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Research on BP Prediction Algorithm for Optimal Tilt Angle of Ship Photovoltaic Panel
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Abstract: Owing to the influence of wave fluctuation, the output power of ship photovoltaic (PV) power
generation system is in the state of fluctuation, which significantly affects the quality of electricity and the
reliability of power supply, and the sun-tracking algorithm of the land-based PV system fails to adapt to the
operating conditions of ships. An optimal tilt angle predictive method of PV panels under the working conditions of
marine vessels was proposed, which took into account the influence of wave fluctuation and sun position change on
the output power of ship PV power generation system, analyzed the fluctuation characteristics of the output power
curves under the same solar altitude angle, different solar radiation energy and temperature conditions during the
rocking cycle of the ship, and predicted the optimal working angle of photovoltaic panels by using BP neural
network to adjust the PV panel to improve the output power fluctuation and increase the output power. It is
illustrated that the mean absolute percentage error (MAPE) of the proposed method is less than 0.6% and the root
mean square error (RMSE)is less than 0.1, the reliability of the proposed method was verified.
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Fig.1 Schematic diagram of the photovoltaic

panel that sunlight cannot reach
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Fig.2  Waveform diagram of ship rocking
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Fig.3 Block diagram of the overall structure
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level and optimal working angle
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Fig.5 Output power waveforms diagram of

different solar radiation energy
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Fig.6  Output power waveforms diagram of different temperatures
I, AR SR M Xt i S o T £ DL ) SR A U
N FEHEAE AT hR 2 AR A AL B, 52 U ) 2h 2 Bk
BHFAL , LAGE R4S Al T ALY AZ AL o

AN TR A BH e JEE 1 PR i ) 2 23R 08 A5 fE R
TR o X AR — A U AN [R) B
55 E AR B S ) SR A (ELHEAT LU T T, AN T

R BH 3 JBE A 19 fi H D AR I (A SO 2 HE— 119
44

BEAEAR LR ME— 19, 80T DL A W br 4
(B RN i B DI 2 0 U Bl ARRAIE , Jht O o) A i ) R
TR 2 4L, SECERE A RR .
*1 FAEXESEANBHIRESEHE
Tab.l Number of output power peaks and valleys for the

different solar altitude angles

hICT) A AEAEC W) IBEAN R BEADEL
85 2 1 50 1 1
80 2 1 40 1 1
70 1 1 30 1 1
60 1 1 25 1 1

DLEE 1D T 050 A, a0l 7 B, FR ) K BH &
JEE A b AS TR BH R 5 RE 105 Hh D 26 04 0% Sh AR E
I RUAE ), bR £ Ak 5 9 A 8 B KR 22 45 3 ok
0.011 11 /10.005 89, #t 1] LAFI FHAME bR £ (H £
71 i R ) B SRR

Y RSB T, A SRR 2GR AR K
S st 4 HH TR 1 SRR R 2 G AR T AR S — Yk
AT Ry TOUI SR AR AR AR B R — B AR AR
A6 20 (1) AN P2 ' PR TR A SF- B i 11 ) 2% 1) 38 8
FEAE , T JC IR AT B0 . PR, AR SO — A
ik 207K SV 1) 2 BN AR TR, 388 2ok SR 4 2% 1T A i
TR SRR AE AT 000, 97 4 A 6 ER: T AR

1.3 [ 0685
0.680) —<— /=800 W/m®
12 0.675 —4— /=900 W/m*
0.670} 0,667 34 —¥— 1=1000 W/m*
0.665 :
o I1=1100 W/m"
1.1F oss —&— /=1200 W/m®
= O 3T 35 a6 37 3 a9 40 a1 12 1711300 Wit
Z 10t -
N
= 0.9
= 0.
0.8
0.7 ~
LY
0.6 1 ! L 1 1 L |
) 0 2 4 6 8 10 12
t/s
(a)h=60°
1.3 o590 \ /i
\ /) —<€— /=800 W/m’
0.885 A ——1-900 W/m’
L —¥—1=1000 W/m’
L2 o550 / "
1=1100 W/m’
0875 k087474 —— /=1200 W/m®
s 1=1300 W/m*
1.1F
= 0.870F 0.86885 _ _ _ _
N9 i
16 L
-g_g/ O T3 35 36 37 35 39 40 a1 a2
L 1.0f
09F A\~
4
0.8 1 1 1 1 L L g

t/s
(b)h=80°
7 AR BHER IR REAY D H AR 2 AL POIE
Fig.7  Output power standard unitary waveforms diagram

of different solar radiation energy



A E R A A AR R R A AR AR AR A A R BP T ST R AT R

B AR 20255F H554 2

3.2 BPHZEMERHE

BT DL AR, S BP #2428 1]
HARL M BT BE T AW ST IR SR S
R 25 I I A 48 R a5 S B AR T A R AR i AR
FARE R T , R A 8 i

BP 1 28 W 28 A JiT | S SR fifp w455 0 G 1R 2% oI
B/ IMELT R, SR Fl T [k " PR 1 22 R R 17
B BE Ty ) b R R A R A, 2 A 1R 3
JZ WK EERG AN IE 9 P, A5 R A2 RS2
Fl )2 o BB DR A B bR L (8 AT
i N JZPR2ETT, DGR TR B AR A A i
JEMZTT, B Z 2ot 8 B — AR 4 A
HRFIE S SR AS B B, AR A 1541
PHZTT

H ik

SRARAEARTE LA JA 1) P 4 S
DGR THIAR 4 113 21 2%
v
T 2 RIS H D3 14 38 S
fiE, 23 BT 5 0 AR T M dm AR (R
MR R
v
E A I ZREHE e 7 B P 22 7 4
AR, T 2 FOGAK 1B A
SRAEURHA

EESRINTTE T &2 TR RYES

P8 fi s S A A A P

Fig.8 Flowchart of output power fluctuation suppression

A Z K& )2 Atk )2
519 BP 28 I 45 Y [ 28 25 1)
Fig.9 Network structure of BP neural network
33 HRHM
N A TR ) 0 4 BB — R FH - 2 4 % 7
3 Hb iR 22 (mean absolute percentage error, MAPE)
377 MR 12 22 (root mean square error, RMSE) i

frawatit B ATr .

=X, -,

| x 100% (7)

(8)

o REAS X R B ;xR T
3.3.1 IR ZE SR

FI 2558 JG R BP R 28 1) 28 Xoh A A
3F T, 32— M A BH i AR b K PR R ST RE 1
FIRLIE T 43 50 A8 AR RFASE AR 1) 03000 4 R
1) KBHEESFRE L = 1 000 W/m?, T = 25 ‘CH,
AN TR BH 5 B b B IR 25 S 55 2 TR, S
e AR A S HE A 0 A X R 25 7E 0.02%~
0.52% FIFE I, Ny N 0.22% , Ny M 0.053
#2 TEAMSERNMRER

Tab.2  Test results of different solar altitude angles
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Tab.4  Test results of different solar radiant energies at h=80°
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