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FAKEEC) (m) (Min) (%)1 (%)2
15 20 40 40.45 40.14
15 20 50 50.36 52.56
15 20 60 61.01 62.93
15 30 40 39.38 28.68
15 30 50 42.92 37.60
15 30 60 43.26 44.98
15 40 40 36.80 14.79
15 40 50 43.72 16.17
15 40 60 48.09 16.93
30 20 40 28.95 21.97
30 20 50 37.47 25.46
30 20 60 46.61 27.77
30 30 40 39.67 26.59
30 30 50 46.94 27.45
30 30 60 54.52 27.80
30 40 40 16.60 32.18
30 40 50 18.82 37.75
30 40 60 21.51 42.15
45 20 40 30.40 27.19
45 20 50 38.97 33.97
45 20 60 47.98 40.52
45 30 40 41.62 30.80
45 30 50 52.69 36.77
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537 > £ 5% (EL/KET > A-B~C HF K
AxB X HER& T ~EHE F fgc > H P-value Z&{K
7+ 0.05 FVERE/KEGER 11) » B mER AR
E 4 S > AXC K BxC S B EAAE S F
E » Nit&fraRz=s E g (Pooled Error Variance)
A AREZ (R 12) - & ifafiriE (E 18) ik
S B RF (5 IPIREEE ) HRUE 46.01% 28
> HRKRP R AXB XX HEEHERE 21.82% > C
-7 ) S 7S 16.72% » A R+ CRIGRERZE
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Z= 11 ANOVA 55 H7-stepl

ANOVA table for S/N-stepl

Source SS DF MS Fo Foos P-value SS'  Contribution
A 20857 2 10429 69.96 4.459 8.554E-06  20.559 1231%
B 77.119 2 38560 258.69 4459 5376E-08  76.821 46.01%

AxB  37.038 4 9260 62.12 3.838 4614E-06 36442 21.82%
C 28219 2 14109 9466 4.459 2.702E-06 27.920 16.72%

AxC 0728 4 0182 122 3838 0.374 0.131 0.08%
BxC 1.829 4 0457 3.07 3.838 0.083 1233 0.74%
Error 1.192 8 0149 3.875 232%
Total 166982 26 *At least 95% confidence 166.982 100.00%

7% 12 ANOVA 43ff7-step2

ANOVA table for S/N-step2

Source SS DF MS Fo Foos P-value SS'  Contribution
A 20.857 2 10429 44507 3.634 2.904E-07  20.559 12.31%
B 77.119 2 38560 164.566 3.634 2.133E-11 76.821 46.01%

AxB 37.038 4 9.260 39.518 3.007 4.211E-08 36.442 21.82%
C 28219 2 14109 60216 3.634 3.578E-08  27.920 16.72%
AxC (0.728) (4)
BxC (1.829) (4)
Error 3749 16 0234 5.240 3.14%
Total 166982 26 *At least 95% confidence 166.982 100.00%
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ABSTRACT

The demand for autonomous small surface vehicles continues to increase around the world, as these vehicles
play a key-role in modern maritime, commercial and military applications. Compared with medium and large surface
vehicles, small surface vehicles are lighter, more maneuverable, and widely used in commercial, maritime, humani-
tarian rescue, hydrological research and military fields, etc. In addition, the development of hybrid power systems,
such as combined multiple energy forms, including wind energy, batteries and solar power, vehicles could flexibly
switch power sources in different operating modes for multi-missions. The application in hybrid power systems are
the focus on future ship development. It can not only reduce greenhouse gas emissions, but also promote the devel-
opment of green ships. The purpose of this study is to discuss optimize of hybrid power systems and improvement
the endurance for the autonomous small surface vehicle. Therefore, this study chosen two of solar panels (each pow-
er is 340W) and Li-iron (12VvDC 15Ah) battery to construct the hybrid power systems, equipped with an autonomous
navigation system, and installed the system on an inflatable rubber boat for dynamic test on lake. The Taguchi or-
thogonal array applied to explore the solar panel angle and route surround. Whether the three control factors such as
angle of solar panel, cruise route and endurance time, and through analysis of variation (ANOVA) and other study
methods to find the best factor-level combination to improve hybrid power efficiency. Finally, the performance im-
provement confirmed and achieved the robust design in this study. It expected to make a substantial contribution to
the improvement of hybrid power for autonomous small surface vehicles and application in relative fields.



