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Abstract;

This project was used the principle of phase lock loop apply to the PID

controller for study the general PID controlling and phase locked loop PID with

microcontroller performance. The phase lock loop PID performance conversion digital
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signalling to frequency and frequency compare for the suitable value and process control as

desire. In addition, still can modify and develop for the general industrial.

" The performance divied to 6 mode, general mode P, PI, PID and phase lock loop

mode P, PI, PID. Input and output are standardize level. It display by 7-Segment LED and

monitor.
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8.1 HEeNNITVUAIVAN
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8.2 mimuauuuuila-la (ON-OFF Control Action)
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3 = 9 - . 3 A (=)
l‘l_luﬂ'liﬂ’JUf]iJ ﬂi%u?ﬂﬂﬁﬂ‘luiZUUﬂ’JUF]!JﬂiS‘U’JUﬂ’I?LLUUﬂﬂm?N WIS NU IS

.Y b4
geFudnimsnuguuuuda-Ya msaruguuuutisauiaiiyTrues q faii

3.3.1 Tmmmiﬂmquuunwsaﬂwse‘i‘r’mma (Proprotional Contro Mode)

mImufuuyuwselnseduuuaienlasten  msmiuguuuy “P” msviiuves
Tnum‘iy'lumiﬂ'mf]umzmums WRATEIMIALRUULNT BN BT avzTuda
dulagasadunnenseivesiueudominedi  TasRduesisosiAaoinmsudlveilon

o e & = Yo d’l
AAUUUIDY U3 mmsmmauanmi"lﬂmu

Co = Kiep + G,



=i
2N
s

o o o o
C, = Iwnaveneu Insames lueosidua

o od o o 4 J o o
K, = wssdwsedunuainulu wWeiiaudveunawailesidudvsaioaised

o -4 [
. e, = 1891597 IUnlesIFuAUDIEN

4 o
Co = IBWﬁWﬂﬂﬂﬂlﬂﬂﬁﬂiﬂuU

t 4 H '
ﬂﬂﬂilﬂﬂﬂllﬂﬁgﬂu’dﬂﬂugﬂ 2 HAAIMIAUADINNUANRIIAY aammﬁmaué’h

. ¢ 4 s = < ¢ 4 4
(saturation value) vauamiaimmmﬂwmm 100 % Tﬂa‘nmmmsemzmnw'hlmmuu 144

- a N 1 t D & A4 o A ¢ o

"l:u:uwammwﬂmwu‘uumﬂ"lﬂmm cumuwam:ueuﬂummamwmmﬂm‘n 0 % oy
v =y J < LY 4
1005{158{1’1'lﬂqlutmﬁ.l{V!ﬂi:WJ‘N 0% 5\1 100% 003NN ¢ Wiaﬂwsawuuauuuﬂ

QK

at 1 Y o PP
(proportional band) 130 PB” finunuilmgansetmsesutiuaiuudaziinigm

paulnsal@Ana
100% |-
NISMUUUASY
{direct acting)
0%. 1aaLsay

o e

31iis neulnsamidyalulvua P szsudey
meludeimuaveunuuaziesises

o o ] & o @

oovliwaLeITas (offset error) tHuilymieganiiaiumsaruguiuy wsetnse. $u

o A a a0 s P ¢ < a : - ) )

UHR HUABAIINITING 1DDIITBIFUS (zero error) 1TUAIANT f1 C, gaidDA lunBudulY

J I 1 = o as a
MmN i1 C, Wusmenmilesinmsarugy Tashemiusumsdouuyslunssuiums
- Y o 4 t q’;‘ <3 @
(process) Msudsifasunvuiulavesdunlsdy o maniy withunal¥dunlsaugu
d' A d’ i a . ~ Qs

Waoudas Fudlvidgndeslaenlfouds c, adeswsstuaumsniuny es1elsiaddanls

a

v v . LA
sunandoumnauuuiiGoni “msalfoun/asivan” udamsaruguuuuii gyl

< t

Deednlsimiyayuszuviifisuesisesaud uie c, naf



e
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1. Inua PI (proprotional-integral)

Co = Kpep + KK A,

2. Ivua PD (proprotional-derivative)
Cop = Kpep+ KKy ep(t) - elty) .
t-4

3. Tnua PID (proprotional-integral-derivative)
Cop = Kpep + KpK(A, + KpKpy __ep(t) - eplty) .
t-t
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4. (DWHARUIIMSAIUAY (Controlling Variable Output)
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DE = DV - DSP (3-3)
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0 -> SGN ISet sign (plus)

DV.DSP->DE \Calcutate Error

o Yes — DE+1->DE WMake DE (plus)

\Set sign (minus)

1->SGN

No
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4) 1 Inafnlsm3mIuAN (Controlling Variable Output)
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8.5 danpanuvBlnNARILA (Pure Mode Control Algorithm)
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3.56.1 Tﬂﬂﬂﬂiﬂﬂﬂiﬂ‘ff’um‘iﬁ (Proportional Mode)
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DCP = (KP ® DFE ® ROUT) + DCO (3-5)

§  DCP = Avvaneu Insaldnn
KP = avvanseuwsed wuuamy
DFE = ftnawelsestudadiuues
DCO = w0105 5 uRuvD0 I HA

ROUT = $2390UDIANA
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DCP = KP*DE*(ROUT/RIN)}+DCO
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y
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1) aumsdaneasuetshevadlnua P (Simplified Algorithm Equation)
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DCP = iananoulna
DE = DV-DSP =paisasnoulnsa
DCO = (DWHABBITBINEUY
KP = Ay
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3) ms‘la’t’ama%aﬂﬁiﬁ (Practical Application)
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1. 9UATBINNIEYOI DE (Polarity of DE) miloufuneudy dunnvazainild
DE uuu"lumﬂ?mnuwﬂmﬂiawmwﬂﬂmmlaﬂ (flag) °luTﬂm‘1nsmﬂ 7 Tag1@52uuih

milhiusanedsuvsmsotnsedinuaday
2. #aveaTonef Inda (Product overflow) 1o DE gngaidan ke shudhi1u147
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oy $ & ¥

y I a2,

duilu 8 Sefuuranna (carry flag) szgniam AN 7 emgmsaitinadusuiiudousa
-#i1 KP ® DE iluniaesneindu (comrection factor) Feaziiiumgaganasdga

3. wasawTones TWduazeunes T (Sum Overflow anf Underflow) unsdin

- y

11 pep axdiusmnuRvuantugaawes ROUT swudls luaud 00 8 Frm wazudlulign
@83 (correction) TagiimnaunIosandndusuesisesfigud DCO Hadw¥ues DCP udas

q' s ¢ a c.g ar (q' a t - gi; [
luaumsit 7 Tenes MaufaduTaonasuniunadwififiund s ia  tazwaauiidind

a ' 2 o d H o o 4
g da fiedesndn 00H FedududieWaendindasieaeyTones duassumes Indauie

w3 lu

[Calculate Error

o

/Set sign (plus)

0->SGN
DV-DSP->DE
DE+1->DE Make DE (plus)
Yes »
1->SGN /Set sign (minus)
<

KP*DE->CORR

Yes @ Yes » MIN->CORR

MAX->CORR
Y

Né > CO-CORR->DCP

/Underflow
DCO+CORR->DCP

e

/Overflow
A
Carry Yes»  FFh->DCP T 00h->DCP
Y
Output
DCP
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C(t) = KA + C(O)

<& A4 a a o . 1 A 4{ o 4 & @
W K, 1D OUNNIDUINU (integal gain) Lag A (t) ADWUNIBBITDI (error area) FasAu
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1. msﬂszmmvﬁuﬁmmmaﬁaé’ (Error Area Approximation)
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DCI = KI ® AREA ® ROUT (3-8)
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KI = inuduinnsalvua
¥ v
AREA = mistszanamunvoudulda

] s o
ROUT = $1dusiendna
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a ¢ A @ ¢=”
[FUTATAIND t = 0 AU
AREA = AREA + (DFE ® DT) 3-9

& A P 8\Y v
/e DFE fie wasesaududadiuiuyie (range)
DT A9 assninmsusylas

o T @ dy 'id_] Af a ar 9 ] a
anuAavesaumMIognastl Wunungndsulseaisunazusuilas Taonssau
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AU Faunuargiuiidy dagninasneunhil
4. msliaumsveslnuaduiinFalia1e¥u (Simplication)
Wanwfansumhweusilas  msldrdunatazmdnamilouiy  Feansam
= 1 é ° d” o :.::’ 1 1

qumaavldieas  Foiupuiindemsid aumsfiuaade RIN uag ROUT 861

¥
Faudado uazdmuadudslmifie SUM ununauinues Auseisesnanua
SUM = SUM + DE (3-10)

L4 b4 .
antuiuiszuaaseglagy

AREA =SUM @ DT/RIN (3-11)
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o g 4
qunITn 2-11 Lmuiuﬁumi 2-8 u.luwamu

DCI = KI® SUM ® DT ® ROUT /RIN (3-12)

o’: 9y Y 1

v v
afudiedmidulasld RIN = ROUT aumsvanuaves Inuasuiintaseladludat

DE = DV -DSP 3-3)

SUM = SUM + DE (3-10)

DCI = KI ® SUM ® DT (3-13)
DV-DSP->DE

I

SUM+DE->SUM

:

KI*DT*SUM->DCI
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5. 18az0aaveIWa1113n (Detailed Flowchart)
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6. TeraesIamazdunesdives SUM
a as o" 4 o o 4 '3 v 1 o
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Tunsdlil mavanves SUM szl Ternes Tdr naavimzveansdiil sum 9YNAANBUAIN

1 4 2 :

Tasunuswugegad oy sum matiawnsadudonlvdmivluszuuniuguld
. o & o o s A ' s ' g
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7. U983 SUM
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Input [Calculate Error
DV
y
0->SGN /Set sign (plus)
DV-DSP->DE
DE+1->DE /make DE (plus)
Yesy .
1->SGN /Set sign (plus)

No» SUM-DE->SUM

/Underflow

Yes-»  MIN->SUM

SUM+DE->SUM

No [Overflow

Carry Yes»l MAX->SUM
v

y

KI*DT*SUM->DCI

Carry Yesrl  MAX->DCI

Output
DCI

3 ¢ ¢ v d
suiio NwazBualdninvesinuaduiinfauansdaeniayained
SUM uazmistlesiulonesinaasiuasilvids



8. MINTTNMUUATWAZHANY (Direct and Reverse Action)
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9. UgyimslumsiSueu (Start-up Problem)
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3.5.3 lnnaasnnw (Derivative Mode or Rate)
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DCD = _KD® - ° (3-14)

DT

(S Aa o
8 1aNAnoU Insavee Inuadsiiv

3

fi$a pcp A
KD v Asfviny
DFE  fio weisesounaludadiuyeesag
DFEO  fio ivaisosianludaduvesig

ROUT D $399031819HA

&

DT fie awwulse

2. mslyaumsluTnuadsnivlihetin (Simplification)
a ' o o o ' ° o N [
Tuaesnsaianarniiulllg it aumsheasdmiuTnuensaun  $19
o ] ' o ~ o ' a1 v a
Buma RIN 4az3301dWA ROUT il goinaumsdi 3-14 wiu ldes@ounuunsurion

({Fudail 9g1915n DFE = DE / RIN {taz DFEO = DEO / RIN 44 DEO flusuoasefify

E 4 )
aumsmariausuunulugumsy 314 pagnoitiy

DCD = _KD ® (DE - DEO) ® ROUT

DT @ RIN

¥

v
vaziidh RIN = ROUT aumisiivzaagaunie

DCD = _KD ® DDE . (3-15)
DT
DDE = DE - DEO (3-16)

wamsm Ivaumsnsziasaanang fusudoumenmaisesusnningaiuse 1¢ DE

=DV - DSP uaz DEO = DVO - DSP #i%1 DVO flefunlsaiuguussusmlaady gaiuay

¥
v o

~ o
M 3-16 seitluaail

DDE = DV -DVO (3-17)
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¥
d sl lumsdunuludunsude 11

l

DV -DSP->DE
I
0->SGND /Set flag DDE (plus)
v
DV-DV9->DDE
Carry Yes > DDE+1->DDE
v
1->SGND
e ]
DV->DVO /Keep DV for next time

y

KD*DDE/DT->DCD
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3. AUATEINNYVBIBYWUT (Derivative Polarity)
o o a va ac s (ﬂ’l’ [~ y&' & v
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4. MIMHUARINVIAYU (Derivative Gain)
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5. MInsgiuvasuazHniul ulnuadsnAN (Direct and Reverse Action)
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3.5.4 Inuansulngn (Composite Mode)
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1. AMINIVNUUUUNIBUNTBTULUA-DUTNTD (Proportional-integral Control)

2. M3 PID asuInsataes (PID controller action)
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Source Program

Genaral ()

Dim Start As Integer

Dim Index As Integer

Dim i, m, k, z, t As Integer
Dim InData As String

Dim DataPV(1000) As Single
Dim DispPV(1000) As Integer
Dim DataSP(1000) As Single
Dim DispSP(1000) As Integer
Dim Mode As String

Dim Kp, Ki, Kd As Single
Dim TMode(6) As String
Dim Table(110) As Single

Sub Assign ()
TMode(1) = "GENERAL P."
TMode(2) = "GENERAL PL"
TMode(3) = "GENERAL PID."
TMode(4) = "PHASE LOCK LOOP P."
TMode(5) = "PHASE LOCK LOOP  PL“
TMode(6) = "PHASE LOCK LOOP PID."
Table(1) = .01
Table(2) = .02
Table(3) = .03
Table(4) = .04
Table(5) = .05
Table(6) = .06
Table(7) = .07
Table(8) = .08
Table(9) = .09
Table(10) = .1
Table(11) = .12
Table(12) = .14
Table(13) = .16
Table(14) = .18



Table(15) = .2
Table(16) = .22
Table(17) = .24
Table(18) = .28
Table(19) = .3
Table(20) = .35
Table(21) = 4
Table(22) = 45
Table(23) = .5
Table(24) = .55
Table(25) = .6
Table(26) = .7
Table(27) = .8
Table(28) = .9
Table(29) =1 |
Table(30) = 1.1
Table(31) = 1.2
Table(32) = 1.3
Table(33) = 1.4
Table(34) = 1.5
Table(35) = 1.6
Table(36) = 1.7
Table(37) = 1.8
Table(38) = 1.9
Table(39) = 2
Table(40) = 2.2
Table(41) =24
Table(42) = 2.6
Table(43) = 2.8
Table(44) = 3
Table(45) = 3.2
Table(46) = 3.4
Table(47) = 3.6
Table(48) = 3.8
Table(49) = 4
Table(50) = 4.2



Table(51) = 44
Table(52) = 4.6
Table(53) = 4.8
Table(54) = 5
Table(55) = 5.5
Table(56) = 6
Table(57) = 6.5
Table(58) = 7
Table(59) = 7.5
Table(60) = 8
Table(61) = 8.5
Table(62) = 9
Table(63) = 9.5
Table(64) = 10
Table(65) = 11
Table(66) = 12
:I‘able(67) =13
Table(68) = 14
Table(69) = 15
Table(70) = 16
Table(71) = 17
Table(72) = 18
Table(73) = 19
Table(74) = 20
Table(75) = 22
Table(76) = 24
Table(77) = 26
Table(78) = 28
Table(79) = 30
Table(80) = 32
Table(81) = 34
Table(82) = 36
Table(83) = 38
Table(84) = 40
Table(85) = 42
Table(86) = 44
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Table(87) = 46
Table(88) = 48
Table(89) = 50
Table(90) = 55
Table(91) = 60
Table(92) = 65
Table(93) = 70
Table(94) = 75
Table(95) = 80
Table(96) = 85
Table(97) = 90
Table(98) = 95
Table(99) = 100
Table(100) = 110
Table(101) = 120
Table(102) = 130
Table(103) = 140
Table(104) = 150
Table(105) = 160
Table(106) = 170
Table(107) = 180
Table(108) = 190
Table(109) = 200
End Sub

Sub BtnExit_Click ()
Comm.PortOpen = False
End

End Sub

Sub BtnStart_Click ()
Start = 1
BtnStart.Enabled = False
ReadData

End Sub
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Sub Convert ()

Dim S1, S2, S3, S4, S5, 56 As String
Dim 11, 12, I3, 14, I5, I6 As Integer

S1 = Mid(InData, 1, 1)
S2 = Mid(InData, 2, 1)
S3 = Mid(InData, 3, 1)
S4 = Mid(InData, 4, 1)
S5 = Mid(InData, 5, 1)
S6 = Mid(InData, 6, 1)
I1 = Asc(S1)
12 = Asc(S2)
I3 = Asc(S3)
14 = Asc(54)
I5 = Asc(SS)
16 = Asc(S6)
IfI3<0Theni6=0
IfI3>5ThenI6 =5
If 14 < 0 Then I6 = 0
If 14 > 109 Then 16 = 109
IfI5<0ThenI6 =0
If I5 > 109 Then I6 = 109
If 16 <0 ThenI6 = 0
If I6 > 109 Then I6 = 109
DataSP(Index) = I1
DataPV(Index) = 12
Mode = TMode(I3 + 1)
Kp = Table(I4 + 1)
Ki = Tabled5 + 1)
Kd = Table(I6 + 1)
‘Convert Data from FFh-00h to 200-0
Disp‘-SP(Index) = (200 / 255) * DataSP(Index)
DispPV(Index) = (200 / 255) * DataPV(Index)

End Sub
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Sub Form_Load ()

Assign

Start = 0

Index =0

i=l:m=1l:k=2z=11t=502
' Use COM2.
Comm.CommPort = 2
' 4800 baud, no parity, 8 data, and 1 stop bit.
Comm.Settings = "4800,N,8,1"
" Tell the control to read entire buffer when Input is used.
Comm.InputLen = 0
‘ Open the port.
Comm.PortOpen = True

End Sub

Sub Form_Paint ()
If Start = 1 Then
z=0
Fori=mTok-1

If z <> 0 Then
Picl.Line (t +z - 2, 200 - DispSP(i - 1))-(t + z, 200 - DispSP(i)), RGB(0, 0, 0)

Picl.Line (t + z - 2, 200 - DispPV(i - 1))-(t + z, 200 - DispPV(i)), RGB(0, 0, 0)
End If \
z=2z+2

Next

t=t-2

If t < O Then
t=0
m=m+ 1,

End If

z=0
Fori=mTok

If z <> 0 Then
Picl.Line (t + z - 2, 200 - DispSP(i - 1))-(t + z, 200 - DispSP(i)), RGB(255, 0, 0)
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Picl.Line (t + z - 2, 200 - Disppggifm)‘-& + 2,300 - DispPV(i)), RGB(0, 255, 0)
,@v

End If .
& &
z=2z+2

A

Next
labell.Caption = DispSP(Index) / 2
J label2.Caption = DispPV(Index) / 2
label3.Caption = Mode
label4.Caption = Kp
label5.Caption = Ki
label6.Caption = Kd
‘ k = k + [: ‘Index = Index + 1
If Index = 1000 Then
Index = 1
End If ,
End If
End Sub

Sub ReadData ()
Do
' Comm.InBufferCount = 0

' Wait for data to come back to the serial port.

' Do
Dummy = DoEvents()
Loop Until Comm.InBufferCount >= 6
' Read the "OK" response data in the serial port.
Index = Index + 1
InData = Comm.Input
. Convert
Form_Paint
Loop Until Start =0

' End Sub

Sub Timerl_Timer ()
# Panel8.Caption = Now

End Sub
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