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Abstract

This research proposes the compensating current control of active power filter using fuzzy
controller for three-phase balanced system. The control strategy of the system is operated on dq-axis
with the space vector pulse width modulation technique (SVPWM). Moreover, the PI controller is
applied for DC bus voltage control. The adaptive tabu search (ATS) is used for the fuzzy controller
design. In addition, the harmonic detection method is improved and it is called the synchronous
detection with Fourier (SDF). The estpTMF28335 board is used to implement the harmonic detection
for real time system with the SDF method. For the results, the reference currents from the SDF
method are accuracy. Moreover, the hardware in the loop simulation with estpTMF28335 board is
used to simulate the harmonic elimination using the ideas proposed in this research. For the
simulation results, the source currents after compensation with the active power filter using the fuzzy
controllers are nearly sinusoidal waveforms compared with those before compensation. In addition,

the %THD of the source currents after compensation are followed the IEEE Std.519-1992.
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A d
4.3 TassadnaazguaniAvaIuasn eZdsp  F28335
Tassadwandaenssuvouesa czdsp™ F28335 uaaelansgii 46 aaveda
v 1A wa Y 4 s 4 Hq ¥
AINANUAUANUANIAIUSITANIT (hardware features) Hazxouds Tilsunsunlgarugy

U da’
(software features) ANU

AuaNTAN A ILaF a3
-TMS320F28335 Digital Signal Controller
- 150 Mhz. operating speed
- On chip 32-bit floating point unit
- 68K bytes on-chip RAM
- 512K bytes on-chip Flash memory
- 256K bytes off-chip SRAM memory
- On chip 12 bit Analog to Digital (A/D) converter with 16 input channels
- 30 MHz input clock
- On board RS-232 connector with line driver
- On board CAN 2.0 interface with line driver and connector
- Multiple Expansion Connectors (analog, 1/0)
- On board embedded USB JTAG Controller
- 5-volt only operation with supplied AC adapter
- On board IEEE 1149.1 JTAG emulation connector
o Tsunsuii 1¥augu
- TI F28xx Code Composer StudioTM Integrated Development Environment,
Version 3.3
- Texas Instruments’ Flash APIs to support the F28335

- Texas Instruments’ F28335 header files and example software
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' 28335 EXPANSION
660066060 000000OODO00000000
000000000000000000000000000000

0000000000000 0000O000000000000 0
"1(“90:}00t)00 00‘)00‘)00‘)00(’00(}00
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--jj0jooocoooc000
0000000000
.lg[ooooooooo‘F

DDGDGOOO T P8 ANALOG

(@2 assy 510190 Revi s

511 4.6 Tnsaadnanlnonssuvouoia ezdsp ™ F28335

30 MHz

= ’—PXTALI/OSCIN
S
ANALOG TO| N
B USB , \ DIGITAL ANALOG
N———| EXPANSION

PORT/JTAG JTAG CONVERTER|
P CONTROLLER | ¥ 7
o
I
T

EXTERNAL

JTAG TMS32F28335

XZCS7n [« 128Kx16
CANA SRAM

CANB ; ;
1/0 PORT

RS-232 SCIA N 7| EXPANSION

ﬁ

1

G5B SCIB

E‘IJ 4.7 ‘]Jﬁf]ﬂhlﬂﬂwllﬂiil‘llﬂ\iﬂﬂiﬂ eZdSp " F28335

A = a A 1 1 @ s 3
%'lﬂg‘ﬂﬂ 4.6 1INTVIUBT UM FoUAREINYTENOUNAN 9 m&“lumsmﬂuuuu

< @ { @ ' a
uwunmuaen laezunsuldasgali 4.7 mingiasnanilsznoudredndiiy (CPU) Yszurana

aa o

a o <
LL‘]J‘Ivamiu TMS320F28335 L“]JWU:’:N‘USBVI Texas Instruments flﬂ'ﬂllli')iuﬂ’lﬁﬂﬁ%ll')ﬁﬂﬁ

[ an g a & A T w1 1 A J
%wwgmmu 150 MHz ﬁﬂ'lﬂ@lﬂﬂiiil‘llﬂﬂ“]ﬁ/‘lﬂlﬂu 32 UH BAUBDUADNUAIUAN €] AD WOIA

an o

4 1 [ I
L‘%'ﬂﬁﬁ'ﬂ'J\'ii]illﬂﬁﬁﬁiyiy'lmllﬁ]ugﬁ@ﬂlﬂuﬂﬂﬂa (analog expans10n) W@S@L"B@Nﬁﬂﬂuv\lﬁlmu
J J o o
2IANA (I/0O expansion) ngW'ﬂiﬁﬁ'lﬁiﬂﬂ'liﬁﬂﬂ'luﬂ]'ﬂy‘ﬂ'ﬂu 9 ‘lﬂllﬂ W@iﬂ CAN-A CAN-B
Y )
RS232 ag SCI-B u@ﬂi]'lﬂﬁ m’n%ummﬂ%’ami”‘Vi3Nua‘fmm“ﬂauwamagmuqu

ﬁ'liJ'lSﬂL“If’ﬂiJ@]@IﬂEJN'I‘LWI'NW’E)?G] USB uazae ﬁﬂﬁﬂ]ﬂﬂul‘v‘lﬁ]@ﬂﬁ’ﬂﬁﬁlﬁﬁ w‘leﬁEqJ‘N'IUVI'N
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wosa JTAG AU 4.7 Taolidunadaya aui#niniunu (nput clock) 1W1RD 30 MHz

IFONADIIND3A XTAL1/OSCIN

| AN A

4.4 vsmlasdyaaweuzasniluadnamealusUang TMS320F28335

a aA = (% < aa o @

1@y TMS320F28335 Nvsuilasdaaameuzasniufaia (ADC) naludd
U 16 FOITYAIV AR FOITYYIUNANNUINTA (resolution) 12 11a Tasaznszareag ]
2 Woin Ao Wasa P5 uay P9 HIN39ATEIMUNUINY (pin) VOINBIA P5 511U 10 AU LAy
WasA P9 117U 20 W 9 801N 4.8 nazseaziBenvewnazMuntisiunaas 1 3iansg
= ¥ o s a g aa ) 4 o <
N 4.1 MIATNYANIINIVIITUDUNAI8IT SDF azavdlgnasanasdyaranouzasmily
aa o ?1’1 a 9 [ A [ @ a [ A J v 9
AINaNInua 6 NuArenuies udyaiadunanisaiuln Ao aussau ldihaiy
wlea (v

10 g 12 mmwa%@ 9 (ADCINAO aR ADCINAS5) VDIAT 19N 4.1

v, waganszud llihawla G,,,i,,.i,,) Fgiselaaenldaunu 2 4 6 8

sa?

P5
OO OO 0000000
2000000000020
1[OO0 OO OO OOOO0O|Y
P9 ANALOG

51/% 4.8 duvisuveIroIdYy AL A/D Y89UDTA eZdsp " F28335

U

M13199 4.1 T18azPoALARTNUYBINDIA P5 taz P9 11 ezdsp ™ F28335

PS Pin# ADC signal P9 Pin# ADC signal P9 Pin# ADC signal
1 ADCINBO 1 GND 2 ADCINAO
2 ADCINB1 3 GND 4 ADCINA1
3 ADCINB2 5 GND 6 ADCINA2
4 ADCINB3 7 GND 8 ADCINA3
5 ADCINB4 9 GND 10 ADCINA4
6 ADCINBS 11 GND 12 ADCINAS
7 ADCINB6 13 GND 14 ADCINAG6
8 ADCINB7 15 GND 16 ADCINA7
9 ADCREFM 17 GND 18 ADCLO*
10 ADCREFP 19 GND 20 No connect

* Connect ADCLO to AGND or ADCLO of target system for proper ADC operation.
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4.5 WOSADUNALDIDIANAVYDIVD3A eZdsp' " F28335

P ™ ~ s a ¢ o w q9 A v
UDIA eZdsp F28335 HABITADUNALAZIDIANA I/0 pOI'ts) ﬁ?ﬁﬁﬂi%!%ﬂﬂ@]@‘ﬂﬂﬁuﬂ

4 WoSe A9 WOSA P2 P4 P7 P8 LAy P10 FUAaSWOInlT1002100an13150UA0 YDIADZ Y

2
(pin) d5uIFaue19 o Al

~ = v A 4 4 ™
AT NN 4.2 3190T1DYALAAENUHUDINDTA P2 Glu‘ua‘iﬂ eZdsp  F28335

Pin# Signal Pin# Signal
1 +3.3V/+5V/NC * 2 +3.3/+5V/NC *
3 GPIO79_XDO 4 GPIO78_XD1
5 GPIO77_XD2 6 GPIO76_XD3
7 GPIO75_XD4 8 GPIO74_XD5
9 GPIO73_XD6 10 GPIO72_XD7
11 GPIO71_XD8 12 GPIO70_XD9
13 GPIO69_XD10 14 GPIO68_XD11
15 GPIO67_XD12 16 GPIO66_XD13
17 GPIO65_XD14 18 GPIO64_XD15
19 GPIO40_XA0_XWEIn 20 GPIO41_XAl
21 GPIO42_XA2 22 GPIO43_XA3
23 GPIO44_XA4 24 GPIO45_XAS
25 GPIO46_XA6 26 GPIO47_XA7
27 GPIO80_XA8 28 GPIO81_XA9
29 GPIO82_XA10 30 GPIO83_XAl1l
31 GPIO84_XAl12 32 GPIO85_XA13
33 GPIO86_XAl14 34 GPIO87_XA15
35 GND 36 GND
37 GPIO36_SCIRXDA-XZCSOn 38 GPIO37_ECAP2_XZCS7n
39 GPIO34_ECAP1_XREADY 40 B_GPIO28_SCIRXDA_XZCS6n
41 GPIO35_SCIRXDA_XRNW 42 10K Pull-up
43 GPIO38_WEOn 44 XRDn
45 +3.3V 46 No connect
47 DSP_RSn 48 XCLKOUT
49 GND 50 GND
51 GND 52 GND
53 GPIO39_XAl16 54 GPIO31_CANTXA_XA17
55 GPIO30_CANRXA_XA18 56 GPIO14_TZ3n_XHOLDn_SCITXB_MCLKXB
57 GPIO15_XHOLDAn_SCIRXDB_MFSXB 58 GPIO29_SCITXDA_XA19

59

No connect

60

No connect

* Default is No Connect (NC). User can jumper to +3.3V or +5V on backside of eZdsp with JRS.
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OC0OO0OO0OOOOOOOOO
C0OO0O0OOOOOOOOO

OX©)

OCO0OO00OOOOOOO
C0OO00OOOOOOO

P2
~ ° 1A ' Y 4 o ™
gﬂﬂ 4.9 MURUINUVDITIITUUIUNDIA P2 YDIUDIA eZdsp  F28335

ﬂﬁ!%@ilﬁ'mlf’NW?);ﬁ 1/0 P4 P7 uag P8
o ° 1 a [ I'4 o g‘u a 3’/
WoIn P4 Liag P7 ﬁmmuamqaz 20 WU dIUNDIA P8 ﬁmmumwm 40 WY Iﬂﬁl‘ﬂ\i
J A v A o [N 1 @ A = 1 a A = A 1
FIUNDIAUNITVALTYIALU UINUA N ) ﬂﬂg‘ﬂ‘ﬂ 4.10 BILAAEWUNIYAZIDYANITLIHFOUADLTA

FINT199 43 4.4 1A 4.5 MUY
P4 10
OO O OOOOOOOOOOOLOOLOLOOO20

O0O0O0OO0OO0O0O0OOOOOOOOOOOO |4
OO0 0000000000000 O0O0O0O|3
0

Q00000000 OOOOOOOOOO]0
P7

_— N

511 4.10 dumsiuvesyesdyaiunosia P4 P7 uay P18 U0du0ia eZdsp " F28335

~ = 1 a 4 4 ™
AT NN 4.3 190TDYALAAENUUDIND TN P4 GlUUfJ'iﬂ eZdsp  F28335

Pin# Signal Pin# Signal
1 +3.3V/+5V/NC * 2 No connect
3 GPIO22 EQEP1S MCLKRA SCITXDB 4 GPIO7 EPWM4B MCLKRA ECAP2
5 GPIO23_EQEP1 _MFSXA SCIRXDB 6 GPIO7_EPWM4B_MCLKRA_ECAP2
7 GPIO20_EAEPIA MXDA CANTXB 8 GPIO21_EQEP1B_MDRA CANRXB
9 No connect 10 GND
11 GPIO3 EPWM2B ECAP5 MCLKRB 12 GPIO1_EPWMIB/ECAP6/MFSRB
13 No connect 14 No connect
15 No connect 16 No connect
17 No connect 18 GPIO14 TZ3n XHOLD SCITXDB MCLKXB
19 GPIO15 TZ4n XHOLDA SCIRXDB MFSXB 20 GND




~ = v A 4 4 ™
AT NN 4.4 190 DYALAAEWUHUDINDTA P7 111‘“65@ eZdsp  F28335

39

Pin# Signal Pin# Signal
1 No connect 2 No connect
3 No connect 4 No connect
5 No connect 6 No connect
7 No connect 8 No connect
9 No connect 10 No connect
11 No connect 12 No connect
13 No connect 14 No connect
15 No connect 16 No connect
17 No connect 18 No connect
19 No connect 20 GND

Note: The P7 connector is supplied for backwards compatibility. Signals from other connectors can be
wired to this connector to support existing user interfaces.

~ = v A J J ™
AT NN 4.5 7192 DYALAATNUHUDINDIA P8 1”“@5@ eZdsp  F28335

Pin# Signal Pin# Signal

1 +3.3V/+5V/NC * 2 +3.3/+5V/NC *

3 MUX_GPIO29_SCITXDA_XA19 4 MUX_GPIO28_SCIRXDA_XZCS6n

5 GPIO14_TZ3n_XHOLD_SCITXDB_MCLKXB 6 GPIO20_EAEP1A_MXDA_CANTXB

7 GPIO21_EQEP18_MDRA_CANRXB 8 GPIO23_EQEP1_MFSXA_SCIRXDB

9 GPIO0_EPWMIA 10 GPIO1_EPWMI1B/ECAP6/MFSRB

11 GPIO2_EPWM2A 12 GPIO3_EPWM2B_ECAP5_MCLKRB

13 GPIO4_EPWM3A 14 GPIO5_EPWM3B_MFSRA_ECAPI1

15 GPIO27_ECAP4_EQEP2S MFSXB 16 GPIO6_EPWMN4A_EPWMSYNCI/EPWMSYNCO
17 GPIO13_TZ2N_CANRXB_MDRB 18 GPI034_ECAP1_XREADY

19 GND 20 GND
21 GPIO7_EPWM4B_MCLKRA_ECAP2 22 GPIO15TZ4n_XHOLDA_SCIRXDB_MFSXB
23 GPIO16_SPISIMOA_CANTXB_TZ5n 24 GPIO17_SPISOMIA_CANRXB_TZ6n
25 GPIO18_SPICLKA_SCITXDB_CANRXA 26 GPIO19_SPISTAn_SCIRXDB_CANTXA
27 _MUX_GPIO31_CANRXA XA17 28 MUX_GPIO30_CANRXA_XA18
29 MUX_GPIO11_EPWM6B_SCIRXDB_ECAP4 30 MUX_GPIOSEPWMSA_CANTXB_ADCSOCAOnP3
31 MUX_GPIO9_EPWMSB_SCITXDB_ECAP3 32 MUX_GPIO10_EPWM6A_CANRXB_ADCASOCBOn
33 MUX_GPIO22 34 GPIO25_ECAP2_EPEQ2B_MDRB
35 GPIO26_ECAP3_EQEP21_MCLKXB 36 GPI1032_SDAA_EPWMSYNCI_ADCSOCAOn
37 GPIO12_TZIN_CANTXB_MDXB 38 GPIO33_SCLA_EPWNSYNCVO_ADCSOCBOn
39 GND 40 GND

* Default is No Connect (NC). User can jumper to +3.3V or +5V on backside of eZdsp with JR4.




M13199 4.6 T18aZDALABLIUVDIND3A P10 Tuuesa eZdsp -~ F28335

40

Pin# Signal Pin# Signal

1 +3.3V/+5V/NC 2 +3.3/+5V/NC

3 GPIO63_SCITXDC XD16 4 GPIO62_SCIRXDC XD17
5 GPIO61 MFSRB XD18 6 GPIO60 MCLKRB _XD19
7 GPIO59 MFSRA XD20 8 GPIO58 MCLKRA XD21
9 GPIO57_SPISTEAn_XD22 10 GPIO56_SPICLKA XD23
11 GPIOS5_SPISOMIA_XD24 12 GPIO54 SPISIMOA_XD25
13 GPIO5S3EQEP1_XD26 14 GPIO52 EQEPIS XD27
15 GPIO51 EAEPIB XD28 16 GPIO50 EQEPIA XD29
17 GPIO49 ECAP6 XD30 18 GPIO48 ECAP5 XD31
19 No connect 20 No connect
21 No connect 22 No connect
23 No connect 24 No connect

25 No connect 26 No connect

27 No connect 28 No connect

29 No connect 30 No connect

31 No connect 32 No connect

33 No connect 34 No connect

35 No connect 36 No connect

37 No connect 38 No connect

39 No connect 40 No connect

41 No connect 42 No connect

43 No connect 44 No connect

45 No connect 46 No connect

47 No connect 48 No connect

49 No connect 50 No connect

51 No connect 52 No connect

53 No connect 54 No connect

55 No connect 56 No connect

57 No connect 58 No connect

59 GND 60 GND

ﬂ?i!%@il@i@ﬂl@ﬂ?\l?);ﬁ /O P10

4 ad a v A [ 1T A 2 Y o ~ 1
WBIA P10 UNINUA 60 WU ﬂ”lii]ﬂl,iﬂﬁﬁWLLWHQWH%QWNﬂLLﬁﬂQqﬂ 931N 4.11 Tﬂﬂlm

a A = A ' Y o ~
E1$WH3J51EJE]$LE’JElﬂﬂ"lilslf’f)uﬁﬂuﬁﬂﬂ]lﬂﬂﬂ@]WSN‘VI 4.6
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P10

2000000000000 OOOOLOOLOLOLOOLOLOOOOOOO
gOO0O000000O0O0O0O00OO0OOOOOOOOOOOLOOOO

5U 4.11 dwmdsiuvesresdyaunesa P10 ¥0U03A eZdsp " F28335

A A ! [ 4
VIR T100ZDIANUIANINGINULDIA eZdsp' F28335 111509 18910 hitp:/www. ti.com

/tool/TMDSEZ28335.

4.6 Hvalasdyanadanailueuzasn
PRI UBTUBTiNA287T SDF AlFuesa ezdsp "F28335 suiludesldreasuilag
dyanadaiaiiuueuzasn (DAC) Navua 3 ¥esdnaa Tastesdyanuniaiuainaingn

K K3 s

T¥dmSundlasminszuassdsdmsumsvaoauda (05, i) Fldnnmsduiaaiy
ax @ 4 a Aag A o A o Y] [ an o
AIsassuesueiinds SDF awiduaue 13luuni 3 dwmsurnsulasdyuaiva
<3 Y] 1 Av A a q Y = [ 4
iuneuzasnainannuiseIneiinus 19 ledulasdayg e’ DAC712 409 Burr-Brown
2 A o a A ' - | ¥ v v 4 4 T™.
Fatianuuenda 16 Ua Marouas lodisaudinuneia /O veiuesa eZdsp  "F28335 92
v W H 4 N J— v < ] o
milounuawaas13lugii 4.12 enduai 11 ez 12 (A uaz A, ) Fazidlunnlddimua
A ° A o A ' A ~ 1

wioszymahaummg leduaazda TasmsFouasuin 11 uag 12 veslod DACTI2 uaag

v W 4 ™. Y A
AINUVVDIA eZdsp F28335 @ﬂﬂmﬂ@niﬁ% 4.7

pin 35/P2 (GND) e LSB D0 |28 | pin 18/P2

ACOM D1|27 | pin 17/P2

26| pin 16/P2

LS}

Vour D

+15V Offset Adjust D3| 25| pin 15/P2
Vier out D4 (24 | pin 14/P2
= Gain Adjust D523 | pin 13/P2

-15V OT
/ +Vee DAC 712 D6 |22 pm 12/P2
I Vee D7(21 | pin 11/P2
i CLR D8] 20 | pin 10/P2
WR DI [ 19| pin 9/P2
11 |x DIOf18 | pin 8/P2

look at Table 4.4 _

12 1A, DI1| 17 | pin 7/P2
pin 3/P2 | 13 |MSB D15 DI12| 16 | pin 6/P2

pin 4/P2 EDM DI3E| pin 5/P2

4 ™
VOIUOIA eZdsp F28335

60
59
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o

[ a

o & aa ad . . s s
Taamsl¥mdendniaisa 8 0 (pin 19 94 pin 26 WOIA P2) VBIVBIA eZdsp' F28335 Taadl
o w ?1}/ Y o a = o w ?x’/ A I o 1 A Y
MAUTUADULEAL IARIA5199 4.8 D9 4.10 aua1ay Taevuaaun 1 iHlumsiivuanisudu

Yo a 2 ~ o ) a & A o A ) Y a
Gl‘l’iﬂﬂ]l’f)“b’ DAC712 9uUaaUN 2 L']J‘L!ﬂ”liiﬁﬂﬂ"l]ﬂllvﬂ 16 U8 “]Nhlﬂc]f@]]‘ﬂ 1 UDUANTTLUED DI

Y

v ]
= =

dmSunssawodd o lodaan 2 fAe Jeyanszuadisdala b uazlo®dan 3 Ao Joya
Yy A 2 = < ' = 2 v 3 4 =
nszuagRuNd ¢ Yuaeud 3 iumstwendimsauganis Ivaadeya Tuaeui 4 996
I g ) [ a 4 . g A = < 2
Muruneudmiums Ivaadunauan® (load input lach) agvuasui 7 93 9 Huvuaeums
4
TvaaA1oIaad (load D/A lacth) Y0410 DAC712

Y Ao o 4

M13197 4.7 MIFoNAVIN 11 1az12 vod lod DACTI2 NITAINUVDIA eZdsp'  F28335

lo% DACT712 Nw/nesa yeauesa ezdsp F28335 N ldaeune
Y A, pin 19/P2
A 1 —
A, pin 20/P2
Y A, pin 21/P2
AN 2 —
A, pin 22/P2
o d A, pin 23/P2
M3 —
A, pin 24/P2

! Y v 1
A15199 4.8 FuaoumsaamsnIuand sy lod DACT12 AN 1

9 '
ﬂlu@mumimmﬁmmmm%@ pin | pin | pin | pin | pin | pin | pin | pin

DACT712 6 1 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19
Y 1 1 1 1 1 1 1 1 1
Y Tvaadoyanszuadnosdmsumsvaseld o
VUN 2 , -

W1U pin 3 99 pin 18
Vit 3 1 1 1 1 1 1 1 1
Vil 4 1 1 1 1 1 1 1 0
Vit 5 1 0 1 1 1 1 1 0
Vit 6 1 1 1 1 1 1 1 0
i 7 1 1 1 1 1 1 0 1
VUit 8 1 0 1 1 1 1 0 1
Yuii 0 1 1 1 1 1 1 0 1
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=
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=
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Hang (X) = p4 (X) A g (x) = min[g, (x), tg (x)] (5.5)
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2
H(x)=gussmf(x,[c m]) = exp(— MJ

w(x) A

0 X X>

{ Jd I a o o
717 5.9 Wenduuaasnnuilumngauuuglszaisan



58

J v o/ o { 1 a J (J a 4
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ﬂg]slgl/@ﬁ' 1 TF error =very neg THEN voltage = very dec (ﬂgélgljﬂﬁ 123)
ﬂg]slgl/@‘ﬁ' 2 IF error = neg THEN voltage = dec (ﬂ;]‘lgljﬂ‘ﬁ' 456)

ng Elgljf’:)ﬁ' 3 IF error =zero AND error rate = neg rate THEN voltage = inc
ng slgljf’:)ﬁ' 4 IF error =zero AND error rate = zero_rate THEN voltage = cons
ng slgljf’:)ﬁ' 5 IF error = zero AND error rate = pos_rate THEN voltage = dec
n996fl 6 IF error=pos THEN voltage = inc (ng9efl 1011 12)

n¥ei 7 IF error = very pos THEN voltage = very_inc (n¥ofl 1314 15)

~ = % = A A 9
MTNN 5.5 Nmﬂdﬁﬂ‘ﬂmﬁmﬁhiﬁﬂ‘L!Zﬂ?ﬁﬂi]“]Jﬁ]iJﬂ§$LLﬁ’“b’ﬂL‘leJEll’éNﬂﬂﬂ?ﬂﬂﬂﬂ“ﬂ%ﬂﬁm‘ﬂﬁl%’ﬂg

W@ au 15 nquaznsdin 1dngladsiuam 7 ng

A1 %THD YDINITLUANNMUUNAY | narfddlunissiass
NUIUNY . ,
- NOANNITVALYEY AOIUNTY (5)
Wy = \ o
Maa | wlab | wlac | mas Av 5 MUTY I
15 1.4424 1.5457 1.5460 1.5122 535.04
7 1.4424 1.5457 1.5460 1.5122 361.46

5.7 MIoynulad

a

MIOUMIUNYT (fuzzy inference) AD NTZUIUNITAIAT (mapping) DUNAVDITZU

q

IS 1

I o Y o = = Aax AAa 9 o ax A

auqu liiluerdne Tagldnanngpfuesdadisa T5msoyuuntdeyldnuiiog 2 33ms Ao

= 3 = . &2 A = 1 2

MIOUNTUWSHILUY Mamdani 1agn5oyuu UTeE1UY Takagi-Sugeno Feiis1waziduase 1T
5.7.1 M3y Ul BUUY Mamdani

I . 2 ax Ay Yo a an & X
MsoYIUNFTUUY Mamdani 1 JuI5N 185uANUToNNINITNIS Fams
ad o ' Y o = Jd . .

pywunuUIsaIna Iagninaueluil 1974 Taemaas19150 Mamdani (Mamdani E.H.,

a 4 ] a [ % g‘/ {

1974, 01MA§ AIUAT, 2552) UHINKIING1SADUADY (London university) #aluasansni

o ?1’1 9 o d‘ o g Y 9 ’o‘ =)

naueinIdldnuszuumsnuaumaiesing letwazwdedy levinssuiumsoymued

1DV Mamdani 1/52noudae 4 aauiddny Aemsviled (fuzzification) M3lsziliungue sl

% (fuzzy rule evaluation) N33INNG (aggregation) HAzNIMANGE (defuzzification) AITA

=

Taseadraldasgin s.25Taeludruvesmsdsziungueslasdanso1fdegung (rule base) lu

a Ll
ﬂ1§']1ﬂi']$143’31199]}'38
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rule base
crisp y crisp
in g e
p_ut» fuzzification ‘ thi}l/a?(ii ‘|aggregat10n ‘ defuzzification o_utBut

~ = .
3109 5.25 AszUIUMIBUNIUWY11D Mamdani

| |
H & i Mo i
|

very_neg neg zero pos very_pos neg rate  zero rate pos_rate

R

B .
o /\ /. . 0

-
,,,,,,, j €rror

»

Lo
error rate

r— —_—
error rate |
Lol |
L value |

(input 1) (input 2)

319 5.26 Arg1IMIMAEFYOITLVVAIVANNTEHATAITY
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duUNA error ANBYIUIFAAUTINIY neg 1AT zero NAANWITUAINFUMAD 0.4 1A 0.2
o w a 1 ] 1 A J 3 a
AWAIAY LAZNTAOUNA error rate HA1DY IUITARUTINIY zero_rate AIBAINMIMT UAWIFN
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NNIUTIEAUTUMIMHUAA I IANATINIHIANEIUYDI THEN lungiiu 9 a1e35msda
. A Aax [ = 4 9 1 I a v
#09 (clipped) 13035M3USTUVIA (scaled) NaFwavouprdnaaIsAmIA NV UTTIHAANT
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A v J d o Aa 4 ~ Yo a
M55IUNg AD MIMWaaNFHanFuUaINIneMnannngh 1asunsisziiu
v A g A = A s A a quag
udangnReu luiluaie) Tasaz sauiasdraaudanimiveuordgnavesnnng idluas it
S S 20 g C g A 5 o 4
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f’h’s;( 3gA-Hafdl (maximum-product)

(input 1) (input 2) (output)
H A J72
1 neg 1 zero_rate dec
/\ clipped
0.4 L
A\
0 : > 0 >
R . error - error rate output voltage
rerror value| | €rTor rate;
__value |
‘ Rule 2: IF error = neg THEN output voltage = dec ‘
U A uh H A
1 zero 1 zero_rate ] cons
/\ . clipped
0.7 _ (min)
/ \ N
0.2 : » AND,
: / N 4 YT
JE— § I ) error | error rate output voltage
rerror value] | error rate;

<

7]
1 decU cons
0 0
output voltage output voltage

aggregation
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(input 1) (input 2) (output)
U A 7y Y7,

neg zero_rate dec

1 /\ 1 1 scaled
:\
|
I » 0

0.4 \

0 R . error output voltage
[eor value
‘ Rule 2: IF error = neg THEN output voltage = dec ‘
M A J7Z H A
1 Zero 1 zero_rate 1 cons
/\l
0.7 / t (min)
02 : ~TAND
0 A A\ > 0 AN P | 0
S R— error - error rate output voltage
rerror value; | error rate!

decJ cons

output voltage

output voltage

aggregation
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' ° = ' 1 a ' 9 A 9 A A
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ﬂ;]“ﬂ/@ﬁ 2 IF error = neg THEN voltage = dec

ng 9011 4 IF error = zero AND error rate = zero_rate THEN voltage = cons

vinng ludedumsisziliunaludiuves THEN nuumsaagealadian
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b,u(x)xdx
Xcog =T (5.18)
H(x)dx
b
(x)
XcoG z—zx:alu i (5.19)
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{ 1 J a 4
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A 1

3 a { o ]
4(x) 1o MANUIUTFNVDINALHUL x
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Xsom = min{x | z(x) = max(,(x))} (5.22)
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Xsom = min{x | g(x) =max(u,(x))}=-110
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Receive input 27 parameter of
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control
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- case 1 case 2
W05 : :
VDUWAMGA-GIGA | WamINAaey | VoUIVAAIGA-gIga WaMINAaoY
W151iA03 dUNA error MF
el [-0.15,-0.19] -0.1832 [-0.15,-0.21] -0.1870
e2 [-0.09,-0.11] -0.1024 [-0.09,-0.11] -0.0919
e3 [-0.12,-0.15] -0.1419 [-0.12,-0.16] -0.1548
e4 [-0.07,-0.09] -0.0837 [-0.07,-0.09] -0.0769
e5 [-0.02,-0.04] -0.0292 [-0.02,-0.04] -0.0372
eb [-0.04,-0.06] -0.0489 [-0.04,-0.06] -0.0412
e7 [0.01,-0.01] 0.0062 [0.02,-0.01] 0.0109
e8 [0.06,0.04] 0.0454 [0.06,0.03] 0.0343
e9 [0.04,0.02] 0.0216 [0.04,0.01] 0.0175
el0 [0.09,0.07] 0.0798 [0.09,0.07] 0.0778
ell [0.15,0.12] 0.1354 [0.15,0.12] 0.1210
el2 [0.11,0.09] 0.1027 [0.11,0.09] 0.0952
el3 [0.19, 0.15] 0.1549 [0.19, 0.14] 0.1815
Winiiwesduna error rate MF
erl [-0.50,0.60] -0.5685 [-0.50,0.60] -0.5514
er2 [-0.04,-0.06] -0.0432 [-0.03,-0.06] -0.0440
er3 [-0.09,-0.11] -0.0929 [-0.08,-0.11] -0.0824
erd [0.01,-0.01] -0.0030 [0.01,-0.01] 0.0071
erdS [0.11,0.09] 0.0959 [0.11,0.08] 0.0843
er6 [0.06,0.04] 0.0455 [0.06,0.03] 0.0338
er7 [0.60,0.50] 0.5424 [0.60,0.50] 0.5011
wimeiednavoltageMF
vl [-150,-230] -228.30 [-150,-280] -275.61
v2 [-50,-80] -78.71 [-50,-100] -64.05
v3 [-20,20] -5.03 [-20,20] -6.59
v4 [80,50] 52.61 [80,40] 42.00
v5 [230,150] 219.9 [280,150] 194.86
Wsimeiuedesnsesmaweniivl
V;C [213, 400 ] 390.76 [213, 400 ] 397.37
Lf [0.1,0] 0.0290 [0.1,0] 0.0296
f1 cost value
w 0.0456 0.0454
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- case 3 case 4
W05 : :
VDUWAMGA-GIGA | WamINAaey | VoUIVAAIGA-gIga WaMINAaoY
W151iA03 dUNA error MF
el [-0.15, -0.21] -0.2008 [-0.15, -0.23] -0.2148
e2 [-0.09,-0.11] -0.1000 [-0.09,-0.11] -0.1088
e3 [-0.12,-0.17] -0.1469 [-0.12,-0.17] -0.1490
e4 [-0.06,-0.09] -0.0896 [-0.06,-0.10] -0.0933
e5 [-0.02,-0.05] -0.0431 [-0.02,-0.05] -0.0278
eb [-0.03,-0.06] -0.0490 [-0.03,-0.06] -0.0575
e7 [0.02,-0.02] 0.0001 [0.02,-0.02] 0.0121
e8 [0.06,0.02] 0.0362 [0.06,0.02] 0.0532
e9 [0.04,0.01] 0.0313 [0.04,0.01] 0.0171
el0 [0.09,0.07] 0.0865 [0.10,0.07] 0.0867
ell [0.15,0.11] 0.1253 [0.15,0.11] 0.1441
el2 [0.11,0.09] 0.1038 [0.11,0.09] 0.1021
el3 [0.21, 0.14] 0.1687 [0.21, 0.14] 0.1976
Winiiwesduna error rate MF
erl [-0.50,0.60] -0.5967 [-0.50,0.70] -0.6336
er2 [-0.03,-0.06] -0.0409 [-0.03,-0.06] -0.0520
er3 [-0.07,-0.11] -0.0816 [-0.07,-0.11] -0.0903
erd [0.02, -0.01] 0.0171 [0.03, -0.01] 0.0019
erdS [0.11,0.07] 0.0935 [0.11, 0.07] 0.0869
er6 [0.06, 0.02,] 0.0315 [0.06, 0.02,] 0.0572
er7 [0.60,0.45] 0.5228 [0.60,0.45] 0.5492
W5 meiedna voltage MF
vl [-150,-340] -325.66 [-150,-410] -355.63
v2 [-40,-100] -62.46 [-40,-100] -96.72
v3 [-20,20] 3.18 [-20,20] 19.63
v4 [80,30] 68.14 [80,30] 70.95
v5 [280,150] 208.57 [280,150] 266.20
Wsimeiuedesnsesmaweniivl
v (213, 400 | 396.07 (213, 400 | 398.26
Lf [0.1,0] 0.0288 [0.1,0] 0.02986
ficost value
w 0.0449 0.0446
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- case 5 case 6
W05 : :
VDUWAMGA-GIGA | WamINAaey | VoUIVAAIGA-gIga WaMINAaoY
W15 1iA0 3 dUNAerror MF
el [-0.15, -0.23] -0.1539 [-0.14, -0.25] -0.1808
e2 [-0.09,-0.12] -0.1066 [-0.09,-0.12] -0.0976
e3 [-0.12,-0.17] -0.1433 [-0.10,-0.17] -0.1568
e4 [-0.06,-0.11] -0.0743 [-0.06,-0.11] -0.0715
e5 [-0.02,-0.05] -0.0341 [-0.01,-0.05] -0.0328
eb [-0.03,-0.07] -0.0620 [-0.01,-0.07] -0.0499
e7 [0.02,-0.02] 0.0086 [0.02,-0.02] -0.0064
e8 [0.06,0.02] 0.0276 [0.07,0.01] 0.0300
e9 [0.04,0.01] 0.0258 [0.05,0.01] 0.0288
el0 [0.10,0.07] 0.0995 [0.11,0.06] 0.0890
ell [0.17,0.11] 0.1180 [0.17,0.10] 0.1393
el2 [0.11,0.09] 0.1011 [0.12,0.09] 0.0980
el3 [0.21, 0.14] 0.1814 [0.25, 0.14] 0.2219
Winiiwesduna error rate MF
erl [-0.50,0.70] -0.5437 [-0.45 ,-0.70] -0.5969
er2 [-0.03,-0.06] -0.0568 [-0.02,-0.07] -0.0268
er3 [-0.07,-0.11] -0.0754 [-0.07,-0.11] -0.0884
erd [0.03, -0.01] 0.0125 [0.03, -0.03] 0.0123
erdS [0.11,0.07] 0.0958 [0.11,0.07] 0.0885
er6 [0.07,0.02] 0.0325 [0.07,0.02] 0.0273
er7 [0.60,0.45] 0.5506 [0.70,0.45] 0.5730
wimeiednavoltageMF
vl [-150,-410] -301.33 [-130,-500] -371.42
v2 [-40,-120] -59.31 [-30,-120] -83.79
v3 [-20,20] -4.52 [-20,20] -6.54
v4 [100,30] 67.88 [120,30] 63.39
v5 [280,150] 173.41 [500,130] 287.60
Wsimeiuedesnsesmaweniivl
v 213,400 | 397.13 213,400 ] 391.04
Lf [0.1,0] 0.0296 [0.1,0] 0.2880
ficost value
w 0.0442 0.0435
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A13197 6.9 HANTNATDUIIUIUAAD LIS HAY

Y ]
AN 2 4 2 4 2 4 2 4 4 VA il
ASN 1 | ASIN2 | ATIN3 | ATIN4 | ATINS5 ARDY

?h‘ﬂﬂﬁ@ll AUV U

UIUMADVIFTUAUMIAY 10 AU

amw 0.0436 0.0437 0.0500 0.0441 0.0425 0.0448 0.0027

U 162 140 20 136 186 129.80 57.2517

9 1

TIUIUMADVITUAUNIND 20 AI9DL

amw 0.0500 0.0419 0.0447 0.0501 0.0437 0.0461 0.0034

U 41 91 86 11 51 56.00 29.6648

9 1

TIUIUMADVITNAUNIND 30 AI9D1

mw 0.0432 0.0426 0.0494 0.0473 0.0441 0.0453 0.0026

U 152 163 54 20 159 108.60 60.3477

TIUIUANDUVETUAUNINY 40 A9

mw 0.0430 0.0424 0.0435 0.0426 0.0437 0.0430 0.0005

NUIU 255 166 235 234 222 222.4 30.1237

9 1

UMDV UAUININD 50 A1NDU

amw 0.0425 0.0420 0.0445 0.0430 0.0430 0.0430 0.0008

U 125 122 153 129 107 127.2000 | 14.8916

9 1

PUIUMADVITUAUNINDY 60 A1NDU

mw 0.0440 0.0441 0.0433 0.0430 0.0442 0.0437 0.0004

NUIU 127 112 104 55 187 117 42.5159
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Qi adaii1 | afaiio | adaiis | afaita | adiiis | Aunde 4 "

ﬂ'”l‘ﬂﬂﬁ@‘l_l [SERININ A
fuumasulndiReaniny 10 Maeu

1w 0.0464 | 0.0436 | 0.0450 | 0.0433 | 0.0429 | 0.0442 | 0.0013

U 13 156 192 148 113 1244 | 61.0986
uumasulndiReaniny 20 Maeu

1w 0.0444 | 0.0414 | 0.0418 | 0.0443 | 0.0438 | 0.0431 | 0.0013

U 169 144 122 57 113 121 37.4005
fuumasulndiReaniny 30 Maeu

1w 0.0469 | 0.0435 | 0.0430 | 0.0441 | 0.0439 | 0.0443 | 0.0014

U 40 134 97 41 124 87.2 40.0070
NuumaenlnaReunIny 40 Masy

1w 0.0419 | 0.0433 | 0.0424 | 0.0434 | 0.0431 | 0.0428 | 0.0005

U 123 121 153 144 118 131.8 | 14.0200
SuumasulndiReaniny 5o maeu

1w 0.0420 | 0.0437 | 0.0424 | 0.0429 | 0.0438 | 0.0430 | 0.0007

U 111 120 145 143 101 124 17.4126
uaumaeulndiReaniny 60 Maeu

A 0.0441 | 0.0421 | 0.0436 | 0.0427 | 0.0436 | 0.0432 | 0.0007

U 80 157 212 174 177 160 43.8132
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A1319% 6.11 HAaMINATOUAMTANISHAY
2 3 ;
fAIIN 2 4 2 4 2 4 2 4 2 4 VA fl
ASIN 1 | A2 | ASIA3 | ATIN 4 | AT S5 | Aunde |
ANaaoL [STRNIS AT

9 l

AMSANGUAINND 0.5

mw 0.0417 0.0433 0.0419 0.0438 0.0435 0.0428 0.0008

U &1 176 111 172 62 120.4 46.4870

) T o
ATTANLIUAUININD 1

mw 0.0426 0.0430 0.0428 0.0420 0.0412 0.0423 0.0006

U 142 34 93 133 99 100.2 38.1020

9 l

AMSANGUAINND 1.5

mw 0.0429 0.0431 0.0418 0.0429 0.0427 0.0427 0.0004

U 128 103 67 71 124 98.6 25.6484

a Y J

ATANITUAUNIND2

mw 0.0418 0.0436 0.0436 0.0435 0.0421 0.0429 0.0008

NUIU 78 61 117 118 96 94 22.1540

9 l

ASANTUAUNIND 2.5

mw 0.0425 0.0426 0.0431 0.0433 0.0430 0.0429 0.0003

U 135 50 129 &1 168 112.6 41.8502

a Y '

AMTANTUAUNINDY 3

mw 0.0430 0.0430 0.0432 0.0422 0.0470 0.0437 0.0017

U 146 122 98 135 28 105.8 42.0590

msnaaeumiIlsenauliuaniau
msnadeumiliznoulSuaasall (DF) veamsaummuuaydlsuea
dmsuldoenuuumaiunuileduazersnsesmawenii ldiiminaaeuldadilsgney

USuaasaiminy 1.010 1.025 1.050 1.075 1.100 1.200 Lag 1.300 Fananisnagouuandlisg
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A1519% 6.12 INAIT AN

o Y
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Y
fl0 0.0422 aaudIveudenldmaalsznovlSuansativiiny
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Qi afait1 | afaiio | adaiis | adiiia | afiiis | Aunde 4 "
ﬁTV]ﬂﬁ@ll [SERININ A
malsenevulivaasaiminy 1.01
mw 0.0439 | 0.0454 | 0.0465 | 0.0486 | 0.0447 | 0.0458 | 0.0016
U 77 22 67 64 33 52.6 21.2283
malsenovulsuaasaiminy 1.025
mw 0.0436 | 0.0420 | 0.0456 | 0.0430 | 0.0424 | 0.0433 | 0.0157
U 145 156 79 41 61 96.4 459112
malsznoulivaasaliminy 1.05
mw 0.0428 | 0.0431 | 0.0431 | 0.0426 | 0.0418 | 0.0427 | 0.0004
U 63 61 106 65 122 83.4 25.5233
Malsznavdsuaasalimny 1.075
aw 0.0424 | 0.0416 | 0.0424 | 0.0419 | 0.0425 | 0.0422 | 0.0003
U 100 84 119 60 50 82.6 25.3109
malsznovlsuansatmIny 1.1
mw 0.0421 | 0.0425 | 0.0440 | 0.0429 | 0.0423 | 0.0428 | 0.0006
U 68 63 47 83 90 74.2 16.6301
madlsenoulsuaasaminy 1.2
mw 0.0424 | 0.0429 | 0.0434 | 0.0437 | 0.0442 | 0.0433 | 0.0006
U 42 93 39 30 89 58.6000 | 26.7776
malsznevlsuaasaiminu 1.3
mw 0.0478 | 0.0422 | 0.0460 | 0.0444 | 0.0438 | 0.0448 | 0.0019
U 85 25 25 33 82 50 27.5245
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Ay v = o =
‘Vlvlﬂmﬂﬁﬂﬂﬁ@ﬂ&lﬁﬂﬂmﬂﬂﬂﬂﬂ‘iﬂl caseb

AN Y

f
Y Y ax ~ A ¢ v
AMNNITAUNINIYIDT ATS NNAFADUNITIULADTLAD
’31&1’!@1 error
very_nec nec zero pos very_pos
el e2 e3 ed4 e5 eb e/ e8 e9 el0 ell el2 el3
-0.1456 | -0.0918 | -0.1046 | -0.0752 | -0.0105 | -0.0134 | 0.0025 | 0.0400 | 0.0109 | 0.0603 | 0.1530 | 0.1090 | 0.2247
51!14!@1 error rate
neg_rate zero_rate pos_rate
erl er2 er3 erd erS er6 er/
-0.6751 -0.0645 -0.0831 0.0018 0.0887 0.0618 0.5680
o
ID1ANA voltage
very_dec dec cons inc very_inc
vl v2 v3 v4 v5
-279.69 -117.86 -3.01 093.70 496.71
a 4 o w S
W"I'i”llll@]’f)ﬁ]@\n\‘ﬁ]iﬂi’f)x‘lﬂ”Iﬂ\iLL@ﬂVW\l
ES
Vdc Lf
372.86 0.0269
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S Capright SOO0-2008 The Methorts, loc. ® =
#include "target.h" % JARRET INFTTALIZE =~
#include <stdio.h>
#include <rtdz.h>
#include "math.h"

void APF_CC(float*inl, float*in2,float*in3, floatxoutl);
void initialSWFA(float Pac,int kj;

void SWFA(float Fac.int j):

void SDF_HD(float*vs,float*il);

void clake_trams(float Us ,float Ub ,float Uc);
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void fuzzy Control (float e, float er) ;

void SVGEN(float Vd_ref, float Wg_ref, float theta):
void PI_controller(float Error_Vdc);

i specific variahle abd huffers size for ATIE-
float dinl[4];
float din2[3];
float din3[3];
float dout1[3];
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float iL[3],vs[3],is[3],ic_ref[3],icd_ref,icg ref,ic[3],icd,icq,Pac,Pa_av,Pde,Vd_ref,Vq_ref;
int N=2000;

float And=0,Ad[2000];

int k=0,j=0;
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