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214 ﬁug'lwumgdmuqu (Control loop basics)

s ] -u‘v as P She YRS (] s " ! :‘ | ::
FpgniiquinsdmivgumMuANTIzendosnfem U uusvisuiaulasi

o S - e - = o4 o W @B o )
Wuerauuilunwuuiebitdeanniinuiiseenivy | welaududauilunivusnusigiedn

o

gumgivonhierldmiandndui umalimnvaimiad sdsnagibianstieundu

-

(feedback). Aauin. MivsessUanSoursaunduaunIguniveshasulunuieg,

3 4
Y a o W u ' ) ) o el
fBINII aqummumauwﬁ%lﬂum Process-variable w3, Pracess value, (PV) BMQuNLI1
gaan1saziuda Setpoint (SP) dyfinmaaian (Fuvisyedvion) tardyqyinvigenves PID 9¢
gni3undn Manipulated; variabte (MV) %ia Controt Variable (CV) Amiuanginesyninagamyil
Ao wve W K v oS, v anre v
valetuanimusifent Eror (e) warUssdiuiminlunisuysouvsalduiniosualn

(-3

wdniaAgamgll (PV) wiouvisdrmnmpudanataivuiay - Gamununavdndulednes

WeRendiunioanudlny (MV) ipeintsawnsaufvusisagaelslvuildnusmhiduuinifou
dauiivvdusegluduresnismuau Proportional  drlunsiiiilunivuzyitrnueuldd
fmuauivznenguiuriwensruumsienstaianmidouliniiudtuaeniie lu

' - o e ' - 5 W - o a L P Y o0 wla
AUNITLUUMIBYNUBY Derivative ﬂ’lqquuﬂaﬂn’l‘ﬁu:’m'nﬂuiﬂﬂa‘]Vluﬂmi’]ﬂ’lilﬂﬁ'ﬂﬂ%uﬂ'i}ﬂﬂﬂ

as -3 - HIEY - P ] & i </ '
fmuruivudafieminfounntuluiFeyq ludutsniluiegnuainisaiuny Integral



2.1.2 nqufnisauau PID

n1smauey PID WudetigniSunanmsyanmenvesiiudsvisanu Tasshudsvisaniioy

nanenuAn Manipulated variable (MV) inauwes Proportional, Integral, Wag Derivative 3¢g)n

Amnandudn Output wesmrauAN PID fvuali u(t) Wur1 Output YawAIUAN ANl

aun1sued PID axla

u(t) = MV () = Kpe() + K [ e(T)dT +Kg=e(t) @

Ty
K, smmaveiednso, franUsuTuale
K;: snsmenedinus, drudsuiventa
Ky: snshveigeuius, saulsusuamla
e : dpmianan. = SP — PV
t A\ \arie ety

T . dudsusnus

2.1.3 dmdau (Proportional term)

wonvosdadiu  (Unasuson dnsueie)  asdsuulantudadiuvesiiau
fAawann  MsrevAupvesdnduausavildlasnispurinuianatesiern Ky, vied

SuN8nsveNYEAREIY



wonvosdnaIuaziulumuaunis:

Pout = er(t) (2.2)

oo

ut © duaNIeNTBNNENERIY
- ns1venedpdiu, MuUsUsumle

- aeEanan =SSP — PV

=
22N

480

o | i a . o I g - -]
washsvuIsdndiuiigsiaiawatnivgfauuasanduiu withguiulyssuuerbiatios
16 Tumanseiudnu sadnsvsrednaaunay ssuuniuRRElNanaUaYD BN TEYaURTsioun N

Tuse

— -

{'—“ raferetag sfmal |

TN N = aba S—

3UA 2.2 uanansl PV s, Ko fwundu 3 Ak uay Kgnsi)



2.1.4 USWus (Integral term)

nannmenlinug  (UeTaden reset)  WudndiuvesrIaALRANAIIUAL
sygrrMueInLAANaNR HaTINTEIRMARNA UYL (USTusveseiana1n) T
sovwnaraufimsanfuluneumi mulananazausvgnanlaednsvesUinus wunues

L3 °

naveameNUIHusasimualaudesveeuIius, K;

wanUsnusazduluauaunis:

t

Iout = K; [, e(x)dr (2.3)
-
dle

Loyt Slaauvioenuasvigsdiniug

K;: dnsrueneddnus, dususuenls

e anuiandnn = SP.—=PV.

L

T sl sUintusyu

- W Be o ' ' LT al LY - o
IauUInuG (tuﬂi’l“ﬂULW‘ﬂwﬁ’ﬂﬁ?u) 'i]ﬁﬁ\?ﬂi’-ﬂi")ﬁﬂ?'ﬂwlﬂ]’lﬁﬂﬂ'ﬂﬂB*ﬁﬂqiuagﬂﬂﬂﬂ'ﬂ'\uﬂﬂwa’lﬂw

s ' 4 -~ o or 1 I 1 " = i
wisegiinainnslitiosinondnai ussgaalsham  mauUPudidunisnevausenin
- =i =4 o 9 = g bl 4 b a s
Aawarrasauluorn  J@arismilidalonesyala ~Ghurmnssnauaziinnviumlunig

AiAni9au)

e B AN S I
L“—""lefe!en(e 5lgl'|.‘,|1

1'

= . ° ' el
U 2.3 uamansl PV sianan, K; fwuaduawen (K uaz Kgasi)



2.1.5 auWus (Derivative term)

ar J bl :: o as
RS IN5LUALULUAITRIANUNANA TAIINNTEUIUNTTUUATUIUNIIINAIUTUTBY

'
(TR GO V.

mwRanaavngnat  (lude  [Wueyiussudunilidiniudiunal)  wazgasidnsvee

ot 5 s :s - ar ; o/ as o/ 4
oyius Ky vunavesavosvensyius (Uensusen 8977) Tuiu 0nanue18eynio K4

wenayusduluauauns:

Dout = Kd%t?(t) (2.4)

D ¢ dyntunioonveavionaunus

K ;: snshwtnueyius, salsyivels

e : andiiiowane— = SP.—~ PV

t fum
mauaqﬁ’ua’wﬁzaaé’ﬂsnmiLﬂﬁauuﬂaamaaa"mmwmwﬁaanwaﬁz‘uumuquLLa:ﬁaﬂuaﬁwﬂdw‘Iﬁ
szuumuAuingyARisens dafumsseuiusaciflunsansusedaniosgnifianney
Uusuasytados nmaasns T o ssuteuqity _ueglsinmeyiusvasdygya
sumuiignugislusyuumuneerlaharemssumulumaieasmfEavaaazawsaili

nsruaumshiaiissidtrdyanasunmutarsasusnayusiTunlngingme

12 L B ARRCIR - WREHA . e —
D kg=o8 i'-::':"é'!t-'.‘ruj»_- ""-‘"fj‘
! e ] : !
f
{
|
1
|
|
1.5
0 {
| i
A A e " i . A i |
n 2 4 £ B g 12 “ 15 18 X

Uil 2.4 uanans vl PV sievian, dmsu Ky 3 1 (K uas K; Ai)



2.1.6 m3Uiugu

2.1.6.1 nsUiugusaeiio
Ersvvudenoihon tuwsnlifeen K uay Kg Wugud i
M K, Junszviadtyaueeniinnisunde (oscillate) udndar K, Thndonsmilsvaseniivi
MiAenmsunisdmsunisnevaussvila "quarter amplitude decay” udiin K; aunseits
povimngniasluiaiinelfisewasnszuaums  uadh K sonlussvililitadies  gevihedn
foams i K aunssisguaghusedifigomsuls. udth Ky wniulussdumgling

pevausiuarloneiynuseiseli Unimsyiugu PID dnddteesymamiosdisliiiingy

- v X i ¥ e 3 v [ w a o q W
figpanaiatu uilwneszuukiatnanseiliieleliasyald uazinat Ky, deaifulufvyiili

WANTISILAIY

o s ar '
A5199 2.1 anudunusvesan K, K;, K4

i | o | el nanddiee | | A uREWSIEERTUEA. | i@deTn W
wus Tu (Qvershoot) | (Settling time) 9
(Rise time) (Steady-state-error)
Kp an s Whzuuya &0 an
\anven

K; an ot i anavagiitodiry an
K, anad anatiantion. | asaudnves aumguliiig Atud

\@ntiay K gvineq

2.1.6.2 75013 Ziegler-Nichols
FBnstiiiauelae John G. Ziegler uaz Nathaniel B. Nichols Tun3as
= & v R A = o
vensswil 1940 Fuusnlidedn K; uas Kg [Ouaud iindnsivene P geiian, K, aunsens

‘: - 1 a J i ] 1 1 s J s s
LIULAANTITLNI UIAT KuLLa:iﬂ'W‘U'Nﬂ’]iLLﬂ’N Pu UIMIAINIRUTNLNA AN
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A15197 2.2 35Auan Ziegler-Nichols

Control type Kp K i Kd
P 05K, i :
PI 0.45K,, 12Kp/P :
PLD 0.60K, 2K, /By K, P,/8
2.2 12C Bus

12C Bus 9397 Inter Ihteerate Circuit Bus (IIC) Soamdgnduqi1 12C BUS (lo-uana-

a5 w 5 : Y] L hv ) 4 § i
§-Um) (unsdeansounsu  wuu@dlasda (Synchronous). skl @arededans sz

=~ 5 < ar « - o & - ot Wi i
Tulasnaulnsataes (MCU) fugunstinieuen Gspnimintiulasuism Phitips Semiconductors

Toeldapdnyquiiios 2 @uwitu-fe serial data (SDA) uasee-seriat clock (SCL) Faausn

\Housiogunsal Sunuvates # ihmenuld il McU Tiweseiies 2 wasalviniu

nMsdea1sayNs wuudalastia (Synchronous) #8

{ \S

f] OS]
jean TS ¢

{ =

d ) el

O |

( i

C i

[ 1

[ ¥
MASTER SLAVES

- - o
JUN 2.5 uanin1sfearseynsy wuudslasia (Synchronous)
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2.2.1 Addressing
msdeansuuy  12C Useneumesiauszddhuesgunsni(Device  Addressyse
Slave Address) Usgnausisin 1-7 uavln 0 Wulaauaunisiliousiu
1. sWavsedwhuesgunsal Uszneusesiauszdminingan Product ID 4 Un

=Y

a o el w = = v 3 w
@0 4-7) Adsundaudlrlild was Address 3 On (D 1-3) Bl awnsa fwun ald s
L ar - L ot L3 a: J (] at = :r‘ ar &
wdudusia 7 On ldseysigunsal ireeguulda adidgiiulala
2. fneauaunsidsusu (Mode) T 0 e MCU sesmsdisuteyaludgunsain

Amunlioniilu 0 wazidledosns Snveys 9ngUnsel.imuaviUnildu 1

VDD

SDA -
SCL

Voo E_—_I Hardware
Programmable

EU#I 2.6 idny Addressing

2.2.2 Communication
13 n*ﬁ*ﬁm@iﬂﬁ'amsﬁnﬁutﬁa;ﬁaﬂ’m Start condition
2.'Start bit 9¥@11iin8 Slave Address
3. Slave Address agmuniy Read 5o Write Bit
4. ¥nnsdswse.@u Data
5. gUnsaifisuteyaReniines Acknowtedge bit

a M A a i
6. NMIAARBADANINYALIBUANTIT Stop condition

o o ' . - - '
UM 2.7 uanshegentsasdoya (@amuaunsidousiu=0)
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o
AN 2.3 u.amam'wssuuﬁaa'ﬁ

anmruusTUUABaS SDA scL
1. Lifinsdeans High High
2. L?uda’ﬁaaﬂa(Start condition) B e High
3. vigadtaya(Stop condition) PR e L.

4. msfudedioya 4 I0lY clock-+-anumsgiudelaya YoyaUu SDA e | Ne ehang | High
Asituay DI Wi High datiauu-SDA Wasuulaslsiiie sl iulow | chang Low

5. d Acknowledge bit lafutonansu’l byte UA) Low High

SDA

SCL

2.2.2.1 START & STOP conditions

SR e P

i

\ / \ / 5 scL
 SACEEY
STARI condition S0P gondition

U 2.9 uansanmduuazngadstoua

on  /

= ' 1w
3UN 2,10 LamanwsEnIE@Ueya
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)
DATA OUTPUT | el x X"
BY TRANSMITTER % e X /
|

not acknowiedge %

BY RECEIVER
acknowledge *

SCL FROM
MASTER \

I
I
DATAQUTRPUT |
I
|

f
|
|

2]

clock pulse far
START acknowledgement
condition

jﬂﬁ 2.11 uand Acknowledge / NOT-Acknowledge

2.2.3 Yonmunvas 12C
cas o v o ) =l o o a
Qﬂnsmmmynﬁmmmmﬁmfwmﬂaumaﬂﬂwawﬁmtyﬂm SDA uuEVdIudA U

SCL High wazdasdansaniug tow @nlilunnzi audysnl Scb a‘n‘mgjﬁ High

2.3 a3

Tuuniazdumsedungimsatumuuy - PID  SalaaaumEnevesd T Eae I
aa ar a v & e ° o ' as
FBnsusugu. uaznashnsiadeansuuus 12C Tagvasamguiiiesgminunldlunsinusauiy
Lilasreulnsamesidamuaunisuiunissnismssonsdedisivnitguntsiudaginiuim

W s . « ¢ o a a7 AN -
Lilasroulnsadasine Tasansnuisuassennrinldlunisiniusvueses iafiameluuni 3
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msUszend ldansanasuasganiag

3.1 9150123
3.1.1 STM32FODISCOVERY

U 3.1 udnd STM3ZFODISCOVERY

9

@ YUABUNIS LTINUSUAY

autumeusuatidumsyiuussluleseaulvsiaes STM32 altau
® n579@UI1 JP2 ay CN2 yinanu

- ' < a - ' - ) ‘
® jausolulpsmoulnsiansiumios PC wiunsaty USB weteaulwlinuuein

Toe7 LDL(PWR) way LD2(COM) 9xTuundiu LD39sRndifuanuunsensy
® nalu User button (AMuandievasuain )

® Funndnwmurusa LD3 Miimanseniuuuulnuainisnayy User button Bl



® minaYu User button Bl usiam%’w:qnﬁué’uﬁau“].wﬁﬁwm LD4

% AuauUd

e aosuaziioulunisviianu
~ARM® Cortex™-M0 0.9 DMIPS/MHz up to 48 MHz
® MEAMUIIUNATIUIN 64 KB , u5u 8 KB
e iauriade ST-LINKAV2 ielusunsuuaziivn
ol Huvasdneniu USB bus¥3931n Widsgmajguenyuin 5V
o'l duvasinuattuenauin 3 V uag 5V
® | EDs 4 WUy
ALD1 (uey) dmsulduumasiie 33 V
CLD2 (uee/iiEs) Amiunisdeusanig USB
-LD3-(T87) dwsu PCY output
-LD4 (#) dmsu PC8 output
®una 2 LUy (User uay reset):
¢ nsdaureniuszansnng
-6 Mbit/s USART
-18 Mbit/s SPl with 4- to 16-bit data frame
=1 Mbit/s 12C fast-mode plus
~-HDMI CEC
@ duaunIsAIUAN
-1%.16-bit 3-phase PWM motor control timer
=5x 16-bit PWM timers
-1x 16-bit basictimer
~1x 32-bit PWM timer
-12 MHz I/0O toggling

15
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SWOLK l Setial Wire Vecnn m (1.8
swu.-u]\‘_ | Detug Wt el [Vop =210 36V (1.8V)
as AF g 3l | FLas laavToav| |ys
M, 2| sikE Voo
CORTEX-MaCPU | . o | - SHom
rHC.K =48 MHz ‘:w__r‘:' P = FOR e =
e o
E | SE1A 7 .
= £ B Vs iy Bealied I_“'ru
e z 5 [FEHS rauH: VD
b e [FC RS ez Vs I
= | = e . &V
ool | Gpanty | : T e | [ascm - pro
| Fe _] i | s-320Hz QSCOUT - PF1
3 d,. WWOS
AHBECLK Towe!
A e AoEpel K ey Contro'le } A—Vgar=1.65V 1036V
- sestT |5/ atoc i S : s
M & cLodk [+ CECELK s |
-+ s [ lceNTroLls CsapicLk u%___[OSCBE H
2] == n -, + L b 2 Of
sal15:0] < QT_ GPIC port A R — O Foie , =, 4| LO8Csz QUT
AT Py A are |2asem| Al ) raMPER-RTC
: b i o {ALARM QUT)
o 2 P, T LN C neard
PCl18:0] < \.“_" ATC medae
; pr—————— _ g channels
PD2 < Py (3 R , B e
i B5K ETRinput as AF
PF{7:4] o {“:'\j TMERZ FI’“’ E17 a5 AF
£ groups 3 Analo ~| TMERS I 5409, ETRas AF
P gt B 2
4chaneel T Lswitches |

SYNC

nme:m 1 channel as AF
= :I L SR
<.-—-|, TIRER 5 I’f c:ml?-wl( as AF
Ay T 1 chann:
r—v-i—*ﬂ”" w \-I"n-mplinmur
2, 1 Ch
5

A ma
; THMER 17 comel, BAK as AF

m

35 AF
M’sr*sucr R.OUTas AF
CXCK,
NESWE a5 AF T T Uar 2 BRI GTS ATS
M3 MISS iy
o “55] = FI XX, CT8. ATS.
ag AF, N CK as AF
SCL sc.\ smsa
INBUT -, <~—| q L 50
MU,
SUTPUT
a3 AF |

& Vo = HOMLgEC [ CEC as aF

Temz sansor

16 e v
AD irpute | S [ 12ETADCY |y ’
i e = 2 1241 DACH

TNERS [ — 2 K| F DACT OUT a3 AF

(N
g

Viom [ |
Vssa Fr-[ EVpoa Ve

MS19315V1

Ul 3.2 uamanwaanginsal



Header

Embedded
ST-LINKN2
=
= i
w . )
STM32F051R8Ts
i [ G
® Tl
f) LED B2
£D3, PEa 88T
=" I/ LD B1
Ll LD4 PCS USER

B SHO0T

$UN 3.3 LARETIAUITLAYILNAY
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{redigreen LEDY LD2
COM ===y

3V power supply T 4

i
input output 1
ENY l

SWD connector |
1

1

1

1

|

|

|

|

1

STHMRFO51RETE — T

Biwser outon ——

{green LED) D3

;*ﬁ#-t&iu-hﬁr_rwﬁi%iuu

$espine

SN
"

= Dl

R = =t oo T T LD ired LED)

=) PWR

= SV power supply
gt oulgut

-

CN2
- ST-LINKUDISCOVERY
salechor

. JP2
120 reazuremen:

. SE1 (VBAT)

SB3(B1-USER)
.- B2 reaet button

SE44B2-RESETY

MEREGI AV

]
JUN 3.4 wansauaoem U
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Ll * o
585, SB7, 580, 8811 ;"1
(RESERVED)-..__ %
_____ .
R
. e =-E -
- “" L .
», ”' = n -
SH6, 588, 5810, 6812 .~y "mW | =s .
(CEFAULT} . = -
.“".'—-.-- 7 »
8B13(STM BSTE~-"" @
Wit < ak o o
L B
SB14, SB1S (RX. TXI~—
-

c’gqiﬁlacogiiliiill

i BB18. SBAT (X2 crysial)

“e SBAg (MTO)
I__ﬂ“ A% ! SB43 INAST)

e T R R R R L

:" = SEINLEBRY (X3 crystal)
-

E = SBZ2 (T_SWO)
=

-

.

-

L E

-

-

L3

-

|

»,

MSHEEEY

= i
JUN 3.5 Lan e dntua
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o Ao AN05UTY
Pin name Unless otherwise specified in brackets below the pin name, the pin
function during and after reset is the same as the actual pin name
Pin type o Supply pin
| Input only pin
I/O Input / output pin
I/O structure FT 5 Vtelerant 1/0
FTf 5V tolerant /0, FM+:capable
Tta 3.3V toierant I/O-directly connected to ADC
TC Standard 3.3V1/0
B Dedicated BOOTO-pin
RST Bidirectional reset pin with embedded weak pull-

up résistor
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Fovr (Medu | Ussamwaswn | Taseasneves Wanduvav
WAIIIN3LIN) Vo Hadduiden Harfduiianiy
VBAT S Backup power supply
P13 I/O ife RTC_TAMP1,
RTC_TS,
RTC_OUT,
WKUP2
PC14- /O S OSC32_IN
0SC32_IN
(PC14)
PC15- 0. TC 05G32_OUT
0SC32_OUT
(PC15)
PF0-OSC_ IN /0 FT 0SC_IN
(PFO)
PF1- 70 FT 0SC_ OUT
0SC_OUT
(PF1)
NRST /O RST Bevice reset input -/ internal reset
output (active low)
PCO VO TTa EVENTOQUT ADC_IN10
PEL V(e Ila EVENTOUT ADC IN11
Pc2 I/O TTa EVENTOUT ADC IN12
HEE I/O TTa EVENTOUT ADC IN13
VSSA 5 Analog ground
VDDA S Analog power supply
PAO I/O TTa USART2 CTS, ADC_INO,
TIM2_CH1_ETR, COMP1_INMS,
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COMP1_OUT, RTC_TAMPZ,
TSC_G1_I01 WKUP1
PA1 Ve TTa USART2_RTS, ADC_IN1,
TIM2_CH2, COMP1_INP
TSC_G1_l02,
EVENTOUT
PA2 /o TTa USART2_TX, ADC_IN2,
TIM2.CH3, COMP2_INM6
TIM15_CH,
CompP2_OUT,
TSC G103
PA3 /0 TT5 USARTZ_RX, ADC_IN3,
TIM2 (CHa, COMP2_INP
TIM15_CH2,
TSC_G1 104
PFa e} FT EVENTOUT
PF5 /o FT EVENTOUT
PAG 7o TTa SPIT NSS/I2S1 WS, ADC_INd,
USART2.CK, COMP1_INM4,
Tida CH1, COMP2_INM,
TSC G2 Iog DAC1_OUT
PAS Vo) TTa SPI1, SCKA2S1_CK, ADC_IN5,
CEC, COMP1_INMS,
TiM2 CH_ETR, COMP2_INM5
TSC_G2_102
PA6 Ve TTa SPI1_MISO/I251_MCK, | ADC_IN6

TIM3_CH1,
TIM1_BKIN,
TIM16_CH1,

COMP1_OUT,
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TSC_G2 |03,
EVENTOUT

PAT

17O

SPI1_MOSI/I251_SD,

TIM3_CH2,
TIM14_CH1,

TIM1_CHIN,
TIM17_CH1,

€OMP2,_OUT,
TSC_G2104;
EVENTOUT

ADC_IN7

PC4

170

EVENTOUT

ADC_IN14

PC5

I/O

TsC-63LI01

ADC_IN15

PBO

17O

TIM3 CH3,
TIM1_CH2N,
TSC-G3.102,

EVENTOUT,

ADC_IN8

PB1

/0

TIM3_CHa,
TIM14- CH1,
TIM1_CH3N,
T5C .63 103

ADC_IN9

PB2

17O

TSC G3 104

PB10

/O

FT

12C2_SGE)CEC,
TiM2_cH3;
TSC SYNC

PB11

17O

FT

12C2_SDA, TIM2_CHa,
TSC_G6_lOt,
EVENTOUT

VSS

Digital ground

VDD

Digital power supply

PB12

/O

FT

SPI2_NSS, TIM1_BKIN,
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TSC_G6_102,
EVENTOUT

PB13

e

FT

SPI2_SCK,
TIM1_CHIN,
TSC_G6_103

FE14

I/O

SPI2_MISO,
TIM1_CH2N,
TIMI5.CHI,
TSC_G6_104

PB15

/O

SPI2_MOSI,
TIMT CH3N,

TIM15-CHIN,
TIM15_CH2

RTC_REFIN

PCé

l/O

FT

TIM3_CHT

PCY

/O

FT

TIM3_CH2

PC8

746

FT

TIM3_CH3

PC8

1/O

TIM3 CHa

PAB

1/0

FT

USARTA CK,
TIM1_CH1,
EVENTOUT, MCO

PA9

170

FT.

USART1_TX,
TIM1 €H2,
TIM15-BKIN,
TSC G4 |01

PA10

e

FT

USART1_RX,
TIM1_CH3,
TIM17_BKIN,
TSC_G4 102

PA11

/O

FT

USART1_CTS,
TIM1_CHa,




25

COMP1_OUT,
TSC_Gé4 103,
EVENTOUT
PA12 /O FT USART1_RTS,
TIM1_ETR,
COMP2_OUT,
TSC_Ga_lO4,
EVENTOUT
PA13(SWDAT) e £T IR_OUT, SWRAT.
PF6 /0 FT 2C2_sCL
PF7 /O FT 2C2_SDA
PA14(SWCLK) l/O A USART2 TX, . SWCLK
PA15 Vs, FT SPI1. NSS/1251, WS,
USARTZ.RX,
TIMZCH ETR,
EVENTOUT
PC10 /0 FT '
PC11 /o FT
PC12 /Q FT
PD2 VO FT TIM3_ETR
PB3 7@ FT SPI1/SCK/12515.CK,
TIMZ CH2,
TSC.G5 10T,
EVENTOUT
PB4 /o FT SPI1_MISO/I251_MCK,
TIM3_CH1,
TSC_G5_I02,
EVENTOUT
PBS Vo FT SPI1_MOSI/I1251_SD,

12C1_SMBA,
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TIM16_BKIN,
TIM3_CH2

PB6

l/7O

FTf

12C1_SCL,
USART1_TX,
TIM16_CHIN,
TSC_G5_103

PB7

1O

FTf

12C1_SDA,
USARTL RX,
TIM17_CHIN;
Ts€ G5_lod

BOOTO

Boot memory selection

PB8

170

FTf,

2C1 SEL, CEC,

TIM16:CHI,
TSC SYNC

PB9

/0

FT

12C1.SPA, IR-OUT;

TIMIZ-CHL,
EVENTOUT

VSS

Digital ground

VDD

Digital powersupply

3.1.1.1 ARM® CortexTM-MO core

wihgUsanana, ARM Cortex., ™M0 1Wumhglssananuuagnue

ARM  Bsldsunswannlidiednsaiadsunusunausessuaroinsinnude. MCU 18

wudy Teeiinisansiuiuviuainasiinasiuanas vauenuseansnmaensuszaianadaneg

& ¥ :.‘r 5 o " a '
LUYUNT BQJVN'EBUU‘UUQGWWBUHUBQM DENTUNIUANS




P

3.1.1.2 General-purpose inputs/outputs (GPIOs)
isranEnsai At IuAazwes GPIO Tiduiovinvvidedunnlaru
e inievaduiuiugunsalmeusndugfld Tasdauannn GPIO azgnuvaduilanidu
Aineaviosundonaduiu  mafvued VO aunsagndentidisuduseduneufieiie

'm%nLﬁmmﬂﬁﬂu'ﬂm&aﬁmwa'm'lﬁ%%amaé I/O

3.1.1.3 Aulasdaurdeniuidufinea (ADC)
e ueudenduiinearuind29e IdAuusuuansludy
16 Yo uazmeuen 3 Hes (Fuwesgangil, usaduliing1i8s, ideladnusaiu VBAT) uay
vmsutasldvialulin Single-shiot wag Scan modes Wiglu Scan modes azvinisuvas

a wm s LY = [
F_lG?I'uliWﬂUﬂauﬂﬂi‘umﬂau’}?\Bﬂ‘Mﬁaﬂh

a

'
s

lag ADC 2zgndsnasun ARy DMA

v

o siasrdinealdilusuraen (DAQ)
wiua DAC amnsaldlumsivasduannndnealwidudunuouidon
foyaidnoatiaduayunasAs el

o msdndatayadioniesiuluua 12 O

o anmanitsolunisusulTiteyalvnsanu

o enugsatuns DMA

e “FhnszauINnIBUBniuMsIYRIER Q0

3.1.2 MCP3424
% AnENUR
® Iidunm 4 vo3
® |2C Interface
o illvumnnsgy, 9 3Ua8A59
o fvusuammsadMiudauRaiugUnInineuen

o Tguvassneln 2.7V to 5.5V

e drvasgamgilunisldau -40°C to +125°C
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® \Voltage Reference vasussn (VREF): ANULTABIRSY: 2,048V + 0.05%

o TUsunsufiarvuaal Gain 181Uasa (PGA):

- M Gains 1,2 4308

% amwiaugunsal
MCP3424 \Jusulasdyia analog 1Uu digital fifidyansunutiosuasil
ALTEIRSIg9 'thn'sd%uﬁmmmuﬂaaé’m@ﬂmw%aﬂﬁ output 1w 18 T ludns
3.75,15,60 3o 240 Aot TuedfunssaAsiums T2C-gUnsalannsoaouiiivudn offset
wazen gain Ienluli gunsaituiininsndyieouAlfoensgndedludnniediizuuuunuiumay
vosgamyiuazuwasdnglvivia
MCP3424 IinsuUaddayaineanaiuy

1. MsikyasdaynnuuYuEs output ASdREY guNsaRssdunTs U Asdyn atiisan LA

mslinszudlniasetnaanlugoiilalladinnsla o
2. pswURsAaTILUYAS output  Bgnadaliled g e Imestaiadanlivga
murdRliFee s mswadinazdendynniitidigauuamentunis
output
gUnsellvaiunindladiunassrgliih 2.7 v 8955V Uaellang 2 ilunisweriuwedn
12C AU 12C address bit #ausi MCP3424 1 3antagltn sidounenieian (Fonan pin
Adr0 and Adr1

MCP3424
SOIC, TSSOP

GHT3 [ oA 14| CHA-
CH1- (7] [13] CH4+
CH2% =] S 3} ecH3-
CH2-"T 3 AT CH3+

Vgs[(E] ®  [i9] Adri

Vop [E] 5] Adr0
SDA [T B] SCL

EUﬁ 3.6 u@m3 Package Types
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] mcP3dzs
Agel

Voltage Relerence

(2.048V)
Adrd

e
Interface SDA

PoA > AT ADC
e Converer
A N
Clock
Oscillator

MUX

\}

gﬂﬁ 3.7 uame Functional Block Diagram

Address Byte:
Device Code Addréss Bifs Mete 1)
7. . ‘,...._.f'\__\
1 1 0 1 A2 o A1TTAD

gﬂﬁ 3(8/uaf g Address Byte

!4 o 3 1
M5 3.3 LLEARINTIVNIUTILR DB

MCP3424 |  Sym Description
1 CH1+ Positive Differential Analoginput Pin«of Channel 1
2 CH1- Negative Differential Analog Input Pin of Channel 1
3 CH2+ Positive Differential Analog Input Pin‘of Channel 2
4 CH2- Nesative Differential Anatog Input Pin of Channel 2
o Vss Ground Pin
6 VDD Positive Supply Voltage Pin
ik SDA Bidirectional Serial Data Pin of the 12C Interface
8 SCL Serial Clock Pin of the 12C Interface
9 Adr0 |2 C Address Selection Pin
10 Adrl 12C Address Selection Pin
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11 CH3+ Positive Differential Analog Input Pin of Channel 3
12 CH3- Negative Differential Analog Input Pin of Channel 3
13 CHa4+ Positive Differential Analog Input Pin of Channel 4
14 CHa- Negative Differential Analog Input Pin of Channel 4

P o Vo= o ° ' ar
M15799 3.4 LAAIATLUUIUR LA VILaanATAuU é’n’ﬁU MCP3424

|2C DeviceAddress Bits Logic Status of Address Selection Pins
A2 Al A0 Adr0 Pin Adrl Pin
0 0 0 0.(Addr /Low) 0 (Addr_Low)
0 0 1 0-(Addr Low) Float
0 1 0 0 (Addr_Low) 1 (Addr,_High)
1 0 0 1 (Addr_High) 0 (Addr.Low)
1 0 1 1 (Addr_High) Float
1 1 0 1 (Addr_High) 1 (Addr_High)
0 i 1 Float 0 (Addr. Low)
1 : 1 Float 1/(Addr-High)
0 0 0 Float Float
™= (CHu= 1 —{CHn+)
VAo S {C.Hn=Y 2 O
Where!
n = “nthinput channel{n=1,2, 3, ord)
gﬂs'h' 3.9 LaRsETULTINUBUNR
Number of Output Code =
= (Macimum Code = 1) x PG4 x ‘-(:-H’j;;—sgm-'

Where:

See Table 4-3 for Maximum Code

=
3UN 3.10 uan@ums




g1

(A) {B)
sCL \
\“
SOA cgas N
0
5
START
CONDITION

(A)

ADDRESS OR DATA
ACKNOWLEDGE ALLOWED
VALID TO CHANGE

STOP
CONDITION

31!17'; 3.11 uans Data Transfer Sequence on I12C Serial Bus

3.1.3 MCP 4728

7
0.0

AMANUR

® \oltage output DAC ¥un 12U

o donly Voltage reference Ievianelutasnigusn

o ‘Fun1sldnuves Voltage output - 19 Vggr n1elu (2.048V) -

® (0.000V- 4 2.048V- N wuaA Gain = 1

® 0.000V-094.096V fusen Gain = 2

814 Vrgg aieuan (VDD) : 0.000V. f5-VDD

o _Hanlvin Normal ¥Se Power-Down

o Tendsnuion

o viulsgldundsnglnywin: 2.7V to'5.5V

Sumedulaves 12C:

o Jauonnsanglifanunsnlusunsuiag-EEPROM

e Tyuaunsgu (100 kbps), 157 (400 kbps) uag AIMLTIZe (HS) (3.4 Mbps)

o grugamgiiilianu: -40°C fla +125°C

AMENUR

gunsal MCP4728 Wushulasdtyayo digital 1y analog (DAC) vum 12 Un
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Fremineaush (EEPROM) @1 input code DAC, msimundtdnvesgunsed, wazdnsums
w01 [2C aggnlusunsuasiimiemndy (EEPROM) Tnsmislirdsduimadiviaves <G
AranTRvesmhsmud Resrtitligunsalifiuen input code 1ildlusewireiialyl, Genlien

¢ Vo oo W - v ow o o oY @ ey ey o
onimsldviuiivdsnidalimiaututufindriieenli audnvusiiivsslonisdrannlunouil

gunsal DAC fignltilufaivayugunsaidulusuumisn

MCP4728
MSOP
Voo QT 19 Ves
scLf2 % VourD
SDA[3] 8] VousC
LDAC (4] T Vour®
ROY/BSY[5 B Vour A

gﬂﬂ 3.12 uang Package Type

- @ (]
A15191 3.5 LARINITNNIRTILAAZYD

Pin No. Name Function
1 VDD Supply Voltage
2 SCL 12C Serial Clockdnput
3 SDA 12C Serial Data Input and Output
q LDAC This pin is used for two purposes:

(a) Synchronization Inptt. It is used to transfer the
contents of the DAC input registers to the output
registers (VOUT).

(b) Select the device for reading and writing 12C
address bits.

5 RDY/BSY This pin is a status indicator of EEPROM programming

activity. An external pull-up resistor (about 100 kQ) is
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needed from RDY/BSY pin to VDD line.

6 VOUT A Buffered analog voltage output of channel A. The
output amplifier has rail-to-rail operation.
7 VOUT B Buffered analog voltage output of channel B. The
output amplifier has rail-to-rail operation.
8 VOUT C |-Btiffered analog voltage eutput of channel C. The
output amplifier'has rail-to-rait.operation.
9 VOUT-D Buffered analog voltage output of channel D. The
output amplifier has rail-to-rail operation.
10 VSS Ground reference.
Vore= -——f}i'{‘zg;f” : 5o £ Tnp
Where:
Vege = 2,048V far internal reference selection
D, = DAC input code
G, = Gain Setiing

3.1.4 LCD 4x20
LCD swauiduaiieniuluga LCOlluga LCD awildnusznaundng 3 dqusedl

x

E‘Uﬁ 3,13 Uam VOUT FOR VREF'= INTERNAL REFERENCE

Where:
b, =

1z :
L n Dﬂ,l

o]
__ sl

Pour'= =~ 4o%5

DAC input code

sU# 3.14._LaAne VOUT FOR VREF = VDD

w & o= v - v &
FINNYUBAN ﬂ\'i‘uuﬂﬁmﬂﬂul{lﬂ.uﬂ'ﬁEJEN‘UEJSdaVILLﬁQQNBUUQE] LED

o uansma(display)nsludundnmaifianunsouananaliiiulasefouas
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e ¢nuna(controllenduiiudoyangunsaimeuenunAruauns
Wiawvadluga LCD WU AUDNTH UARIRIONYS vidaideuneiives (udu
shmueuilidumunilooane  FUfillealdfewes  HDA4780  wew
HD61830 lmg HDA4780 TdAruAy LCD wuusnusy du HD61830 limunu
LCD nsidn

o adu(drivenidusmiudygrunmamuguundulidiuanma  uandoya
i vuaduildvimdeiiudaduilldun wes HD44100H , MSM5259
Wusiu

3.1.4.1 Tassadrenmeluvasianunulugs LCD
tumslgeuluga teD Fududonhedlafoiulesain azdded
MWlunsmunalimideneu ludssvssndaogny LCD uttdnws insrzanansadilaldioe Toigui
p15-1 (uvdoninevunsunieluvasdpauamu LCO Auas HD44780. Faltluluga, LCD wuy
anuse Usenoume

o tirimaidunardnn HuduilifadoTudueyaiuigunsalnioueniite

aenentayaitheannistusianuey

o FBamsiArdalinstruction Registor:R) ((usTamp l#utayardmn

gUnsaimausnie lUeaUAumSUARINA

¢ 33amaideya (Data Registor : DR) iWiuidaweiltdudoyasngunsni

muueniiedwelUSmhsarud Wi difudeyauanmanisvhdeyaluainddnys
dsdilunsuiuddays

o usuiuteyauanina(display Data RAM : DDRAM) AThumiaeaiudn

wsuhwihiliudoyainanidaess OR faumezihdeyal DDRAM Hludianisne (Look

o W a d ' o & arow A o o o
up-lable) vasidnwsiiiullumtwanudiseuuasusuaud ones o I uansidILan e
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Veg ——> 3 cLi
GND ——= - B ey 2 A QaaTuann L2
AN E b = LRV T B M
osc2 ——» 2 =
— £ - = g
SH sl |F e R
& 7
e g S A3 25 - E = | comi-comis
- Rl
—J & - el |&| |2
DB4-DB7 <+ 2 8 =, P 2 8 2 2
DE0.DB3 =4 P = =] 7 . § g
.
E % CG RAM CG ROM % g =
Sy . 512 Op 7200 %@ & " =
(=] 3
g =
B 40| 2| a0
—{  Busy E S | s SEG1-SEG4O
flog £ s
s f s f 5
=
=

A ——
j v2 —> sanswlEsiny AUy

—_—
bt TRt amef 40 90

Tdmd i
LD

g Fulingaeynrs
Vi§ = —
L vy —>

- o o ’ @
JUR-3:15 uanalaovinsumaiavesiuga LCO wovenusy

e spuAuAI9nYS (Character Generator ROM : CDROM)

' 8 i . W o - ar e = '
\Jumbsendsowildfuiayadsheivsedydnuniiianisndweenluuans

fmuannala dvun 7200 Un Insazgnsauldfeaivesioyalu DDRAM
® usuNUAENYSE (Character Generator RAM : CGRAM)

| o a 9 uigr o ool y v R ' -
WumiisaamdusuAmg 512 Joltidusnwsndnasasaiautulva Tunsd
Fendnwsly  corROM: ldiiuane — msdlsntagouaiUlvduvladuineniy
CGROM Ao Mlsudoyaadlu DORAM udindayaszineuAIaIn CGRAM Lag

1 4 4 ¥ o ar v «

uvan  BUSY. “sludufvinihfindeanauenisyhauresiimunuligunsal

mMeuenmsUImmUAINS BTN SUdayanierdmiolideuneunsdelaya

wiadduniafemuaudsimsisdauaniuyues uan BUSY idenou
3.1.4.2 Tuga LCD wunn 20 #2dnws 4 ussin (LCD 20x4)

dwiluga LCD Aenuildlumsfinw uvuin 20 ddnws 4 usevia

o ' &, = W & -y - =
iosnsiagn e uwaniliuluga LCD Millaswaiathunasgiu Igudnnatesne uasinis

v
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‘ix'qL‘ua%u,mnwhaﬁ'uaaﬂ"i,ﬂmmﬁwam 917 LMO20L v848m71%,DMC-16117A Ya3pauinin (Optrex)

Husu useghilsfinureulnsameinldfoesifudtutiufioles HDA4T50 veBaT

)
-t

§3
S
o i
Py
i

e
fle

o o @ 7 o ar
gﬂw 3.16 LLaGmaﬁﬁm‘wsuwmaa\'lﬂ'l'il,l,amwam'muu'[uﬂa LCD 20 slanws 4 ussne

wooa
%

= \ 32 = - a = ar as a
luga LCD 91020 x4 Snaldauyiaau 14 1 Jonsdaun Sn1sdnuadugui P15-2

a

dnsusitaziBenmsynuvaILaazI1dnel

sU 3.17 uamq LCD 4x20
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d ! ot a“
AN95197 3.6 JUTILAENTIRYIILGA LCD WUUBNYTY

RS R/W E N3N
0 0 5 Foudda
0 1 P guanurYeluga LCD
1 0 2 g Weudeya
1 1 A guteya
A9 3.7 @RISR SY TR SRz
o | dydnval AD5UE bHTLY WU
1 VSS Ground | - oV Ground
2 VDD | Power Supply - +5V daﬁvuéw’fu‘lﬂtgﬂa +5V
3 VO LCD Control > 2\ [refuusuiiouiuanuduvasns
UARING
4 RS Register H/L | RS=0 mineadosnsinsomuidainasmds
Select (Instruction Register)
5 R/W Read/\Write HAL | RS=1 wnsisiomnisdasonuidameivoya
(Data Register)
6 E Enable HH->L | Enable Signal
7-14 | DBO-DB7 Data Bus H/L Data Bus Line
15 A Back Light A 2 Back Light +5V (ei'm%’u-;;uﬁ*ﬁ Back Light)
16 K Back Light K - | Back Light0V (dw5usuiiil Back Light)

Vss (911) : fions1an

vdd (v12): Aolviase +5V

Vo (¥13) : Wundunmiuussiuiouliua miuTeInsuanssa

a = Lo a o n‘: 1 o w
RS(v14): Hurduwalilunsuensiinvesdeyaiinissvananaluvneiu Indudd

o o e L=} 2+ o o ol L L9 J ¥ lJ ]
dmividawes IR viaudeyadmiuidames DR Tnudniiu “00” deyaiidunas

o ws 52 & e e = % -
UljUﬂ'lﬁQ LLG\QW'U']UL%‘JU 1 'Uagaﬂﬁﬂll'ﬁ]:ﬁLﬂu‘llal‘.}aﬂ'i]ﬁllﬂﬂﬂﬁ\ia
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RW(15): Wurildidenmsswviadeudoyaiuluga LD dudu “0” 1Uums
AmunliiBoudoya uddndu “17 asdunmsgdeya

E@6): Junrdwmiviudygravadidueidaluga LCD Tivinu

D0-D7 (w1 7-14): {uwilldtumsuvestoyasewing LCD fugunsalneuenuin 8

U9 91917 RS,R/W wag E aglasaunu

3.1.5 Keypad
& ! | v o« = fa o € fo &
wunedidulung 16 Uulkesduszneurasdumeiiienitsslovidouywddmiulys

"
welilasroulnsaiaes disnielunsiniuonluamenaisvesnisiday
* AuAuUA
® | gnsdrusiang / Ussananaw
o  Fumesuieitldeiudiefululespeulnsaneidug
% auanUAdAwY
® “Ratinegtan: 24-YDC #-30 Haauend
o [ Bumoiiy: 8 vTNtamsng dxd
e gauuiilunIsvinu: 32 to 122 °F (0 to 50°0)
 ladgnsusuynily
® szutinwiainulaendy

® |Fany

o misleutoyadmiuszul



=

WA 0.1

"
a 1

LA +1

Uu 1
Yu 2

Yu 3 = 1NAL+10
U 4 = WuAY+100
Ju 5 = 1 @enAT Kp
Uu 6 = |doneq Ki
Ju 7 = (denA,Kd

Ju 8 = \donennieal’

g’di’f‘i 3.18 Uan keypad

Yu 9 = 1w 1

10w Wwih 2

U 11 = SidmanTisnalifuee
U 12 = iaends anad

Yu 13 = {5on Mode Alto

Uy 14'= ifen Manual

Uai-15 = e #1000
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ogooo o

”"1.F*};F5:.f%§

= o o ! v &
JUM-3:19 Kenavidl 1= 01nAYK 9, 9D INRYLARHANMUIY

FRACESS. AL S,
ROP-URLS!

IJ v »v i v ;
3UN 3.20 uanami 2 - 0nAYu 10, 380 INIZUEAIHAN VI
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3.1.6 Microcontroller Arduino Uno

| MADE
[ INITALY

gﬂﬁ 3.21 uas Arduino Uno

Arduin Uno ililuuefaliiaspeulnsmaniiu ATmega328 I 14.978ume /
L MNARIA DA (i 6 amsnlddufyain PWM), 6 Bunmazanden, 16 MHz CRYSTAL
OSCILLATOR, tisuseme UsE, iveudoylvidns, s ICSP-tasdisida Fainnathiidnduile
msmuRy IniGssueinagiioinmsdendenuasuiinnaidsaidnida UsB wigld AC-to-DC
adapter WiekUnA83 Und WRAnNAsnUBsAREUINS g lileld. FTDT USEto-serial driver
chip wivvilna@uti ATmegasU2 wasillusunsuulay WsB-te-serial- converter Revision 2
984 Uno board 3 resistor-pulling wasais 8U2 HWB #iany, eround
< auand@naluves Arduine Uno

o usaului 5v

o usw@mElda) 7 - 12V

® usauduNe.(Iia) 6 - 20V

o 91Hdnea /O 14 (7 6 1oidyayns PWM)

®  OUABNBUNA 6 U

e nszuansaluv /0 40 aduaud

® NIYLANTIEIMSULT 3.3V 50 mA

o wihuausuay 32 Alalud (ATmega328) 7 0.5 Alaludlaeld bootloader
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do1Unenssun1euanvad Arduino Uno

| MADE
XN ITALY

JUT 3.22 uansn 1 Uaenssuuee Arduino.Uno

ATmega 328P
Jululasaaulnsaaaivung 8 DavlailusaUssaranandnuaiuada Arduing Uno i
aussouglunoihnudeudasasaresAundseus
AuandiRuves ATmega 328P
%* whypnuil
- mihganidtiuagdmiuiulusunsuvun 32 Alalug
- MIBANR UL EEPROM 2uas 1 Alalus
- VIIBANTYSRAM nielurung 2 Alalud
% useuldanu
- 1.8-5.5 1aa
** gaungilvinau
- -40 14 85 paANTALTYH
% dnsmslenany
- Tvuavinu 0.2 daduond
- TnuaUanisvinau 0.1 lulasuaud

- Inuavsendandaau 0.75 lulaswaud



e A
< AEITRDWY

- datfu/fdunan 8 Un andn 16 Uantlaa

- fhdunanssildesadiamesuen

- 6 Todgy I PWM

- Tusunsudoyanu USART
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(PCINT14/RESET)PC6
(PCINT16/RXD) PDO
(PCINTA7/TXD)PD1T ]
(PCINT18/INTO) PD2

(PCINT19/0OC2B/INT1) PD3 [

(PCINT20/XCK/TO) PD4 [}

Vi oF

GND [
(PCINTE/XTALTTOSCH) PBE L
(PCINT7/XTAL2ITOSC2) PB7 [
(PCINT21/0C0B/T1) PD5 [
(PCINT22/OCCOATAIND) PD6 [}
(PCINT237AIN1)PD7
(PCINTO/CLKO/ICP1) PBO ]

Q@ gy Ov B R —

«w

10
11
12
13
14

28
27
26
25
24
23
22
21
20
19
18
17
16
15

TPC5{ADC5/SCL/PCINT13)
1 PC4 (ADC4/SDA/PCINT12)
FTPC3 (ADC3/PCINT11)

1 PC2 (ADC2/RCINT10)
[1PC1 (ADC1/PCINTS)

[ PCO (ADCO/PCINTS)

(1 GND

] AREF

FAVCE

] PB5 (SCK/PCINTS)

T PB4 (MISO/PCINT4)

1 PB3 (MOSI/OC2APCINTS)
] PB2 (S5/0C1B/PCINT2)

-1 PB1{OC1A/PCINT1)

SUT 3.23 uANANG Y83 ATrmega 328P



Powar
Supenilsion
FCH/BCOD &

HESET

-1

i 7,

3\117'1 3.24. uansaaningnssumeluues ATmega328P

[T .. Y (. e Y W RERE Apey (N YR

ADCWE T

L



Data Bus 8-bit

Status
and Caontrol

o Ll
Program
Memory -
y
Instruction
Register
r
Instruction
Decoder z >
o
l = %
o n
g [/
. £
Control Lines Py 2
= 5
sl b
D =
e =
O =

32x8
General
Purpose
Registrers

Data
SRAM

EERROM

> Lines

45

Interrupt
Unit

SPI
Unit

Watchdog
Timer

Analeg
Comparator

HO Madule 1

[0 Madule 2

I/C Wodule n

= o
5UN 3125, uansuaontnayiinsan1svinIuyes ATmega 328P
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3.1.7 Voltage to Current(V/l) Transmitter signal Module 0-5Vto4-20 mA

linear conversion

5 Wl

dalu

Yaulu 4-20mA nauay

«

0-5v nlulasreulnsias

Sudyan

s

a4

AUAL Control Valve

e
i

pissmpa - 5 20
L

Ground V84

s amdha waaA=i 4w
2 galinn AnRsE

Tidse 12v

Ground U®4

Ground U4

ThAna

Input

Input

1fvpuna

'
=

U1

w4

1 '3.26 LAAIN

U
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PRESSURE. CONTROL e

P | = i )
Jun 3.27 drudsumegunsnilunseuiuntsfvgunsaimeuen

3.1.8 Load Adjust uaz Rotameter

idaunldlfuanusiuriszuiseanaan Pressure Tank Tnudnannsivaannsog

19910 Rotameter ﬁﬁiaagﬁu L.oad Adjust

3Ui 3.28 uans Load Adjust Airieegiiu Rotameter
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3.1.9 Pressure Gauge

& o w as ' | o vy v - )
gunsalinsedupmuiy aunsedwmmuiilannminlawanmainouguen

SEAUAIIUAU

g'd'f?l‘ 3.29 uaed Pressure Gauge

3.1.10 Relief Valve

J L a A - al as - ﬂx 0‘:’ b
sgldlunmsmuauviesiauswiulusiyy delusvouiissiuanuduiiuindi

LANTILUIANBAUDDN

gﬂﬁ 3.30 uany Relief Valve



3.1.11 Pressure Tank

fadmsuiivanusulusyuy

gﬂﬁ 3.31 wamd Pressure Tank

3.1.12 D/P transmitter

hugUnaalinaamsu Inelivannispaufuuansiivesse vy (it Aaumu

UssEIN Ay IE ViR e NI L lu-1-5V

31];'1 3.32 wame D/P transmitter
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3.1.13 Control valve

Whundrdmsumurunisivadwesauduanlu Pressure Tank Sudtyaya

muauiu 4-20mA

giﬁ 3.33 udng Control valve

3.1.14 Regulator

| a @ ") i ] Y w a W e
druanTuUSuls uaunaYNs YUY ‘lu’lmmmuam_junulu way oglusgaun

gunsalanunsavihvulasliifamsidens

E'Uﬁ 3.34 uana Regulator
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3.2 fanuls
3.2.1 Tsunsumunululasaeulvsaiaas

3.2.1.1 Arduino IDE

Arduino 1DE Wlusunsuilflunisesnuuuuaseulusunsuiioaununisinay
goilulaspeulnsa@ainsena Arduino Tneslusunsuesiuiautuningldniwmnam uins
v‘ﬂEJuIU‘iLLﬂ'ﬁuﬂ’mﬂumiﬁ"mu‘ua«ahﬂmﬂau‘[maLﬁa%ﬁu’i%’mm%ﬁgﬂﬁmLmaa’lﬁmmmvﬁwiﬁﬂﬁ
souarliaulgihedude lbrary Mugnudisaidumasuags venanldlumslisulusunsuudngs
ansoldlunismenlndiionsraevlUsunsuiniivefnnaiavioliasinsonlvanlusunsuly

Heuaialeviuiiande Ineshlusunsuaninsonivadldninnivlenyesndn

e Edi Sketch
» D I |

eleh Jonzian F
L

sU 3.35 uanslusunsy Arduino IDE

n13l#e1u Arduino IDE

o SufufenisUelusuunsu Arduino IDE Susnuiemnialiagudhsasmsasdlmiluil
File (don New windesmsadslndlmiviadon Open Tumslalwandogudauazannsniden
Walwadedalaain Example

o solUanfumsideulusunsy Taslusunsulumsaauay MCU Arduino #ideuuy

Arduino IDE Huazuwuatu 2 antumranfe
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" ety setup
€ as b ' = o ' o "o ' =

Wuilaiduildlumsndsusiaeg Aouiissviauty MsimuaaiaulsaIAw
A9

= ety loop
o Aoy P ° H - & 1o o &
Adanagngluiaiduiiasiimsyihnuing Uy aaudmdausnluaudds
anvaudanduinisunddausnll daufifediufaviiushiminanisvinn

vadlulasaaulnsalaesnaoandaiinnsatendsuluiuiu

5UT 3.36 uansmipgalusunsiwed Arduino 1DE

o wdwinileFoulUsinsuEndestuno i lunasnatoRmmaiataeniadoulusunsy
Tngnslaanudu verify winlsunssidsiniuitoRanamesiidernuandinsiu

o winlusunsulifideravaiaqtuneurolufonisdnivanlsinstiasludvesa
Lilasnevlnsaaesuieuntmiumsiinsmeainsidousenetfemsluil Tools nnthuden
Board vhmsidenuadalilasaoulnsawaesifgrissmuiilénusniuludl port Eenwaini
Tu'iﬂﬁﬂauiw'sal,aaél,%au@iaaq Mﬁdmﬂﬁ’m’liﬁ‘:ﬂ?{’lﬂﬁL%@Mﬁi@LLﬁ’JﬂﬂﬂM upload tiayiinassw
Taslusunsalussuasalilasnoulnsaaedsesunsyistudeninu “Done uploading”

® n15lge1u serial monitor Lﬁaﬁmms@ﬂ"\ﬁm‘]mﬂlﬂﬂﬁﬂauimaLaaﬁﬁummiﬂﬁ'ﬂﬁlma

[ o ¥ Vv ° ° ' w w w Ao ) )
1 urids Serial wagpwiinIsAmMuaA) Baud rate Tmsarufuitwualiludlusunsume
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mciatuse senaor zesds &2
ressture sanssr resds €32
nk1e peads €42

mea Ftuze
meisture senscr feads €53
moivture senssr reads §43
possTure asnszs reads §43
meisture aenscr resds @33
e sensz: resds (§3

moiaturs senesr resds 43

=0l ALuLe JeR

KSRz PP s

SUT 3.37 uanahod Nl serial monitor

3.2.1.2 Keil MDK-ARM _(Microcontroller Development Kit)

A uVisicl,__n'@‘

A e A

v
N &
.

£ 1(‘.-:3 ---;| d

sUft 3.38 uans Keil MDKARM

Keil MDK-ARM  (Microcontroller Development - Kit) Julusunsuiivsznausne
ARM compilation tools dwiupaulndlan C/C++ uar Keil uVision Favimhidu 1DE
(Integrated Development Environment) wonntudildsulausiduazssuuujiinisiaan
934 (RTX Real-Time Operating System) Wiiflusdondmiunmsiaunlusunsussuuansina
Hamiiililasroulnsaaesilumizeysyanana gonfsTldlgiulilasnoulnsaaedvaiy

mszNa ity ARM7TDMI, Cortex-M series Wusu



Fududenisadralusiaalusl (Create New Project) luntiirawdnuas uvisiond

JU# 3.40 wanendugiishondn udavirdumou “Build Target”
il error 2¢1dlid hex AanunsothluTusunsuasdyls

ds’ [ d‘ 2 o % k24 dl =2 I gj 1 ¥ o §%4 L% ¥
whasiiluenasnanulidmsunsidaunenisanwivindy lisugslminluldselevdaunisn

- Liansdilaemisau Snnwhutilvnaudasiion wesdesdrdetindvasenarsynasandnisiluly
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NN 2aenant s

= = ¥ o ) % = = £ e i -yo :al B %
wamstiuenashanulidmsumsidnuienisdnwvinny Wisyawbmnlulsuselasdaunisen

Lidansdilagyiedu Snvianuiilvdnuuasiiont wagrasgnBatudivesenaisnnassninstaily
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i - W )
Configre e sutenions toaks and eritronmant I i Tl Laite: 0 e I )

U 3.44 uanaideniay Project - Manage ~ Components, Environment, g
wlaidenaenlndiansiidoanslda

= = ¥ o @ 9] = = A 1 v o o 8% 1%
wnarsitimenatspanulidmiunsldnunenisfineiviidy lieygrabhihlulddssleviniunise

birdnsallagmeau Snvisniilidaulasion wavseipisdtudivetendisynasndnisaluly
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Priges g  FoitiniEale

i 1s !=F:'!l’i“ i
R o LA N R

[ S ii;tr'tw_g%%"-;_‘- i
W - “
g N "‘“? =
St MR Deuntapsaet Tosk
I Ui Rewime Heallies Foier 700

Al Fes o et Preet Sobgn i 1 kst il

sUit 3.46 wanstuneuilidumsldlng source Code adlulusian

2
i

=~ i ¥ o o Y = =2 ) ' o v o v %)
nasisduenaisnanulidvsunisivumenisfowiingy iowanabiiluldssleviaumsen

=26 £ Y

Lidansailagneay savwnuilysatdasien wagrsednBdalivenonarsnnassndnisukuly
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 Filesotipe  [CSou

g = 9 o U 1% =~ =2 l| & 1 /-0 ¥ Y 1%
wrgsienasnanulidviunisidsunanisinysiny leugabnitldlddsslaviiunse

Linnsailagsau Snvnsnuiiidauwlastiiom uazdewBaadivasenasynasminisdaluly
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}\ﬁl‘ 3.50 uﬁmtﬁﬂnmnmg. “Option for Target ...” warluitvi Tab “Output” uwdnden

“Create .HEX file”

S g = ¥ o 5 v = = Y ! 9 o 1 ¢ v 1
tena1siiliuienarsnanulidmiunislaauienisdnyainny WisyaalviilUlgussleviniunism

Lignsailagsay Snvwnuliidaudasiion uavdevddiudivesenaisunasandnistiluly
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491 I Qll ¥ o % } %4 dl = 1 gj 1 79.1 o g c Y 2
endsililuenasnanulidmsumsldauiensfinwwiinu WeuaslwialUlddsglasdsunism
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Dowes| Tanged Oupe istriatows  €C | Ausamian

[ Generae Stk Check Code
te GuppadCals botasan AAM and THUVE insicron Set

L)

m v,

Ml
YAV lax AV 10\ d

Lemapaling man.A. ..
IREREELINE 1.0
Liimking.. .
i:.n--u:.—a R e U

E¥ied blask.elf® o 4 Trrorimi, O Wazningie:.

L5

sl

s w2 rands Ty ks

gﬂﬁ' 3.54 uamsnsnaugmieaman uEwidumeu “Build Target”
#ilist error 9léMd hex Aanusolulusunsuasdule

= = ¥ o o 1 = = Y 1 2o £%4 (5 1
wnasillenarsnanulidmsunisidauienisAnwitty leugalvialulddselesdaunisn

bigansallagsdu Snviohudilidaulasion wasdesasestiudiveenarsvnasanitinsthluly
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P - = -
% upuiasasilauazlanaulAdaiio

MVision IDE UsznaudmsuauiniesiionivudmiuGenldfmdsequnnune
Lousosiioldasystneudielusdsildifoudly source files viamuadilusunsy
g9 uBd LLVision
woudasdionisainsrsyneudeudmivgeddiilddmivainlsen

- e

unuiedesiloftnivudmiugamdsilidmiunisitn

e unulAsasiialng

i gl

- i ) fl o0 o P

st

New File = opens an empty text window

Open File - dialog to open an existing file

Save File — saves the contents of the current file

Save All = saves changes in all open files

Cut - deletes the selected text and copies it to the clipboard

dh

.y | Copy - copies the currently selected text to'the clipboard

1% | Paste - inserts text from the clipboard to the current cursor position
) Undo changes — removes prior changes in an edit window

Redo changes - restores the last change that was undone
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Navigate Backwards — moves cursor to its former backward position

wy | Navigate Forwards — moves cursor to its former forward position

™ | Bookmark - sets or removes a bookmark at cursor position

7% | Previous Bookmark — moves the cursor to the bookmark previous to the
current cursor position

! Next Bookmark — moves cursor to the bookmark ahead of the current cursor
position

7% | Clear All Bookmarks — removes bookmarks in the.clrrent document

iE Indent — maves'the lines of the highlighted text one tabistop to the right

iE Unindent < moves-all-hightighted text lines oné tab-stop to the left

//: | Set Comment — converts the selected code/text to comment lines

fle | Remove Comment — converts the selected text lines back to code lines

. #% | Find in Files —searches for text in files; results shown in'an extra window

_i Find = searches for specified text in current document

@ Incremental Find = finds expression as:you type

i) | Debug'Session = starts/stops debugging

@ Breakpoint — sets or removes a breakpoint at cursor position

¢« | Disable Breakpoint —disables the breakpoint at cyrsor position

¢ | Disable All Breakpaints - disablesall breakpoints in all documents

& Kill All'Breakpoints = removes all breakpaints from alt-documents

] | Project Window.—dropdown to enable/disablé project retated windows

Configure - dialog to'configure your editor, shartcuts, keywords, ...
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o - 1
® LLOULATDIUDNITAIN

8 (5] 4 $3  Smulator v A
& Translate/Compile - compiles or assembles the file in the current edit
- window
L Build — builds and links those files of the project that have changed or whose
dependencies have.changed
(-2 | Rebuild - re—compileé, re-assembles, and re-links all fites of the project
&2 | Batch Build’~ re-builds the-application based.on batch instructiens. This feature
is active in a Multi-Project environment only.
i s | StopBuild - halts the build process
% | Downtoad ~ downloads your application to the target system' flash
- | Target — drop-down box to select your target system (ih the Toolbar
example above: Simulator)
u;‘?\ Target Options - dialog to.define tool and target settings: Set device, target,

compiler, linker, assembler, and debug options here:'You can also configure

your flash device from here:

File Extensions, Environments, and-Books — dialog to configure targets,

groups, default folders, file, extensions,.and additional books

Manage Multi-Project Workspace ~ dialog t¢ add or remove individual projects

or programs. to.or from your multi-project container

4 a aw
® LLIDULATENURAUN

o/ GTo I w [ [ 3 0 e Y R B TR A=

i}

Reset — Resets the microcontroller CPU or simulator while debugging
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Run - continues target program execution to next breakpoint

Stop - halts target program execution

Step One Line - steps to the next instruction or into procedure calls

)

{}* | Step Over - steps over a single instruction and over procedure calls
{}+ | Step Out - steps out of the current procedure

4} | Run toLine - runs the program until the current cursor line

5 | Show Current Statement — Shows-next-statement to be executed
54 | Command Window —.displays/hides the Command, Window

[@, | Disassembly Window - displays/hides the Disassembly Window

Symbol Window - disptays/hides Symbols, Variables, Ports, ...

Register Window: ~ displays/hides Registers

Call'Stack Window - displays/hides the Call Stack tree

G

W’} Watch Window —.drop-down to display/hide Locals and Watch Windows

1 | Memery Window =-drop-down to display/hide Memory Windows

4 | SeriatWindow ~ drop-down to display/hide UART-peripheral windows and the
Debug printf() View

m | LogicAnalyzer= displays varable values graphically; Also-used as adrop-down
to display/hide. the Performance Analyzer and Code Coverage Window.

e Performance Analyzer ~.displays, in-graphical form, the time consumed by
modules and.functions.as well as the number of function calls

4t | Code Coverage - dialog torview code execution statistics in adifferent way
than with the Performance Analyzer

{3 | System Viewer - view the values of your Peripheral Registers

27 | Instruction Trace - displays/hides the Instruction Trace Window

20 Toolbox - shows/hides the Toolbox dialog. Depending on your target system,
various options are available.

™ | Debug Restore Views — drop-down to select the preferred window layout while

debugging
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A5N1sALHUIU

4.1 na1un
Tuduveansanivmumauyidavhlaudiosniuaudiunang Ae @umseonuuy
Tusunsudeansuuy 12C daunAeniseanuuulusunsudauniunt wuy PID uasgninuaIuves

nseankuulUsunsuLARINatUns W

4.2 nseanuuulUsunsudieansuuy 12
gUnIniflnsdsansuuy - 12C TulassnsiitaesgUnsniAe | DAC MCP4728 uay ADC

MCP3424 Tngn1seensuulusinsutiutiseniivaatiuy fie n1serudeys uaznisdidoya

4.2.1 DAC MCP4728

nsponuuulvsunsERa g nsusnslvutoraadluil 1IC. msdeansiu IC avdoadl
msdedayn aavdudpyadd

® ds Address byte ot bit annigds write bit o

® AIWRITE COMMAND TYPES uae d1 Configuration byte

o dAraualui-IC

A1319% 4.1 msnavuaAl Configuration byte

Bit Name Functions

RDY/BSY This is a status-indicator (flag) of EEPROM programming activity:

1 = EEPROM is not in programming mode

0 = EEPROM is in programming mode

Note: RDY/BSY status can also be monitored at the RDY/BSY pin.

(A2, A1, AD) | Device 12C address bits. See Section 5.3 “MCP4728 Device Addressing”

for more details.

VREF Voltage Reference Selection bit:
0=VDD
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1 = Internal voltage reference (2.048V)
Note: Internal voltage reference circuit is turned off if all channels select

external reference(VREF = VDD).

DAC1, DACO

DAC Channel Selection bits:
00 = Channel A
01 = Channel B
10 = Channel C
11 = ChannelD

PD1, PDO

Power-Down selection b'fté:

00 = Normal Mode

01 = VOUT is loaded with 1 kC) resistor to ground. Most of the channel
circuits are powered off.

10 = VOUT is loaded with 100 k) résistor to ground. Most of the
channel circuits are’ poweredoff.

11 = VOUT is loaded with 500 kQD resistor to ground. Most of the
channel circuits are poweredoff.

Note: Seé Table 4-7 and Figure 4-1 for more details.

GX

Gain seléction bit:

0.=x1 (gain of 1)

1 =2 (gain.of 2)

Note: Applicable only when internal-VREF is selected. If VREF = VDD, the
device uses a gain of 1

regardless of the gain selection bit setting.

UDAC

DAC latch bit. Upload-the selected DAC input register to its output
register (VOUT):

0 = Upload. Output (VOUT) is updated.

1 = Do not upload.

Note: UDAC bit affects the selected channel only.




A15197 4-2 MsdA WRITE COMMAND TYPES

69

Command Write Command Name | Function
Field Function
Cc2 |C1 |CO |[W1 |WO
Fast Mode Write
0 0 X Not Used | Fast Write-forDAC-{=This command writes to the DAC
Input Registers input registers sequentially with
limited configuration bits. The data is
sent sequentially from'channels A to
0. The input register is written at the
acknowledge clock pulse of the
channel’s last input data byte.
EEPROM is not affected, (Note 1)
Write DAC Input Register and EEPROM
0 |1 0-°10 |0 | MultiWrite | This cormand writes to multiple DAC input
for DAC registers, one DAC input register(at a time.
input The writing channel register is defined by the
Registers DAC selection' bits{DAC1, DACO). EEPROM is
not affected. (Note 2)
; 0 Sequential | This command writes.to both the DAC input
Write for registers and’ EERROM sequentially. The
DAC Input'. | sequential Writingfs.carried out from a
Registers starting channel to channel D. The starting
and channel is defined by the DAC selection bits
EEPROM (DAC1 and DACO).
The input register is written at the
acknowledge clock pulse of the last input
data byte of each register. However, the
EEPROM data is written altogether at the
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same time sequentially at the end of the last
byte. (Note 2),(Note 3)
1 1 Single This comrmand writes to a single selected
Write for DAC input register and its EEPROM. Both the
DAC input register and EEPROM are written at the
Input acknowledge clock pulse of the last input
Register data.byte. The writing channel is defined by
and the DAC seleetionbits (DAC1 and DACO).
EEPROM (Note 2),(Note 3)
Write 12C Address Bits (A2; A1, AD)
SR 1 Not Used | Write' 12€ Address | This eommand writes new,12C address
Bits bits (A2, AT,:AQ) to the DAC input
register and EEPROM.
Write VREF, Gain, and Power-Down Select Bits |
1 |0 0 Not Used | Write Reference This‘command Writes Reference
[ (VREF) selection | (VREF) setection bits of each channel.
bits
to Input-Registers |
3 0 Not Used | Write Gain This cormand writes Gain selection
1 selection bits .of each channel.
bits to Input
Registers
yl 0 1 Not Used |Write Power- This commandwrites Power-Down
Down bits-of each channel.
bits to Input

Registers
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ACK (MCP4728)

Start 1st byte l
t|1]0o|0|Az{at|aD)O A =
\'-_"_"NV-‘_'"W 'A‘IR."W :
Device Addressing .
1
1
i
! ACK (MCP4T28)
]
'{C2C1COW1IW2) 2nd Byte L 3rd Byte l 4th Byte
1
1

e
1

0| 10| 0|0 |DACHDACO|UCACA| 2ee|PD Y| PDO|Gx D11 ) 01D DS DB A D7 |D5|D5|D4|03|D2| 01

Rk S AY A8
E"g;_:':“;g‘: Cg:gl?’r DAL Input Repister of Selected Channel S
Regear Byies of e Ind - 4th Bytes ’
LRy 1l = D- o B AR Apade W ¥ sl | T
| .
E 2nd byte L 3rel Byte ‘ 4th Byte
;'—"* XX LX) x [DACHDACDICDAC H Vege[PDI|PDO|EX| D11 | TI0

' ‘DT 06 |ps|os o3

W —id . Oh S |
b ¥ e e

Mote 3 i"g;:’;f' DAC Input Register of Selected Channgl

Hote 2

Repeat Bytes of the 2nd - 3th Svizs ;

---------- e s e S e R I R T R

gﬂﬁ 4.1 uwan Multi-Write Command: Write Muttiple DAC Input Registers.
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ACK (MCP4728)

RW UDAC { VR Ox [

‘C‘ECDOJAO‘G1CEBJADOC‘C1BBUAOUODEDQOA;—-

!
5 ¥ g y S - o b 1 :
5t Byte Sagquential Wrme Selecting Dn =2" = 2045 '
Device Addressing Command Channel A as '
for Writing Starting Channel [ Unamz DAC A neut Register t Ihis ATK pulsé: e
1
1
: ACH (MCP4728)
T
1 '
—s=lglojololrfa] 2] eI 10110 -

Dn = 4005
ruau.te DACE Ipun Ragister t this ACK pulse

pme e B I R R R R

31]171 4.2 wena Sequential Write Command

4.2.2 ADC MCP3424
nssanuuulusanRutuihuprnssuloyaawin IC arsdesnsiiu IC avdosl
nsdstieyauasUdasanl
- ds Address byte lng bit @avitgas write bit- 1
® g1 Configuration byte
® %y Address byte 1o bit gavingds read bit 1U

. vl
o, Sudianavnic uuiulinaauys

nisimuuaAn Configuration byte anansoimialde
bit 7 RDY: Ready Bit
This bit is the data ready flag. In read mode; this-bit indicates if the output register has
been updated with a latest conversion result. In One-Shot Conversion mode, writing this
bit to “1” initiates a new conversion.
Reading RDY bit with the read command:
1 = Qutput register has not been updated
0 = Output register has been updated with the latest conversion result

Writing RDY bit with the write command:



Continuous Conversion mode: No effect

One-Shot Conversion mode:

1 = Initiate a new conversion

0 = No effect

bit 6-5 C1-C0: Channel Selection Bits

00 = Select Channel 1 (A3udiu)

01 = Select Channel 2

10 = Select Channel 3

11 = Select Channel.4 (

bit 4 O/C: Copversion Mode Bit

1 = Continuous/Conversion Mode (Ff"lﬁ'uﬁu). The device performs data conversions
continuously

0 = One-Shot-Conversion Mode. The device performs a single conversion-and enters a
low power

standby mode untit it receives-another write or read command
bit 3-2 $1-50; Sample Rate Selection Bit

00 = 240 SPS (12 bits) (AEx#)

01 = 60 SPS (14 bits)

10 = 15 SPS|(16°bits)

11 = 3.75 SRSY(187bits)

bit 1-0 G1-GO0: PGA Gain Selection Bits

00 = x1 (A3udiu)

01 =x2

10 = x4

11 =x8

73
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SDA

=
Start Bit by RW— ACK by Bic ACKby = Stop Bit by
Master MCP3422/3/4 MCP3422/3i4  Master
e DY

{a) One=Shot Mode: 1
{b) Continuous Mode: not effected

o

1st Byte:
Address Byte 2nd Byte:
with Write command l ' Configuration Byte
| : 4

- -rl

Note: = Stop bit can be issued any time.during writing.
— MCP3422/3/4 device code is 1<  {programmed at the factory)
= See Figure -1 for detailsiin Address Byte,

3Uf 4.3 wams Tirning Diagram For Writing To The MCP3424.

4.3 n1saenuuulUsunsuEIUAUAYN WU PID
nwsnal - nsaauaiiuuy PID aBildnuesaoitelAlduay invadul mneves

2
NSEUIUNNT AUATTVDIRTIAIURAULUU PID (LU uduL N IINRTEIUN

: dp
Drive = (ky % error) +(k; X ¥ error) + (kd b F'F) (4.1)
domauianainfsaiaLuAmmITEMinaimulsvesnssUimsuUagdu(euiy) wazan

Whmneiisdesnisiasunfididsansianatadinasileusglugerror = (Value — Setpoint)

' P ' - ' w dP o ' P L s
@ ¥ error g HasILYBIAIANNNANAINNDUNU = uidutisnamasundadluvesdiin
wUsnszuaunstusaengnaIvan Aons1vey Ky, SasmeneUnus k;, wazdnsiveeayius

i o ad a ' a4 o g va - -
k, Wumduusyansnazuiuussaunis PID WiovhiiAnssuuimunzasluvugngnaugu

Drive Aordygralunisauau(nszua) Neshluldnudimuau(Control Valve) \elsiliuay

Snwatviung
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35msuiuuds ;- ldldimndwluaunis PID fuszdrdgsionsldnuiomn 11dodnw
wazdnduleidulwuiifstemiednsveneiminumswldluaumsvenst wideeilislums
JSuusedn PID wnany  wirmdnswesidinasdvnludnvasiemnsdmivsvuniang 190
mmsnﬂ%’uuﬁiqmﬂmsﬁammmsmauauaa‘lu{}wﬁumaqnizmumic‘ianfjwmmimﬁauuﬂm’[u

dnwuziavnziaunissuusyiimsamuaunala

Tusunsuvaen1sAuANKUY PID:
PID:
Error = Setpoint - Actual
Integral = Integral #(Error*dt)
Derivative = (Error - Previous_error)/dt
Drive = (Error*kP) + (Integral*k!) + (Derivative*kD)
Previous_efror= Error
wait(dt)
GOTO PID

TRarnuuiililfgnideundmiuswesufameivislulasaeulyisiaoilagnivis
sonuuLILilauaastfviuitugrum e sl numImuRmiuy._PID taslRatissldien
swanduavisduiisines1deenlude

Tusunsuduaignifougiugamud Fusrammsottiduiuamslupisiaumseauny
PID w310
Actual = analogRead(Position);

Error = SetPt - Actual;

P = Error*kP; // calc proportional term

| = Integral*kl; // integral term

D = (Last-Actual)*kD; // derivative term

Drive =P + 1+ D; // Total drive = P+I+D

Drive = Drive*ScaleFactor; // scale Drive to be in the range 0-
235

Last = Actual; // save current value for next time
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