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OZET

%X SURMHGH '63 WDEDQOO ELU J*QHU SDQHOL AML\WPRBODW |U-
surecinin bir parcd¥ Glarak, parametrik bir denklemi kullanara@ H+LGLN RUWDP NRU
DOWOQGD oDOOUDQ IDUNOKULMHU NSIMQMHNOOHHWLLW QNDMOQR Q L
SURJUDPO \8deQ@P@Q eV @b O+ ELU D QDKW RelbO DR DN JPe DO
oONOG JHULOLP YH DNOP GH+HUOHULQL |OoPHN DPDFOQ
JHUOHNOHQPLGOWLU 'HYUHOHULQ \DSOPO WDPDPODQGONWD
KDOLQH JHWL YHKEIDO® VWBAmBDWOVDUODQPOUO YHOMCDIWIiDUODQD
NXOODQOODUDN \D]JOOOPD JHOLULOHUHN LOHULVLQGH 7H]
EDUOQGOUDQ H=GVS ) JHOLUWLUPH NLWL «JHULQGH oDOC
bu kontrol sistemi |[Oo*P GHYUHVL WDUDIGQGINQS$ YO SDRIQ DHOA DT
GHQHQPLU RODQ SDUDPHWULN GHQNOHPL YH oHGLWOL RUW
olan J*QHU 8D FWODPHWUHOHULQL JLUGL RODUDN DOOS Jec
GH+LUNHQ \eN NRuxoobud DOWOQGD LVWHQHQ J*QHU SDQ
G H + L U WhiL U\LD+PCHY RSIsteiid \gerceklenmesi P D P O D Q G O N 8iriatorV R Q U D

GH+LUNHQ ELU \eN LOH oDOOuUWOUOOPOU YH GLQDPLN SHU
GH+HUOHUL LoLQ o0ONO erbNdPOWH dithildrded. &ldecddilei s e HU O H U

NXOODGrOGOHIWNVL oL]LOPALVYNHEXQHY UR » O HgercekPIHildL o DO O G
N D U G O O Bimd&sciO@H DK DU LVDEHWOL VLP*ODV\RQ \DSDELOG

viii



1. *g5gu

Ginimizde, uzun émirli ve cevre doRIOPDODUO LOH ELOLQHQhet*QHU HQ
JHOHQ J*Q GDKD ID]JOD |QHP ND]JDQPDNWDGOU *«QHU HQH
ilgilenen firmave araiWOUPD PHUNH]JOHULQLQ VD\OVO YH @R OD\OVO)
ihtiyac her gecen giin daha d® UW P D WMahBr@iéed J+QHUG HQHUMLVL LOH
sistemlerini WHVW HGHELOPHN LoLQ HQ D] ELU JeQHUG SDQHOL
NXOODQPDN JRUXQGDGOUODU %X GHNLOGH \DSOODQ WHV)
HQHUMLOL VLVWHPOHUL JHUOHN KDYD uDUWODUO DOWOQG
0R+ X ] DBEURE sorunlu cPDNWBEMRUXQODUOQ HQ |QHPOL VHEHEL
GDUWODUO +]HULQGIH RRQABPBEPD VR W URROTHONO\OD J*QHUWF
RODQ OudOPD PLNWDUOQO GD LVWHGLNOHUL GHNLOGH D\DU
\DSDELOPHN LoLQ X\JXQ KDYD uDUWODUOQOQ ROXuUPDVOQC(
VHEHSWHQ GROD\O ELU WHVWL WDPDPHQ D\QO NRUXOODU
L P Nk Q@ @de gelmektedir.0 X D QD WiB@udW ¢dzebilmek icin, 1kw'dan daha
\eNVHN Je0oO+s GHYUHOHUL WHVW HGHUNHQ Jeqistar OuOPD\
NXOODIR®B\BQOHU[IR ARakiOMPEDODUOQ oRN IDJOD HOHNWUL-
EX \|QWHPLQ ROGXNoD PDOL\HWGHWRERLDVBRDX RN HPE® IO
\eNVHN J¢e0O+s GHYUHOHULQ WHVW HGLOPHVL VOUDVOQGD J
ROGX+XQGD GDK DahaebbW e\ idaneli YH GDKD JHQLUGU \e«]J]H\ DODQ
ROGX+XQGDQ \eNVHN Je0Oes GHYUHOHUL W H \psivielléMdiB HN LoL G
LKWL\Do GX\GX+X ERGU DODQ PLNWDUO DuOU GlGaspi®© HUH 00O
cok zor ve maliyetli bir hale getirmektedir%o X SDKDOO YH YDNLW DOOFO WHV\
vH KDYD uDUWODUOQD RODQ ED+-OPOOOO+0 RUWDGDQ NDO
similatéri (GPS)NXOODQBrsNeww DDUNOO KDYD NRuXOODUO DoOwO
panellerinin karakteristiklerini taklit ederek gercek hkir Q Haneli gibi davranmak Uzere
WDVDUODQPOU VLVWHPOHUGLU %X VLVWHPOHULQ NXOODQ
gereken herhangi bir deneyi@ HIDODUFD NH] D\QO RUWDP NRUXOODUOQ
duyulmadan, PDOL\HWVL] ELUmayNLG GHP NBS O ® B BiftexwrD G O U
NXOODQPDQOQ GliseHék EHLGPSNXDQWQ®MODUDN oRN VD\OGD Yl
J*QHU SDQéiniaddmM@MRPSOODELOPHVLGLU g\L WDVDUODQPOU
PDNVLPXP GH+HUOHUL DuboPDGO+0O VeUHFH KHU JeQHU
SDQHOL QGHR Rigkries GIQ HU M L yérinvaiilie L Q L Q

uxX DQD NDGDU Je«QWKar&istiklerin simiaky@nunu yapabilmek icin bir

oRN IDUNOO \|QWHP GHQHQPLGUWLU %X \|QWHPOHUH |UQHN
-9 NDUDNWHULVWL+LQH DLW DNOP Y kti devig LeDylikel@iHesiH UOH U L
[2] ve bir DC-'& OHYLULFLQLQ oONOUG Xbhtdd \PIUGLGP-YROWD PLN
NDUDNWHULVWL+LQGHQ JUQHNOHU LoHUHQ ELU GL]JLGHNL G
yontemleri kullanan similatorleriN |[We \DQO IDUNOO RUWDP NRUXOODUC
J*QHU SD Qsinidadydning kaPacak kadar esnek omanaU@&@MWQ ODWOOPO U RC
simulatorde, LOHULVLQGH ELU JeQHU SDQHOLQLQ PDWHPDWLL
mikrokontrolor LOH DQDKWDUODPDOO ELU Jeo ND\QD+0Q0Q $*. o
Benzer bir yontem [5]te sunulmuW XU %X \|QWHPLQ |QFHNLQGHQ 1Dl
modelinden 19 NDUDNWHULVWL -+ L Qhir mHikdaBadthtréld Y khelbilgsblyariil® L Q
\DSOOPRMOGHONLOGHNL VD\OVDO *36 VLVWHPOHULQGH IDUNC(
J*QHU SDQHOOHULQLQ VLP+ODV\RQX \DSOODELOPHNWHGLU
GR+UXOWXFX NXOODQDQ ELU *369>H@9YGWLY®HUALDP LRIODLWD Nb ]



yerine, ikiadetGR+UX GHQNOHPLQGHQ ROXIIFDRG BDVNXWO BIDW B D /N R
olarak elde etmektedir.

%X SURMHGH VXQXOPXUGROMQJI* 86 WDVHUOFPOHQHOOHULQLQ
\DSPDN «]HUH WDVDUODOQAGR iiavwd B * YR OGO ONOHLUHULOLPLQ
HGHQ VD\OVDO ELU NRQWURO VLVW H Bter),Gékgs IRsBumemtd N W D G (
WDUDIO QG D QrMEBRO Isérial LDSP Gitenin bir yesi olan TMS320F2812 DSP
NXOODQOODUDN JHUOHNOHQPL-®WHBULRAWURIO INHLW/OMMP LD Pol
'63TQLQ KDIO]IDVOQGD ROXUWXUDELOPHN LoLQ SDUDPHWUL!
similatéore, D\QO GHYUH LOH IDUNOO RUWDP NRUXOODUO DOWC
VLP*ODV\RQXQX \DSDELOPH YH VLP*ODV\RQX \DSOODQ J+QF
SDUDPHWUHOHULQL VL Viwié¢d P P oNDver@ek@ dir NBd Qrofehin- dnaéiki U H E
DPDFO KO]J]O0O YH LVDEHWOL ELU UHNLOGH VLP<ODV\RQ \
ROGX+XQGDQ \e«NjuHdevrésioid¥ DMDUUODQOS «UHWLOPHVLQH JH
UHNLONDVDUODQPOU RODQ *367QLQ EORN GL\DJUDPOQO J|V!

d 706 ) )
( *|P+0+ <D]OQ

LL\AL
3%RRW IURP + ~ PRGX VHOLOL\>HQ

A\ 4

$UDPD
$OJRULW \

\_ A A
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63, %XV $'& .RUXOODQ UPD
'"HYUHVL
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0DQDJHu+—2 OLRIDRL 'HYURVYL | [ <N

" J

UHNILG7+P VLVWHPLQ EORN GL\DJUDPO

UHNLO  fGH J|[VWHULOHQ EORN GL\DJUDPOQGDNL KHU EO|
LOJLOL MdDVIBPORWID OO RODUDN DQODWOOPOGUWOU gUQHN
elle HGLOPLG RODQ GHQH\VHO VRQX0ODU LVH UDSRUXQ VRQ N



2. *h1(du 3$1(//(5012D ,,$5%$.7(508670./(50

Bu bélimdeJ*QH G S D Q H/k@dkioristkleQhat OQGD NOVD ELOJL YHULOPL

21. 9GHDO *«QHU 3DQHOL .DUDNWHULVWL=+L

UHNLO LGHDO ELU J¥@e39 SDOUHIONWH QLW WS N QL J[VWHUPI
VHUL YH\D SDUDOHO ED+ODQPOU ELUGHQ ID]OD J-QHU SDQH
GH VOVPpPWV VB dahpvelkke GH+HUOHULQLQ NDWODQPOU ROPDVO

LP

- >
Vinpp Vae V

UHNRILOGGGHDO ELU J+QH U IS/VRH\OKa@KiafsiMerS L N

UHNLO fGHQ GH JJU*OHELOGL=+L JLEL LGHDO ELU J*QHU SC
GH+HUH XODUDQD NDGDU VDELWNHQ EX GH+HUL Duwb6+00Q
JeQHU SDQHOLQGH LVH oONOU JHULOLPL SDQHOGHQ OoHNLOF
EDGODU $QFDN JHULOLPLQ GeuPH KO]O DNOP EHOOL ELU G
DAWONWDQ VeQHI KO/QmQOMULQLQ UHNL@nel par@rdtresj VWHU L
YDUGOU %X SDUDPHWUHOHU YH VHPEROOHUL DUuD+-OGD OL\

Voc: $ 0 @eévre gerilimi

lse: .OVD GHYUH DNOPO

Pmpp: ODNVLPXP Jeo GH+HUL

Vmpp: ODNVLPXP Jeo QRNWDVO JHULOLPL
Impp: Maksimum gicQRNWDVO DNOPO

*HUOHN ELU Je«QIWINDPL@HOMHUIQVWL+-L VOFDNOO=+D YH OuOPL
\+]GHQ UHNLO fGHNL JLEL ELU H+-UL DQFDN WHN ELU VOFI
UHNLO fGHNL H+UL SDQHO \¢]H\LQLQ WDPDPHQ YH KRPR
JJOJHOHU YH NLU QHGHQL\OH JHUoOHNWH VD+-0DQPDVO ROC
.OVDFDVO ELU J*QHU SDQHOR HelUQ WHIUL QN RHIOXGHE Bl GALRO:HEL Q
NRuUXoobudbQdbQ KHVDED NDWOOPDVO JHUHNPHNWHGLU

22. SOFDNOD HWLYLQH (WNLVL

*«QHG SDQHOOHUL oRN VD\OGD Ne<0o*N K+FUHGHQ ROXUXU
biytitiilme ¢ E ENJ MBRQNV L\R Q X , ReDe@ittrelérQllr Digotunkiler gib O FDNOON LO
GH+LAGLU 60 F D NOM|D OmDUMarikd Ngdeki Bizalma P LN WBdekd DUW O G



PLNWDUOQGDQ oRN GDKD ID]OD ROGX=+X LoLQ W@##HDNOON
PDNVLPXP Jeo D]IDOOU %X H2BNH QHWWHINIGP LUWHUUHNLO

iA Pf
:j o
T=40°C =0

> >
UHNLILOVyvel . TQLQ VOFDNOONOD @HRROIFE-Q VOFDNOONOD GH+LULPL

6OFDNDEOIKWEOMNMLLULPH NDWRUIGRIKD NG <L ULP PLNWDUO JHQHOC

SDQHOOHULQLQ WHNQ2I Gi NNRDH-DHIUSIHAD. UHIHUDQV DODC
olarak verilir. Bu kaW V D\ O @it @V B X DALGMR Rmpeo LVLPOHUL YHULOPLUWL

23. ,00PDQ@O@ULVLQH (WNLVL

%LU JeQHU SDQHOLQLQ NOVD GHYUH DNOPO OuOPD LOH GR=
OuOPD LOH VDGHFH Do.EEHNPLSWBHNPURBBDULGLPH NO\DVO
HGLOHELOHFHN VHYL\HGH ROGX+XQGDQ ELU J+QHU SDQHOL
GR+UXGDQ RUDQWOOO RO@DAR Y |SOREBBERC DU DWHMNILAD O G ® Q
H+ULOHUL YHULOPLUWLU

1A
1.05un -
0.505un N\
T T
0.255un - \
.____\\lelIII .
>

UHRBO V,,and I.TQLQ OUOPD LOH GH=LGLPL

lsc OUOQOP LOH GR+UXGDQ RUDQW/GOF0 RN GXtmmER) Oud Q]
HWNLVLQL KHVDSODPDN ,fNRODMMGE@H+LIQFDNDQEDN \DNOTL
KHVDSODQDELOPHNWHG{W WPYHQB®DO®R+PUXGBIQIELU RUDQ
panellerin teknik dN*PDQODUOQGD EX LNL GH+HU DUDVOQGDNL EC
UDVWODQPDPDNWDG O U o UrHrindéxiSeRisiG BesabimDVQ PP Qod. Q NXOO|
NDWWG DGO YHULOPLUWLU

24. 1-9 (+ULWe@de@2O0XuWXUXOPDVO
%LU *36T1QLQ HQ WHPHO |JHOOL+L VLP+«ODMW RHUQX L\QLS EALD

UHNLOGH HOGH HGHELOPHVLGLU 0uX DQD NDGDU EX H=+UL\L
NXOODQOOPOUWOU



7DVDUPRO[3tH DQODWOOPOU RODQ VLP-% IBM[HHHWLIVWRQ Q@
GROGXUXOPXU eyHPNRBXIQR®DQ ELU GLBU eN Ka3iovD enPkbtil WD G O |
\|QWHPGLU 0*QNe GL]L\HINBYGHELOCPQEDRIOWAN, ELU VOFDNO
G H + H U geckrbdirQBu yuzden bahsedilen yontemi kullangil P-ODW|UOHULQ IDUN
NRUXOODUOQGD oDOOUGUDQ SDQHOOHULQ VLP<ODV\RQXQX \D!
dizi gbmilmesi, ya da gom#le0 RODQ GL]JLQLQ LOHUL+-LQLQ GH=+LUWLUL
JHUHNPHNWHGLU @ON \|QWHP DGOUO EHOOHN JHUHNVLQLP
KHU VHIHU L QiGeHsindékiSKDArOgiie@lenmesiii HUHNWLUGL+L LoLQ NXC
[6]da DQODWOODQGD ROGX+X JbBpFlR] @ ¥ QRNODMNIDOBQ @ \EH 9
LNL DGHW GR+UXGDQ ROXuUDQ EDVLW ELU OLQHHU PRGHO N
HVQHN YH NROD\ X\JXODQDELOLU ROPDVOGOU .|We \DQO L
gercek bir 9 H+ULVLQLQ nMLPYOBWWRQIX ELU UOHNL@BS \DSDF
WDVDUOPODUOQGD GHQHQPLU RODQ ELU GL+HU \|QWHP LV
modeline ait denklemleri bir PC Uzerinde ¢ozdurup, elde edilen H+ULOHULQH DLW QF
*361\H DNW D WBO @dnterivi k@ldhah similatorler oldukca isabetli similasyonlar
yapabilirler ancakoDOOUPDN LoLQ ELU 3&Y\H LKWL\Do GX\BDODUO o
\|QWHPL NXOOD@péev&ilmitwbVDUOP

%X SURMHGH WDVDUODQPOU ROBQDBE6HL®HEDXYEBQROBQQ|Q!
kombinasyonudur. YontemdeE LU JQHU BDOHOLQLO®UD+-OGD J|VWHULOL
GHQNOHP > @ LOH ROXUWXUXOPDNWDGOU

Voc Tn 2 |/|scN /ln 2 R "1 s

Vv
1 R lso/Voc

2.1)

(+UL ROXUWXUXOGXNWDQ VRQUD LVH H+ULGHQ EHOOL VD)
GHSRODQPDNWDGOU 'HQNOHPL GR+UXGDQ NXOODQPDN \H!I
GL]LGH GHSRODQBudétkienQ | ¥ HEHER]OOOP LoHULVLQGH JHU
'LUHQoO LoLQ 0|]*OPHVLQLQ ROGXNoD JRU ROPDVOGOU

Dikkat edilmesi gereken bir nokta, denklemig. Ve k¢ gibi bilinen parametrelere ek olarak,

R:YH 1 DGOQGD LNL SDUDRHRI R GOKDXD & BVDHF-SURLERYD B QW,L G
QRNWDODUOQOYHHO LHFOHWONIYQVBUDVO\OD JHULOLP YH DNC
kontrol etmektedir.

%X SURMHGH-AXD-QDYO@D®RQXUWXUPD \|QWHPLQLQ HQ E-\
'HQNOHPGH hdlirleyRiO iilparametreE XOXQPDVO *3671QLQ GW=+LULN ¢
H+ULOHUL *UHWHELOPHVLQH RODQDN YHUPHNWHGLU $\UOI
girilmeyip, GHQNOHP \DUGOPO\OD VLVWHP oDOOUGOUNHQ \D¢
KD]JOUODQGO+0QGDQ -9YLIP+ODVLRQR MALYAMMHPQoDOOUGUOUNHQ |
KDYD NRGXOODUOQD J|UH GH+*LOUWLULOHELOPHVL P+«PN+Q RC
JHUOHN ]DPDQOO RODUDN «UHWLOPHVL \XiNRilk@IghBralE DKV HG |
VRQVX] VO\BEWLYLQLQ VLP+OH HGLOPHVLQH RODQDN YHUG
ROGXNoD GelGeN VHYL\HOHUH oHNPHNWHGLU

'HQNOHP L NXOOWD@DUD M +dH.IOLMUAL HOGH HGHELOPHN Lc
SURJUDPO \D]GamPdirdi WabakiT 28R Je A 1000V/nf NRGXOODUOQO UHI

alan Voc, Iso Viempco lempca Virco, N Ve R parametrelerini almakta ve bu parametreleri
NXOODQDUDN LVWHQHQ VOFDNO@W Ly B H>HUDH IGHY- KB BB C
ve P9 H+ULOHUL oL]PHNWHRGY UH +$\NUGHWDL QL @k &icUL QL Q



QRNWDVOQO GD VL\DK ELU QRMNSWRD LYOHH 1L G DIUNHHAQO G R HINOY N G
YH OuOQOP GH+HUOHKM H-oUW QO B IUIILQIP L) VREHBJQ \WONH Gl - U HOIH O
Rs<=10 ve N=15 durumu icin gostermektedir.HFHJ LNL UHNLOGHNL JUDILNOHI
programOQ LKWL\Do Gparaett¥ GHUHUYHULOHQ GHWxHI9.OHU GX UH

Is« O0.71A, ltempco OOOlZA/ (q:, Vtempeo 0077\//@ ve Virco OOO5V|T]2/W
0$7/$% SURJUDPOQOQ NRGX (. $9GD YHULOPLUOWLU

20
}_
z 15
2
Z 10
=
[
[
T e S AR o) A
0 i i i i i i ' i
0 0.1 0.2 0.3 0.4 0.5 0B . oA
Panel Current, A
12 . . .
— (1) T=25 A=500 ; ; ; ; !
WH —— @ =25 A=1000 [T R A
. (3 T=45 A=500 : : : '
= (@) T=45 A=1000 | T T T T
% E ______________________________________________________________
S S SO oo o S NN IS S IS
2 _____________________________________________________________
0 | | | i i i i i
0 0.1 0.2 0.3 0.4 05 0B 07 oA
Panel Current, A

UHNI46 R=6 ve N=15 iken 6rnek I-Vve P-VH+-ULOHUL



Panel woltage, V'

Poweer, W

[ul]
O

—_
[y

—_
=

iy}

12

10

mn}

a 0.1 0.2 0.3 0.4 0.5 0B 0.7 0.8

a 0.1 0z 0.3 0.4 0.4 0.6 ar 0.8

Panel Current, A

(1] T=25 A=500 : :

| — (2) T=25 A=1000 [T P prooeee R 1
(3) T=45 A=500 ! 5 : ! |

| — (4) T=45 A=1000 [ 2 e R
| | | i | | | |

Fanel Current, A

uHNI56 R=10 ve N=15 iken 6rnek I-Vve P9 H-ULOHUL



3. *hd '(95(681g1 7$6%$5,0,9( *(5d(./(10(6g

*LU *36 HQ EDVLW KDOL\OH GH+LUNHQ oONOuU JHULOLPOL
GL+HU SDUoDODUOQOQ dud WeVresin/ D24IDkleh® Qdde- Detirle@riesp
JHUHNW prejede @ktol@rak gic devrieSiDSOOPOUWOU

3.1. Topoloji Secimi

'R+ UX WR SsRadeRiMhesLlo@ Q LON RODUDN Jeo GHYUHVLQLQ JHU]
Bu gereksinmdéLQ EHOLUOHQPHVLQGH VLP*OH HGLOPHVL SOD
[J[HOOLNOHULQGHQ ID\GDODQOOPOUWOU %X SURMHGH |UQF

:fOON ELU J*QHUO SDQHOLGLU YH DUbD+OGD GD J|VWHULC
Siemensin 60 NRGOX J*QHU SDQHOLQLQ ELOJL VD\IDVOQGDQ

T 25€ ve A 1000n#/nf ROGX+X RUWDP NRUXOODUOQO UHIHUDQV C

Voc 19.9V
[sc 0.71A

|tempco OOOlZA/(q:
Vtempco 0077\// @

Vieo  0.005Vn? /W

Rs 10
N 15

BupaUDPHWUHOHU LQFHOHQHUHN D\WWOQWOODUO DubD+0GD Y
Guc¢ Kapasitesi:

**QHUO 3DQHOLQLQ PDNVLPXP JeFe : ROGX+X LoLQ Jeo GHYL
: ROPDVO JHUHNPHNWHGLU $QFDN VLP-ODW|U- ELUD] GD¥
bu gic¢ kapasitesinin : FLYDUOQGD ROPDVOQD NDUDU YHULOPLUWLU

dONOU *HULOLP $UDOO-+-0

Parametrelere gore bdeQHU SDQHOLQLQ QRPLQDO DoON GHYUH JHU
VR+XN YH L\L D\GO QO DQ POV HRWWHIDRHOUDLWEHDNDG DU oONDELO
$\UOFD Jeo GH+HUBDHIMOQGD RODQ oHULWOL J*QHU SDQHOO
EDNOOGO+O0QGD PeN detilPmieRninD gebeile A%V- 9 DUDVOQGD GH=+LI(
JJUSOPHNWHGLU %X ELOJLOHU O0ub6+0QGD Jeo GHYUHVLQ]
oONDELOPHVL JHUHNWL+L VROQXFXQbh BBYBHOP®UGW QVH 0B QR.(
geUHNWL+L DoONWOU

% H O L UOH @uPdetek&rdeiH Jeo GHYUHVLQLQ WDVDUOPO YH <UH
RODQ ]DP D @&k bib I6jiBind kullanan bir DC-DC ceviricinin giic devresi icin
\HWHUOL kaDemPrIO9OWLU 'HYUH 9YOXN ELU JHULOLP ND\Q!
JLUeoONOU JHULOLPOHUL DUDVOQGD oRN E-«\*Nalgerddd ODU R
GX\XOPDPOuUwWOU



32. '"HYUH (OHPDQODUOQO®Q 'H+HUOHULQLQ %HOLUOHQPHVL

7RSRORML VHoLPL \DSOOGONWDQ VRQUDNL DGOP GHYUH
DQDKWDUODPD IUHNDQVOQOQ EHOLUOHQPHVLGLU 3DVLI |
ROXGWXUDQ ERELQ YH NRQGDQVDW|UG-U

$QDKWDUODPD IUHNDQVO (0,7\L YH G HY Uil &zaltdthk 804y DL W L N
GeuN DUOUO ER\XWODUGD ILOWUH HOHPDQODUOQD JHUF
VD+OD\DFdaNNDIBWELU GH+HU ROGX+XQGDQ N+] RODUDN V

%RELQLQ HQG - Nau&yQWe BHN-GHW IDNOP PRGXQGD &RQWLQXRX)
CCM) tutacak olan minimum ort® PD oONOUG DNOP GH+HULQL EHOLUOHPE
GHYUHVL P*PN¢eQ ROGX+XQFD &&0 PRGXQGD oDOOUDFDN UGHI
DNOPOQ WHSH GH+HUOHUL GDKD GeG¢sNWeU JeU*OWe GDKD
GLUHNW RUDQWOOO ROGX+X LoLQ KDVVDV JHULOLP D\DUO \

%X SURMHGH VeUHNOL YH Ve<UHNVL] DNOP PRGODUO DUD\
VHoOLOPLUWLU o0*QNe EX GH+HU GHYUHQLQ oR+X GXUXPGED
SL\DVDGD WRURLG U0HNOLQGH KD]OU RODUDN EXOXQDEL
edilebilmektedir. % RELQLQ HQG<NWDQV GH+HULQLQ YH DNOP GDC
YHULOPLOWLU

Voo -1 p 2N V.57 0.5) 1.BnH (3.1)

27f [s 2 "40kHz 50mA

L

IL 27l 250mA 100mA (3.2)

dONOUG JHULOLPLQLQ GDOJDOOOO+O ILOWUH NRQGDQVDW|
HQG+NWDQVO (6/ YH NDSDVLWHVL & WDUDIOQGDQ EHOL
calOuPD IUHNDQVO G ESENInRKRILE Kmaf edilehil@ektedir. CCM'doe DO OGP D
GXUXPX LoLQ oONOG JHULOLPLQGHNL GDOJDOOOO+0OQ VD
P9YOXN ELU GDOJDOOOON LoLQ JHUHNHQ NISDVLWH GH=+H

ctt _ 10mA o5k (3.3)
8 “V. 8 ACkHz50mV

(OGH HGLOHQ VRQXoWDQ J|UsOHEPOBFHGLARHYL (6 BVXPXQE
JHUHNVLQLPLQL VD+OD\DPD\DFD+O DoONoD EHOOL RODQ
edilmektedir. (6 57\L KHVDSODUD GDKLO HWPHN LoLQ LVH GH+HU
GH+NBQGDQVDW|U «UHWLFLOHUL WDUDI®Q grdjede olFD:UN QODP D (
NRQGDQVDW|U «UHWLFLOHULQLQ NDWDORJODUOQO LQFHO
JLGLOPLUWLU @QFHOHPHOHU VRQXFXQGD EX GHYUHGH NX:
tirinde kondansatorler iciROGXNoD JHQLU ELU JHUROC PG I6-HHBIWLUQL Q U
60 8WF~: DUDOO+0QGD ROGX=+X J|UsOP+GWeU +HVDSODUG
NXOODQOODUDN \HQL NRQGDQVDW|U GH+HUL KHVDSODQPO

ESRd° v SO 4S0MV g o qa0uF (3.4)
I C  100mA

%X KHVDSODPDGDQ VRQUD  Jkdliteli, §iikBelCHS®II ir Rddd2M3at&r Q O Q G
NXOODQOOPDVO GXUXPXQGD ELOH P9YGDQ GDKD Gele+N F



GH+HWBLQNRQGDQVDW|U NXOODQOOPDVOQDNNDUDU YHULOPL
daha da yukseltiimesi, dalgglO O+~ O D] D O W D F DsNtdrnid RIibamix@ B UNRPWRDQV O Q
GeU*UHFH+L LOLQWHUFLK HGLOPHPLUWLU

7DVDUOPOQ VRQUDNL DGOPOQGD X\JXQ ELU DQDKWDUODPD
olarak bir MOSFETN X O OD QP GpP dTSKETler, bX FN WLSL oHYLULFLOHUGH
suirilmesi N tipi MOSFET’lereNO\DVOD GDKD NROD\ ROGX=+X LoLQ \D\JOC
Ancak PtipiELU 026)(7 NXOODQPDN GHYUHQLQ JLULG JHULOLP D
Bu sebeple bu devrede WLSL ELU 026)(7 NXO O EaRDTBPEY inNgabss . XOODQ
GH+HULQLQ JHULOLP GDUEHOHULQH NDUUO ELUD] JeYHC
PDNVLPXP JLULG JHULOLPLQGHQ 9 \HWHUOL G+]H\GH E-«
normalde bu MOSFET'inplyaxyy GH+HULQLQ GH PDNVLPXP oONOU DNOPOC
ROPDVO JHUHNLUNHQ EX GHYUHGH VR+XWXFX N#abeODQOOP
GD E+\eN ROPDVO JHUHNPHNWHGLU %X YHULOHUGHQ \ROI
MOSFET'in, piyasada kolayca bulunabilen, 100V maks. gerilim ve 5.6A maksN O P

GH+HULQH VDKLS RODQ ,5) ROPDVOQD NDUDU YHULOPLUGW

6HoLOPHVL JHUHNHQ VRQ HOHPDQ VHUEHVW JHoLO GL\RWX
HGLOPHVL JHUHNHQ |JHOOLNOHUL KO]O GHOLQPH JHULC
kuoODQOODQ GL\RW 9 JHULOLP YH $ DNOP GH+HULQH
MUR410’dur.

Devrede, HYLULFLQLQ DQD HOHPDQODUO GOUOQGD 026)(71LC
DNOPOQOQ |0O0*OPHVLQL VD+OD\Brkd} bleManQaBaOXOCHID @ O-@RHMILYG

%X GHYUHGHNL ND\DU UHIHUDQVOO 026)(7 ED+OPVO] ELU
Jeo GHYUHVLQLQ WRSUDNODUOQO ELUELULQGHQ \DOOWL
VeU*OPHNWHGLU *e0 GHYUHVL YH '63 NDULWHIROLQ WRSU
ED-ODQDFD+0OQGDQ RSWRNXSO|U LOH VD+0ODQDQ EX \DOO
QRNWDGD ELUELUOHULQH ED+-ODQPDVO VRQXFX WRSUDN \
RODFDN VLUN<ODV\RQ DNOPODUOQOQ ROXuPDVOQO |QOHPH

Yik DNOPO \eN LOH VHULPEONOBLEO®IQHQO LOH |[Oo0*PH X\J
G|QeUWeUsO*UNHQ \*N X0oODUOQGDNL JHULOLP UHVLVWLI
1/30’una indirilerek 6lciime uygun bir seviyeye getirilmektedir.

33. dHYLULFLQLQ 6LP ODV\RQXQXQ <DSOOPDVO

7DVDUOPO WDPDPODQDQ Jeo GHYUHVLQLQCEZMUWE NEM) YH VeU
oDOOUPD GXUXPODUO LoLQ 2UFDG 3VSLFH LOH VLP<ODV\R!
NDUuOOD\OS NDUuOODPDGO+O WHVW HGLOPLUWLU &&0 VL
3.1'de, similasyon sonucunddHOGH HGLOHQ JUDILNOHU LVH UHNLO
Simulasyonda, bobinin direnci ve kondansatérin ESR’si ilgili elemanlara seri olarak
ED+ODQPOUG RODQ GLUHQOOHU LOH PRGHOOHQPLGUWLU 3:0 \
PRGHOO MQPL@@®(LRD RUDQO fWLU

10



M1 R1 L1
09 15
IRF510 ﬁyvb 1 K“VJpHW’\ 2 .
1Yl
A ——
24vde —— i = T
T W;DV AN 2700
W2 = RL
0 - Da Vs MUR410
TR = 1us g R2 a0
TF = 1us - 0318
PW =12 5us
| PER=2%us
"0 —
-0
UHNMULOJHYLULFLQLQ VLP+ODVIRQXQGD NXOODQOODQ GHYUH
4BBmA
388mA

200mA—
o I{L1}

12.8U

12.6U

o U{RL:=2})
Lay

'-r T ] ] I I ] b
' ' ' ' ' ' ' '

-4au

o U{H1:5)
28U

| —T—— i 1 s i | —0—T— |

pESA NN AN BN ARARRANY

28.08ms 208.82ms 20.84ms 208.06ms 20.88ms 28._108ms
o W{H1:q9,H1:5)

Time
UHNROR =50 iken \DS Oginibil@syonun VRQ XoODUO

6LP-ODV\RQ anr@NmeDUfB]Q\Dve "Vo 32mV ROPDNNWC(B@IBL bu
iki parametre icik\DSOOPOU RODQ KHVDSODPDODUOQ GR+UX ROGX~+

AyQO VLP+OD30ORPD\«dMDNDUOOGONWDQ VRQUDWIOSOOGPEORG
VRQX0oODU HOGH HGLOPLGUWLU

UHNLQHNLT JUDILNOHU RUWDODPD ERELQ DNOPOQOQ P$1

VeUHNVL] DNOP PRGXQGD oDOOUGPD\D EDGODGO+0Q0 J|VWI
NXOODQOOPQE FOHQCGH-NDUGIOODUIWOUOOGO+0QGD YH |QFH

11



|QFHVLQGH

J|] |Q*QH DOOQGO+0QGD GHYUHQLQ WDVDUOP
soylenebilir.
1808nA ,
oA ;
-1080mA
o I{L1)

A N R . N R R S R T R I R
NI AN T
15.2580 L . I I : : : : :

o U{RL:2)
Ly - - - - - - - - - - -
. VARSI v NN Evi SN E
-4y —

o U{H1:5)
28U
T e R e R
NEELERENL RREREEEEREE
28._88ms 20.82ms 20.84ms 28_86ms 20.08ms 20.18ms

o U{M1:q,MH1:5)

Time

UHNMI3GR =300 iken \D S Oddrinil@syonun VRQXoODUO

34. 7TDPDPODQPOUG 7DVDUOPOQ 'HYUH UHPDVO

7DVDUOP WDPDPODQGONWDQe VRQWHUGBIRIUHROQ QUHINPD VO 1
YHULd®RbaVNO GHYUH GHPDVO 3URWHXV S URJedd BulunAhX OO D Q ¢
NRQHNW|UOHULQ DoONODPDODUO 7DEOR

fGH YHULOPLUW

Tablo3.1-G+o GHYUHVLQGHNL NRQHNW|UOHULQ DoONODPDOTL

LNLQFL ED=C(

KONEKTOR | ACIKLAMA
JPWR+ DevreninanagidND\QD+0O )9 PDNV
JOPT+ 026)(7YL VeUPHN LoLQ JHUHNHQ
JPWM+ '63 NDUWOQGDQ JHOHQ 3:0 VLQ\DOL
JLOAD+ Simulatérin yuku
JV- Gerilim 6lgum sinyali
JI- $NOP |Oo+P VLQ\DOL
Not: (1) JLUD@ONOU

12
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UHNMMOIHYLULFLQLQ GHYUH GHPDVO

35. dHYLULFLQLQ <DSOPO YH 7HVW (GLOPHVL

PCB’si oL]L O P Ldevie @db&®sonra pertinaks levhdHULQH EDVOOPOUWOU

"L].

RODQ Jeo GHYUHVLQLQ UHVLPOHUL (. &TGH YHULOPLUWLU

tekil 3.6 ve UHMNBLZQoONO UG JHULOLB30: fOXNNHQ@ \eN LOH oDOOUDC

GLMLWDO ELU RVLORVNRS

\DUGOPO LOH DOOQPOU

oHULW

UHNLOOHULQLQ KDQJL VLQ\DOXWWH darOFHRO GXHIGID D@ \o DNOLEG

7TDEOR

fGH YHULOPLUWLU
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PWM
Control

L]
.
v ) 1 Cr RSV,

UHNMGOdHYLULFLQLQ GUHPDVO

Tablo3.2-'DOJD GUHNLOOHULQLQ DoONODPDODUO
UHNIL OQHIR
Turuncu| Ve Vi
Mavi Vo Ve
.OUPO\Q Vs

- A M [SAVESHEC

T T T T T
! : . : : : : + : Cave
: : : : H : : : : i
..... .:..:.... AII
: : : : H : : : :
. . . . M . . . .
..... Sl Y ik Saver
: : : : H : : : : piinitliet
H
M i e e On o
H
M

Destination
UsSBE

p....:... Z....Z....E.... e Z....Z....E....
. . N . M . K . .

1 R R - P IR B
. . . . H . . . .

................................................

MATH e T R
CHE — 2@l
UHNIBO Ve VoveV, HOLQ [UQHN GDOJD GHNLOOHUL

= . . . L | SAVEJREC

: : : : Save
R Al

e UEI -eroy-soen

IR,

On -
Destination
UsB

.............................................. ]
. . - . + . . . .
. . - . + . . . .

..................................................

T

S T

WATH CTEbGE A
CHE — 2@l
UHMNIZO V,Vp ve Vpsnin drnekda OJD UHNLOOHUL

'DOJD UHNLOOHULQGHQ GH DQODl'J(N)ODNELOHFH+L JLEL \N D
NDUUOQ OoHYLULFL KDOD V.UHNOL DNOP PRGXQGD oDOOUPD

14



4. O/dh0 '(95(62181 7$6$5,0, 9( *(5d(./(10(6%

*361QLQ oONOU JHULOLPL Qe kentroQedebllMaN icin] orizdliiePoD ik
Ee\eNO+++Q |O0*OPHVL JHUHNLU 7DVDUOPO EX E|O<PGH DQ
Ee\eNOe¢++e |[O0PHN YH '63 NDUWO LOH Jeo GHYUHVLQLQ JHL
LGOHPOHULQL \DSDU Bex ol#dak* ®3 VNRIDUXW O Q D QIQ@GHUPHNW LU

4.1. Gereksinimlerin Belirlenmesi

+HP DNOP KHP GH JHULOLP |O0*POHULQLQ LGOHQPHN <]JHU
DSP 3.3V'luk bir besleme gerilimi leoDOOUWO+0O LoLQ |OomHGIGHYUHVL
seviyesinin 3.3V lojik ile uyumluR O P @exekmektedir. BQ X Q \D SSYOP R PISPQ G H
JLULUOHULQH JHOHF HeNG IRQ D@&Ra@HD GOreCektr HUY. OMOLQ ELU GL=
gereksinimi ise ROGXNoD KO]OO ELU DQDORJ GLMISithDlarimHY LULF |
dinDPLN SHUIRWRBBRWODPOYQ LoLQ EX abDUuwwOU

42. '"HYUHGH .X00DQOODQ (QWHJUHOHU +DNNOQGD %LOJL

Bu bolumde, dlgim devresinde klI”Q(N)ONP(N)l] RODQ HQWHJUdéweHekiLOWUHOH
LUOHYOHUL KDNNOQGD NOVD ELOJL YHULOPLUWLU

4.2.1. MAX1204

MAX1204, devredeki$'& HQWHJIUHVLGLU %DUuODQJOoWD-Bi63T1QLQ

$'&1QLQ NXOODQOOPDVO SODIRGDOIRILIQ RGAIOWIDPI N Q 60
NRUXOODQGOUPD GHYUHOHUL NXOooDQOoPOU ROPDVOQD U
|O0+POHU \DSOOPDVOQD VHEHS ROGX=+X J|UsOP«iWeU %XQX
DUDUWOUPD V|] NRQXVX $'&T\L NXOODQPD\D oDOOGDQ EI
NDUUO @D APEén en fazla 8 bitlik bir ¢ozinirlik eldid GHELOPLU ROGXNC
JIVWHIKP EXWd|]*Q+UO*N *36 X\JXODPDVO LoLQ NHVLQOLNOH \
oONDUGO+0O ELU GL+HU JHUOHN LVH \edVuydun KIén @i® ELU
malzemesinin,LVDEHWOL ELU $'& \DSPDN LoLQ NXOODQOODELOH

yizGHQ \*NVHN IUHND® \W3DIUGED M\DO@OOWIDLBHULVLQH KDVVDV
oldukca zorRO G X+ X G X U

%X VRUXQX DUPDN LoLQ ADE¥hiégkdsi, 1IN ICHIG BrQridL blan
0$; ED+ODQPOUWOU $uD+OGD $'& RODUDN 0$; f+Q VH
YHULOPLGWLU

X 10-bit 0|]*QeUO++H VDKLSWLU YH EX GD EX SURMHGHNL *3¢
LoLQ GH P$ 0]]*QeUO++H NDUUOOON JHOPHNWHGLU

X N+] [UQHNOHPH IUHNDQVO\OD SL\DVZ&®IGIDCEXOXQDEI
DUDVOQGD HQikie]0OODUDOQGDQ

X %LUGHQ oRN NDQDOO EXOXQPDNWDGOU

X @0oHULYVLQ D6V keWerant -gerilimi sayesH GHYUH\H DV\UOFD ELU

UHIHUDQVO HNOHQPHVLQH JHUHN EOUDNPDPDNWDGOU
GH+HUL 9 RODUDN |O0*OP«GW-U
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X KuIDQOFO WDUDIOQGDQ D\DUODQDELOHQ oONOG ORMLN
E D+ O D Q D Enk@nPveriviek@dr.

x Hem MAX1204 hem de DSP, SPI KDWOO ELU LOHWLULP SURWRNR
fazladan hicbir lojik devreye ihtiya¢c duymadan birbirleliyl KDEHUOHUHELOPHNYV
$'&71QLQ 63, DUD\+]s 0+]Y\H NDGDU IUHNDQVODUGD 0DO¢

4.2.2. AD627

AD627 $QDORJ 'HYLFHV WDUDIOQGDQ JHOLGUWLULORBMLU RODQ
NXYYHWOHQGLULFLVLGLU, gigXeddsiNderHgaledlU MCH.APH OHDPRE B |
VLQ\DOOHULQL $'&T\H J|QGHUPHGHQ |QFH EHOOL ELU NI
NRGUXOODQGOUPDNWOU 'HYUHGH EX HQWHJUHGHQ LNL DGH

ADG627'yi bu proje icin ideal yapan 6zelikUL DuD+OGD YHULOPLGWLU

x 22V- 9 bUDOO+0QGD WHN EHVOHPH ND\QD+O LOH oD0OOU

.DJDQFO WHN ELU GLUHQo LOH D\DUODQDELOPHNWHGLU

.D]DQo JLULGOHUL ERuUWD EOUDNOOOUVD ND]DQFO WD

SDVLI HOHPDQ VD\@®n«ad @émektedD OPDV O QD

X 'LIHUDQVL\HO JLULGOL ROPDVO UHIHUDQV QRNWDVO ¢
| OOHELOPHVLQL VD+ODPDNWDGOU

x dONOUG JEHVOMHPH ND\QD+OQOQ JHULOLPLQH NDGDU \«N!

xX X

4.2.3. Filtreler

'HYUHGH VWDQGDUW GH+-HUOHUGHNL ILOWUHUCRQI@EDQVDW |
Olcim NDQDOOQ @det dlMNakulizére toplam dort adet alcak gegiren RC filtresi
EXOXQPDNWDGOU

/& ILOWUHVL GHYUHQLQ DQD EHVOHPH NRQHNW|U*Q+«Q KHF
JHOHQ \*NVHN IUHNDQVOO JeUeOWe\e Ve ]PHNWHGLU X+70
NRQGDQVDW|UGHQ ROXUDQ EX ILOWUHQLQ N|UH IUHNDQVO
KHVDED NDWOOGO+-OQGD EX ILOWUHQLQ IUHNDQV FHYDEO ¢

BHz 1.8Hz 188Hz 18KHz 1808KH=z
o W{R1:2)

Frequency
UHMIOG/& ILOWUHVLQLQ IUHNDQV FHYDEO

16



+HU |Oo*P VLQ\DOL NRQHNW|U*QGHQ VRQUD YH $'&TQLQ NX(

ELUHU WDQH 5& ILOWUHVL EXOXQPDNWDG?)U
I[UHNDQVOO JeU*OWsele Ve]eS

ADCnin JLULU

OHULQGHQ

\eNVHN

NeOWUHOH

GH+HUOHULQLQ VDOOQOP \DSPDVORO GAOMPIHNGWH. LEL Te /S 5K
Q) GH+HULQGH ELU NRQGDQVDW|U LoHUPHNWHGLU YH N|(
RCILOWUHOHULQGHQ ELULQLQ IUHNDQV FHYDEO J|VWHULOP

1.80Fc 7 —
8.5 i
8 :
BHz 1.8Hz 188Hz
o U{R1:2)
Frequency

UHMPRG5& ILOWUHOHULQLQ IUHNDQV FHYDEO
4.2.4 — Gerilim Regulatorleri

'HYUHGHNL WeP HOHPDQODU Jeso GHYUHVL LOH D\QO ND\QD
GH+HUOHUGH EHVOHPH JHULOLPOHULQH LKWL\Do GX\PDNW
IDUNOO EHVOHPH JHULOLPOHULQ Lregil@at@leri NGHEDQPIW Ol
Enstirmantasyon kuvvetlendiricilerinin beslemeleri ile ADC’nin analog beslemesi 5V’luk bir

lineer regilator olan 7805 ilevD+ODQPOUWOU gOo*P GHYUHVL oONOUY
belirleyen ADC'nin dijital beslemesi ise 7806'Q 0O N O 1 0 Q B.3\Hk+hD Dir@& O U
regulator olan UZ1084-3.3. OH HOGH HGLOPLUWLU 9 LOH 9 DUDVOQC
N X O O Degide@®mQRG «teN JHULOLP GelG+PO+ RO P DReIamDIeBL NNDW
DUGOUONELU GHNLOGH ED+ODQPOU ROPDODUOQOQ VHEHEL

43. 7TDPDPODQPOU 7DVDUOPOQ 'HYUH uHPDVO

7DVDUOP WDPDPODQG?NWDQ VRQUD GHYUHQLQ UHNLO
YHULOPLO RODQ EDVNO GHYUH uHPDVO 3 \DewédeXovu RJUDP
NRQHNW|UOHULQ DoONODPDODUO 7DEOR fGH YHULOPLUW

Tablo4.1-gOo*P GHYUHVLQGHNL NRQHNW|UOHULQ DoONODPD

KONEKTOR ACIKLAMA

JPWR+ *e0 ND\QD=+0O

JV+ Gerilim 6lcim sinyali

Ji+ $NOP |Oo«P VLQ\DOL

JOUT- gOo+*P VRQX00ODUOQO '637\H JJQGHUPHN LoLQ|[NXOODQ
Not: (1) JLUD@®@ONOU
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5. SAYISAL KONTR 2/ 6967 (0 g ITASARIMI

6LP+ODW|U*Q oONOUGU JHULOLPLQL layaDdy&bWhekliciE hitJkomttbN LO G H
sistemLQH LKWL\Do YDUGOU kol Sist&m iki @HD NEXGDRONDVQID® BRQ@ X G4 P D
Bloklardan biri dlctlen yuk direncine ve simule edilmekte olad INDUDNWHULVWL+LQH
JHULOLPLQLQ DOPDVO JHUHNHQ GH+HUL EXOPDNOD J|UHYOI
DUDPD DOJRUL WP \k@raki&lWGNDLP-Q QblOdizb idddsin@e olcilen direng
GH+HULQH J|JUH DUDPD \DSOOPDVO\OD JHUOHNOHUGWLULOF
JHUOHNOHQPHVL NOVPOQGD D\WWOQWOOO RODUDN DQODWC
oboOuPD PDQWO+0 DQODWOOPOUWOU

5.1. Simulatérin Kontrol Stratejisi

%LU JeQHU SDQHOLQGH oONOUGU JHULOLPL YH DNOPO WHUV R
oONOUG DNOP B)ibyeE DiNKDhirdl Nistemine sahip olan GPS'lerddd OO Q® P ODUD
uzun \HUOHUPH ]DPDQODUO QBIr GRSEHG R & PDMNOWMDIG OUDOGO+0Q(
VLVWHPLQLQ KHVDSOD\DFD+0 \HQL UHIHUDQV JHULOLPL |Q
oONOUG JHULOLPLQL EX \HQL UHIHUDQV JHULOLPLQH RWXU\
JHULOLPLQGHNL EX DUWOUGU \¢NeQ VDELW ROPDVO GXUXPX!
NRQWURO VLVWHPLQLQ oONOUGU JHULOLPLQL |QFHNLQGHQ G
oDOOUPDVOQD VHEHS RODFDNWOON @i NHYIBOLPROXG R QKPR \
karakteristt: LQL KHP GH VLP+ODV\RQHXHIDEQDOPGMNMDEROQOD@RNWD\!
oDOOUPD QRNWDVOQD XODUDFDNWOU $Q FdDriskli EhXldeRiR N W D\ D
oDOOUPD QRNWDVO HWUDIOQGD X]XQ ELU VeUH VDOOQDFDN

BX SURMHGH \DBSHe PEDKRBGBQROHQ VDOOQOP SURE@IMPLQL RL
IDUNOO E IsteatejisRiQXMVAURIQ O OPOuUWOU . XO00DQOODQ VLVWHP
bolerek yiik direncini (R) hesaplamakta, hes@@ 0 RO G X + X aif XUKGGIR- $illik
simulasyonu\D $f@kia olan 19 H+ULVLQLQ NHVLOWL+L QRNWD\O EXOPD
GH+HULQL UHIHUDQV JHU L O% P, kisRi@eDyiiknMraR30 PEM-WHILE QG HI H N
GLUHQykeE®RHOOQV JHULOLP lgostefndktdldd.L UOHQLUGULQL

Determination of the Reference Voltage
L s
20 pemezoze- ponoee - - ! ponneee -
= E : Z E E E
SYRT:Y I SR O e S A— S— 1
= ! ! ! !
= ! ! : :
= 4O f-enee-- eemne T T LCLTTr e -
[at] 1 1 1 1
= 1 1 1 1
o | ! ' '
L e s onee
. | | i i
a 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Panel Current, A

u H N 11O Referans geriliminin belirlenmesi
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u H MNl1@en, mgvi 19 H+ULVLQLQ~ VLP-OPV\FS@tN*@XS:\IIBI—P—D—I\U/‘ILIQG?P@[EQI
\eN ED+OO\NHQ NXOO befz@3 Pdenfio GHHBWHRINBQQ 9 ROGX=X
gOrulebilmektedir.

6LPODW|U*Q \eNe KHU GH+LUWL+-LQGH NRQWURO VLVWHPL
DUDPD LGOHPLQLQ DOGO:+0O PDNVLPXP VeUH VLVWHPLQ Gl
onemli miktarda etkileyen bir parametredBLVWHPLQ J|P+O« \D]OOOPOQGD EX
KOJODQGOUPDN LoLQ NXOODQOOPOU RODQ\|[QWHP UDSRUXQ

'H+HUL EHOLUOHQHQ UHIHUDQVYV JHULOLPL NRQWURO VLVW
gonderilmektedir. PI kontrolériin gogrevp ONO G JHULOLPLQL UHIHUDQV JHULO
GH+HUGH VDELW WXWPDNWOU .RQWURO|U*Q LGLQL G+]J*Q
NRQWURO WHRULVL NXOODQOODUDN EHOLUOHQPHVL JHUHN

Kontrol teorisi ile gercekgci sonuclar elde edebilmek icin sisteli® HPDQODUOQOQ GL
HQGNWDQVODUOQO NRQGDQVDW|UOHULQ (6510OHULQL J
NRQGDQVDW|UOHUGHQ GR+DQ VLQ\DO JHFLNPHOHULQL GH N
gerekmektedir. $QFDN EX NDGDU D\WOQWOOO ELU PRGHOL HOGEH
GHUHFHGH NDUPDGON LGUOHPOHU \DSPD\D LKWL\Do YDUGOU
YH LGHDO ELU PRGHO ROGrXelde édidcek tekrik \sonBg@igemeR D U G D

sistemdekilerden biraz fa O @#B3teriesi beklenmektedir% X VHEHSOH HOGH HGL(
E|OPGH DQODWOOPOGU RODQ PRGHO NXOODQOODUDN EXOX
\D]OOOPGDNL NRQWURO|U GH+*LUNHQOHULQH LON GH+HUOF
parametreleinnNDOOFO GH+HUOHUL oDOOUGOU KDOGHNL VLVWHP
EDUODQJOo0 GH+HUOHULQLQ ELUD] GH*LUOWLULOPHVL LOH E}

52. 6LVWHPLQ %DVLWOHUWLULOPLU ORGHOL

$0ONODPDODUGD UHIHUDQVY DOOQDQ oHYLULFLUHPDVO UHN

A
L

+ +
e T e v,

Control

UHMR20 % XFN WLSL ELU oHYLULQLQ uHPDVO

%XFN WLSL ELU oHYLULFL oDOOGPD SUHQVLEL DQDKWDUOT
olmayan bir sistemdir. Lineer kontrol teorisini bu sisteme uygulayabilmek icin, sistemin

OLQHHUOHGWLULOPLG ELU PRGHOLQLQ NXOODQOOPDVO JHU
RODQ ELU /& ILOWUHVL LOH &&0 PRGXQGD oDOOUDQ ELU E
DUVOQGDNL ED+-OQWO NXOODQOODUDN HOGH HGLOPLUWLU

<+NO+ ELU /& ILOWUHVLQLQ V WDE@HE®HE JPVWWUQ G R NLWPLRIG H O

20



Y
sL

v () o R< Vo(+5>

UHMNIBOV WDQOP ERDQ #eVies) G H

%X PRGHOLQ JLULOWHQormONOUD WUDQVIHU IRQNVL\

Ve s Ral 1
0 sC LC (51)
Vo s R &§ 1 g S i
eC sL: RC LC

Buck tipi ceviricilerde EX 5/& GHYUHVLQLQ JLULULQH 3.€CCMLQ\DOL
PRGXQGD oDOOUDQ EXFN OHYLULFLQLQ JLULG YH oONOUG Ji
& &0 PRGXQGD oDOOUDQ ELU EXFN oHYLULFLQLQ OLQHHU PF
IRQNVL\RQX Dub+OGD YHULOPLUWLU

1
VO S 0 e
Vodh p_LC (5.2)
Vis W% o s 1
RC LC

Tasarlanan kontrol sistemdHUL EHVOHPHOL ROGX+X LoLQ 3:0 VLQ\DC
'63 *]JHULQGH oDOOUDQ J|P<O- \D]O O O plarDfatzdeMemsliCh@xa RO D U D
NXYYHWOHQGLULFLVL WDUDIOQGDQ EHOLUOHQPHNWHGLU

Buck cevirici ve P1 kontrolort de iceren gerilim regilasy@f QJ+V+Q+Q EORN GL\DJUDI
54tH JIVWHULOPLUWLU 'L\DJUDPGDNL KHU ELU EOR+XQ DoON

1LIC

Pl

o

Vref Controller s2 +{RICS+LIC
Saturation RL:I: ;Eir-:ui.t -
5::{,17155.1 f'-\'-nﬂlmj

u H M146 PI kontrolorli gerilim reglilasyon déngisi

dONOUG JHULOLPLQLQ DUDOO+0 $'& HQWHJUHVL LOH X\XP(
GHYUHVL DUDPFOD ®UDOD+® QD oHYULOPHNWHGLK)ye% X LGOI
HOLWWLU dHYLUPH LGOHPLQGHQ VRQUD EX JHULOLP VLQ\
bitlik bir VD\ Q&fiD) oHYULOPHNWHGLU 6RQUD EX ELWOLN YHUL
okunup K IDNW|Ue LOH oDUSOODUDN WHNUDU JHUoOHN oONOUG J
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VRQUD UHIHUDQV JHULOLPL LOH |O0+OP+G RODQ o0ONOUG JI
NRQWURO|UH J|QGHULOPHNWH 43| OMR @ l/WROPUADD N ONENI@C
EHOLUOH\HFHN RODQ oDOOGUPD RUDQO HOGH HGLOPHNWHGL

Pl, Saturasyon ve KEORNOD U OSPOH KHGN LoDOOuUDQ J|P+O« \D]OOOP 1L
RODUDN JHUOHNOHQPLGWLU

5.3. Kontrolor Parametrelerinin Belirlenmesi

Bu projede kontrolor parametrelerini belirlemek icR\UON ]DPDQOO N|N H=+ULV
NXoobQOborPObuwbOU 7DVDUOP VeUHFLQL KO]JODQGOUPDN Lc
olan SisotoolNXOODQOOPOUWOU 6LVRWRRO GH=LUHQ NRQWURC
HWNLVLQL JHUoOHN ]DPDQOO RODUDN HNUDQGD J|VWHUHELQO

N H+ULVL NXOODQOOPDGDQ |QFH ViohkeldRLNPATMABJ HNOL K
\D U G O P1@0us ©rHekleme periyoduna sahp\U O N ] DiP Dapsted fonksiyonuna
OHYULOPLUWLU gUQHNOHPH SHUL\RGXQXQ QHGHQ XV V
dONOIO Q®H+HULQGH ELU \¢N ED+O0O RODQ EXEFN WLSL oH®
IRQNVL\RQX Dub+O0GDGOU

0.0213% 0.02096
Z*> 1.90% 0.9469

(5.3)

UHNMBEONRQWURO|U \B)NNSEEQindN[PIKD@-IGZ-EDJ(D_VL YH ERGH GL\DJUDPO
EDVDPDN \DQOWOQO JIVWHUPHNWHGLU

Root Locus Editor for Open-Loop 1 (OL1) Open-Loog Bode Editor for Cpen-Loop 1 (OL1)

20

S

=20

40

GM:EAT dB
-60 Freq 3e+003 radizec
Stable loop

a0
]

A1 48
-a0
135

| 180 .
a2 |PM: 11 deg \
! Freq. 2.42e+003 radfzec
5 . . . . 2o L . )
-3 -2 - o LTy 10° 10° 10°
Real Axis Freguency (radisec)

U H NI50 Kontrolérsiz VLVWHPLQ N[N H+ULVL YH ERGH GL\DJUDPO
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Step Response
0.04 T T T T

0.033

0.03 - -

ooz | | oA e

0.0z - -

Amplitude

003

0.m .

0.005

n} 1 1 1 |
0 0.003 0.0 0.013 0.0z 0.023

Time (sec)

U H 5160 Kontroldrsiiz sistemnEDVDPDN \DQOWO

%DVDPDN \QQ@WOQGDQ GD J|U<OHELOHFH ¥kensddt Yiksek/ L VW H P
mktDUGD DGOP \DSPDNWD YH \DQOOUO GH+HUH \HUOHUPHNWD(
VLVWHPH DuD+OGDNL WUDQVIHU IRQNVL\RQXQD VDKLS ROD!

Gz CZ 8 gpp% 089

z z 1

(5.4)

DahasonraD D+ OGDNL IR UP « K@K SDXUDE® B QQUGIDBHWN KHVDSODQP

Ko %”C “a 1 %0.221 0.89 1) 0.20 (5.5)
K c2l 020298 1 50 (5.6)
Te 120710

UHMIZQasarlaP O RODQ NRQWURO|Us NXOODQDQ VLVWHPLQ N[N
OHNLO LVH EDVDPDN \DQOWOQO® J[VWHUPHNWHGLU
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Foot Locws Editor for Open-Loop 1 (OL1) Open-Loop Bode Editor for Open-Loop 1 (0L
i T T T a0 T T .
I T
0e
04 ]
50k

aal ) Gh 9595 dB

I Freq: 2 2e+003 radfzec

. ' : Stable loop

et S iEL ST T T S U T B A
ozt o ' '
04 T =) EE——
06 R

-180
-08 1 M. 99.9 deg \J
- ! Freo: 166 radisec
A L . ey g - . o aTn b . _ . i
-1 05 0 0.5 T 10° 10° 10" 10
Real Axis Frequency (radizec)

UHMNIZGP, NRQWURO|UOs VLVWHPLQ NN H+ULVL YH ERGH GL\I

Step Response
1 T T T T
0sr -
o 06 F -
=
=
[=X
g sl -
n2r -
|:| 1 1 1 1 1 1 1
0 0.005 0.m 0015 0.0z 0.025 0.03 0035 0.04
Time (=ec)

UHMIBG3, NRQWURO|UO+s VLVWHPLQ EDVDPDN \DQOWO

6LVWHPLQ EDVDPDN \DQOWOQGDQ J|U+sOGe+++ «]JHUH HNOHC
KDWDVOQO \RN HWPLUWLU  6246sRPQRX UMUXAH U%B K M>RIBIQEL U V
\HWHULQFH NOVDGOU

$\UOFD UHNLO TGH J[VWHULOPLU RODQ ERGH GL\QJU~DP(~)Q
YH \HWHUOL ND]DQo SD\OQD VDKLS R @@kekedlGROD\OVO LOH

7DVDU@PGH+HULQGH ELU \*N L oda, kinsodor OSP BRzéridde+ X

JHUOHNOHQPHVLQH JHOLOPHGHQ |QFH IDUNOO \eN GH=+HUO
5.9, sisteminl: 100: DUDOO+OQGD GH+LUHQ \*NOHU LoLQ EDVDPDN
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Step Responze
T T T T T

0.8+ =

0E6 -

Am plitude

0z =

0 | | | | |
] 0.01 0.0z 003 004 005 0.06

Time [sec)

UHMIOO6LVWHPLQ GH+LULN \eN GXUXPODUOQGDNL EDVDPDN \I

UHNLO  1GD Jav 9rafikj LONRRI GH+HULQLQ DUWOUOOPDVOQOQ
\HUOHUGPH ]DPDQOQOQ DUWPanval & durdrde\BL \RADHBRXL:QX QKD U D |
oDOOUPD\D GHYDP HWWL+LQL J[VWHUPHNWHGLU

5.4. Pl Kontroloriin Simulasyonu

.RQWURO|U*Q JHUOHNOHQPHVLQH JHOLOPHGHQ |QFH JHUOH
similasyRQ \DSOOPOUWOU 6LP+0ODVhedeliGIH NSAGY G D Q VMWL R/LLAAM
$'& YH VLQ\DO NRUXOODQGOUPD E|O*POHUL EXsterR+ODV\R
PRGHOLQH GDKLO HGLOPHPLGWLU

0.22(z-0 89 1ILIT
o= [z-0.59) rzd > » 24 w1
L] iz-1] =Z4AMRICEHILIT

Step Zero-Order Saturation - - Scope
Hold Fl Controller RLC Circuit

OHMULO-6LVWHPLQ VLP+ODV\RQGD NXOODQOODQ PRGHOL

UHNLO EX VLVWHPLQ 9 JHQOLNOL YH PV SHUL\RWO
JHULOLPLQH YHUGL+L \DQOWO JI[VWHUPHNWHGLU
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i i I ! | i i
0 0.01 0.0z 0.03 0.04 0.05 0.05 0.07 0.08 0.09 0.1

u H B 11O- Similasyondan elde edilen sonug
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6. .21752/ 6867(08101 '63 h=(581'(*(5d(./(10(60

%X E|O*P+Q LON NOVPOQGD NRQWURO VLVWHPLQL JHUOHNO
JHQHO ELOJL YHULOPLG LNLQFL NOVPOQGD LVH EX GRQ
DQODWOOPOIWOU

6.1. Kontrolorii Gergeklemekte . XOODQOODQ 'RQDQOP +DNNOQGD %LOJI
6.1.1. TMS320F2812DSPrDNNOQGD *HQHO %LOJL

TH[DV ,QVWUXPHQWV] CB@SiI‘I?hO ir Uyesdi3 olan TMS320F2812, bir
mikrokontrolériin (MCU) cevre birimleri entegrasyontH NXOODQOP NROD\OO=+O L
LOOHP JeFe YH & RERHUE POQ\HY/IL-Q@H Blat BrHRIMWNIULRPLLOIIOBRP FLG L U
onemli 6zellikleriDuD+OGD OLVWHOHQPLUWLU

X 0+] oDOOUPDIUHNDQVOQGD 0,36fH NDGDU LUOHP J-
x 128k x 16 dahili Flash bellek

X 18k x 16 dahili RAM

X 32 bit kayar nokt&aétmetik birimi

x 150ps ¢ozunurlik ile PWM sinyali Gretebilme

X SClI, SPI, fC ve CAN 2.0b arayiizleri

X 100ns’den daha az kesme gecikmesi

X .XO0O0ODQOe/l+Kizadel® RV \D O D U OCICH+ Kddidgyci E L U

U H ML A-2812'nin i¢c mimarisini gostermektedir.

Boot M PWM
Flash RAM ROM
—_ QEP
— CAP
Memory Bus
DMA i ADC
Interrupt Management N e
Cj- GPI0
8
Cz8x™ 32-Bit DSC =
32 x 32-Bit _ &—  SA
Multiplier ARJII-IllJIc 1 s
Timers —_ e
32-Bit N | o
Real-Time Floating-Point
JTAG Unit —  McBSP

uHMIG F2812'in ic mimarisi
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6.1.2. eZdspF28122HOLGUWLUPH .DUWOQOQ g]HOOLNOHUL

%X SURMHGH NXOODQ@ODQ JHOLUWLUPH NDUWO €HSHFWUXF
) fGLU .DUW DuD+OGDNL |[JHOOLNOHUH VDKLSWLU

Soket icerisinde bulunan bir TMS320F2812 DSP
0+] vVDDW LUDUHWL LOH 0+]Y\H NDGDU oDOOUDELOP|
64k harici SRAM bellek
2JHQLUOHW P KansIsgQION W | U »
IEEE 1149.1 JTAG kontrolori
IEEE 1149.1 JTAG emdulasyon konektori
3&1\H ED+ODQDELOPHN LoLQ SDUDOHO SRUW NRQHNW|U

X X X X X X X

UHMR2ONDUWOQ WHSHGHQ J|U*Q+P+Qe UHNLO LVH NDUWOQ

SPECTRUM DIGITAL INCORPORATED

RO 000 D
o000 000;

UHMI20 eZdsp F2812JHOLUWLUPH NDUWO

s |
M
-
L
]
(=
20 Mhz. B XTAL1/OSCIN
ANALOG TO ¥
: CONVERTER N
: PARALLEL :
4 PORTATAG JTAG N
L CONTROLLER "
: TMS320F28xx D
) XZCSGAND7 64K x 16
: ﬂ N4> shan
T EXTERNAL |
L JTAG 0
E
X
-1
A
M
k=
I
]
M

UH N30 eZdsp F2812QLQ EORN GL\DJUDPO
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Kart izerinde, F2812nino HULWOL [JHOOLNOHULQLQ QDVOO NXOODQO
EXOXQPDNWDGOU %XQODUGDQ HQ |[QHPOLOGIDWMAGI®HPFLQL
RODQ IDUNO® ERRW PRGXQGDQ VDGHFH WDQHVL EX SURI

6.1.3. <D]OOOP *HOLUWLUPH 2UWDPO

6LP-ODW]|U*Q J|P+O+ \D]OOOPOQOQ JHOLUWLULOPHVL VOUDYV
6WXGLR &&6 DGOO \D]OOOP JHOLUWLU P HK/BH#HAeDeRifisiN X O O D Q
assembler, linker, debugged HUoHN ]DPDQOO, BOWQRL]DVDR@ DDUDoODU
VLP*ODW|UOHU YH HP«ODV\RQ V+eUsF+OHUL EDUOQGOUDQ HQ
6.4, IDE’nin debug modunda@ O O UOUNHQ DOOQPOU ELU HNUDQ J|UsQW>"

i® /F2812 e2dsp/cpu_0 - TMS320C28xx - Code Composer Studio - [Main.c] - |EI|1|
Qﬁile Edit Wiew Project Debug GEL Option Profle Tools DSPIBIOS Window Help = =11
T AR EEEE XYL \ EE s EE AR |6
ISPSimuIator.pit leebug j| @ Iﬁl ‘ @ ﬁ | 5\ % ‘ . j‘_‘b ‘
Bler 0 EmEEHEL| P
i!"} ----- [_ Documents ;I i j
U (23 DsP{BIOS Config
..... (£ Generated Files void PI (Uintlé vref, Uintlé vada)
ﬁl -2 Include {
W™ (27 Libraries int16 y;
_ =429 Saurce
[ SP281x_Ade.
| SP281x_Code ] Erroer = (Vref - Vvadc):
1 SP2E1x_Def.
& SP281%_Ev.c = v = (intl@) (Kp * Error + (Ki * TotalError))*0.075;
& SP281x_Glob TotalErrer += (({int32)0ldErrer + Errer) / 2.0 * (Ts * 1=-3);
= gzgix Sp'g C0ldErroer = Error;
N x_Fiet
. SPZE1x_Pieh .
= SP2B1%_Spilc if (TotalError > 250.0) [
—_— SP2E1x_Sysl 1
SP2E1x_usDe TotalError = 2Z50.0;
}
----- SPZE1x_Headers .
= N 3612 nonBIOS, r else if (TotalError < -250.0)
] _re— .
Sl
& _il [— —’I_ TotalError = —-Z50.0;
_ = . -
[7].~ J | ’rl
[Main.c] "C:WProgram Files‘CoCStudio w3.1V\C2000%c tooleal Name Value Radix =~
g _ g
"Main.c", line 162: remark: controlling expression is & Yado 1454 Ursigret
@ ladc 560 unsighe
[Linking...] "C:\Program Files'CCStudio v3.1W,CZ2000%ogt % Fadc 265 float
g g _ g
<Linking» & Wref 1460 unsigher
i ref 1] ungigner
Build Complete & VR 000003050 hex
P ! . @ lcount 195 unsignes = |
0 Erreors, 0 Warnings, 1 Remarks. = | | Y
RIRIDDIGT Loty o | B wwan s |
¢ @ [HALTED: 5w breakpoint [ [ (¥} : 355,667,970 Ln 209, Col 1 4

u H M40 Code Composer Studio’dan bir ekran goruntisi

6.1.4. C/C++ Header' RV\DODUO

Texas Instruments, 6 3fOHUL LoLQ YHULPOL YH mp@HVCLtOkd&L OLUOL:
\D]OOPDVOQO NR OBNODHMOUHND Atdstitir@e®lluial Geadbiimleri
\D]PDoODUOQD GRQDQOPGDQ VR\XWO D QFirlkatnah YaratidaN L O G H
\ROXQD JBWeriteim& 2L W DODQODUO YH \D]P verilk2i@edioBuU O \|QW
yontemi kullanmak, yazmagclatédefinemDNURODUO LOH HaKolap lddak MeQ oRN ¢
verimlidir.

Bu yontemin gerceklenmesi® GO P GDQ R O X (i P DavriakD@arékE X Sm6 ©@GDUOQ k
birinin SCI ¢evre birimiicinutJXODQOUWUO J|[VWHULOPLUWLU
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1. pOJLOL \D]PDFOQ KIstluG MR PGRWXDIV@DHQ EDW DODQODUOQO
\D]PDo \DSO WeUs WDQOPODQPDNWDGOU

lI|I"i-i- kb k bk wk kb s b b rr bk r bbbk ok rrwrrw rr b rlrr kb wor e o e e o W ok
* 2CI header file
LA 2 B AR A AL AL R ARl LAl Rl Al AR ARl Rl Rl L ARl Rl Al Al Rl il Rl AR RS RN LS **II'II
#define Uintle unaigned int
#define Uint3z unsigned long
struct SCI_REGS |
Uintls SCICCR_RES SCICCR; J// communications comtrol register
Uintls SCICTL1 REE@  SCICTLI; // control reglster 1
uintis SCIHBAUD; J// Baud rate (high) regilster
Uintilea SCILBAUD; S/ Baud rate (low) reglater
Uintls SCICTLZ_REG SCICTLZ; /! control reglster 2
Uintls SCIRXST REEZ  SCIRXST; // Recelwve status reglster
uintis SCIRXEMU; /! Receive emulation buffer regilaster
Uintls SCIRXBUF HEZ SCIRXBUF; // Recelwve data buffer
uintis revdl; S/ reserved
Uintilea SCITXEBUF; // Transmit data buffer
Uintls SCIFFTX REG SCIFFTK; // FIFO transmit reglster
Uintls SCIFFRX REZ@  SCIFFRX; /{ FIFD recelve reglster
Uintls SCIFFCT REG SCIFFCT; // FIFD control register
Uintilea revdz; // reserved
uintis revda; S/ reserved
Uintls SCIFRI_REZ SCIPRI; /{ FIFD Priority control
}i

2. gO0JLOL \D]PDFOQ KHU ELU NRS\DVO LoLQ |QFHNL DGOPG
\DUDWOOPDNWDGOU

ll,"i'i' EE R R R R R R R R R R R R TR R TR R R R R R

* source file using ragister-file structures

R R R R R R R R R R R R R R R R R T TR T T R 'i'i'll,"

volatile struct SCI_REGS ScilaRags;
volatile struct SCI_REGS ScibRags;
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3. <DUDWOOPOUGU RODQ GH+*LUNHQOHU I@2le@ékHIkadide®@ PO LOF
DWDQPDNWDGOU

$0D+O0GD G HATAHEMIODKoQutunu kullanaraki D]JP Do \DSOODUOQO X\J
E|OPHOHULQH DWD\DQ & NRGX YH KHPHQ DUGOQGDQ GD
DGUHVOHUH DWDPDN LoLQ OLQNHU NRPXW GRV\DVOQGD NX

#fpragma DATA SECTICHN (S3claRegs, "SciakRegasFila") ;
volatile struct SCI_REGS SclaRegs;

fipragma DATA SECTIOCN (SclbRegs, "ScibRegsFilavn) ;
volatile struct SCI_REGS ScibRegs;

ll|l'tt LA A B A A AL A2 AR ARl R ARl i AR Al Rl R Al R ARl LRl ARi Rl Rl Rl AR RS2SR 2SS ]
* Mamory linker .cmd file
wkwwhkwk kb bk kb rrr kb rr ok w ok wolrw ok bl el ek Wk ol e e o e ol i i*lI.I'
MEMORY

DAGE 1:

8CcIa : origin = oxoo7o50, length = ox000010 /* SCI-A reglsters +*/

8CIE : orlgin = 0x007750, length = 0x000010 /* SCI-B reglsters */
SECTIONS

SclaRegeFlle : » SCIA, PAGE = 1

SclbRegeFile : » SCIB, PRACE = 1
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4, <D]PDoODUOQ ELW DODQODUO LoLQ WDQOPODPDODU HNO

l|||"i"i' LA 2 A2 A AR A Rd il Bl Rl Al Rl Al l Al R Rl iRl AR Rl Rl AR Ad Rl LRl RS RE S

* 8CI header file

kb r bk kb rrr bk r bbb e bk r rrrw bk kb bbb ke kb wrdrwoalr e ok e e 'i-'i-ll|ll

fhmmmmmm

/¢ 8ciccR communication control register bit definitions:

!

struct SCICCR _BITS | // bit descripticon
Uintls SCICHAR:3; 20 Character length control
Uintls ADDRIDLE MODE:1; P ADDR/IDLE Mode control
Uintlse LODPBEEMA: 1; Floa Loop Back enable
Ulntle EBARITYEMA:1; P Parity enable
Uintils PARITY:1; - Even or odd parity
Uintils STOPBITS:1; HT Humber of Stop Bits
Ulntle ravdl:g; // 15:8 resarved

}i

fhmmmmmm

/¢ BCICTL1 control register 1 bit definiticna:

!

struct SCICTL1 BITS { // bit descripticon
Tintls RXENA:1; N 8CI recelver enablae
Ulntle TIXENA:1; P 8CI transmitter enable
Ulntle SLEEP:1; N 8CI sleap
Ulntle TIXWAKE:1; P Transmitter wakeup method
Uintis ravd:1; Joa resarvad
Uintls SWRESET:1; P software reset
Uintls REXERRINTENA:1; - rRecelve interrupt anable
Ulntle ravdl:s; Jf o15:7 resarved

}i

5. 7HN VHIHUGH W+P \D]PDFD YH\D Vrbkenderebilmemigh@io) ELWLQ
WDQOPODPDODUO HNOHQPLUWLU

lI||'i"i' R RS R LR RS RS L A2 RS RIS RES R EL RS RAEEREIERSIERESEEEREEERSEERSERLESELEERZE'E ]

* SCI header file

(A R R LS R LR R LA R AL R AL AL Rl Rl Rl SRRl AL RALE AL RLRR LR L RS R RS ERESEL S 'i'i'l|||'

union SCICCR_REG |
Uintle all;
struct SCICCR BITS bit;

}i

union SCICTL1 REG {
Uintis all;
struct SCICTL1 BITS bit;

}i
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6. <D]PDo \DSOODUO usitnwbDQOPODUOQO YHHUHFHN GHNLOGH

lI|I"i'i' Tk kb k bk bbbk r bbbk bbb rr kb ok rw kb b e r b ok b ke e e e e e o e e e
* 8CI haadar fila
wkwhkw kbbb wokkr bk bk r kb rr kb rr b b kb rrw ok kbbb drdr e bbb w ol w ek e e o ok o el e i"i'll|ll
II,‘Ill," _______________________________________________________________________
J/ 8CI Reglster Fillae:
[
struct =SCI_REGS |
union SCICCR REG 8CICCR; J/ Communicatione control reglster
union SCICTL1_REG SCICTLL; Jf control register 1
Uintils SCIHBAUD; F4 Baud rate (high) register
Tintlé SCILBAUD; Ff Baud rate (low) register
union SCICTLEZ _REG SCICTLZ; Ff control register 2
union SCIRXST REG SCIRXST; /f Racelwve status register
Uintile SCIRXEMU; /i Receive emulation buffer register
union SCIRXBUF_REG  SCIRXEBUF; Jf/ Receiwve data buffer
Uintile revdl ; J// reserved
Uintile SCITXEBUF; J// Transmit data buffer
union SCIFFTX_RES SCIFFTX; f/ FIFD transmit register
unicn SCIFFRX RES SCIFFRX; J// FIFD racelve reglster
union SCIFFCT RES SCIFFCT; J/ FIFD control register
uintis revdz; /! resarved
Uintile revd3; J// reserved
union SCIPRI_REG SCIPRI; J/ FIFD Priocrity control
}i

$a4D+O0GD J|VWHULOPLG RODQ NRG WDQGe Q&R mitnktinkRODQ E.
HULGPHN XelDFRAOPOQO J|VWHUPH Ntwd 6080 BDQ O Q@&ID- HRD G X +
\DSOQOQ KHUKDQJL ELU HOHPDQOQD DOO \DGD ELW HUL
RSHUDW|Us NXOODQOOPDNWDGOU 3 DOO" HOHPDQO NXOO
NXOODQOOGO+-OQGD LVH WDQOPODQPOU RODQ ELW DODQOTL

// Access reglesters without a bit field definition (.all, .bit not used)
SclaRegse . SCIHBAUD = 0;
SclaRegs .SCILEAUD = 1;

// Write to bit fields in SCI-A SCICTL1
SclaRegs.SCICTL1.bit . SWRESET
SciaRegs.SCICTL1.bit.SWRESET = 1;
ScliaRegs.SCIFFCT.bit .ABDCLE = 1;
SclaRegs.SCIFFCT.bit.cDC = 1;

n
=
B

S/ Poll (i.e., read) a bit
while (SciaRegs.SCIFFCT.bit.cDC == 1) { }

J/ Write to the whole 5CI-B SCICTLL1/2 registers (use .all)
Sc1bRege .8CICTL1.all = 0xX0003;
S8c1lbRegs .SCICTL2.all = 0xX0000;

C/C++ headerGRV\DQ DNIS3ZDE2B12'in tum cevre birimleri icirE X 0 H Mdz@a@ H
\DSOODUO YH ELW DODQODUO WDQOPODQPOUWOU
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6.1.5. Br<D]OOR2IOPIHULQGH dDOOuwOUOOPDVO

dDOOUWOUOOPDN LVWHQHQ \D]OOOP ) fQLQ LOHULVLQGH
(RAM) veya ucucu olmayan FLASH bellekte depolanabilmektedir. DSP:ODO O 1 W@ UDFD + O
LoLQ KDQJL EHOOH=+H ED N@F Dedd QdirlemektediO Daka #ic:Dde
EHOLUWLOPLGO ROGX+X JLEL H=GVS ) * ]JHULQGH EXOXQD
PRGXQGDQ ELULQL VHOPHN P+«PN+QG+U DQFDN EX SURMHGH
boot moduQ X Q D\ Uk DO Y HW.LOPLU

6.1.5.1. Boot From HO

3%RRW )URP + PRGX LUOHPFLQLQ ERRW LUOHPLQL LoHUL
\DSPDVOQO VD+-ODPDNWDGOU %X PRG '63 NDUWOQOQ ELC(
5$0fH \*NOHQLOPHVLQLQ LVWHQGL+L ]DPDQ NXOODQOOP
yUkOHQPHVLQH YH \D]OOOP LOHULVLQGH NXooDQOoPOU RO
* ]HULQGHQ JHUOHN J]DPDQOO RODIhEKEN YYHO B QPHikteio@R® GHE
JHOLGUWLULOPH DUDPDVOQGD KHSWEXPRERW RRGX \RROODP
UOXFX ELU EHOOH=+H \+NOHQL\RU ROPDVO YH EX \¢«]JGHQ VLYV
NRGX NHQGLVLQH \HQLGHQ \*NOH\HFHN RODQ ELU ELOJL\
GX\PDVOGOU 7DVDUOPO WDPDPODQPOU RODQ *@B NHQGI
VRQUDNL E|OPGH DQODWOOPOU RODQ GL+HUERRW PRGXQX

6.1.5.2. Boot From FLASH

“Boot From FlasKk PRGX '6371QLQ 520 ERRWORDGHUYT0QO DNW
UHVHWOHQGL+LQGH NRG oDOOUWOUPD LUOHPLBULMOdoXFX RO
secili iken ROM bootloader, FLASH bellekte 0x3F7FF6 adresinde bulunan 32 bitlisnigir

branch NRPXWXQD DVVHPE O\ G.HKeHliklEShn @dpedte Bubmavkoraud) O
derleyicisinin kitiphanesinde bulunan C-ort@mJ Lfahksiyonunun (c_intOO) EDUODQJOFO QI
GDOODQDFDN UHNLOGH | RIKHVIPBRYWDIEBEDAWI D QD Kidi@b U KHUK
oDOOUPDVO P eP NBuQprapHekiL @lhroh komutu isec_int00 fonksiyonuna
GDOODQPDGDQ |QFH :DWFKGRJ |DPDQOD\OFOWam@ObiNDSDWP
DVP GRV\DVOQD GDOODQDFDN GHNLOGH GH+LGUWLULOPLGWL

%X ERRW PRGXQXQ SUREOHPL GH )/$6+ EHOOH+LQ EHNOHP
YH EX VHEHSOH HULGLP VeUHVLQLQ 5%$0fH HULGLP VeUHV
Instruments’a gore, TMS3 ) ; VHULVL LuO Hahh Elast bdll€xlerlddNd100MIPS

LOOHP SHUdRabipev,Odahili RAM’ler 150MIPS’e kadalL tOHP SHUIRUPDQ
sunabilmektedir [7]. Bu sorunun ¢6zimii igeO]00 oDOOUPDVO JHUHNHQ YH \R
YDNLW DOOFO NRGODUOQ 5%$0 *]JHULQGHQ oDOOUWOUOOPDYV
EDUODQJOoWD XoXFX ROPD\DQ ELU EHOOHNWH EXOXQPDVO
GRV\DVOQGD 5%01GHQ obOoOuPDVO JHUHNHQ EX NRG EORL
adreslerinin DQOPOD QP v IROPHDY Mo OOGONWDQ VRQUD EX NRG E(
5$0fH NRS\DODQPDODUO JHUHNPHNWHGLU

6.2. .RQWURO 6LVWHPL <D]OOOPOQOQ *HUOHNOHQPHVL

GPS'QLQ J|P+O+ ICBOU2eHimi® tamame& NXOODQ O O D Uikt \@}O0OPOGW
dilinin nesne-yonelimli 6zelllOHULQLQ NXOODQOOPDVOQD JHUHN GX\XOF
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6.2.1. <D]J]OOOPD *HQHO %DNOU

< D@ Pncelikleglobal GH+LUGNH Q O H Wa YW DNQCOPADIDP®OMID FDN RODQ GL]
D\O U P D SR/@WGID U6 3 itl ¢evre idimleri icin osilaw |[U IUHNDQVODW&O QO D\D
EX *36 WDVDUOPOQGD N3RILQORNIBPOG REDQ@HBEI2NVOL oHYUH
JHUHNOL D\DU O BU @yariar8an 2N $vMénEGI&iUrimer 1'in 40kHz PWM sinyali

Uretecek, Timer 2'nin de periyodik olarak (her 120us’de ) U NHVPH WHWLNOH\HF
D\DUODQPDVOGOU %DuODQJOo D\DUODUOQO \DSWONWDQ \
gore Voc ve ke GH+LUNHQOHULQLQ \HQL GH+HUOHULQL KHVDSOTI
GHQNOHPL NXOODQDUDN VLP+ODV\RQX HBBOWDFID XK DII@BY
ROXUWXUPDNWDGOU 20X0WHE@de)YRHINVWD \GH Q ORUDONX DWNDA 8 G
EX LNL GH+HU NXOODQOODUDN KHVDSODQPOU GLUHQoO GH-
diziye DN W D U P 3N W@NROdizisinin 14'0n tam NDWO RODQ KHU LQGHN)\
indekslerde bulunanGLUHQo GHe HUBEBHERPRQROO 5.H\V DGOQGD LNLC
\D]JPDNWDGOU %X LNLQFL GL]LQLQ NXOODQOP DPDFO DUDI
\DSWONWDQ VR QI bir \ddjgigeQyiPmekie @&/ Timer 2'den kaynaklanan bir
kesmenin gelmesini beklemektedirHV PH JHO G L + L k¢$irie B&vidNfBE&siyonuna

,65 GDOODQPDNWDGOU ,651QLQ LOoHULVLQGHNL NRG LON
DUDFOOO+0O LOH JHULOLP YH DNOP |O0*POHULQL DODUDN \
aUDPD DOJRULWPDVOQO NXOODQDUDN 5.H\V YH ,95 GL]JLOHL
UHIHUDQV JHULOLPLQL EXOPDNWDGOU 6RQ \DSWO=+0 LUOHI
oDOOUPD RUDQOQO D\DUOD\DUDN oONOUO JHULOLPLQL UHIH
IRQNVL\RQXQD J|QGHUPHNWLU 7séhrd ko HdnsiH dbhgiweDgerdD P O D G
G|QHUHN ELU VRQUDNL 7LPHU NHVPHVLQLQ JHOPHVLQL
kDSDWOODQD NDGDU GHYDP HWPHNWHGLU

7DPDPODQPOG RODQ J|P+O« \D]OOOPOQ DNOG GL\DJUDPO
GL\DJUDPOQOQ |QHPOL E|O+POHUL KDNNOQGD D\UOQWOOO |
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%DGOD

*OREDO GH+hMUNHQ
YH VDELWOH wbDQOPOD

,95 YH 5.H\V GMNLOHUL
LoLQ KDIO]D D\OU
3// *3,2 63,\YH
3,( LoLQ JHUMNOL

D\DUODUO ADS

v

(9% 7LPHU L | N+]
3:0 *UHWHFHN GHNLOGH

D\DUOD
(9% 7LPHU \L KHU
o ven [ HVPH 6HUYLV )RQNVN\RQX
WHWLNOH\HFHN GHNLOGH D\DUOD
! 9 YH , [O0+F
b VRQXoODUOQD $'&TGHQ
<HQRr¥ Ky, 63, DUDFOOO+0O LOH RNX
GH+HUOHULQL KHYDSQ@D 1
95 YH 5.H\V GLjLonuLdL <'5N KGl—I|_\l/“D_|<?C|):[L)QL
, 9 NDUDNWHULVWL=L JLOH P

GROGXU
\ .HVPHOHULL Do
TLPHU NHVPHVL "LILOHUGH 57\l DUD YH
' ROXUGUPDVOQOEHNOH UHIHUDQV JHULQLPLQL EHOLUOH

) 3:0 VLQ\DOLQLQ
+D\OU"HVPH PH\GBOQDYHW oDOOUPD RlbBDOEHOH
JHOGL P KHVDSOD YH NXOODQ
\_ )

UHM507DPDPODQPOG \D]OOOPOQ DNOU GL\DJUDPO

6.2.2. -9 (+ULOHULQLQ 6LVWHP dDOOUOUNHQ %HOOHNWH 20X{

*361QLQ oONOUG JHULOLPLQLQ \*eN*Q GH+HUL GH=LULUNH
tutulabilmesi icin, kontrol sisteminin, MWHPLQ oONOUG JHULOLPLQLQ DOPDVC
]JDPDQOO RODUDN KHVDSOD\DELOPHVL JHUHNPHNWHGLU <
\DSOODELOPHVL Lwey® celrinU tatids@al (obkPup tabld) KWL\Do YDUGOU
projedeki parametrik denkleminGLUHQo GH-+HUL LoLQ o|]*OPManL ROGX
GR+UXGDQ NXOODQOOPDVO P+«PN*Q ROPDP GévrHaBlBspO OO P G L
ROXUWXUPD \ROXQD JLGLOPLUWLU .DUDNWHULVWL=+L WXWD
oDOOUPD HVQDVOQGD \D]OOOP WDUDI(pg@Btik deikkmd |QFH
NXOODQOODUDN RWRPDWLN RODUDN GROGXUXOPDNWDGOU

7DEOR\X ROXGRVIOUMDONOLGLTL BXRODQD®O RODWOLON GL]L\H Lc
RODUDN ,95 DGO YHUL Gyt W LILD Uk X G IJNQRLE BRMU QDUO LV
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voubvoO\oD D\QO vVD\OGD JHULOLP YH \eN GLUHQFL GH+HUL
GH+HUL D\QO LQGHNVH VDKLS RODQ JHULOLP GH+HULQLQ |
BudizidROGXUXOXUNHQ BX@QDMNMDD GH+HUL VOIOUGDQ IDUNC
bulunan bir#definekomutu LOH EHOLUOHQPLUWLU %X GH=+HU VOIOU!«
icerisinde bulunan en biyik drel@H+HUL *367YQLQ oONOUOQbiIyEkD +ODQD|
GLUHQo GH+HULQGHQ GDKD Neo*NWeU 'L]JL GROGXUXOXUNH
LVH VLP<ODV\RQX \DSOODFDN RODQ J*QHU SDQHOLQLQ Y}
DNOPOGOU YH EX GD oONOUOQ DODELOHFH=+L HQ GelG*N J
gostermektedir.

. XO0ODQOODQ KNLOFLDGHERDOGANOX ELU GL]JLGLU YH NXOOD
DOJRULWPDVOQOQ LULQL GDKD KébboyGunda3b &dn@arbuNna@ L VD +
bu dizinin 1. ER\XW X ,95 GL]LVLQ LIgh hefflin@eksihid B. bopuMiidla Rulunan
GLUHQo GH+HUOHULQL LOHUPHNWHGLU 'L]L@GAiMQIVRNLQFL [
GLJLVLQGHNL Lice@ndkiedirGH+HULQL

6.2.3. Event ManagerORG+O+ LOH 3:0 6LQ\DOL YH .HVPH 20XuUWXUXO

Event Manager A modulu igin, Timer 1'i 40kHz PWM Uretecek ve Timer 2'yi her 120us’de

ELU SHUL\RGLN RODUDN NHVPH WHWLNOH\HFHN UHNLOGH
\D]OoPOUWOU +HU LNL ]DPDQOD\OFO GD VDDW LUDUHWL F
(HSPCLK) kullanmakt&3 OU +63&/.1QLQ IUHNDQVO D&LQDPbRpVdieddD W |U U
u\H HULWOHQPLG RODQ '637QLQ \eNVHN KO]JOO VDDW LI
edilmektedir. K¢ 0+= ROGX+XQGDQ +63&/.1QLQ SHUL\RGX TC
KHVDSODQPOuwOU

Tusrcr —— 1 13.33Ms (6.1)

Fos/2 150MHz/2

7LPHU fLQ SHUL\RGXQXQ N+] 3:0 VLQ\DOL *UHWHELOPH!
DuD+OGDNL UHNLOGH KHVDSODQPOuUWOU

TIPR —2MS 175 (6.2)
133

34hs

+HU XVIGH ELU NHVPH WHWLNOHPHVL LVWHQHQ 7LPHU
GH+HU GH EHQ]J]HU UHNLOGH KHVDSODQPOUWOU

T2PR 228 g00q 6.3)

13.334s

6.2 ve 6.3 QXPDUDNO(N) GHQNOHPOHUGH KHVDSODQPOU RODQ
fonksiyonun koduDbuD+OGD YHULOPLUWLU
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woid InitEv (void)
{
/4 For PWM Generation
EvaReqgs. PTCOMA. bit. TCMPOE = 1; // Timer compare outputs enabled
EvaRegs. SPTCOMA. bit. T1PIN = 1; // Adctive low
EvaRegs. T1COMN. bit.FREE = 1; A4 Continue regardiess of emulation
EvaRegs. T1COMN. bit. SOFT = 1;
EvaRegs. T1CON. bit. TCLES10 = 0O; Y Use internal clock (HSPCLE)

EvaRegs. T1COM. bit.TPS = 0; A4 Imput clock prescaler = 1 (HSPCLE/1)
EvaRegs. T1CON.bit. TMODE = 2; /7 Continpuous up count mode
EvaRegs. T1CON. bit. TECMPRE = 1; A4 Enable timer compare

EvaRegs.T1PR = 1875; S/ Period = 1875%2+&.67ns, freg = 40kHz
EvaReqgs. T1CMPR = 100; S/ Initial PWIM duty

EvaRegs. TICNT = 0; A4 Clear the timer count

EvaReqgs. T1CON. bit. TEMAEBLE = 1; // Enabkle the timer

/4 For Periodic Timeyr 2 Interrupt
EvaRegs. TZPR = 9000; A4 Perdod = S000+2+&.67ns = 120us

EvaRegs. TZCON. bit.FREE = (; A/ Stop while in emulation
EvaRegs. TZCON. bit.SOFT = 0; r

EvaRegs. T2CON. bit. TCLES10 = 0O; S/ Use internal clock (HEPCLE)

EvaRegs. T2CON. bit. TPS = 0; A4 Imput clock prescaler = 1 (HEPCLE/SD)
EvaRegs. TZCON. bit. TMODE = Z; S/ Continuous up count mode
EvaRegs. T2CON. bit. TECMPR = 1; A4 Disabkle timer compare

EvaRegs. TZCNT = 0; A4 Clear the timer count

EvaReqgs. EVAIMRE. bit . T2ZPINT = 1; // Enable the period interrupt

4

gUQHNOHPH SHUL\RGX ,657GHN LdusuR@0eN D B O O 0\WP-\HEQ O G LH(
JJUH VHOLOPLGOWLU

.65 LOHULVLQGHNL NRGXQ oDOOuUWOUOOPDVOQOQ WDPDPOLI
%X GD NRGXQ HQ N|We GXUXPGD ELOH HNVLNVL] ELU uH
[UQHNOHPH SHUL\R G X Q XrQyefeRtirmgktedirX KesR© geBikrmBleri ve biraz

GD J*YHQOLN SD\O LoLQ |[UQHNOHPH SHUL\RGX EX SURMHGH

6.2.4. gOo*P 6 RQXADCdASPOSUDFOOO+0O LOH $00QPDVO

Daha|QFH GH EHOLUW IMARIRU4A,ROGXOK BSBEIDUDFOOO+0 LOH KD
ELU $'& HOQWHJUHVLGLU @gOHWLULPLQ VRUXQVX] \DSOODELC
HQ IDJOD 0+]YOLN ELU VHUL VDDW LGDUHWL LOH obDOOuwOL
modili, oDOOUDELOGL+L IUHNDQV GH+HUOHULQGHQ O0+]YfH HQ
PRGXQGD oDOOUDFDN .GHNLOGH D\DUODQPOUWOU

dHYLUPH LGUOHPLQL EDUODWPDN LoLQ $'&T\H E\WH ER\XWX
YH HG ]IDPDQOO RODUDN GD JHOHQ E\WH ER\XWXQGDNL I
a0O0QPDVO JHUHNEGG NAXIZBALTh ELHFONILOVDVIDVOQGD J|VWHULOP
ER\XWXQGDNL NRQWURO YHULVLQLQ IRUPDWOQO JIVWHUPH
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Bit 7 . . . . . . Bit 0
(MSB) Bit & Bit 3 Bit 4 Bit 3 Bit 2 Bit 1 (LSB)
START SEL 2 SEL A SELO LNIBIP SGLDIF D PDO

Bit Name Description
7(M3B) START The first logic 1 bit after TS goes low defines the beginning of the control byte.
G c“ELz = - - i sl I i= e - T
5 SELT '_Fhe se three I_-|t_«_ select which of the eight channels is used for the conversion
4 SELD (Tables 3 and 4).
1 = unipolar, 0 = bipolar. Selects unipolar or bipolar conversion mode. In unipolar mode, an
3 UNIBIP analog input signal from OV to Vrer can be converted; in bipolar mode, the signal can range
from -WReF / 2 to +\VREF / 2,
1 = single ended, 0 = differential. Selects single-ended or ditferential conversions. In single-
2 SGLDIF ended mode, input signal voltages are referred to GND. In differential mode, the voltage dif-
ference between two channels is measured. (Tables 2 and 4.)
Selects clock and power-down modes.
PO POO Madle
1 PO 0 0 Full power-down (lpp = 2pA, internal reference)
0 (LSE) POO 0 1 Fast power-down (DD = 30pA, internal reference)
1 0 Internal clock mode
1 1 External clock mode

U H N16© MAX1204’tn kontrol YHULVL IRUPDWO

%X *367LQ \D]OOOPOQGD 08%; fH JJQGHULOHQ NRQWURO Y
SRODULWHOL XQLSRODU YH WRSUD+D UHIHRPO®WOO &DDV
LUDUHWL PRGX RODUDN LVH GOubUOGDQ JHOHQ VDDW LuL
dHYUHGH VDDW LODUHWLQL®G3$"WDWDIUIDQGQQDQHOMIEQPHVL
$'&7QLQ ELULQFL NDQDOO JHULOLP LNLQFL NDQDOO LVF
ozellikler ile ceviri yapmak icin entegreye gonderilmesi gereken veriler gerilimDwé O P
|Oo¢Pe+ LoLQ 10@MUDIWS 100D11IROPDNWDGOU '637Q¢dee FPLOJL VD
PRG+O+ LOH JJIQGHULOHFHN RODQ KHU E\WHT0Q ELWOLN 6
EXOXQPDVO JHUHNPHNWHGLU %XQD J|JUH JHULOLP YH DNC(
\D]OOPDVO JHUHN H Qx&60:vel (kOROIR & ®NDW O oy

Kontrol verisinn J|]QGHULOPHVL WDPDPODQGONWDQ VRQUD $'&T\H
JJIQGHULOPHNWH YH HUO ]d2arabqdddn RIODNDWDGEOUE\MAH YH 5%
OHYLUL VRQXFXQX EDuUOQD ELU DGHW VRQXQ@adeNDL DGHW
HNOHQPLUO UHNLOGH LOHUPHNWHGLU *HUOHN |Oo<P VRQXF
LIOHPOHULQLQ \DSOOPDVO VRQXFXQGD HOGHr Ba@tLOPHNW
LUDUHWLQLQ SHUL\RGX LOH gecen]wPD§OQUPIQY IHRIBGHVIL \ R Q B &
LUOHPLQLQ 0$: f«Q PDNVLPXP oHYLUL IUHNDQVOQGD \DQ
iki stirenin RODELOGL+LQFH NOWD VWHWXOPK GlW OB PLIDNQO]DP D Q
gOstermektedir.

= [
fo— tace —]
SCLK 1 1 B 12 16 20 24
DIN | |SEL2|SEL1|SELD|%; %l FO1 |F'DD|
START
SSTRE — P RE2 e RE3 . —
- RB1 - "
DOLT — [ es ] o7 [mo o5 [ea [ B3] g2 [m [B]s1] = E'ELRLSE“'TH —
ACQUISITION
ADC STATE -—— |DLE —+—1.P 15 ol CONVERSION »le IDLE -
I:SCLK:;'. 2|"."|HI]| !

UHMZOJdHYLUPH LUOHPLQLQ |DPDQ GL\DJUDPO
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ADCye, JHULOLP GH+HULQL |UQHN O H\L®nutiNugomierip, ¢&id PLQL EL
VROXFXQX DOPDN «]JHUH \D]OOP®U RODQ IRQNVL\RQXQ NRG X

Uintls ConvertVoltage ()
{
Uint1lé RB1, REZ;
SpiaRegs. SPITHXEUF = 0=zar00;
while (SpiaRegs.SPISTS.bit.INT FLAG !'=1);
REl = SpiaRegs. SPIRXEUF;
SpliaRegs. SPITXEUF = 0Ox00;
while (SpiaRegs.SPISTS.bit.INT FLAG !'=1);
EEl = SpiaRegs.SPIRXBUEF;
SpiaReqgs. SPITHEUF = 0x=00;
while (gpiaRegs.8PISTS.kit.INT FLAG !=1);
REZ = SpiaRegs. SPIRXEUF;
return (Uintla) ({( ((REL1<<8) | RBE)>>4)*23,95%; S/ (in mvV)

6.25. gO0o*P 6RQX00DUOQD *|UH 5HIHUDQV *HULOLPLQLQ %HO

dONOUG JHULOLP YHNDINGAPB QOO IOMSDSODQGONWDQ WRQUDNL
belirlenmesidir. Yiikiin direnci ¢ok biiyiikse referans gerilimR+UXGDQ DoON GHYUH .
HOLW DOOQRINNWPRGKLU SDQHOOHULQLQ oONOUG JHULOLPOHUL
oDOOUOUNHQ oRN By ylterEGPHINWNGIHW+HUOHUL ER\XWXQX
DUWOUPDPDN LoLQ ,95 GL]JLVL LOHULVLQH GDKLO HGLOPH
GH+LOVH DUDPD DOJRULWPDVO LOH ,95 GL]JLVL LOHULVLQG
RODQ GLUHQo GH+HUL EXOXQPDNWD YH R 2Gddytdttlth NDU GO
DOOQDUDN UH I H Uddignektddit $IUDIPCL. HOJRULWPDVO LULQL KO]JO
|QFHOLNOH DUDQDQ G Ldizifde b@litharHiangiki®L 8 HQY GH+HUL DU
buXQGX+XQX EXOPDNWD YH EX GL]LQLQ LNLQFL ER\XWXQGI
dizisinin hangiikiLQGHNVLQGH EXOXQGX+XQD EDNPDNWDGOU 'DKE
LOJLOL E|O+P+QGH DUDPD \DSDUDN DUDQDQ UHIHUDQV JH!
U H N J8®u arama siirecirE LU G L\ D J U D Pgosiethm@kieri® LOH

$UDPD LUOHPLQLQ VRQX0oODQPDVO LoLQ HQ N|We LKWLPDOO
ROPDN ¢JHUH WRSODP NDUGOODUWOUPD LUOHPL \DSOO
NXOODQOOPDGO+O GXUXPGD LVH \DSOOPDVO JHUHNHQ ND
DOJRULWPDQOQ DODELOHFH=+L PDNVLPXP VeUH \DNODUGUON
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R
Anahtar direng degerlerini ve bu l
degerlerin IVR dizisindeki
R195

indekslerini tutan 2 boyutlu dizi Ry |Rys || Ry | Ry |-+---|Rygq
(RKeys)
Dizi indeksleri » 0 1 | | 13 14
v v
Ra xa xb Rh
R
|-V egrisinden elde edilmis l
olan akim, gerilim ve direng L J L J

deéerlen;;ztitﬁ:r;,}'! boyutlu R, |Ras1 || Ry |-+|Rp | Ry | Ryos
0 Xa Xp 195

h

Dizinin Ray.'ye en yakin R
degerli elemam n

In Vn Rn

"_‘\r"_}
R,‘e karsihk diisen
referans gerilimi

UHMIBOSUDPD DOJRULWPDVO
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6.26. dDOOUPD 2UDQOQOQ 3, .RQWURO|U 7DUDIOQGDQ %HOLU

%HOLUOHQPLG RODQ UHIHUDQV JHULOLPL |O0*OHQ oONOU
JJQGHULOPHNWHGLU 3, DGOQGD ELU & IRQNVL\R)Dc¢ GHNOL
UHIHUDQV JHULOLPL LOH |O0+*OP+G RODQ o0ONOUGU JHULOLPL
daha sonra da Kve Kk parDPHWUHOHULQL NXOODQDUDN 3:0 VLQ\D
hesaplamakV DGO U $a D + O Gkbd, YPHKOMtol& fank&yordi@& LOH JHUOHNOHQI
gostermektedir.

void PI (Uintlé Vref, Uintlé Vadc)
{
intlé v:
S/ Calculate the error
Error = (Vref - Vadc);
A Amplifiy the error
v = (intlé) (Kp * Error + (Ki * TotalError))*0.078;
S4 Calculate the total error
TotalErrer += ({(int32)0ldError + Error) / 2.0 * (Tg * 1=-3);
/7 Update the old error
0ldError = BError;

J/ Limit the total error

if (TotalErreor = 1000.0)

{ TotalError = 1000.0;
;lse if (TotalError < —-1000.0)
{ TotalErrer = —-1000.0;

i

S5 Limit the duty cyole
if (v > 1875)

v o= 1875;
else if (v < 0)

vo= [;

A4 Bet the duty cyeole
EvaRegs. T1ICMER = v;
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7. 7(67/(5 9( 680h/$795( 621 +$/0101 9(58/0(60

7.1. Kontrolér Parametrelerinin Test Edilmesi ve Optimizasyonu

*«QHU SDQHOL VLP<ODW|U*Q+Q We+P SDUODODWBWORE&Q WDVI
ELUOHUOWLULOPLG YH VLP.ODW]|U*Q GLQDPLN SHUIRUPDQVO
\DSOOPOUWOWVWLPEBORWWMHVBALOJLVD\DUD ED+OO\NHQ YH NR
\DSOOPOUWOU %X WHVW VOUDVOQGD VLP-ODW|U NRQWUR
RODQ NOVPO KDULo GL+HU NOVOPODUO JHoLFL RODUDN |
ND\QD+O $*. UHNOLQGH oDOOUWOUOOPOUWOU B6LVWHPLC
UHIHUDQV JHULOLPLQLQ WXWXOGX+X DGUHVH GR+UXGDQ \F
sistemin, UHIHUDQV JHULOLPLQGHNL IDUNOO EDVDIRiZEN JLULU
kaydedildikten sonra CCS icerisinde €&kQD OoL]GLULOPLUWIL WmikBBOODQ E
\HUOHUPH ]DPDQOQOQ PV LOH PV DUDVOQGD GH=+LUW
GDKD KO]OO ROGX+XQXLTGWW B AR OB BB ULNGLHD ELU \eN ED=+O
A*. RODUDN oDOOUDQ VLVWHPLQ U-HIHUXNV EIHUEONVPIP RN D |
YHUGL+L \DQOW J|VWHULOPLUGUWLU

1.5e+4]

1 derd]
1 2044
1 De+d]
34525
57701
5077
3385

1692

0 TTrrrrrorrT TrrrrrrrrT Trrrrrr oot TT T
1] 2.82 & 17.8 237

UHNLOS$*. RODUDN oDOOUGDQ *367QLQ EDVDPDN \DQOWO

UHNLO TGH JI[VWHULOPLGO RODQ EDVDPDN \DQOWOQGDQ
R O Ggbrtiknektedir. Bu sire, teorik olarak hesaplanandan ¢dtbaVD ELU VeUHGLU

%X WHVW VvVOUDVOQGD HOGH HGLOHQ VRQXoODUD EDNOOI
G H+IkiQHU \D S BrOyp<oniligfad lKve K SDUDPHWUHOHULQLQ GH+HUOH

\DSO0GO+0QGD HOGH HGLOPLUWLU %X GH+HUOHU WH
ROPDGONODUO LoLQ \DSOODQ NRQWURO|U WDVDUOPOQOQ

Kontrolor parametreleri giuncellendiktieW RQUD NRQWURO VLVWHPLQLQ JHo
RODQ NOVOPODUO WHNUDU GHYUH\H DOOQDUDN VLVWHP W
dinamk SHUIRUPDQVO WHVW HGLOPLUWLU <DSOODQIEX LNLQF
H+ULVL OHNLO fGH YHULOPLUWLU
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Fanel %oltage, %

m

0

el el e e T
T U [
. - -T-Tr-TTTTTrT-TTTTTr-fTTTTTrTT T
el el e e

R N R A RS RS

0

=
—

0.2
Fanel Current, A

o
[

0.4

=
im

UHNROGPSNNnWHVWOHU VOUDVOQGD IVL Pl:QH. HWPHNWH ROG X+ X

uHNL3OyuksuizKDOGH siDila®Gnexqderil.3: GH+HULQGH ELU \eN ED=+OI
oONOU JHULOLPLQGH PH\GDQD JHOHQ GH=+LULPL J|JVWHUPHN
devre gerilimi olan 18.74V'denED+ODQDQ \eNeQ GR+UXV>9 H>XH LWL IO

NHVLUWL+L QRNWDGDNL JHULOLP GH+HUL RODQ

|O0sOPsGWeU

...................................................

9M\H G-

DAY E/RBE
Save
All

H

...................................................

...................................................

Ink Saver

1] J—

Destination
UsSBE

...................................................

...................................................

X

...................................................

EOGE
CHE o~ S8

i 5

UHNIBG6LVWHPLQ \*N*QGHNL DQL ELU DUWOUGUD YHUGL=+L \D

uHNI40se,11.3: GH+HULQGH ELU \N LOH ONDOG(JDQ VLP«ODW]|U-
oONOU JHULOLPLQGH PH\GDQD JHO®GNO G HFHWILE@LP L |\VEWM N DMK

91GHQ

9M\H \eNVHOPLOWLU
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o EIE L | SAvESRE
R S Save
""" DTt g All
: : : : H : :
.................... P R Inkﬁaver
; : : : H : : : :
..... ,: On s
L Destination
[ B 1.-++++?++++T++++?++++:—++++?++++?++++++++++ +++++
Do usB
...................................................
...................................................
...................................................
MAIH il 1] EDGE
CHZ -~ SEL

U H N0 Sistemin yilkindeNL DQL ELU D]DOPD\D YHUGL+L \DQOW

%X WHVWLQ VRQXoODUOQGDQ \ROD oONOODUDN NRQWURO
SDUDPHWUH RSWLPL]DV\RQXQXQ GDKD L\L EdylendbiirQDPLN SH

72. G36 YH 0$37/$% 7DUDIOQGD® ZOXWXKWIXPIR.pUuudobuwou

6RQ RODUDN WDVDUOP Ve UHFLQLQ EDUODUOQGD \D]OOPOU
olan teorik bir 9 H+ULVL LOH D\QO H+ULQLOWNVQ PrOMYIRQXQXQ CDS,
|O0sPOHU LOH ROXUWXRUKMOBKXVL GMmUWHAIBBOuwOUOaeOuwdUu
JIVWHULOPLUGWK &I OIUHND J@AF ARWOdU ile HOGH  Hoah @&FAPS& nin

WHVW Vsl M@E8bH oDOOuUWO+0 H+UL\L VL\DK QRNWDODU
olan oélctimleri gbstermektedir.

Panel Woltage, v

1] 0.1 nz 0.3 0.4 0.5 I}
Panel Current, A

UHNBQ'HQH\WVHO H+UL LOH JHUOHN H+ULQLQ NDUuboDuwO

*HOLUWLULOPLU RODQ *36T1QLQ LVDEHWOLOL+-LQL GH+-HUOH
JHOHQ WHRULN YH GHQH\VHO oONOU JHULOLPOHUL DUDVO

KHVDSODQPOUGU YH KHVDSODQDQ GH+HUOHU ([FHO \DUGOP(
DNwWbuUuOoprPOuwouU

Veori V eneys
K%6) |tk—dy4' 100 (7.1)

teorik
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Gerilimdeki Hata (%)

0 -
DA DN b DD T T R T P oA
O A AR R N P gt

AKim [mA)
UHNIBOdONOU JHULOLPLQGHNL KDWD \¢«]JGHOHUL

UHNLO fGD YHULOPLUG RODQ JUDILNWHQ GH J|JU*OHELOGL=
DUDVOQGDNL IDUN oONOu DNOPO NOVD GHYUH DNOPOQD \I
biri, JHULOLP GH+HUOHULQLQ DNOP NOVD GHYUH DNOPOQD \I
EX \«]GHQ D\QO GH+HUGHNL ELU KDWDQOQ oRN GDKD Ee«\eN
'L+HU ELU ,WKREHSJINGH DNOPGDNL ELULP GH+LUGUPHKiIH NDUUGUO!
H+ULQLQ GL+HU E|OJHOHULQGHNLQH NO\DVOD oRN GDKD IC
geriliminin sadece gerilim kontroli ile cokK DVVDV ELU UHNLOGH D\DUODQF
ROPDPDVOGOU $\UOFD EX SURNMHGWHD INNK ROIPQY O D QH $ I&INUQLC
KDVVDVL\HWOH NRQWURO HGLOHELOL\RU ROPIDWONGB OV HW
\DSPDNWDGOU (+ULQLQ GLUVHN E|OJHVLQGH YH eSiL+HU E|
OR+XQOXNOD fJGHQ Neo*NWeU YH EX GD VLVWHPLQ RUWDC
VHEHS ROPDNWDGOU *«QHU HQHUMLOL VLVWHPOHUGH NXOC
QRNWDVOQO DUDPD\D KHU |DPDQ DoON GHYUH JHULOLPLQC
GHYUH DNOPOQD \DNOQ RODQ E|OJHOHUGH \DSWin-O0 KDWLEL
KHUKDQJL ELU HQJHO WHUNLO HWPHPHNWHGLU

6LVWHPLQ LVDEHWOUWOQHUUDWNQEHQ]HU LUOHPOHU \DSOOD
her zamanEX UDSRUGD J|VWHULOPLUO RODQODU LOH EHQ]JHU 00
olan GPS'nin oldukca isabetROG X+ X YH J|[UHYLQL EDUDUOOO ELU UHNLC
gelmektedir.7DPDPODQPOU KDOGHNL *36YQLQ UHVLPOHUL (. )YGH

46



8. SONUC

‘eleN Je0oO+ SUDWLN '63 NRQWUROO+ VD\OVDO ELU JeQHU
gerceklenmesi EDUDUO\OD WDPDPODQPOUWOU <DSOODQ WHVWC(
\HUOHUPH<|DP\D Q@G +U*N KDW B6l)aphghI DUNOO JQHer SDQHOL
RUWDP NRGUXOX DOWOQGD VLPy\iz=DNVDRQXQY QPOMEROP E VH\R H
GHYUHVLQLQ PDNVLPXP GH+HUOHUL DuGOOPDGO+0O VeUHFH
NDSDVLWHGH ROGX+XQX J|VWHUPLUOWLU *Hahdd NeviieyiU JeQH (
NXOODQPDN JeQHU HQHUMLVL LOH oDOOUDQ VLVWHPOHU
NRuUXOODUOQGDQ ED+OPVO] RODUDN KHUKDQJL ELU \HU Y|
VDQDO KDYD uDUWOD U Omkad wlednDs \WDSHm DEUA POV NQH DNW
VDKLS J*QHU SDQHOOHUL NXOODQDUDN GHQH\OHU \DSOOPD
JHUHN NDOPD\DFDN V|] NRQXVX RODQ SDQHOOHULQ NDL
simulator ile taklit edilebilecektir. Yan W HN ELU HOHNWURQLN GHYUH VRQ!
JeQHU SDQHOLQLQ YH KHU WeUO+* RUWDP NRUXOXQXQ \HULQ|

*e«0 GHYUHVLQLQ NDSDVL WhlLp3einiD \DYyOoOPPEED FHU ND
GH+LULNOLN \DSOOPDV,CokkDIDKLID G +b @ X IV DM@ Bifdiil e HU L QL Q
SDUDOHO YH\D NDUOGON GUHNLOGH ED+ODQPOU RQODUFD K
SDQHOL GL]JLOHULQLQ \HULQL DODELOHFHNWLU $\UOFD EX
eklenmesi, smiDVI\RQX \DSOODQ JeQHU SDQHOLQLQ SDUDPHWUHO
GH+LGWLU L GirdiBatoaiR d dnkQd@ OuPD QRNWDVOQOQ J|JU-OHELOPH
OuOPD GH sinila@®teBiL 2MQGL]LVL GHNOLQG dlavak UereddhtE.IBDOPHV L Q'
haldeki bir sisteme eklenecek bfHUoOHN ]DPDQOO VDDW 57& LVH VLP«C(
NRGUXOODUOQGD VLP-ODV\RI@ghaD SV BENOGIFHHUO/HUH\ b G@NRINU D F I
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EK A-MATLAB KODU

% dHULWOL JQHUH SDQHOL NDUDNWHULVWLNOHUL *UHWHQ 0$7/$% NRGX
function solar_i()
%************** * ° Q H l] 3 D Q H O mewm*************%
Voc=19.9;
Isc=0.71;
Pmpp = 10;
ltempco = 0.0012;
Vtempco = -0.077;
Virco = 0.005;
Rs =10;
N = 15;
%***************Ortam Parametre|eri***~k************%
% +HVDSODPDODUGD NXOODQOODFDN RODQ \(CQFDNOON GH+-HUOHUL
t_array = [25 45];
% +HVDSODPDODUGD NXOODQOODFDN RODQWIir)QOP GH+HUOHUL
i_array = [500 1000];

%o** EKKE ok **0fh
% Eksenleri ayarla
subplot(2,1,1); % gON JUDJIKMMN H-+-ULVL
ylabel( 'Panel Voltage, V' );
xlabel( 'Panel Current, A' );
ylim([0,Voc+4));
xlim([0,Isc+0.1]);
grid on;
hold on;
subplot(2,1,2); % gNLQFL JUDA-LN H+-ULVL
xlabel( 'Panel Current, A' );
ylabel( 'Power, W' );

ylim([0,Pmpp+2]);
xlim([0,Isc+0.1]);
grid on;
hold on;
%****Para PHWULN GHQNOHP \DUGORD WD®H,UL «UHWI%PHVL
% (+ULOHUL oL]JHUNHQ NXOODQOODFDN RODQ DNOP GH+HUOHUL
| =0:0.001:Isc+0.1;
% (+ULOHUL VDN O Db mBtihs
V = zeros(length(t_array)*length(i_array),length(l));
% +HU H-+ UL @rhgp,Impp ve Pmpp’sini tutacak olan matris
MPP = zeros(length(t_array)*length(i_array),3);
Xx=1;
for s =1:1:length(t_array)
for a=1:1:length(i_array)

V(x,:) =
SolarCurve(Voc,lIsc,Rs,N,t_array(s),i_array(a),ltempco,Vtempco,Virco,l);
R =rand; G = rand; B = rand; % 5DVWJHOH UHQN KD]JOUOD
subplot(2,1,1);
% I- 9 H-ULVLQL ol]
plot(l,V(x,3), ‘color’ JRGB], 'LineWidth' ,1);

subplot(2,1,2);
% P- 9 H+ULVLQL olL]
plot(l,V(x,:).*I, ‘color  ,[RGB], 'LineWidth' 1);
[MPP(x,3) MPPindex] = max(V(x,:).*I);
MPP(x,1) = V(x,MPPindex);
MPP(x,2) = I(MPPindex);

text(MPP(x,2),MPP(x,3), \bullet' , 'HorizontalAlignment' , 'left’ );
% Legend’leri tutmak i¢in bir cell array yarat
Legends{x} = (" int2str(x) N T=" int2str(t_array(s)) 'A=
int2str(i_array(a))];
X=x+1;
end
end
legend(Legends, ‘Location’ , 'NorthWest' ); % Grafiklere legendleri ekle

MPP  %(+ UL Q M@wpp,Imppand Pmpp GH+-HUOHULQL HNUDQD \D]
end
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% Parametrik denklem ile I- 9 NDUDNWHULVWL+L ROXUWXUDQ IRQNVL\RQ
%Rs: *HULOLP PRGXQXQ H+=LP D\DUO

%N: $NOP PRGXQXQ H+LP D\DUO

%T: 6O0FDNQON

%A : ,000QQwW/mr2)
% ltempco : $NOPOQ VOFDNOON LOH GH=LULPLQLXE)UHQ NDWVD\O
% Vtempco : Gerilimi Q VOFDNOON LOH GH=+LUOLPLQL YHW®Q NDWVD\O
% Virco ,00QOPOQ JHULOLPH RODQ HWNLVLQL KHVDED NDWPDN LoLQ
% NXOODQOODQ N®vaAm)\ O
%l: $NGW
function V = SolarCurve(Voc,lIsc,Rs,N,T,A,ltempco,Vtempco,Virco,l)
% Tum parametrelerin T = 25C ve A = 1000W/m”"2 ROGX=+X

% RUWDP NRUXOODUOQD J|UH YHULOGL=+L YDUVD\OOGO
Isc = Isc*(A/1000);
Isc = Isc + Itempco*(T-25);
Voc = Voc + Vtempco*(T-25);
Voc = Voc + Virco*(A-1000);
% Parametrik denklem
V=((Voc.*log(2-(I./Isc).”N))./log(2)-Rs.*(I-Isc))./(1+Rs.*Isc./Voc);
% | > Isc LVH fHULWOH
for i=1:1:length(l)
if  (I(i) > Isc)
V(i) =0;
end
end
end
% %
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