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ABSTRACT

This thesis presents theories and designs of magnetic levitation rail prototype.
It mainly consists of a car and a railway with electromagnetic coils. The purpose of this
project is to control the position of the car.

The project is conducted in the following steps. First, the structure of the
magnetic levitation rail is designed, built and assembled. Second, necessary electronic
circuits including peripheral circuits of a microcontroller, coils driver circuit and
sensors circuit are studied and implemented. Third, a computer program written in
Microsoft Visual C is composed for sensing the position and the levitation height
with a microcontroller on the car. These measured values are sent to a main
microcontroller by a wireless module. Then, the main microcontroller computes the
control signal based on a designed PID control law for driving the car via a control
circuit by the Pulse Width Modulation signal. Form the experimental results, the
magnetic levitation rail prototype works properly and the car can be controlled to the

desired position.



ANANISUUIZNA

a = ¢ o Ao vy Yo o o
Yigarilnusatuidusalases AMEHINIVBNIIVYRUNTERNDITINUS NN

9.A5.0175 lugyausgrs Wuedegs AreuliA1unyuuginisnsuddeywisng 9 lu

©

Tassouiemamgui warneuuiunanzdinviunlaenaon lkgdnidrlafeiluves
Uy wazanunsaudlodgmisingg ldeg19gni3 PindaiegUnsaind iy uazaiy

Doy,

| - a €
Memaedu q Mdulsloninelaseay
YBUDUNTEAL ’iu‘WE‘i’]‘fﬂ’J‘U’l’]ﬁ’JﬂﬁﬁJﬂ'ﬁ’JﬂLH:ﬁﬂﬂUﬂu fiaemeutiym uaztaeudly

Soymiluduitnaedinielifianudlodveg
VBVOUANAIVTININITIALALATUAY wlmaaﬁ:iaqﬂnszﬁ uazanuiilunisvindoau
r;r’”ﬂﬁwmmmﬁwﬂ%mmﬁwuéaﬁuﬁauLa%agu
vavauRIiiey 1 naAufifadle aduayugunsaliiviawmds nssduiiou sakines

nmlnmmawuwaﬂﬂmmamaua
=Y s d o as Ad
ammauma@m’uaﬂmwauwsvmmum N1IM UALATOUAST NAnedurisslefa

Aaanln 'ﬁ'}llﬂﬂﬂ’]'ﬁﬁUUﬂuuai,ULi@\‘i'U@NUUEUNWNVI‘U’]@L‘V‘ia@ ﬁlﬁﬂﬂﬁ]umuLLN‘U‘IJG]']&I?]WVI']SLW

Immuummamusm‘lﬂ

v ar o

NAAN

v

wenguatdy  Usenyfie
WAL Nava
UNUNIANT ey

R0 NABNUTUW

M



d15U%y

unAnea

UNARERN1Y189Ng Y

AnfnssuUsena

GURTT]

GREIVGTEY

GREIVLTERERR

uni 1

unin
1.1 mndusnveslaseay
1.2 IngusgainvaInisane
1.3 Sumeunsiinen
1.4 sheazidenUSganiinug
ngufuazanuiiugiu
2.1 vuufduRudsenIaumann1as
2.1.1 madleseildniusseniuaiingnenas a sumlspreuimgn
2.1.2 MTAATIZALSINTEIsERINEivEnn 1T
2.2 MW MIAIUALLSIINYRA AL WEN LA
2.3 szuumunuuuulaunay
2.3.1 fUsTanssnu9esELIY
2.3.2 smvuauiilad
2.4 NANNITV UV ULTD S
2.4.1 oulanines
2.4.2 \Wuwesuasdunsse
2.5 lulnsmoulnsaians
2.5.1 vaialulpsmoulnsaiaes STM32f4 DISCOVERY
2.5.2 veialulasroulnsaiaes ET-ARM STAMP STM32
2.6 unsalsudsdyaruuuuliany
N1599ALUY
3.1 daumsesnuuulaseadng
3.1.1 annMseenwuy

3.1.2 laseas1ea9guay

COG\O\-D-DNMI\JHP—‘

I\)i—tl—-an—-v-sl—sn—xl—tn—lr—tl—\;—-si—kl—x
’—‘\O\O\O‘\I'\lO\O\Uﬂ.D—DKNI\)'—‘



5.2

d15Usy (i)

N1999ALUVINAT
3.2.1 w3slulasmeulnsaiaosudn

3.2.2 w9slulasreulnsaaesuusiisg

3.2.3 1995TUAMINIGULRSILAY Lazloulaniaes
3.2.4 295WUAMSITUINLUALA DS

3.2.5 15tunszualivnainuwlmanlngi

3.2.6 1995518

3.3 nseanwuulysunsy

3.3.1 daun1serumaneulaaines

3.3.2 @UNTENUAMINEULER S LAB USSR

3.3.3 dumsivdstogasenindlilasraulnsaes
3.3.4 @UN1SAUINTEUUAIUAY

3.3.5 dumsmuaunisvhnuteswnaInuivndnlnih

3.4 DINTIUVBITEUY

=
UNM 4 NSVNARDILAZNANITNNADY

4.1

] =
ﬂ’]iVlﬂﬁENLL‘Nﬁ]']ﬂ‘Uﬂa')ﬂLLNL‘Haﬂ‘L‘NW’l

4.2 mmpassmistaurniadisuegiaduisutunszuaandng

4.3 N1IVAABINTABLYHIVDIS

4.3 NINAADIAIUANFIUNUII

4.3.1 MsnaaesnIvAuiuisTalagnfiounaINsEeE 0 = 100 Jadiuns

4.3.2 MavAaesmIuANA WIS ILAEERUN NS O — 200 Haduns

4.4 ayunanisvaaeg

unil 5 agduazinsizsitym

5.1

GV TRV VLY

5.2 Ugwuavguassa

5.3

LUININISWRIUN

LONET591994

AARUIN N wuulAseadng

n.1

WUUASIAS19YD9519

N2 WuulAseassvessy

25
26
2F
28
28
25
30
30
il
32
53
34
36
42
43
43
a7
a8
49

52
54
25
55
55

57
29
59
62



#1508y (si0)

NAKUIN U WHURIAUNIAILAZATSITaNADI90S

2.1
.2
.3
.4

wnusuasaeaslulasraulnsalaaian
unuauaimsasiulasraulnsaaesuusisa

o/ (4 [ v ] <
WHURNUBIANTTTUNSELE R RaImuL s LW

UANURIUDSAI9T5 a8

NANWIN A lndsglegUnsalBidnnsading

A.1
f.2
A.3
n.4
A5
A.6
A7
f.8
o

wnansglonsldnuvesnlulasaeulvsaaas STM32f4 DISCOVERY
wnansgilamsldnuvesalulasnoulnsaiaod ET-ARM STAMP STM32
lnansadanislda L1298

na1INslgey LM324

nansaiienslde LM1117

lonansaianIslaau KIA278R05

wnansalanislda KIA278R33

wnasgienisldnuiiad HRSA(H)

lwnansalanisldau TCRT5000

A.10 wnasplanislau GP2Y0AG1SK
A1AEUIN 9 TUSUNTUAIUANSD TIIULIMANTHTA

3.1
3.2
1.3
1.4
15
3.6
1.7
1.8
1.9

Wsunsumdnuessyuumunusassliiuimgn
dwiilsunsudesdmiuldnulugaudasdyymeunson
T,Unm'smiaaﬁww%’uﬁawuiu@aLLUa@é’mfy,wmauwﬁaﬂ
duilusunsugesruaunsiunseualiunan
Wsunsudasmuaunisiunszualviunann
Wsunsugoedmannsaunuvaain
Auihlsunsugesdudnmsmsidrisdaya
Wsunsugesdudanmsmsidriisdons
dufilusunsudosimunuiilod

110 Wsunsudeeiimunuiiled

111 dwflusunsudasdmiuldaulugaduina

112 Wsunsudeedmiuldnulugaduie

113 a"auﬁﬂﬂmnmE'FaEJﬁm%’u’teﬁmﬂmﬂa%’uaia%’ayashuwa%magnm

.14 T,UiLLnwe’faEJﬁﬂw%'u'[,{i’muiu@a%’udqﬁagar\huwamﬁaumu

Vi

64
64
65
66
68
69
69
76
79
82
85
88
90
92
95
99
104
104
107
108
109
114
118
118
119
120
121
121
122
124
125



=1
SUN
v

2.1
2.2
2.3
2.4
2.5
2.6
2.0
2.8
22

GUEGTY

NISAIAUATUIALBLATWISITLA IV B UL SN

s 1

=Y o 1 1 [ e o |q' =3 A P -:J
Ugnuaumiaguserisulvanneg laiuwsimanindeud
29AUSENOUTDILT

NANNISNAEUILLLILAEN

s s @ 1 1 4 s =3
muﬂammauwuﬁszmwmafammmanlw%nuqﬂwraﬂ
N3sEYaNTInULvRsTEUURRdy g atutulaniniie
SFUUAIUANLUUT Lof

lassasinelumaseulamess

IAsEmaEM I uTanaulanm ey

2.10 Taseasraneluraasuao s uasdunsiise

B ﬂ’1‘3L%’OEJG]'EJE;Uﬂifﬁ%@ﬁﬂ@%ﬂlﬂﬂ'Sﬂ’e]uI‘W‘iﬁLaE]Sr STM32f4 DISCOVERY
2.12 Tnsaaivesveinlulaspoulnsaaas ET-ARM STAMP STM32

2.13 gunsaldvdsdyaauuulfane

3.1
5.2
5l
3.4
3.5
5.6
3.7
3.8
3.9

USNINansENuADsa

NI WL AR AUAL UG TY NI 88 AT IS AR UL S

AURUUYBITORALTY

PAmaLarseeznsAdouiivedsa

laseasnevees
lasvainwenaanuimdnwinfifuseuunumiinguis
lAs9as1eveesn

UKL WS DUA 829959103 dl

1washulasaaulnsamesudn

3.10 99sudasusesiuann 5 Tas 1y 3.3 Tag

3.11 waslulaspaulvsaaesuuse

3.12 1ATTUA RS KA BUN S IsALazeUlARLAD S

3.13 2N95UUAILSIFUINULURLADS

3.14 WISTUNTEMAlRTAIALLLAE N LT

3.15 29953188

3.16 Lqumwmi%’udﬁaa&awaﬂﬂmﬂiu

VI



a15URy3U(si0)

=b.

su

3.17 dyqranodnnvesulpnines

3.18 UHUNWNITDIUAI N UG DS LA UNT LS

3.19 driunsSemesdeyaildlumsivdsszwinalulaseeulnsaines
3.20 WNUNWIEUUMIUANSILMLITD

3.21 wunmnsairesiuusaauny

3.22 uwundruU Fuudeiuusmunueessny

3.23 dyaaniadisuegiaduillunismunuueaausivEnliie

3.24 WHUAMYEIUAMIUANN T YDA AL AR I

3.25 WHUNNNITYNIuelUsUNTLUEn

3.26 wnunmmsiouveslsunsuges fudanmesneynsy

3.27 UHUMNNSNNUYDITEUUAIUANFUNLITY

3.28 UnuAMMTEULazdRiusveslulasreulnsamesuLsy

3.29 MNsINvDIsEUUTs I wlivwEn

4.1 NITVAABILIINAIINVAAINLLIYE LN

4.2 wavewsgAMnIRAdIAWivAN Wi laeWuIRa1e 400 Sav

4.3 wavaspmIneaInumanwinlaswuaain 500 sau

4.4 wavessgannnawindniWilaeiuveain 600 seu

4.5 NSYAADNINSEELNITARENIUDITAUUSI

4.6 HWANITVAADIINTEUENITADUFIVBISD

4.7 MIeaesnIuALILmlse

4.8  WARDUAUBIAIUMUITAINAILILN 0 — 100 Hadiuns

4.9 dygranuanInuvie 0 - 100 fadwunsg

4.10 NaMBUAUDINTAREAIATUMIIVDITNIINGIUULL O — 100 TaBiuns
4.11 NamBUAUBINTARYAIFTUNAIUBITAINMUNLS 0 - 100 Nadiuns
4.12 NARDUAUBIAIWIUITOINAINLG O — 200 Dadiums

4.13 Sy 1unIUANIINAILIS 0 — 200 Tadluns

4.14 HANBUAUBINIABUAIIUNTNVDITAINFILIUG O — 200 TaBLUAS

4.15 HARBUANDINTADYAIPIUNAIVBISONFIUNLS 0 — 200 HaBiuns

VIl

32
32
33
34
34

36
ar
38
39
40
41
42
43
44
45
46
48
48
49
50
50
a1
21
52
83
53
54



#15UA1919

=
AN

2.1 mINTWIRLAZAINISTne SYaulvan

4.1 wanmsvaasasgaInvaaInwiudnlwihlngldunainued 33 sy 400 sou
4.2 wamsvaaaangnnvaaIauimanlvihlneldanainwes 33 Wy 500 sou
4.3 wamsyaasasganueaIawivaniiinlngldunainiued 33 wu 600 say

4.4 mamiwmaaamiﬂaumﬁaﬁ%ﬁua@La'ﬁ’mﬁﬂuﬁuﬂisLLaLmﬁvgm

45
46
a7



1.1 audunue4lAsIey

salndiudinan (Magnetically levitating : Maglev) 1Juse Uumiwaﬁﬂuuwuw
Furdeugrummusionsausivinli awnsovildsaedeniildldetsnfuazden
NINTLUVVUAIUUUAIEED Tﬂmﬂlﬂﬁ'}meaﬂ‘uamﬂummwmmLﬂuaamiaﬂaaw 581
Mlawmssodalus Swhareadinlanfisnlnfiuivgn TGV wastiamaasemnuiiunni
fuay 6 Alawnssedalug

UsgdimswaursalwiudingnSudulut 1940 fUszinadsngy Tnoune Eric
Laithwaite JAIN591289N0% UagMENTIA58095193 M8 SEasUABY (Imperial College
London) leWmunsaliudmanlsnldnulgass ‘[ma‘mlﬂﬁwmeanmﬂmmaaa‘uuswmm

g1 1 lud LLG]ﬂ’li’J’i]EJUﬂﬂE}ﬂLﬁﬂIUﬂ 19773 LUEN‘-D'WH‘ZJWNUU?”&J']W LLﬁuIF}NﬂﬁilﬂJﬂ‘U'ﬁ‘UW

U

- v Y e s

1 ﬂd 1 L2 1 £ 2
WMARs AenneasudlaiSufuaiAdaEeesalniuimgn 1PUNAIRINHIUANLE UL

al [~ = oo a & o & <
d1nUe ’Lwamaaimu L‘U‘LJ‘UW]LL?ﬂ‘VIlﬂW@JU’ImﬂIU{EﬁEJ’UUEIE‘]W‘I.J"UUH’]Lﬁ]i'ﬂ NAITTYN 1980

ar

aa'N"L'inmuaUmmamMumsmammﬂIuTaﬂulU‘lﬂwmaﬂivmmﬂaﬂﬂﬁnmawaamﬂ
Luaamﬂmmmmﬂ (Super conductor) wmmumﬂmamdmnmmﬂIuIaEJuamamaa
Iu{]%QUUUﬂQWQJG}ENﬂ?SI‘USUUU?JuﬁQWWQ‘EWQIUU'SuLWﬂlVlEJJJﬂ’J']iM?Nﬂ’IiE’{MJ’Iﬂ
WsgaInvIsandyminisasasindale msngulassuislafnudeyaiisatusyuy
YUAINNTWUVUA ] ‘wmwsvuwuaqmq‘swﬂma'l‘mw‘uLLuLwaﬂIWﬁmﬂﬂmwluﬂ1‘5

=] 1

UWSQ?ﬂ‘lﬂ"IUE]EJﬂ'J']LL‘UUau LER) L‘u'ﬂx‘l’*\]'lﬂWUV]UGLUH'ﬁﬁi"Iﬁﬂﬁ’%‘J‘Lwﬁ']LLS.IL‘Hﬁ ﬂRJLFﬁﬂ’]?NlI’Iﬂ ‘FN‘IJH

Y
o

Tudumsfmnaunsoimuuazadrasalwiudmdndwedls M iidalaiinisfuaiy
Lazdninlasssuduuilaglddes “AUUUUTASIINT W nEN” uTe “MAGNETIC
LEVITATION RAIL PROTOTYPE”
IﬂmﬂuﬁlﬁﬁﬂmLLasz’laaﬁawms%’mﬂﬁawaﬁﬂlw%LLu'mgﬂ lnee1dendnnis
MuvesvRaInudmanlni ﬁv?mu’tugﬂuwLﬁmr"fwaLma'i‘mﬁmﬁ'nwm%mﬁu (Linear
induction motor) lun1s¥uiAdeuss WAYDIFBUTIHENTENINUKNULLIMEND1IT (Permanent
magnet) tasluidesnsinuiaugavessa LﬁammLL;.iuaTﬁa‘Lé’ﬁmﬁgqqﬂﬂmImw{)’Uﬁumu'a

wazinsveynsaseiaiielvsaindouiildeteiiussansam wazaunsanIuauls



1.2 IngusraeAveInsine

1.2.1 F[ﬂ“l:}']ﬂ']'i‘l/?'N’m‘UE]ﬁ‘iuUU'U‘ULﬂﬂEJ‘UIF]EJI‘ULL‘N’\]WﬂﬂU']ﬁJLLﬁJLﬁﬂﬂ '?NI‘UiULL‘UUﬂ’W

vuremamesmisniuuudady
1.2.2 AinwnazUszgnildszuuaivgulunismuaunisindeuiivessaselaii
wallvidin
1.2.3 Wiandunuusasiiiudmdndiedusuamsunis@ne wasiduuuima

dusulunisinluaseldauasaduauian
a = a < 1 [ ot
1.2.4 WAl T2 UUAIUANFIA@INNSAMIUANNISIAA BUNvRIT0 I W Ll nlUs s

° 1w Py a -
AUALNABINS IR eTllET s AW

1.3 YUABUNITANEI

=1 o A:J s -4 v 1
1.3.1 Anwsguumavitauvassalvihiduindeusisussanaundusvd ol
= A s a o 4 ::‘ 15 s
1.3.2 Ainwunginung weing q fingadesiulasenu
1.3.3 s9nuuulasaasnavnena Lageasang q
1.3.4 ¥aaesnavinnuradlasaiieniing uagaemsane 9 dldesnuuuly wasniuwn
numsuilytoRnwainsiig 9
113.5 aaﬂwuumm'umJLLauwwm‘[Umﬂsw’memummmwa‘tmmmaaumlﬂm

ﬁ]']LL'VILN‘V]G]E]-&ﬂ’l'ﬂﬂ@&ﬂdlll,ﬁﬂ&ﬁﬂﬂw
1.3.6 198990151 191UVDITEUY ﬁ’uﬁﬂwamsmaaa LLE%‘M’]LLu?W?dLLfﬂﬂﬁ’aaﬁ‘rWﬁ’m

g 9 iivoiduuancdunsiamnduwuuseseliiudmdndolulue e

1.4 wazidvnvaslSaysyriinus

=y

syeyrilnwusatull wiseendlu 5 un Fanseunguiilamiail

unit 1w ndrniifeTagusvasd sumsunisfinu wagnsdminlaseey wiey
meswaziBenlastovesuSyyiinusluusarun

unii 2 nguijuazauiiiieades TuuwﬁﬂdnaﬁqwqwﬁﬂﬁﬁmﬁuéiwdwLL:u'mﬁn
1125 MudnsmuRuusIlAnnnaauimEnlih winnsiedeuinassn NWIzuY
pruuildlulass wdhmsiouressues gunsalivdsdoya uazlilasreulnsaaes

il 3 NENNITEBALUL ‘luwuﬂanmmiaaﬂuuuiﬂsaamqmqﬂa N1590NWUU
995 NM300NUUUIUSUNTN UasAINTINTRIsEUUSDS1e T imdn
- g = al .o
UMY 4 N1IVAEBILATHANTTNAADY TUUNTNA1IEINITNAaeILTITLARINUAALA

1 1 a a s ‘J s s
LLNLWﬁﬂlWW’] ﬂ?iﬂﬂﬁﬂ\iﬂ@ﬂﬂ’}waéﬁﬁﬂﬂ(ﬂLﬁ”UUW]EJ‘UﬂUﬂ‘iSLLﬁLE]WQ]‘wEI NITVARBDINITABLRT



VDITN MIVAFBIATUANFAILMUITD UazATUNANITNINAD

A = -] o =
unn 5 unaguuazinngidygn duauenanisauduauvedaseey Ugymn
guasIA LazkumanIsia luewnan



UNN 2

=i & ilt&)
N UASAIUTNUFIY

i o o ) - ° A e a o o v W
NOUTAYIIATITY summ’i,unmwmimmuﬂamﬂquwgma 9 MAgITpetu

4 :‘I s o o 1 = - _y s z o
a5 efawrsodavinlasseuldegeiiusyansaim AIUUNI5YIIATIIUSa519 TN

1 a = Vp =l v & v £ &
wiwian alddnymnud uazauiinedesduielli

a d

2.1 vquudunusszndtaudvanaas

WITUIURFsuS (interactlon) sewinaiwingUgnuaad 2 T 1] mﬁﬂ‘m 2.1 1oy

ﬂju*ﬂwuammﬂ 2ax2bx2c LLﬁ“‘UU‘V]ﬂENiJ‘U‘u’lﬂ 2ZAX 2B x2C ‘(JQ&JFHIW@’]I?LWUU“U@G

wlmdnusiasiudie J uag J’ auddu Tneilgngudnansveswimantuiiniliadiian o dsde

Y 9
(%
@

Y] 9 | i £ Iy 1l , = =
WAEITUAAIILYEILNY Oy, dugagudnasuaausiininuiiaengiign 0’ dsilszos

L] 9

finnvasgnruinatwesgnll fe (a, 8, y) lnvauualdelnalseduvasuingn J uag J' i

Y

1 A:J = o W $ 73 {7
AN WAZANUALAAIY 2a YU 24 FIU 2b TUIY 2B war U 2c YUY 2¢ lay

1 = L] L -
ATNITIULABDIAN ) LLARIAINITI9N 2.1

gﬂﬁ 2.1 MINMUUAYUIALAZAINITIAMBTUBIUIMEN [1]



A9 2.1 VWA FuasIS e S ausmEn

LAY 0; | 8; | D,
1 [ nv nl =
VUNVDIINAE N TUTINTIS 2a | 2a | 2a
A ieesyosusdmdntuusn [0,1] i | k| p
1 & o
VUAYBILUWANTUN DS 24 | 2B | 2C
' a ' - o "
AN IS URILLANTUT B j l q
° ' « ' a . #l
B’]Lmua@uaﬂmwaummﬁﬂﬂuwam 0" a | B |y

a ' = P 2 @ o [ =
wmmwaummé”nmLmﬂﬂuiﬂw 2.1 aeppapanulunsdiflelwanlsiwdy J uas ' 4
wamaaenu Aevuulusunny z Sunni m'swm'zmmml,mmqmalﬂuaqmmnmaamﬂ

E]EJIHV]PW]’NWG]‘N‘U’]&MU LWENL‘L]aEJULF]‘J?J\‘IWSJ"!EJI‘MG]N‘U']lJﬂU

(=3

AUNATLLL wamﬂmmmaﬂ'ﬁuamuﬂm AotnquInnse flwanlsiedu J uay J' W

@ at L3 I o

N3 maammm ey ﬁJﬂ']F]’J’]i.l‘ﬁiJ’?j’l‘ULLﬁJL‘VIﬁﬂﬁﬂJWWﬁLﬂWﬂ‘U IUU’INF’]’N@J%‘H’]LLUU?JEN

AunnulvanlsivnngvesgaeuRIELnTsa (2.1)

o= 7 (2.1)

[
L <A a

o] P i ') 1 ETRTE = PR Y
NFUN 2.1 iWeswindlwarlsiwdu 7 veawimdnduiinis IHafieiniuiuii

[ [
=

2a x 2b uazdifmmansTulvsuulufuwnu z VRN U LYY e AU L MEn T Uil
USIUNURG UL 09Ul 0uvinfy o = + HAEAUNUIUUYDIAUIN UK EN ULRY

Muamsataliyi o = - NN 9 MIAMUINITDIFuMILUIAAN Tadeudeaunis

Uj = a+ (—1)/4 - (-1)iq (2.2x)
Ve =B+ (-1)'B— (-1)*b (2.2y)
Wog =y + (—1)7C ~ (-TRe (2.22)

= JUUZ + Vg™ + W, ° (2.2n)

f\)'lﬂﬁiJfﬂ‘a‘UNﬂUﬂE)ﬂ']']iJEl’l'W]ﬂE]ﬂﬂU'quJ“"VI'N‘Eu“v‘T']’NiJﬁJ‘EJENdﬂ‘U']ﬂﬁﬁ VWU’UE]U"?J‘L!TU

]
= =i

i u.,avu.umanwwuqnnﬂmuﬂimaammwwﬂmmai (i, k, p) warlwslwdnuiiaes (j, 1, q)



2.1.1 M3Anssifduiudssninasimingns a dumisesuimsn

= = ' = o 1 [ Aay ) s o W

m3laseiiunmuinsdidusdngngnuiniaesiu aunufuauduiug

i 4 Lidendumnuusimdnvesiauivan uasdfdmiusssnhousingn 6 dmdssy
o U 1 = =ﬁ o ¥ o 1 i

usanszvirseninaulingn useln wavduy o aunsaralannduvdsueusdngn Ty

° ] P N | " a i . d a o om = =% a

Awmisuilifend “wunuinlun” (Magnetic node) 1ilefinnsamafiiniy VefnwUf-

@ o (7

" | | 2 o o Y ' 2 o a o o
dd u5331ﬁ'173LL§JLwﬁﬂV]W3QE]Q UNNUBULUNANNLATGDUN GNEUV] 2.2

thes) {1.0.0)

(0.1,0) (L8.1)

\;

(0,11}

)

1

(FE
aUsaem) Y-
ALY

4

= = o [ 1 1 ] 1a W 1 2 o < -
un 2.2 ‘LIEJ’HJG]'WLL%UGL\I@J?SW’J’I\?LLEJLWﬁﬂﬂafﬂlu\’iﬂ‘uLLiJLWaﬂVHﬂﬁE]‘LW] [1]

€aN

R

d1MTUNENN1TIATIZA ALY WoRsuutvaniufiaes Ane (1,0,0)

WAASTIAMITIENRT j = 1, [ =0 Wag g = 0 Galtuansfagnanda 0'ayz WWEAIMUATH
X=(-1)A=-4, Y=(-1D'B=4B uay z = (=1)%.C =4C

VINMTIATIER W undeyuvesuivdn iudrAmiimeSveusiingn
.. t = I oas = 1 dda)d o o v = € o
Ljok,Lp,q Ui dawnnu 0 wi3e 1 Inswsliwdnduivilsinnrsanlagldamisiiimes Lk p

LLaas\gmaaLLi.imﬁn%uﬁamﬁ%ﬁmﬂma’i?’f@hwniﬂﬁLma%j, L, q

a s ] 1 [ (]
2.1.2 NI9AATIEYLTINTENITENILULAEAN

M AATIERUTINTEVNT eI S Nt ANITNUATIEALMAAUA B N T U g

=l =l L

nRan3egiuiLazdanmudnaafe 0 LLazLLajmﬁﬂ%uﬁaaqﬁugﬂﬂszﬁ'{[mmm F fausenau

v 9 Y

[

WUieus £, F,, uag E, fsuil 2.3

U



= I3
JUN 2.3 asAlsenouveawss [1]

NNNMTUATIENIElPNaTINVBINTS F fsaunis (2.3)

47r£o ZI Zl ZI: 21: le Z RN Q(Uij' Vi, Wpq, r) (2.3)

=0 j=0k=01=0 p=0g=0

MU E,
. (UV,W,r) = L W)ln(r—-U)+UVln(r—V)
YW ‘1(UV)+1U
D% i ks v i (2.4)
d MU E,

RO 7 Y Gl ingr = vy + UVinGr — U)

uv 1
+UW. tg_l (W—T) + 51/ T (25)

d M3 F,
0, (U, V,W,r) = —=UW In(r = U) + VWin(r —V)

UV
+UV.tg (m-)—w.r (2.6)

wAaveAUsENauTns @ rUsenaulusenasiuees 64 f FaEunsoAunlaann

ﬁﬁJﬂ’Tﬁ’i (2.2) Nﬁ‘i’lﬂmﬂdLL‘ix‘iuU’i]uﬁ’lﬂJ’lﬁﬂLLEJﬂEJE]ﬂL“lJ‘LI“V’Is‘] 8 MM‘UBQLLNLWﬁﬂ “NI‘ULLWa“’NﬂJﬁ]”ﬂﬂ

o

Avualagamdwsiines (7,1, q) fefiannsadululeste o vie 1 mufilenaalily

o @t L3

Wde 2.1.1 MannN1sIATIERUFuRUS sEndnualindnnnag Felussdusznovveasn



2

msimesiaawimdazuandaiululunsasspmessingn Faamsafmualddaunts
(2.7)

N
1]
o
e
1]
(=]
K
1]
[=]

’ 1 : L
EG.Lg) =22 ZZ Z(—l)”"“’-Q(Ufj'ka%qu) =

4

Ty

F #9 WsmaniAnduseninausdivdniiadss wing Sasy (N)
] fa warlsiwduaosudingn wie waan(T)
ty Ao Ph%’mﬂummamuuﬂmﬁﬂ‘luqmjmmm fAnviiv 4 x 1077 H/m

@ fio vdndusimdn miae ves (Wh)

2.2 NQWNTAIVANUSIINUARAUIUANTHTA

=l

dmsunguiinismruaunsnnvaalaudndnlnia arursasrduLuaangan n173
MIUANLIIWMENTIAATUsEnIvenaIn uazgnindn (2 Faionsanldannauiuusinsns
Lﬂﬁauwmwmmzazﬁwswdwﬂmmawmmmﬁagﬂmﬁﬂmmiﬂﬁ'}mmm’waumuﬁmﬁﬂ

Wnnudnnisiinauaindnlwi fguil 2.4

]

(M) waannszualraniy (V) HaINNTEWALAARIUTAAIR

UNEIUVBUAAIN Tdl 950U

JUN 2.4 ndnnisiieauausiindnlvih



auumAnUgA A muRaIITaf W INALANNNS Biot-Savart-Laplace fa
1 A - 1 ar =l 1 o
Aummiwanifinnnuaaiadandn q di fsgu 2.4 (1) Tefinislaaruresnssuasnue
Iaeaunis (2.9)
iy, 0l KF (2.9)

dB =—1]
4 3

108 py Ao AN BugIUYRIEIN M Ay di x 7 Ae HAAWSLINADTVOUINNDS dl uay 7

&/ & I & = A w
ATULVAU YUINYDIFUINLULUANVIUAIRIFUNS (2.10)

_ Ko Idisin(e) (2.10)

o 41 r2

1] 1 -‘-‘i‘u = 1w as P I L s
auivanesuaanluiarsouTifafiviniu o AIFUN 2.4 (1) HAreaaunis (2.11)

345 N 2N | (2.11)

84

= 1 1 AU s 1
NNMINIITUIANNENNINTUNAIUVBIAUINILME N G RN AULAUVE Iu I E e dB,
poadlAndueud

A a [l o dav = [l

WanasanvaaInkiant Wi iised » wes auen 1 wes wariinseualvaniu

s = & 1 e | @ A
! wauuus IFIEJ?JQﬂLWﬁﬂaaﬂafﬁl‘ﬂi\‘]LLﬂu‘UﬁN‘UWaU@VINi%H%WW\T X LURng WQEUVI 45

Ui 25 dudsanudiniussswiheummauimdnninfugndn



10

‘Luﬂ’ﬁﬂiuﬂﬂmﬂ’lﬁUWmLNLﬁaﬂ LUENGNﬂﬁJQWN'DUﬂ’]'ﬁ‘WU‘UWﬁ’JW'ﬁ@ULLﬂUL‘WﬁﬂﬂEJ‘VIﬁ']EJ
38U “NﬂTVT‘UﬂI‘Vi n F’]E] ’\'IWU'JUﬂTEWU'UBG‘U'W]ﬂ’mmE]LEJG'I? NATUIVRAIN ﬁN?UV! 2.5 "?N‘Uﬂa'lﬂ
LLF]E]”?EJU&JE‘U?NLUH’NﬂﬂLWILVI']ﬂ‘Ll MiuﬂuWWQ‘fjﬂﬂULLﬁﬁﬂumqﬂU dx LLagiJﬂ'iBLLﬂ‘L‘MﬂN”IU

= 1

WU nldx  WaTIvREuINLvEN S eSlediaunas (2.12)

sin@
=fa'5’ =%nlfdx - (2.12)

WleUTusaunsf (2.12) Tneilveun 6, < 6 < 6, la

Ho be Ho
B = Tnlf sinfdo = —2—nl(00391 — c0s6,) (213}
61

ausndnguaunislvdle

(2.14)

U ( X+1 "4 )
B =—nl <
2 \Jr2+ X +D2 Vrzixe

P i 2 & v X do oo v ) @
Wosvnuilmanliiignashsuanunaindiisiudouty TneSaddamiity A<r<n

o o v
ANUU MNANNISN (2.14) 2¢ld

4B =/~ - r (2.15)
2 \Jr2+@+0?2 Vrz¥xz
WRYHATINUDIEUNILU N NIA YN RY
n?l n+Jr2+ (X +1)2 4412 + X2
oy X+ Din |2 AL, inll = (2.16)
2 kA n 2+ (X + )2 Ir2+ 4 X2
Tmmmﬁ'ﬂ'ssﬁ%ﬁaqﬂmﬁnmmmmlﬁmﬂ
BZ
F=——2378 (217
240

e S fie WuRafignavuuwimansasiiy naduussfinseviregnivanluauuwindn B A



11

T+ 1%+ (X + )2
r 2 + (X + )2

F=—CI?| (X +Din

T']_ +1/T1 +X (218)
Tz +\}T'2 +X2

Tng

9
o

=l A ] Qs 1 1
s A9 WURINQNAWINUUIVENFRNIY Wihe AN5I90S (m?)

b

n AB §IUIUTBUTDAAIN YLIY TaU

I #e nszudlwiiilyasiuenatn e teuwys (A)

X e szopvinaseminsumovnaanisaniudn ity was (m)
r, 11, 1y AD YAlvesvemnleg r < <, Wi s (m)
I A9 AMNENYDIUAAIR WY LUAT (m)

= ' <t | 3 = () L7
Uy AID ﬂﬂﬂ’J’lﬂJ‘UﬂJ‘ﬁ’]U‘U@ﬂﬁU’iﬂJLLﬂJLWaﬂ’LU@mﬁy’lﬂW]Mﬂ’lWﬂﬂU 4 x 10 H/m

VINNQUBIGN aunsofinsanksInsyideanvanld dauns (2.19)

de
—— =mg+FX, 1) (2.19)
dt
lng
Ffle wsaninssvivlegnndn wine fhadu (v)
= ] 1 ) o
m fB wavesgnvian wide Alandy (kg)

g Ag Anusudesnussliugisvatan Sawvincy 9.81 m/s?

INAUNIT (2.19) W’mLU‘I.Jﬂ’Ti'JLﬂTl 1/1LLN‘I/]11J‘Lﬂﬂiu‘I/‘I’]ﬂUaﬂLWaﬂ dunsatrannis

AnanluUszgnilinunsiinssiusnsshluguuuuiuuduly

2.3 szuumuaNkuutoundu

ssuuAmIUANLUUTaUNdU (Feedback control system) [3] Lﬂusvwmuauﬂ‘um
mewmmlmmﬂmw?mawaua’;mmi{]aunaulﬂLU'saJumaunumauwmmqaq dialwssuy
Taussounilulunuanudonts uasiiaiosnm laganunsadmssilanuanavaus e

SEUUIVID LY Feaursansuldansvadanssaugvasss Uy



12

2.3.1 AU ENTIOULVDITEU

N1398YaNITINUE (Performance) [4] ‘uaawwuuuauwmimmﬂwamauauaqma
yautusylanisnie (Unit step response)ImEjmmiﬁauammmmnanLUuauwm
’mevuwmaammmﬂvw mnuumwaauargmmmmwmmawamauauawlm 1o

’JLﬂ'i’l“ﬁﬁl']ﬂﬂ’JU\‘i‘ijﬂﬁJ'i‘iﬂu%ﬁﬁm MR PEAT GNTU‘V] 2.6

c(t)}
M.
1.05 -\ /_.":\ - o
%5:'39%. e s Y e e
e.S‘S

0.10 ==

o le—>p tp fs t
[

sUN 2.6 MSIEYANTIOUE T TTUURDE (e U lan S svae (3]

mﬂ‘sﬂw 2.6 ANInIATIsiaNTIaNEYe st uLTne e f Ul anssaus iy
finsan il

Hanausuasludn1Iagia (Steady state response) UHUNIITUIAIAIURANAA
luan1izegia (steady-state enor) 3o €ss Aanasinisenintedygyinduwndads fu
GVl ‘vgmt.masvwmaamauaam

wanauauasludn1azdang (Transient response) douRarsanfisdaussouy

[

d

De

- 9918174 (Rise time) vi3o ¢, Aetanaaiusdiowimediindy 10 wWedidud aue
90 Wosidus vosr LR ANAluANTITREe

- AMNAUAUEIEA (Maximum overshoot) w3e M, ﬂammmwmwmmwmmam
siedyInBunauazieing AildlunsyssiianuEistessEuy mmwamuaaam
’mmuammumwﬂumaﬂma

- nqumuaqam (Peak time) w38 2 ﬂanmwmm@muaqiw NsERUGIRUTUR
ﬁmwnmmwamumam

- 38197 (Settling time) 30 ¢, ﬁa"ﬁ'wL’Ja’mzqLLﬁL‘éNﬁuﬁMﬂixﬁ"@ﬂ13me.§waa
Lmﬁwmammaeﬂwauwmﬁaau%’uiﬁdww’hzjamaxaejﬁa ngunfudrwouiumdazegludaalyl

= £ a i3 & e
i 5 Weskaus vevedmsluantizegn



13

2.3.2 fAuANwuUlen

a v ° 1) o &, Y- a v =
mﬂL{ImmEmmaqmsm'lmiaﬁwuamismusmulﬂm'mm‘uwammuw 29N15 wazdl

= v & o ) d = ARV )
dtigsnm ddudndusioaidmuauiieditlunmsmuauszuy ddulassnildizonldsn

PIUANLUUN Bf
ar =l = [ Y pu| @ = v e
AIATUANWUUNLEA (PID controller) [3] Lﬂummuﬂwl‘ﬂusvwﬂauﬂawﬂwﬂu

DENNTI9VIN aﬁmaLtmﬂmaamwlmmww 2.7 mauwmmaammmu ADANMLAANATR
e(t) ﬁlmmmﬂmmmqmlﬁ’mmﬂ (Set point) AUl WWATBINTEUIUNTT LATLEANAY D7

muamaaﬁymmmu@u (Control signal)

PID Controller

Output

Set point +me(t).;

oy

System

L

Feedback signal

o
JUN 2.7 szuupuRuuuuiTlef

NFUN 2.7 Lﬁudﬂé"gﬂ’mﬂmwuﬁlaﬁﬁ’u stﬂaulﬂﬁwmsmuw 3 dau boun ns

mmuuwammu ﬂ']iFI'JUF’]QJLLUUUiWUﬁ LLﬁuﬂWﬁﬂ?UﬂﬂJLLU‘U@UWMﬁ Iﬂ&’liﬁEUfU'iﬂJﬂ’JUﬂﬂi

u(t) fMaunisi (2.20)

u(t) = Kye(t) + K; fote(t)dt + Ky dff) =K, (e(t) + %fote(t)dt + Ty dzgt)) (2.20)
Tny

Kp fo 8n31veneidedndau (Proportional gain)

Ki o 8nsmsvenedaing (integral gain)

Ka #o Sas1venei@eeyius (Derivative gain)

T;  #A9 A8 WSHUS (Integral time)

8 AIA0YWUS (Derivative time)

A
o)



14

[

lasmsusuimiiwesvesiinuan awnsalindnnisded

N13AUANUUVHREIY (Proportional control action w3a P action) 1Junns
Amunlilodwavesinugy Wudadutusmiuianan TnguSuAdnsvensdndiud
uagivAmmianaindldannisiierdudmnsaudiediseld Felumaujinns
AuANLUUARdaztlndamidei Ll At naneese & FaArAuAanaIna AN MLy
euiendn Aeaviws (Offset)

N1IAIVANLUUUIWUS (Integral control action w3a | action) Tlunsuidgmn
28l ¥NYBI5T UL lnen1smuAuLUUUT U9 mlﬂmamammaamwwaauaa Mmewm

& v | ¢ =i
?JE)W“UUL‘U’IEI?HLﬁWWJ’IEJVLG] I‘ﬂElﬂqL@memmaaﬂﬂqﬂu?}uaﬂﬂu@qL?ﬁWUSWUﬁ Wﬂ']“um?lull']

!

Hausidy mnmwum’lwmnmﬂswuﬁuaa lnmUessEUUIshd e ldegesnEau

wifansnszilen (Hunting) vasdyaainn uazuanimualietUswudungs wAnnig
nsufienvosdnyaion LwﬂfuL’;a“|u'luﬂ:n'wLa'1mwmwaﬁwwsmqmtﬂmma

NM3AUANWUVBYIUS (Derivative control action w38 D action) Tunsaiitiinig

TUMUIINTFUUNIBUDN (Disturbance) iunalinsuseuianaesssuuinisiudounas

] s o v @ =t = < £ L3
oewviuiiilamslinismvauuuuewiug Soedinsnevaussiisinss Wuuals BRI

vosszvuihganthmnelasnisidu

2.4 NAaNNITINUYD LT UL DS

Tulassuiduiudoadinismausumdwssasa LRYIYUZNITABYAIVDITO FINU
Induseaiisuweiiauisanriadiussegnalunisinaayd WALINTEEENISAREAID95ald

lnelaldiwuivasimun 2 viln ldumeulaanes (Encoder) Lasluulens LasdunsiLsa

(Infrared sensor) @i tetilanantmdnnisyieuedsue e

2.4.1 wwulpnns

wulanineiilugunsainsindussesmeiignldsuegiunsuans oulamneddi
thanldlulassrudueulamaefuuuiiiue (Incremental encoder) Tnsfidnwaslastatg

el ﬁagﬂﬁ 2.8

Ui 2.8 Tassasuneluvesioulannes (8]



15

hulassouilldinieulannefunlivmszosmslunsiedeus wavaruEiedoud
naulviudmuay lnsioulaniaeslidygroniadisuogiadi (Pulse width modulation -
' =l ‘-_4 o o ° ° ' v o )
PWM) 88nu1m1ua1seeen1ensalnfeuil Saunsadmnmuiumimaanmld dwsunis
=3 ‘J a e £ rnl'a L=y = s =l @t ] =
mnAmsvasmstafsumiislagliioulanineindadayadioriu uasiiyaiuduasdunsise
o - ° 2 o ¢ o | ) ° £

2 4n Aagun 2.9 Yililddygnanerdwpeaesyaidinasaiu 90 aaem Amualidugn A uay
a < o v o & o 2 &

Y0 BTmawﬂmaﬂ15LmaaummmmmsmﬂmmﬂmsmwsamuLWamaqazyImﬂmamwmm

RN

Forward

LED Infra rea

Photoelectric
Backward
sensor

= W °
5UN 2.9 Tassadnagnisviauvesoulanines

2.4.2 \WULTDSHEIDUNTSA

@

wuweiuaBunsusaduaunsaiviafianunsavunldinsesing wionT9duing

Analsl nAmEsefnadddiisueesuadunsisauldsasvesnisass s
Lﬁadmmmuma%umé‘uw'31LsmLwiazﬂwmwﬁ@mauﬂ'ﬁumnﬁwﬁ’ul‘u SAVIE R

TN 1TIAns YTy Auussfueing fedululassnulddldisuime duasduniise

GP2Y0A41SKOF Liasniinaaudiniunnudenis ngillasaaiienneludasud 2.10

Vee

Signal

processing circuit Voltage regulator

'_ Oscillation circuit

SE' LED drive circuit !
LED | Output circuit _._(P_.

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

Measuring distance IC

3UM 2.10 Tassadnnelusumesuasdunsise (7]



16

wuwesuasBunsusaidonldlulaseay Ldussiudunmoglugae 4.5 §4 5.5 Toas
v o i | = ¢ o = LYY
wazlieussiuiendinmeglurae 0.25 fs 0,55 Taarf wasnfulunuszosiinsa Suless
- ) Y 1 a a a P =t a & A o
segrnaTnTIITuliedediuszdninnde 4 fs 30 wuRiuns Feiivdnnisueaees
a = “ 1 o s ¥ as e o g 1 . a a o
sunsusane mdsdwiuldtulugasudiSaguazdsfenmnud 40 Aladsnd
éhvr%’Uiﬂiamuﬁlé‘lﬁ'wuLsua{ua\aﬁuwmLimmiwi’misasag”iu*ﬁ'w 4 9 6 [wuRLuAS

Belirussiuedwnoglurag 2 - 2.7 Taad

2.5 lalasmaulnsaians

M v o = e & o 7] ¢
lulassouildfinsmvaunisiafeulvessa fedusidudedduednlulns.

¢l € - « a | ° 'yl
ﬂauimmaawuwawauwmmevgmwmwamaﬂﬁmmumwwmu‘uawmmmmmm 24

I ¢ el = o [ ar | o v oo
YA LLawasmlmIﬂmauTmaLaaswmmmLaﬂmwiumﬂﬂiL.m'im*ummmLLUW'meﬂ
L?juwm‘ﬁﬁma%}wum T,ﬂﬂ’luiﬂia&ﬂuﬁLﬁaﬂT%’Ua%mluiﬂsﬂauimaLaa%ag{'ﬁ'ﬁmu 2 Uasn
[%3 ¢ v alg w a & ¢

Uﬁsna‘ulﬂmHuasmwaﬂm"lwﬂizmawaﬂauaiﬂluiﬂsﬂauiwiaLaas STM32f4 DISCOVERY

LLSSU@‘S‘WQJ‘I@EuJ"U‘LJiﬂﬁ@UB%ﬂhﬂﬂ?ﬂﬂﬂWﬁﬁLﬁa’g ET-ARM STAMP STM32

2.5.1 vasalulasnaulnsaiaas STM32f4 DISCOVERY

uesalulasaaulnsaiaas STM32f4 DISCOVERY [6] Hugunsalfilddmsudsvaaana
Wenslusunsuniwd dslulassniflélflunisuszananadiusildomsugssidsly
AILAUM SN Tt R IAulnanlih ilefiannsomuaunisiadouiivessold Taod

uHunmMNsiessagUnsaivasueinlulasneulnsataes feguii 2,11

3
UsB

Embeddad
ST-LiNKNVZ

"

| [5e]

STM3ZF40VETE

) o
v |[ReSET|
) B2
LD3to1D8 RST
|
Luszosﬂm
s

3UT 2.1 msiFeusianunsaivesuedalulasaeulnsaiaes STM32f4 DISCOVERY [6]

U

Header

Header

[

o
%
R

L

S




17
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error = set point — process variable (3.3)
integral = integral + (error  dt) (3.4)
derivative = (erroe — previous error)/dt (3.5)
control variable = (Kp s error) + (K; * integral) + (K, derivative) (3.6)

daudiuudsiauUsaIuau

P o ol [ ey o v oas 1% 1ol
wasansudsavguilderadudfldamnsodnluldfussuula o1duriige

=V el i UL 4 1 -l ot a v o <
winld Seiinmsusuudsliiiraeaadudfissuuuld annsaesueld Aagun 3.22

Max control variable

Y

Control variable Filtered control variable
Limiter | o

UM 3.22 uunwdnuFuusesudsmuntvesszuy

Y J a 3 " - |
03U 3.22 Ardudsililunismuanszuusis (Filtered control variable) Aadnil

gndinlagAdaudsnIunugian (Max control variable) mduAiwdsalYRIvANsTUY

vivaiirguanlifudeiuusevaugeanilsivmaly

v o9

daulszgndldanuiudsatugy

laswniilaldnasuvesfudsaivaussuuasaite I dusuysiundansyiny
Y2AaIRLan Wi (Position offset - Pyrfset) L‘fJuﬂ"}si’%mu'ﬁun13mUﬂum'§ﬁ'mwuaa

unaIALUWEN WA faaunis (3.7)

Porgset = Poffser + Filtered control variable (3.7)

NNANNTT (3.7) @ansadiArduussuriinsvinnureweanusvdnlningile 1y
w o fa o ' 1% a | = =
'l‘éﬂuﬂﬁﬂ'smmamu:ymwamﬁuaQmwmaumazwmm meleaunfgiuinsandeudluniy

Mumisvesuaanfigndu ddliesureismsmuniluidedely



36

3.3.5 daun1saruAunsInIuvesunalauiudnluii

m‘amuaumﬂﬂﬁ‘auﬁmadmﬁaguumaﬁm%’ﬂmw}uﬁ ABNITAIUANNITIY
vaaanuslmdnlui Tnganansomuauriunsiunseualifuanann aldldmioiiin
dyaraiadisuagiadulunisivuatsuiunszuadiduludazenarn v mn s
A3 taeduusdmumuauiueia Py, %ﬂﬁﬂwmsﬂaqﬁmmnmﬁaéiﬁua@Laf*ﬁuﬁl

174 v =
ldmuauuaanueanslel fagui 3.23

% PWI
'y
72T
! J I ) | 1 | 'l l
: : [ 1 I | | I I I
S iy SN\ e
L RoYE L BN
L o e
R SRR R
: l' : | | | 1 1 1
™ [ A I . |
0 dom T [ s\ W N
' a0 80 120 160 Position (mm)
e« n2 4 6 8  Coil position, i

Position offset

3.23 dyanaiadisuegatuildluniseuauunaiausmdnludi

=D

U

o L=

1NgUT 3.24 ansaesuiemsmuaudygiadIsuagiatuldiauns (3.8)

P
f : of fset
[ (it . 7 i
y ‘=" ]
P P +40
, ffset 7 t
2.5(200 — Pyppser ) ;GTOSE_ 7 —ﬂszeo—
P 40
%PWM of coil; = 100 ; °ff52‘”0+ six P"ffsz"f 80 e
. Poffset + 80 , Poffset +120
—2.5(20i — Pyrfer) + 300 ; i i £ 55
0 .l>Poffset+120
s 20

Weo i fe Muwmisvesweain dawviiu [1, 2, 3, .., 24]



ar

1l
s =

ABmsinuvemilsiuied latu ieldlunisauauanais

=

2
=3,
£
)]
N,
)
o]
i
=)

)

1 s 14
L LﬂﬁﬂlW‘W?ﬁ’WTﬁﬂ LLﬂWQﬂG‘EU‘ﬂ 324

|
Position ‘:"HS‘“: Microcontroller l :
’ |
| L Program |" Coil1 :
" L298 Nt o |
e e i1 2 !
i | L298 = !
: ' Period Compare lEN} :
I ; -Bri Coilt3 i
f i variable variakle ;N Hardpe :C "
i | WM ar position
| i —
L " l : _|" Coild :
It i Generator ey |
I | Counter Compare unit || 2 I
'R P 'EN o :
: : unit PWM-GEN ; & —L. |
i |
| bmmmSE e T "
: Timer unit Coili6 :
: —
! L298 N6 Relay12 . |
i Coil2g :
|

UM 3.24 ununimesdiunugumsinutesnaanuslmEn

NNgUN 3.24 Iﬂ'iLtﬂimlﬂﬂiﬂau‘lwiaLaai‘%ﬁwm'ﬁﬂﬁsmawamﬁ'aLLUsPoffset 15
Ividewinadudygumds (Command signal) Usenaulumedyeiantivn INI, IN2 veq
1o% L298 lidwmiumspaumuiienamsivavonszua dyanontren BN Wamdunsiiivan
é’mswﬁwiwiwmmni’ﬂwasﬁcyfgwmﬁ’aé’jﬁua@a,a%’u (Duty cycle) Lﬁamuguﬂ%mmmi
Junseuavaled 298 uay ﬁ’fuufyjfuvﬁ'ﬁ'l,aa"l'ifﬁm%’um3m‘ua:um'sﬁqmu‘uaﬁl,a&ﬁamuan
m3venszualivnnin lnefidyaganugumiad (Relay control signal) anlalasnevinsa-
wwosiudfensiagiioyyinen feununmluguil 3.24

nnlusunssludaudae o Aldnanauludneiy awsaesuroduumuninmsyiey

vaslusunsule ﬁqgﬂﬁ 3.25 - 3.28



BUAUnUY

A 4

USudsdyauninmdnues
Vel EJ -
seuulvianug 168 wneidsng

\ 4

2
as

samuhgulasdunusuidenduisnea

o

1

srmeRnsedeasuuyaynsy

[
Y
2
as
[

5
i 1 [y '3 L4
faAnUIBIULA Inlwes

LY

AsFmieaidyg uiadiouagady

2
s

| s ' [
AIANUIAR R IAUANYARINLULAEA LT

A\ 4

AIANLTLAUAIAUALT LR

v

sumvihembeaisdygruiadisueguady
Tulnundalasludiody

A4

L‘ij’i,%‘dWIUSLm'mSuLmaj’%’wﬁmaﬁagﬂu
- Wsunsudaesurmesneunsu

L3

- Wsunsugesszuumunn (Indiuesdumaisng)

y

L3

ADTUETONTBULA DI SN,

JUN 3.25 ununmnsvinauveslusunsuvian

38



39

a _a ) d aw
ndumeTiwideddayarudn

-] &
mml,w;-ml,numauum

msrvdeutoyainiy
dwideyansalyl

uwanifiudeyalds Tailaf
wioly

y

-l a i 2
Wmu,wamnwaya

'
as

2 v dol &
\uteyalunisad GHE

23

4

£
=

LALLOALATARIT

'

TaiToi

LaALATARITY LAY

1NN 6 AT

a e < W
AAUNANIAUTaYA
Tiumeal

UNITVINTU

\4

JU7 3.26 LuamMIIeuveslusunsuges fudannesnoynsu



SUAUNITHIY

}

- BuAAMIiIgegeRINEIuAIUAN

- a'mﬂ'1é’uﬂssﬁwém'1mwwaq°ummmm’mﬁnlw%mﬂehumwu

!

2uAILMLATIMLNEYD9TRNARL LD S

v

AUIAIILULNTNINUlAALAD S

v

AUIAAIMILUIAIUANTINAIUNLSTD Lagaiums

as |

PriinFwudsmugusuuIRlilAuddudsauagege

AumlansviuresaaInudnanin = HATINVBIAINUTAIUANSEUY

v

AnumAeifudindisuegaturosnain a dundsdig

A

= ' c & &fw ea o
Lﬂaauwaqmmmwumwamﬁua@La"uu
Dudyaamunuvesnmnudassums

v

WARSAN sumiasn Uiy warsreyn1sansfvassn

Huneaineynsudinouines

\ 4

UNITNNUABVLINITHNATDE4

JUA 3.27 wwunmn1sviheuessuumuaus e

40



SHALNNTVIY

'

YSuRsdueunauuninuanees

o

sTUUERMLD 72 wneidseg

Y

- frmsulasduanaaugenduisnes

[ v}

[ 1 a a4
JAAUT Umﬂ@@aaaqﬁLLUUaHﬂiﬂJ

See

- feATmdgIua nlies

v

DA YU DI UAIBUNT LS
D1UANNBUIAALADS

l

arfIuUTNIUNINE SR YN TN

l

381381 20 Haaiui

U 3.28 wnunmnisgiuuardsiniuusvesnealnsamaiuuse



42

3.4 AMNTAUVDITIUY

= | | | ' @ s
NNTIUYBITEUUUARITIN S TRURBdIUse 9 vadlassruiilapenuuuls ndoufy

fd J s dl
gunsaidy 9 Aldlulaseny awnsaudnsdagud 3.29

N g

d 1
JUN 3.29 2NSINUITEUUIOTI N LIAEN

mﬂguﬁ 3.29 @10 unedIung  veddaseuldd

wiglaw 1 fe dalassaiisvessauassdildesnuuy dwsuseastenlaseaiig
YDITOUAZI ANsoAnwIRLELlFIINAANYIA 1

vangla 2 Ao daumuaunisiedeuiiuessa (Rail control) Ysznevlugreueda
lulasmoulvsalaaindn STM32f4 DISCOVERY vasmessdunszualiunans U9IN9953La8
warlugasudygiuuuuliane dmiusivasdeavessasamnsadnsifiuiulden
AAKNWIN ¥

WNEEY 3 Ae dsudsinnnwusesuuiise (Car feedback sensor) Ussnauly
Aguainlulasasulnsaiass ET ARM-STAMP STM32f103 14955UR191 e UL T 0 S Aq
BUNTILIA 19355UANINBULAAADS 19ATUUAILTITUINLUALADS wazlugadsdtygyininuy
15y dwiuseasiBunvenasauisornwifiudildanniauwan 4

WNLEY 4 A9 AN ImasamSUTUSLASULASLARINE

weay 5 Ao wnasangln 24 1aad dusudnenseualiiurnans



uni 4

NIINNABILLASNANTITNAADY

Tuundladiauenisnaastwedaseusasisudvns il Fausesndunmsvnaas
WUTINURAIALIWAATNHN nsvanasdeuriadisuegiatuiiiouiunseuaondng nis

NARBINTTABLAIVBITA WAYNITNARBIATUANAILMLITY

4.1 ﬂ']'i“(lﬂﬁﬂx‘lLLNQ’]ﬂ‘Uﬂﬁ’JﬂLLﬂmﬁﬂlwﬁﬂ

1 A - A o
mwmaawmmmmeﬁnlw%vﬂuﬂﬁwﬂaauLm@mwanmnﬁuﬂmml.wawmmusaw
lumsiuaeann wagnseuaiauisailuldasslulasemule Wi vunruIavesunalal
= @ -] vV oas IJ I.Il qﬂ/ o/
NOAAULAULAEN awsainsnageulaguiusalinueissdalmdnuuuweiy nssunans
| 0 W o o s - | Y] |
meﬁﬂlw%waag'lm'sﬂwwuﬁammumﬁﬂ AegUN 4.1 dnenszualdiiuanainudindnlnm
17 v 1 %’ (v qJ al 1 1 2 8 at cs" =
LLmuuwﬂmmwuﬂmUaauuﬂaqlﬂmmxaswwixmN’lmmaasﬂnwmmm FIUNANITNAADY

FIM5NR 4.1 — 4.3

BANGING 951
i = |

SCALE

|

UM 4.1 N1INAADILTINAINVARINULLAAN I



44

MIND 4.1 nansvaaesnsgaInuaautivaniihlngldvnainiued 33 sy 400 seu

THNNTENIN | nIud 0.4 wouwds | nszud 0.5 weuuud | nszud 0.6 weuuUs
FANUINAIN vt 1S4 vinwmifn 154 Y (X
X(mm) F(kg) F(N) F(kg) F(N) F(kg) F(N)
20 0.000 0.000 0.000 0.000 0.000 0.000
19 0.000 0.000 0.000 0.000 0.000 0.000
18 0.000 0.000 0.000 0.000 0.000 0.000
17 0.000 0.000 0.000 0.000 0.000 0.000
16 0.000 0.000 0.000 0.000 0.025 0.245
15 0.000 0.000 0.000 0.000 0.030 0.291
14 0.000 0.000 0.025 0.245 0.035 0.343
13 0.000 0.000 0.030 0.294 0.045 0.441
12 0.025 0.245 0.035 0.343 0.055 0.539
11 0.030 0.294 0.040 0.392 0.065 0.637
10 0.040 0.392 0.060 0.588 0.080 0.784
9 0.055 0.539 0.075 0. 428 0.095 0.932
8 0.070 0.687 0.090 0.883 0.120 100
7 0.095 0.932 0.115 1.128 0.140 1.373
6 (s 1.128 0.145 1.422 0.165 1.618
b 0.150 1.472 0.175 YR 0.195 1.913
q 0.185 1.824 0.215 2.109 0.230 2.256
3 0.225 20T 0.245 2.403 0.275 2.697
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15197 4.2 nan1sadpuLsIgaInURauLvanifinlag[dunanaiued 33 Wu 500 seu

F2EU9IINI | nTEua 0.4 ueuuds | nseud 0.5 weauu$d | nszud 0.6 weuuys
SNUVAAIN dwtin 1S9 vmifn (EX) Ywtin 39
X(mm) F(kg) F(N) F(kg) F(N) F(kg) F(N)
20 0.000 0.000 0.000 0.000 0.000 0.000
19 0.000 0.000 0.000 0.000 0.000 0.000
18 0.000 0.000 0.000 0.000 0.020 0.196
1 0.000 0.000 0.000 0.000 0.025 0.245
16 0.000 0.000 0.025 0.245 0.030 0.294
15 0.000 0.000 0.030 0.294 0.035 0.343
14 0.025 0.245 0.035 0.343 0.040 0.392
13 0.030 0.294 0.040 0.392 0.050 0.490
12 0.040 0.392 0.050 0.490 0.060 0.588
11 0.050 0.490 0.060 0.588 0.070 0.687
10 0.060 0.588 0.070 0.687 0.085 0.834
9 0.075 0.736 0.080 0.785 0.100 0.981
8 0.090 0.883 0.095 0.932 0.115 1.128
T 0.105 1.030 0.110 1.079 0.140 1.373
6 0.120 5 0.130 1.274 0.165 1.618
b 0.150 1.472 0.165 1.618 0.200 1.962
4 0.185 1.814 0.205 2.011 0.255 2.502
] 0.235 2.305 0.265 2.599 0.310 3.041
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C““‘" UM1472
,’ ife.augmented

User manual
Discovery kit for STM32F407/417 lines

Introduction

The STM32F4DISCOVERY helps you to discover the STM32F407 & STM32F417 lines’
high-performance features and to develop your applications.

It is based on an STM32F407VGTS6 and includes an ST-LINK/V2 embedded debug tool
interface, ST MEMS digital accelerometer, ST MEMS digital microphone, audio DAC with
integrated class D speaker driver, LEDs, pushbuttons and a USB OTG micro-AB connector.

Figure 1. STM32F4DISCOVERY

1. Picture not contractual
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Quick start

The STM32F4DISCOVERY is a low-cost and easy-to-use development kit to quickly
evaluate and start a development with an STM32F4 high-performance microcontrolier.

Before installing and using the product, please accept the Evaluation Product License
Agreement from www.st.com/stm32f4-discovery.

For more information on the STM32F4DISCOVERY and for demonstration software, visit
www.st.com/stm32f4-discovery.

Getting started

Follow the sequence below to configure the STM32F4DISCOVERY board and launch the
DISCOVER application:
1. Check jumper position on the board, JP1 on, CN3 on (DISCOVERY selected).

2. Connect the STM32F4DISCOVERY board to a PC with a USB cable ‘type A to mini-B'
through USB cannector CN1 to power the board. Red LED LD2 (PWR) then lights up.

3. Four LEDs between B1 and B2 buttons are blinking.

4. Press user button B1 to enable the ST MEMS sensor, move the board and observe the
four LEDs blinking according to the motion direction and speed. (If you connect a
second USB cable ‘type A to micro-B' between PC and CN5 connector then the board
is recognized as standard mouse and its motion will also control the PG cursor).

5. To study or modify the DISCOVER project related to this demo, visit
www.st.com/stm32f4-discovery and follow the tutorial.

6. Discover the STM32F4 features, download and execute programs proposed in the list
of projects.
7. Develop your own application using available examples.

System requirements

*  Windows PC (XP, Vista, 7)
+« USB type A to Mini-B USB cable

Development toolchain supporting the STM32F4DISCOVERY

e Altium, TASKING™ VX-Toolset

*  Atollic TrueSTUDIO®

* AR Embedded Workbench® for ARM (EWARM)
e Keil™ MDK-ARM

Order code

To order the STM32F4 high-performance discovery board, use the order code
STM32F4DISCOVERY.

DoclD022256 Rev 3 “!I
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Features

The STM32F4DISCOVERY offers the foliowing features:

STM32F407VGTE microcontroller featuring 1 MB of Flash memory, 192 KB of RAM in
an LQFP100 package

On-board ST-LINK/V2 with selection mode switch to use the kit as a standalone
ST-LINK/V2 (with SWD connector for programming and debugging)

Board power supply: through USB bus or from an external 5V supply voltage
External application power supply: 3V and 5V

LIS3DSH, 8T MEMS motion sensor, 3-axis digital output accelerometer
MP45D 102, S| MEMS audio sensor, omnidirectional digital microphone
843122, audio DAC with integrated class D speaker driver

Eight LEDs:

~  LD1 (red/green) for USB communication

~  LD2 (red) for 3.3V power on

= Four user LEDs, LD3 (orange). LD4 (green), LD5 (red) and LD6 (blue)
- 2USB OTG LEDs LD7 (green) VBus and LD8 (red) over-current

Two pushbuttons (user and reset)

USB OTG with micro-AB conneclor

Extension header for LQFP100 1/Os for quick connection to prototyping board and easy
probing

DoclD022256 Rev 3 7/40
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Hardware and layout

The STM32F4DISCOVERY is designed around the STM32F407VGT6 microcontroller ina
100-pin LQFP package.

Figure Z illustrates the connections between the STM32F407VGT6 and its peripherals (ST-
LINK/VZ, pushbutton, LED, Audio DAC, USB, ST MEMS accelerometer, ST MEMS
microphone, and connectors).

Figure 3 and Figure 4 help you to locate these features on the STM32F4DISCOVERY.

Figure 2. Hardware block diagram

72
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q

STM32F407VGT6 microcontroller

This ARM Cortex-M4 32-bit MCU with FPU has 210 DMIPS, up to 1 MB Flash/192+4 KB
RAM, USB OTG HS/FS, Ethernet, 17 TIMs, 3 ADCs. 15 comm. interfaces and a camera.

Figure 5. STM32F407VGT6 package

STM32F407VGT6

1 Mbyte of Flash memory
192 Kbytes of RAM

LQFP100 14 x 14 mm HASBO0N3YV 1

This device provides the following benefits.

* 168 MHz/210 DMIPS Cortex-M4 with single cycle DSP MAC and floating point unit
providing:
Boosted execution of control algorithms
More features possible for your applications
Ease of use
Better code efficiency
Faster time to market
Elimination of scaling and saturation
Easier support for meta-language tools

e Designed for high performance and ultra fast data transfers: ART Accelerator, 32-bit, 7-
layer AHB bus matrix with 7 masters and 8 slaves including 2 blocks of SRAM, Multi
DMA controllers: 2 general purpose, 1 for USB HS, 1 for Ethernet, One SRAM block
dedicated to the core, providing performance equivalent to 0-wait execution from Flash
Concurrent execution and data transfers and simplified resource allocation

= Outstanding power efficiency; Ultra-low dynamic power, RTC <1 MA typical in VBAT
mode, 3.6 V down to 1.7 V VDD, Voltage regulator with power scaling capability,
providing extra flexibility to reduce power consumption for applications requiring both
high processing and low power performance when running at low voltage or on a
rechargeable battery

¢ Maximum integration: Up to 1 Mbyte of on-chip Flash memory, 192 Kbytes of SRAM,
reset circuit, internal RCs, PLLs, WLCSP package available, providing mare features in
space constrained applications

¢ Superior and innovative peripherals providing new possibilities to connect and
communicate high speed data and more precision due to high resolution

*  Extensive tools and software solutions providing a wide choice within the STM32
ecosystem to develop your applications.

DoclD022256 Rev 3 11/40
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Figure 6. STM32F407VGT6 block diagram
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5 Mechanical drawing

Figure 10. STM32F4DISCOVERY mechanical drawing
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1.

2.

AnANIRYIBILDSA §4 ET-ARM STAMP STM32

4 Mcu 328it RIzNa ARM Cortex-M3 21116 64Pin(LQFP) 284 “STmicroelectronics”
14 Crystal 8.00 MHz + Phase-Locked Loop (PLL) Run AIMME 72 MHz Ussanauadas
AT 1.25 DMIPS/MHz WinuwinAumasi$an sl ssunauawingy 90MIPS

#9937 RTC(Real Time Clock) #¥au XTAL A 32.768KHz uay Battery Backup

4. seafunislusunsuuu In-System Programming (ISP) uax In-Application Programming
(IAP) tMUMN9 On-Chip Boot-Loader Software n1awesm USARTA (RS232)
5. finsasiinans RS232 Tael¥damouny 4-PIN WIATFI ETT 37094 1 g9
6. 1148 Bit GPIO W¥ex 5V-Tolerant fwiulszgnsfsnelnedass
7. MiuunasaeIvaum +3.3y
8. dasalderuanafaun Pin Header TEUEUN 2.54mm(100mil) 2u1R 50 Pin (Fruaz 25Pin)
TTELUIN1.5 ﬁo(a500mi|f38.1mm}q‘wsifam?ﬁq‘lﬂsiﬂﬂszf;nm"tﬂﬁmu UAY JWILI9RT /O
a1:190 1y Project Board ey PCB
Specification | ET-ARM STAMP | ET-ARM STAMP
Peripheral STM32F103/128 | STM32F103/512
MCU STM32F103RBT6 | STM32F103RET6
Flash 128K 512K
RAM 20K 64K
SPI 2 3(128x 2)
12C 2 2
USART 3 5
USB 1 1
CAN 1 1
SDIO > 1
ADC 12 Bit 16 16
DAC 12 Bit - 2
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 46 V

= TOTAL DC CURRENTUP TO 4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nection of an external sensing resistor, An additional
supply input is provided so that the logic works at a
lower voltage.

outa ouTs
Q

+¥55
& 3

IR s
1DOnI

Jenuary 2000

1
g 5 In4
In2 ’ in3
O— 10 ey
EnA g €nB
O n
~O
1 15
SENSE A 4 _L SENGESR S-38%127
Rsa Rsp
113




L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 \
Vss Logic Supply Voltage 7 \'4
Vi,Ven Input and Enable Voltage ~-0.3t07 \'
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
~Repetitive (80% on ~20% off; ton = 10ms) 25 A
-DC Operation 2 A
Veada Sensing Voltage -1t023 vV
Piet Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature -25 to 130 6
Tstg, T Storage and Junction Temperature -40 fo 150 °C
PIN CONNECTIONS (top view)
/ l NS =g CURRENT SENSING B
W 770 ouTRUT 4
‘@' 1B = QUTPUT 3
R\ RSSO INPUT &
T e ENABLE B
10 "0 INPUT 3
hﬂ - Y B, Y, e LOGIC SUPPLY VOLTAGE Vsg
Uit BN N
il e INPUT 2
S e Y ENABIEN
L it s INPUT 1
4 7T SUPRLY VOLTAGE Vg
_GB_ ¢ PEES OUTPUT 2
QISR uTROT
L e e CURRENT SENSING A
Z TAB CONNECTED TO PIN & EosI4A
’
GND [ 1 20 [ GND
Sense A [_] 2 19 7] SenseB
NG [ZT W9 18 ] NC.
Qut1 [ 4 17 —] Out4
ou2 [] 5 PowerSO20 15 [ ous
vs [T} 6 15 [ Input4
Input1 1 7 14 7] EnableB
Enable A [ 8 13 ] Input3
Inputz 1 9 12 ] vss
GND [ 10 11 1 cno
DasiN23s
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rinjcase | Thermal Resistance Junction-case Max. - 3 “CIW
Rujamb | Thermal Resistance Junction-ambient Max. 13 () 35 “Crw

(*) Mounted on aluminum substrate

2113
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£298
ELECTRICAL CHARACTERISTICS (continued)

Symbot Parameter Test Conditions Min. Typ. | Max. | Unit
T1{Vi) |Source Current Turn-off Delay 05Vito 091 (2) (4 15 us
T2(V)) [Source Current Fall Time 081 to0.11L  (2); (4) 0.2 us
T3 (Vi) [Source Current Turn-on Delay 05Vito 011 (2);(4) 2 us
Ta{V)) |Source Current Rise Time 011 o091 (2): (4) 07 us
Ts (V) |Sink Current Turn-off Delay 05Vt 091, (3)(4) 07 us
Ts (Vi) |Sink Current Fall Time 09I o011 (3); (4) 0.25 us
T7 (Vi) |Sink Current Turn-on Delay 0.5Vito 091  (3);(4) 16 us
Tg (Vi) |Sink Current Rise Time 011 t0 091 (3); (4) 0.2 us
fc (Vi) | Commutation Frequency I =2A 25 40 KHz

T+ (Ven) |Source Current Turn-off Defay 0.5Vento 0.91,  (2); (4) 3 us
T2 (Van) |Source Current Fall Time 081 to0.11,  (2); (4) 1 us
T3 (Ven) [Source Current Turn-on Delay 05Varto 0.1 1 (2); (4) 03 us
Ta (Ven) |Source Current Rise Time 011 o081 (2@ 04 us
Ts (Ven) |Sink Current Turn-off Delay 0.5Vento 091 (3): (4) 2.2 us
Te (Ven) |Sink Current Fall Time 091 to011L  (3)(4) 0.35 us
T7 (Ven) |Sink Current Turn-on Delay 0.5Vento 0.8 1L (3); (4) 0.25 us
Tg (Ven) |Sink Current Rise Time 011, to0.81  (3) (4) 0.1 us
1) 1)Sensing voltage can be —1 V for t < 50 usec; in steady state Veens min 2 — 0.5 V.
2) See fig. 2.
3) See fig. 4.
4) The load must be a pure resistor.
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
G~ batn
Vgar I
(v) Vgg=5V  Vg=42V
Vg=42V
24 VSST?,,V‘W Rl | INPUT
20 E
1.5 | A ENABLE
L
/
0.8
04 o s-s58%21n
0 04 08 12 16 20 2& IglA) Note : For INPUT Switching, set EN = H

For ENABLE Switching, setIN = H
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I3 TEXAS
INSTRUMENTS LM124-N, LM224-N, LM2902-N, LM324-N
www.ti,com SNOSC16B -MAY 2004 -REVISED SEPTEMBER 2004

LM124-N/LM224-N/LM324-N/LM2902-N Low Power Quad Operational Amplifiers

Check for Samples: LM124-N, LM224-N, LM2902-N, LM324-N

FEATURES

* Internally Frequency Compensated for Unity
Gain

« Large DC Voltage Gain 100 dB

*  Wide Bandwidth (Unity Gain) 1 MHz
(Temperature Compensated)

* Wide Power Supply Range:
— Singie Supply 3V to 32V
~ or Dual Supplies £1.5V to £16V

* Very Low Supply Current Drain (700
uA)—Essentially Independent of Supply
Voitage

* Low Input Biasing Current 45 nA (Temperature
Compensated)

* Low Input Offset Voltage 2 mV
— and Offset Current: 5 nA

* Input Common-Mode Voltage Range Includes
Ground

« Differential input Voltage Range Equal to the
Power Supply Voltage

» Large Output Voltage Swing 0V to V* — 1.5V

UNIQUE CHARACTERISTICS

* In the Linear Mode the Input Common-Mode
Volitage Range Includes Ground and the
Output Voltage can also Swing to Ground,
Even Though Operated from Only a Single
Power Supply Voltage

* The Unity Gain Cross Frequency is
Temperature Compensated

* The Input Bias Current is also Temperature
Compensated

A

All trademarks are the property of their respective owners.

ADVANTAGES

* Eliminates Need for Dual Supplies

* Four Internally Compensated Op Amps in a
Single Package

* Allows Directly Sensing Near GND and Vgt
also Goes to GND

* Compatible with All Forms of Logic
* Power Drain Suitable for Battery Operation

DESCRIPTION

The LM124-N series consists of four independent,
high gain, internally frequency compensated
operational  amplifiers  which  were designed

specifically to operate from a single power supply
over a wide range of voltages. Operation from split
power supplies is also possible and the low power
supply current drain is independent of the magnitude
of the power supply voltage.

Application areas include transducer amplifiers, DC
gain blocks and all the conventional op amp circuits
which now can be more easily implemented in single
power supply systems. For example, the LM124-N
series can be direclly operated off of the standard
+5V power supply voltage which is used in digital
systems and will easily provide the required interface
electronics without requiring the additional +15V
power supplies.

Please be aware that an important notice concerning availability, standard warranty. and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet

PRODUCTION DATA information 1s current as of publication date
Praducts conform 1o specficatons per the terms of the Texas
Ingtruments standard warranty. Production processing does not
necessanly include testing ol all parameters

Copyright @ 2004, Texas Instruments Incorporated
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"i; TEXAS
INSTRUMENTS

Connection Diagrams

QUTPUT & INPUT &

INPUT &*

GND INPUT 3" INPUT O™ QUTPUT 3

" 13 12 1 10 9 &

1 2 3 4 5 § i
QUTPUT T INPUT 1T NPUT' vt INPUT 2" INPUT 27 OUTPUT 7

Note 1: LM124A available per JM38510/11006
Note 2: LM124-N available per JM38510/11005
Note 3: See STD Mil DWG 5962R99504 for Radiation Tolerant Device

Figure 1. Dual-In-Line Package - Top View

See Package Number JOO14A DO014A or NFFOO14A

QUTPUT 1 {::i [ ]
INPUT 1= :::z
INPUT 1+ [:""_“'_—3

¥4
INPUT 2+ 2
INPUT 2 ]
OUTPUT 2 |1""7:

I

LM124W

,.',;"‘:::':1 QUTPUT 4
1 INPUT 4-
u:l INPUT 4+
%——_| eND

‘_9‘_—__:1 INPUT 3+
:a::l INPUT 3~
[ OUTPUT 3

Note 3: See STD Mil DWG 5962R99504 for Radiation Tolerant Device

Schematic Diagram

Figure 2. See Package Number NAD0014B

See Package Number NACD014A

www.ti.com

(Each Amplifier)
X
GD A WA GD GDIDL;J
[ as
Ce L
az a3
o 1]
INPUTS = - ouTPUT
U1l
it
o [ l
: = GDS‘.A =
o 0y = = =
2 Submit Documentation Feedback

Product Folder Links: LM124-N LM224-N (M2902-N LM324-N

Copyright © 2004, Texas Instruments Incorparated



Q’ }E;‘;‘SUMENTS LM124-N, LM224-N, LM2902-N, LM324-N
www.ti.com SNOSC168 ~MAY 2004-REVISED SEPTEMBER 2004

A
A

ABSOLUTE MAXIMUM RATINGS @

during storage or handling to prevent electrostatic damage to the MOS gates.

These devices have limited buill-in ESD protection. The leads should be shorted together or the device placed in conductive foam

LM124-N/LM224- LM2902-N
N/LM324-N
LM1 24AILM:24NLM324
Supply Voltage, V* 32v ésv i
Differential Input Voitage 32v 28V
Input Voltage =0.3V to +32v ~0.3V to +26V
Input Current (Vjy < =0.3V) 50 mA 50 mA
Power Dissipation ™’ PDIP 1130 mW 1130 mW
cop 1260 mw 1260 mwW
- | SOIC Package .. iy, N 800 mw 8OO mw
Output Short-Circuit to GND (One Amplifier)® — . = S '
\w’+ <15V and Ty = 25°C Continuous Cont;’nuous. i

Operating_Tgmpermure Range

-40°C to +85°C

LM324-N/LM324A

0°C 1o +70°C

LM224-N1‘LM_2__2__¢A_ g
LM124-N/LM124A

-25°C to +85°C

-55°C to +125°C

Storage Temperature Range -65°C 10 +150°C -65°C to
B +150°C i
l:ead Temperature (Soldering, 10 seconds) 260°C 260°C N
Soldering Information Dual-In-Line Package ISoIden'ng (10 seconds) 280°C 260°C
Small Outline Package ?Vapor Phase (60 seconds) 215°C 215°C
! | Infrared (15 seconds) 220°C 220°C
| 250V 250V

| ESD Tolerance®

B

(1) Refer to RETS124AX for LM124A military specifications and refer to RETS124X for LM124-N military specifications.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/

(3) This input current will only exist when the voltage at any of the input leads is driven negative. It is due 1o the collector-base junction of
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is
also lateral NPN parasitic transistor action on the IC chip. This transistor acticn can cause the output voltages of the op amps to go to
the V'voltage level (or to ground for a large overdrive) for the lime duration that an input is driven negative. This is not destructive and
normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than ~0.3V (at 25°C).

(4) For operating at high temperatures, the LM324-

N/LM324A/M2902-N must be derated based on a +125°C maximum junciion

temperature and a thermal resistance of 88°C/AW which applies for the device soldered in a printed circuit board, operating in a still air
ambient. The LM224-N/LM224A and LM124-N/LM124A can be derated based on a +150°C maximum junction temperature. The
dissipation is the total of all four amplifiers—use external resistors, where possible, 1o allow the amplifier to saturate of to reduce the

power which is dissipated in the integraled circuit

{5) Short circuits from the output to V* can cause excessive healing and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of /', At values of supply voltage in excess of +15V,
continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result

from simultaneous shorts on all amplifiers.
(6) Human body model, 1.5 kQ in series with 100 pF.

Copyright € 2004, Texas Instruments Incorporated

Submit Documentation Feedback 3

Product Felder Links: LAM124-N LM224-N LM2902-N LA324-N
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National
Semiconductor

LM1117/LM1117I

General Description

The LM1117 is a series of fow dropout voltage regulators
with a dropout of 1.2V at 800mA of load current. It has the
same pin-out as National Semiconductor's industry standard
LM317.

The LM1117 is available in an adjustable version, which can
set the output voltage from 1.256V to 18.8V with only two
external resistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V.

The LM1117 offers current limiting and thermal shutdown. Its
circuit includes a zener trimmed bandgap reference to as-
sure oulput voltage accuracy to within %1%,

The LM1117 serigs is available in LLP, TO-263, SOT-223,
TO-220, and TO-252 D-PAK packages. A minimum of 10pF
tantalum capacitor is required at the output to improve the
transient respanse and stability.

800mA Low-Dropout Linear Regulator

April 2008

Features
® Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable
Versions

® Space Saving SOT-223 and LLP Packages
® Current Limiting and Thermal Protection
® Oulputl Current 800mA
® Line Regulation 0.2% (Max)
®m Load Regulation 0.4% (Max)
® Temperature Range
—LMI117 0°C to 125°C
— LM11171 -40°C to 125°C
Applications

= 2.85V Model for SCSI-2 Active Termination

® Post Begulator for Switching DC/DC Converter
® High Efficiency Linear Regulators

® Batlery Charger

m Battery Powered Instrumentation

Typical Application

Active Terminator for SCSI-2 Bus

III-—-III
Loa
P
<<
2
o

1100
A
1100
LW1117-2.85 "m_
. \ AP 18 10 27
I oy YW= L1 Lines
GND ¥
< : 7 oo
10 uf 22 uF i d
W _L D) e
10291908

Fixed Output Reguiator

LM1117=XX

TartaiumT

i Your
GND
10 uf * 10 uf

I Tantalum

* Roquirec if the regulator is located far from the power supply filter,

10091626

© 2006 National Semiconductor Corporation 08100918

www.national.com
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Block Diagram

Thermal
Limit

}{—E

Current
Limit

v

b

|

® o I‘ —0 Yo7
Subsirate
2
t = e AAA—O GND (FIXED OLTFUT)
= == = O ADJ. (ADJUSTABLE QUTFUT)
1000
Connection Diagrams TO-263
S0T-223 2¢ L1 e
'.\- - =
INPUT = PR
r-‘r‘ i;[ :]C'JI"U‘ 10081644
oul "
[ ane/onn Top View
10051904
Top View W
G 45
TO-220 Side View

G | ——meur
() [ Ut
S f/0d

1890

Top View

TO-252

8f e T

ot

Top View

T LT | moT conmECTED

Vour

When using the LLP package

10001844

Pins 2,3 & 4 must be connectzd together and

Pins 5. 6 & 7 mus! be connoetad togothor

Top View

www.national com
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LM1117/LM11171
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Typical Application Circuits

TOSV to 1OV
i
10p Imo,ur

LM1117-5.0

Vi > 12y

10021230
Adjusting Output of Fixed Regulators

LMi117-5.0

Vi > 9.0V o—r IN auT
+
GND

10;.rI

fee )
Regulator with Reference
LM1117-ADJ
ADJ R
10 uf
# | 1210
T T~ 100 uF

. RN S
Your = 1.25 (I + ;!.)

' Cagj ‘s optioral, however it will improve ripple rajection,
"X
1.25V to 10V Adjustable Regulator with Improved
Ripple Rejection

LM1117 ~ A3
i v,
VEN JOU? SE‘IET
ADJ < R1
<
S 240
= 100 pf
10 uf s
Tantalum S P2 onzag F—AAAN— TTL
< 720 ik

25y
25V

* Min, output = 1.

5V Logic Regulator with Electronic Shutdown

www.rialional.com
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TECHNICAL DATA
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9
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KIA278R0O5PI~KIA278R15P]

BIPFOLAR LINEAR INTEGRATED CIRCUIT

4 TERMINAL 24 OUTPUT LOW DROP
YOLTAGE REGULATOR
O | MELDMETESS
. A T e 2N
The KIA278R % % Serics are Low Drop Voltage Regulaor B |_twntnzn
suitable for various ¢lestranic equipments, A PEUEL
It provides corstant voltage power source with TO-220 4 terminal T
Tead full molded PKG, The Regulator has multi function such as o Tz
Ll UL D
over curtéent protection, overheal protection and ON/OFF control. 3| sl
g
FEATURES R
+ 20A Ouiput Low Drop Voltape Repulaiar, 0 I
« Built in ON/OFF Contsol Taminal, o
+ Baglt in Over Current Protection, Over Heat a _ [
Protedtion Function. : .‘II ::::1:
4 = ¥ e
— @ DCDIZIT Vg
EF d QO £ DCOUTRUT (V)
G D
L‘[NE w @ ONOFF CONTROL
TFEM OUTPUT YOLTAGE (Typ) UNIT
KIAZ78RO5FI 5 |V
KIA2 78R0G 6
KIAZ78R08PI i
KIA2T8ROGPL 9 v
KLA278R10PL 10
KIA278R12PL 12
* KIA278R15FI 15
* Now) *: Under Developanent,
MAXIMUM RATING (Ta=25T)
CHARACTERISTIC SYMBOL RATING UNTT Renwark
Inpnt Yohage Y ki] ¥ -
ON/OFF Contral Yoliage Ve 35 v -
Ouipit Currend Iy 2 A -
Tower Dissipation 1 Py ;] W No heatsink
Fower Dissipation 2 Ty 15 W with heatsink
Junction Tenyperature T, 125 T -
Operating Temperature L™ =20 ~50 T -
Sworape Tampeaanre Ty -30~12% T -
Sddering Temperature (10sec) Tt %0 T -




KIA278RO5PI~KIA278R15P1

ELECTRICAL CHARACTERISTICS (Ta=257)
{Unless otherwise spexified, =1 04, Ta=257, Notetl.)

CHARACTERISTIC SYMBOL CONDITIONS MIN. | TYP. MAX, UNMIT
EIAZT4ROS - 438 50 5.12
KIAZ78R(k - 585 6.0 615
KIA278RGY - 740 30 82
Ouput Yolsage KIA2TS RS Yo - 378 4.0 922 Y
KIA278R1Q - 375 1090 1025
KIA2T8R12 - 1120 120 1230
KIA278R15 R 1470 [ 150 | 1530
Load Reguhtion Reg Londd ISmA~2A - 1 20 %
Line Repulation Rep Line (Note 2) - 4] 15 %
Temperature Coefficient of Culpul Vdltage TeVo Tj=0~ 1257 - +002 | =005 [ it
Rippk Rejection R.R - 45 55 - dB
Drop Cut Voltige Vo [Ty 5 p 05 v
Duiput ON ate for comrel Voliage Veoma - 20 - - ¥
Cutput ON sate for conro] Cument ~Terery Ve=2.3V 5 9 0 | A
Cutput OFF siaie for conizel Yol Vewen - - - 0.8 v
Output OFF siate for control Carrent lecossy Yorhave - k. 04 mA
Cruizscont Current Iq L0 - - 10 mA
Nofel) Vis of KIA278ROS-TY  Now2) Vigof KIAZTSR0S6~ 12V Nokd) At Var G35V,
“  KIA278ROS-8Y * RIA2I8RO6~7~ 15Y
" KIA278R08=10V ¥ KIA278R08=9~25V
T KIAZ78R09=15V T KIAZ78R09=10~ 25V
" KIAZ78R10=16Y T KIAZ78RI0=11 ~26Y
" KIAZ78R12=18V " KIA278R12=13 ~29Y
" KIA278R15=21Y " KIAZ78R15=16~ 32V
BLOCK DIAGRAM
Vv ‘@F Lr[ _@v"

J<D =<

I

BANDGAP 5
RIFIRINCE ALO W G
FROTECTION <
et
@_ CRITFUT OMFF
CONTROL
Conteal

QVERJEAT J

FROTICTION

©)

GRD
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KE E SEMICONDUCTOR |KIA278R25PI~KIA278R37PI

TECHNICAL DATA BIPOLAR LINEAR INTEGRATED CIRCUIT

4 TERMINAL 2A OUTPUT LOW DROP

VOLTAGE REGULATOR
I . _C. DIM | MILLIMETERS
o ; A | I00LD20
The KIA278R * X Series are Low Drop Voltage ] B | 150020
Regulator suitable for various electronic equipments. o : m;ﬁ:ﬁ
It provides constant voltage power source with TO-220 ' R
4 terminal lead full molded PKG. G | 1570020
" . H 0.40£0.10
The Regulator has multi function such as over current s YR | W20
protection, overheat protection and ON/OFF control. 4 :;‘::ﬁ
H M 254
N 4504020
FEATURES o 1540,
* 2.0A Output Low Drop Voltage Regulator. - w;:' "
 Built in ON/OFF Control Terminal, sw
T 130201
+ Built in Over Current Protection, Over Heat PR ATTITY
Y | 1301

Protection Function.
1 DCINPUT (Viy)

2 DCOUTPUT (Vey)
3 GND

4 ONVOFF CONTROL

LINE UP ‘
ITEM OUTPUT VOLTAGE (Typ.) UNIT TO-22018-4
KIA278R25P] 25
* KIA278R30P] 3.0
KIA278R33PI 33 A4
* KIAZ78R35PI 3.5
* KIA278R37P] 3.7

* Note) * : Under Development.

MAXIMUM RATINGS (Ta=25C)

CHARACTERISTIC SYMBOL RATING UNIT Remark
Input Voltage Vin 35 Y -
ON/OFF Control Voltage Ve 35 v -
Oulputa;rﬁnt lo 2 A - ®
Power Dissipation 1 Py 1is W No heatsink
Power Dissipation 2 R 15 W with heatsink
Junction Temperature T 125 T -
Operating Temperature Toi -20 ~80 T =
Storage Temperature Tug -30~125 T <
Soldering Temperature (10sec) Tsal 260 - b5 o -

2004.9.1 Revision No : § KEE 1/5



KIA278R25PI~KIA278R37PI

gl

ELECTRICAL CIIARACTERISTICS

(Unless otherwise specified, To=1.0A, Ta=25C, Notel.)

CHARACTERISTIC SYMBOL CONDITIONS MIN. TYP. | MAX. | UNIT
KIA278R25 - 2.438 2,50 2.562
KIA278R30 - 2.925 3.00 3.075
Output Voltage KIA278R33 Vo - 3220 330 3.380 A%
KIA278R35 - 3413 3.50 3.587
KIA278R37 - 3.608 3.70 3.792
Load Regulation Reg Load lo=5mA ~2A - 0.1 2.0 %
L.ine Regulation Reg Line (Note 2) - 0.5 2.5 Y%
Temperature Coefficient of Output Voltage TcVo IjJ=0~1257T +0.02 | £005 | %/'TC
Ripple Rejection R R - 45 55 dB
Drop Out Voltage Vi 1o=2A - - 0.5 v
Output ON state for control Voltage Vewm) - 2.0 - v
Output ON state for control Current Tevony V=27V - - 20 1A
Qutput OFF state for control Voltage Veorn . - 0.8 v
Output OFF state for control Current Iciore) V=04V - - -0.4 mA
Quicscent Current Iy In=0 - - 10 mA
Notel) V) of KIA278R25=4.2V  Note2) V) of KIA278R25=3.2 ~ 10V, Note3) At V=095V,
" KIA278R30=4.7V " KIA278R30=3.7 ~ 10V
" KIA278R33=5.0V " KIA278R33=4.0~ [0V
" KIA278R35=5.2V " KIA278R35=4.2 ~ 10V
" KIA278R37=54V " KIA278R37=4.4 ~ 1OV
BLOCK DIAGRAM
Vin @ \_,_[ @ Vo
| ¢ 2
ASO o é
PROTECTION
@ OUTPUT ON/OFF
CONTROL
Control
OVER HEAT
PROTECTION
®
GND
2004.9. 1 RevisionNo: 5 KELC s
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ORDERING INFO
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(H) \DugunsniBidiansednd T3 mivadumssrensuualifurnann
=l s q‘(l
DURARIU
B Features
» Miniature relay
E322395 Dimension' 19.0x15 5x15.8(mm)
* Contact 1 FormA, 1 Form B, 1 Form C
= TVLG rating
» UL Class F insulation
RMATION

HRS4
a T

--

Model

Coil Sensitivity Enclosure Coil Voltage Contact Form
H - High Sensitivity (380mW)|S - Plastic DC3V, DC5V, DCBVY, DCYV, fB\ : 1 ggrmg
Blank - Standard (450mw) |  Sealed Type| DC12V, DC24V, DCABY & 1Fomnt

SPECIFICATION

CONTACT DATA

GENERAL DATA

Contact Form

1FormA, 1 Form B, 1 Form C

Insulation Resistance

Min. 1000MQ 500VDC

Contact Material AgAlloy  piglectric | Between open contacts 750VAC, 1 min
Contact Rating A’ 15A 125VAC, 10A250VAC  Strength | genyveen coil and contacts 1,500VAC, 1min
C: NO: 10A 250VAC/24VDC Operate Time o
NC; 6A 250VAC/24VDC  —" S Ak
TV-5 125VAC Release Time Max. 5ms
Contact Resistance Max. 100mQ (VDC 1A) Operating Temperature -40°C to +85°C
Max. Switching Voltage 250VACI30VDC  Humidity 35~-85%RH, +40°C
Loag | Max Switching Current 15A opoek Endurance 1,000m/s’
Max. Switching Power 2,500VA, 300w Resistance] wiconeration 100m/s’
Min. Switching Load SVDC, 100mA Vibration | Endurance  [10~55Hz, 1.5mm double amplitude
% Electrical 100,000 operations ~ Resistance| wyeqoneration [10-55Hz 15mm double amplitude
ife
Mechanical 10,000,000 operations Weight Approximately 10.0g
Note:Data shown are of initial value
COIL DATA
Nominal Coil Power 360mW, 450mw
SAFETY APPROVAL
; Contact Power Coil :
File Number Eorm Consumption Voltage Contact Rating Remark
A 0.36W/0 45W | 3-48VDC 10A 250VAC Ambient Temperature: 85 C
-QC 08002027614 : :
f‘;gq 21711 1-2008) B 0.36W/0.45W | 3-48vDC 6A 250VAC Ambient Temperature: 857
C 0.36W/0.45W | 3 -48VDC | NO/NC: 10A/8A 250VAC | Ambient Temperature: 85T

1509001

1ISO/TS16949., 1S014001 Approved

FHKE Hrs4-223



SAFETY APPROVAL
" Contact Power Coil :
File Number o Consumption Voltage Contact Rating Remark
TUV 50116136 INO/NC: 10A/6A 250VAC|Ambient Temperature: 1057
AIBIC 0.36W/0.45W |3 -48VDC 8
TUV50116136 (EN 60730-1) gg é?ﬂf%g&g\g‘c Ambient Temperature: 105
A 0.36W/0.45W |3 - 48VDC TIIIBAC [apacrsr Inouison |
Class F Insulation
UL E1684730 10A 120VAC/28VDC Ambient Temperature; 105°C
AIC 0.36W/0.45W |3 -48VDC 10A 277VAC Class F Insulation
TV-5 125VAC |Ambient Temperature: 85C
1/2HP 120VAC NLDX Categary
UL E322395 AIC 0.36W/0.45W |3 - 48VDC 172HP 240VAC (N.O.Contact side)
CSA 1063016 (LR 109368) AIC 0.36W/0.45W 13 -48VDC| 10A 120VAC/24VDC -

Specifications subject to change without notice

COIL DATA Ambient Temperature: 23C
Model Nomir{flljgoltage Coilﬂliﬁig&z nce Operzt\?t')\fé:ltage Releaa':it’eo\gitage Cc;iim P\xfwer
HRS4-5-DC3V 3 20 2.1 0.3
HR§4-S-DC5V 5 55 Ko 0.5
HRS4-5-DC8V 6 80 42 086
HRS4-8-DCOV g 180 6.3 0.9 450
HRS4-5-DC12V 12 320 84 1.2
HRS4-5-DC24V 24 1280 16.8 24
HRS84-S-DC48V 48 5120 336 4.8
HRS4H-S-DC3V 3 25 2.1 08
HRS4H-S-DC5V 5 70 35 0.5
HRS4H-S-DCBV 6 100 42 06
HRS4H-8-DCAV 9 225 6.3 0.9 360
HRS4H-8-DC12V 12 400 8.4 1.2
HRS4H-S-DC24V 24 1600 16.8 24
HRS4H-S-DC48V 48 6400 336 4.8

HKE HRrsa-224

1ISC8001.

ISOITS16849. IS0 14001 Approved

93



REFERENCE DATA
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Timing
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14001 Approved
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TCRT5000(L)
Vishay Telefunken

VISHAY

Reflective Optical Sensor with Transistor Output

Description

The TCRT5000(L) has a compact construction where
the emitting-light source and the detector are arranged
in the same direction to sense the presence of an ob-
ject by using the reflective IR beam from the object.
The operating wavelength is 950 mm. The detector
consists of a phototransistor.

Applications

@ Position sensor for shaft encoder

@ Detection of reflective material such as paper,
IBM cards, magnetic tapes etc. )

® Limit switch for mechanical motions in VCR
® General purpose — wherever the space is limited

15116
Features
o) e oA
@ Snap-in construction for PCB mounting /,J
® Package height: 7 mm Iﬂ)
® Plastic polycarbonate housing construction OE oe
which prevents crosstalk
e | = long leads
e Current Transfer Ratio (CTR) of typical 10% Top view
Order Instruction
Ordering Code i Sensing Distance Remarks
' TCRT5000 12 mm ' Leads (3.5 mm)
| TCRT5000(L) 12 mm N 'Long leads (15 mm)
Document Number 83760 www.vishay.com

Rev. A4, 03~Jul-00 1(8)



TCRT5000(L)
Vishay Telefunken

Absolute Maximum Ratings
Inrpui (Emitte_r)

) ~ Parameter | TestCondiions  Symbol | Value | Unit
Reverse voltage o Vg 5 Vv
| Forward current e 60 mA
Forward surge current th <10 pA IEsm 3 A
Power dissipation | Tamb £ 25°C Py 100 mw
Junction temperature S i | 100 .-
Output (Detector)
L _ Parameter | Test Conditions | Symbol | Value | Unit
Collector emitter voltage 0.1 e SR 2O ]V
| Emitter collector voltage Veco | 5 %
Collector current A dedc O NNJ00 | mA
| Power dissipation Tamih £582C Py 100 mw
Wunciontengfeiure A | Wp-®)> N SXI-J L I | NR | °c
Sensor
| __ Parameter : Test Conditions Symbol Value | Unit
| Total power dissipation Tamb £ 25°C Piot 200 mw
| Operation temperature range ! _Tamp | —25to +85 'c
| Storage temperature range B Eeislamed €20 1051000 | °C
| Solderig temperature | | | | |2mmfromcase,t<10s |\ . | Ty | 4 2600 | °C
www. vishay.com Document Number 83760

2(8) Rev. A4, 03-Jul-00
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— TCRT5000(L)
Vishay Telefunken
Electrical Characteristics (T, = 25°C)
Input (Emitter)
‘ Parameter % Test Conditions __Symbol Min. Typ. Max. Unit |
Forward voltage lp =60 mA [ Vg 1.25 1.5 v
Junction capacitance VR=0V,.f=1MHz ’ C 50 pF
Output (Detector)
 Parameter f Test Conditions | Symbol | Min. Typ. | Max. | Unit
Collector emitter voltage | 1c = 1 mA ' Vceo 70 )
Emitter collector voltage I = 100 pA . Veco 7 _ 1V
(Collector dark current .~ [Vee =20V, lg=0,E=0 | / lggo | 10 200 | nA |
Sensor
| Parameter ‘ ~ Test Conditions | Symbol ‘Min. | Typ. | Max. | Unit
| Collector current Vee =5V, I =10 mA, [ g M2 0.5 1 2.1 mA
D =12 mm N YT
 Collector emitter lF=10mA, Ic =01 mA, | Vggea 12 0.4 ‘ Vv
saturation voltage _ |D =12 mm | i A —
1 Seetest circuit Pl 3 L\ P
2 Test surface: Mirror (Mfr. Spindler a. Hoyer, Part No 340005)
04 0226 ?5;314 7 N
el Mitor) A !
G-P 4 Vee Gil 22"f;°rfnm d = working distance
Rem 2 ] ; ! D = Distance
. 12+02
7002 ;
2 . = package height |
e
Figure 1. Test circuit Figure 2. Test circuit
Document Number 83760 www.vishay.com
Rev. Ad, 03-Jul-00

3(8)
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VISHAY

Vishay Telefunken

Typical Characteristics (T, = 25°C, unless otherwise specified)

300 ; :

Coupled device
200

{
f

Phototransistor

[R-diode S

Total Power Dissipation ¢ mW )

2 !
0 L
0 25 50 75 100
9511071 Tamh = Ambient Temperature (“C )
Figure 3. Total Power Dissipation vs.
Ambient Temperature
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/
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0 L / - |
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Figure 4. Forward Current vs. Forward Voltage
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Figure 5. Rel. Current Transfer Ratio vs. Ambient Temp.
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Figure 6. Collecter Current vs, Forward Current
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Figure 7. Collector Emitter Saturation Voltage vs.
Collector Current
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Figure 8. Current Transfer Ratio vs. Forward Current
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SHARP

GP2Y0A41SKOF

GP2Y0A41SKOF

mDescription

GP2YOA41SKOF is a distance measuring sensor unit,
composed of an integrated combination of PSD
(position sensitive detector) , IR-LED (infrared
emitting diode) and signal processing circuit.

The variety of the reflectivity of the object, the
environmental temperature and the operating duration
are not influenced easily to the distance detection
because of adopting the triangulation method.

This device outputs the voltage corresponding 1o the
detection distance. So this sensor can also be used as a
proximity sensor.

mFeatures

1. Distance measuring sensor is united with PSD,
infrared LED and signal processing circuil

2. Short measuring cvele (16,5ms)

3. Distance measuring range : 4 1o 30 em

. Package size (29.5 = 13.0 = 13.5mm)

- Analog output type

L% =N

Distance Measuring Sensor Unit
Measuring distance : 4 to 30 cm
Analog output type

mAgency approvals/Compliance

1. Compliant with RoHS directive (2002/95/EC)

mApplications

1. Cleaning robot
2. Personal robot

3. Sanitary

ettedit of duta sheet s subleet 1 change without

s of conflimation by doy

in catslogs, date books, e, C

v SHARP

Sheet No.: OP13008EN
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GP2Y0A41SKOF

mSchematic
Sigual
processing cireuit
(LED Current . TYPH TmA) Measuring distance 1€
mOutline
{Slamp)
. Giamp (Exampin)
5 Ry fivind
. . OA 4 4
= i /"—I Madel pame Montk {1 t0 8, X, ¥, 2)
b Year (2005:8)
[ 7l
Light emitter S
295 Light detsctor &% Lers cose
o LALR
N 9 1 A
a5 N 4.5 £119.7x0 / A
AN Pl o
0 o/
& X | ‘&
~ 75 ooy & —F R
Pt Y -2," ny { (3(\ \\:A e o
3 i h (==
A S i ‘{!', &)
Lo N, w
\;,
[J]
14.75
b 415 16.3
| I
o o & Wy N
| oo T
// N o~
TUl N i
1
Cennector sigral saterials
Sianal pare Conhector Lens: Acrylic agid resin
Ya 4.8 T.TRADING APANY LT (Vigible light cut—off resin)
. SEB--PH Cose: Carboric ABS
GHD (Conducttive resin)
PCB: Paper phenal
Unit: mm Secale: 2/1
Note 1: The dimensions marked X are describad
the dirmensions of lens center position GPZYSAMSKOF
Note 2: Unspecifiod tolorance shall be £0.3mm. Name Gug[,r-_;[;,mer.-xcﬁg
Note 3: The dimensions in parenthesis are shown =

for referance

Drawing) (130044 §

Pt

UL

Sheet No.: OP13068EN
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GP2Y0A41SKOF

mAbsolute maximum ratings

(Ta=25°C, Vee=3V)

Parameter Symbol Ratings Unit Remark
Supply voltage Vee 0.3 10 +7 \ -
Output terminal voltage Vo -0.3 to Veet+0.3 N -
Operating temperature Topr -10 to +60 oL -
Storage temperature Tstg -40 to +70 °C -
mOperating supply voltage
Symbol Rating Unit Remark
Ve 4510355 v -
mElectro-optical Characteristics
Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Measuring distance range AL (Note 1) 4 B 3 Cm
Cutput terminal voltage Vo =30em (Note 1) 0.25 0.4 .55 \'4
(S Output change at L change - dx
oltace srence v/ 22 o) !
Output voltage difference AVo @0ch—3emt) s (NoE1) 1.95 | 295 2.55 v
Average supply current Iee L=30cm_ (Note I) - 12 22 mA
#L 1 Distance to reflective object
(Note 1) Using reflective object : White paper
(Made by Kodak Co., Ltd. gray cards R-27 * white face, reflective ratio : 90%)

mTiming Chart

Vee (Power supply) |

Distance measuring operating

Vo (Output)

16.5ms23.7ms

-

.
< >
7L
e Second nth
First measurement
measurement niedsurement

By

%

S

. 4

Unstable output

First output X  Sceond output X

nth
(il]lplll

]

MAX 3.0ms

A

\
1

77

Sheet No: OP13008EN
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GP2Y0A41SKOF

mSupplements

elkixample of output distance characteristics

§ ——— White paper (Reflectance ratio 90%] -~ % - - Gray paper (Reflectance ratio 1894} i
i { i |
[ g‘ ]
- i
2
e
=]
! ... | |
£
=
e ]
%Jﬂ
ol
=
2
wl 14 k;l ]
[ §
— K
= 3
AR ‘\
}
i
: !
|
08 e
06 e
04 t —— s
| e M
02 . . L
i | i |
| L | | z
t i E
2 4 6 8 10 2 14 16 1B 20 22 24 26 28 30 3¢ 36 38 40
Distance to reflective object (cm)

Sheet No.: OP1LI00SEN
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GP2Y0A41SKOF

eExample of output distance characteristics with the inverse of distance

——— While paper (Reflectance ratio 90%) - . % - - Gray paper [Reflectance ratio 18%) é
3.2 1
i 3.5cm| M 3em
3 e
|
! ! i
28 S ; : .
- \
. \,
2.6 % 1
!
i
" s |
2.2 :
i : i
2 e
= l
= | i
= {
(' |
W g |
?é' Bem !
4._‘—: i
2 | i
oy 14 . m’ A1
L ! |
o« !
5 f 1Oz :
1 EF' -
[
12em |
: i i |
T
14em i i :
16em 3
08 ‘ I !
| ! |
| | i
b 20cm F 3 J |
06 - f ; ' 22 ]
' Sem %E I
! !
3Gem i
z 40qm ] 5 i
{ |
0.2 ! !
' i | |
| f F
{ H
i i i
a 0.0% 01 0.2 0.28 0.3 0.35 04 Q.48
Inverse number of distance 1/(L+0.42}) [1/cm)

Sheet Na: OP130081N
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1.1 Wsunsunanvasszuuarvgusaseluiiusimgn (main.c)

J,'i

* File : main.c

* Create by Danai J. Ponchalee

* Use in MAGNETIC LEVITATION RATL PROTQTYPE
¥ Control Engineering KMITL

* date : April 2014

LHEZETEPTHELTAE I /7 ST microelectronic Low-Level peripheral Library include/////1/17/177/1/7
#include "stm32f4xx.h"

#include "stm32f4xx_exti.h"

#include "stm32f4xx_tim.h"

#include "stm32f4xx_syscfg.h"

#include "misc.h"

#include "stm32f4xx_usart.h”

#include "stm32f4xx_gpio.h"

#include "stm32f4xx_rcc.h"

#include <stdio.h>

FLELELELII TP IE PP EIL LT E L E T fUser Define Yibrary include /1117 EITE7 IR ERT1A70787070714077011
#include "Coil_Control_Handler.h"

#include "TIMER.h"

ftinclude "USART.h"

#include "ADC Handler.h"

#include "Data_Handler.h"

#include "PID_Control_Handle.h"

PPITHIIIIILEITELL 7 E 1714447 global 'variable declapration FIEEITETI LI FEIET I 07 i 1107 71017
//control panel handle variable

volatile uintl6_t Panel_data[3] ;

//coil contrel variable

static volatile float fac = @, position = 1, speed=1 , coil_position = @;

static volatile int dir ;

volatile int i=1 ;

volatile char move_auto ;

//data transfer handle variable

char *data_store_pointer ;

unsigned int *data_store_pointer_indexl,*data_store_pointer_indexz,*data_store_pointer_index3

volatile unsigned char data_store_count ;

volatile unsigned char data_StoringFLAG1,data_StoringFLAG2 ;

//sensor Handle variable

volatile uintl6_t Feedback_datal, Feedback_data2, Feedback_data3;

unsigned int encoder_offset=256;

volatile float dispil,disp2;

// PID handler variable

PID_variable_Typedef positioningl;

LIEHIEIIEETTIIIEITIEIT7E0777477177171 Main program [J///SITIIIIEIPIEIEEEIE000I111077024407
FHFTITIEIZE7 8027777777777 Initialization and background Idle state //////717717/1717177471177771/
int main(void)

HPP71777 Initial and set-up system clock//////1/1117
SystemInit();

JHf71777 Initial Data store Pointer /////7/1/71117711
data_store_pointer = Data_Get_Storage_address(1);
data_store_pointer_index1l = Data_Get_Storage_address(1);
data_store_pointer_index2 Data_Get_Storage_address(2);
data_store_pointer_index3 Data_Get_Storage_address(3);
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HITEEEETE7 777 /PID Controller Initialize ////7/7/77171117
positioningl.derivative=0;

positioningl.integral=0;

positioningl.Kp=0.02;

positioningl.Ki=0.0005;

positioningl.Kd=0.60001;

positioningl.setpoint=0;

positioningl.dt=0.02;

positioningl.setpoint=8;

£17747717/Serial Communication Indtialize /////7//717117
USART3_Initial();

USART1_Initial();

///1/1/8palog to Digital Converter Initialize ////////}/
ADC_GPIO_Init();

ADC1_Solf_Init();

1117777 17Coil Control GPIO Initialize /////7//7111/7701177
Control_PIN_Initial();

FA07F7 fTimer Time-base and PWM Initialize [1711EIEEIEEE
TimerSynch_Init();

TimerPWM_Init();

TimerSynch_Start();

0071771 Set Initial start position //////1/177171441 114

position

=6,‘

move_auto=DISABLEF;

[/ Initialize and Start Inteprrupt routine ///47/7/17
Timer5INT_Config();

USART3_INT_Config();

USART1_INT_Config();

Timer5Interupt_ms(20);

[EFE177 4777 Turnlsystem dnto TdYe-State /1111141117747

while(1)

{/*14177177/] wait for Interrupt event FELLIIE LT 1)

}

LHIPTTIEERE177707177 Control Loop (Timers Interrupt Service Routdne) /// /717711 01711077117
void TIM5_IRQHandler(void)

if (TIM GetITStatus(TIMS, TIM_IT Update) != RESET)

{

TIM_ClearITPendingBit(TIMS, TIM_IT Update);
/4 Clear Overflow-Underflow Interrupt Flag for next event
HLLTTLT T LT LR E T F rcontra) Panel Sampling /470477 707717147147710710177
Panel_data[B]:(ADC_Solf_Convert(16)+ADCﬁSolf_C0nvert(19)+ADC_Solf_Convert(16)
+ADC_Solf_Convert(10)+ADC_Solf_Convert(10))/5;
Panel_data[1]=(ADC_Solf_Convert(11)+ADC_Solf_Convert(11)+ADC_Solf_C0nvert(11)
+ADC_Solf_Convert(11)+ADC_Solf Convert(11))/5;
Panel_data[2]=(ADC_Solf_Convert(12)+ADC_SolF_Convert(12)+ADC_501f_Convert(12)
+ADC_SolF_Convert(12)+ADC_Solf_Convert(12))/5;
FHLTTRELERES D182 1714 Boguire Data form Buffer LLTILETEL PRI 170 ]
Feedback_datal:*Data_Get_Storage_address(1);
Feedback_data2=*Data_Get_Storage_address(2);
Feedback_dataB:*Data_Get_Storage_address(3);
[T 71 fCalculate Distance form raw-digital Data////// LELELETEE LTS
displ=Data_LightDisplacement_12bitCal(Feedback_datal);
disp2=Data_LightDisplacement_l2bitCal(Feedback_dataz);
[HAE/1E/1/7/7/Calculate Panel control form raw-digital Data///////1/7171177/17
position = @+(((float)Panel_data[8]/4895)%525) ;
speed = ((float)Panel_data[2]/4895)%*5 ;
fac = ((float)Panel_data[1]/1365)-1.5 ;
LLALEIEFIIE17171771/iCaleulate PID Controller///11/1 11117111770 7111007011107017
positioningl.measure_feedback=Data_Get_EncoderPositon();
if (move_auto)
positioningl.setpoint = position;
PID_Controller_cal(&positioningl);
PID_Output_Limiter(&positioningl,speed,-speed);
LETEIIEI707007177177177/Change Coil Position LIELELELLT L2 L8ITE i Y
coil_position = coil_position+positioningl.output ;
coil_dlinear(coil_position,fac,8);
HIALEEEREII47777 Print Data to Computer Console LLLIITELEIII2ERE Y

printf("%d,%d,%d,%d,",Data_Get_EncoderPositon(),(int)(positioningl.output*laae),Feedba

}

ck_datal, Feedback_data2);
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ILELIIIEITEAIEZIA 710 E2E71171117¢17 Computer Input Program /171171177777 700701000010001071107¢
void USART3_IRQHandler (void)
{

if(USART_GetITStatus(USARTB,USART_IT_RXNE) == SET)

{

USART_ClearITPendingBit (USART3, USART_IT_RXNE);

if (USART_ReceiveData(USART3) == 'a’ )
{

position-=speed;

printf("\n\r>>power %d position %d",dir, (int16_t)position);

}
if(USART_ReceiveData(USART3) == 'd' )
{
position+=speed;
printf("\n\r>>power %d position %d",dir, (int16_t)position);
}
if (USART_ReceiveData(USART3) == 'w' )
{
dir++;
fac=(float)dir/100 ;
printf("\n\r>>power %d position %d",dir, (int16_t)position);
}
if (USART_ReceiveData(USART3) == ‘s’ )
{
dir--;
fac=(fleoat)dir/100;
printf("\n\r>>power %d position %d",dir, (int16_t)position);
}
if (USART _ReceiveData(USART3) == 'r' )
{
speed++;
printf("\n\r>>speed up to %d", (int16_t)speed);
1
1f(USART _ReceiveData(USART3) == 'f' )
{
speed--;
printf("\n\r>>speed up to %d", (int16_t)speed);
}
if (USART_ReceiveData(USART3) == 'x' )
{
printf("\nToggle Move Panel setpoint Input\n");
move_auto = l!move_auto ;
}
if (USART_ReceiveData(USART3) == "t' )
{
printf(“\nsetpoint 108 \n");
move_auto = DISABLE;
positioningl.setpoint=108;
¥
if (USART_ReceiveData(USART3) == 'y' )
{
printf("\nsetpoint 200 \n");
move_auto = DISABLE;
positioningl.setpoint=200;
}
if (USART_ReceiveData(USART3) == 'u’' )
{
printf("\nsetpoint 368 \n");
move_auto = DISABLE;
positioningl.setpoint=300;
b
if(USART_ReceiveData(USART3) == 'i' )
{
printf("\nsetpoint 400 \n");
move_auto = DISABLE;
positioningl.setpoint=400;
}
if (USART_ReceiveData(USART3) == 'T’ )
{

printf("\nsetpoint 156 \n");
move_auto = DISABLE;
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positioningl.setpoint=150;

}

1f (USART_ReceiveData(USART3) == 'y' )

{
printf("\nsetpoint 250 \n");
move_auto = DISABLE;
positioningl.setpoint=250;

}

if (USART_ReceiveData(USART3) == 'U’ )

{
printf("\nsetpoint 350 \n");
move_auto = DISABLE;
positioningl.setpoint=350;

}

if(USART_ReceiveData(USART3) == 'I' )

{
printf("\nsetpoint 450 \n");
move_auto = DISABLE;
positioningl.setpoint=45@;

}

if (USART_ReceiveData(USART3) == i)

{
printf("\nsetpoint 50 \n");
move_auto = DISABLE;
positioningl.setpoint=50;

}

}

FHELELITTET 77171 /1)1 Data Handle (USART] Interrapt Sepvice Routine) IR IL L7110 001)
void USART1_IRQHandler(void)
{

if(USART_GetITStatus(USARTl,USART_IT_RXNE) SRS ER

{
USART_ClearITPendingBit(USART1, USART_IT_RXNE);

unsigned char buffer = USART_ReceiveData(USART1) ;

if((buffer==@xFF) & !data_StoringFLAG1)
//header 1st byte check flag-set
data_StoringFLAG1=ENABLE;
else if ((buffer==oxFF) & !data_StoringFLAG2 & data_StoringFLAG1)
//Heade 2nd byte check flag-set
data_StoringFLAG2=ENABLE;
else if(data_StoringFLAG2)

{

//8tart Store Data to Buffer

*(data_store_pointer+data_store_count)=buffer;

data_store_count++ ;

if(data_store_count>5)

{ // Re-Initial Flag and Pointer
data_StoringFLAG1=DISABLF;
data_StoringFLAG2=DISABLE;
data_store_count=0;

else {
// Reset flag and Pointer if Header fail
data_store_count=0;
data_StoringFLAG1=DISABLE;
data_StoringFLAG2=DISABLE;

] s ' ] s v as <
1.2 dumlusunsudesdmiuldanulugaudasdyyimeurden
(ADC_Handler.h)

#ifdef _ cplusplus
extern "C" {

#endif

#ifndef __ADC_Handler_H_

#define _ ADC_Handler_H_
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#include "stm32faxx_usart.h"
extern void ADC_GPIO_ Init(void);
extern void ADC1_Solf_Init(void);
extern unsigned int ADC_Solf Convert(unsigned char ch);
#ifdef _ cplusplus
}
#endif
#endif

1.3 Waunsugeedmivldaulugauvasdyarmeundon (ADC_Handler.c)

#include "stm32f4xx . h"
#include "stm32f4xx_rcc.h"
#include "stm32f4xx_gpio.h"
#include "stm32f4xx_adc.h"
#include "stm32f4xx_dma.h"
#include "stm32f4xx_usart.h”
#include <stdio.h>

#include "ADC_Handler.h"

IELTEELETEEIL AL LA LT AT 1 177177447 14ADC read data Bandle/// /111 1TTHITIIFTIEIFTIE71000E700107
unsigned int ADC_Solf_Convert(unsigned char ch)

{
if (chy== 10)
{
ADC_RegularChannelConfig(ADC1, ADC_Channel_9, 1, ADC_SampleTime_28Cycles);
}
FFy(ci®== 11§
{
ADC_RegularChannelConfig(ADC1, ADC_Channel_1@, 1, ADC_SampleTime_28Cycles);
¥
TF (el =={12)
{
ADC_RegularChannelConfig(ADC1, ADC_Channel_11, 1, ADC_SampleTime_28Cycles);
}
ADC_SoftwareStartConv(ADC1);
while(ADC_GetFlagStatus(ADC1, ADC_FLAG_EOC) == RESET);
return(ADC_GetConversionvalue(ADC1));
}

THFERLITIZ LTI T ELdT 1111 147 14 f f finitialize ADC input BINZJFTTL L EEL T L EE L1000 0 11000770107
void ADC_GPIO_Init(void)

{
GPIO_InitTypeDef GPIO_InitStructure;
/* Configure ADC2 Channel 10 11 12 pin as aNALog, Input s REF habikok sk mok ik ook
RCC_AHB1PeriphClockCmd (RCC_AHB1Periph_GPIOC | RCC_AHB1Periph_GPIOB, ENABLE);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_1;
GPIO_InitStructure.GPIO_Mode = GPIO Mode_ AN;
GPIO_InitStructure.GPIO_PuPd = GPIO _PuPd_NOPULL ;
GPIO_Init(GPIOB, &GPIO_InitStructure);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_1 | GPIO_Pin_@;
GPIO_InitStructure.GPIO_Mode = GPIO _Mode_AN;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL ;
GPIO_Init(GPIOC, &GPIO_InitStructure);
}

LILELTETEIEEFE7E77771717 7 initialize ADC for Software conversion Jf///11177771000001078107717

RCC_APB2PeriphClockCmd(RCC_APB2Periph_ADC1, ENABLE);
ADC_Cmd(ADC1, ENABLE);
ADC_CommonInitTypeDef ADC_CommonInitStructure;
ADC_InitTypeDef ADC_InitStructure;

ADC_CommonInitStructure.ADC_Mode = ADC_Mode_Independent;
ADC_CommonInitStructure.ADC_Prescaler = ADC_Prescaler_Div2;
ADC_CommonInitStructure.ADC_DMAAcCcessMode = ADC_DMAAccessMode_Disabled;
ADC_CommonInitStructure.ADC_TwoSamplingDelay = ADC_TwoSamplingDelay_5Cycles;
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ADC_CommonInit(&ADC_CommonInitStructure);

ADC_InitStructure.ADC_Resolution = ADC_Resolution_12b;
ADC_InitStructure.ADC_ScanConvMode = DISABLE;
ADC_InitStructure.ADC_ContinuousConvMode = DISABLE;
ADC_InitStructure.ADC_ExternalTrigConvEdge = ADC_ExternalTrigConvEdge_None;
ADC_InitStructure,ADC_ExternalTrigConv = ADC_ExternalTrigConv_T1_CC1;
ADC_InitStructure.ADC_DataAlign = ADC_DataAlign_Right;
ADC_InitStructure.ADC_NbrOfConversion = 1;

ADC_Init(ADC1, &ADC_InitStructure);

ADC_EOCOnEachRegularChannelCmd(ADC1, ENABLE);

ADC_Cmd(ADC1, ENABLE);
//The ADC is powered on by setting the ADON bit in the ADC_CR2 register.
//When the ADON bit is set for the fipst time, it wakes up the ADC from the Power-down mode.

1.4 dwinldsunsugasaiuaunistunssualiunaan
(Coil_Control Handle.h)

#ifndef _ COIL_CONTROL_HANDLE_H_
#define _ COIL_CONTROL_HANDLE_H_
#ifdef _ cplusplus

extern "C" {
#endif
#include "stm32f4xx.h"

/** Handle Definition

Use in 4E Maglev 24Coil-Linear Motor

* & f

// Definition For Control output form interface
¥ CHx EN-TIMER

* CHX EN~TIMER->CCR
* CHX IN1-PORTx
¥ CHX INI-PORTx->PIN
* CHX INZ-PORTX
* (HX IN2-PORTx->PIN

£y
/

f#tidefine Control_CHe1_TIMER TIM3
#define Control_CHe1_CCR CCR2
#define Control_CH@1_IN1PORT GPIOC
#define Control_CHe1_IN1PIN 11
#define Control_CHO1_IN2PORT GPIOA
#define Control_CHO1_IN2PIN 13
#define Control_CHe1_RelayPORT GPIOB
#define Control_CHe1_RelayPIN 5]
#define Control_CHe2_TIMER TIM3
#define Control_CHe2_CCR CCR4
#define Control_CH@2_IN1PORT GPIOD
#define Control_CHe2_IN1PIN 2
#define Control_CH@2_IN2PORT GPIOD
#define Control_CH@2_IN2PIN [}
#define Control_CHB2_RelayPORT GPIOA
#define Control_CHe2_RelayPIN 7
#define Control_CH@3_TIMER TIM3
#define Control_CH®3_CCR CCR1
#define Control_CHB3_IN1PORT GPIOD
#define Control_CHB3_IN1PIN 4
#define Control_CH@3_IN2PORT GPIOD
#define Control_CH®3_IN2PIN 6
#define Control_CHe3_RelayPORT GPIOA
#define Control_CHe3_RelayPIN 6
#define Control_CHe4_TIMER TIM3
#define Control_CHe4_CCR CCR3
#define Control_CHe4_IN1PORT GPIOE
#tdefine Control_CH@4_IN1PIN il

#define Control_CHe4_IN2PORT GPIOE



#define
#define
ftidefine

#define
#define
#define
#tdefine
#define
#define
#define
#define

#define
#define
#define
#define
#define
#idefine
#define
#define

fidefine
#tdefine
#define
#define
#define
f#idefine
#tdefine
#define

fidefine
#define
#tdefine
#define
#define
#define
#tdefine
#define

#define
#tdefine
#tdefine
#define
fidefine
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#tdefine
#define
#define
#define

Control_CHe4_IN2PIN
Control_CHe4_RelayPORT
Control_CHe4_RelayPIN

Control_CHe5_TIMER
Control_CHe5_CCR
Control_CH@5_IN1PORT
Control CH@5_IN1PIN
Control_CH@5_IN2PORT
Control_CHe5_IN2PIN
Control_CHO5_RelayPORT
Control_CHe5_RelayPIN

Control_CHe6_TIMER
Control_CHe6_CCR
Control_CH@6_IN1PORT
Control_CHe6_IN1PIN
Control_CH@6_IN2PORT
Control_CH@6_IN2PIN
Control_CHe6_RelayPORT
Control_CHe6_RelayPIN

Control_CHeB7_TIMER
Control_CHeB7_CCR
Control_CH@7_IN1PORT
Control_CHO7_IN1PIN
Control_CHe7_IN2PORT
Control_CH@7_IN2PIN
Control_CHe7_RelayPORT
Control_CH@7_RelayPIN

Control_CHeO8_TIMER
Control_CHe8_CCR
Control_CH@8_IN1PORT
Control_CH@8_IN1PIN
Control_CH@8_IN2PORT
Control_CHe8_IN2PIN
Control_CHe8 RelayPORT
Control_CHe8_RelayPIN

Control_CHe9_TIMER
Control_CHe9_CCR
Control_CH@9_IN1PORT
Control_CHO@9_IN1PIN
Control_CHOS_IN2PORT
Control_CH@S_IN2PIN
Control_CHeS9_RelayPORT
Control_CH@9_RelayPIN

Control_CH10_TIMER
Control_CH1@_CCR
Control_CH16_IN1PORT
Control_CH1@_IN1PIN
Control_CH1@_IN2PORT
Control_CH1@_IN2PIN
Control_CH1@_RelayPORT
Control_CH10_RelayPIN

Control_CH11_TIMER
Control_CH11_CCR
Control_CH11_IN1PORT
Control_CH11_IN1PIN
Control_CH11_IN2PORT
Control_CH11_IN2PIN
Control_CH11_RelayPORT
Control_CH11_RelayPIN

Control_CH12_TIMER
Control_CH12_CCR
Control_CH12_IN1PORT
Control_CH12_IN1PIN
Control_CH12_IN2PORT
Control_CH12_IN2PIN
Control_CH12_RelayPORT

GPIOC

TIM2
CCR2
GPIOB

GPIOB

GPIOC

TIM2
CCR1
GPIOE

GPIOE

GPIOC

TIM2
CCR3
GPIOE

GPIOE
14
GPIOA

TIM4
CCR1
GPIOE

GPIOE

GPIOA

TIM4
CCR3
GPIOB
12
GPIOB
15
GPIOA

TIM4
CCR4
GPIOE

GPIOC
13
GPIOA

TIM2
CCR4
GPIOB
13
GPIOB
14
GPIOA

TIM4
CCR2
GPIOE
13
GPIOE
15
GPIOA
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#define

Control_CH12_RelayPIN

// Definition For Coil-control handle

/% Ceil %

* Coil_x
¥ Lodl x
* Coil x
* Coil_x
*/
#define
#define
fidefine
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
fidefine
#define

#define
fidefine
#define
#define
#define
#tdefine
#define
#define

#idefine
#define
#define
#define
#define
fidefine
#define
#define

#tdefine
#define
#define
f#idefine
fidefine
#define
#define
f#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#tdefine
#define
#define
#define
#define
#define
ftidefine

Relay PORTx
Relay PORTx-
EN TIMER
EN TIMER-
IN1 PORTx
IN PORTx-
IN2 PORTx
IN2 PORTX -

Coil @1_RelayPORT
Coil_@1_RelayPIN
Coil_@1_TIMER
Coil_@1_CCR
Coil_@1_IN1PORT
Coil_@1_INIPIN
Coil_@1_IN2PORT
Coil_@1_IN2PIN

Coil_@2_RelayPORT
Coil_62_RelayPIN
Coil_©2_TIMER
Coil_@2_CCR
Coil_02_IN1PORT
Coil_p2_INIPIN
Coil_@2_IN2PORT
Coil_82_IN2PIN

Coil_@3_RelayPORT
Coil_©3_RelayPIN
Coil_B3_TIMER
Coil_@3_CCR
Coil_@3_IN1PORT
Coil_P3_INIPIN
Coil_®3_IN2PORT
Coil_@3_ IN2PIN

Coil_04_RelayPORT
Coil_e4_RelayPIN
Coil_@4_TIMER
Coil_@4_CCR
Coil_@4 INIPORT
Coil_@4_INIPIN
Coil_@4_IN2PORT
Coil_e4_IN2PIN

Coil_@5_RelayPORT
Coil_@5_RelayPIN
Coil_®5_TIMER
Coil_e5_CCR
Coil_@5_IN1PORT
Coil_@5_IN1PIN
Coil_®5_IN2PORT
Coil_@5_IN2PIN

Coil_86_RelayPORT
Coil_e6_RelayPIN
Coil_@6_TIMER
Coil_@6_CCR
Coil_@6_IN1PORT
Coil_p6_IN1PIN
Coil_@6_IN2PORT
Coil_@6_IN2PIN

Coil_@7_RelayPORT
Coil_e7_RelayPIN
Coil_@7_TIMER
Coil_@7 _CCR
Coil_@7_INIPORT
Coil_@7_IN1PIN
Coil @7_IN2PORT
Coil_@7_IN2PIN

Most reroute to Control Interface

>PIN

>CCR

>PIN

>PIN

5

Control_CH®1_RelayPORT
Control_CH@1_RelayPIN
Control_CHe1_TIMER
Control_CHe1_CCR
Control_CHO1_IN1PORT
Control_CHe1_IN1PIN
Control_CHe1_IN2PORT
Control_CH@1_IN2PIN

Control_CH@3_RelayPORT
Control_CH@3_RelayPIN
Control_CH@3_TIMER
Control_CHB3_CCR
Control_CHB3_IN1PORT
Control_CH@3_IN1PIN
Control_CH@3_IN2PORT
Control_CHB3_IN2PIN

Control_CHe5_RelayPORT
Control_CH@5_RelayPIN
Control_CHB5_TIMER
Control_CHe5_CCR
Control_CH@5_IN1PORT
Control_CH@5_IN1PIN
Control_CHB5_IN2PORT
Control_CH@5_IN2PIN

Control_CH@2_RelayPORT
Control_CHe2_RelayPIN
Control_CHe2_TIMER
Control_CH@2_CCR
Control_CH@2_IN1PORT
Control_CHe2_IN1PIN
Control_CHB2_IN2PORT
Control_CH@2_IN2PIN

Control_CHe4_RelayPORT
Control_CHe4_RelayPIN
Control_CHe4_TIMER
Control_CHe4_CCR
Control_CHe4_IN1PORT
Control_CHe4_IN1PIN
Control_CH@4_IN2PORT
Control_CHe4 _IN2PIN

Control_CHB6_RelayPORT
Control_CHO6_RelayPIN
Control_CH@6_TIMER
Control_CHe6_CCR
Control_CH@6_IN1PORT
Control_CHB6_IN1PIN
Control_CH@6_IN2PORT
Control_CH@6_IN2PIN

Control_CH@7_RelayPORT
Control_CHB7_RelayPIN
Control_CH@7_TIMER
Control_CH@7_CCR
Control_CH@7_IN1PORT
Control_CHe7_IN1PIN
Control_CH@7_IN2PORT
Control_CH@7_IN2PIN
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#define
#define
#define
#define
#define
#idefine
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
f#define
#tdefine
#define
#define
fidefine

#define
#define
#define
f#idefine
#define
#define
f#idefine
#define

#define
#define
#define
t#tdefine
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#tdefine
#define

#define
#define
#define
#define
#define
#define
#define
#define

#tdefine

Coil_@8_RelayPORT
Coil_@8_RelayPIN
Coil_@8 TIMER
Coil_@8_CCR
Coil_@8_IN1PORT
Coil_@8_INI1PIN
Coil_©8_ IN2PORT
Coil_@8_IN2PIN

Coil_©9_RelayPORT
Coil_@9_RelayPIN
Coil_@9_TIMER
Coil_@9 CCR
Coil_®9_IN1PORT
Coil_@9_INIPIN
Coil_@S_IN2PORT
Coil_@9_IN2PIN

Coil_1@_RelayPORT
Coil_1@_RelayPIN
Coil_ 1@ TIMER
Coil_1@_CCR
Coil_10_IN1PORT
Coil_1@_IN1PIN
Coil_1@_IN2PORT
Coil_1@_IN2PIN

Coil_11_RelayPORT
Coil_11_RelayPIN
Coil_11_TIMER
CT1LF11 LR
Coil_11_IN1PORT
Coil_11_INIPIN
Coil_11_IN2PORT
Coil_11_IN2PIN

Coil_12_RelayPORT
Coil_12_RelayPIN
Coil 12 TIMER
Coil_12_CCR
Coil_12_IN1PORT
Coil_12_IN1PIN
Coil_12_IN2PORT
Coil_12_IN2PIN

Coil_13_RelayPORT
Coil_13_RelayPIN
Coil_13_TIMER
Coil_13_CCR
Coil_13_IN1PORT
Coil_13 INIPIN
Coil_13_IN2PORT
Coil_13_IN2PIN

Coil_14_RelayPORT
Coil_14_RelayPIN
Coil_14_TIMER
Coil_14_CCR
Coil_14 IN1PORT
Coil_14_IN1PIN
Coil_14_IN2PORT
Coil_14_IN2PIN

Coil_15_RelayPORT
Coil_15_RelayPIN
Coil_15_TIMER
Coil_15_CCR
Coil_15_IN1PORT
Coil_15_IN1PIN
Coil_15_IN2PORT
Coil_15_IN2PIN

Coil_16_RelayPORT

Control_CH@9_RelayPORT
Control_CHe9_RelayPIN
Control_CH@9_TIMER
Control_CHB9_CCR
Control_CH@9_IN1PORT
Control_CHe9_IN1PIN
Control_CH®9_IN2PORT
Control_CHB9_IN2PIN

Control_CH11_RelayPORT
Control_CH11_RelayPIN
Control_CH11_TIMER
Control_CH11_CCR
Control_CH11_IN1PORT
Control_CH11_IN1PIN
Control_CH11_IN2PORT
Control_CH11_IN2PIN

Control_CHB8_RelayPORT
Control_CHB8_RelayPIN
Control_CHO8_TIMER
Control_CH@8_CCR
Control_CHe8_IN1PORT
Control_CHB8_IN1PIN
Control_CH@8_IN2PORT
Control_CHe8_IN2PIN

Control_CH1@_RelayPORT
Control_CH1@_RelayPIN
Control_CH16_TIMER
Control_CH1@_CCR
Control_CH1@_IN1PORT
Control_CH1@_IN1PIN
Control_CH18_IN2PORT
Control_CH1@_ IN2PIN

Control_CH12_RelayPORT
Control_CH12_RelayPIN
Control_CH12_TIMER
Control_CH12_CCR
Control_CH12_IN1PORT
Control_CH12_IN1PIN
Control_CH12_IN2PORT
Control_CH12_IN2PIN

Control_CH@1_RelayPORT
Control_CHO1_RelayPIN
Control_CHe1l_TIMER
Control_CHe1l_CCR
Control_CHe@1_IN1PORT
Control_CHe1_IN1PIN
Control_CHe1l_IN2PORT
Control_CHO1_IN2PIN

Control_CH@3 RelayPORT
Control_CHe3_RelayPIN
Control_CH@3_TIMER
Control_CHe3_CCR
Control_CHe3_IN1PORT
Control_CH@3_IN1PIN
Control_CH@3_IN2PORT
Control_CH@3_IN2PIN

Control_CH®@5_RelayPORT
Control_CHB5_RelayPIN
Control_CHe5_TIMER
Control_CHe5_CCR
Control_CH@5_IN1PORT
Control_CHB5_IN1PIN
Control_CHe5_IN2PORT
Control_CH@5_IN2PIN

Control_CHe2_RelayPORT
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#define
#define
#tdefine
#define
#define
#define
fidefine

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#tdefine
#define
#define
#define
f#tdefine
#define
#define
#tdefine

#define
#define
#define
#tdefine
#tdefine
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#detine
#define

Coil_16_RelayPIN
Coil_16_TIMER
Coil_16_CCR
Coil_16_IN1PORT
Coil_16_INIPIN
Coil_16_IN2PORT
Coil_16_IN2PIN

Coil_17_RelayPORT
Coil_17_RelayPIN
Coil_17_TIMER
Coil_17_CCR
Coil_17_IN1PORT
Coil_17_IN1PIN
Coil_17_ IN2PORT
Coil_17_IN2PIN

Coil_18_RelayPORT
Coil_18_RelayPIN
Coil_18_TIMER
Cuil_18_CCR
Coil_18_IN1PORT
Coil_18_IN1PIN
Coil_18_IN2PORT
Coil_18_IN2PIN

Coil_19_RelayPORT
Coil_19_RelayPIN
Coil_19_ TIMER
Coil_19 CCR
Coil_19 IN1PORT
Coil_19_IN1PIN
Coil_19 IN2PORT
Coil 19 IN2PIN

Coil_20_RelayPORT
Coil_2@_RelayPIN
Coil_2@_TIMER
Coil_28_CCR
Coil_20 IN1PORT
Coil_2@_IN1PIN
Coil_2@_IN2PORT
Coil_28_IN2PIN

Coil_21_RelayPORT
Coil_21_RelayPIN
Coil_21_TIMER
Coil 21_CCR
Coil_21 IN1PORT
Coil 21 INIPIN
Coil_21_ IN2PORT
Coil_21_IN2PIN

Coil_22_RelayPORT
Coil_22_RelayPIN
Coil 22 TIMER
Coil_22_CCR
Coil_22_IN1PORT
Coil 22 INIPIN
Coil_22_ IN2PORT
Coil_22_IN2PIN

Coil_23_RelayPORT
Coil 23_RelayPIN
Coil_23 TIMER
Coil_23 CCR
Coil_23_INIPORT
Coil_23_IN1PIN
Coil 23 IN2PORT
Coil_23_IN2PIN

Coil_24_RelayPORT
Coil_24 RelayPIN
Coil_24 TIMER
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Control_CHe2_RelayPIN
Control_CHe2_TIMER
Control_CHe2_CCR
Control_CH@2_IN1PORT
Control_CH@2_IN1PIN
Control_CHe2_IN2PORT
Control_CHB2_IN2PIN

Control_CHe4_RelayPORT
Control_CHe4_RelayPIN
Control_CHe4_TIMER
Control_CHe4_CCR
Control_CH@4_IN1PORT
Control_CHe4_IN1PIN
Control_CH@4_IN2PORT
Control_CHe4_IN2PIN

Control_CHe6_RelayPORT
Control_CHe6_RelayPIN
Control_CHe6_TIMER
Control_CHe6_CCR
Control_CHe6_IN1PORT
Control_CH@6_IN1PIN
Control_CH@6_IN2PORT
Control_CH@6_IN2PIN

Control_CHB7_RelayPORT
Control_CHe7_RelayPIN
Control_CHO7_TIMER
Control_CHB7_CCR
Control_CH@7_IN1PORT
Control_CHe7_INI1PIN
Control_CH@7_IN2PORT
Control_CHe7_IN2PIN

Control_CHB9_RelayPORT
Control_CHe9_RelayPIN
Control_CH@S_TIMER
Control_CHB9_CCR
Control_CH@9_IN1PORT
Control_CHeS INI1PIN
Control_CH@9_IN2PORT
Control_CH@9_IN2PIN

Control_CH11_RelayPORT
Control_CH11_RelayPIN
Control_CH11_TIMER
Control_CH11_CCR
Control_CH11_IN1PORT
Control_CH11_IN1PIN
Control_CH11_IN2PORT
Control_CH11_IN2PIN

Control_CHB8_RelayPORT
Control_CH@8_RelayPIN
Control_CHe8_TIMER
Control_CH@8_CCR
Control_CH@8_IN1PORT
Control_CH@8_IN1PIN
Control_CHPR8_IN2PORT
Control_CH@8_IN2PIN

Control_CH10_RelayPORT
Control_CH1@_RelayPIN
Control_CH1©_TIMER
Control_CH18_CCR
Control_CH1@_IN1PORT
Control_CH1@_IN1PIN
Control_CH1@_IN2PORT
Control_CH1@_IN2PIN

Control_CH12_RelayPORT
Control_CH12_RelayPIN
Control_CH12_TIMER



#define
#define
#define
#define
#define

J*

Coil_24 CCR
Coil_24 IN1PORT
Coil_24_ IN1PIN
Coil_24_IN2PORT
Coil_24_IN2PIN

* Extern Function Prototype

¥ 7

/
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
//coil
extern
extern

void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void

Control_PIN_Initial(
Coil_e1(float fdir);
Coil_@2(float fdir);
Coil_@3(float fdir);
Coil_e4(float fdir);
Coil_o5(float fdir);
Coil_e6(float fdir);
Coil_e7(float fdir);
Coil_o8(float fdir);
Coil_@9(float fdir);
Coil_1@(float fdir);
Coil_11(float fdir);
Coil_12(float fdir);
Coil_13(float fdir);
Coil_14(float fdir);
Coil_15(float fdir);
Coil_16(float fdir);
Coil_17(float fdir);
Coil_18(float fdir);
Coil_19(float fdir);
Coil_2@(float fdir);
Coil 21(float fdir);
Coil_22(float fdir);
Coil_23(float fdir);
Coil_24(float fdir);
coil_i(unsigned char

calculate system
void coil_dlinear(float position,float factor,float offset);

float trapezoidl(float position);

#ifdef _ cplusplus

}
#endif
#endif

void);
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Control_CH12_CCR
Control_CH12_IN1PORT
Control_CH12_IN1PIN
Control_CH12_IN2PORT
Control_CH12_IN2PIN

cn,float fdir );

1.5 Wsunsugasaiugunistunszualinunasn (Coil Control_Handle.c)

#include "Coil_Control_Handler.h"
#include "stm32f4xx.h"

#includ

e "stm32f4xx_gpio.h"
#include "stm32f4xx_rcc.h"

void Control PIN_Initial(void)

{

RCC->AHB1ENR |=(

(1UL <<
(1UL <<
(1UL <<
(UL <<
(1UL <<

//Control _CHE1 Initialization
Control_CH@1_IN1PORT

Control_CH@1_IN2PORT
Control_CHB@1_RelayPORT ->MODER
Control_CHe1_IN1PORT
Control_CHO1_IN2PORT
Control_CH@1_RelayPORT ->MODER

Control_CHe1_IN1PORT

->MODER &= ~((3UL

->MODER

->MODER
->MODER

2o Qo

~((3UL
~((3UL
((1uL
((1uL
((1uL

//GPIOA
//GPIOB
SGPIOC
//GPIOD
//GPIOE /* Enable ALL GPIO clock *#/

<< (2*Control_CHe1_IN1PIN)));

// MODE to Output
<< (2*Control_CHe1_IN2PIN)));
<< (2*Control_CHe1_RelayPIN)));
<< (2*Control_CHe1_INI1PIN)));
<< (2*Control_CHe1_IN2PIN)));
<< (2*Control_CHel1_RelayPIN)));

->0TYPER &= ~((1UL << Control_CHe1_IN1PIN));

/*output Push-Pull #/



}

Control_CHe1_IN2PORT
Control_CH@1_RelayPORT ->OTYPER &=

Control_CH@1_IN1PORT

Control_CH@1_IN2PORT  ->0SPEEDR &

->0TYPER &= ~((1UL <<

->0SPEEDR &=

Control_CHe1_RelayPORT ->0SPEEDR &=

Control_CH@1_INIPORT  ->OSPEEDR |
Control_CH@1_IN2PORT  ->OSPEEDR |
Control_CH@1_RelayPORT ->0SPEEDR |

Control_CHe1l_IN1PORT

Control_CH@1_IN2PORT ->PUPDR &=
Control_CH@1_RelayPORT ->PUPDR &=
Control_CH@1_IN1PORT  -»>PUPDR |=
Control_CHO1_IN2PORT  ->PUPDR |=
Control_CH@1_RelayPORT ->PUPDR |=

->PUPDR &= ~((3UL <<

//Control CHB2 Initialization

//Control CH12 Initialization

Control_CH12_IN1PORT

->MODER &= ~((3UL

Control_CH@1_IN2PIN) );
~((1UL << Control_CH@1_RelayPIN) );
~((3UL << 2*Control_CH@1_IN1PIN) )

/% 25MHz Medium Speed
~((3UL << 2*Control_CHO1_IN2PIN) ¥
~((3UL << 2*Control_CHe1_RelayPIN) );
((1UL << 2*Control_CHe1_IN1PIN) ¥;
((1UL << 2*Control_CH@1_IN2PIN) );
((1UL << 2*Control_CH@1_RelayPIN) );

2*Control_CHO1_IN1PIN));
/* PIN is Pull up */

((3UL << 2*Control_CHe1_IN2PIN) ¥
((3UL << 2*Control_CHe1_RelayPIN) i
((1UL << 2*Control_CH@1_IN1PIN) 3:
((1UL << 2*Control_CH@1_IN2PIN) b
((1UL << 2*Control_CH@1_RelayPIN) Y

<< (2*Control_CH12_IN1PIN)) )3

// MODE to Output

%/

{
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Control_CH12_IN2PORT  ->MODER &= ~((3UL << (2*Control_CH12_IN2PIN)) ¥
Control_CH12_RelayPORT ->MODER &= ~((3UL << (2*Control_CH12_RelayPIN)) );
Control CH12_IN1PORT  ->MODER [= ((1UL << (2*Control_CH12_INIPIN)) 3;
Control CH12_IN2PORT ~ ->MODER [= ((1UL << (2*Control_CH12_IN2PIN)) );
Control CH12_RelayPORT ->MODER |= ((1UL <« (2*Control_CH12_RelayPIN)) );
Control CH12_INIPORT ->OTYPER &= ~((1UL <<  Control_CH12_IN1PIN) )3
/*output Push-pPull*/
Control CH12 IN2PORT =~ ->OTYPER &= ~((1UL <<  Control_CH12_IN2PIN) W
Control_CH12_RelayPORT ->0TYPER &= ~((1UL << Control_CH12_RelayPIN) b 5
Control_CH12_IN1PORT ->O0SPEEDR &= ~((3UL << 2*Control_CH12_IN1PIN) ). -
/*25MHz Medium Speed*/
Control_CH12_IN2PORT ->0SPEEDR &= ~( (3UL << 2*Control_CH12_IN2PIN) );
Control_CH12_RelayPORT ->0SPEEDR &= ~( (3UL << 2*Control_CH12_RelayPIN) );
Control_CH12_IN1PORT ->0SPEEDR |= ((1UL << 2*Control_CH12_IN1PIN) 3
Control CH12_IN2PORT ->0SPEEDR |= ((1UL << 2*Control_CH12_IN2PIN) );
Control_CH12_RelayPORT ->0SPEEDR |= ((1UL << 2*Control_CH12_RelayPIN) );
Control CH12_INIPORT ->PUPDR &= ~((3UL << 2*Control_CH12_IN1PIN) )i
/*PIN is Pull up*/
Control_CH12_IN2PORT ->PUPDR &= ~((3UL << 2*Control_CH12_IN2PIN) )3

Control_CH12_RelayPORT ->PUPDR &=
Control_CH12_IN1PORT ->PUPDR |=
Control_CH12_IN2PORT  ->PUPDR |

Control_CH12_RelayPORT ->PUPDR |

//fdir coill

void Coil_@1(float fdir)

{

float PWM_duty ;
/ /4#@open-close Relay switcher

~((3UL << 2*Control_CH12_RelayPIN) i
( (1uL << 2*Control_CH12_ INIPIN) );
( (1UL << 2*Control CH12_IN2PIN) );
( (1UL << 2*Control_CH12_RelayPIN) );

Coil_@1_RelayPORT->ODR &= ~( 1UL << Coil_81_RelayPIN ) ;

//##@open-close IN1 IN2 as pole direction

if (fdir<e)
{

Coil_@1_INIPORT ->0DR &= ~( 1UL << Coil_B1_INIPIN ) ;

Coil_@1_ IN2PORT ->0DR |=
PWM_duty = -(fdir);

}

else if(fdir>e)

{
Coil @1_INIPORT -»>O0DR |=
Coil_@1_IN2PORT ->ODR &=

( 1UL << Coil_@1_IN2PIN ) ;

( 1UL << Coil_@1_INIPIN ) ;
~( 1UL << Coil_@1_IN2PIN ) ;



else

}

PWM_duty = (fdir) ;

Coil_@1_IN1PORT ->ODR
Coil_@1_IN2PORT ->0DR
PWM_duty = 160 ;

//##@change PWM ratio

Coil @1 TIMER -> Coil @1 _CCR = (PWM_duty*((Coil_@1_TIMER->ARR)/100) )

}

//fdir coil2

//fdir coil24

void Coil_24(float fdir)

float PWM_duty ;
//##@open-close Relay switcher

Coil_24_RelayPORT->0DR |=

~( 1UL << Coil_@1_IN1PIN ) ;
~( 1UL << Coil_@1_IN2PIN ) ;

//#H@open-close INL IN2 as pole direction
if (fdir<@)

Coil_24_IN1PORT ->ODR &=
Coil 24_IN2PORT ->ODR |=
PWM_duty = -(fdir);

}
else if(fdir>@)

Coil_24_INIPORT ->0DR |=
Coil_24 IN2PORT ->0ODR &=
PWM_duty = (fdir) ;

Coil_24 IN1PORT ->ODR &=
Coil_24_IN2PORT ->0ODR &=
PWM_duty = 108 ;

//#@change PWM ratio

Coil 24 TIMER -> Coil 24 CCR = (PWM_duty*((Coil_24_TIMER->ARR)/168) )

{
}
else
{
b

}

veid coil_i(unsigned char cn,float fdir )

{

fdir=fdir/2;
if(fdir<@)

fdir=fdir-50;

else if (fdir»>e)

else

fdir=fdir+50;

fdir=0;

switch (cn)

{

case
case
case
case
case

case

1

2

3

: Coil_e1(fdir);
break;

1 Coil_@2(fdir);
break;

: Coil_@3(fdir);
break;

: Coil_e4(fdir);
break;

! Coil_e5(fdir);
break;

: Coil_@6(fdir);

A
(

s
~(

1UL
1UL

1uL
1UL

1uL
1uL

<<
<<

<<
<<

<<
<<

( 1UL << Coil_24 RelayPIN ) ;

Coil_24_INIPIN )
Coil_24_IN2PIN )

Coil_24 INIPIN )
Coil 24 IN2PIN )

Coil 24 INIPIN )
Coil_24_IN2PIN )

e

4

El

2
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case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case

case 'H'

default :

7

8

9

18 :

11 :

13

14 :

15

16 o

17 :

18

19

break;

}

break;

: Coil_B7(fdir);

break;

: Coil_@8(fdir);

break;

: Coil_@9(fdir);

break;
Coil_1@(fdir);

break;
Coil_11(fdir);

break;

: Coil_12(fdir);

break;

§Gedl 13(fdir);

break;
Coil_14(fdir);
break;

: Coil_15(fdir);

break;
Coil_16(fdir);

break;
Coil_17(fdir);

break;

: Coil_18(fdir);

break;

: Coil_19(fdir);

break;

1 Coil_2e(fdir);

break;

1 Coil_21(fdir);

break;

P eail_p2ffdir

break;

J'Gail 23Fdir) ;

break;

1 Coil_24(fdir);

break;

Coil_@1(fdir)
Coil_02(fdir)
Coil_03(fdir)
Coil_e4(fdir)
Coil _@5(fdir)
Coil_@6(fdir)
Coil_@7(fdir)
Coil_e8(fdir)
Coil @9(fdir)
Coil_1@(fdir)
Coil_11(fdir)
Coil_12(fdir)

break;

Coil_13(fdir)
Coil_14(fdir)
Coil_15(fdir)
Coil_16(fdir)
Coil_17(fdir)
Coil_18(fdir)
Coil_19(fdir)
Coil_2@(fdir)
Coil_21(fdir)
Coil 22(fdir)
Coil_23(fdir)
Coil_24(fdir)

break;

L e T (e a4 ey 8
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1.6 TUsunsugasAuInNIsAIuAuYAaln (Coil_System.c)

#include "Coil_Contrel_Handler.h"
#define coil_interval 20.5
o
* Trapezoid calculate handle function
* Insert Parameter 1 Domain @ - 108 X-axis position floating point
* return Range @ - 100 integer trapezoid Form 6-58-106-100-50-0
7
float trapezoidl(float position)
{
/*Trapezoid form 6-50-160-108-58-8
* position per @ to 1006

*f

//below zero adjust to power 0%

if(position <= 0 )

{
return(@);

}

//position 8 to 40 a power by straight line £0

if (position > @ && position <= 2*coil_interval)

{
return( (position*((float)160/(2*coil_interval))) );

}

/ Constant power 108 form position 40 to 80

if ((position > 2*coil_interval) && (position <= 4*coil_interval))
return(100);

}

// Decay power by straight line EQ to zero in 88 to 120

if ((position > 4*coil_interval) && (position <= 6*%coil_interval))
return( ((-1*((float)leel(2*coi1_interval)))*(position)) + 300 );

}

//Higher than 100 power adjust to ©

if (position > 6*coil_interval )
return(@);

}

return(@);

}
LIETTLTETE P fConvert all parameter to real Physical value function/f/ (1 7717111717171117
void coil_dlinear(float posit,float factor,float offset)

{
#define post_offset 35
#define post_max545
int ch ;
char ch_begin,ch_end;
float power;
ch_begin = ((posit-(coil_interval))/coil_interval)—B;
ch_end = ch_begin+6;
for (ch = (ch_begin-3); ch < (ch_end+3); ch++)
{
power = factor*(trapezoidl(posit-(coil_interval*(ch-l))));
if( (ch>8) & (ch<25) )
coil_i(ch,power+offset);
}
3]

1.7 dwillsunsudesdudanismaditiedeya (Data_Handler.h)

#ifdef _ cplusplus
extern "C"

{
#endif
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#ifndef _ DATA_HANDLER_H_
define _ DATA_HANDLER_H_

extern unsigned int Data_Get_Index(unsigned char index);

extern void Data_Store_Index(unsigned char index,unsigned int data);

extern void Data_Store_CharArray(unsigned char* data_address,unsigned range);
extern unsigned int * Data_Get_Storage_address(unsigned char index);

extern float Data_LightDisplacement_12bitCal(unsigned int measure_data);
extern float Data_Get_LightDisplacementl(void);
extern float Data_Get_LightDisplacement2(void);

extern int Data_EncoderPositionCal(unsigned int data, unsigned int off_set);

extern int Data_Get_EncoderPositon(void);

#ifdef _ cplusplus
}

#endif

#endif

1.8 Wsunsugasdluianisnisidrfedoya (Data_Handler.c)

#include "Data_Handler.h"
static unsigned char data_storage[6];

static unsigned int *datal_pointer=&data_storage[@],

*data2_pointer=&data_storage[2],

*data3_pointer=&data_storage[4];
PELTETET I EEL DT LT EETTEEEL IS FiGet Data Store Address/ i/ [/ ITIITMIIEMTiIT1I0141177111011
unsigned int Data_Get_Index(unsigned char index)

{
switch (index)
{
case 1:
return(*datal_pointer);
break;
case.2:
return(*data2_pointer);
break;
case 3:
return(*data3_pointer);
break;
default:
return(0);
break;
}
}
LHIETIITE707117071771717 Store Datato Buffer by using Inde/ /7117777177 00070 00007000000 7007¢87
void Data_Store_Index(unsigned char index,unsigned int data)
{
switch (index)
case 1:
*datal_pointer=data;
break;
case 2:
*data2_pointer=data;
break;
case 3:
*data3_pointer=data;
break;
default:
break;

}

}
PILLEIEITITEI1T1717110717/Store Data to Buffer byusing Array// /771 11FIIEITEII1T7 121000700747
void Data_Store_CharArray(unsigned char *data_address,unsigned range)

{
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unsigned char icount ;
for(icount=0;icount<range;icount++)
data_storage[icount]= *(data_address+icount);

}
SHLEEITEITIIE T 8771001800107 177177178DC read data Handle [/ /7717711170117 00FTETLEIETE 1L
unsigned int * Data_Get_Storage_address(unsigned char index)

{
switch (index) {
case 1:
return(datal_pointer);
break;
case 2:
return(data2_pointer);
break;
case 3.
return(data3_pointer);
break;
default:
return(e);
break;
}
}

LIAEEEPIEIIER7 /17777 fight Displacement Sensor Calculation functdon/// /1 111171001700717104077
float Data_LightDisplacement_12bitCal(unsigned int measure_data)
{

float actual_measure_data, inverse_number_distance, real_distance;

actual_measure_data = (float)(3.3/4096)*measure_data ;
inverse_number_distance = (actual_measure_data-0.42)/18 ;
real_distance = (1/inverse_number_distance)-0.42 ;
return(real_distance);

HIEPIILEP IS0 287 EIE B 1A 47T 17 Get Migh form Front SeNsor/Lf /[ LLTILS I EEL 17 L0 P LT 110 EE 11T
float Data_Get_LightDisplacementl(void)

{
return(Data_LightDisplacement_12bitCal(*datal_pointer));

By
LHIITERIEI L LT T LA ED 411 Get High form Rear SENSOr [AfLIILA L LT ET TP LTI L2 E P11 )
float Data_Get_LightDisplacement2(void)

{

}
LIPPEIITETE I 117177 A4 IEalculate Position Form Encoder/ /{1 1IFTTILIT I IFELITEIEIIFE1771717
int Data_EncoderPositionCal(unsigned int data, unsigned int off_set)

{

return(Data_LightDisplacement_12bitCal(*data2_pointer));

int data_offset;
data_offset=data-off_set;
data_offset=data_offset*2;
return(data_offset);

}
LHEEELLITII LTI AR TEE 11717 17 /Get Encoder PosItion/ /A1 IH FERL I TEET I I AL F71 00070000000 071107
int Data_Get_EncoderPositon(void)

{
}

return(Data_EncoderPositionCal(*dataB_pointer,256));

1.9 diadwmsuldeulusunsugasdaniuquitled (PID_Control_Handle.h)

#ifdef _ cplusplus
extern "C" {
#endif
#ifndef __PID_CONTROL_HANDLE_H_
#define __PID_CONTROL_HANDLE_H_
typedef struct {
double previous_error;
double integral;
double derivative;
double setpoint;
double measure_feedback;
double output;
double Kp;
double Ki;
double Kd;
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double dt;
}PID_variable_Typedef;
extern void PID_Controller_cal(PID_variable_Typedef *PID);
extern void PID_Intergral_Limiter(PID_variable_Typedef *PID,double max,double min);
extern void PID_Derivative_Limiter(PID variable Typedef *PID,double max,double min);
extern void PID_Output_Limiter(PID_variable Typedef *PID,double max,double min);
#ifdef __cplusplus
}
H#endif
#endif

1.10 Wsunsudasaauawiiled (PID_Control Handdle.c)

#include "PID_Control_Handle.h"
HLETEETITEIIII TR A0 E 0T F0T 1270 F1IPID Caleulator// /71071107 717017801000077701000701171047
void PID_Controller_cal(PID_variable_Typedef *PID)
{

double error;

error = (PID->setpoint) - (PID-s>measure_feedback);

PID->integral = (PID-»integral) + (error*PID->dt);

PID->derivative = (error - (PID->previous_error))/PID->dt;

PID->output = ((PID->Kp)*error) + ((PID->Ki)*(PID->integral)) + ((PID->Kd)*(PID-
>derivative));

PID->previous_error = error;

void PID_Intergral_Limiter(PID_variable Typedef *PID,double max,double min)
{
if (PID->integralsmax)
PID->integral=max;
else if (PID->integral<min)
PID->integral=min;

void PID_Derivative_Limiter(PID_variable Typedef *PID,double max,double min)
{
if (PID->derivatives>max)
PID->derivative=max;
else if (PID->derivative<min)
PID->derivative=min;

void PID Output_Limiter(PID_variable_ Typedef *PID,double max,double min)
{
if (PID->outputs>max)
PID->output=max;
else if (PID->output<min)
PID->output=min;
}

1.11 dawirlusunsudasdmiuldeulugaduiian (TIMER h)

#ifdef _ cplusplus
extern "C" {
#endif

#ifndef _ TIMER_H_
#define _ TIMER_H_

#include "stm32f4xx_tim.h"

extern void Timer5Interupt_ms(uint32_t ts_ms);
extern void Timer5INT_Config(void);

extern void TimerPWM_Init(void);

extern void TimerSynch_Start (void);

extern void TimerSynch_Init(void);

#ifdef _ cplusplus
}
#endif

#endif
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9.12 IUmnsutiaﬂﬁw%'U'L%’qu@,aﬁ'unm (TIMER.c)

#include "stm32f4xx.h"

finclude "stm32f4xx_gpio.h"

#include "stm32fdxx_tim.h"

#include "stm32fdxx_rcc.h”

#include "misc.h"

#include "TIMER.h"

// befinition of system clock

#define APB1CLOCK 42000000

ftdefine APB2CLOCK 84000000

// Initialization variable declaration
TIM_TimeBaseInitTypeDef TIM_TimebaselInitial ;
TIM TimeBaseInitTypeDef TIM_TimebasePeriod ;
TIM_OCInitTypeDef TIM_OCStruct 4

LILIITEETEI100117717877111] iControl Loop and Sampler period Definition///////7/1171/111/71i1]

void Timer5Interupt_ms(uint32_t ts_ms)

{
TIM Cmd(TIMS, DISABLE):
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIMS, ENABLE);
uintie_t prescaler = 42000 ;
uint32_tarr = @ 1

/* lare = prescaler/42MHz
ox*arp = then x/ts = (B4MNz/prescaler)*/

arr = ((APBlCLOCK/lGGG)/prescaler)*ts ms32°¢ 5
TIM_TimebaseInitial.TIM_CounterMode= TIM_CounterMode Up;
TIM_TimebaseInitial.TIM ClockDivision=TIM_CKD DIV1;
TIM_TimebaseInitial.TIM_Prescaler= prescaler-1 ;
TIM_TimebaseInitial.TIM_Period=arr-1 ;
TIM TimeBaseInit(TIM5,&TIM_TimebaseInitial);
TIM_ClearITPendingBit(TIM5, TIM_IT_Update);
TIM_ITConfig(TIM5, TIM_IT_ Update, ENABLE);
TIM_ARRPreloadConfig(TIMS, ENABLE);
TIM_Cmd(TIMS, ENABLE);

}

HPH LA LAL ] fdefipe Vector dnterrupt to Interrupt service routine brace program//// /170071
void Timer5INT_Config(void)
{
NVIC InitTypeDef NVIC_InitStructure;
/* TIM3 clock enable */
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIMS, ENABLE);
/* Enable the TIMS gloabal Interrupt */
NVIC_InitStructure.NVIC_IRQChannel = TIM5_IRQn; //TIMS_IROn
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority =0,
NVIC_InitStructure.NVIC_IRQChannelSubPriority =
NVIC_InitStructure.NVIC IRQChannelCmd = ENABLE;
NVIC_Init(&NVIC_InitStructure);
}
LILETIITENLI I THEZ I f ) inditialize coil control Timer time base X/ T /1171717107001 00071140107
void TimerSynch_Init(void)
L
RCC_APB2PeriphClockCmd(RCC_APB2Periph_TIM1, ENABLE);
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM2, ENABLE);
RCC_APB1PeriphClockCmd (RCC_APB1Periph_TIM3, FNABLE);
RCC_APB1PeriphClockCmd (RCC_APB1Periph_TIM4, ENABLE);
// TIMER base time setup
//master
TIM_TimebaseInitial.TIM_CounterMode=TIM_CounterMode Up;
TIM TimebaseInitial.TIM ClockDivision=0;
// Ereg = 84080k/(TIMIARR*TIMSyncARR) then TIMsyncARR = B84000k/ (Freg*TIMLARR)
TIM TimebaseInitial.TIM_ Period=(3)-1;
TIM_TimeBaseInit(TIM1, &TIM_TlmebaseInltial);
f/slave and PWM period
TIM TimebaseInitial.TIM CounterMode=TIM_CounterMode_Up;
TIM_ TimebaseInitial.TIM_ClockDivision=0;
TIM_TimebaseInitial.TIM_Period=(280000)-1;
/7(1120)-1;// PWM Frequency = 25000 (L298 Typical)
TIM_TimeBaseInit(TIM2,&TIM_TimebaseInitial);
TIM TimeBaseInit(TIM3,&TIM_TimebaseInitial);
TIM TimeBaseInit(TIM4,&TIM_TimebaseInitial);
//synchronization set-up
TIM_SelectOutputTrigger(TIM1,TIM_TRGOSource_Update);
TIM_SelectInputTrigger(TIM2,TIM TS_ITR@);



}

TIM_SelectInputTrigger(TIM3,TIM TS_ITRO);
TIM_SelectInputTrigger(TIM4,TIM_TS_ITR@);

// set-up the propose of syn-timer

TIM_ SelectSlaveMode(TIM2,TIM_SlaveMode_Externall);
TIM SelectSlaveMode(TIM3,TIM SlaveMode Externall);
TIM SelectSlaveMode(TIM4,TIM_SlaveMode Externall);

TIM_SelectMasterSlaveMode(TIM1,TIM MasterSlaveMode Enable);
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FHIIIEZLTTIIE 7207178177 7/5kart Coil Control Timer Group/ /11 IHTIEEIEIIINILEIEET i1 2110117]
void TimerSynch_Start (void)

{

}

TIM_ARRPreloadConfig(TIM1, ENABLE);
TIM_ARRPreloadConfig(TIM2, ENABLE);
TIM_ARRPreloadConfig(TIM3, ENABLE);
TIM_ARRPreloadConfig(TIM3, ENABLE);
TIM Cmd(TIM4, ENABLE);
TIM_Cmd(TIM3, ENABLE);
TIM_Cmd(TIM2, ENABLE);
TIM_Cmd(TIM1, ENABLE);

HHEFELIPEL7 0400007707771 7 77 inikialize Coil Control ‘Timer PUMALLIPTLIITEIT I L 7EEE 0071117
void TimerPWM_Init(veid)

{
//Timer 2 3 4 PWM channel 1
TIM_OCStruct.TIM_OCMode=TIM_OCMode PWM1;
TIM_OCStruct.TIM OutputState=TIM_OutputState_Enable;
TIM_OCStruct.TIM Pulse=8;
TIM_OCStruct.TIM_OCPolarity=TIM OCPolarity_ High;
TIM_OC1Init(TIM2,&TIM OCStruct);
TIM_OC1Init(TIM3,&TIM_OCStruct);
TIM_OC1Init(TIM4,&TIM_OCStruct);
TIM_OCl1PreloadConfig(TIM2,TIM_OCPreload_Enable);
TIM_OC1PreloadConfig(TIM3,TIM_OCPreload_Enable);
TIM_OC1PreloadConfig(TIM4,TIM OCPreload_Enable);
//Timer 2 3 4 PWM channel 2
TIM_OCStruct.TIM_OutputState = TIM_OutputState_Enable;
TIM_OCStruct.TIM Pulse = @ ;

TIM_OC2Init(TIM2, &TIM OCStruct);
TIM_0C2Init(TIM3, &TIM_OCStruct);
TIM_OC2Init(TIM4, &TIM OCStruct);
TIM_OC2PreloadConfig(TIM2, TIM_OCPreload_Enable);
TIM_OC2PreloadConfig(TIM3, TIM OCPreload_Enable);
TIM_OC2PreloadConfig(TIM4, TIM_OCPreload_Enable);
//Timer 2 3 4 PWM channel 3
TIM_OCStruct.TIM OutputState=TIM_OutputState Enable;
TIM_OCStruct.TIM Pulse=0 ;
TIM_0C3Init(TIM2,&TIM_OCStruct);
TIM_OC3Init(TIM3,&TIM_OCStruct);
TIM_OC3Init(TIM4,&TIM_OCStruct);
TIM_OC3PreloadConfig(TIM2,TIM_OCPreload_Enable);
TIM_OC3PreloadConfig(TIM3,TIM_OCPreload_Enable);
TIM_OC3PreloadConfig(TIM4,TIM_OCPreload_Enable);
//Timer 2 3 4 PWM channel 4
TIM_OCStruct.TIM OutputState=TIM OutputState_Enable;
TIM_OCStruct.TIM_Pulse=9;
TIM_0C4Init(TIM2,&TIM_OCStruct);
TIM_0C4Init(TIM3,&TIM_OCStPuct);
TIM_OC4Init(TIM4,&TIM_OCStruct);
TIM_OC4PreloadConfig(TIM2,TIM_OCPreload_Enable);
TIM OC4PreloadConfig(TIM3,TIM_OCPreload_Enable);
TIM_OC4PreloadConfig(TIM4,TIM_OCPreload_Enable);
// TIMER2 OC GPIO INITI
GPIO_InitTypeDef GPIO_InitStructure;
RCC_AHB1PeriphClockCmd (RCC_AHB1Periph_GPIOA, ENABLE);
RCC_AHB1PeriphClockCmd (RCC_AHB1Periph_GPIOB, ENABLE);
/% GPIOC Configuration: TIM2Z CHL (PA15), TIM2 CH2 (PB3), TIM2 CH3 (PB1@) and TIM2 CHA4
(PB11) */

GPIO_InitStructure.GPIO_Pin=GPIO_Pin_15;
GPIO_InitStructure.GPIO_Mode=GPIO Mode AF;
GPIO_InitStructure.GPIO_OType=GPIO OType PP;

GPIO_InitStructure.GPIO_Speed=GPIO Speed 56MHz;

GPIO_InitStructure.GPIO_PuPd=GPIO PuPd UP;
GPIO_Init(GPIOA,&GPIO_InitStructure);
//GPI0 B
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GPIO_InitStructure.GPIO_Pin=GPIO_Pin_3 | GPIO_Pin_11 | GPIO_Pin_10 ;
GPIO_InitStructure.GPIO_Mode=GPIO Mode AF;
GPIO_InitStructure.GPIO_OType=GPIO OType PP;

GPIO_InitStructure.GPIO_Speed=GPIO Speed 56MHz;

GPIO_InitStructure.GPIO_PuPd=GPIO PuPd_UP;
GPIO_Init(GPIOB,&GPIO_InitStructure);
//Alternate Function Configuration

GPIO_PinAFConfig(GPIOA,GPIO_PinSourcels,GPI0_AF_TIM2);
GPIO_PinAFConfig(GPIOB,GPIO_PinSource3,GPI0_AF_TIM2):

GPIO_PinAFConfig(GPIOB,GPIO_PinSourcell,GPI0_AF_TIM2);
GPIO_PinAFConfig(GPIOB,GPIO_PinSourcel®,GPIO_AF_TIM2);

// TIMER3 OC GPIO INITI

RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOC, ENABLE);

/* GPIOC Configuration: TIM3 CH1 (PC6), TIM3 CH2 (PC7), TIM3 CH3 (PC8) and

(PCY)Y */

TIM3 CH4

GPIO_InitStructure.GPIO_Pin=GPIO_Pin_6 | GPIO_Pin_7 | GPIO_Pin_8 | GPIO_Pin_9;
GPIO_InitStructure.GPIO_Mode=GPIO Mode AF;

GPIO_InitStructure

.GPIO_OType=GPIO OType PP;

GPIO_InitStructure.GPIO_Speed=GPIO Speed 56MHz;
GPIO_InitStructure.GPIO_PuPd=GPIO PuPd_UP;
GPIO_Init(GPIOC,&GPIO0_InitStructure);
//Alternate Function Configuration

GPIO_PinAFConfig(GPIOC,GPIO_PinSource6,GPIO_AF_TIM3);
GPIO_PinAFConfig(GPIOC,GPIO_PinSource?,GPIO_AF_TIMB);
GPIO_PinAFConfig(GPIOC,GPIO_PinSouPceS,GPIO_AF_TIM3);
GPID_PinAFConFig(GPIOC,GPIO_PinSourceQ,GPIO_AF_TIM3);

/{TIMER4 OC GPIO INITI

RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOD, ENABLE);
/* GPIOC Configuration: TIM4 CH1 (PD12), TIMA CH2 (PD13), TIMA CH3 (PD14) and

TIMA CH4 (PD15) */

GPIO_InitStructure.GPIO_Pin=GPIO_Pin_12 | GPIO_Pin_13 | GPIO_Pin_ 14 |

GPIO_Pin_15;
GPIO_InitStructure
GPIO_InitStructure
GPIO_InitStructure
GPIO_InitStructure

.GPIO_Mode=GPIO Mode AF;
.GPIO_OType=GPIO OType PP;
.GPIO_Speed=GPIO _Speed 50MHz;
.GPIO_PuPd=GPIO PuPd_UP;

GPIO_Init(GPIOD,&GPI0_InitStructure);
//Alternate Functdon Configuration

GPIOHPinAFConfig(GPIOD,GPIO_PinSourcelz,GPIO_AF_TIMd);
GPIO_PinAFConfig(GPIOD,GPIO_PinSourcel3,GPI0_AF_TIM4);
GPIO_PinAFConfig(GPIOD,GPIO_PinSourceld,GPIO_AF_TIM4);
GPIO_PinAFConfig(GPIOD,GPIO_PinSourcelS,GPIO_AF_TIM4);

1.13 daumilUsunsudesdmivldiulugaiudoyariunasnaunsu

(USART.h)

#ifdef _ cplusplus
extern "C" {
tendif

#ifndef _ USART_H_
#idefine _ USART_H_

#include "stm32f4xx_usart.h"

extern void USART1_Initial(void);

extern void USART1_INT_Config(void);

extern void USART3_Initial(void);

extern void USART3_INT_Config(void);

#ifdef _ cplusplus

1
#endif

#endif
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1.14 Wsunsugeedwmivldiulugaiudedoyarunasnounsu (USART.c)

#include "stm32f4xx.h"
#include "misc.h"

#include "stm32f4xx_usart.h”
#include "stm32f4xx_gpio.h"
#include "stm32fdxx_rcc.h"
#include <stdio.h>

#include "USART.h"
LIETELIEIP7707171740777 7 nitialize Serial Port Module VHFLFTH AT LT L L AL L e L
void USART1_Initial(void)
{
/% USARTx configured as follow:
- BaudRate = 115200 baud
- Word Length = 8 Bits
One Stop Bit
- No parity
- Hardware flow control disabled (RTS and CTS signals)
- Receive and transmit enabled
*/
GPIO_InitTypeDef GPIO_InitStructure;
USART_InitTypeDef USART_InitStructure;

/* Enable GPIO clock */
RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOB, ENABLE) ;

/* Enable UART clock %/
RCC_APB2PeriphClockCmd(RCC_APB2Periph_USART1, ENABLE) ;

/% Connect PXx to USARTx Tx*/
GPIO_PinAFConfig(GPIOB, GPIO_PinSource6, GPIO_AF_USART1);

/* Connect PXx to USARTX Rx*/
GPIO_PinAFConfig(GPIOB, GPIO_PinSource7, GPIO_AF_USART1);

/* Configure USART Tx as alternate function */
GPIO_InitStructure.GPIO OType = GPIO OType PP;
GPIO_InitStructure.GPIO PuPd = GPIO_PuPd UP;
GPIO_InitStructure.GPIO_Mode = GPIO Mode AF;

GPIO_InitStructure.GPIO_Pin = GPIO_Pin_6;
GPIO_InitStructure.GPIO_Speed = GPIO Speed 56MHz;
GPIO_Init(GPIOB, &GPIO_InitStructure);

/* Configure USART Rx as alternate function #/
GPIO_InitStructure.GPIO Mode = GPIO Mode AF;
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_7;
GPIO_Init(GPIOB, &GPIO_InitStructure);

USART_InitStructure.USART_BaudRate = 115200;
USART_InitStructure.USART_WordLength = USART_WordLength_8b;
USART_InitStructure.USART_StopBits = USART_StopBits_1;
USART_InitStructure.USART_Parity = USART_Parity_No;
USART_InitStructure.USART_HardwareFlowControl = USART_HardwareFlowControl_None;
USART_InitStructure.USART_Mode = USART_Mode Rx | USART_Mode_Tx;

/* USART configuration */
USART_Init(USART1, &USART_InitStructure);

/* Enable USART */
USART_Cmd (USART1, ENABLE);
USART_TTConfig(USART1, USART_IT_RXNE, ENABLE) ;

printf("\n\r USART%d STM32F4Discovery Ready!!!!lI\n\r",1);

}
FIE2E1417001720171717/Enable Serial Port Module 1 Interrupt Service Routine///////7/7717717177)

void USARTI_INT_Config(void)

{
NVIC_InitTypeDef NVIC_Usart_InitStructure;

NVIC Usart_InitStructure.NVIC_IRQChannel = USART1_IRQn;
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NVIC_Usart_InitStructure.NVIC_IRQChannelPreemptionpriority = 0;
NVIC Usart_InitStructure.NVIC_IRQChannelSubPriority = @;

NVIC Usart_InitStructure.NVIC_IRQChannelCmd = ENABLE;
NVIC_Init(&NVIC_Usart_InitStructure);

}
LEFIFEITIL7I77770770777717/Initialize Serial Port Module BEIILIITIRIIIEIIII I 100 701000201017
void USART3_Initial(void)

{

/* USARTx configured as follow:
- BaudRate = 115208 baud
- Word Length = 8 Bits
- One Stop Bit
= No parity
- Hardware flow control disabled (RTS and CTS signals)
- Receive and transmit enabled
L7
GPIO_InitTypeDef GPIO_InitStructure;
USART_InitTypeDef USART_InitStructure;

/* Enable GPIO clock #/
RCC_AHB1PeriphCluckCmd (RCC_AHBLPeriph_GPLOD, ENABLE);

/* Enable UART clock */
RCC_APB1PeriphClockCmd(RCC_APB1Periph_USART3, ENABLE);

/* Connect PXx to USARTx-Tx*/
GPIO_PinAFConfig(GPIOD, GPIO_PinSource$, GPIO_AF_USART3);

/% Connect PXx to USARTxX_Rx*/
GPIO_PinAFConfig(GPIOD, GPIO_PinSource9, GPIO_AF_USART3);

/* Configure USART Tx as alternate function */
GPIO_InitStructure.GPIO_OType = GPIO QType PP;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd UP;
GPIO_InitStructure.GPIO_Mode = GPIO Mode AF;

GPIO_InitStructure.GPIO_Pin = GPIO_Pin_8;
GPIO_InitStructure.GPIO_Speed = GPIO Speed S56MHz;
GPIO_Init(GPIOD, &GPIO_InitStructure);

/* Configure USART Rx as alternate function */
GPIO_InitStructure.GPIO_Mode = GPIO Mode AF;
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_9;
GPIO_Init(GPIOD, &GPIO_InitStructure);

USART_InitStructure.USART_BaudRate = 115208;
USART_InitStructure.USART_WordLength = USART_WordLength_8b;
USART_InitStructure.USART_StopBits = USART_StopBits_1;
USART_InitStructure.USART_Parity = USART_Parity_No;
USART_InitStructure.USART_HardwareFlowControl = USART_HardwareFlowControl_None;
USART_InitStructure.USART_Mode = USART_Mode Rx | USART_Mode_Tx;

/* USART configuration +/
USART_Init(USART3, &USART_InitStructure);

/* Enable USART */
USART_Cmd(USART3, ENABLE);
USART_ITConfig(USART3,USART_IT_RXNE, ENABLE);

}
PIEEE11071117777711/Enable Serial Port Module 3 Interrupt Service Routine//// 1171771117 17¢177777
void USART3_INT_Config(void)

{

NVIC_InitTypeDef NVIC_Usart_InitStructure;

NVIC_Usart_InitStructure.NVIC_IRQChannel = USART3_IRQn;
NVIC_Usart_InitStructure.NVICMIRQChannelFreemptionPriority =i L
NVIC_Usart_InitStructure.NVIChIRQChanneiSubPriority = 1;
NVIC_Usart_InitStructure.NVIC_IRQChannelCmd = ENABLE;
NVIC_Init(&NVIC_Usart_InitStructure);





