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Inspection of the Knuckle Bracket Holes of a Shock-Absorber using
Image Processing Method

Kyuwon Jeong®*, Kye-Un Ahn"

Automotive industry is a major business area in this country and it becomes more and more important. In order
to maintain high quality of vehicles, every parts should be inspected. Among them the inspection job of the knuckle
bracket holes of the outer tube of shock-absorber has been done manually until now. So, it takes long time and every
product can not be inspected. An automatized inspection system was proposed utilizing machine vision technology,
which was composed of a slit beam laser, CCD camera, image processing computer, special jig and illuminating back
lights. An algorithm which could process images of the laser and bracket holes, then gave the position, radius, roundness
of the holes, was developed. This system was applied for the good and ro good products and the performance was

confirmed.

Key Words : Automobile vehicle(R}F5-2]), Shock-absorber(<-8-<2H), Knuckle bracket holes(1}Z 22}l 114), Camera(7PH|eh,
Laser Slit Beam(&o]| A &314Y), Calibration(Z82} 2 #]0]4), Roundness(JYE)
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(a) hole center check

(b) hole diameter check
Fig. 2 Manual job for quality check
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Fig. 3 Developed inspection system using image pro-
cessing
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Table 1 Specifications of the image processing system

Item Specifications

Dalsa Falcon 2M30

- Resolution: 1600x1200/1920x1080
- Data Rate: 2x40MHz

- Frame Rate: 34fps

- Pixel Size: 7.4um X 7.4um

- Data Format:8,10bit

- Output: Base Camera Link

Camera

Zeiss Planar T* 1.4/50 ZF

- Focal Length: 50mm

- Aperture Range: f/1.4-f/16

Matrox SOL 6M CL

- PCI-X® card with universal 64-bit card
- 64MB of 83/100 MHz DDR SDRAM

- Camera Link® port (eCL-F/XCL-F)

- Channel Link™ speed of up to 66/85 MHz

Lens

Image
Board

Table 2 Specification of the calibration plate (PN:46250)

Specifications
Item
Large | Middle | Small
* Square Length (mm) 50.00 25.00 12.50
* Dot Dia. 1.00 0.50 0.25
» Dot Spacing 2.00 1.00 0.50
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Fig. 4 Calibmtion of the camera image
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Fig, 5 Centroid coordinate of calibration dots at various
Z position

Table 3 The mean distance of the calibration dots at
various z position

Colm Row Pixel Difference
z Position Dis.t. ® Dis_t. G Distar}ce (mm/pixel)
(pixel) | (pixel) |(mm/pixel)
Omm | 362186 36.2183 | 0.05522
Smm | 35.8004 | 35.7996 | 0.05587 | 0.00065
10mm {35.3881 35.3865 | 0.05652
£ 78 4 9l5len, 7} Omm, Smm, 10mme] $jX|with &
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Camera |

Fig. 6 Projection of the slit beam laser on the cali-
bration plate

(a) 0mm

(b) Smm {¢) 10mm

Fig. 7 Image of the laser slit beam on the calibration
plate

Table 4 The mean of laser position at various Z position

Calibration plate position (Z)
Item
z=0mm | z=5mm [z = 10mm
A R
VOrAge BOW | 4507502 | 382.1717 | 314.4487
Pixel No. j
RMS Error (pixel) 1.74 2.19 1.97
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(a) Hole check on the binary image

Binary Image
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Assign estimated Hole
center
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Count no. of pixel ‘1’
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And
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No. of the
Pixel
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{b) Hole check flow
Fig. 9 checking the hole existence

Fig. 10 Least Square Circle to measure roundness
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I Put outer tube assy on the jig 1

| Turn on laser slit beam [
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I Capture the laser beam image ]

[ Turn off laser slit beam i

!
’ Capture the bracket hole image T

Calculate the distance of the bracket
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l

Calculate the hole data

from the bracket hole image

(a) Inspection sequence of the holes
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Binarization

Extracting
Hole edge
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hole data

(b) Sequence of image processing

Fig. 11 Sequence of image processing
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Fig. 13 Images of the Laser beam on the knuckle holes

Table 5 Processed laser image on the knuckle hole

Holes
OK Left|OK Right| NG Left NG Right
Average Row | oo 45 | 65263 | 670.72 | 67063
Pixel No. j
Position z _14.798 | -14.811 | -16.139 | -16.132
(mm)
Dist. 1 053296| 0053205 | 0.053122 0053123
(mm/pixel) | ' ' '

omm 7|23 ] jol 450.75028} 40|22 OK Left 71

201.78}401E ol H Xof HepAl "ol Qltt of= & 3401!
A E2EH z 33 7%2] ol @2 5mm/68.15pixel &
830 OK Left 7+70] 9l 99 #1X]&= -14.798mm ©]
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Table 6 Setting value for hole

Xo | Yo d | Min. No. of ‘1’ Pixel
Left Hole | 780 | 630 | 200 400
Right Hole| 940 | 650 | 200 400

Table 7 Processed result of hole

No. of ‘1’ in X |No. of ‘1’ in Y Result
(Pixel) (Pixel)

Left Hole 639~914 : 275ea | 493~768 : 275¢a | 550400 Fig. 14 Processed result of OK part center hole (Right)
OK Part
R(l)glgt ;{a(r):e 797~1072 : 276ea| 510~786 : 276ea | 552400 Table 8 Hole center position (pixel)

Left Hole OKL | OKR | NGL | NGR
NG part | 8407913 273¢ca | 494~767: 273ea | 546>400 row (pixel) |618.0562]624.2833(637.9765 |640.6958
Ri i . . 40.8500 | 929.3087

ght Hole 7961072 : 2T6ca| 509~787 : 278ea | 5545400 column (pixel)|742.9419{925.8555|740.8500

NG Part

Table 9 Hole center position difference of the NG and

A8 Jof AAHIglE RS FAT & A3k OK products (mm)

E4} 2 43F0] Wsho] wet Table 30)4 3ha 2479} 3} Ax (mm) Ay (mm)
]Zk 0.00065mm/5Smm=- &35l OK Left -2 249 Left Hole 024 -0.95
9] 3}A7H4L 0.053296mm/pixelo]H, 1 o]9]o] AL Right Hole 0.02 076
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Table 10 Calculation results of the roundness

OKL | OKR {NGL|NGR
LSC Radius (mm)| 7.313 | 7.353 | 7.318 | 7.39%4
Roundness (mm) | 0.238 | 0.149 | 0.183 | 0.100
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