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ABSTRACT

The objective of this research is to study and develop a reflective solar tracking
system using a neural network system that is applied to the heliostat, which is a part of
concentrating solar power generator. The system consists of 2 parts , The first part is the
design of artificial neural networks. To be used to calculate the position of the sun The
value will be used to adjust the heliostat axis to reflect sunlight to the solar reciever. And
another method is to use the machine vision to track the movement of the sun by analyzing
the image of the sun's reflected light and bringing the information to the microcontroller.

And adjust the reflector effectively.
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2.4 szuulaseneussamiisy (Neural Networks)
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Neuron Network Without Bias

a
a=FWP)

4 1 1
E‘U'ﬂ 2.5 single input Neuron ﬁlllfiﬂ’l bias (b)

Input
P Neuron Network with Bias
W R — —
n ,—” ™ a
P o— > Summation ='\ £ >
-\‘-._,//
b
a=F(WP-b)
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Y

@)

v = o v o ) (s ) < o s w &
Uwuunagnaiu Mmnidisuiisufivayudesmilouduntsi imanunseusnueeiudity Wusded
audnuway Jusvestuldfhonues Medruvusans Hldud inlmaswsonsindi (counter
propagation : CPN) WuuinassasunUiinilewuudiiies (Adaptive Resonance Theory neural

networks : ART) (dudy

MISYUTUUUUNWTEBUNAY

v o

Werbos (1974) ldlauauuifnresnisiBuuiiuvunsdoundu ainiu Parker (1982) 1
vnauednaiy wandufifdnunndaiulag Rumelhart uaspsy (1986) lumilide Parallel Distributed

Processing #sldnamiivinanmvadlasstrgyszamifion wasmaiFoud wuuunsfoundu

'
o ¥

= v 1 8r L 1 9 2
slBUgkUILWIEBUNGY awnsauidymiidesnisguuuu Taansteugduuudily
1 = v v oral d [ Y] 1as )

lnssthauszaidnaliguuuunadnsimayitesiu (Dayhoff. 1990) massuduuuunideundy
\uiBnmisvedaseeUssamifonitenenisdqla WesmnnszuiumaGeui uazuiudsudly
& & o v 1 =l v e da ¥ H s @ ] I a
tudulmeaues dlassdreuszamidenlidnauiian AUNIzgNUIUAUNTIAIAUEANG A
wilewas vieeglunasifisaniuld tudle Afildlusdednlssimmugndesminisiu delasead
Usvam leuiilidnuasduty uwiasdudonlvsfuedwings Welaswhoussamitenlssutoys
douidh azduimamiminve e fudeyatoudiludduueuuds uazanduiouudsludsiuds
Toyanen Waliswansszwindmadnsadeiurmadnwdidmng Taseireussamiflauasuiud

AuRawatnandudedayasen wavunsdeunduluftuusuutsaniudunsdoundulududy

Teyatowd mwdsu
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2.4.4 Heangun1sulasan

lassiredssammiisulaovildussnaudie 3 %’uﬁaﬁuﬁﬁaa&aﬂauL'Eh%’uuauumLLas{f’udﬁagaaan

e duusuudsazimsldiliidunuamiounsnSuonirfeidunssdu (activation function)
aoun@ifleriduniswuas (transfer function) anunsaudald 2 Ussuande

WaAtunisulasBadu (Linear Transfer Function) Waﬁfé’unwsLLUmL%aLé'uawmiaL‘%‘ﬂui’l,ﬁaq
muduiusdudussnindayatouduasdeyadieandeiuislianunsameneulddmiuuensd
1 d ¥ o 1 I o aa £ o a W 1 e LS
amcﬂ,immummmauﬁ‘lﬂﬂwmmauwmwaﬁqn’uuﬂmmaqmLau%mmmqﬂwawasmmmﬁwa’m
Andeaad LLm'fhé’mﬁmiL‘%au':q'ﬁﬁﬂﬁaaIﬂ'mhﬂﬂ‘ixa’mLﬁtﬁu%mﬁwaumnﬁLﬁmLﬁ’lﬁwtﬂulﬂi%ﬁ
waRIBNuHTNAUTRIRn Mz adlaTe-Hedduntsulasdaduanuisadeuduannisui

ADAAIERTLE  f(X)=X

Aandunsudasldldi@adu (Nonlinear Transfer Function) eridunisuaslaleidady

Usznaumeareidunisulas 2 ¥infe

2.1 Fnueyaiendy (Sigmoid Punction) Inusssferitunieilaidunisulasiuudnuessastudlg
teyaloud” Mhiirfaliduiasesdoyadieaniisrinlned* Yrmestoyadsaanazegluds o s
¢ o a ¢ ) v & a da LYY Y ¢ o v v al
1 frdunisulasiuuBnusssiasuanidnvasvesdainsiiifinududlndaudilodeyatoudn
TwIuLntuReuIsnTEnduLUULIsGounduil ingUsrasieanuanssnuiid waseuunaves

o Vel I 1 g at L7 “ -J I : al o I
syuslullvifiwansenudeanimidnlagiulay vrvasnIsUaguudasardmidngnitualaea)

1

2/
o w fw 0 @

Tegduiuenesnudrdagiudmivaniminuasanuliudsudasdraziuiudesuius vos
anduduiusiua unminiifissmaneldgiiudmiunsassidisevasuazartiagdu "azanag

cdo W o

Lﬁaaqﬁ’uﬁmauwuﬁﬁuﬁmﬁﬂLﬂﬁauwaam%wu"remﬂmsﬂ'szﬁ'lfa?ﬁauﬁauﬁwauﬁuél,vhﬁ‘u@ué
uansdrendagiudinady fidunsulawuulnuessannsadouduaunimendamansuay

wanale
A= 1/(1+en(x))

2.2 WeAdulawasludnunuiaus (Hyperbolic Tangent Function) flsAdunisudasuuulaiaslua
nwmuuAlidnwusuisatuilsidunmsulatiuulnuesd (sigmoid transfer-function) wis sy
Wiswevesdoyadsoanazaglurag -1 e +1 Aeidunisulauulawasludnunuausdaansndoy

Wuaunisvsadinmansuasuandls

= (1-eN=x))V/(1+er-x))



2.4.5 msusggndldiulaseeussamiloulasatoUssamidion

=1 « - o a rel 1% [ v W as
tudamsurusmilansenulygssfvgiivssandldanuianvainuaisanymisandide sy

L3

ar 1 [
WUINUUAIENS

L ]

lﬁ" A QI L 1 1 = o
nfaiunumednduiagtunanlaealasehoussamifieausatn

as

Uszgnalldiiuausiusitag g

L nduunguuu (pattern recogni tion) iuntsuesdiutaguienisiinmeidummite

wlamauviung

2. m3vinune (prediction) wiemswensal (forecasting) lWuNMsMuIBTIMTUYEIMAM

nannIwanisnensaldnsinisinarasiiniswennsals e dusiiusy

3. M3AUAY (control) LTUNISATUANTEUUTDUATETUBINIANISAMUANTEUULATBIE LS

wan1IAIUANuEuUALT Uy

25



26

- ST | as aa
2.5 ﬂ'}quﬁl‘uaqm‘ULﬂﬂanﬂqiﬂizﬂ?aﬂaﬂq‘WﬂQWaﬂ

Wunisulavdinyrandtynyinueusden (Analogue signal) Wit lugluesdtunnaaa (Digital
. lﬂl L% - -« } 74 o o k7 -
signal) tiallinaudamaiaunsol szunanald IngrzuuasiInITAUIIAENTZLUNAT Sampling uax
Quantization Tngazuaninaluslinmesdaa aniliaaniin wafazdniiudeyaliaglupluwnnesiaulriin

anfurd lnuwiaztasvesiaudrenfisdazuaniteguanin luustasswunlueanin

Creation of a Digital Image
Analog Image Digital Sampling Pixel Quantization

248 :«]m mszmim 281 xsi
24 [245(210] 03 | a1 [120] 97 [raazsaf
[sa}s70]133] 84 [ 137 120{s04vas]263
241 |116{ 118107 134[134] 56 | 52 | 163
277 {1a)s 21|24 s18[ra7] 71 [179)
224 108] 84 |126] 7 [s0a]s2s[s0a]204f
241 [202]102] 3] 78 | 78 |24t 246 252f
263|252 244[238] 78] 19a[2az2saf2as]
S S 7 T 0 T BT E

o

d Qa
JUT 2.13 nswdasnmueusdanliliunwaivia

2.6 unsgIUveLd

< ]

umsguvesdluagiuilogransszuulagnstiuediunsilFudwninassiuiiuuain

y U

WAty Ae nsunugameaiegluaila 3 J7 Togssdunudedsdmiundiuluaa Fuday

unuildasveiany
2.6.1 53uud RGB

Aassuvdvenaduinnnnainmeashuwiudi@y - mnnnsAnwwudiusuutes
uaaEiuminaInuasd 3 & A Huas (Red) Bihidu (Blue) wazddlys (Green) lathunanssuiuae

Weanludlug

g‘lJ‘ﬁ 2.14 32UUA RGB (Red-Green-Blue)
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- Uszunvwedd (Hue) : Ae 1and Tnefidiwos Hue axil1aed Hue Svwing 0-359 Geezld
fruntaddsuulasesduas (Hue = 0) USEiTen (Hue = 120) uwazandiferludsii
[3u (Hue = 240) uazanihduludduns

- Pwdushuesd (Saturation) : A Aitssyirdduegieanununatsnnwiila e
Saturation fiAundufasyiliERlTAnd A eeiulandtuwintanniy

- AwaiYeed (Lightness/Brightness) : Aia Ailldszyhdtuiawaiannuiila den
Lightness SAnunniuasviilianletduussnavvasivundy lumanduiy 01271

arilalavasiavyinlvanlaftdiuUsenevrasdniuiniy

frors RN o,

g‘dﬁ 2.15 y3uuUd HSL (Hue-Saturation-Lightness)

4w = | v v o - A g v
LllaLTWI%iEUUﬂLLa5ﬂ75u53m3aﬂ']ﬂﬁ"lﬁ‘]LLa'J ﬁ]gﬂaﬁwqﬂ"l'iL'UUUIﬂiL‘nﬂigJLWE]I'U\?']UHW?F]']UF}N

2 Ly Jﬂ.) v = ¢ 2 2, o CY ") L)
Tilanusaanis Inalundisaldnwdandd Feazilvoyalvdnwiuasihllalunsdeulumdadaly

2.7 Arwndlysy

= o ar " [ L4
CH# An nnanRmaiigniRuTTag Microsoft Tnaiiqmiaanglunmuauansanisdam

. o & g o
189 CH+ Uuaz Wiudmnininuafineil Java axunnede dnaaamazaonTuniruanilfauairaumeauas

sy uasinliginnnatwidsunrudszandlunnanesinia nun i Wunasninirdedveansn
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AN (1Bun7 Delphi, N CH+) wnnlfunl e lidaniu 0oP (Wrunsu@eing) nniu susideniug
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2.8 Stepping Motor

Stepping Motor Wuawmeslwiiduindeusiowad fanwagnstundeulagntsmyusey

=5

3 d 64 ] ol A
LN 360 DIAT WAET ﬂHﬂJ312JF]BLMEN%%LF]BE\NIUL%HE‘IL&U Immmaxmﬁms‘umﬂaaulﬁ 1,15, 18

[
= 1

V39 2 931 FeazTuediuudazlassadieswewed Tenvesemaslsuaviae daunsarmiua

u

swmisrasmsuyuldegnanivegn Tnenistday Stepping Motor 1u Talanusaldeumioriauls

2 ed 1 W o I . .
ledasilgunsalitelunstuedeuneinesiiufe Stepping Motor Drive

ngilunuissihuemeiussaviluldouanunuifesmsimumisdiiausiugg wu ssuy

a o as e < @ & = o al o 1 o o
"U"ULﬂﬁaUﬁ’JLLMWQJWﬂLULF}‘SQﬂWSJW (PRINTER) m%ﬁmﬁﬂﬂmama‘%‘lum'ﬂaaummuwaamwuﬁ L‘ﬂ‘u

a

A

31]17{ 2.17 Stepping Motor Driver
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o 1 = d
2.9 mLmuwmmammémﬂsqngwian

m3szyiumisresnneiindazlizuuidureuit udussuuildvendumisesinguy

viesiiregmiloveufindusssemuyuiilauazegraainduminiisuuuveuiinnndesiiieds

=

n‘ :? = W . a3 1 s a n"’ =l e
laef szuvidaviiduveuiin (Horizon) Wunnaulugnan Te-eefiunvesszuuil Sandrdadan

u

= <

(Altitude, ) wazas@ym (Azimuth, ) InsTayueuasueydysainaiteniing Tasrvaumissasd

ATuILTgAgegaveniteiing aanturzAssqanaiioniteiingan druyuedysavian

wasullunsiaynaisduandiiuiviumisemserindinaudeuamasaiaa

Celestial meridian

Horizontal plane

Projection of line to sun

U 2.18 uamanuduiusvewuesdun yusaigauazianeiin
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ASATWIAIULBIA N inda e unalas i unausra lUs

aueiin (Zenith, 6 z)

6.=90" -« (2.1)

Tunsisanaunisvemandiuiy sxiinssinunneslussuuiifn asimdey
(Cartesian Coordinate System) Ingliszuiu xy 1Wuszuunsiassvesian seunseiinduasz

E
s

P )
Wuszuuidsaindussuny xy

Dec. 21

Sept. 21

= v o 3 ) -
JUN 2.19 mmduiusvesanweinislaesveslansaunisaiiing

We A fie L:ﬂma'fwﬁamwmmlmLt.ﬂwquian fmandalanlaludainlanmie
R Ae tinweinimuisnussununisnisiassteslanseusieing

O Ao YuIININA " uay R°

D fe ssuzmadauvendavsvedlaniasdmualifudnnuiuly 1 seul

Ds Ao 91w uiu Ds =1 Tutudl 21 $uanay wae Tusudt 20 Suinay
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180°
182.6 (2.2)

¢=(D, -1)

‘k — -—(COS ¢)£ + (Sin ¢)j, (23)

A=c0s(23.45°)% + sin(23.45°)3 (2.4)

nniguvesnadiuty sulugusznieiiduaerfiadivssuudurudgnsasld 41 A" &

annussuudumudgnsuasiyeadiuduiiiu

5=90° -0 25)

yu 0 wldnnanuduiusvesaunsdieanei

cos@=-R.A= cos¢@sin(23.45%)

(2.6)
JWEUNNT 2.1, 2.4 way 2.5 zld
sind =—cos| (D, —1) L sin(23.45%) (2.7)
a 826 ' !

) o W =) Y| w1
alin Wudwauiuluseutleen = 1Tusufl 1 unsaw a2lddn

o

sind =cos| (n—173) 0
182.6

}sin(23 45%) (2.8)



yu‘ﬁ.”ﬂm (Hour angle, W )

w=15,-12)

B3

= a4 a a
Wa ts Ag agIazARUIINg

aun191a1 (Equation of Time, EQT)

EQT = 602[.4*. cos[

k=0

365.25

(2.9)

360/ J + B, sin S50, minutes (2.10)
0525
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dl o ot - A al J L] L a ﬂ‘
Wie n Aetwauiuluseutleed n = 1Tutuil 1 unsau ArdUUsEaNS Ak uas Bk @wnsamn

leianensna

A 1 s =
M1519N 2.2 Aduusyansuss Ak uag Bk

e e
0 2.0870x10" 0
1 9.2869x10° ~1.229%10"
2 ~5.2258x10" ~1.5698x10"
3 ~1.3077x10° ~5.1602x10"
4 _2.1867x10" ~2.9823x10°
5 ~1.5100x10" —2.3463x10"
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Tudwvesmsdwaiumiweiniering wlihangiezaiusing suuneuiluduam

wevaaBuRaNTEY (Local Cock Time, LCT) Wunangiey advsing uasuandnesaunisia

W@aunou Jeansnsamlaainannuduiusuesaunis

AST:LCTir;f,iz,f+%

We LCT Ao viaviasdu
Tz A9 lwALa1 (Time Zone) wsaflavfivuaLus

o 1 L2 = 2 at
A fie adiduminduassigavasiFauna

v -

AUNTYDWNIARAIA

a =sin"' (sin&sing+cosdcoswcosg)  (93A)

A1N1TVDIYUDEAYN

£ = sin! —cosdsin@
A=sm | ——
cosa

] (23717)

119 cosmz[mﬁJ w2ld 4=180° - 4"
tan ¢

tan &
tan ¢

1ile cosru<[ ) a'ld A=360° + 4’

A" = cos™! Sin & cos ¢ —cos & cos wsin ¢
cosa

J (23F17)

(2.11)

(2.12)

(2.13)

(2.14)
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1319 sinw > 09214 A=360° - 4"

1119 sinw<( 22 la A= 4"

yualuevesnneindiuuasan (Hour Angle for Sunset and Sunrise, (W s )

@, =cos”' (—tan § tan g) (2.15)

-3 ol - d" ld - o L7 1 .:l
w s Wuavdwiuanafiedfulasduvinilenieringnn dmsu W s wiasdudalis

annsamlananng
24 Y
@, =*——xcos™ (—tandtan 2.16
360 ( ?) P

AUEIVDINANTU 3816970

24
Hours of daylight =2 x—
360 2.17)

LangiuzaRvamNeIindTulazanazmlaain

AST=(12.00+e,)  (F2T) (2.18)
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2.10 Levenberg-Marquardt Algorithm

2.10.1 Levenberg-Marquardt Algorithm

'
Vo a

lundinenansuasnouiiaines dane3su Levenberg — Marquardt (LM) viefisdniuluie s
the damped least-squares (DLS) method 1‘8117'»1@LLﬁﬂfy,mﬁ'aé’aaaaﬁlmﬂu@uﬁu fane3ty
Levenberg — Marquardt (LM) gﬂ'l‘t’ﬂ.uLLanﬁLm'j"uﬂnawﬁ?m%ﬁwmumnﬁm%‘umsLtﬁﬂcyjmn'ﬁi}%’u
THauuuhly (generic curve-fitting problems) uaglasumsesnuuuanlmianulasanssuiieisy
n1sgayde (loss functions) Fufuguuuveasdiefianainfdeaessiuiy (the form of a sum of
squared errors) suvinaulalnglaifiesruan Hessian matrix wazanusaldauldtunneedls

5¥AUA (the eradient vector) waziuvidndaladoula

Asanieituntsgade(oss functions) Fsannsauanadunasiwesdefinnainiideass

YBUUUNBSH (the form of a sum of squared errors)

oy m Aedmuiiedsluyadoya

wansndeuvinnladouvesividumsgandslsdwsenaushueyiusuainuaain

P o 8/ a = €
LAADUNENGIVBINUNITIULRDS

38,-

A= Ow,;’ fori=1,....mandj=1,...,n

Tat m Asduusatinclugafeys uay n Aesmnunisiimelulasseyssamiion
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e o . 4 ° el
wnimeilaszdudvesiaidunisgeyde (The gradient vector of the loss function) aunsaAusndldd]

Vi=2J".e

E
Tae e iwnmefresdanuadafanaravenus

ludigaisanunsauszanaum3ndues Hessian shefinanoluil
T
Hf ~2J7 -3 + I

lag | fiswvEndiendnuel waz A e a damping factor that ensures the positiveness of

the Hessian

Iwaldaluimuanszuaunsuudswsilinedsesanesiiu Levenberg-Marquardt

W(H"l) f— W(l]
— (J(i)T i (O A1, (QJ(i)T el fori=0,1,...

ATWATUENUARSLH LN WA LA UNSTUIUNSENeUSLY BT eUs anyiTiaudae
faneifiu Levenberg-Marquardt dumauusnfien1siuianisgads nislassdud (the eradient)

UazN13UsEUIUUL Hessian (the Hessian approximation) 3nntiuwisnfiesnismiazgnuiv

weann1sgaydslunisiudusazass
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[ Evaluate loss index }

/ Improve neural network parameters\

Calculate gradient
Calculate Hessian approximation

Damping parameter

o Damping factor i

Stopping criteria = true

Stopping criteria = false

U7 2.20 wnupmanugdmiunszuiunsiineusimedlasidieUssaiisadedanas i

Levenberg-Marquardt

2.10.2 trainlm

W i Ly

trainlm uilsidunisilnevsuaieteiewanartminuasalusanunisin sy avE nm

U84 Levenberg-Marquardt LLastJué’aﬂa%ﬁmnﬂsLLWS'ﬂszmaé’auﬂé’uﬁL%uﬁejm’iundauﬂ%mﬁﬂu

TUswnsy Matlab
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=i
unn 3

walaNSAnAIUA29a IndwuvasiauLasafinglaelduszamiien

lutiggriwusatuildfnuiieafunisisaudunimuorinduuvastouuadasly
mﬂﬁﬂam31Ju,'u*umﬂ'isqﬂﬁLﬁa'lﬁszuuﬁUssﬁm%quqéaéu lngwpilausnfis n1sRasusULmLs
M917RdAne 58UV Neural network saziiiaussavamwlunsyineiitaruuiugannd s ag
nslideyailldthlussuaanadoyaasly Mathlab uazthAldluussgnaldfulusunsuiedntg
Tdaszuuseglivieuld wasdnneilaildsautuienislindenduuatlunmsUssinananmitldlag
THwmellauuriuidu (Machine Vision) uagUssanananiy (Image Processing) %‘qwﬂ'}né’aaaq"[uiu
wagundasdedlufmmenssiiemiunitvesiaseiingiidosasouainnszan Wenaznasds
nsluitawiutaueines (Stepping motor) Wiukunsvanasfeuuamameiinganlussum
fMvuniy 'lunizﬁﬁﬂénmﬂﬂ%’ﬁiatﬁaﬁ'\LLﬁﬁeﬁé‘i’aﬂﬁ'Luﬂ'iaﬁuiﬂLﬁmﬂwsﬂamemﬁauLﬁamnmaﬁai
YBITEUUNSAAAULEIRITIRE Wivn Neural network LufinasAiuamueaianasy ludiuesindes
way Machine Vision azlaifin1s1dau defvainisidivafinusniodiaunsofinniusiunue 09aig
oriindlausifuitilunnmennn deilveunafinfiaesdowiusuidoioiuaenluse Weriides

WATANNTIIEREY v sz uuiUseavsnnlantu
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3.1. ﬂ’liﬂﬂﬂLLUUIﬂiQ‘li'IEJU‘ESﬁ'WILﬁEJN

n1seenuuulAseBUsTamiisnasfentilaninitnuresssuulassedssamidiouneuin
finsvhaulafguuuy wazmahsuwuulnuiismnzauiunuivinedddunsdnisvinuluns
famushumisnnefinduuvasieunasdimududouiiveninlidenldifesanstuingy iadrese
N1388NkUY m'amwﬁaamwdﬂ'lum‘iv?'mm'l,ﬁlﬁmuﬁaqﬂﬁﬁy’uwﬁaqfﬁﬂﬁuwwLLammv’iwm'iﬂﬁﬁ’a
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= b= @t

Inundsmasenisinuresssuuil felutiygrinusaduildmuualidasunaiammn 5 & uas

9

LWIWAVIaNLR 2 6

3.1.1 Bunmitldlunsaialassdineyssamdioy

2
v

Liveuivioain 12 iieulagiFesious unsiau quaius funau wwisu wquniau Squnsu
nINIAYN FAN AULIBY AR WA SunAy
v o« [J v ada ° 1 < o L T | o
27 TUVRSMVUAMAIUNNLIIIIULAAzIADY fvualy 1T 8 365 Yu
° oo o Lt I Pl a o al
3198198 MUATNINAY 12 911N (SURau 06.00 u- 18.00 . Tneasiiuitag 1 uiil

4.0MLL Attritude 98902981 7RdL T UBrANSleINANNISNIINTS ALl

° 1 " a :l P o
5.0 UUs Azimuth ﬂ@ﬁﬁ?ﬂa']vlC‘lﬁ.l‘l,ﬂua@ﬂ']ﬂﬂ%w%']ﬂﬂuﬂqiﬂqﬂﬂqiﬂqu?m

3.1.2 Wninaildlumsadrelasstheyssamidio
o o o ) ol W =
LosmmanyuvssnszanivihlvinasasviouludimenssSunasluyuunuifiendu attritude

o 2 2/ L o =i LA .
2 psimImuraInsyanivibilasagviesuludimenss Sunaslugaunuieniu azimuth

3.1.3 mﬁLﬂsnzﬁiagasﬁaﬁ’uuﬂﬁa%’ﬂqIﬁﬂ'thﬂUi::mmﬁﬂu

< |y 1 ' a ° &
Weavsuaniiseinslunisladuwa uaziewing sesnAemadondruiulnuslutudeezanas

9
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wdn 1 furouueinadudensyin 12 muniionuuaiug uazdntuiiud 11 Tnusdmuslinng

WAT129i 1 Tvum 921 100 seu WeviaSaseunliintuuadaly Taonisviwisludeyaiindeu uas
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toyanmday Amualihiniiue 10 seu uasvhnmaassgwamedassay WemsiUssuiieudly
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3.1.4 nMsveassaumsAuanlugiuuudieg
Tngnsvaassasdinisiniaun 4 pRU AN

1. Hard limit transfer functions

2. Linear transfer functions

3. Log_sigmoid transfer functions

4. Tan_sigmoid transfer functions

3.1.5 maihlassgdszamiiesluntsszgndld

o nl.'u v d o ai v

MMTNIN1INRADIINLALE LAANAINUAIALAS DUTDINTITYIMSTABULAL A SNAABUS SUU TS
E1 v o o 4 o ) ai ol a o - o0 o =
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Time Experiment Calculation Motor Calculation Angle
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Time Experiment Calculation Motor Angle
16/04/2019 | Atitute | Azimuth Atitute Azimuth Atitute Azimuth

09:00 90.31 41.81 88.8 41.76 56.05 88.90
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10:00 87.65 56.14 92.56 56.33 54.36 96.07
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Time Experiment Calculation Motor Calculation Angle
16/04/2019 | Atitute | Azimuth Atitute Azimuth Atitute Azimuth
13:00 251.44 79.01 251.88 78.82 136.26 107.50
13:10 254.72 76.60 255.59 76.49 137.90 106.30
13:20 259.33 74.15 258.29 7412 140.20 105.07
13:30 25712 71.74 260.36 71.74 139.10 103.87
13:40 263.50 69.29 262.01 69.34 142.29 102.64
13:50 265.33 66.97 263.38 66.93 143.20 101.48
14:00 264.14 64.50 264,55 64.51 142.61 100.25
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n.1 DRV8825 motor drive

I$ TEXAS
INSTRUMENTS DRV8825
warey. i _com S NEAID - AP Z:E—!QW_ID SEFTENEER 2041
STEPPER MOTOR CONTROLLER IC
Check fot Samples: DRVES2S
FEATURES APPLICATIONS
+  PWM Microstepping Motor Driver Automatic Teller Machines
— Bulit-in Microstepping indexer Money Handling Machines
- Five-Bit Winding Current Control Aliows Up Video Securtty Cameras
to 32 Current Levels Printers
— Low MOSFET On-Reslistance Scanners
*  2.5-A Maximum Drive Current at 24 vV, 25°C Omce Automation Machines
» Bultdn 3.3-V Reference Output Gaming Machines
* 8.2-Vto 45-V Operating Supply Voltage Range Factory Automation
+ Thermaily Enhanced Surface Mount Package Robotics

DESCRIPTION

The DRV3E2S prowides an Imegrated motor drtver solution for printers, scanners, and other automated
equipm2nt applications. The device has tao H-bridge drvers, and can drve a bipoiar steppar motor or two DC
mMoWrs. The output driver Diock Tor each consists of N-channal power MOSFET'S configurad 3s full H-bnages o
arive the molor windings. The DRVBE2S can supply Up 10 2.5-A paak or 1.75-A RMS output cumrent {With proper
h2aisinking at 24 V ang 25°C).

A simpie stepddirection Intarface Fiows easy Intertacing to controller circults. Pins alow configuration of the
ma%or In fui-step up to 1/32-st2p modes. Decay mode ks programmabie.

Imtermnal shutdown funclions are provided %or overcument protection, short Groult protection, undervoiage lockouw:
and owertemperasure.

Th2 DRV3E2S s avallable In 3 23-pin HTSSOP package with PowerPAD™ (Eco-Mendly: RoHS & no SK/Br).

ORDERING INFORMATION ™
ORDERABLE PART TOP-SIDE
PACKAGE™ NUMBER MARKING
PowePAD™ (HTESOF) - PE | Foel of 2000 CRVESIGPWPR SE5

ITh PO U ool CUITRIE Diiasies) And ofderiry PILOMEon hee e Packinyt Opton ASSenaus &t the e of this CODITIE, OF Sl Thy T
vy Sle & aaw i o
(2] Pacage dpwing, thema data and sywitolzaben we avalatie al waw 1 Lo prechoeging
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DEVICE INFORMATION

Functional Block Diagram
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TEXAs
INSTRUMENTS DRV8825
www_tioom 2LVEATIO -APRL 2010-REVISED 2EFTEMBER 2011
Table 1. TERMINAL FUNCTIONS
in EXTERNAL COMPONENTS
NAME PN vo DESCRIPTION OR CONNECTIONS
POWER AND GROUND
GND 14, 28 - Davice ground
VA 4 = Brioge A power supply Connect to motor supply (8.2 - 45 V). Both
VMB 19 - Brioge B powsr supply pins must be connecied 0 same SUDRYy.
. _ Bypass o GND with a 0.47-UF £.3-V ceramic
V3P30UT 15 o 3.3-V raguiator output foe. Can be used 1o Supply VREF.
i ! 0 Charge pump flying capacttor Connect a 0.01-yF SO0-V capacitor betwesn
cP2 2 10 Charge pumg flying capacior CP1and CP2.
VCP 3 10 Hgh-si0e gate Irive votage 3;r_xneczauvl-pF 16V ceramic ¢apacivor to
CONTROL
Logic high to disable device OUEpUts and
NENSL 21 ] Enable Input Indexer aparation, logic iow to enabie. Intemal
purigown.

; 4 Logic high to enable device, logic low B enter
MRS , ’ Sieep mode nput IOW-pOWer sicep mods. Intemal puidown.
STED Rising e0ge causes the INdexar 1o Move one
e Y i ' o TR si2p. Intamal pulidown.

Lewa! sets the direclion of stepping. intamal
DIR 20 I Direction Input bopes
MODED s | Wctostag mode 0 MODED - MODE2 82t the step mode - full,
MODE?" 25 1 Microsten moge 1 172, 174, 1787 V1€, or 1732 step. Intemal
MODE2 2% I Microste moge 2 P
Low = slow decay. open = mixad dacay,
DECAY 19 | Decay mode high = f3st gecay.
Intemal pulidoan and puiup.
Active-dow reset input inltializes the indexer
NRESET 15 ] Reset iInput iogic and disadles the H-bridge owpuls.
Intamal putidoan.
AVREF 12 i Brioge A current sat referance input Referenca voltage for winding curren: se:.
Normaly AVREF and BVREF are connecied
BVREF 13 | Brioge B curmant set referancs input fa the same voltage. Can be connected o
VIPI0UT.
STATUS
NHOME 27 0D Home position Logic low when a2 home State of step tabie
0% Legic loa when In fault condition {ovenemp,
NFAULT 18 tola) Faur ooeitptin
OUTPUT
ISENA 5 10 Briage A ground / sense Connect 1o Current sense resistor 7or bridgs A
ISENB 9 10 Briage B ground | Isense CONNEC: to curren: sense resisior for bridgs B.
AQUTH S Q Brioge A outpat 1 Connect to bipoiar stapoer motor winding A.
ADUT2 7 0 Brioge A output 2 Positive curent Is AOUT1 — AOUT2
BOUTY 18 c Bridge B outpaut 1 Connect to bipolar stapper motor winding E.
Boutz2 8 0 Brigge B output 2 Positive current Is BOUT1 . BOUT2

(1) Directions: 1 = input, O = ouipit, OZ = ti-5tate outpLz, OD = open-drain output, IO = Inputioutpust




ABSOLUTE MAXIMUM RATINGS ¢!

CP1 & B GND
CP2 HEE B nHOME
VCP I M MODE2
VMA SE EER MODE1
AOUT! R B MODEO
ISENA SN EEm NC
AOUT2 BN STEP
BOUT? Nl S nENBL
ISENE N B DR
BOUT1 il BN DECAY
VME I B nFAULT
AVREF BEEE BN nSLEEP
BVREF R BE nRESET
GND mm BN V3P30UT

74

VALUE UNIT

VMX Power suppiy voltags range ~0.3 w0 47 v

Digital pin voitage rangs LS 7 v
VREF  Input voitage D34 v

ISENSEX pin votage 031008 v

Peak motor drive owput current, t < 1 us Internally imited A

ContinuoLs motor drive outowt current!™ 25 A

ESD ratng HBD (numan body madel) 2000 A

CDM (chargeg gevice madal) 500

Continuous total power dissipation Sae Dissipation Ratings tabie
Ty Operating juncion temperature range —20to 150 "C
Tuy Slorage tamperatura range —60 to 150 "

(1) Stresses Deyond those listad under absokite maximum ras
only, and functional operation of the device at these or any Oher condRions De
conditions 1s Not Implled. Exposure 1o absoiute maximumn rated

(2} A voRage values are with respect to network ground terminal.
{3) Power disspation and therma Imits must be observed.

THERMAL INFORMATION

CONGTONS for Ex1enged penogds may affect device reladiny.

Ngs May cause parmanant damage to the device. These are sress ratngs
yond those Ndicated uNGer recommanded operaing

DRVB825
THERMAL METRIC!! PWP UNITS
28 PINS
I Junction-io-ambient thermal resistance < 31.6
8 o Juncion-io-case (p) thermai resistance™ 15.9
19.¢ ~uNction-so-board therma resistanca 5E -
Yor Junction-io-top characterizaton paramessr's) 0.2
L) Juncton-to-board chasactenzation paramster!® E.5
- Junction-to-case (Dottomn) thermal resistance 7/ 1.4

(1) For more Information aDout raditiona and new themal
{2} The juncton-to-ampient thermal resistance under nas

specified In JESDS1-7, In an environment described In JESDE1-2a.

{3) The Junclion-to-case (top) Mermal resistancs s ootained by simulating a cold

JEDEC-standard

temperalure, as descnbed In JESDS1-3.

(S) The junction-to-lop characterization parameter, y ;. estimates
from the simuation data for obtaining 8.4, using a procedure d
{6) The junclion-to-boart characterization

from

(7) The junction-to-case
JEDEC standard test exists. but a close description can be Bund In the ANSI

1est eXISs, bt 3 ciose gescription can be found in the ANSI
{4) The junclion-to-00ard tharmal resistance s obiaIned by simuiatng In an envronment

e junction temperature of 3 devica in a real system and is exracted
escribed in JESDES1-2a (sectlons 6 and 7).

parameter, goe, estimates Me Junction o 3 device In a real system and Is axtracted

piate test on the package tap. No Speclic
SEMI standard G30-5€.

the siMuiation data r oBaIning 8 ,, . USIg a procedure desCrded In JESDS1-23 (56c2i00s 6 and 7,

(bottom) thermal resistance is obalned by simutating a coid

RECOMMEMNDED OPERATING CONDITIONS

SEMI standara G30-835.

MRUICs, see the IC Package Thermal Metrics application report, SPRASSS.
ural convection is oblained in 3 stmulation on 3 JEDEC-standard, high-K board, as

Wiih 3 ring cold piate fixture to controi the PCB

piate test on the expoead (power) pad. No spedific

UNIT

MIN NOM MAX
Vi Motor power supply voltage range*" 8.2 £5 v
Vger VREF Input voitage™) 1 as v
[ V3P3OUT load cument 0 1 mA

{1) AllVy, pins must be connacted 10 the same supply woltage.
{2) Operatonal at VREF betwean 0V ant 1 V, but accuracy Is degraged.



ELECTRICAL CHARACTERISTICS
cver cperating free-ar temperature range of -30°C % £5°C (uniess othemwise noted)
PARAMETER TEST CONDETIONS [ P max| umim
POWER SUPPLES
™ WM cperating supply cunent VyaZdv £ & mh
ks UM sloer Mode sufpdy cutent [y a8V 0 ] Wi
Vous | VM underiolinge boiod vomade | iy fsirg TE &2 \']
VIPIOUT REGUILATOR
Vips | VAPROLT volage [1o0T 2610 1 I 33 3] v
LOGKCLEVEL INPUTS
Vi L o vwiltane o€ o7 v
Wi el high volade 22 536 v
Vo bt hsier s a3 Q45 833 v
he gt bow arent VIN =D -2 x uA
. Ipa high tuvert VINZ=33V 100 [T
Fins bulernal puldoan sesmtalie 100 3s)
sHOME, sFAULT OUTPUTS (OPEN-DRAIN OUTPUTS)
Vi s bow wolliye o= SmA G5 ¥
lewi O hig™ ledbidd cument Va2 33V 1 WA
DECAY INPUT
Vi I e Preshold woliae Fev show decay finde (3 v
Visi Inp high theesboid wiltare For fast comy ol g Vv
I nput currere 030 ph
Ry :'J;rvga puliip resslanos 1o 1o kY 0
Mo lernal paidoan reestatre 8 i
H-BRIDGE FETS
" ; V=24V = 1A TS 2800 2
- ik & W Vy= P4V o2 1A T, 2 B5C T
‘ LS FET ors resistance N 228V ips 1A T =280 2
Vw28V in=14 T;=85C Q25 Q32
Iy | Of-tile ieabape cirrert ~20 4l pA
MOTOR DRIVER
o :*:r:n :;.mrt ooritrol PYWM a0 K
tanw, | Cutrert sense tlarking e 4 Y
_!:- e G % 2. ]
te Fall tme . 20 i
PROTECTION CIRCIATS
s Owersirren! prolecston I kevel 3 A
tees %::‘u‘rmf prolecion degideh 2z -
tries Thetmal st lenpeiatie | D tengeratue 50 180 150 G
CURRENT CONTROL
ingr IVREF pu oarert AVREF 233V -3 3 [FLY
Ve | 18ENSE tip voltage XVREF = 33V 100% cummert sefing £3¢ BE0 &6 mv
AVREF = 3 3V E8% symment seting 28 2%
S Cravart trip accureny AVREF = 33V 10%-34% curent setting ~18 15 ”
ireiatve W programmed vike) [ WREF < 33 30%ETH cuTent seding -10 10 )
AVREF = 3.3V, TY%-100% cumrest saling & 5
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ELECTRICAL CHARACTERISTICS (continued)
over operaling free-ar temperature range of -40°C 0 85°C (urvess othamise noted)

PARAMETER TEST CONDNTIONS M TYP MAX UNIT
Asonse | Cumere seme ampifior e Relerenie oty 3 Vi
TIMING REQUIREMENTS
M MAX | UNIT
1 s e treguency 250 Wz
2 | weesTen Puse dxuton, STEP tigh 16 L
3 e Puse dxaten, STER bw 14 s
4 e Setup e, command 3 STES rming 650 %
S | weser Foks trne, command 19 STEP rising 850 %
€ |ew Enabie S, nENBL adtive 10 STEF 650 e
T e ‘Wigmup lime, nELEEP inactive 1o ETER 17 e
- :l » »

DIR, MODEX 13,
nENBL ~ |
.fo»
nSLEEP __j

Figure 1. Timing Diagram
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Current Regulation

The current through the motor windings is reguiated by 3 fixed-Taquency PWM curent regulaton, of curent
- When an H-bridge Is enabled, current nses through the winding at a rate dependant on the DC voRage

and Inductance of the winding. Once the cumment hits the cuTent chopping Mreshoid, the bridge disadies he

current until the beginning of the next PViM cycle.

in stepping motors, current raguiation is used 1o valy the cumant In the two windngs In 3 semi-sinusoigal fashion

to provide smooth molon.

Th2 PAVM chopping current is set by a comparator which compares Me voltage across a curTen: sense resistor

connactad to the XISEN pins, multipiied by a Tactor of £, with a reference voltage. The reference voRage Is Input

from the XVREF pins.

The fullscale (100%) chopping currant Is cakculated In Equation 1.
I.,n.v - gy
S Rm; {1
Exampie:
It a ©.25-0 sense resisior is usad and the VREFX pin Is 2.5 V, the ful-scale {10C%; cnopplng curent wil be
25V/(5x0250) =2 A

The referenca voitage is scalad by an Intemal DAC that allows T3ctoNa stapping of 3 bIDOIar stapper motor, 35
dascribed In the microstepping dexer saction below.

Decay Mode
During PWM cument chopping, the H-Dridge is enadled 1 drive current through the motor winding untt the PWM

cument moppmg theeshoid Is reach=d. This is shown In Flgrure 3 35 €352 1. The currem: fioa drection shoan
Indicates positive cument fiow.

Once the chopping cument threshoid Is reached, the H-bfiage can operate In two different states, fast decay of
siow gecay.
In Tast gacay mode, once the PWWM chopping curment lewel has been reached, the H-biage reverses siate 10

diow winding current to fiow In 3 reverse direction. As te winding cument approaches zero, e bridge Is
dsabied 10 prevent any reverse cument Now. Fast decay mode is Shoan In Figure 3 35 ca3se 2.

In siow decay mode, windng current Is recircutated by enadling bem of Me loa-sise FETS i the trioge. This Is
shown In Figure 3 as case 3.

43 fia

S (D —e- - L @wcm

-WTI-M—WJ"I’Y\’\._ﬂ_rJ."mﬁ (Z)F 0w 20007 trevwrsm

”‘““"@"‘“,: @Stumum';u
!
3

- A

b

Figure 3. Decay Mode
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Th2 DRVEE2S suppoets fast decay, slow decay and 3 mixad decay mode. Siow, fast, or mixed decay mode is
sejacted by e state of the DECAY pin - Iogc low selects siow decay, open seiects mixed decay operation, and
logic Nigh s&s fast decay mode. The DECAY pin has both an Int2mal puiup resistor of approxmately 130 k0
and an in2mal pulidown resistor of approximaiely £0 k2. This sats the mixed decay mods If the pin is left open
or undriven.

Mixed decay mode begins as fast decay, but at a Mxad perod of time (T5% of the PAM cyciz] switches (o siow
d2c3y mod2 for the remainder of the Mxad PWM pertod. This 0cours only It the curent through the winding s
g2creasing (per the indexer step tabie); If the cument s incre3sing, then slow decay Is used.

Blanking Time

After the cument Is enabled In an H-bridge, the voitage on e XISEN ph is ignored for a fxed periad of tme
bafore enabiing the cuTent sense CIcURTy. This banking Sme Is fixad & 3.75 ps. Note that the bianking time aiso
s&t5 e minimum on tma of the PAYM.

Microstepping Indexer

Bull-n Indexar logic In the DRVEE2S aloas 3 numbder of difierent siepping contgurations. The MODED - MODE2
pins ar2 used 10 confgure the stepping format 35 shown In Tabie 2.

Tabie 2. Stepping Format

MODE2 MODEY MODED STEP MOOE
Q 0 ¢ Full step | 2-ptvase eiidation) wih T1% suoent
4] ) 1 WL slep | 1.2 phusse ewidaton)
0 1 0 W slep (W12 phase exciation)
4] 1 1 £ nucroateps ! slep
1 a a TE pecrosleps { step
1 2 s L mutrostere [ step
1 1 0 2 medroslage [ seD
1 1 1 X microulegs | sep

Taole 3 shows the reiative current and step direcions for different saiings of MODEX. At 23ch nsing 2dge of the
STEP Input, e Indexer Faveis 1o the next state In the tatie. The drecton is shown whh the DIR pin hign; If the
DIR pin is low the sequence is reversed Fositive current Is defined as xOUT1 = positwe with respect to xOUT2.

Note that I the step mode is changad while stepping. the Indexar wik advance o the next vald siate for the new
MODEX sefting at the nising 2dge of STEP.

The home stae Is 45°. This state Is emered at powes-up or 3polication of NRESET. This Is shoan In Tabie 3 by
the shaded oells. The logic Inputs DIR, STEP, NRESET and MODEX Nave itemal pusdown resistors of 100 k.

Table 3. Relative Current and Step Directions

_ FULL WINDING WINDING ELECTRICAL
VIZSTEP [1/16 STEP| 18 STEP | 14 STEP | 12 STEP STEP CURRENT CURRENT ANGLE
TN A 8
1 1 1 1 1 1005 158 ]
z 1006% &% 3
3 v 100 105 ]
4 e 15% 8
-2 3 2 9% i 3 1
€ ST 8%, T4
7 4 72 ot 3 L
& %39, i Pl
G g 3 Z G2% % 23
10 wWre 47 25
11 ] 8% 47% 25




Table 3. Relatlve Current and $tep Directions [continusd)

, AaL WiiOn WADNG | g1 ecTRicAL
132 STEP | 116 8TEP| 18 STEP | 14 STEP | 12 STEP %‘&P cmzsm CUR;%ENT ANGLE

1z 55 ST 31
13 T 4 o oy 3 kel
14 & 605 37
15 8 % £ »
1€ T E7% 42
1§ g 5 3 2 1 TN T 45
18 E7% Ta% 48
1% 10 3% e 81
P 0% BO% 63
s 11 & o5 3% ]
= £1%, S, 5
23 12 47 AR% &2
24 47 0%, &5
o] 13 7 4 I 0% g5
b g G ]
o 14 by o 8 Py 7
p.3 2 "o 75
pe." 18 & 209 e 0
30 15% 505 g
1] 18 105 1005 84
3z % 100 a7
33 7 9 3 3 % 100%: 00
34 ~5% 1005 93
k3 18 VO, 1005 9%
= -1 5% Fe 4
3w 19 W0 P o, 101
3 2% G 104
3% 0 ~ oo L
& 3% Gl 1
41 Py i1 € ~3E3 s 13
&2 439 G0%, 115
F3) 22 T, 88%, 118
i3 1% B4, 121
4 23 12 -5 ks 3 124
3 -60%, A% ur
47 V) -E3% e 129
42 -ET% T8 132
&5 6 T3 T 4 v, ~T1% T 135
53 -7 4% ET% 138
51 % ~TT% E¥n 141
5% S0 0% 13
53 2 14 L3% ke, e
5 ~-B5% 353 &
5L b} -85% 479 152
% ~O0Re 4% 155
T | LE] & 2% % 158
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Table 3. Reiatlve Current and Step Directions (continued)

FULL WINDING WINDING ELECTRICAL
132 STEP [1/16 STEP| 18 STEP | 14 STEP | 12 STEP S?;E&P CI.RARENT cmgzm ANGLE

) kY, A8 w
58 £l O, 9% wi
&0 ~47% I8N e
81 Kl %5 &% 0% i
& 5, 15% e

3 =2 ~700% 10% 74
&4 ~100% % 177
&2 3 17 ¥ -] ~1008% 0% 180
& ~100% ~5%, 183

7 34 ~100% ~10% 18
& L, ~15%, 185
&5 35 8 -, B 4o 9 0
70 7% —24% T
74 £ b, 20 197
72 ~Hd% ~34% 00
73 Ko 10 10 2% -38%, 05
T4 0 4% pt
75 38 ~B5%; T -
TE -8, £S1% 211
bz ) 20 -B3% 5% 4
7 -8 &0 a7
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Table 3. Relative Current and Step Directions (continued)

FuLL WHNDING WINDING ELECTRICAL
132 STEP |1/16 STEP| 1B STEP | 14 STEP | 12 STEP ?_.?LE‘P CLﬂfB{T CIHEREH'! ANGLE
04 34% ~54% 200
0h -] 7 14 k2 8 0% 23
e 43 -5 25
T 4 479 -85% P’ -
e &1, ~BES i
W &5 28 e ~B3% 304
10 6% ~80% K nd
1 ] X ~TT% X4
12 ET% ~TE% N2
113 &7 . 1£ 8 4 Ti% ~T1% K)
114 &% BT Kt}
8 %8 T ~E3% ™
116 B0, 80 3
Wi 2] kcH] x4 ~GE% e
118 B «51% 5
19 €0 B | 4T ECr
20 0%, 3% K<
12t €1 K} 1€ e ~38% 3EE
22 G, -85 a0
23 €2 95 -2 X
124 'y ~24% e
24 63 » G, -2 MG
. [ -5 K
w7 64 100% - 1% 354
28 1000 _ w7

nRESET, nENBLE and nSLEEP Operation

The nRESET pin, when driven active low, resets Internal logic, and resets the step tabée 1 the home posion. it
aiso disables the H-dridge drivers. The STEP Input Is ignored while nRESET is actve.

The nENBL pin Is used to control the output drtvers and enable/disabie oparation of the Indexer. Wnen NENEL s
low, the ouput H-Dridges are enabled, ad rising eoges on the STEP pin are recognized. When NENBL Is high,
the H-bridges are disabied, the outputs are In 3 high-mpedance ste, and e STEP input s ignored.

Drhing NSLEEP low will put the devio Into a low powsr sleep state. in this state, the H-bridges are disabiad, the
gate dfve charge pump Is stopped, the V3P3OUT reguiator is disabled, and all ntemal ciocks are stopped. In
this state all inputs are Ignored untll NSLEEP retwms nacthve high. When retuming from sieep mode, some time
(approximately 1 ms) neads to pass before applying 3 STEP Input, to aliow the intemal cirulry o stabiitze. Note
that nRESET and nENAELE have intemal pulldown resistors of approximately 100 kQ. The nSLEEP pin has an
internal pulldown resistor of 1 MQ. NSLEEP and nRESET signals need to be ariven 1o logic high for device

operation.
Protection Circuits
The DRVBE2S Is fully protected against undervoliage, 0wercument and overtemperature evenss.



Overcurrent Protection (OCP)

An analog current imit circul on 2ach FET #mits the current through tha FET by removing the gate drive. If this
anaog curent Iimit parsists for jonger than e OCP tme, all FETs in the H-brioge wil be ®sabied and the
NFAULT pin will b2 driven jow. The device wi remain dsabied untll erther nRESET pin is aopiled, or VM is
removad and re-appiled.

Cwarcurent condTons cn both high and low side oevices; l.e., 3 short 1o ground, SULPly, OF 3cross the motor
winding wii all resur: In an overcurrent shutdown. Nota that overcuent protection does Not use the CUTent Sense
circutiry used for PAVM current controi, and is Independent of the I, resisior value or VREF voitage.

Thermal Shutdown (TSD)

I7 the dle :2mperatura excaeds 53% limits, all FETs i the H-brdge wil b2 dsabied and Me NFAULT pin wii be
ariven low. Once the die temperature has f3lien to a safe level operation Wik automatically resume.
Undervoltage Lockout (UVLO)

I at any im2 e vorage on the VM fins falis baiow the undervatage iockout thresnoid votage, il Groutry in the
g2vice Wil be isabled and Intemal logic Wit be recet Operation will resums When V,, rises aoowe the UVLO
threshold.
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THERMAL INFORMATION

Thermal Protection

Th2 DRVBE2S has thermal shuidoan (TSD) as described above. If the die 2mperature exceeds approximately
150°C. the gavice wil be Js3dled untl the temperature drops 10 3 53% level

Any tendency of the device 1o enter TSD Is an indication of 2lther excassive poaer dissipation, Insufficient
h2atsinking, or too high 3an ambient tamperature.

Power Dissipation

Power dissipation In ths DRVBE2E Is dominated by the power dissipated in the output FET reslstancs, of Rosion.
Average power dssipation when running a stepper motor can be roughly esimated by Squation 2.

F i 4. R.-.w‘-;n, ¥ {I..c.'umr 2

where Py, Is e 10tal pOer dISSIDaion, Rygo, IS tE FEGSIANCE of €3ch FET, aNd 1.y e, 'S M RMS output
curment being apollad 10 £3Ch WINING. L ;e 16 €QUAI 10 the approximately 0.7x the fI-6Ca2 OUDL CurTent
setting. The factor of £ Comes from te Q3ct that there are two motor windings, and a: any instant two FETs are

conducting winding current for &ach windng (one igh-sid2 and one Ioa-sige).

Th2 maximum amount of power that can be dssipated in the g2vice s dependent on amoient temperature and
heatsinking.

Noi& At Ry, INCreases with temperature, 50 3s Mie 02vice haats, e power WsSIpation INcraasss. This must
b taken o considzration when sizing the heatsink.

Heatsinking

Th2 PowarPAD™ package Us26 an exposed pad % remove heat from the davice. For prooer operation, this pad
mus: be themally connected 0 copper on the PCB to dissipale heat On a muit-layer PCE 'afth 3 ground piane,
Dhis can be accomplished by adding a number of Vias 10 connect the tharmal pad 10 the ground plane. On PCBs
without Intemal planee, Coppar area can be added on elther side of Me PCH to dissipate heat If the copper area

Is on the opposite side of the PCE fom the device, themmal vias are usad to transfer the heat batwean top and
botiom I3yers.

For d2tals about how to design the PCB, refer to Ti applicalion report SLMADIZ, ~ PowerPAD™ Themaly
Enhancad Package™ and TI applcation brief SLMAQDS, * PowerPAD™ Made Easy’, availabie at www.t.com.

In general, the more copper area that can be Provided, the More power ¢an be Aissipated. T can be seen that the
heaisink effectveness Increases rapidly 1o about 20 o7, then ievels Off somewna: for larger areas.
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PACKAGING INFORMATION

Orderable Device Statug " Package Type Package Pins  PackageQly  peqpion @ Lead/ MSL Peak Tomp ™ Samples
DRVESZEPWR ACTIVE HTSSCPR PWP % 5c Green (RoHS CUNIPDAY Leve-3-250C-163 HR
& 10 SbiSr)
DRVEB2EPWPR ACTIVE  HTSSOP PWP 28 2000 Green (RoHS CUNIPDAY Leyai-3-2600-1€3 HR
& no SEr

"™ The manketing status valuss are sefined as foliows:

ACTIVE: Product device recommended for new 02signs.

LIFEBUY: Tl has announcad that the device wik be discontnuad, and a etime-buy penod Is in effect

NRND: Not recommended r new designs. Device |s In production 1o suppor: existing customess, but T1 doss not racommend using this part in 3 new dasign.
PREVIEW: Davice has been announced bu? Is not In proguction. Sampies may or may not de availadie.

OBSOLETE: Tl has discontinued the production of the devica.

121 £¢0 Plan - The planned €co-endly Gassification: PL-Free (RoHS), Po-Fre {RoHS Exempt), o Green {ROHS & no S0/5r)- please check hatpiwaa . comiproguctzantent for the latest avaiatil
Information and additonal product contant detalls.

TBD: Tne Po-Free/Green conversion plan has not baen defined.

PD-Fred {ROHS): TI's tefms "Lead-Free” or "Pb-Frae” mean semiconducior products that are compatiole with the curent RoHS requirements for al € substances, icluding the raquiremant M
lead not excead C.1% Dy weight In homogeneous materals. Where designed o be Soidered at high temperatures, T Pb-Free produsts are sultable 10 use In spadified iad-es Procasses.
PDb-Fres (RoHS Exempt): This component has 3 RoHS exempaion for alther 1) l2ac-based fip-chip solder bumps used betwe2n the diz and package. o 2) l2at-based die adhesive used batwie
the di2 and leadframe. The component is otherwis: considered Fo-Free (ROHS compatibia) as defined abave.

Green (RoHS & no Sb/Br): Ti oefines "Green 1o mean Po-Free (RoAS compatibi), and free of Bromine (Br) and Antimony {S7) based lame retardants (Sr or Sb do not exceed 0.1% by waig:
In homogenecus material)

™ ML, Peak Temp. - The Molsture Sensaivty Level raing according to the JEDEG Industry standard ciassMications, and peak s0MEr temperature

Important information and Disclaimer: The information Providad on this page represants TI's knowieage and beliel as ofthe date that f is prostaed. Tibases e knoaiecge and talie! on informatio
proviced by thira parties, and makes no rapresentation or warmanty as %o the accuracy of such Information. Efforts are undenway ta bettar Iniegrate information from thind parties. T! has taken an
coniinues to Lake reasonable sieps 1o proviee representative and accurate informalion but may not have conductad esTuctve 18t of chemical analysis on hcoming matertals and chemicals
Ti and T| suppiiers consider cantain information io be proprietary, and thus CAS numbers and othar [imned Information may not be avaliabiz *or release.

I no &vent snal TI's Rabitcy ansing out of such nformation excesd Me tatal purchase price of the TI parys) at issue In s SocuUmENt oo by T1 10 CUSIOMer 67 an 27nual basts,
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TARY AND REFI INFORNATION

A Srrer-adcrs e norrdrel
Device Pachage | Packige | Pina | SPQ Fewl Rt AL 80 w0 P w Pint
Type |Drawing Im Wistn | fovan) | i) | deeees) | (roesd | (eems) [Quadran
M| 1 fmaen}
CRVBECSPNTR HTSEOP| PWwWe 25 2000 3300 6 4 €9 0z k-] 20 | S0 a1




TAPE AMD REEL BOX DMENSIONS

- -
“AI Smersoss sre nomine
Device Package Type |Package Drawing| Pins SPO Length {rmm) | Width {mm) | Heipht (sem)
CEVEBRISPWPR HT3EoP WA B 00 e 3 280




PWP (R-PDSO-G28)
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PowerPAD™ PLASTIC SMALL OUTLINE

Q564 61

NOTLS:

P Rwm>

~r

Al liner dimensions are in mBimeters,

Tir droving is mbjec! o chavge withos! nefice,

S0ty dmereions 41 rol incude mad Tosh of protrueions. Wol¢ e and protrueine sl 507 tacesd D13 pr side

e podnge it fesiyied 1o be smldered 1 ¢ Bermd ped o0 Pe board.  Refw Jo Tocivsl Brial, PeowPot

Trarmaly Erhanced Pockege, Tanas ity Uterchirs No SHAQD for information tegerdeq

‘ boyoul. This dcurrent is ovcledie of wem.ficorr <t /et com,

mm»mx‘hhm:mmhmﬁwmmmwmmmm;
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PWP (R—PDSO-G28)  PowerPAD™ SMALL PLASTIC OUTLINE

THERMAL INFORMATION

This PowerPAD™ pockage incorporotes on e thermol pod that Is designed to be ottached to o printed
circuit boord (Pm thermol pod must g: soldered directly to the Pca.'mm.r soidering. the PCB can
be used o% o hcﬁﬁh.ﬂmﬁﬂnmoﬁh«mdﬂm&a!ﬁmdmﬂmboaﬂm
directly to the oppropriate copper plone shown in the eectrical schematic for the device, or aiternatively,
con be ottoched to o speciol heotsink structure designed into the PCS. This design optimizes the hest
transfer from the integrated circuit (IC).

For odditionol information on the PowerPAD pockoge ond how to toke odvontage of its heot dissipoting
abiities, refer to Technica Brief, PowwPAD Thermally Enhonced Pockoge, Texas imstruments Literature

No. SLMADDZ ond Application Brisf, PowerPAD Mode Easy, Texos Instruments Litercture No. SLMAQOS.

Both documents ore ovaloble ot www.tl.com.

The expcend therma pod dimensions for his pockoge ore shown in the folloming Alustrotion.

ARARARARAARGAT
V DA Lli__
R o e
I H' | __lr‘\_;_—-swumm

Top Yiew

Exposed Thermol Pod Dimensions

4206332~ 38/AC 07/12

NOTE: A. All Finear dmensions ore In milimeters
Exposed tie strap feotures may not be present.
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IMPORTANT NOTICE

rmnmulmnmmmﬂmm)mmemmmww.mmu mprovements and cher
cwgummmmumwmessmcmMMnmmy;maMWur.mpu.esoma. Buyers should
mnhmmmmhmmmmr;;ommmumn,mmsnmﬂnmﬂscummmm Al
SEmICANOLCDe Producs (Ao relemed 1 herein a5 "compenents’) are sokd sutject to TI's s and condidons of sale supplied at he Sme
ol order acknawiedyment

Ti wamaris performance of His companents B the speaficabions applicabie & the time of saie in accordance with the warranty in 7% terms
mwﬂhmsolnkdmmicmducbprmm.Tmr\gwmrM‘mnfmmmmummhadMTiMSnm}‘
to suppcet this warranty. Excegt where mancated by apciicable taw. festing of ol Wmmmm{umﬂmm!y
perficemed

Tiassumes no liatdty for applications assktance of the design of Buyers products. Buyers are respocstie for thesr peoducts and
appicaens using T! components. To miem@e the nsks assocated with Buyers’ products and applcations, Buyers should ceowde
adequate design and operating sfeguards.
ﬁdc-nsndnnrraﬂntrepresertmaunyh:enst.uttmfmpfessorimmed,agmmanynmlng‘ll copyright, mask work night o
cther inlelecoual property nght relating 1o any combinaion, machine, of process in which T componerss of services are used. Intormation
pubkshed by Tl regarding third-party products ar services does not ooestitibe a Scense to use such Products of SENICes OF 3 walrarty of
endorsement therect. Use of such intormaticn mary require 3 license trom a third party under he pafents of ather nseliechual property of the
third party, o a license trom Ti under the patents or other intelechudl preperty of T1.

Reproducton of significant poctions af T1 infonration & T1 data boods of daia sheels & permissitie only it repeaduction & without aker aiion
and is accormpanied by i assotialed waranties, cxodboes, eitations, and natices. Tl is rct resconsiie or lable for such atered
deosmentadon. imomabion of thrd parties may be subject to 3d3tional restrictons.
Rrsahd?!mpmeﬂuorm.mwmnmmemmummabqu'sﬂmeuaramﬁ-wm Ti Ao that comgonent o senvice
voids ol expeess and any implied warranties foe the assodated Bmmmmﬂtsmuﬂrrﬂd&nﬂfmm&mzm
Ti s not responsibie or dable fc any such staternents,

Buyer acknawiedes and agrees that & i sciely responstie 1or complance wih aff legal, regulatory and satety.-related requirements
concemming ks products, and any use of T! components In Nz apglicabors, nehwithetanding any aggécatiors-related information o suppoet
that may be prowded by T1. Buyer repeesents and agrees that £ has all e recessary expertise to create and implement safeguacds which
anbcipate dangerous conseguences of tilures. monitor talures and ther consequences, kessen e likelhood o talres hat rright causse
hammmeawmpmmmmﬁxmBuyuuilmlyndmrny‘flmmrmﬂamsagm:mymmngﬁansrgmerhem
ot any Tl componerts in satety-critical apgiations.

in some cases Tl ccerpenents may be promoted specically I facirate safety-reidted appications With such components, Tisgoad izt
hep enatie cummer:wuesa:_nmcrmm:mnmmmwmm:m:wmmmwmmm
requrements. Nomnms‘wmmpmmnnmmmmm.

No Tl components are authorzed for use in memimﬂnﬂmlmwmd:mequmml)mewm:emdeMes
have execuled 3 specid agreement specihizaly governng such use.
Criymse‘ncm'comntsuﬂch‘rlm:pb&taymw“mmym“‘mMMM‘nWammwwmm
mintanvaerazpace applcatons or envionments. Buyer adknowiedes and agrees that any miltary ce aerapace use of Ti components
mtmmmrbanmdcﬂgnmuﬂﬁyxumrsnstmmmuwumi&ymmuﬂamﬁmmhalhgd:m
reguiatory requirements in connedion st such use

Ti has spechcaly designalod certain componerts which meed ISOUTE 16349 requirements rrenty tor ascencave wse. Components which
have nct beon 50 designated are nether designesd nar intenced for automotive use ad T1 will nct be responsibie Yor any faiure of sudh
oorponerts to meet sach requirements.

Products Appilications

Audio www. il comaudio Automotiee and Transperiation waww b comyautomottie
Ampitiers ampllier i com Commuricaions and Tekecom W b oAV oI CNO0S
Cata Correiters datatonventer 3.00m Coargeters and Penpherals WWW. B DM COTELReS
CLPE: Products www.dip.com Coraumer Electroncs wWRW. L CoMYconsumer-appse
cGsP dsp i porm Energy and Lightng waw il comienergy

Clocks and Timers www. il comiciocks Industial waw.ti comAndusinal
Interface inertace ti.com Medica www Il comimedical

Logic i99c.5.com Security Wi comisecurt

Power Mami power.ti.com Space, Avionics and Defense  www. N COMYSPace VN Co-delerie
Microcontrciiers mizrocontroler 8. com Video and Imagng oW i comiviteo

RFID www.li-rdd oom

COIAP Moble Processors  www.li.oom Tl E2E Community £de 8.cam

Wireless Cornecthity WWW. I DO W g e ssConneinty

Malng Address. Texas Instruments, Post Office Box 555303, Dalias. Texas 75265
Copryright @ 2012, Texas Instruments Incarporated
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N.2 Arduino Uno R3

E [
J W

T e

RV ARDUINO
-

gﬂﬁ n-1 Arduino Uno R3

Arduino Uno R3 WWuveialulnin sulnsaaeilunyzga AVR Miin13WauILyy Open
source Aiv Msilawydaganisdu Hardware uas Software faussngnesnuuuslildiudn
[y & d v ) < v

ATmega328 lnsaunsatdenldfussuulwassidu 7v fle 12v Dmnzaufugauszasdveanisld

Ve v
uladngae

TaalaTsadreveauesn Arduino Uni R3 lasuniseentuvliuesaiivuinién wunzsants

iluuszgndliam uazdiannsalfilugaveasaiouiidoswiulasndae lna meluveinlduisgen

wvindnludenislisu uavazmindentsfmunlusunsy Sradanduaursalfuasudgmia

d ° v s 1 L% v s v 1/
/O wahluszyndldsiludnunzsieg Waesedesuazmnzauiuaanudesnisldnuldlumany

Va8 aNWEAUAMNABINTT

uanniudavesa Arduino Uno R3 Saansaseguniaiiaiusineld Ao fldnuaunsase
1e0Enmseiindainasuen udadeurednundiun 1/0 Tesuese viedenuazaan dunsasaiu
uainLlaiu (Arduino Shield) Usgians1a9 19y Arduino XBee Shield, Arduino Music Shield,
Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield tfudu snudsusuvese vy

Uaia Arduino ud@sulusunsuwaunselaae
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CRIGHNELERTLEE

L.

S

oo R A

14 MCU 18u ATmega382 18u MCU Usesiuasa Suft clock A1Nud 16 MHz/ 32 KB
(ATmega382) Flash Memory/ 2 KB (ATmega382) SRAM/ 1 KB (ATmega382) EEPROM
Tdussaulwilunisviem 5 v usanunsafunsesurdnlalugae 7-12 v

fiwasn Digital IO Pins 14 wain (il 6 wosm awsaldifiu PWM output)

finasn Analog I/O Pins 6 wasn

nszualv DC siav 1/0 40 mA

nseialvl DC dwsusdeun 3.3 V 50 mA

i1 USB Connector wag Power Jack Dc

YUIA 68.6x53.4 mm

Umun 25 nsu
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N.3 DC Supply 12V 5A

<
U

" N-2 supply 12V A

N.4 Logitech C270h

Uit

U

" n-3 Supply 5V 5A



N.5 Stepping motor NEMA 17

A PACHIC SEARING (O

Stepper Motor NEMA 17

mmummmm.mumm
shapper meters; lschefing stasdasd, Rellow. and sxtended shatt savistions

Phases 2
Steps/Aevolison 200
Sop Aozaracy 5%
Ehalt Load 20000 Hoers = 1000 RRY
Anial ZEN(EE b ) Push
B5 N {15 Ibs.) Pell
Razeai 29N |55 Ihs.) A Flat Center
I Rating &0
Appeoads RoHE
Operating Temg Ll of Rl
insutation Class B g C

insslation Reshtance 100 Meg Othens

Smested | naiad
g Dutnst Fikar Wi
Qs R ool s B = =il R e
=== T . ;::‘:th ot i fgenw waeg | g m
Songle b T T T 48 M ojIM L jE Y an s am
Donten A e (LN ey 7 jam mid wiad wvie elex an
Tk -3 3T -2 H QD 1B e W (e O oasr | es 13

% o 240 T
i CPTENG, BN
P a1 AT TG

Stangar? shaft Smensions shown, Al other demersions 2pgly 00 dolow and extended shat options.

m-un-.:mu:h
4 Leas Connector,
{Comsu® tactary fSor optiomal moter connectors)

LINEAR MOTION SOLUTIONS | wwepbalnes com



PBC LINEAR

A PACIFIC BEARING €O

NEMA 17 Stepper Motor

‘Performance curves apply 1o continuous duty cpcles.
Consuft factory for intermitient cycies or other voltages.
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Abstract

The objective of this research is to study and develop a reflective
solar tracking system using a neural network system that is applied to
the heliostat, which is a part of concentrating solar power generaltor.
The system consists of two parls , The first part is the design of
artificial neural networks. To be used to calculate the position of the
sun The value will be used to adjust the heliostat axis to reflect sunlight
to the solar reciever. And another method is to use the machine vision
to track the movement of the sun by analyzing the image of the sun's
reflected light and bringing the information to the microcontroller, And
adjust the reflector effectively. Firsty, lab test on simulation of an
arbitrary movement of the sun by using LED light torch, and secondly,
field test of real situation The test results of hoth experiments
illustrated that the designed system can perform reflective solar
tracking precisely and effectively.

introduction

Growing up of world population has heen reflecting to increase
demand for using energy, and it has been tending to need it more and
more. Solar energy can be chosen a popular alternative energy source
because it is clean and endless energy which can not be used up.
Following those reasons , researchers want to present the project about
system of tracking Lo reflective solar. It composes of two methods which
are Al and machine vision, Method of Al uses Neuron Network receives
fo enter data calculated by mathematical equation can caleulate location of
Solar. Another method of Machine vision uses web cameras to receive
from data of Solar's location. When two methods are compounded, they
can make system of tracking to reflective solar to be used more precisely
and effectively.

Methodology

1.Use the Webcam to l
capture the incident light on the
solar tower receiver and send
data to the image processing
program. And  direct the
microcontroller to control the
heliostat to reflect light directly
with the solar tower receiver

2.Use  artificial  neural
networks to help calculate the
position of the sun To command
the microcontroller to control )
the heliostat to reflect light e L TPy P
directly with the solar tower '
receiver.

Tty
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Results

L £ A

The results of artificial intelligence processing are close to the measured
values from the experiment using the webcam that is accurate and effective. As
in the following example.

Thne Experiment Calculation Motor Caleulation Angle
16042010 Atitute Arimuth Atitute | Azimuth Atitute Azinuth
13.00 79,01 25188 | 78.82 136.26 107.50
13:10 76.60 355,59 76.49 137,90 106,30
EEST 4.15 25829 | 74.12 140.20 105.07
{1330 7174 26036 | .74 139,10 103.87
{1340 69.29 26200 | 69.34 14229 102.64
[ 1%30 G6.97 26338 | 66.93 14320 10148
L oo | 64,50 26455 | 6451 142.61 100.25
A
) 4
'
J
Experiment Fig. Caleulation Fig Motor angle Tig.
Conclusion

R R

From the experiments,the solar tracking system using machine vision
(webcam camera) cun work efficiently. For the sun tracking system using the
artificial intelligence system can calculate the position of the sun as close to the
actual value. The collaboration of both forms allows the sun tracking system to
work more efficiently,. Which will be applied to the heliostats in the solar
thermal power plant to be able to reflect sunlight to the solar receiver regularly
throughout the day.
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