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Abstract

This project “Advanced HCPV System Integration and Monitoring
Techniques”, Project No. 992001INERO041, is conducted by Vanung
University. In this project, the algorithms based on the fuzzy knowledge
base (FKB) and the fuzzy rule base (FRB) are built to investigate the
influences of the factor of gust on the output performance of HCPV.
With the wind speed, the wind direction, and the duration of wind
blowing as key parameters, we are able to catch the information such as
the starting time and the operating time length of the sun tracker, so as to
take the required procedure to prevent the motor from damaging. Also,
the pattern recognition algorithm (PRA) was employed to predict the
effect of the dynamic track of cloud shadowing. Besides, in this project
we also investigate the failure monitoring and identification for the
in-operation system, which will assure the entire system performance
and availability. Finally, the collection of the relevant latest technical
development materials of system was paid attention too.

Tasks have been accomplished in this project include: (1) To
optimally control the sun tracker under the influences of the factor of
gust by using fuzzy theory, (2) To predict the effect of the dynamic track
of cloud shadowing by using PRA, (3) To build up the differential
mechanism to monitor the variation of the HCPV output, (4) To improve
the maintenance policy of the HCPV system, (5) To collect the relevant
latest technical development materials of the HCPV system, (6) To fulfill
the final report of the project with one conference paper and one
submitted SCI journal paper. The research results in this project could be

good integration and monitoring references for HCPV system operation.
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£3.1 5 BHCPVZ 7.5kw' 7% p & = prA 5 T 8 (¥ = ¢ kw)
LR

£ X1 X2 X3 X4 X5 Mean | Range
1 | 7.53 7.75 7.53 7.92 7.63 7.67 0.39
2 6.89 7.37 7.61 7.65 7.66 7.44 0.76
3| 791 7.39 7.39 7.84 7.45 7.6 0.53
4 6.94 7.24 7.66 7.8 7.58 7.44 0.87
5 7.39 7.34 7.94 7.55 7.57 7.56 0.6
6 7.06 8.03 7.43 7.75 7.44 7.54 0.97
7 6.83 7.37 7.52 7.66 7.63 7.4 0.82
8 7.74 7.78 7.44 7.53 7.39 7.58 0.39
9 7.24 7.25 7.87 7.39 7.32 7.41 0.63
10 | 7.46 7.5 7.69 7.29 7.28 7.45 0.41
11| 7.02 7.62 7.57 7.52 7.57 7.46 0.61
12 | 7.49 7.59 7.67 7.24 7.55 7.51 0.43
13| 7.75 7.43 7.56 7.79 7.51 7.61 0.36
14 | 7.04 7.42 7.1 7.22 7.41 7.24 0.38
15| 7.38 8.19 7.38 7.87 6.86 7.54 1.33
16 | 7.01 7.76 7.82 7.57 7.39 7.51 0.82
17 | 6.86 7.81 7.95 7.34 7.18 7.43 1.08
18 7.3 7.34 7.48 7.69 7.61 7.48 0.39
19 | 7.28 7.21 8 8.29 7.29 7.61 1.09
20| 7.71 7.41 7.16 7.14 7.53 7.39 0.57
21 | 7.26 7.67 7.57 7.66 7.69 7.57 0.43
22| 7.36 7.16 7.71 7.59 7.71 7.5 0.55
23 | 7.86 8.27 7.18 7.74 7.3 7.67 1.08
24 | 7.48 7.86 7.24 6.82 7.59 7.4 1.04
25| 7.51 7.29 7.66 6.94 7.62 7.4 0.72
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£ 357 (Error Mean Square)£? F st & B4 @

MST = £J2 35 _ SST
k-1
, SSE
SSE = & ¥ T = N St
* 7Nk
_ Mst
klNk MSE

bk EREBCE Y A fpEET o m it Hepy=po =,
= W etR IR ﬁ{ﬂﬁiﬁ;ﬁi d &5 k-1 v N-k enF &

fie > T Frank ©
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3.- FF P AT s £ iR
- BB EAFAINPEHE DG A B
LT o pF o AR R A RS B AT T 30k
BB E L B o - MG T Z R kg R A g T
A 7 A7)
(1)Fisher e -] &g ¥ ;=
(2)Bonferroni &
(3)Tukey e % & v fia =
A Y Bk Tukey (7% €18 3 2R (FEHP o
4. - FlF R P LATORH b
-4 HCPV i imﬁi%l FAR(ERNTAAT )R T
TABERABRTEA T EFE 10 & HCPV 2 7.5kw i
FlEprEpEag R BE = kw2 figgiE - THRLES
Ba— & 2 AP0 12 & o B

FEREANEE X~N(7.5-0.05%1,0.32) » FHEE 40k 32

T
-y
>
N
[E—
o

\\»

g 5 el St A T S drd 33 oo 5 H
- FF HBHEAS P EE oL 34 9757 0 H P P-iE<<0.05(3%
B E K 5=0.05)% NILEEF b > TR 4 HO > & F i
FsE v 2 Tukey th 5 £ v A5 % Bl4cd 3.5 #F
oo AR RS LA 1 25| 6~10F BEEF R o H b
X RP A FRTEEL o
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232 210AHCPVZ 75kwis |2 p sk 32 B2 ik E

(H = kw)
A1 I I S I L S . M2 [ L 2 [ L 21 [ . 21 [ (L 21 [ (- 2 [ (-9
1 2 3 4 5 6 7 8 9 10
7.8717.02 | 7.7 | 7.66 | 734|745 | 731 |7.14|7.42 | 7.05
7.6 [ 7551719 674|711 |7.17 | 7.11 |6.73 | 7.17 | 7.07
7.52 | 748 | 6.57 | 7.78 | 7.45 | 7.19 | 7.08 | 7.29 | 7.53 | 7.14
7.62 | 748 | 7.08 | 7.45 | 6.71 | 6.66 | 7.55 | 7.01 | 6.88 | 7.28
793|733 727726729682 7.11]7.16|6.74 | 7.45
756 17261768 7 74117151681 ] 7.1 |742] 7.06
753179 | 756|727 1755]705]748]7.56]6.51 ] 6.97
749 1731 7.0 | 7.2 1 7.62] 7.0 |7.03]17.65]6.74] 7.1
7731756 1738 |7.16 | 7.17|7.16 | 7421695707 | 7.23
754 7 727171717191 735]1681]729]6.71 ] 7.16
7531707731 772752712 |7.04]656|755]| 7.3
7.557.64 738|721 |735]658[754]668| 7 7.69
%33 103 7| endeaf 3ozt 2 47 8 %
w | ek | B [ T (%2
"7 ] 12 91.47 | 7.6225 |0.02082
'] 2 12 88.6 [7.383333|0.073733
"7 3 12 87.49 (7.290833(0.092645
"7 4 12 87.62 (7.301667(0.092688
"3]S 12 87.71 [7.309167|0.06039
"5 6 12 84.8 |7.066667|0.066915
"5 T 12 86.29 (7.190833(0.069572
"5 8 12 85.12 (7.093333(0.111497
"5 9 12 84.74 [7.061667(0.127106
710 12 86.5 [7.208333(0.040561
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%34 %R ds i1 4

2R SS pd A MS F P-& §AE
2 3157837 9 0.350871 4.641594 3.23E-05 1.966054
K 8.3152 110 0.075593
BAe 1147304 119
#3.5 Tukeysn % £\ s 4758 %
Treatment |Treatment |Difference |Alpha=0.05 |& £ £ 4%
7] w7 2 0.239 0.362
w73 0.332 0.362
o4 0.321 0.362
S 0.313 0.362
)6 0.556 0.362 36
Wz 7 0.432 0.362 Wz 7
w58 0.529 0.362 W78
79 0.561 0.362 W59
7] 10 0.414 0.362 7] 10
a2 W73 0.093 0.362
o4 0.082 0.362
WS 0.074 0.362
7] 6 0.317 0.362
Mg £ R

C)&EFEFIRE A f ST RIE R

BeAod Gk RARRIEHRET & F E 418 (Quality Control
Charts ) |38 b > MBEETE 5 S F 2 0 4 ki i #
R A N L %?Eﬁ%ﬁﬂ
- IF ATENE Ry ¢ AR TER Y g GM(L, 1) 4 A 22
EHE IR R B T URERRE S A RFT RIS LY
FANE IR DL AT T AR BRSD EAER > 1

EWIPEZ kP o
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1% 4 gl
A TR R A IR v AR A HY GM
(LDAd o34 837 5 i eng B 1B FRR H
pRaB Y R HARAERE LT
B TR KRR G E Rk sy A )2 T AR R
TR R ARFIIF MBI it BT
TER G EAP RO BREATTHRAE (R 4 BHEA)
TR ST EE FEHE R RS

7

Hd HRIIAGE 10 PR B ¢ AAiEqe- P
%%%%ﬁ%ﬁ%}’&aﬁﬁﬁ~ﬁﬁA$ B A d
B A d SRR R E AT ARG A o B A

S %’K{ﬁ_%&é}f‘j Ao dro MLy A A FiRT Fd g
Pt d R e e i ke d R T E A
BEERA A e Lk
AIL R AT e iRk R AL 0 B R R S
fLopr :

L@ kgl 228 -3 EEEEE-

Td e 40 A A S S ABMEA YT~ AR AR
Bl AR s TR s Akl e AT UARRI G A i
*GM(LD#R] 5 A7 fe 6 7 HIRIG] 582 0 #HRG +
oo st R0 B 8 T AHTETRR D A EH A F LA RS
Bk imE o 2 R E ik T b 2 ko
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2.4 ¢ WA HE—GM (1,1)
B ¢ #-A](Gray Model; GM) » £ A1 * k sufr ¢ (7 5 #raE

= oth- IR 0 g $0 R A mR T AR A
4o kU MBI NI NEFED P AR 5
P JR B {5 2 B G A S AR - B ks
ki ko SLA KGR fE 0 E 1T IR R) et R [9-10] - GM(1,1)

B3l 2 - Mpfes S A2 S

(O]

+ax" =b (3.3)

He t 2 c%2 p%#c-a 28 ERE Db 20d &
FlgHca & b 5BV 2 F T Sl o BRK R4 e Af

X® = (X (1),X”(2),....x* () (3.4)

od A ERPE o AN BB T xR 4t &
(Accumulated Generating Operation; AGO) » i% 5 3% & fi ¢
Brfp &0 381 R a8 i o 24 Tk x(1) 5 x(0) -
% AGO #ic5) »

XM — (X(”(l) X" (2),... x“’(n))

:(ZX(O)(k),ZX(O)(k),...,Zn:X(O)(k)j (3.5)
3 (3.3)58 ~ (352 B T2 E > RiF R p &
a
p={b}=(BTB)*BTyn (3.6)

He Rt B 5
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—%[x“)(l)+x“)(2)] 1
B —%[x“’(2)+x“)(3)] 1

—%[ Dn-1)+x(m)] 1

FHEIETE y, &

y, = [x*(2),x"3),..x ]

Mot o il p BOr A AR RfE(3)N ST E T
R R E

LYk +1) :[x“’) ) —g]e‘a“ +§ (3.7)

He xD (1) = <@ (1) ;12._(37);\ AR P el - =T R R
4 = (Inversed Accumulated Generating Operation; IAGO) > #

SEUEEE.Y ER STRE CCRI RS
)/Z(O)(k) — |:X(O) (1) _ E:| . e—a(k—l)(l _ ea) (38)
a

£ k=12,..n » @R R#E 5
2 = (2(1),8”(2),..., 8 (n)) (3.9)
3.8 7] A TR
BAAGERIZRFHD AT L ST BAHR A
dRE B AR T AT
HBELF A7) D] T R X 5
X® = (X (1), XV (2),...xX° () = (X (k);k =1,2,...,n)
# B2 7 k4o 2 X AOG A2, w & x5 x© -

< AGO F 7
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X" = (ZX(O)(k) ZX(O)(k), ,ZX(O)(k)) (3.10)

Ha3rpEy g 2Nk
20 (k) = 0.5 (k) + 0.5x" (k - 1) G.11)
# ARk RNFE Gl a foh d A% % b

22" (X" () - (= DY 2" (X" (k)
a=+2 (3.12)

(=132 (0F [Zz“)(kﬁ

> 12" (0F XX (0 - 22" (022" ()x (k)
b:k:Z
(=D (2" (KT - 2" (OF

(3.13)

y

C=YxVK):D =Y 2"(k;E =3 2 (K)x;F = Y[z (k)T
k=2 k=2 k=2 k=2

Rl

:DxC—(n—l)xE v pe FxC-DxE (3.14)
(n-1)xF-D? (n-1)xF-D?

HAS RIS L REFRRE iE &
Ok +1) = (1 - ea)[x(‘”(l) - ﬂe-ak (3.15)
4. #-7\#% Z ¥ % (Error Inspection )
A A2 FERAE o R AL RRE
HARZ > E- HEEFHAMHERRSR - WHTFES

TRRIE R v i > 2384

O (1Y _ 0O
ey =| X=X | 10006k =2.3....n (3.16)
X (k)
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He ek i ALE s xO0)K) 3 Radkdt s x Ok 57
BlBE s HR L 1—ek) ) ETHHER L 90% 1 %7

Aod K BIERIEH R S SR IR b
i-HCPV /3 ,,L’vt»-/ﬁ;?] ﬁ‘} (FL}E ﬁ_,/HL ?44);1":; ’
M SRR S B AT R AT AR & HCPV 2 7.5kw 17

FRLEEAF TR > kw2 HHRE - BREFF R
BANELE XN(7.5032) «£5 KB TEADNTHRY

& 100 B P B A<} 50 B0=45,..,10)5% T E @
@fFE o F B 25 B Rl - EEHIR R hE
PR TR B BF - B R R TR
H 1000 = > R EAE DR AT %
BB HCRE AL A 5w BN
(Dt} chT o f B L7 & - F Ny &4 4
A fecifig g A o

QhRF EEELT 5o AN R R

B e v > ek 2) o
G)tehF enTiogT 5 - FNEsY ¥ EAROBYE
R T AR - S A D E BRI B
- BPHTIHE -

¥
- BH A B TR R L L - B

P RPN S o £ TR R R B 2 ) ¢
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VF R T R TR - B R T A(D)
(2)2 (z)agnl? » TV g3 FHE

£ 4wl % 0.00001kw ~ 0.00005kw ~ 0.0001kw - %
0.0005kw Ew B & e H 2 L& FTHREEAS T A (- )7

L

j_-ﬂ

T A B A E T 0.0kw o S ¥tiew BAEN 0 AR T E -
BB T3 L A2 2,500,000 & B2 TR A T o

B on=50 2 AL (-)7 5 0.0kwo @ H 4k
0.00005kw B » 7 A& B 7] A B EE B D F g B 4o B

3.26~3.29 #751 o

500 1000
F13.26 &5 £ T h
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X Bar Chart

8.25

7.75

7.5
7.25 |

6.75 |

R

6.5 ¢

8.25 |

7.75
7.5

7.25 |

6.75 |

500 1000

B13.27 L3283 £ 5 0.00005kw ™ HF F-5 %) (2)

N
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500 1000
B13.28 =& X 3 & 5 0.00005kw ™ 5
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X Chart

8.5 |

500 1000 1500 2000 2500

B13.20 T 3odcgr {08 £ 3 F 355 0.00005kw ™ e K48 w] (2 )

¥ n=5- % 1000 3P > ATERIE FIR A - A
BIFEL| B ¥ ch=c Bt B % 4ok 3.6 2 B 3.30 #7150 d 3
MAGERIE E AR TR E BT 5 - ATDE R SEEH
ST S fET o PSR E G o A AR R ahlik
@ﬁﬁ?%T’%%ﬁ?4ﬁﬁ?ﬁw&§ﬂﬁi%i%
B FIEER TS o LAt v R RD TR F
FARBREFEFY S AR I E AT LA F

FLx5 3L o

£3.6 ATERE HIRA - F MR F ek on Bk

) T ok/ Rk L ATHE
‘ 0 0.00001 | 0.00005 | 0.0001 | 0.0005
E ) 16 20 14 34 237
LR 46 48 74 95 164
- 44 74 83 149 156
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0.00001 0.00005 0.0001

0.0005

Tk Tk Bk

T b/ £ F R B

B 3.30 A AR E 4B L - A E R

e

z ~ HCPV 4 y

sz ‘/a»_l’,} ’{f\“x 3 /Eﬂ
F % MW s HCPV(F
® gk B R

b4
=) ]

Y

Mic o 2 BFF X yomizid
Behe AIVG>HFT T B BB iE

SIS S N p) S 1 F R

CAS SO ¢ R IR &)

4L > L
-/UP

Fp 2R F en=t i

L shB R X BTk ke

- R e R i R
- EagprnE A& £

# 4 =

3 HCPV shiadk g 2 54872 5 > RFg LR+
ﬁ%ﬁﬂw*ﬁéﬁﬁ’ﬁfiﬁﬁﬁﬁﬁﬁ%ﬁ’#ﬁ?ﬁ
D IR e Tk R

W AP iE (FRR £

S TSl
- MEIITREARTRE o

- WHPRTTEE R o
- * o

B IE (PR
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- Bkl framRE .
M TR ARE R o
F]A MW & HCPV i Sz B == 4~ HFITIFE > & &

SHB B ETRT BAFLEY £ 0 A AP AR SE Y

PR E - PR IR LT o I F Z PR AER LT &R
A B AR TR T T RARET AR A R A

AT RN &G T EINTRRE P mEE S N q E-

(= )iz vk B By i &7 57 2

lLagsgis £
Wiy TR T A
(D# a2 (Breakdown Maintenance )
%&%%4ﬁm‘$mw”bﬁﬂﬁfba%ﬁ’
RoAk®5 2558 o FIT K A R S et T E AR enFl et o
(2)7g F# 212 (Preventive Maintenance )
B FREED AN ARBRR2ZERERE X L 5
PR 2R3 5 A ez dP i (Periodic Maintenance or Time
Based Mmaintenance) &% 1 ;& F AL 2 A A#H I a2

(Predictive Maintenance) © £ 1 & 5 = 5§ 1 1% !

@ pHIFE byt p R ot F
@ FELET IR HWAT P LA D Y o
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SEFLHEA R f F -

(3)% 213 (Corrective Maintenance )

EhEERE R

{

v
A2 Ko
(4)/2 12 3¢ # (Maintenance Prevention )

MY EANFT AR R IBEFL DY EE K
PELEE KA AR ERET LY
G)y¥ a5 ¢ wantd g (Reliability-centered

o]

Maintenance )
RCM 4 45603 & P end & RG] IS5y sz
» ¥k E B 2 eh4 sx(Failures) 2 £ & 74 a erid iL

-

(Functional Degradation)i& {7 4 7 o &~ & % kit e 2
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HCPV i 53 57 3) 2 i 3k 0 f B 4o 2

PR (X A= 2

PR {2 3

FAAE - v {375 Ay
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Throwaway ) : *#f e it 5 B> K2 A X M2 -9 B3 R
“zg 4 ‘:J\, ﬂ-\ °

Qi kB Ao page i S BN F 2 AL BB T @

7 MW 5 HCPV i suig 4p ng /i3 4R (K330 m 2 &

HA R A2 3.8 ¢

#.3.8 HCPV s %i3 48 § 04 /3 4 3k 3h 302 212 3%

TR YL E i

A

e | R fE "%"Uv\?,:*,f‘: Yo it dog
(lenses) ~ = ¥ & 7 (solar cell) ~
2N E ﬁ/ﬁ&* (ac and dc wiring) ~

Y% & (string fuses) Z =1
(bypass diodes) ~ % /ﬁt ?, B A
¥ (surge voltage protector)~ = =x &_
X B ATHFE o

TR fig A

PN A o L ‘E‘ﬁ‘m%

BoHE | A doif BRE(tracker) ~ B E
(inverter) a, % 7 PR E (computer

server) ~ ¥4/ & (controller) % o
i Ak ih KNS N *#(array structure) °
TR RASE
g i (doFuses £)F| & & 4> » & %HY > 7L

Fi % 1\:251 H" » 1 /% '5;13‘. 1'2 Z_ ,'ﬁ o
® ~ pit(4rlnverter®)Flx 2% > 73 FFHY T A
BERP OFEREE T RGO TR
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BT TRER o BTl
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3 249 =
8 —,‘"Z\ET

(1)4» s (i * ¥ i~ > Organizational Level ) : 3 8. % X % %
Tl A & AREFA MDD YRR 5 BEFLE
AL AR A D A S 45T L

SRR I T RN

3
=k

(2)7 % (3 - Intermediate Level ) © ¥ 4 ## ¢ F 75\ >

IR ARG ED P RS N R TR R 2

1 iF B B4R REY > FRIED B REYIFE R
i30T o AT ALFIRHFG o
(3)%® & (Fiz2 B B > Depot Level ) : #-14 % T pL ezl id

7

FREEREF i1 0T Fa 2R PEY 0 F R

o TR A R R
47 MW % HCPV i 3ei3[sf 2. 23R 0 4o

39
Fo Ry ﬁ'ﬁ‘ﬁfj’_g“ B 4 #2x
f%?'% s BEFTH & g BIRE B - RERR o
/)‘}E:& ﬁ
ore BT AN MR £ KRR
e
R AR b7 R & i e AT o
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i kA 4 HCPV & qu. LHFARG| B = L
B b RRYFRIE G FHEE > L

ey 4 > 43 Edpehipa o

R BRI A £ IR L 4

il m 7 F ALY o IRk Svehdp A L J LN

MY REBFLBEH L AL - 2R

TR E 84 TR (D)esrd 2ok & ~ 4 2eE R~ 4%

B~ AR EFH o ik RS > Q)R
e @A R A2 ) u] o (B)H B A Y AR

%\»%E‘R%’%E—Aﬁ%&%,'} {E"‘; ’Ea’;ﬂ%;% fﬁs}fg\of%gl;
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fJﬂ
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LSSy

S
nl
DN

L

#.3.10 HCPV s st 'zf 1 (TP AR 9 2 12 3%

72



HAER | LR Y% Big P
/ T %g%&%ﬁﬁiéiﬁkﬂ’?mﬁﬁé
& p mE R
L LT LA Er -3
AL |s&rtrn AR -FRELTEN
7 %z\‘i?\: BiEE )~ A
P 2. /p/mz\&?viﬁﬁiﬁ‘,%ﬁiﬂifgz’%?i
kg | 2
|30 ERAEF AL ZBRE
4. K~ 22 L
5. BEADIFREF T2 L
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A, Bk R~ Bbosh 3 AL
fie i/ 43 ;ﬁ%ﬁ%iﬁéﬁi%%gﬁ |
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NS NERUR PO v 2
EZPle E (B E 2. P iTR ¥ 2 Prp Bk
3&E%P%éﬁﬂﬂﬁmk$*£m)
Bl PATR - T2 B R AR
CRCY ¥ 1;;{_@/% W AT AR 2
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EH 2. RE g AGAa PP

¥ &~ MW % HCPV k 32 %

ALE R R e H 331

73

BT et



THRTHET ki

v

TR G

A 4 X v
B A TR T B AT 2 R
R Eir ks
v
PR B 225 |
!
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LIER T

(3)i& 7 TG ?\%%%ﬁ~i$@@§w@aﬁgg@o

@i E TR s TR R 2 TREREA
B
Mg ?#im BRI RF FELT R P
® P ETF A KIR)
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o ir
® FEFETRB(RELF - BB
® FrREHEITRRE LT FTERKR)
@ Fwiig P w(FEXME A FrER- &R

(Secondary Failure) s i3 1 FFiE £ )

XHECRE R G ALBEE E TR R
()i * H5S e B kg 7k senfd it [1]
1.3
#3545 4 (Component) i3 2 5 Seficst - X X § %
2o RREPRPE
2.8 Flenig,
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(Z)= B3 Rk SLehiRed Bos i 1Y [2-5]

1.3
k3 7 e (PV Module) sl i 058 - 4 & 3 = & ¢
Five-parameter model -~ Sandia model (King’s model) %

Single-point efficiency model

(1)Five-parameter model £ & ¥ i * el it fic5 o

IL: light current

lo: diode reverse saturation current)
Rs: series resistance

Rsh:shunt resistance

a :modified ideality factor

L0 =0y =Ly oo (3.17)
V+IR,
=1, I{e : }—V”Rs ................................. (3.18)
Rsh
N K (3.19)
q

H ¢ » Ns: number of cell in series > nl: usual idelity
factork - Tc: cell temperature ° k: Boltzman’s

constant(1.38x10™) » q: electron charge(1.6x10™"°) o
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PR R TR R R T iy el BECT R
FRIB B AHIFNTE LR BRL I B
TRE B M IR R il AR T Sl 22
Ao S P REER BRI SE TR

& ok
% %z‘/}l“ °

(2)Sandia model (King’s model) King’s model - & * 4 = 4%

R RE §t TR SR

Isc = Isc ref |:l:l[1+al (Tc _Tc ref )]{Gme(Q)—i_Gd:l """ (320)
’ Mref * , Gref
Lop = Lpret [CoBe +CLESI+ 0ty (To =To e ) eeeeeeeeennnnnnn (3.21)
o +ta

I =l e [C,E. +CE ]{14{ = 5 m J(T Tcref)} ......... (3.22)
Lic = Dot [CoEe + CESI+ (T =To e )] voveeeneennnnnnn (3.23)

Vo =Viprer €N S (T)In(E,) +CN[6(T)In(E )] + By Eo (T =T )

.................................................................... (B5)

Ve =Voerer + NoSTOINE,) + By Eo(Ty =Ty ) wevvenennns (3.24)

Py = LoV «eeeeeeee e e et (3.25)
- e (3.26)

Isc,ref [1 + alsc (Tc _Tc,ref )]
5(T.) = nD:T° ................................................. (3.27)

N
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Application of Fuzzy Decision in the Tracker Controller of

Photovolmic Arrays
Jin-yinn Wang ', Homg-Jvh Lin . Gwo-luh Lee *
"Wanung University, Depl DflnfonmhmMamgeurnt and Graduate School
*Vanung Lm&etmr_\-r Deept. of Electronics E:Iz:me-etmz
*Vamung University, Dept. of ‘\JI.'magemeut and Information Technelogy
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The biggest High Concentration Photovoltaic (HCPV) demonstration plant in Asia area has
established at Lujhu township, Kao-hsiung County. The total capacity is about one million watts (1
MW). The next important mission will be on the issues such as the monitoring of the outputs of the
system. for example, voltage. and current, so as to sustain system stability, mamtenance. operation and
improvement. In this paper we focus on the research of output power performance of the solar
concentrating module. One of the biggest concerns 1s the factor of gust. We have received very good
results by utilizing MATLAB simmulations and the algorithms based on the fuzzy inference built from
the fuzzy rule base with the wind speed. the wind direction, and the acceleration of wind blowing as
key parameters. These results giving the sun tracker make a decision to run or stop the motor and take
the required procedure to prevent the motor from damaging.

Keyword ¢ High Concentration Photovoltaic, Fuzzy Inference, Fuzzy Rule Base
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Abstract: The high concentration photovoltaic (HCPV) system is built in a wide region and the total size
of its array panels is also big so that the influence of gust on such an HCPV is very significant.
Lerchenmiiller's [1] paper described that the measured standard deviation for the tracker’s elevation
oscillation angle is below 0.1° when the solar panel was at a wind speed under 7 m/s. However, in
order to keep the motor of solar tracker working normally and to avoid being damaged, the solar
tracker is set to stop working (off) when the wind speed is greater than a predetermined critical value.
Such a consideration seems to be reasonable though, there exist two problems. The first lies in that if
the wind speed is constantly changing in the vicinity of the predetermined critical value, the motor of
solar tracker will be forced to switch between on and off frequently. Such a switching operation could
damage mechanical parts in solar tracking control system. The second is about serious performance
degradation. That is, even in the sunny days. as long as the wind speed is greater than the
predetermined critical value, the solar tracking device will be triggered to stop working to protect the
mechanical parts from being damaged, which leads to loss of power generation.

To solve the problem of the excessive mechanical response to wind speed, we applied the fuzzy-rule
base and inference algorithms established based on fuzzy theory with wind speed. wind direction and
the rate of wind speed variation as input factors to proceed to fuzzy inference, the output of which is
employed to decide whether the operation of the solar tracking device needs to stop or not. In other
words, if the output lies inside of "on" range, the motor of the solar tracking system will be in operation
normally; otherwise, the motor will be stopped. Such design will be helpful to avoid the motor damage
due to overreaction to the wind speed changes around the predetermined critical value. At the same
time, the working hours of HCPV can be increased to improve the overall efficiency of solar
concentrating power generation. Simulations indicated that such design have obtained significant
results.
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Absiract

The hagh concentration photovoltaic (HCPV) system 15 built 1n a wide region and the total size of
its array panels 1s also big so that the mfluence of gust on such an HCPV 1s very sigmficant.
Lerchenmiiller's [1] paper described that the measured standard deviation for the tracker’s
elevation oscillation angle is below 0.1° when the solar panel was at a wind speed under 7 m/s.
However, in order to keep the motor of solar tracker working normally and to avoid being
damaged, the solar tracker 15 set to stop working (off) when the wind speed 1s greater than a
predetermined critical value Such a consideration seems to be reasonable though, there exist two
problems. The first lies 1 that if the wind speed 15 constantly changing in the vicimty of the
predetermuned critical value, the motor of solar tracker will be forced to switch between on and
off frequently. Such a switching operation could damage mechamical parts in solar tracking
control system. The second is about serious performance degradation. That 1s. even 1n the sunny
days. as long as the wind speed 1s greater than the predetermined critical value. the solar tracking
device will be tnnggered to stop working to protect the mechanical parts from bemng damaged.

which leads to loss of power generation.

To solve the problem of the excessive mechanical response to wind speed. we applied the
fuzzy-rule base and inference algorithms established based on fuzzy theory with wind speed.
wind direction and the rate of wind speed variation as input factors to proceed to fuzzy inference,
the output of which is employed to decide whether the operation of the solar tracking device
needs to stop or not. In other words, if the output lies inside of “on™ range_ the motor of the solar
tracking system will be in operation normally; otherwise, the motor will be stopped. Such design
will be helpful to avoid the motor damage due to overreaction to the wind speed changes around
the predetermined critical value. At the same time, the working hours of HCPV can be mcreased
to improve the overall efficiency of solar concentrating power generation. Simulations indicated

that such design have obtained sigmficant results.

Kevwords: High Concentration Photovoltaic (HCPV); fuzzy theory; fuzzy-rule base
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1. Introduction

Along with the development of hi-technology, industrial development. energy demand 1s
increasing and the rate of consumption 1s also more and more rapid. Among the available energy
resources, the fossil energy that human being has been most depended not only can be used up,
but also causes environmental pollution, carbon dioxide emissions and global warming. all of
which makes us to think about the solution. Henceforth, development of new alternative energy
sources. especially green energy. is an important 1ssue. Here alternative energy sources mean the
possible ones except coal. oil. natural gas. nuclear energy. including wind energy. solar energy,

geothermal energy, water temperature, wave, tidal, Kuroshio, biomass energy and fuel cells.

Because the Earth environmental awareness has been paid aftention for a long time, all
alternative energy sources are required to meet the low pollution, recyclable conditions. In a
wvariety of alternative energy technologies, inexhaustible solar energy chosen to be transferred
ito electrical energy i1s the most natural and sustainable thinking Selar energy is not ever
depleted and without thermal pollution and emissions problems. Around the world can be used
fairly and no problems of reserves and the monopoly. no doubt that solar energy is the most
potential energy: all these features make solar power industry become the most eye-catching

Tomorrow's Star.

In this research. high concentration photovoltaic (HCPV) system 1s composed of more than a
dozen solar panels. In general, the complete concentrating solar power system includes solar
battery module constructed by concentration solar cells, the complex sun tracking svstem and the
power system components and combinations. From angle of the industry. 1t is high conversion
efficiency but high complexity and cost. From the user's perspectives the most important will be
how to ensure that the system can mamtan efficient operation and availability once 1t 1s in
operation. Factors of the performance of solar power include: sunshine, sun tracking accuracy.
concentrator and setting ways of relevant devices. the impact of wind on the panel. air pollution,

thermal dissipation effects, and so on.

This research proposes a mechanism to enhance system performance which 1s degraded due to
the impact of wind power. Because the area of each HCPV 15 huge, it is extremely sensitive to
gust. In order to avoid damage to the motor module, a specific operating regulation is set to be
the motor of the tracking system stops when the wind speed 1s greater than K m/s (named as the
critical point. CP, or threshold). Although this approach offers protection of HCFV module and
the motor unit, it tremendously hurts the power generation efficiency. Study found that even the
wind speed exceeds the crtical point, but if the wind is not directly blowing right to the HCPV
panel, the vertical component of the wind to HCPV panel may be less than the critical point, then

the motor should still keep working to increase efficiency of power generation. In addition, when
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the wind speed varies around the critical point, the original design will lead to the damage of the

maotor in HCPV tracking system because of the over frequent switching between on and off.

In this paper, we apply the fuzzy theory to establish the fuzzy rule base and inference algorithms
and we have used wind speed, wind direction and wind speed change rate (positive or negative
acceleration) as input factors to proceed to fuzzy inference. The fuzzy output 1s employed to be a
decision-maker to tell when to start or stop the solar tracker, which can avoid the motor damage
of the solar tracker due to its frequent alternation between on and off when wind speed varies
around the cnitical pomt. This technology adopts multi-factor fuzzy input decision-making and it
has been shown to achieve sigmificant performance improvement through the computer

simulations using MMatlab software.

2. Literatures review

The basic concept of fuzzy theory 1s based on fuzzy logic (Fuzzy Logic: FL) It 1s a rule-based
reasoning artificial intelligence, which can accept uncertam data as mmput and utilizes the
approximate or subjective values for inferning. It 15 based on fuzzy set theory that was published
in Information and Control first published in academic journals [2]. 1965 by Professor Zadeh of
the Umiversity of California, Berkeley. Since then. it has been extensively used in data
processing whereby the semantic information of data may be unknown and uncertain Fuzzy
theory doesn’t evaluate an event with an exact value; instead, 1t uses a membership function to
quantify and describe the relationship between the event and a fuzzy concept. Membership
function is generally divided into five categories. including: triangular shape. trapezoidal shape,
S function. Z function, and IT function (PI function). and so on. The value of membership
function is set to be between 0 and 1, which is used to describe the extent of element belonging
to some set. If an element belongs to the specific concept to a greater extent, its corresponding
membership function value closer to 1; otherwise, the value of membership function 1s closer to
0. Its characteristic lies in that it offers a mechanism that is closer to the people’s thinking way
and then replaces the traditional precision logic (Crisp Logic). Consequently, it avoids the
problems arising from point-cutting and can be applied to handle any system having uncertainty
factors.

In 1974, Professor E. H. Mamdani successfully demonstrated the superiority of fuzzy logic
controller in automatic operation control of the steam engine. Since then. the related researches
have been extensionally done It has been furthermore developed fuzzy analytic hierarchy
process (FAHP). Buckly [3] proposed a trapezoid fuzzy number to represent the important extent
to the comparison of pair-wise cnterion. which forms the fuzzy positive reciprocal matrix. It

comes from when we need to make decision for a specific problem: we often find that it 1s
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composed of some combination of complex factors, mcluding tangible and intangible factors
which mfluence each other. The objective of FAHP lies in providing policy makers to make
better decisions by cutting a complex problem into different levels and reduces complexity and
correlation. Cheng and Mon [4.5] proposed interval algebra and the partition principle of fuzzy
numbers to analyze the fuzzy reliability. Nowadays. fuzzy has been used in a wide range of areas,
such as fuzzy control system, fuzzy classification (fuzzy clustering), pattern recognition,
decision analysis and so on In control system, particularly in recent years. a considerable

number of scholars have devoted themselves in thas field [6].

Fuzzy methods are ofien used in combination with other algonthms, for example. the
combination of fuzzy theory and neural networks, the combination of fuzzy theory and genetic
algorithms, and the integration of fuzzy theory and ant algorithms. Fuzzy theory has been used in
solar photovoltaic systems, which are mainly confined to dealing with the 1ssues about maximum
power pownt tracking technology (MPPT) [7-12]: 1t 1s also applied 1n the hydraulic system [13].
However. it 15 extremely rare to be applied to the study of the effects of wind on HCPV.

3. The definition of fuzzy input and output variables

The high concentration photovoltaic (HCPV) modules are built in a wide region and the

areas of its array panels are also big so that the influence of gust on such an HCPV is very
significant. In order to keep the motor in solar tracker working normally and to avoid being
damaged, the solar tracker is set to stop working (off) when the wind speed 1s greater than a
predetermined crtical value (for example, K m/s). However. there comes problem. If the wind
speed is constantly changing in the vicinity of a fixed critical value, the motor of solar tracker will
be forced to switch between on and off frequently.
To solve this problem. that 1s to reduce the excessive mechanical response, we applied the theory
of fuzzy and changed the “absolutely belongs to™ concept of traditional crisp set to the concept
of “relatively belongs to” to make fuzzy decision to control the starting time of the solar tracking
device. which can be used to prevent the motor’s abnormal phenomenon from switching between
start and stop in the critical point. The fuzzy inference system considers three input variables,
namely wind speed. wind direction, and wind speed change rate. The system output variables are
the start region or stop region of the controller. That 1s, when the output value falls within the
start region, the tracking system the motor is allowed to “start”™; otherwise, it 15 set to be “stop™.

In this research. a triangular fuzzy membership function shown as equation (1) 1s used. and the
points a and c are_ respectively. the left and right ends of the fuzzy function, and b 1s the middle
point. Let X be the fuzzy set, px(x) be the membership function for the % (x 15 its element), and U
be the universe of discourse, then the fuzzy set 15 expressed as equation (2) below.
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0 x=g
x—a_ as<x<h
flrabe)={2a (1)
‘ x_ b=x=c
c—>b
0 c<x ]
X ={(r.it(x)]| x€U} (2)

In order to use fuzzy theory, first of all, the description of the fuzzy language and membership
functions 15 built for the input variable, the wind speed. The universe of discourse of the fuzzy
theory for the wind speed grade is defined by modifymng from the Beaufort scale with further
subdivision. The Beaufort Wind Scale was edited by the British Francis Beaufort in 1805
through observing the sailing ship status and waves. which 1s suitable for maritime observation.
Later. in order to apply to land situation, the observation 1s replaced with smoke, leaves and the
shake of branches, or the shaking status of flag. According to wind strength. Beaufort scale 1s
divided into 13 grades, from 0 to 12. To the 1950s wind speed instrument was invented. Because
the measured wind speed exceeded 12™ grade. the Beaufort scale was extended to 18 grades.

In this research the universe of discourse of the fuzzy function for the wind speed 1s chosen
between (K-1) m/s and 2(K-1) m/s as shown in Table 1. Here the number K m/s 1s the critical
pownt discussed before. If let K=6. then the range of the universe of discourse 1s {5-~10}; 1of let
K=8. then the range of the umverse of discourse 15 {7~-14}. Smlarly. if let K=10. then the range
of the umverse of discourse 1s {918}, and so on. In this paper, the umiverse of discourse is
defined in the set {612} and a graphical example to illustrate the fuzzy membership functions
15 shown in Figure 1.

Table 1. Fuzzy membership functions defined wind speed (K 1s the critical point of wind speed)

Wind speed -5

triangular fuzzy membership functions

MB1 (moderate breeze 1)

(K-1

K-1 K) ms

MB2 (moderate breeze 2)

(K-1

K K+1) mfs

FB1 (fresh breeze 1)

(K K+l K+2) m's

FB2 (fresh breeze 2) (E+1 EK+2 K+3)m's
SB1 (strong breeze 1) (E+2 K+3K+4) m's
SB2 (strong breeze 2) (E+3 EK+4 EKE+5) m's

SB(n-1) (strong breeze n-1)

SBn (strong breeze n)

(2(K-1)-2 2(K-1)}-1 2(K-1))m/s
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D=qrae af rmambarship

wilnd SFIQQd
Figure 1. The fuzzy membership functions of wind speed (honizontal axis as the wind speed.
vertical axis as degree of membership. Here K = 7, for example)

The second mput variable is the wind direction. In this research the whole HCPV panel size is so
huge that 1t 15 extremely sensitive to gust. In order to avoid any damage to the module, when the
wind speed is greater than the value of K m/s, the tracking system 1s forced to stop the operation
of motor to ensure safety. However, if the wind factor 1s taken into consideration alone. then the
performance of the total power generation system would be degraded. For example. although the
wind speed exceeds the value of K m/s, but the direction of wind blowing 1s not normal to the
solar panel, instead, with an angle A to the normal vector of the panel shown in Figure 2. Let
6=90°-). through the calculation of the vertical component at sin(8). the result 1s less than the

A AT RN
yIH == TEEN

Figure 2. The angle between the wind direction and the normal vector of the solar panel
Quoted from the figure 1 (One MW HCPV Demeo System at Lujhu, Tatwan) [14].
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critical point of K m's. consequently, the solar panels at this time are allowed to operate to
maximize power generation efficiency. That is to say, the extent of its impact depends on the
wind direction and the angle between the normal vector of the solar panel and the wind direction.
As we know, the smaller the angle }, the greater the vertical component of the wind; therefore

the more harmful to the solar panels. the reverse is also true.

Because only the calculation of the vertical component of wind speed is needed, the range of the
umverse of discourse of the fuzzy theory for the wind direction 1s enough to be defined from 0
degree to 90 degree. The vertical component of all wind direction, after taking the absolute value,
will falls in this range. The vertical component of the wind speed. sin6, and the resolution of 0.25
1s used to define the fuzzy membership functions. The values are {0, 025 0.5, 0.75, 1} There
are 5 membership functions as shown in Table 2. Tts corresponding fuzzy membership functions

are shown i Figure 3.

Table 2. The fuzzy membership function of the wind direction

Angle of wind A tnangular fuzzy membership functions
(the vertical component. Sinf)
SA (small angle) (0%~ 14.5%) (0 0 0.25)
MA (medium angle) (0% ~ 30?) (0 025 05)
BA (big angle)  (14.5° ~ 48.6°) (025 05 075)
LA (large angle)  (30° -~ 90%) (0.5 0.75 1)
EA (extra angle)  (48.6° - 907) (0.75 1 1)

Sl BAGN La@e e L EAE
S
% 0.5 \ / ;’/( \\\ e
2 % / % A
£ 0.6 7 ~ b
] B 4, %
£ A
é 0.4 / % / \ \\\ _
go2 \ / % e 7
i i \\ / X
. g \
0 EI.I'I EI.IZ EI.IE EI.I4 EI.I5 EI.IE D.IT-" EI.IEE EI.IQ 1

wind direction

Figure 3. The fuzzy membership functions of wind direction (horizontal axis as the vertical

component, vertical axis as degree of membership)
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The third mnput variable 1s the changing rate of wind strength (dS) which 1s used to estimate the
tendency of wind speed being increased or decreased. It offers pre-judgment information about
wind speed near the critical point. for example, between (K-1) and (K+1). In this study, based on
the average wind speed in two minutes, +1 or -1 m's of wind speed increment or decrement is
employed to define the membership functions. Three membership functions are shown in Table

3 and the corresponding fuzzy membership functions are shown in Figure 4.

Table 3. The fuzzy membership functions defined the changing rate of wind strength

the average wind speed in two minutes: dS | trniangular fuzzy membership functions
ND (decrease) (-1 -1 0
ZK (keep) -1 0 1
PI (increase) (0 1 1)
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wind strength

Figure 4. The fuzzy membership functions of the changing rate of wind strength (Horizontal
axis as the positive and negative acceleration, the vertical axis as the membership)

Finally, we define the fuzzy membership function of the output. If the output value 1s less than 0,
then the motor of tracking system is in runmng state; if the output value is equal to or greater
than 0. then the motor 1s i stop state. Three membership functions are shown i Table 4 and the

correspondmg fuzzy membership functions are shown in Figure 5.

Table 4. The fuzzy membership function of the output
The triangular fuzzy membership function

Motor control(Run or Stop)

: -1 -1 0
RN (run) safe (=0) , running
KP (keep) keep current status (-05 0 035)
0 1 1)

SP (stop) dangerous(== 0) , stop
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Figure 5. The fuzzy membership function of the output (horizontal axis: risk. the vertical axis as
the membership)

4. Fuzzy inference algorithm

We have defined three mput variables: the first varniable has seven states. the second vanable has
five states. and the third vaniable has three states: therefore, there are 105 fuzzy rules (Rules) in
total as follows (excerpt):

R1._If (speed 1s MB1) and (angle 1s SA) and (acceleration 1s ND) then (Run_Stop) 1s RN

R2. If (speed 1s MB2) and (angle 1s SA) and (acceleration 15 ND) then (Run_Stop) 1s RN
R50. If (speed 15 MB1) and (angle 1s BA) and (acceleration 15 ZK) then (Run_Stop) 1s RN
F94. If (speed 1s FB1) and (angle 15 LA) and (acceleration 1s PI) then (Run_Stop) 1s KP

R104. If (speed 1s SB2) and (angle 1s EA) and (acceleration 1s PI) then (Run_Stop) 1s SP

R105. If (speed 15 SB3) and (angle is EA) and (acceleration 1s PI) then (Run_Stop) is SP

The above fuzzy rules are wrtten into the fuzzy tule table. In order to clearly indicate the
relevance, the rule table only shows the relevance between two input variables. Under the

assumption that the input variable. the changing rate dS (positive or negative acceleration), 1s
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fixed in a certain state, the relevance between wind speed and angle 1s shown. Therefore, the
changing rate dS has been implied mnto this table. As shown in Table 5, while dS =ND (the trend
that wind speed is decreasing), the relevance between the other two input variables. Table 6
shows while dS = ZK (the trend that wind speed keeps constant), the relevance between the other
two wnput variables. Finally, Table 7 shows while dS = PI (the trend that wind speed mncreases),

the relevance between the other two input variables.

Table 5. The relevance between the wind speed and angle with the trend that
wind speed 1s decreasing (45 = ND)

d5=ND

SA

MA

BA

LA

EA

Table 6. The relevance between the wind speed and angle with the trend that
wind speed keeps constant (d5 = ZK)

45 =ZE| MBI MB2 FB1 FB2 5Bl SB2 SB3
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Table 7. The relevance between the wind speed and angle with the trend that
wind speed 1s increases (45 = PJ)

ds =PI IMB MB2 FBI1 FB2 SB1 SB2 SB3
SA BN RN RN RN RN RN RN
MA BN RN RN RN RN RN RN
BA BN RN RN RN RN KEP KP
LA EN RN KP SP SP SP SP
EA KP SP SP SP SP SP SP

In the fuzzy inference, the maximum - minimum composition (MAX-MIN composition) and the
Mamdani fuzzy inference algorithm (Mamdani Fuzzy Inference) have been adopted [15]. This
approach was also used as critenia in the paper of decision support [16]. and had a good result.
The premise part uses “and” operation so as to achieve the mimimum operational value, which 1s
corresponding to the output of the (Run Stop) membership functions. The output is used to
execute the maximum operation and then obtain a final inference graph. The inference graph
must get through defuzzification process to get a clear output which 1s used for the motor control
system to determine when to start or stop. Here we use the centroid defuzzification method

which 15 frequently used and seems to be reasonable. Equation (3) shows the corresponding
N
calculation formula, where Z."i#’(}}} is the sum of the product of discrete values and the
il
N
corresponding membership value, and E,u(_r,—) the sum of the membership value.
i1

N
2 sy
y)=E—— (3)

Z#(J}'}

i=1
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5. Simulations and Results

The fuzzy programming 15 employed to conduct simulations. where the input fuzzy variables
“Speed” 1s for the wind speed. the input fuzzy vanable “Angle™ is for the wind direction angle,
and the fuzzy membership value of “Run_Stop™ 1s the discriminating factor for the operation of
tracking system. Therefore. the input and output fuzzy set membership functions of fuzzy
inference system can be set up and the rate of change of wind speed. which is positive or
negative acceleration 1s also implicitly included in the calculation. Figure 6 15 the cross section
for the output value of defuzzification. When the wind direction angle (Angle) 1s fixed and the
wind speed (Speed) is as independent variable, the vertical axis 1s the output decision value { 1.e.,
Fun_Stop is a function of Speed). Let's have a closer look at the cross section Angle = 0.6 1n the

Figure 6. The value is computed from the vertical component of the wind speed with an angled=
53" between the wind direction and the normal vector of the solar panel, that isB= 37 degree and

sinf= 0.6. While the value at vertical axis 1s greater than or equal to zero, the motor of the

tracking system must be set to “stop” state. Conversely, when the value at vertical axis 1s less

than zero, the motor of the tracking system must be in working condition.

Figure 6. The cross sections (1.e_, Angle 1s fixed) for the output value of defuzzification.
{ 1.e.. Run_Stop is a function of Speed)
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Figure 7 1s the output value of the longitudinal section. As the wind direction angle 1s fixed and
the wind speed change rate which 1s positive or negative acceleration 1s as independent variable,
{ 1e.. Run_Stop 1s a function of acceleration). The verfical axis 1s the output decision value

{(Run_Stop). Similarly, the determination of its vertical axis 1s simalar to that of Figure 6.

Angle

Figure 7. The longitudinal sections (1.e.. Angle 1s fixed) for the output value of

defuzzification. ( 1.e., Run_Stop 1s a function of acceleration)

Figure 8 1s the 3D display of the fuzzy output value. The unmiverse of discourse {6 ~ 12m/s} 1s
used as an example to illustrate the range of the wind speed. When the wind speed and the
direction angle are as independent vanables, the vertical axis 1s the output decision value
(FRun_Stop). It 15 easily to indicate the discrimunation from Figure 8. If the output value
(Run_Stop) is less than 0, then the motor of tracking system is in the operation state. If the

output value Z 0, then the motor of tracking system should be in the stopped state. Let’s look at

an extreme case shown in figure § that when the wind direction angle X 15 greater than 60 degree
even if wind speed S 1s up to 12 m/sec. because the vertical component of the wind direction 6 =
(90-1) is 6 m/s (Le.. 12x sin 30°), the output value of defuzzification still falls inside the safety

zone of “start™ or “in operation” defined previously.
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Figure 8 The 3D display of the fuzzy decision output value.

6. Conclusions

The size of array panels of HCPV 1s so big that the influence of gust on such an HCPV 1s very
significant. In the beginning, the solar tracker 15 set to “stop™ when the wind speed 1s greater than
the critical point of K m/'s. The purpose 1s to protect the normal function of the motor of the solar
tracker from being damaged. But when the wind speed frequently crosses the critical point. there
exists over-switching problem. In addition, that the “stop™ operation due to simply considering
the wind speed factor will reduce the working hours. For example, in the sunny summer days.
because wind speed exceeds the critical point. HCPV must be stopped, which leads to the
sigmificant reduction of the total power generation performance.

In order to solve these problems, reduce the excessive mechamical response. increase HCPV
working hours, and reduce the interference of weather factors, we have successfully applied the
fuzzy inference system to enhance the efficiency of HCPV generation under wind speed
varations. It can be clearly seen from the value of defuzzification in Figure 8 that even if wind
speed 15 up to 12 m/sec (nearly twice the critical point value). because the vertical component of
the wind speed is less than the eritical point, the value of defuzzification still falls inside the
running state (Run_ Stop <0). This data 1s used to control the timing of the operation of solar
tracking devices so as to prevent the abnormal phenomenon of the motor’s back and forth
movements between start and stop when wind speed 1s around the critical pomt. The goal 1s to

protect the motor units, and at the same time it also can increase the working hours of HCPV 10
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enhance the total performance of the power generation. It can be obtained from experimental

results shown in Figure 8 that the effectiveness is quite significant.
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