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ABSTRACT

This thesis presents the approach to design Temporal Logic embedded
controller for temperature control applications that require both precision control
and affordable costs. The proposed Temporal Logic embedded controller which is
compatible with On-Off control devices can provide high precision and accuracy,
furthermore; decrease the damage to contactors in On-Off control by slowing down
the control cycling. The performance of designed control system was tested with Fio
board, STM32F103RE ARM 32-bits microcontroller, Real-Time Workshop Embedded
Coder and Simulink program. The responses’ time domain characteristics of
proposed system were compared with On-Off Stateflow and PID control method.
The experimental results have been shown that the Temporal Logic embedded
controller can achieve the performance specification requirement for temperature

control application.
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INUUIINITAMUATOUALFUYTUNY 1B VINNYe AT 19U y = fi(@,b) Tne f1 Asde

€ o o o w a - Y ¢ I~ € as ° a4
vosHendu a uav b Aevevesiudidnn y AstpvesiiuusionvimuinilsdduasyiinisAuen
navlundsnnnisuszurawatoyadinlsdunvuagiavinnvesieddunsafinagusingeglu

Stateflow Explorer asgu 2.19

function y="11(a, b)

JUN 2.18 Feuardulsvasitaidunsmiin
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| # Exploring... untitied/Chart 1
Edit Tools Add Help

* [Contents of. function) untitiediChart

put()  double
Input(2) double
Output(1) double 0
L« | =l

~ evenis(0) data(3) targets(@ 3 {13]

= v @ = €
JUN 2.19 FeyafulsBunvuagieniwnlu Stateflow Explorer

aslrezunsunieluiesdunsiin Ined Souandaniuzisudy (Default Transitions) wayd
aulang Connective Junctions 1Juneeean Mamsetlaezunsunindunsiiin y=(a*b;} lugu

2.20 Wasimansisenteflaidunsaiin ansnsaadieladinedislugun 2.21

function y = f1{a, b}
L 3
l {y=a"b}

\Q"“’\

T:\../'

Uil 2.20 a¥sleezunsuneluttaidunsiin

(A Y | function y=1(a, b)
entry: k=t1(m,n); .
{ A
I\m E—a b}
91}“”\

o - v € o a
JUN 2.21 msGunldiandunsmiin

J @t 2 s o & ol ] s

W DARAIUTUTDUUDILNUES Stateflow @runsavinlalaeas1aununegos (Subchart) 619
w ' | w w Y - = -
mamﬂu'gﬂ 2.22 aunsnwdsunnuds SClimdunnudigos Tnen1saanvand chart SC1 1@an

Wy Make Contentd/ subcharted azUsnguaursgogsiagy 2.23
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) Stateflos (chart) untitled /Chart *

Fle Edk Simustion View Tools Add Hsp
23 sES (EB2T |y i HSE BRMAG B

B@[¥|’|e ®

4

A u 1}
JUN 222 msasnsunursges Subchart

P 9 ' .-J o
Weaielnovunsuunurly Stateflow Inenisanededidarigg Weulsenisiisuaniuy
o P o - il & 3 1 o Qra o
wazivuaRaulunsiunsan Aerpamsun JupeusalUiunsimunRuENTRUD LN
- ol i . - - ' ° wa
Stateflow 7ia313%u 1ng AGATILY File \Gan Chart Properties Usnguisineimmuaamauda

YDILNUNY Stateflow

) Stateflow {charl) untitled/Chart *

gﬂﬁ 2.23 uHuisgay Subchart
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£ -} Chart Chant

| I Enable Ciike bit operations
_ Apply to all charts in machine now |

™ No Code Generation for Custom Targots

‘J o L= L 1 @
JUN 2.24 msrivuaRuaURLAUNURY Stateflow

Name : LaATBaLAEUNY Stateflow
§ 4 P 4 / - o
Simulink Subsystem : WaRPoYBILMAR Simulink/AauNuRa Stateflow
-l
Parent : LamtavaanunAses

Update method :Ammusisiunssiaein1svintuvesukudslulusunsy Simulink Ing

ilmadsn 3 53R Triggered or Inherited, Sampled %38 Continuous

Sample Time : fMvuadadufm g 19dm3UTE Sampled

Enable C-like bit operations : fiavuanisitulawasisnes (~, & |, A, >>, 1a4)
dmsunend

No Code Generation for Custom Targets : Idoniiloagluluianssass

Export Chart Level Graphical Functions : aseanifafdunsfinluiissduvesusudsi
AR

Use Strong Data Typing with Simulink 1/O : fuswdadauusaldluunud
Stateflow mudildlulusunsy Simulink yinlsifinmsidenauautiluded fuusildly

wauRazdstnu double.

Execute (enter) Chart at Initialization : dwivaygnlvianansafimuaanIugIudiua

s J ] s
LAAVDILHUNIVLIENINUY O
Debugger breakpoint : Avuagann lumsatnuauis

o - o o ] s
Editor : vdandaniivarvusvilianuisownluwnues

123102
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231 msﬁ%ﬁumﬂmmuﬁa Stateflow (Stateflow Action)
msandunisvsenisnsevirluunude Stateflow uvseaniu 5 Ussian entry,
during, exit, bind, W& on event_name IﬂaﬁgﬂLwUﬂ'}‘ﬂ‘%’\ﬂu (31'\15
name/
entry:entry actions
during:during actions
exit:exit actions
bind:data_name, event_name
on event_name:on event_name actions

State on event_name oction

State entry attion 4 B
! l evenididatal =5, _|on event3 funcif);
A e
A SNy, 10 = Aty w1
State exit acfion exit time_Jut,
vind 1d, ime_out; State during action

Siate binding action | \___//0‘
.

evant1temp>SOHfunc 14},

d o -
JUN 2.25 MIANUUMIVDIALNI

® n15ANHuNISWUY Entry Actions
3 o AF v W o a a 2 a
WunsaranisnsenTudumiemds entry %58 en AussLaIomung () Lagnw
L 4 ° d‘ 174 | v J ) ] ° q'/ -3
sen1nsevidulagldiasonung ()()retumn) AULBNTENINUAAZNTNTENT AIFINITNTEN

& d a’s P 13 1 °
WUU Entry Actions Q%Qﬂﬂi%iﬂﬂ&lﬂLN@?!LC‘I%‘UUL?NL‘U']Ejﬂﬂ’}ﬂ%‘ﬂ']\i"lu

® NN5ANLHUNISIULY EXit Actions
Hunsa¥ranisnssyitusuiemds exit wio ex amsaursemune () wasany
ghensnsevdulasliinesmng (),0),retum) AunenIERiausaznIsnseyi Adannsnsei
WUU Exit Actions wQnﬂssmammﬁammﬁy’uag’luamusv‘hmuuasLﬁmmsLﬂﬁ'ﬂuﬁwamuzaan

INARIVULNATY

® N3ALEUNISLUY During Actions
& o o df v v o o . o~ v e
WUMTESTNMINTEINNTUAUMBANES during %139 du ANNABLASBINHNY () Lagnl
) o o v o o | \ ° o o °
fsn1snseyinaulaglgiaseenung (),() return) ALLENSENINUARZNITNTER AEINTISNSEM
. . o v ° ‘e o
WUU During Actions wgnﬂasmamamaamwuag”[uamusmmuLLas“luuﬂmUaaué"\aamus

2ONINAHIUULNATY
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® msAnduNIsWUY Bind Actions
Wunisadrenisnsyihiitududeids  bind asdeeiswmang () uagauiig
wan1salvsateya TaeldinToemne ), (), (etun) ﬁ'uutmswd'mLwiasmammim%‘aiaga
Fdan1snsevhuuy Exit Actions %gﬂﬂismawaLﬁaamﬂy'uaE‘JfluamuzﬁwmuuazLﬁmmsm%‘au
reanuzeenainawauinty  nsaufiunisuuy Bind Actions azviwiiriidealesd
wnmsainiedeyadnduains Insdayafigniesloudrfuamatuamsodouasisens
ﬁwLﬁuﬂ1S‘uaaamﬁ"’w‘%amqﬂmmamﬁgnL%'aaﬂm Tneflawaduq w%ammqnwaaamaé‘uq oF
annsnsudoyaldivity wilimunsaflsusunaseld dummmsniigniestsadriua
watuainsansEemdsnsiiiunsvesmnatuniamagnuasanaiignideules Tasitawns
uq vieamagnuesanaduy samsaldsunsuiavmnsaifigniealedldviniu udliawnsa
flgnszareale
® nsaiuNISWUY On Event Name Actions
\Humsaumansgifitududiedds on mufeirisamng delamizvaunanisel
(event name) wazsuensnsyyaulaeldiesasviany (),(,){return) AULNSENINLAaEANS
nsest Tnsanuisoifiuniseaunisiuy On Event Name Actions FELATEIMINESANIA ()
auf1ds onwazdovaamanisal #adl on evi: action1(); on ev2: action20;1dsn1snseviuuy
On Event_Name Actions %Qﬂﬂizmawmﬁammﬁ’jmE‘Jf[,uamuzﬁ’mu
o nnsfuiunisdmsunisilAsuaeue (Transition Action Types)
ArsAnduntsdmnsunisivdsuantusutseniiu 4 Uszion e event trigger,
condition, condition action Wa¢ transition action laedUwuunisldany il

event_trigger[condition}{condition_action}/transition_action

Event tigger Transition oclion

x _Z_ =
l evertddatal = & lonevermd func 1,
” -
entry 1 = x4y, .7

exnt ttme_out,
bind 1d, tme_out,

\

dunng svatch_ond)

evert Htermp>50Htunc 13} ——

\
Event trigger Condition  Condition ucfion

JUN 2.26 mesniunsdmsuNsURvuEnIUE
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® N3ANHUNITWUY Event Triggers
luAmdmiunsivasugaug s TuRUABNSAUTIUNTISUUY Event Triggers @3fi1vua
v ¢ & a4 & P ed o 9 v a o =1
sedevaunanisaluue Wwedunisszytevesnamsaiivinliiianisildsuanuzay lng
' = & . 0 o o Y
winnselnnnimdavanisalanunsaldidu Event Triggers dnsunisAsuaniue fsnssey

AnuduNUSIaefsun1INmssng (OR)

® n1sAluNSwUY Conditions
Tumdsffunsidsuaniugnissudunisuuy Conditions yanedis dwavyduiie
meluedoong ([1) Wunsimuadeulevemsidsuaniuy Tasnsidsuaniuy 9
Ansusiodouludusie iy ftemp>50) dnaydutmundoulunisdsuanusasifntud
foie ARILUS temp ¥INAT 50

® NIAUNSKWUY Condition Actions
TumdaniAuni1swasuan ugn1sailuniswuy Conditions Actions Bunefs N5
o a o [~ o o = [} o e 3 a .. ]
ddun1sniudauly Wudindaannadanisasiiuniswuy Conditions Iﬂmzaqmﬂ'lu

WASBIMINE ({ }) msc‘fnﬁumsmuLﬁaulmazgﬂﬂszu’aawal,ﬁa InAsIUGBUENUY

® MIAUUUNIUUU Transition Actions
Tudrdsirfunisiudsuaniugnisdndunisuuy Transition — Actions gwds
\WTeamine (/) WU event2/datal=5; n1seniiunis Transition Actions aggnUszaianalile
wsondumisUaemereanisivisuanugiugninsanhgndowuaziiodeuludusie wnd
nssrySouluvasnmAsuaniusisuiunsiitiuluddsly Actions
msasnideulevdenisimuaianssulag luikuds Stateflow finaslddidiunis
g nszhredeyaluusuie Sunusodydnvainedamand drumnsuassisazidon

A15keau famelul

d e/ ° - hed
AT 2.2 Faatdun1sTuLkuRs Stateflow

Binary/ Bitwise Operations
P LURY AUEALY Aasuny
a*b 10 RpLTY
a/b 10 AIMT
a %% b 10 msmawildnnIsms
a+b 9 n5UIN
a-b 9 N158Y
a>>b 8 nsdeudalumeva b On




a<<b

Msdeulalun1edne b U

WSBUWEUINAN aunniib wsell

a<b

-1 =~ U 1 v U | ]
Wisufisuinen atsuninb wisly

a>=b

<l < 1 ) i < [ <3 ]
WisuWisuinm a unnimsewintu b wselyl

Nl NN N e

< - 1 U L 4 J < ) el L) [}
WIBUMBUIIAT a UBENIMNIBVINAU b el

Wisueuinen awiniub wiali

a ~=

Wisuiisuinen aluwindub vwiali

al=b

Wiguiguine aluwidub wiely

a<>b

wWsueunan aluwindub el

a&b

Juns AND malnued auwazb

(dlaidenaauani® Enabled when Enable C-like
bit operations lu chart properties)
Wunsldaedn AND dmsusiuys awazb
(Lﬁ@lﬂLﬁaﬂ@mﬁuﬁ'ﬁ Enabled when Enable C-like

bit operations Tu chart properties)

\Junis XOR mslnwes awazb

(ifleidonAnawd Enabled when Enable C-like
bit operations lu chart properties)

Wunismen a enfide b

(elsiidonamautia Enabled when Enable C-like

bit operations 1u chart properties)

Juns OR nednved auaeh

(LﬁaLﬁaﬂqmauﬂ'ﬁ Enabled when Enable C-like
bit operations lu chart properties)
Wumsldaedn OR dwsusuys a uwazb
(ifielsiiFenAaaut Enabled when Enable C-like

bit operations Tu chart properties)

a8&&b

Hunsldaadn AND dwmisusiuys a wasb

allb

(Junsldasdn OR dmsusiuys a wazb

Unary Operations

~a

L

HaouganudAgygandn

Binary Operator

Wunsldasdn NOT dwsusuus a
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fanuganudrdnygeni

Wunsldaedn NOT dwmsudiuds a

§ Binary Operator
faouganudidtygandt Binary | | .

-a ANAUTBINILUS a
Operator

Unary Actions

a++ - LA a

a-—- - anfl a

Assignment Operations

a = expression - nsimuaalY

a 1= expression -

ASANUAAILSNLUAILAIAST

a += expression -

N1SAINUAAY a=a+ expression

a -= expression =

A1INNUAAT a=a- expression

a *= expression -

AISAMUAAN a=a* expression

a /= expression -

NISAINUAAY a=a/ expression

2.4 v9uf) Temporal Logic
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nsmuAuLuuknuRlaglgRsInAmaRsignIaLan (Temporal Logic Stateflow Control)

(71 JuemansuvuamilwoinslidnssnaiBedydnualluniseanwuussuumuau laslimiuaula

o cada 1 & o X o = ¢ Y v A v o
AVUTEWAUNUANUUITIVUAVLIA USD LﬂﬁlﬂqimujﬂaaumsmﬂuNau‘]ﬂ] Liﬂﬁﬁu’]iﬂl‘ﬁuau‘lﬁm’ﬁ

AUANYEY Temporal logic Tu 2 dnwaizeieiu fia

. = e a dy [ =l
Event-based Temporal logic L{J‘Uﬂ”ﬁﬁﬂﬂﬁuLWQﬂ’ISNﬂLﬂﬂ‘UHBﬂNNLLUULLNU

Absolute-time Temporal logic Wunisfwungimanussesiafignimuady

[ =) ° ca o
ANLNURIYBINTEUIUNTTAIUAN Falulusunsy Matlab [8] awnsavitlalagldfendun

(38n71 temporal logic operators 1ag temporal logic operators Usngeglu luamavenis

adunisuaznisasuaniue
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A3 2.3 FaLliun1sd@ MU Event-based Temporal logic

o8 E Bumnmsalgiudmiu

temporalCount operator.

Operator YAAEA Aa5uNY
after after(n, E) Operator IEIANNTINAUNT 91N
Toe E Wuwvnnsalgudmsu wansaigu B lafaduiduduiu
after operator Uay n 1ud W | 0879tBE n 59U LTUAANISNTEAUY
< o s [ 1
ANUIN vpsamah Wwoulvsiu winldiluuil
v 4
w VAN
before before(n, E) Operator azl4iA1939naUN W0
Toe E Qummnmsalgiudmiu wanisalgiu £ liinduidaenda n
before operator uag n iy FOU LSUAIUANITNTLAUYBIALAD
[ [ a A o/ [y ) e’l’ L
FUUALUIN N Wwenlesdu mnluiluiguiiaglvan
G
7R
at at(n, E) Operator glsiA1939ndunT N
& © o [ 4 } 4 q’: -J a Qy A'
o8 E umnmsaigiudmsu wan1saigu E 1aRse n ety (S
. G :; J 9/ P s
before operator wag n ifu RasinIsNIzuvesanITibonlueiu
[ [ "o 1 v -1
TWIURIUIN mnlidugutiaglviaing
every every(n, E) Operator 2¢1WA193INTUNT YN
o E Jumnselgudmsy 2930009 a3 E 10RsaR n
before operator way n itu AATU ISNAILANITNIEAULDAATIN
[ -1 - [ [y~ ) dv LI @
MWIURLUIN woulueniu wnbilutdutiagliaig
temporalCount | temporalCount(E) Operator ANty 1 wazle

ArdrurufuvInndunrdmiunis
Aintuvaangnisaigiu E Tuwsasasy

Aaksin1snTEAUvRIAmINITENT Y

winldlwguiiaglvirgud
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A1 2.4 FoEINISIENIU operators 15U Event-based Temporal logic

Operator sl f79e19 A195U"e
after #Amaveen1T | on after(5, CLK): Usinguamnunansaniuglugisus
ALun1g status('on’); a¥2959U  ClLKcycle Tniduasseu
(on after) CLKcycle 5 2458UNARNNTNTLAY
YDIAMY
after ABaINIg ROTATE[after(10, Lﬂéauanwuzaaﬂmﬂam'«aﬁt"?jlauim
Wabuanug | CLK)) i wanifawen1sel CLKcycle
P619U0 10 959U NAIRINANT
NSLAUTBIAAT
before AMIVBINT | on before(MAX, Afauls temp WiuATu 1 aSadel
FutiunIg CLK): temp++; 2959U ClLKcycle JunsETsaLAilen
(on before) 1971 MAX
before GIOIP ROTATE[before(10, Wasuaanuzennanainailideulea
Wasusane | CLK)] fu feudlAamnnisal CLK ity
ATUL0 2939V MEIINAIINTEAY
YDIANT
at ALRIVBINTT on at(10, CLK): Uswmg%’ammuamamuzﬁ 10
aLunIg status('on’); 21958U CLKcycle vd31nN1SNTEAU
(on at) YDA
at AnANT ROTATE[at(10, CLK)] Wasuanugesnnamafiioules
\Waguananug fu ifeiimmanisel  ClKoycle
Watufl 10 2958U nE991NNIS
NSEAULDIAAT
every AMAVDINIT | on every(5, CLK): Us1nUaAIULEARIADIUENNY 5
ALTUNS status(‘on’); 1WI9UVDY  ClKcycle #a9910N15
(on every) NILAUVBIANY
temporalCo | @980 | du:y = TuuazAumsuIubinyes ticks dad
unt ANluNg mm[temporalCount( ARERICITIRIER AT 2 WAN13NIEAY
(during) tick)]; YBIAATINTY Avun AIFauUs y

P 1 e

whiiueziss mmarray #eliAvindu

temporalCount operator
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® NgmANImMANTIAl (Event Notation)
14 event notation tiervuamsAiiuuvesaws wieldoulun1snisidsuaniuy
Fusummnnsnd
gULLUUﬁwé"a: tlo(n, E)IC]
Tnedi
tlo Aa yauvatlawesinwmesuuu temporal logic (after, before, at,
or every)
nfle malummmsaifiiedures Tewedinaed
E 9 wmnsnigiuees lawesisnes

C o nmsuansdaulaniaden

* ymnemglneiReuls (Conditional Notation)
14 conditional notation (ervundeulunisiudsuanuyveavanisalgiuuasi
Lailawignsalgnu
suLuUA&e: E1ftloln, £2) && C]
Tadi
E1 Ao wmnsailas Alsllsmanisalgiu
tlo fis yauvelawesinmesuuu temporal logic (after, before, at,
or every)
n fie Meummnanifiintuves Towedisines
E2 fiawmnisaignuves lawesisines

C Aamswansdaulyviadsn

< o ] Ls o
A9 2.5 mamwmam@mamsgmsmu.awmamsﬁﬂawaulm

Notation | nasulUly A29819 A1a5UeY
Event RTINS | on after(5, CLK): | @alUs temp azdiA1 WARM 5 CLK cycles
AuduMT | temp = WARM; | #&I9I0N19ATEAULDIANT
Event MsUaey after(10, CLK) Wasuaauzeenanansideuleaty wn
anuy [temp == COLD] | #auus temp faudu COLD CLK cycle us

a1 10 2950089 CLK cycles ndsan

N1SNTLHUVOIAAT
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Conditional

Aswasy ON[after(5, CLK) Wasudauzesninamaiideuleaiu
anuy && temp == Antuluvazivanisal ON ugliidanda 5
CoLD] 195884 CLK cycles Md391nA15NTEA
Y03ALAY  LazlNEIMINAILYS temp HAN
Ju coLp

2.4.2 Absolute-time Temporal logic

MIAMUARILIAINTITNYNAIY Temporal Logic 196131 sec iveimuniiaidnaen

Ioiliurulusiusnisnsziuresang Ha7150199819209NSMNUARILIAINITNNNIINUR U

! d o 1 s L4 1 d ] 1
naweilasaaslunw 2.27 ﬂWWUﬂﬂ’]L’Ja'lﬁll'u“SﬂJﬂ13WUQQ‘IUﬂ13LUﬁ?JUN’IU?m’m¥ 2

after{5.33. sec)

P
I

Input Qutput

-
e

after(10.5, sec)

U 2.27 MIRMUARAILIAINITIN

® MALTIUNITVBLUANITAIANMNURY:

L.
2.

osumeviumausuis snaduwn Input agluaniuzgnnsziu
wassnuardiaesinly 533 Juifl ian1siAguiunaRIBunn Input luga
WDV Output

awadunm Input Wegluanuggnnsyeu uas awmaeviny Output agluaniuegn
nseRu

w¥a9nty Wenadaeswiuly 105 i Ranswdsuduananaeyiyy
Output ludamadunm Input

anae Wiy Output Tegluanugnnsedu uae amaduny Input agluaniuzgn

winnnsedlude 2 S 5 iRetug1soU AWNTENINMITIaREUaRad

4‘ i 1 v . . -] Qs 1) [
WollSauiisuseninenisly Absolute-Time Temporal Logic @Sun1suu fiu Event-

. ‘ < ° . " 5 = ’ )
based Temporal logic N15199INsEVilAY absolute-time temporal logic wududaserienn

| s 1 = 1 < ° .
nansgusiedavesluea lurneinsmineiinseyvinlag event-based temporal logic 3¢
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Fuiuransduiing Msvhees absolute-time temporal logic Tuusudaiifeaidu call

input events anunsaiienlgdunniilumgnisallaluvaey event-based temporal logic 1uidl

RenFuUsangan?

d u ' 124 3 Qs . .
A319N 2.6 FEN9NTS1EU operators @1u3U Absolute-Time Temporal Logic

Operator msiluld | fnedne A195ue
after on after(12.3, sec): AauUs temp liAn Ju Low
ALHIVDINIT
[ a =

o - temp = LOW; N8990 123 UM 98

Aiung y
atanaselanuly feusinag

(on after)

NIYHUVDIANAT
P P
after 4 after(12.34, sec) N1SIUAUED UL RBNINNALAIN

mMslasu : y
WoulganulAnTuUnaIIn 12.34

anug
Jurfiwesiardiasslanuly
AILANISNTEAUYDN FLAT

P =
before o [temp > 75 && AMTURYUANIUL DBNINALAIN

nsiagy , .

] 8 o before(12.34, sec)] WwauleaduiAndunindiwys
temp HAWAUNTT 75 Ualian
duluteasnin 12.34 Tu i Aeus
N13NTLAUTDIALNT

temporalCount ex:y = N5 ULEE AUAIIIUIUTDIAT

AMIVDINTT 4

o Oy temporalCount(sec); | tra1n1531809(AUT) Nlanuly

Fuduns

, SEMINMTNTLAUVDIAAIUALNT

(exit) 1

ldgnnseAuresana
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® MhotueInsly Absolute-Time Temporal Logic Tumsillasyuulminau

Tuna wazszuugoy unursneluszuudas
*
E signal 1 ]
Signal Builder ‘ Input pulse
n
out|—p ]
Output v

Enabled

Subsystem
Signal Signal Signal
enables disables reenables
subsystem subsygtem subsystem

att=0 att= att=6

<} Inpat pulse

B0 P H KBE

State A is enabled

A & = L]
JUN 2.28 dygudunmusssyuuLay

FyenUan1sYinenuepsr uugasian t=0 uh mntulumadidygyintanisine

1 =i

a P | e -, ° ' - ol .
sruutasiing t=2 W watlieadedyqulansinussuutosdnassiia t=6 Ui
Wedyey1uBunnilan s ueesEuugaeiiiaat t=0 38 awml A agluaniuzusniiv
wieagluanuzgnidalivhau natdwiudelufl t=2 3uri seuudesgnianisiuuazans
A agluanurgniansvingu lugieam 2 < t < 6 szuudosgniamsyinauuazang A uavd
= ° | a o A H =
19138 agluanuzgnUansvinau anulienan t=6 Uil A agluanuzueaiivBnaimiliuay
q' L7 o ] -:1 (] as Ag as ar
Busumstuaimelussuvges nsilasuriuanans A ludsawa B Yununistuainiely
[} ar 1 < d 1 1 - dd Qs o - =1
szuvgauminam Aolanannisluszuugesniuly 5 Fuiidwseiuiaidnass t=9 Jui A gn

a o - o 8§ ¥ - i
Uansvinuuay ae B agagluanuzueniin villvidewinm y Wagwane 0 Wu 1



Att=12, time
8 glapsed in
state B totals
3 seconds
T b
iy
2 g
@
E ; Att=9 time
% / | elapsedin
g 5t A state A totals
2 & 5 seconds
: 4 . 3
= /
Vi
'g 3t Subsystem
a is disabled Time elapsed
2 /_‘_/\__\; freezes when
2 2 / ey state A is
5 ; y . ~ disabled
/ \

o )
JUT 2.30 dyronevinnvessey
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AJ @l = | 1 L d o = 1 d - ﬂ" d =
Tunseinunuels Stateflow NﬂWL’Jﬁ'lﬂﬁ'iﬁﬁJLLUUluﬁ@%,uaﬂ MTAUNUUNTITANNE NENATUIEANUURNTY

Aamsguaniviuainuin fhedwseluil
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° o alai A - a
ATUUALNUNINNAILIAINTFUN 0.1 U

after(2 15, sec)

s

ar

J lild 1 1 d‘ - =l
31}‘“ 2.31 LAURINUAIAINITEUN 0.1

= A - CJ 1 o - ¥ A
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Jeundulududmunuitevhmsieuifioy fadu uazeandda Uulmi msnseyhasiniuly
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e K 1it1lna 0 aunis (3.6) azdiantnlng oo wavazandsiun1sh s llna poles 109
G,(s)H,(s) HuRe poles W84 G(s)H(s) Wufe s Twtlng —p (=12,..n) Tdlansiunsdives

' J dd" | = dl
root locusiag complementary root locusiwsizananves K lunsaldlildfninsosvne
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ST s WA L51@unsnaziiodnunuil poles Wag/M3e zeros W09 Gs)H(s) auumsiu Wuunu
real TuszuruBsdousulni loun1s1435 linear transformation wazissnunuilin axis of

symmetry

i o4 - o4
ng]‘ﬁ 5 Asymptotes 984 root locus‘/lauuvi:f! (WOMNTIUVDY root locusvl s =00
wa P ¢ v v - o ) = d‘
ﬂiuﬂllUWUEN root locuswﬁuyscumﬂna I‘LJ‘JS‘IJ']‘U s UATUAIAYDYINIUUN LUBDIIN
=l o a o el' b2 1% q’.’l ] s a‘d
n=m WUIUIUNNIAUVDIITAUNINUY 2|n—m| ‘VI’%SL‘U’\Iﬂa o0 J¥UNU s WEUU ANV s U

ANNIN3NVBAFY asymptotes 84 root locus (K =0) Fwgnivunlag

2k + 17T
0 =—— (3.7)
n—m
el K=0,+1,42,.,[n—m[—1
n= 97UV finite poles VoI G(s)H(s)
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A
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gﬂﬁ 3.7 fMotNwaudU asymptotes 983 G(s)H(s)

ﬂ;]ﬁ 8 quﬁaanmn Pole (Angle of departure) Ltazquﬁlﬁﬂm zero (Angle of arrival)

284 root locus ﬁauuuiiﬁ

' e’l’ ¥ g ' ) (%4 = <
yuwdilasmlalagldanms (3.13) Megradusislugy 3.8 uazsipan1siaensun root

locuseanan pole MR —1+4 1 yusWOINTT kazaeArFOITUANNTT (3.13) Uufie

LG(s)H(s)=—(6 +6,+6,+6,)=(2k +1)180°

(3.28)
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mlalaeldaunis (3.9) aunis (3.28) ananeilu

—(135" + 6, +90" +26.6") = (2k +1)180° (3.29)

fnuals K =0 agla

0, =—4316
W3091992Na1AI1
0,=-116

WevLNYe4 root locusfioandan pole w3aLd M zero UBY G(s)H(s) MAUAD yuvBY

f 24
vl o

complementary root locusiyaiganuariiassluanyaimlangatugwiniu 180 aem

jo)il

&
]
1

3

s-plane
N

—aw

= ¢
5Ul 3.8 Root locus Miauysalves s(s+ 3)(52 +2s+ 2) +K=0

uwanIfeIsN1sMIYUNeaNIN pole MTBYNNILIM Zero

NN 9 AAAYEY Root locus AUWAY imaginary

[

nl' > LeCY % . . 1 4 e o
a7 Root locusauysaldnfiukny imaginary wazA1ves K a.igadniiawisamlialag
15149 Routh-Hurwitz criterion

dwiunsalniiyadavansyn A1ves K wae semladitenitlneisues Bode diagram
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ngﬁ 10 33n1IM13A Breakaway (3@ Saddle) uu root locus ﬁaugsnﬁ

90 breakaway %3939 saddle Uu root locusvesaumslaquanefiein aunisdug oxd
598 (multiple-order roots) 31117{ 3.9 (3) wanedensaif root locusiudu 2 LL‘UmmwuﬁuViqﬂ
breakaway uuunu real ndufiusneenandululufiemensefudmmuuny dwmiuguil 3.9

(b) Auansfiegn breakaway Bnnsdinia

@

A o/ ]
5UN 3.9 f198199n breakaway vuunu real lussuu s

= < = S
3UN 3.10 90 breakaway NULAMINIIING 4 571

i =

lnenalue199ed root locusuinnii 2 WUUS A NUAUNYA breakaway fauanalugu

3.10 1Wunseiliign breakaway WnUSWIUSINGT 4 510

ngi 11 MIfuInIAl K Ul root locus Arduysal (absolute) ¥ae K 13a s, a9

<
U root locushiauysalnlavnaunis

GGl

wangeInI I vector fidnein poles vo1G, (s)H(s) lldaas,

HARYYUBIN WL vector imNain zero 483G, (s)H(s) TUdaas,
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34 ‘VIi]Uﬁﬂ'ﬁ‘WqLL‘UUi‘)"\aa\iﬂiz‘Uﬂuﬂ'ﬁ
nszuaumInegaamnssuduing iy wuindusuususuniaiifinamin vied

15un31 NSEUIUNITOURUNTILUUTLIATYURS (First Order Plus Dead Time Process) Ingwandu

A8laULARIAIANNIS 3.30
K _
s o (3.30)

e 4

Gp =
Ts+1
= §aTIMsvengveInsEUIUMSiuanIEVEAila

<
LU

K
sS
' <
T = AIATITEINTEUIUNTT
T = AAMUNTBNTTUIUMS (sec)

TuAaUlUNITAINIUMIAUNITAUSNYULUDINTEUIUNITADUINANDUAUDIVDY

=

nszvIumsluanizaseullaumel K, Tuag 7, laef1uinainnisussanum daguuuu

TumsAnnuianue 3 sUkuumall

3.4.1 3Uuuule (Model A : FIT1)
! ] A ! d A‘ A o/ Qll = ! "
MANIAMYNIAETANIATIEANALTIIN TR ULUAINEIRINHIB unauaz AIAANT

mlannidududaniianutuagalusnaiueiananainie1snaiia 0.632 WaIA1BRIING

WaguwuadAnganiesagun 3.11
FIT1

Amplitude
=

0.636APV

Time

JU# 3.11 nsmAnen neanevaussuuutulagly Model A
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3.4.2 guuuul (Model B : FIT2)
PAMUIGMTIDUAULLAE A LAALIAIAIAINLALNNNAINALIA VU LERS

Fasuit 3.12

FIT2
A
A
o A
S AMV
B
£ o636aPY APV
v v v
7 T
« »<q »
Time

= 1 J :5 k4
JUN 3.12 nsmAwingg nuasevaweswuutulagly Model B

3.4.3 3Uuuud (Model C : FIT3)
gruAIaewNalla1 0.238 WhvssrgavneuaraAial 0.632 Wiwesrmgavngud

NUIAUIUMINANNTT 3.31
FIT2

Amplitude
~

0.636APV

Time

JUN 3.13 MsmAweY nKanpuausawuutulagld Model C
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APV % 3
kK,=———,7==(t,—t,), T,=t,— T sec (3.31)
MV % 2
dl | dl € o 1 1 I a 4‘ AI
R t, AD A MnmilA1 0.238 INUBIABUNAYIVEALS

9

t, D Lamienmllel 0.632 wihvesrndunaiiveaile

2 9

o [l o ¥ 1 24 n’j
Mg INSlUABNTZUIUNISUAN wWasuanuSoulaslthanavausswuutu [3]
0.8

K(s) = (3.32)
(105 +1)(30s +1) (35 +1)
Step Response
A
[D} A
o)
=)
2
<§: AMV
63.2% APV
28.3%
— \4 v
1,=724=225¢=45 =515
Time (sec)
31]17'; 3.14 Tuwanseuiuniswaniasunnudoulaglinanavaueawuuiu
A1579 3.3 ATNNSIAWRSIUNISLUUINaDIvRLAAELUME
Model A Model B Model C
Process Gain: K_ 0.8/1 0.8/1 0.8/1
Dead Time : T 7.2 7.2 45.0-338 =11.2
Time Constant : 7 61.5-7.2 =543 45.0-7.2 = 37.84 3/2(45.0-22.5)=33.8
ons1dN : 7, /T 0.133 0.19 0.331
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3.5 unag

Frsemuaunszuunsivans?s madenl¥islunsmuudeadenldisnisiidululs
uazwnzauunszuIunsiioanuuy Fluunilldndnimguinismuauly 3 35 Aentsmuau
Stateflow WU on-off, N13AUAN Stateflow Temporal Logic agn1sAIuAuLUURNlef TaulY
famsoanuuuimMUANLaETqUINIUUUIReINTEUINNIHaE Fadomnilldnanaukivn
fudaruindudmiuauide dafu mssenuuuszuumuaudesidussdenimauivenis

] [ '3 ¥
AuANA wlussdusenaulunisesnuuusme
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N15UsYNALEIUITALITUaTTaNALS

4.1 umin
nszurumamteurwInidniiunssuumsiigniunlilunismaseusimunuuuy State
Flow Tngld McU STM32 dafuiielinisesnuuuimeuaudulusgiivsyanammsnd
JududoefinuoAUsENOUAINY KASNGANTTUYBINTTUIUNTS %ﬂuwﬁpﬁ%’ﬂ%ﬂénﬁa
D9AUSENDUTIMLATISYUUAILANNTEUINNSIIBVTLIALEN Seusznauludheeniauaiuay
goniwad ludwwasanianisarnaniisdiuysenausng 189n52UIUNSAN8Y Feazuenasuie
gUnsalusarilnvanden tadluduvesganduaiaraiunesisgandma iiomniiAadasiuns

ouarareSureisnisldaulusunsudug Mg FesrgaziBonde g azedurslundaziide

maralul

4.2 29AUTNDUVDLTITAUIS
4.2.1 \WIDUTLIAN
wieuugunsaiflflunszuaunismvaugamgll (1] faneluwnauiidnwae
Tnssadavaamauansisgul 4.1 nsulidnwaziiugunsedmasn Iln Tnmegsumni
msuenile Sudsnmuazdmdanuasamisfou nelulssnoulufstuirsdmivldiven
fionaldlvan (61) suin 1500 cm” wiewisvasaleimanalimmdousuiusemaonliings

NUENGARDRaY 325'W

e

<l o
JUN 4.1 AS2UIUAITIRIDUIUIRLEN
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A5199 4.1 JayanunallAvenieu

R UGHGET) AMENURA
welWiY Turbora ju TGO-07
maalvigege 650 W
ARGl 50 Hz
gnwasuy 325 W
mmqm%‘m 7 L
Fnimasans 325 W
vhwinlneUszana 29 Ke.
usapdoulwin 220 V

4.2.2 Thermocouple
wesluAvUa Ae gunsalinguunaiilaslindnninudsunuasgumgivseniny
v 4" o/ - o o/ [-] 4 U - o =Y ) (Y
Souduusumasuludn (EMF) woasluduilariiunanlangsitinssstiaiy 2 380 Wanstady

a

nualassainvetoznen) Yinndenseaevisassdwneiunuamerunis Sendt yeingamgd
a1 v o

druumedniunielaeadall Sondt a8 mnaningamalivasnsedeligamgisneiuf

e lnimsnseralulasnestiuflilanieansdng

RSN Lt &
=@ ) 2

Meual B

(n) rizaalinsesila

Reforeniv
T ) Measurement
- _*_, Metal A pUL T

Metal B

rqairabay
cgadat

9) wamdstdiannisyInsa

JUN 4.2 wavesdudn

" Tased319 (Construction)
lassaiaveanesluilila fdnvaedigun 4.3 lnelidnuwueid Ao danusiumiu

° Vo a £ o v ] a e a ) v do v
1 IﬂﬁuﬂizaWﬁquQNQQ C‘]']U'VlWUWaﬂqﬁLﬂﬂﬂaﬂlﬁﬂmquﬂuugﬂ‘] Vlumﬂaﬂ'nxuﬂﬂaﬂﬂwu'ﬂlﬂ'ﬁ
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Saen LLastJuL%aLﬁuqaﬂqﬂwhﬁmmﬁulﬂlﬁ fhitlnusSavieUasiudiuunagyinanwanuaad Ay

Tweuneslufulavusgiuamuminvewielasiu

sy ddandBon —
ann
\ l Yrou
o L4 O |
gin < [ E il ! % ;
. / ouw ‘ LA R Y ;.
i . . ’ Ty
sufloniu R,

= [y v A
JUN 4.3 TansaswveanesluAuila

" grunisldeu (Range)
grugaunginisldunazaulilunisiaveunesluauilaudazfiiazuansieiu
musiazaiauagdmun ludwiddny fio Ausaedeuiioonunanusazaamgil sxfesdnede
fusmssrnanpsgurewsazaneuiildligniaaduenamidsatummisssuy

B 12a1nauduas (Time Response)
P |

wamevaupwsanesluAlUatiuegivauiavesasuag dagnivivieesium
wesluduida
" pasUSuanwE eIl (Signal Conditioning)
a o LY =l [ = o & v =l [
Undiussrdeuvaanesluduilasrivwinidnuindsindudesinisvenedyyalay
o & v e
Tdavuaudvgnsmnuuansreiidnsivensge)
" psldaumesiuauilavila K wu difel
& R @ a = ' <
1. travveavesludilasnlutaamesisuuniuin ((wdniluaisuingn) 7

a v val a o R # & ad o a wa -3 [J
aauunglieIuingaA3veiu (curie point fe  gumginduuasuanguautamaniuilu

9 u

o

[} ) v al o a = (3 [l @ = a
wiwdn) agluteildaumed iliiAansiasuulausuedeumaaiswnegraiudiviula Sld
NINUNUIRARISAINE NIz TuegiuA It duvalavenan IR Tildsunuandiann

&
e Qs

wasiurUilasvidsiduimesluauiladndinie aaudsfomaassmin1slasunladusa
wwapunlins v a gaumglinislinsuani
2. Tigaumgiigeq (@39 200 °C fia 600 °C) wesluduilavin K wwilnaves Saneds

' v
a =2

a o & P 1o a v« - P T
Faeturarngumdegamgiiiuduwasiutiigaumvgianas Jadudriliamnnzaann
nswisuudasusundoula
< 1Y o’: % ay o a '3 v al
3. Migaumadl 1000 °C Mveuvesluduila vila K vwiinoenled Wumgliinig

WasuLUadLsILAaaUY
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4. msilaveadidulavenan dmdumeslududa via K avvhldiAatgnilu
geamnssuinndeinieluiunduqnindndionseugeq s1aueimar Sulennisvanddes

= N g 08y a - v «
Tedes o AUauLUaILTUATEUNNAULD AR

v

" dafiuuu K
a da & [ :J
Wuwvundeuldunsvareuiniiga
dmSumsingamaiitaedu q sxdalioin 180 °C fesvanm 1,350 °C
vas da aaa al  a - a . [
anunsaldinlununduiiteieendleda wie anzuuuidey (inert) laena

v ool \w o I 2
anunsaleiuanInIILNInIswES @A uSaulAe

U

Tignsnaasuusaatioulwihsegampiinuas dududuinnndiuuudug

" daidouwuu K
1 s o o v o o a = an = il
1. himwnzdunmsTansesduraiuugiseBuareandlalaense
2. ldwnzaveunilloveamos
3. Tlwansdvanmeuiidugaainme (onduagldlugineaidug)

4, wdnrsldeuly 30 U vialidunadnefiiugeuly @unaviiinuaudfves

usaedeulriiwieuly

4.2.3 Signal Converter : SC-95
SC-95 Wugunsaivihmihiutasdyanen 18 5 Taviidu 4 §9 20 fadueud

a1 -l g s w <
LWﬂﬁﬂﬂalﬂﬂQUﬂliﬁwLﬁ'@'i‘UENLWanlLaSﬂﬂwgaﬁﬂﬂ'J\ﬁ]‘?ﬂqﬂlu SC-95 ﬂﬂLkﬁﬂﬂIﬂEUﬂ 4.4

Zero  Span

Isolatian

Amplifier

Programmable Driver

L(+)
Power
Supply E

NE)

Range

E‘Uﬁ 4.4 dnwiurapi1asnelu SC-95
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o o a
A9 4.2 VBHANNINAUAVDY SC-95

seazidun GG
Input Voltage Range 1 f14 5 Taani
Linearity < + 0.2% 994 span
Qutput 4§ 20 faduaud
Power Supply 220 VAC
Ambient Temperature 0150 °C
Isolation Voltage 500 VAC
Connection Plug -11 pins socket
Mounting Wall or DIN rail
Dimension | W50xH70%D130 mm

4.2.4 Temp Transmitter : TT-95
TT-95Hugunselfiviminfiuasgamaiiatn 0 - 200 °Ciiiu 1 - 5 Taavi dnwue
ved TT-95 waneiau 4.5

Zero. Span
Themmocouple e Isolation ‘
4 Linearizer
Amplifier 4+
- Programmable Lrige)
Range :;j -
L+
. IKio=200L Power
e 1°5 Vi TR Supply 6

5UM 4.5 dnwgveenvsnielu TT-95
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- o -
M990 4.3 VDLYANNNAUATDY TT-95

EUGHGET AMENUR
Thermocouple Input gunslduaes Type K 0 fie 200 °C
Cold Junction Compensation 0 450 °C
Linearity < + 0.2% 299 span
Output 4 §i1 20 Naduauy
Power Supply 220 VAC
Ambient Temperature 0450 °C
Isolation Voltage 500 VAC
Connection Plug -11 pins socket
Mounting Wall or DIN rail
Dimension W50xH70xD130 mm

4.2.5 MCU 32bit a3eQa STM32

Ul 4.6 lilnspaulnsniaas STM32

vefalulasneulnsaaaiiozui 4.6 \Huyansaadlagld STM32TM ARM 32-bits
CortexTM — M3 processors (Hululasaaulvisaiaesiiamnsavneusiuiulusunsy Matlab
Simulink Tagaunsa@oulusunsy Interface wuu GUI 16 eagannuiiveslulasaoulnsians
STM32 vhlanansauseanananissinu DSP fifinnusandanariussdnsnmunn msvieuees

vesnlulasreulnsiaesaeyneusaudu RapidSTM32 daiu Simulink device driver blockset
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AMENUR

Built-in RapidSTM32 native-support bootloader.

ARM 32-bits CortexTM — M3 Processor (STM32F103RET6)

- 90MIPS maximum speed

- 64 KBytes SRAM

- 51GPIO

- 16 channels 12-bit, 1us ADC

- 5 USART, 3SPI, 2 IZC, 1 CAN

- On-chip temperature sensor

- 4 General purpose 16-bits timers with 4

- IC/OC/PWM per timer

- 2 16-bits Advanced control timers

- 2 Watchdog timer

- 2 channels 12-bit DAC

- USB 2.0 full speed interface

Two onboard crystals

- 32 kHz (for real-time clock)

- 8 MHz (for MCU clock)

Power supply management

- Reverse supply voltage protection

- USB or External (up to 15VDC) supply input selection via jumper
settings

- 3.3V (up to 800mA) LDO regulator for internal and external circuitries

Flash programming

- 496Kbytes available flash memory

- In-Application Programming via either USB HID or serial (RS232)
interfaces directly from Matlab or MS Windows.

- Automatic compile and download directly from Matlab
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® Other onboard peripherals
- 3 user LED (red, yellow, green)
- 2 user logic (H/L) input jumpers
- 10K potentiometer
- High capacitance (0.33F) capacitor as RTC backup battery
- RS232 (3232-series) level converter
- Micro SD card socket
® Four built-in operating modes selectable via jumper settings
- USB Mass Storage Device (micro SD card reader)
- In-application programming via USB HID interface
- In-application programming via serial (RS232/USART) interface

- Stand-alone custom user application

4.3 29AUTZNaUYRIaNALIS
4.3.1 Tsunsy Matlab
4.3.1.1 Simulink
Simulink ifulusunsuiifudmiifudndunlulusunsy MATLAB Safulusunsu
Fimulaeu3em Mathworks Teeidulusunsuiifienwanansalunisufdgymnisadinaans s
UszAvsninge Tudauwes Simulink Suiduiedesdleflslumaifoulusunsuiiomdnoures
aumsmendamansiaglédnuasnsiusunsuluzusuures Block Diagram 1luvnén Tnaianie
adessuvannmadeeyiusdainsswuilymlunisum Closed Form Solution w3anism
mmpuillaifisufunarlutasiailay wasidesainszuundmassulasarulngazaiuise
o5uefesruvaNnEteyRus Iudufaiu Simulink szdanfiunuvluntsyilinisshass

ANSADUANDIVDITTUUIAUALAINUINTITU

® n35INARITEUUNAANERS (Dynamic System Simulation) #28 Simulink
Tulagtunsufamesididrunfidiudisvilinisuddginiadmnssulaly
Usrleginnadamansegrunuzvuvulunisdassssuuninamansiag lnelidesendy
A1TANYINTONAADIINTLUUNIINIBAINDIILABNITINADINITVNIUYDITEUUNAAIERN S
(Dynamic System Simulation) éﬁ’aﬂénﬂy’ulﬁ%’umsﬁq%ﬁué’ﬁwﬁﬂiﬂwﬁashmmma‘lums
Wauneianssy lasanizegabluaunedun1TeenwUUTEUY (System Design) Wavau

A1TERNLUUTEUUMUAL (Controller System Design)
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® wanNsYasAyYINUasNIsIAYaINTIN (Signal and Logic Flow)

Tulusunsy Simulink Junissrassligmazerfonisaireunugi (Simulation
Diagram) Wensrida 33y videduiudyo viedeyaiiresnimstu luunugiifignain
%u'ﬁ'a:da NNudoAUsTLANANY azqnﬁqd’lulﬂgivﬁaﬂgu‘] Tnodudygadideusesewin vien
vuq é’tgtyﬂma'm'ﬁﬂﬁazqna%"nuazeiqlﬂéuﬁaﬂﬁu'} 'ngauuuaﬁméua::uuuuﬂsﬁui’agammin
Jeuldiurvlerduitenisnssyihmenssnmansviemandinmans Joyaaunsaiorgnadluduvas
fiadioya (Sink) Seamnsofiezuandiiiulusnunres Oscilloscope ¥3n Display wiausingeis
Wuluguvadlnd (Save to Files) AsiidasiiaseTalunisdrassiyuniy Soyasieg azgn
gflunis Suuards ludnwasdutiwaan (Discrete. Times) winu datdy Step Time w3e
Simulation Time Step %38 Integration Time Step 17'iri'mumﬂanﬁﬁﬂamﬂtymﬁv'wzLflu daudl
dfiyeenadalaumsidientd Step Time Mwnzanazgnimunlasszuvtosiiiing nevausaid
figrluwsugfifiimuaiy

" § Semalink by browae QA= T N, 15 =8 =
e WA -

LD - Ewwemem =
| /LY S oot

.
@ e
4! ! et i W PR YRR

Sertiruna i

7l (3 [Z
|
]

,
{

&

vig | =

B
i

47 Snwazvealusunsa Simatink

anuwaensfeulusunsusiae Simutink InudnwaensileulUsunsulagldudenlaazunsuves
aridusingg adsddniimsseidmiunsduulusunsiludnvaridfenmsimunauauTality
uiazudemiuarsosgnaasliiutiverlimunsodulusunsuld
e nuidsussuden

Tumsifeusioudeauy Simulation Diagram 1y 'lv’r’nmméﬂui‘mﬁ Output %84
vieaniaudauelflasinefigeivesndrudsuguifuiaiomuouan nden duan
(Drag) wnd (axiiuiduyszifntunarlmuaiosneuanding) nudeanis 1ug Input ves
vdeniifesnsavidense Weudesundudned Input vesdnudeanieuwdidulsyazdsuiy

- - - | @ i
EuuwanstanTouneiuvaIudoanaans
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' =] n‘lLl’ ' -‘ g
® nguvasvAeailduvaslulUssdu

L
= o

- unaanuliadaysyrnd (Sources) uasuna a0 (Sinks)

nauudeaunaiiladayeym (Sources) firuuauiliusenaudsunadsiuia
Foyaniodyyinu Alnldveslunisiinseiszuumanamans Wy undsdudnadined
(Constant) unasifindyarmadueiey (Sinusoidal Wave) unasiniiadoqinuuy Step w3e
Suq uenniitilundeiilndyaaiivimiihiaiou Signal Generator guﬁl‘z‘ﬂumwmaaama
Amnssuduq wisunastudndygiauiiin (Clock) fisinarldvseiiie Sunatvesnsdrana
Haymn vseduq nauudeaundsiisdryaa (Sinks) WHunduudeaiifnagldlunaiuiynyad
Fosmsunninsisdyaaegaivaiime Inevluudiudeaiarldussfoudenves Scope
Uszinnengg Lﬁamwaaué’nwmxmsLﬂﬁsmmae'uaaﬁm_,nunm'lu@ﬂ'lﬂ‘] ﬂaqszuuﬁﬁﬂé’agnﬁﬂaaq
Tuvausdimdaninissass vioudeaiiiivdyan (To Workspace) (eldlunisaniiunisdue #
Nuiivharures MATLAB g‘uﬁ 4.8 wanauaeAAneY Yoseunasr e asuvasdynIn 19

Simulink V.7.6

Library: Simulink/Seurces és;.}m Results. inoag) ! Library. Simulink/Sinks | Search Results: (none) i

Eand-Limited White Noize

E
& o= i XD | o
B |
E@ |

Wi ama | ciies

i

Constant ){ml Scope
Stop Simulstion

i
m Counter Limited } Terminatar
| :

Counter Free-Running

P ] I o & () .
JUN 4.8 uanudensneeg Yeaundanndadeysyin (Sources) wagunasdeyayind (Sinks)

- szuvusBillias (Continuous) wayszuulisiaiiias (Discrete)

| o . - VoA .
nauuiieAveIsEuLsBLiles (Continuous System) winszuulasiaiiies (Discrete

@ A ' o aa ] 1 3 d
System) \Wudnnaunilsniinislelunisdiaeslymives syuunamaniynszuy aansanaggn

a ar 1 < A < o = =
AATIEAUAN YL YDITEUURBLTY (Continuous  System) wsaszuuliusailies (Discrete

- 1 o s . . o '

System) @elaidrszuvazgnitassludnuuela TUsunsu Simulink  duaunsn RauAUDIAD
dnwazgluuuvasszuulslunatsdnume 1y Transfer Function %38 Integration Blocks %38
= J 4 s o as I z
Delay Blocks 508U U 4.9 wansdnunizudorildlunisiivue seuvludnN¥uEA1eg V0999

i P . =S (N - . " .
sruUselilas (Continuous System) wiaszuulsinaiiios (Discrete System) 989 Simulink
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R —— ]______( o ) i

Library: Simulink/Centinugus :Sear ﬁé’{m‘a H"}l’; i”{"m‘ A}
T T e 2 0 ey

}

Integrator | § Tz Discrete Cerivative !

TRTSTARNEE AP TR R,

-]
:

_J“.. ..

|
|
X = Ax+Bu ' i b Discrele Filter
¥ & G p Siste-Spece : | 110 t2-t
w p o1
3 b Transfer Fon [ | 3—-"'-?-‘-‘53-« b Disorate IR Filter
i
!

Variable Time Delay b b Disorete Transfer Fon

1

1
Transport Delsy At er o) Disoete State-Space
I

o ' ' oA 2
JU# 4.9 uansudensiieg melunguuisAresszuusaiiies (Continuous System)

R | e
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MV of Stateflow Temporal Logic
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Abstract: Thus paper presents the approach 1o dessgn Tewporal Logic embedded controller for temperature control
applications that require both precision control and affordable costs The proposed Temporal Logic embedded control
systerr which 1s based on form of On-Off control devices can provide hagh precision and accuracy. furthermore;
decrease the damage to contactors and valves by slowing down the control cyehng The performance of controf system
was tested with Fio board. STA{32F103RE ARM 32.-bits mucrocontroller. Real-Time Workshop Embedded Coder and
Sumulink program. The time domain characteristics were compared with On-Off Swuteflow and PID control method.
The experumental results have been shoun that the design of Temporal Logic embedded conmoller can achseve the
performance specafication requuement ia temperature control.

Kevywords: Temporal Logic. Embedded Controiler. Small Oven Process

1. INTRODUCTION

In thermal control processes (beilers. furnace. hard
disk droves testmg ovens, ew.) widely use On-Off
method w0 control temperature [1] for nom-precise
control svstem because st 15 the simplest and least
expeasive form of control avalable. For the practical
problems associated with On- Off conwol m the
wdustrial processes such the raprdly-cveling control has
damaged contactors and valves. so several others
control methods have been used for solving the problem
such as PID contrel which provides more accuracy and
stable control. however. i some cases. PID control 15
unsuitable because the cost of PID analog control
system is high; therefore, there are the gap for some
apphications that require both precision control and
affordable costs.

The aim of this paper is to propose the design of
temporal logic embedded controller for small oven
process. The embedded control system which is based
on form of On-Off control devices can provide high
precision and  accuracy, furthermore; decrease the
damage 1o contactors and valves by slowing down the
contro} cycling. The performance of control system was
tested with Fio board, STM32F103RE ARM 32-bits
microcontroller and Simmlink program. The time
domain characteristics are compared with On-Off
Stateflow and PID control method.

The results have been shown that Temporal Logic
controller can achieve the performance specification
requirement in temperature control. Its control cycling is
slower than simple On-Off controller, hence the damage
to actuator equipment is able to decrease, and thus
Temporal Logic algonthm will be another solution for
embedded control system that fequire both control
performance and affordable costs.

The remainder of the paper is organized as follows.
In Section 2, we introduce methodology of Temporal
Logic Control. Section 3 describes an implementation
of temperature controller. Section 4 explains

F18-86-93215-03-§ 98360°11 $15 DICROS
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experiment and results. Fumallv. The conclusions are
given wn section 3.

2. TEMPORAL LOGIC

Temporal logmc controls execution of a Stateflow
chart m terms of tume. In siate actions and transitrons,
mwo tvpes of temporal logic can be used: event-based
and absolute-time. Event-based temporal logic keeps
wrack of recumring events, and azbsolute-time temporal
logic defines tme peniods based on the smulation tune
of vour chart. To operate on these recurring events of
simulation time, built-in functions called temporal logic
operators have been used.

2.1 after Temporal Logic Operator

The after operator checks whether an event occurs
after a specified time.
Syntax : after{n, sec)
where n is any positive npumber or expression and sec 5
3 kevword that denotes the simulation time elapsed
since activation of the associated state.

2.2 before Temporal Logic Operator

The before operator checks whether an event occurs
before a specified time.
Syntax : before{n. sec)
where n is any positive number or expression and sec is
a keyword that denotes the simulation time elapsed
smce activation of the associated state.

2.3 Graphical Function

A Stateflow graphical function 1s a function defined
graphically by 2 flow diagram. Graphical functions
reside in a Stateflow chart along with the diagrams that
mnvoke them, and they can accept arguments and retumn
results. Graphical functions can be invoked m transition
and state actions

Stateflow chart in Fig.l controls air temperature
followed step input in a small oven plant.
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Fig. 1 Temporal Logic Stateflow diagram

The Stateflow controller chart conrtains 3 exclusive (OR)
states (Heater On. Heater Off and Off Flash). It has 4
graphical functions { Function On, Funcuon tum_boler,
Funcuon flash LED and Function cold). Stateflow
controller chart provides conditions on the transitions
berween HeaterOff and Heater.On, and berween
EeaterOn and HearerOffi based on the tme  of
supplyving voltage to heater.

3. IDMPREMENTATION OF TEMPERATURE
CONTROLLER

3.1 Hardware

Temperature control of small-oven process shown 1n
Fig.2 consists of Fioo STM32F103RE ARM 32-bis
embedded mncrocontoller board. 1-5V to 4-20mA
signal converter, 650W solid state small oven plant,
type K thermocouple and 0-200°C to 1-5V TC
transmutter.

Fig. 3 Small Oven Control System

3.2 Software

Expenmental Programs generated by Real-Time
Workshop Embedded Coder run on RapidSTM32 Block
Set of the STM32 FIO boards. RapidSTM32 converted
Simulink Matlab program to a working embedded
system and collected the process data to Matlab
workspace. The Simulink diagram of On-Off stateflow
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control. Temporal Logic and PID control has been
shown in Fig 4, 7 and F1g.10 respecuvely.

4. EXPERIMENT AND RESULTS
Using expenimenral equpment of small oven control
system in F1g.2, our proposed approach has been tested.

From the imtial condition y (0) = 20.0°C, the target 1s to

follow a control reference for 40.0°C and 60.0°C at
r=0sec and r=1000%ec with samplng time
T, =1 msec . Testng for the tolerance to the influence

from disturbance was done at 1= 2000sec .

4.1 On-Off Stateflow

In first case. we did the expenment for On-Off
Srateflow contrel as showing 1 block diagram 1n Fig 4.
The performances of small oven process using On-Off
Stateflow control are shown 1n Fig.5 ~ 6.
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4.2 Temporal Logic Stateflow
In second case. we did the expenment for Temporal

Logc Stateflow control as showing in block diagram in g E T ‘...,..:.-

Fig.7. The performances of small oven process using —

Temporal Logic Stateflow contrel are shown i Fig 8 ~ =]

9 a p—
=] e

4.3 PID Control

In Final case. we did the expermment for PID control
as showmng 1n block diagram m Fig.10. The
performances of small oven process using PID control
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Fig. 7 Temporal Stateflow Simulink Diagram
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Fig 12 Control Signal of PID Control

The comparison of the proposed approach which 15
made by determining % overshoot and setthing time of
output response over entire expenimental period is
shown :nFig 13 and Table 1.

Table t The companson of output response

On-Off Temporal PID
Stateflow Logic
% M.O. 10 % 0% 5%

£, {sec) 240 360 550

Fig. 9 Control Signal of Temporal Stateflow Control
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Fig. 13 Companson for Step R:sponse between On-Off
Stateflow, Temporal Logic and PID Control

5. CONCLUSIONS

This study has preseated the design of temporal logic
embedded controller for small oven process: The
performance of control system was tested with Fio
board, STM32F103RE ARM 32-bits nucrocontroller
and Simulink program. The resuits have been shown
thar Temporal Logic control has control performance
higher than sunple On-Off Control. and st 1s comparable
with performance of PID contrel. Thus Temporal Logic
algorithm will be another solution for embedded control
systems that require both control performance and
affordable costs.
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