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The present study proposed an embedded printed circuit board (PCB) alighment system, in which a rotation, scale and

< : ; . Algorithm 1 Pseudo-code of Location Refinement Matching using CUDA Algorithm 2 Pseudo-code of Rotation Angle Refinement Matching using CUDA
translation (RST) template-matching algorithm was employed to locate the marks on the PCB surface. The coordinates _ _ _ _ - : : :

d 1 f the detected k th d ith th £ ] hich tb d th 1: Inputs: Test image I, size of template w x h, coordinate candidates (Xcang1, Ycanai1)r angle I: Inputs: Test image I, size of template w = h, coordinate candidates (Xcanaz, Ycanaz), angle
al:l angles o € detected marks were . en Compa.r'e wi e I:G erence values W 1C WeI:e s€ y users, an . € candidates Bgy4,, scale candidates s;;,4,, pyramid level Np, number of candidate Nggpgy candidates 8cgnqp, scale candidates sggnqp, angular resolution a, number of candidate
difference between them was used to adjust the position of the vision system accordingly. To improve the positioning % Ouitputs CoenTation couient Ras Neanaz
accuracy, the angle and location matching process was performed in refinement processes. To overcome the matching 3 Xindex: idxX « blockDim.x «blockldx.x + threadldx.x J/Number of extension pixels 2 Outputs: Correlation coefficient fycc
time, in the present study we accelerated the rotation matching by eliminating the weak features in the scanning process & Yindex: idxY « blockDim.y «blockldx.y + threadldx.y //Number of candidates w X “‘:e’“ 'zx - ::”C:D e ';:”‘:1““ ’ ”’""“:I:” z"”‘g"::”’"’“”“:‘;"

i . . . . Ty - 4 Yindex: idxY « blockDim.y = blockldx.y + threadldx. Number of candidates
and converting the normalized cross correlation (NCC) formula to a sum of products. Moreover, the scanning time was S (X< 25)mnd (Y < Nooun) hen i o ! ! /
. . . . . . . . [ Coordinate X: Xpefineq « (idxX mod 2VF) + (xcgnay + 2¥7)  /[Refinement coordinate x 5 if (idxX < a + 10) and (idxY < Ncanao) then
reduced by implementing the entire RST process in parallel on threads of a graphics processing unit (GPU) by applying it Y diy 297y 24%)  URefinement coordinat 6 Angle 8: Oneimeq « (idxX / 10.0) + OcangplidxY] {Refined angle
. . ‘ i 8 5 " . . : oordinate Y: Yporineq « (1dxY div + (Yeanar + nement coordinate y R -
hash functions to find refined positions in the refinement matching process. The experimental results showed that the . Dl i N {: t:n condt 7 Coordinate X: x < XggnazlidxY]
. . . . . . . } - Candl i " "
resulting matching time was around 32x faster than that achieved on a conventional central processing unit (CPU) for a % Angle 8: 6 « B lidrY] 8 Coordinate Y: y « YeangoidxY]
test image size of 1280 x 960 pixels. W Seejinkdo B ESEEET il i)
.. 10: forjin h do
11: foriinw do 1 o
- Tiinw
! Colkestinthalty el vl itak iitiich vl wilh A ook it i 12: Collect intensity pixel values inside a search window using a bilinear interpolation

X an orientation: #, and a scale: s
(Xrefinea: Yrerinea): ! approach with a center point at (x, y), an orientation: Bgefinea, and a scale: s

13 end

- B: system base * il = el
: 14: end
- MI, MZ, M3: three stepper = Calculate the NCC score 7)ycc between the template and the search window 15: Calculate the NCC score ny between the template and the search window
16:  end 16: end
motors 17:  Return 7y, 17:  Return njy.,
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Figure 3. Reducing matching time by using the hash table for CUDA coding. (a) Description of coordinate candidate
(X Candr Yeanar) @and extension pixels; (b) description of finding x and y indexes of the extension pixels.

Location of PCB in the system Revedption of pammmicters ok fhe DIVAdIIEoon TXZ Table 1. Comparison of average matching time and accuracy of RST template matching on different
movable platform development kit 1 , ,
platforms and with different image sizes.
Figure 1. Overview of the hardware of the proposed embedded printed circuit board (PCB) alignment system. Image Size

Methods

| RSTRefinement Template Matching Algorithm | ) R Ty, Ay Ty Aot
Time(s) Accuracy Time(s) Accuracy Time(s)  Accuracy

R = PC-based Platform
ep 1: Angle Measurement Using Step 2: Robust Accuracy Using E o 0 o
Rotation Matching. Refinement Matching Processes. Pi et - L 98'006 1075 el 1.326 97'50A)
Template(I) Test Image (") Template(l) Test Image (T) FAsT-Match|[2] 0.1 59.9 f) - - _ 0.4 99.8 0/o
PC- Improved RST 0.099 97.5% 0.186 95.5% 0.291 97.0%
Embedded System-based Platform
em-RST 1.914 97.0% 5.668 96.5% 9.517 95.0%
CPU-1 d
e 0568  920% 1633  950% 3664  98.0%
- emGPU-Improved
Radial lines similarity T similarity RST 0.197 96.5% 0.342 95.5% 0.301 96.0%
measurement T —
The results show that the performance of the proposed method is faster than others methods on both PC platform (PC-

Improved RST) and embedded platform (emGPU-Improved RST), while having no significant effect on the accuracy of the
matching results.
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