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AL > B TR B TR B 2 2 B R 875 5% [ iy
ik 5 281 > &8 B A E B I ATy T G g e R
5 Hp DR BOKREEE &R - BREBUA RIMEFFE
FIBR B PE 2 22 151 » fEE 7 BB AR ~ B
WeARAT V8 5 18 /I S SRR AT DI TR A BN 4R 0 B
HEERE L Ze - RAEREKH 5 I RERE
REF RO R Y Ml > REBUNE 2 REE MR
TR » VARG TR BN EE P EIRRE - H
AR EBNEUEBURHES - It > BEERHY H R
#E > JKIFECELAY i A B BB R IR H B
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W TR B A TS A B R A 2 B 5 280 - i
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77~ PR Rt IR ~ IR & SR An S 2 F
S AEFEAT 7 IS IOVE S MR B RE S - (R » K
W TR RT—(EE T S IE R - BRI AR
St AR W TE AR o BR A BBl (Catamaran) i
DB R 22 > PTHC B 2 BK E L 24t ( Global Posi-
tioning System > GPS ) -~ & {4 % 4H B Jr (Inertial
Modular Unit, IMU)Z25 [356F - W5 = PRHESE
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Robert Sutton [1]2L Springer #Y USV » HLF TR
ST EXEHEKESF A 4m x 2.3m x 0.6ton g A
A 15 mis > o2 Bl &A% EH TCM2 ~ KVH
C100 X HMR 3000 % =7& > WECH K NaTi2EE %
FERCHIZS > FEF AR ~ KB T/ 5 B B -
RT3 R AT /K R 38 2 S R 35 e K S M
%5 A Alvarez F[2]DLIE TR K TEFIHELH
FHKTERESLS  FEHE R “Folaga” ZHER
KT#EE > HEERT: ExERXEER 30m x
0.14m x 30kg ki K#E= 2 #f > F/EFRE K 0m-
50m - ERET MRS 2 45T 5 S, D. Lee Z£[3)]
PR BN 2 BRIE fi 2247 (GPS) Y/ INEY /K [T ik 2 B it
MBI 2 & - H B B B e 5T Bk A A 4 122
(Internal Module Control, IMC) J57%£ » /%% PID
Pelgs - KN EAYTHE RS AR BTG EME TS
Bingquan ZE[4]fE ] GPS/IMU fE2HF2 (AN & A7 B A
RN HE T 2B AR = 88 78 (Extended
Kalman Filter, EKF) & GPS &£ TIER  Lamont
E[S]LA—{E 20 FFZZFEHAEZRNT GPS FRLAL &L
B &GN 0 A & (Course Angle) ~ ##%(Rolling) ~
{5 (Pitching) ~ fig#£ (Yawing) AIl iz 28 B F2 (5 - 1
PeL 2R SR B AN TR SRR e AR, - (H L SRR AR R
fE#EE FRYZES U B > SRR R £
&t - Kang [6]45& GPS FIEMHIE RS AREHE
it~ AL~ Rz > DL GPS $H¥ K& E T A2
IEFIEIREANL - Jodo Carvalho Vasconcelos ZE[7]5#>
BT AR N ASY (BERSRLAIEEAEAL ) 85%5
FCBEST NI TR E FAV R M B 58S - HE
TEA S EREEE R E EEREEEE T > mTiR AL
SERTSE A BT 42 85 TAZRIZE © Anderson
E[8IfEH GPS {F AyZEf T Z R Zs tR LR A A B A
JEEE > WHEE—E RGB & - Ko il
GPS I BVCECIN AR £ & » A 2 B2k B 5
S o HEE FEE TR g 3D BE 0 A
SRAEHIZK T FHYREREY) < Peter H. Heins Z£[9] FEH
BEEEHE T BEEMEAKEZAE
Halcyon” HFFER T ExExIZ/K5H] A 11.2m x
3.2m x 0.7m JZEp KSR 25 6 - HEfTM A S i
M2 BgEe o BERGE SR T DL E RIS VIR R HE S
A FAETF © H. Mousazadeh % [10] K4 B 17K2L
Hh[E B & 42 5 “Morvarid-1" [fyEEse gt » H 33
RFrEXBEXIZ /K H] B 1.97m x 0.99m x 0.04m K
K HTh% Ry 305W 2 & E ] A4 (FHRE M
RFFHREMR) » B E EEMER 245 - FERTERE
&R N #3(Extended Kalman Filter, EKF) 5z # &=
# B 7% (Navigation Guidance Control, NGC Algo-
rithm) - #& R HEE 8 ) 25 R S RO R BEY 89 K/
IR [E T A e T s B > DUSE S R THSF O
Bk R lSERE - H.C. Wang ZE[11]L/INEAL Ry i 5

ZB1 > FIH =M NSRRI KT BB s L
HE) > S RIET B BIERD - EEEHE S RS = TH
K EAEFS 5 S.H. Lee FE[12]DIE B K BB F BT T/
RURERSALTE ST oe BB SE - SSIHFRAE R -
[HEERGRERLLL FRP R EMER 12 AR -
PEKE Ry 9.77 1 » $53k 280 HP K ZENE ki 25 (water
jet) - HE AR AT 23 Gl HEGT 25 GilldE > H
THREMAGHE 20% - N. Khare ZE[13]fEAESRY
B R/ N AR > A RIDUREGRE ~
RAE ~ BEA - PARIEE A R S S SR E B
IR SRR ELEN T ERRE o7 R RS 2% S
35.25% ~ Z &M 35.22% ~ KFEAE 19.6% - JF7RAE
5.52% S PRHEE M 4.41% » A ks A\ #E B TS
336 /\iF o R. Reabroy ZE[14]DIFEE 4 AR ~ fivE
1.235 AR~ 1Z7K 0417 A REY/INIE - TEF] 4 55
24VDC HYEEMAE R/ IMEHEHES) ] > S E R4S
0 HE SR S N 0 FRIGAY 1 08 o AT
PEEEZE 1/AE o S, | Sohn ZE[15]/7 485 3 SARIE
A DABE S N RS A R S A K HEk R (FCUSV)
A EgEE ARL EE Fy K A RO BR BE B ST 2 vl AT > I
B2 BKE M B EM A4 - 1E A B BTS2
& BUTHTRETEDR(Way point) ~ B5E(departure) ~ fr
Fr Bz (station keeping) Kz jig (turning circle) & #5475
P - A. Makhsoos Z£[16] DA fiE A/KHi#E » HFZR
EXEXS AR 3.8m x 2.4m x 1.5m -~ E& 700
AT~ MR 5 A SRR S EI AR LUK G R 18
EEEME BB T - R —FERERET - KGR
IR HEE R 8 EIT AR N EHES 5.8kWh AYE
JrEetE > ERCHREREE AL & Fy 8kWh - Bingxi Liu
E TR T TSRS A 1T 23 (Petrel-Dual) >
HOKEMZK NEMRE ST » UK T /EHEE)a] DLE
T RE R AES L ELEE) 2 BEJR - Hao Cao ZE[18]42
HH—ERL I R B R B R T Y EE R RS S R Y L
REZ& - DA s E AR R0 B =i o - EEnss
REUR - BRSSO T R E R & A SR
BEZER > 0 ER /N K E (M & 105cm) 2 &
J1Z:4% - T.L. Liu ZE[19]E O Eigaa A R E
RISHEEET AT SWATH SERSHNH el - FIH
I EE AR R TE EE R s RS Fluent SU{EBEEETTIH
JIo0AT - EAE G A AR AL A RS R e K/ NS RE T BE
HEEZE - C.C. Lin % (2020)[20]£%5 T HAGREEL =
Rt AR ET - 45 IRUKIETSERE = - PRAIMN
BERESEREER > EAHOEREHENE)
RET T > DAREAE B AR (Lo) #E 1 T W {124 /il (Rl =K
7 HE > WPIBRE T (ANOVA)TE 95%HI(E 0
KA » TR EERIAF TR GERARBR
Sy o M AR B R (R) R E A BU(RO)TE fy 1288
TUREIR 7 SRR A o BEK e isa ER K
UG > MRABERSEEETE D& 4EEE



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.0.C)

ek R AEREREL - BEFEZNT/KELSE - SJ.

Wu SE[2LIERDK TR LR TOREB S R
1 PRI 2 (R BB = R
B WAL SRR RGHRE DK
TR LT - BB S R AL
24t 75 (pitch moment)(E R RIS (%% Fifis
LRt -

3. BFE 5 A

2.1 ZIhRe/ NEUKHE R B S taka T R B
FNANEVINEE NS RS W& RSk A P )
gt o R 5y Ry PR B ET T 0 AT > BB PEE R T
RE/ N K B B B S it R s - HE TR
Th > RIS 5 BN A RCEE 1-2

Based on USV
(Catamaran) optimal
configuration design

Applied Guidance,
Navigation, and Control
(GNC) system on the USV

According to nfluence
factors fish-bone diagram

to decide control factors

Applied Taguchi Design of
Expenments (DOE)

Applied ANOVA to

Obtained Taguchi's
optimal factonal-level-
combination

1 Zohae/ NEK T R BT S et R BRa e Ao

discuss factorial main and
interaction contribution

Confirmed Experiment

[
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2.2 BEH TG TR e s T
AW FE R ER BT RN ELE RS A R St R
Z #EE M R KIS RE AU R S B e
J& - MURWTFE E AL Z EHE I LA 24 AT
Hyt7e B (E 3) » =FIhmATaAREE s
HUE 2 SRR (0 1) - SR E R E
FRSFREIC > A0 4~ R 2

[&] 2

Evaluation the Speed-
Power and drawing diagram
(P1

(P1 theory)

According to influence
factors fish-bone diagram
to decide control factors

'

Applied Taguchi’s

orthogonal areay (Ls) to
obtain $/N ratio

Applied the Particle Swarm
Optimazation (PSO) to search
the global optimal solution

‘Comparison with original,

. factonal main and
interaction contribution

[awmd ANOVA to discuss

Obtained Taguchi's
optimal factonal-level-
combination

Taguchi’s optimal and NN
P50 design, and make
sure the quality improved

3 /NAKEMER S8 ) S T Se A

1 pRe B A ARAR R R

DNEE FEEESA BEFRASMTL
H s 200W-26Cells_15V-14 8A 340W/h -4Cells_14.8V-23Ah
5 3735 oK 11427
Rt EXEXH EXEXE
085x09%03 2R 0.17x0.05x0.05 2>
184 NT 254.000 7. NT 13.000 7,
[amaa]
4 EERERL Y RS SR, ek e R 1 e
% 2 WSS TSR
SRNRELA

A 129 2R

AE 0.61 &R

T 021 4R

o 7j 0.08 &R

5 162 4ok

T T200 Thruster 2 37
®E 2e/s(4 Kaot)
Emia Ardupilot
. LiFePO«(12.8 V., 15 Ah)
BARR 100W 212 AR &8
KWL 2 B Eak st M EAEE H O etk
22] > ERSEEEBESE N LG 2 & KEM

77 DISER RS A > EiEEA L (Signal to Noise
ratio, S/N) > S/N {El A AR FEZE fhin B B A fok
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~ =10 x log,,(MSD) )

MSD(mean squared deviation) B {mifsR 7= (HEE 7575 ©

1 1
MSD =~ ?:1;? 3)

Hrp n BEUAEEEL >y HEHNE -

FEHSURER T - SHRETAREE ST A%
RS BE/KIEE - ENAS - Efii%% -
Pl R A RE R > BRI BN T AUFE > A
5:

Guidance and
Navigation

... PID Controd
Humidity Solar fuel Cell
GPS System
Temperature Cepth Li-ron Battery
Remote Lateral Spacing
Auto pilot Theust Location

Control mode
Configuration
S HEBEEE NI ZGIRZ fEE

Endurance

(Large the Better)

4. SRR

4.1 /NERKEEGE 5 B BB RE T
AR EE & 8 ) H S LS EE I (LiFePO4)
Ry EEETT > KIGREEME B AES » AR
E 53 IR F S KIS Rk E T RE R =51 H A%
REAEDAHE T > SRR E:

4.1.1 BB (AR S SoKE)

AWEFEER T B 5K LUK sk A e S 8
NEGFAEZETTETESR - WHEFREHE - B
il 5 Ef(ZLLT) ~ E&REERER 10-25 AR ~ el
L 1-2 AREEET G > MERREE Z AT ES)
ARG ~ FAEE SRR - AT
BIRZAK - BERREFEHTEER > WA T —
P BRI Z BhRE MG - AHREHIE I E 6:

b

6 /[N K AT L /K o 5 (R 5 ) B

4.1.2 BB (R EE =01 B RERAER)

A ERSER N K S B R S E IR
BLE - &5 —FEE P oK B N K
B A MERE SR o WIPC B AT P E TR =T
HIRE R AR AT 5 P ER A UK~ BhRE
IR > TSR B % T 22 2 e 085 SOMH B BT R
e 7

-a-..-i{

7 BRI BRI

4.1.3 PREEE  E AT

AWTFEE ST B4R EHUTENRE IS - SoE EAR
BERfE ST ARy 5m o~ 10m ~ 15m o = (/KR TE R -
W ERIERGEE 6 EAHTRE - /NUKIE R &
DIFBig B EERE - Sl B B E s UE T
FrREHY E BB - A E KA T B R (20
8) » BRERK=(E/CEEST 10 XEE - WEMN5E
RIS TR T - EEBRENGER A - X
HEHASTEAF H T - LEERERRZET] -
KRR ~ R ER B - SR EREBUER 5
R A& - SHITHE 2 (HERFIEEE - H
BREIR LR IR 3.

I

8 SUE ELAMTT TR R B S AT TEN R A

7 3 AT 10 KEGNITTEIREAEGC R

h\&g_ Sm 1 10m £ 5m 1
1 2543 4043 67.39
2 20.83 50.78 66.78
3 28 26.65 (s) 54.09 47.59 (3} 69.72 66.18 (s)
4 2332 46.44 66.94
5 3565 4622 59.86
6 214 47.84 63.12
7 18.55 4122 69.73
8 2296 2411 (5) 3355 40.17 (3) 634 63.70(3)
9 3412 36.73 56.24
10 235 4135 6599
4.1.4 BREE: HEAT

AT EHET TR AT EN RS, - 5ETT
B RSy 7 Fy 5m > 10m ~ 16m > = (/K AEHETT

B o AR EN

K2 ==z
SEE

O {E ARG - /NUKTATH,

B e F gt EeEE - L EEEE

FHETTRTURGHYT H BYFEET - i

N1

A AE

RATREHET TS

CHEAOE 9) » FRERK=(EKAEHET 10 XEF
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B o M ENSE R TR E T - ERENGE
RO > BRERESEARF HIET - 23R
WERZEST ~ AFUR ~ FRERERE REE - B0
BEREURR 5 TP UES - SHYHE 2 (EEER
SRR HEBBIRECER IR 4

SE JT T T ARG R R A T B RS BT

F 4 (T 10 ROTEATEIRE RS E
M Sm 1 lom £ 5m o

1 7335 81.09 126.46
2 70.49 20.17 12242
3 8118 7220 (5) 86.1 8752 (3) 108.62 11841 (3)
4 73.28 923 11505

6293 87.95 118.59
6 57.13 8264 115.03

7549 82 11153
8 7917 67.78 () 9255 8473 (3) 1126 11474(s)
9 67.79 8533 1n7ie
10 5033 8114 11876

4.1.5 BREE: EEHIT

A5EEE = (EETEIZ B EHTTEIREAR - 3ER

T ASEERE ST Il R 5m ~ 10m ~ 15m > =({E/KAE#EAT
TR o WHEHRIEREOE 17 [ERRTRE - /NEDK AT
HE& e T g A RERR - A E BRI

TETTRURGHY H BITEET - (ReCE KR T B RS

EHFCANE 10) - EREERIK = (E/KEHET 10 XE
B MBS R TR T - EERENGE

R FREREEEARF HIET - 258

WRZET] ~ AfURER ~ IR ER R - SR

HEREUEER 5 PR ERS - SR 2 (EE R

PR - MHEIEERECHRIER 5t

B 10 2 E BT TR T B R T B R H st

7 5 1T 10 RENPHTTEIREAE 4T # R
Eax\&g_ Sm £ 0m 1 5m 1

1 79.86 101.03 146.42
2 97.84 1411 172
3 103.7 8263 (s} 10196 110.11 (s} 137.28 140.38 ()
4 708 1144 152.07:
61.05 119.03 148.92
5 912 11651 12536
26.94 97.89 87.61
H 9955 91.73 (s} 15648 124,16 (3) 140.97 109.71 ()

9 93.09 10211 2031
10 7387 1478 9478

4.1.6 EHTAR T

AW TR E S R SE R R T =K 2 B Bests
RN EC SR B B BREUR (A15% 6) > [FFR G T8
ST - PR AR TR ERCR K A A FRER
BB o BT R R A&

% 6 WA T — /KA Z BRI E B EE R

BFB(E%) BaoR

# B 1 (5m) 2(10m)- 3 (15m)
(ilﬂ'«) 2665(s)  2411(s) | 4759(s) 40.17(s) | 66.18(s)  63.70(x)
BF A
[EX-2 % 1) 7220(s) 6778(s) | 8752(x) 8473(s) | 11841() 114.74(s)

(F#)

@w 8265() 91.73(s) | 110.11(s) 124.16(s) | 14038(s) 109.71(s)

B E B B NECERR - AUTFTE I RE Uy
T > FEEL/KAE 95%fR(F T - (T F ek P &
JE 0 WMESRWIA T2 ERCR A A AERIR Z E RS
(% 7) > EOEEREA > AT AGREIEEIHE
BK&y 68.16% - [N+ B(FiTTHEBE) AV HBNE LY
25.52% - BRI Z B R E M (A0lE 37)
{HRT A BLAT B SERRE S H (EH (A8 38) » HAS
WFElRIE N 2= E R (£ 4Y 6.32% -

R T HBEHZERET

Factor Ss DF MS F Foos P-value s8* Contribution
A 134424 2 67212 90.98 4.26 0.0000 13294.6 68.16%
B 5124.5 2 2562.3 34.68 4.26 0.0001 4976.8 25.52%
AxB 2722 4. 68.1 0.92 3.63 0.4925

Error 664.9 9 73.9 S=8.59505 1232.6 6.32%

Total 19504.0 17 *At least 95% confidence level ~ 19504.0 100.00%

4.2 /NELKEE R GBI R

4.2.1 KIBRESRFRENE

AR AT KIS RE R Z TR RE T - M ER
TR et e 55 (5 B E 1T H IR e B8 e 5 ) B e s
BEh % 2 A > B NDK R KE R E
SR FEEE 2 WUR - AR E 2 F Vi R[23] -
o A P RE AR R A L 2 e i ) 2 1 BE L R
M SO PL— R ER RIEIR K ISRE T H IR
B R E B EAY RS e R DR AL
22 & 25 MAABEREERPERIE o BIRFZEER
TGRSR > WERAES S PR REFER—
H Pk Es E fE SRR - B BBk -
Bt RN AETRISER A i - SEEE N
(12.8 V, 15 Ah) i 100 W KFEgEMR B, 1500 W
HREROR L > AR HERR (BED
R IOW) - REERFHRETC RN - FEEERHE 2 Nk
13 7y 23 ¥ > AWTFEERUER AL 01530~ 45
& > & 15 & R—[HElE - fSERAR 45 EF B AR



BRI (203 8) - HUE 30 [ - IR RIGREIR
RS B AR -
% 8 RIGREMRAFRENER

FEEFN | KB | BRI L Ty
a1 o B i
(6925 #) # AR #(%) I
2022/12/15 211323 RA
2022/12/19 323°31 0° 526% | 15-17°C | 45
2022/12/20 33247 15° 59.5% | 18-21°C | 45
2022/12/23 35821 30° 787% | 13-14°C | 45
20221227 | 420°12 450, 95.1%- | 16-17°C. | 4-5. | #&fz-

4.22 MEBHZGEEH
FEEREEOAR B R 7 R AR B H AR
sFl o HE SRR/ BAGRO Z RN > T{EE
SRR BRI ARG 2RI T A EE A
FHEEM IR AE - BL 15 FE ~ 30 & ~ 45 EFE = (/K
#E PRI T B ER B ETV RS L - At
AR ERBRIGAI BN > ERCKPSRERA H IR
EARRYREEZR > SRR 10 AR~ 20
SRR 30 5 RUF Ry ={élKAE > [AF-/KAEUIER 9:

% 9 /NEUKH#EAE &8 ) R4 F KR

Code Factor Unit Level 1 Level 2 Level 3
KBFREIR °
A Py EC) 15 30 45
B Asfaadd F48 2 R(m) 10 20 30

AW RiRa T S B I R SUE & i A REe MK
I E 2 Ef ST > S RS () ot
Aitg 15AN - fiiifT 50 53 - FIFHEEM ARER L E
RIErEEE K 0.9Ah > 52 > BME/ NIDKEHEE
FITEIRI 408 FE 14.1Ah 288 - (ARG L5/
FIFLTT 3.55 57§#(3.55 min/Ah) - HE[ (R FH I E 2
T2 (Lo) Z HERMEEI TR B AR R
KIGREBEAMMU TG, » EERGEREH > HEHH
FIERT 2 B2 N RTEET | 18.5%-41.7% 2 fiil
TTRFE (A0 10) - HEEZEFIGNT I I1Z B -

2 10 H—8 ) A M EE S8 ) AT I thiR
%7 6 R(EE0) Bk 5Ah 247 50 54 #EE T 09Ah
E T
(min/Ah)

3.55
HEEHAs £8A(15Ah) K E T A00W)

No. A B #FATI0 5 HEH HERE-FH(ETh)
HEHHE (minAh) B Ah TH o EATE (%)
F(AL)
1 1 1 460 481 35.6%
2 1 2 405 457 28.8%
| 310 420 185% 1
[4_2 1 5.05 503 417% |
52 2 320 124 19.5%
6 2 3 3.50 435 22.6%
703 1 420 463 30.6%
8 3 2 350 435 22.6%
9 3 3 320 424 19.5%
0w 1 1 430 467 31.8%
n 1 2 380 446 25.9%
2 1 3 325 426 20.0%
13 2 1 455 478 34.9%
14 2 2 3.90 450 27.0%
15 2 3 3.60 439 23.7%
16 3 1 395 452 27.6%
17 3 2 315 422 19.0%
18 3 3 3.60 439 23.7%

4.2.3 BEBITT

i B B 1T 8 B T (ANOVA) (1%
18) » TE(E/07KHE 85 %R T » 1T FARE K P %
TE o (TS R SR AR (AT B) 2
R EEEE 67.09 % KPEAERER AR (
FA) ZERRERIELIE 3.96 % - {HAT A B
F B 2R E/EFRERERVEZE 7.59 % » SERARSE
BETE ZEHIR (A B B FEERE A K
PEERHITZE 2 S8 7= ERk By 21.35% » (RFER(FFRE K H
BRIMREE T RERE —ERERE  BE
ERTFREESR (1% 11) RESEE (4E
11) > {850 A CRIGREREREE 30°) K& By

(RO AAE R 10 m) BEEERT > HOEERE

SEFTEEE L e SINAHA By ABy »

11 HOERR(LsR)S/IN Z ANOVA 731172

Source: S8 DF MS Fo Fois  Pwvalue S8

Contribution

A 1.78. 2 0.89 258 236 0.13 1.09 3.96%
B 19.13 2 957 2772 236 0.00 18.44 67.09%
AxB 347 4 0.87 251 220 0.12 209 7.58%

Eror 311 9 035 587 2135%.
Total 2749 17  *Atleast 85% confidence 2749 100.00%
Main Effect for SIN

140
135
ﬁ‘ﬂ)
T
20
4
i
[ 1]
80
Al A2 A3 B1 B2 B3

11 HOERR(LeR) ER TR IEE

4.2.4 FEABEEET
APEELH L ETTEEM N E % - TSR AR
FHLER S iE e Matlab 2GES R ER > EITA
T. %4 £ (Artificial Intelligence, Al) 7 8] {5 #& 44 p&
(Back-Progression Network, BPN)#E7T3E4R M 7 FE T
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ABSTRACT

With the increasing development of technology, Artificial Intelligence (Al) and Deep-Learning have been wide-
ly used in unmanned vehicles. For Unmanned Surface Vehicles (USV's), their demand is also increasing, and they
have been widely used in commercial and military purposes, such as marine data collection, hydrographic survey,
reconnaissance, patrol, minesweeping, minelaying and anti-submarine, etc. Hence, its advantages include saving
manpower, reducing personnel operation risks, reducing construction costs, and having convenient deployment and
multi-functional mission more flexible. Therefore, this study will conduct relevant research on the navigation system
and hybrid-power systems design of small surface vehicle. The small surface vehicle applied a catamaran with a
length of 1.3 meter and speed less than 5 knots. The platform is used to explore the performance test of the naviga-
tion system of small surface vehicle for tracking straight, square and circular paths in the open water, using factor-A
(planned path) and factor-B (navigation distance), under the confidence level of 95%. Carry out analysis of variation
(ANOVA) and confirmed the contribution of the main effect and interaction effect of these two factors through F-
value test and P-value test, respectively. Among them, the contribution of factor-A (planned path) is about 68.16%,
and the contribution of factor-B (voyage distance) is about 25.52%, showing that the main effect of these two factors
have a significant influent on quality characteristics (i.e. short sailing time, accurate passage of waypoints). In addi-
tion, the hybrid-power systems design, the endurance of a small surface vehicle only applied the lithium battery is
3.55 min/Ah. In the navigation test of the hybrid-power systems (lithium battery with solar cell), the endurance of
per-amp-hour can be increased by 18.5% to 41.7%, indeed achieving a significant increase in endurance. Further-
more, through research methods such as Taguchi design of experimental (DOE) method and intelligent parameter
design, we found that the incline-angle of the solar panel and the radius of gyration of the ship have an impact on the
hybrid-power endurance. The study results shown that the contribution of the radius of gyration of the ship is about
67.09%, and the incline-angle of the solar panel contribution is only 3.96%, and the error contribution is 21.35%;
therefore, the endurance is closely related to the radius of gyration, and also influenced by external environmental
factors. However, in this study the optimal configuration design was obtained and confirmed experiment were per-
formed the results all fell within the 95% confidence interval, verifying the robustness and reproducibility.



