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Abstract

In order to improve the accuracy of printed circuit board (PCB) visual inspection system, camera
calibration system is usually used to correct the lens of industrial camera. In this paper, an indus-
trial camera calibration algorithm based on Gerber file is proposed. The corresponding PCB target
is generated by Gerber file, and the camera calibration process is embedded into the visual detec-
tion system, therefore the calibration process does not need human intervention. Experimental
results show that this method can ensure high accuracy and improve the degree of automation.
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Figure 1. Frame diagram of industrial camera calibration system based on Gerber file
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Figure 2. PCB digital image drawing process
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Algorithm: Ellipse determination

Input:edge[N]

Output:Ellipses

1. =0,

2: whilei<ndo

3: CenterPoint= edge[i].centerPoint

4: EdgePoints=edge[i].edgePoints()

5: InsidePoints=edge[i].insidePoinats()
6: a=0

7: while j <EdgePoints.getLength() do
8: distance=getDistance(CenterPoint,EdgePoints[j])
9: if distance>a then

10: a=distance

11: end if

12:  end while

13: b’[N],6°[N]

14:  while j <InsidePoints.getLength() do

15: b’[j],6’[i]=getOtherTwoParam(centerPoint,a,InsidePoints[i])
16:  end while

17:  m=getMeanSquareError(b’[N],6’[N])

18: ifm<sthen

19: Ellipses.push(edge[i])
20:  endif
21: end while

Hrp, FUERIANAGHA edge LAURITTIRZERIE s, X TRNAG R O RS T I m
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Algorithm: Camera Calibration
Input:reallmage[n],digitalimage[n],s
Output:H,K,P

1: i=0,Corners1[n][1000],Corners2[n][1000]

2: whilei<ndo

3: rectanglel = getRectangle(digitallmage[i])
4: Cornersl[i] = getEllipses(rectanglel)

5: rectangle2 = getRectangle(reallmage[i])

6: Corners2[i] = getEllipses(rectangle2)

7:  end while

8: Function Solve_Homography(Cornersl,Corners2)
9: i=0,j=0,L[N],HO[N]

10: whilei<ndo

11: while j < Cornersl[i].getLength() do

Cornersl[i][ j]

12: L[i]=s —————-4°4
[i]=s Corners2[i][ j]

13:  end while

14: endwhile

15: HO = svd(L)

16: H = Isgnonlin(HO,levenberg-marquardt())
17: returnH

18: Function get_distortion(H,Corners1,Corners2)
19: i=0,j=0,KO0[N],PO[N]

20: whilei<ndo

21: while j < Corners1[i].getLength() do

22: P =H -Corners2[i][ j]
23: end while
24: end while

25: KO,PO=solve_distortion(Cornerl,P)
26: K,P=lIsgnonlin(K0,P0,levenberg-marquardt())
27 returnK,P
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Figure 3. Algorithm performance comparison chart
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Table 1. Average re-projection error of PCB target

3 1. PCB #r¥EH P EIRFIRE
KBS YR ZE S5 YR ZE KBS FEIRE S5 YR

1 0.008701 2 0.008551 3 0.008323 4 0.008543
5 0.008438 6 0.008581 7 0.008675 8 0.008538
9 0.008515 10 0.008511 11 0.008636 12 0.008428
13 0.008421 14 0.008631 15 0.008538 16 0.008432
17 0.008521 18 0.008351 19 0.008718 20 0.008531

Table 2. Average re-projection error of checkboard target

2. HERRENTHERYIRE
KES FEIRE IS S IRE KES iR IS S IRE

1 0.015384 2 0.015263 3 0.014980 4 0.015032
5 0.015532 6 0.015289 7 0.015432 8 0.015238
9 0.015913 10 0.015263 11 0.015033 12 0.014830
13 0.014396 14 0.012671 15 0.017342 16 0.018269
17 0.016352 18 0.015324 19 0.015428 20 0.015871

Table 3. Average re-projection error of circle target

3. BRI T ERSIRE
KBS FHRE e S53 P IRE K& s VR Kt S53 FERE

1 0.011532 2 0.009138 3 0.009432 4 0.010251
5 0.010238 6 0.010299 7 0.008324 8 0.012409
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9 0.011532 10 0.009832 11 0.010053 12 0.011232
13 0.012428 14 0.011023 15 0.009531 16 0.009022
17 0.011321 18 0.009231 19 0.011205 20 0.008324
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