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Abstract; To meet the requirements of a laser firing simulation system for high speed and high
accurate location of laser spot centroids, a novel method based on the video sequential images is
proposed for the spot detection and spot centroid location. The method firstly detects the firing events
by the subtraction image between every two sequential frames and by the estimated noise parameters.

Then, it uses the noise estimation to determine the segmenting threshold of the spot and combines
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morphologic filtering techniques to extract the spot region out from the background, meanwhile

reducing the noises inside and outside of the window. Finally, one high resolution image is generated

from 4 subtraction images to decrease the image noise and computing errors and to improve the

locating accuracy of the spot centroid. Experimental results indicate that the spot centroid localization

precision of laser spot and the average measurement stability of the proposed method are superior to

that of the conventional method. The spot centroid localization precision has been reached to sub-pixel

level, and the average measurement stability is 0. 000 49, far better than the conventional 0. 002 97.

The method in this study is conductive to improving the performance of laser firing simulation

systems.
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Fig. 1 Procedure of differencial images generated from image sequences
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Fig. 2 Integrated statistical histogram of 10 differential

images
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(a)Gray levels of spot region in differential image
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(b) Morphological image of spot region after segmentation

0000 000000
00 00 000000
0 0 00
00 00
0 0 00
00 0o
0 0 0o
00 00
0 0 00
00 (R

(o) & B 252 IS WO G OB RE X

(c)Spot region after morphological filtering
[ 3 OB R L

Fig. 3 Extraction process of laser spots
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Fig. 5 Synthesis schematic diagram of four spot regions
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Tab.1 Centroid localization result for a certain spot

Centroid coordinates M;
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Proposed method 0. 000 4
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Tab. 2 The experimental results of centroid localization for all spots

Spot Proposed method centroid M Reference method centroid M
1 (295.722 940.045 2,150. 459 6+0.019 5) .000 4 (296.013 040.086 7.,150.741 0£0.070 5)  0.002 6
2 (309. 322 540.029 6,141.694 7+0.037 6) .000 6  (309.187 740.054 9,141.872 8+0.066 2) 0.002 5
3 (311.552 340.045 1,146,972 740. 024 4) .000 6  (311.657 8+0.060 7,146.863 5+0.051 9> 0.002 9
4 (316.979 140.024 1,140. 327 8+0.034 8) .000 3  (317.041 4+0.060 3,140. 443 3+0.063 7) 0.002 7
B (317.549 340,028 1,154. 837 8+£0.042 4) .000 4 (317.594 640.063 3,154,656 740.079 4) 0.004 3
6 (327.330 440,048 5,144.739 1£0.010 8) .000 6  (327.410 640.056 1,144,907 440.081 8) 0.003 1
7 (332.619 540,011 7,146.954 2+0.013 4) L0001 (332.393 240.063 9,146.773 54-0.071 8) 0.002 3
8 (335.360 640,048 9,152.031 9+0. 049 5) .000 9  (335.285 440.054 9,152,076 3+0.077 4)  0.004 6
9 (349,756 540.017 6,141. 356 94+0.036 1) L0005 (349.732 2+0.085 4,141.289 9£0.0857) 0.002 3
10 (412.413 97£0.036 7,141.662 7£0.019 2) L0005 (412.284 440.053 8,141.816 3£0.052 2) 0.002 4
M 0. 000 49 0. 002 97
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