~

it
©

D= oo w L
T

S/N ratio
© ®

=1

(=]

15 30 50 100 150
Resolution (um/Pixel)

Fluctuation of
working distance

o © o

Distance to make the
in focus image

Film

In this case, over 100um/pixel resolution is not practical because
of the low S/N ratio. At the same time, higher resolution (under
30um/pixel) is also undesirable because the S/N ratio decreases
drastically with working distance of camera. Therefore, practical
camera resolution range is restricted to around 50um/pixel. It is
necessary to reduce the vibratory motion of the film to make it
practical with higher resolution.

Variations of the signal to noise ratio in-
volving the same defect sample with cam-
era working distance and resolution
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1% Examples of the application fields that

require the plant monitoring system

Scope Monitoring object Detection items
security whole chemical fire (flame & smoke)

plant leakage of gases or chemicals
production Gauge water level in a boiler drum
control products or properties of powder or grains

materials liquid drops or spray
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®) | texture |

® | optical flow |
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| smoke sensing |

IEEELN  Algorithm for smoke sensing
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(a) Original images

(b) Subtraction image

BEEEEN  Examples of image processing
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(c) Histogram of image (b)
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(e) Decision of the interface
(by comparison to the
models)

(d) Extracted image
(proposed as an
interface)
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