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Abstract; In order to study the noise characteristics of image frame sequence in a range-gated underwater laser imaging

system, the method of 3-D noise analysis was adopted. In order to solve the problem of non-uniformity and sample inadequacy of

the experimental data sets, simulated data set was composed of synthesized noise images produced according to single image
frame. The calculation results of 3-D noise analysis based on the simulated data set and experimental data set were compared,

which showed that the instant pixel noise describing the random variety along three directions was the main noise source in range-

gated underwater laser image sequence and the effect of temporal noise was more severe than the spatial noise. Those results are
helpful in the design of range-gated underwater laser imaging system and image denoising algorithm.
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Fig.1 Sample image and synthesized noise images
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Table 1 Comparison among synthesized noise image generation methods

sample method 1 method 2 method 3
mean 26.0387 25.9047 38.2327 32.4992
interquartile 3 3 7 8
71 8.0761 12.1278 2.9951 3.2376
Y2 1.6613 0.4158 0.0122 0.4943
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Fig.2 Framework of 3-D noise calculation
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Fig.3 Synthesized noise image frame sequence

Table 2 Standard deviation error of noise components in the four simulated image frame sequences

N oar ox Oy Orv vy Orve
sequence | 34. 5060 0.0565 0.1049 0.0953 0.4793 0. 5080 0.4610 4.5427
sequence 2 78.4182 0. 1960 0.4195 0. 1806 1.5513 1.5880 1. 3456 13.4283
sequence 3 161.1132 0. 1451 0.3199 0.2428 1.1935 1. 1649 0. 9449 9.4559
sequence 4 238.6776 0.0171 0.0723 0.0730 0.1764 0.1908 0.2459 2.3402
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Table 3 Comparison between spatial and temporal noise in the four simula-

ted image frame sequences

sequence 1  sequence 2 sequence 3 sequence 4
p - 0.0028 0. 0084 0.0078 0.0020
Demporal 0.0824 0.2746 0.2105 0.0253
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Fig.4 Experimental images used for 3-D noise calculation
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Table 4 Result of 3-D noise calculation for target at 25m far away

Qo/mJ S ar TH Ty 7] Try Tvi Trve
200 236.9836 0.6012 3.0859 1. 1056 0.8547 1.2958 1.8115 3.7896
195 227.3130 0.7190 5.7242 2.8172 1.1174 2.6540 2.5649 6. 5490
190 224.6623 1.2131 4.9397 1. 8730 1.0964 2.8518 2.8486 6.8591
185 183. 1060 1.3559 5.2527 1.8390 1.4119 4.0428 3.8786 9.7563
180 121. 1460 1.3565 4. 8249 2.7259 2.7597 6.1272 5.5799 14. 8442

Table 5 Result of 3-D noise calculation for target at 30m far away

Qp/mJ M

ar oy Ty IrH Trv OvH Irve
200 151.9531 2.2312 1.9590 3.1132 2.3326 6.2711 4.8103 13.3901
195 140. 3808 1.6801 1.9567 3.2191 2.5545 7.3739 5.0665 14.5986
190 128.2103 4.6047 1.3988 3.0046 3.4799 8. 1565 5.6880 15.2378
185 97.9526 2.8220 1. 1340 4.0866 3.7583 8.7627 5.6872 16. 6402
180 56.5128 1.6709 1.7374 2.6070 2.0524 6.7210 4.3970 13.2774
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Table 6 Comparison between spatial and temporal noise in the experimental

image frame sequences

Qo/m]J 200 195 190 185 180

0  0.1239 0.2435  0.2000 0.2103  0.2129
25m Dempoal 0.8549  1.0306  1.7248 1.9338  1.9577

0. 0.1490 0.1529 0.1359 0.1757 0.1266
30m Dpor 3.1795 24194 6.5324  4.0292  2/3986
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