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Centroid detection of laser spots in large plane optical components
topography measurement system
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Abstract: One of the core issues of the large plane optical components topography measurement system
is calculating the centroid coordinates of laser spots quickly and accurately, which determines the
accuracy and repeatability of the measurement. According to visual perception, a 1D detection window
with radius as r was defined, to find the local maximum energy in the field with a convolution template
depending to center distance. Then traditional centroid method was used to calculate the subpixel centroid.
Finally, 30 rule of error processing was applied. The experimental results show that the detection
accuracy of proposed algorithm is 0.1 pixel, and the index was improved about 1 time than existing
threshold weighted centroid method. The similarity and PV of topography is closer to interferometer than
threshold weighted measurment. It has been successfully applied in actual projects.
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Fig.1 Effective area analysis of laser spot with threshold

value method
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Fig.2 Algorithm diagram of centroid detection
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Fig.3 Coverage region of laser spots array
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spot-2 under motor operation
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spot-4 under motor operation

R LAHM T WREEXT LSS R, FTRLE
% 1 BALSITR BR324 AL B X B
(x 1,40 m7)
Tab.1 Statistical comparisons of relative centroids

under motor operation (x direction,40 frames)

Spot | and spot Il Spot Il and spot IV

Relative distance

directi ixel Proposed Weighted Proposed weighted
(x direction, pixels) P thre-shold P thre-shold
method method
method method
Befor STD 0.0251 0.0493 0.0256 0.0629
error
processing PV 0.0945 0.1884 0.1165 0.2574
Eliminated 9 6 9
frames
After STD 0.0181 0.027 6 0.0184 0.029 4
error
processing PV 0.062 2 0.1140 0.060 2 0.1174
h f
change of ) 0006  0.0083 0.0001  0.0222
mean

(1) XoF R 22 Ab 3 ) DA M O 2% PV B IR
AL PR 3o Y AN AL B B PV S5 38 bR, B E AU
BIL RSO RER 2 45

(2) HH 22 b BET JF SC P RE G A 1 AR 4L
P2 10° G FE  E T BME AU 2, 5k iR 22
b 37 5 45 A ELA A o

(3) SCH BT E A EDEBE X E PV 7E 0.1
G E W, FOEBE ORI A ARG AR 0.1 12K,

o TR RTRR , CR 5 WS Ie 4e 145 3 B E
F2h, o i A Ly 4 B ROR 1S OREEL A x
'y AR 2x-1x Frm 1 S HBERO 5 2 5 6B
X J7 [0 B AR B (12 %)

4k 8% 11 4% 24 400 mmx400 mm, I & 45 K
12 mm B L5875 SO TR E TR 5 TR

xR 2 KBRS B T Gt (40 o)
Tab.2 Statistical comparisons of relative centroids (40 frames)

PV of centers/pixels 2x-1x 4x-3x ly-3y 2y-4y 1x-3x 2x-4x 2y-1ly 4y-3y
Motor off 0.024 0.020 0.034 0.025 0.029 0.021 0.024 0.031
Proposed
method  Motor on 0.065 0.071 0.057 0.080 0.072 0.064 0.061 0.053
Weighted ~ Motor off 0.043 0.036 0.063 0.055 0.050 0.065 0.035 0.049
threshold
method Motor on 0.183 0.161 0.107 0.160 0.112 0.133 0.122 0.094
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Fig.8 Comparison of topography measurement of proposed method

algorithm, threshold weighted method and interferometer
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