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Arbitrary triangle structure 2DPCA and its application to
underwater optical image recognition

Chen Xuan Bi Pengfei  Hu Zhiyuan

(School of Artificial Intelligence, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract ; Influenced by factors such as observation conditions and acquisition scenarios, underwater optical image data usually presents
the characteristics of high-dimensional small samples and is easily accompanied with noise interference. Resulting in insufficient robust
performance of many dimensionality reduction methods in their recognition process. To solve this problem, we propose a novel 2DPCA
method for underwater optical image recognition, called arbitrary triangle structure 2DPCA ( ATS-2DPCA). On the basis of considering
the relationship between reconstruction error and variance of projection data, ATS-2DPCA can successfully match the flexible robust
distance metric mechanism, which effectively improves the accuracy of underwater optical image recognition under noise interference
environment and achieves reasonable protection of the geometric structure of the data. In this paper, we theoretically prove the
availability and convergence of the proposed method and use three underwater optical image databases for experimental verification. The
optimal recognition accuracy is 89.07%, 88.52%, and 86.00%, respectively. The extensive experimental results show that ATS-
2DPCA has more outstanding performance than other 2DPCA-based methods.

Keywords : two-dimensional principal component analysis (2DPCA) ; arbitrary triangle structure; robust distance metric; underwater

optical image recognition; dimensionality reduction
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Fig. 1 The right triangle structure
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Fig. 7 The average recognition accuracy of all the contrast methods under different feature dimensions and

the minimum reconstruction error under ten experiments on three underwater optical image databases
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Table 3 The average optimal recognition accuracy ( %) and average minimum reconstruction error with the corresponding
standard deviation (Std) of each method on NF database

. ATS-2DPCA
pigeS 2DPCA-L1 F-2DPCA R1-2DPCA Angle-2DPCA  GC-2DPCA Cos-2DPCA
p=0.5 p=1 p=15
WG 80.25:0.76  85.77£0.69  86.63+0.73  87.16+0.82  87.50+0.85  88.27+0.66  89.07x0.63  87.78x0.71 88.53+0. 67
IR 462.472.14 415.86=1.92  402.60+2.08  391.25+2.01  382.04+1.97 364.59+1.88 343.91x1.85 377.42+1.93 370.73+1.90
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Table 4 The average optimal recognition accuracy ( %) and average minimum reconstruction error with the corresponding
standard deviation (Std) of each method on WildFish database

. ATS-2DPCA
T 2DPCA-LI F-2DPCA R1-2DPCA  Angle-2DPCA  GC-2DPCA Cos-2DPCA 03 1 s
p=0. p= p=1

PP 80.48+0.78  85.61x0.76  85.95+0.70  86.31+0.79  86.85+0.71  87.68+0.69  88.52+0.75  87.26x0.70 88.04:+0. 71

FHIRE  208.26+3.07 203.68+3.10 202.87+3.04 201.52+2.92  199.96+2.95  195.32+2.83  190.22+2.74  197. 48+2.86 193. 14+2.78

%5 EPIDHEU HEEHR A ENEHRMIRANERE (%) MEHR/NENRER IR AR EE
Table 5 The average optimal recognition accuracy ( %) and average minimum reconstruction error with the corresponding
standard deviation (Std) of each method on EPIDHEU database

. ATS-2DPCA
i 2DPCA-L1 F-2DPCA RI-2DPCA  Angle-2DPCA  GC-2DPCA  Cos-2DPCA
p=0.5 p=1 p=15
WG 77.38+1.57  82.79+1.81  83.46x1.67  83.71x1.73  84.25+1.59  84.96+1.55  85.63x1.53  84.58x1.5I 86. 00+1. 60
TR 300.47£3.21 279.80+3.08 272.33£3.14  268.92+3.03  261.76+3.10 245.28+2.93  240.362.98  259.05+2.90  236.54%2.95
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Fig. 8 The reconstruction visualization results of all the contrast
methods under optimal recognition accuracy on EPIDHEU

database. The first row is the clean original image, from the
second row to the eighth row are the reconstructed images
corresponding to 2DPCA-L1, F- 2DPCA, R1-2DPCA,
Angle-2DPCA, GC-2DPCA, Cos-2DPCA and
ATS-2DPCA, respectively
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Fig.9 The relationship between the initial projection matrix selection and recognition accuracy of the proposed

method on three underwater image databases
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Table 6 The average running time and the corresponding standard

deviation on the three water environment databases

ATS-2DPCA
Tk 2DPCA-L1 F-2DPCA R1-2DPCA Angle-2DPCA GC-2DPCA Cos-2DPCA .
(p B ALfE)
NF 11.26+0. 58 2.13+0.01 2.86+0. 18 5.60+0. 44 4.79+0. 37 3.08+0. 30 3.19+0. 25
WildFish 4.72+0. 54 0.43+0.01 0.48+0.01 0.63+0. 05 0.59+0. 04 0.50+0. 03 0.51+0.02

EPIDHEU 6.24+0.77 1.52+0.02 1.75+0.28 2. 64+0. 61 2.21+0.43 1. 80+0. 39 1. 87+0. 33
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