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ABSTRACT

This thesis presents theory and simulation of automation process. The structure of the
system includes conveyor system, robot arm, computer, microcontroller and electronic
circuits.The aim of this project is to control the simulated automation manufacturing system and

operate under the commend.

Procedure of process starts from design the structure of process automation systems.
Each type of microcontroller is studied and selected for the proper form. Electronic circuits and
vehicle for transportation are designed, PIC microcontroller is used for control all of system with

C language and Visual Basic programs.
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1119991081128 101 RAM 1ag STACK AoUTI9sIfA

e i [~ T Ao

2. a01iAun3 IV 14-Bit Core(Mid-Range) WunquyesluTasaouTnsamesing

' Y v Y
Vananl lassasieiide 14 bit InsuunTdsunsunsufod (OTP : One Time

Programmable) ttazuyumlasy (Flash Memory)
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3. amilaenssuuuy 16-Bit Core(High-End) L?Juﬂajmaa"luimﬂauimma@ffﬁag
lunquszdugedn léimsiann Tnssadreaodaonssuiludeamizsn s
Anwiauazquauiaoug fmilendigesnguiidiuuiun finssaang
niennui1lsunsueglume (page) Roaduiiild Lififlynisessodouns

NUIwAUD

ay Y o ' I~ ] o a o <]
UBNAINULIAY PIC ﬂmm'e‘)amﬂuﬂszmmawmammm@ﬂ Tﬂﬂ%zumsmuumﬂu 3

1Jsz1am Ao

L. C wu PICI6CXXX Tnsaadrambonnusuiiu EPROM Faeglusmanginsel
OTP userunsnay ladlsues UV

2. CR 13U PICI6CRXXX flolassadamizsanuindu RoM Saeglusman
gunsel OTP iausaau'ld

3. F 19U PICI6FXXX fiolassadenueainusuilu FLASH Memory @1313991013

v v
Tsunsy au udalalsunsusr ldnaeonss
3.3.1 ussaulumamau

TrusIAUMIIMYes PIC TastlnMnasgiuudinzegsening 45-60 v usaziiung
7 o ' o o £
weshoonuuum annsanam 14 lusrwssdudnlszaina 2,56 v IA%eaziinsszylda

Tinsww Tasiinminusitad Lid1 ) luoesveagunsal iy PICTSLEXXX Sludy
332 dyananwm

PIC 23 19 yanuuniam lnoveaududnyazves 19501 (cycle) G5z weo1liin 1 Mdatu
v

ﬁmlr’ﬂa‘uhlﬂma 1-2 19590 lagiwag Nsauumwummu 4dmf0Q,, Q,, Q, uag Q,

ﬂ’J&LT’iﬂHﬂ”ﬂiJLﬁ’JIﬂEJi’JiJGU’EN PIC NLVHﬂ‘U mmmmmﬁmmmmwm ‘Wlﬁﬂ’JEJ 4

XTAL

lcycle=Ql+Q2+Q3+Q4=
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20-pin PDIP, SOIC, SSOP

Voo —alt 20 [[%— V88
. RABTACKHOSCHCLKIN ==»[12 19[T=> RAWANO/CIN+/ICSPDATAULPWU
RAH/ANS(TIGIOSCZICLKOUT =—-[13 1_3@5» 1/C12INO/VREFACSPCLK
RAYMCIRNP —e[14 & 1f7[]=> OCKUINT/ICIOUT
RCS/CCPUPIA w15 € 16[Jww |
RCA/C20UTIPIB+—>[16 £ 15[Jws
RCI/ANTZICIZING/PIC == [17 £ “14[]<+ RCZANGICIZINZ/P1D
RCGANBSS «—+[]8  13[J«+ RB4ANIOSOISDA
RC7/ANY/SDO «—[19 12 j“mw\mumm
RBITXICK =[] 10 U Tt RBOISCKISCL

31U 3.9 M39AV1VRI PIC16F690

3.3.3 paaulAve PIC16F690

1. Controller Family / Series : PIC16F
2. Core Size : 8 bit

3. No. ofI/O's : 18

4. Program Memory Size : 4 K words
5. EEPROM Memory Size : 256 Byte
6. RAM Memory Size : 256 Byte

7. CPU Speed : 20 MHz

8. Oscillator Type : External , Internal
9. No. of Timers : 3

10. No. of PWM Channels:4

11. Digital IC Case Style : PDIP

12. Supply Voltage Range:2V to 5.5V
13. No. of Pins : 20

14. Operating Temperature Max : 125
15. Temperature Operating Min : -40 °C
16. Base Number : PIC 16 °F

17. Clock Frequency : 20 MHz

18. Device Marking : PIC16F690-E/P
19. Flash Memory Size : 7 KB

20. IC Generic Number : 16F690

21. IC Temperature Range : Extended
22.Interface : EUSART , I2C, SPI, SSP



23. Interface Type:EUSART, I2C, SPI

24. Logic Function Number : 16F690

25. No. of ADC Inputs : 12

26. No. of Bits : 8

27.No. of I/O's : 18

28. Number of bits in ADC : 10

29. Operating Temperature Range : -40°C to +125°C
30. Package / Case : PDIP

31. Peripherals : ADC, Comparator , PWM , Timer
32. Supply Voltage Max : 5.5V

33. Supply Voltage Min : 2V

34. Termination Type : Through Hole

3.3.4 Inssaamsnhaumeluues PIC16F690

T

Pogrest 14
B

o
oo Res. |

SO ECK

uLbwl Took  TIG TiCH B mm&.&%{E;
0 ol 37
;‘“:m"g;;: ; Tinedh Tt m‘fﬁ‘
T [ I3
ANS NG ANAS AN
Analogio-Digital Converter: I

wm@ AN ANZ ANS AT ARS AR AR cz{usﬁ-ém,‘v CIOUT CoIN- 2IN% C20UT

51/ 3.10 Tassadamsinaunely PICI6F690
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MmN 3.2 510a2198AV03Y1 PIC16F690

Name.

| Function

| RAGIANO/CINICSPDATY
U&PW&.} :

S | Ganeral purpasa 0. Individually mm mmmmvtm»
| vange. Individuaﬂymemedyﬁi-np. :

A ﬁfxanneﬁ { input.

Comgarator C1 gositive input;

S | ICSP™ Data /O

| Utes Low-Power Wake-up input:

' ';msmsc;zmasmmcsmm

‘| Ganeral purpose 120 Individually contralied iterruption.

‘thange. Individually enablad pufi-up.

A/D Channel 1 input:

Comparator Clor C2 negative inpit.

| Eternat Volage Referstice for A/D.

[RAZIANBITOCKIANTIG10UT

zggzgvag§;;:a$

i JGSPW cbck.

ANZ

TCKL

Gomgaxamr\cf ampim

RAMOLRVEs

_ |ienange. -

Genaral pm*;mee mput individually cmtmﬁed iﬂtefmpt@m

Hgstermeaqm imemai mm-ap

RAHANSTTCOSC2IGLROUT

| RABITICKIICSCI/CLKIN

ol 4l [ alz] alslal

RBUANIDSDISDA

B4

aa]

AN10

1z

Gsmta peﬁr{ms& 13{3 mdmﬁually controlied interrupt-on-
mmge m&? uaiiy*mablsd pullup.

‘Lagend: AN

i
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3.3.6 MIvaassHHBA NN Y5unsUVYee PIC16F690

PIC16F690 vzfivunavesniionnusi Tusunsy deaunsodieseldas sk byte la
PICI6F690 92311010 10510 8K x 14 bits F9811M1q Reset Vector 22047 0000k
uag Interrupt Vector 920gfi 004h PIC wsutimizenuir 1Wsunsuooniunih ssudasnih
Avzfivua 2Kbytes Fef1ds CALL 1ag GOTO dusadeld Program Counter n32 1aa liin

1 v :/I T 4 d! v d! v q’/’ =
1811329904 Page Wi uaduiiodosnisnsz Taaoin Page 11114118390 Page 1iTla AariuTs

)
Ao linruaw PCALTH
Sizck Leval §
Btzck Lavel 2
(]
.
[
Stack Lawal 8
Rasst Vector S0060n
A =
* TETIC TV,
Intarrupt Yactor O004n
GO0%E
Or-Crig Page 0 ed
Program b OFFFn
QR Ay
tlamary Pans 4

31 3.11 msdaassuihanuirdsunsuves PICI6F690

nsienwth vesnelisunsy wdeuden i3S ames PCALTH Taemsszydmmiad
fin 3 unzlin 4 Woldida CALL 1A Routine nitwidh udaeeldids RETURN luns
adulufiidumiaduns RETURN ndusiu hisfudesds peALTH 15 1Uameh Aownedh
foeiBon CALL 3w Address dwndnzgniiu 13l sTACK edudusdmiusmds

' B4 v Y
GOTO nadumih axdoada ¥ PCALTH Ylildanihidesmsez linnass
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3.3.7 MVATTINUILANNS VoA RAM v03 PIC16F690

PIC16F690 fivineanuifeya RAM dmiuldnusialy 368 bytes uinziissmmes Ind s
bit 57 é2 luneing bank Tuwagega 128 bytes uatimslFaul@esaluusas bank sadulas
Tuusiag bank fimsiaas s

- Bank 0 11339 Address 0x00 — 0x7F

- Address 0x00 - 0x1F iluituft Famos Iold

- Address 0x20 — Ox7F Lﬂuﬁuﬁmawﬁwmma‘h%’wﬁaﬁm%’u“l%’muﬁﬂﬂ 96 bytes

- Bank 1 {i%24 Address 0x80 — OxFF

- Address 0x80 - 0x9F iiluitvitves3Tann I udfiung Address ildam

- Address 0xAQ — OXEF Lﬂuﬁuﬁmmwﬂwmmﬁﬁwaﬁm%U“lsi’famﬁ’g'lﬂ 80 bytes

- Address 0XFO - 0xFF U3 39doyamionTu Address 0x70 — 0x7F T Bank 0 tiie3261%
a0 l94eyan Address 070 - 0x7F TdeRu Tar lidoaildon Bank

- Bank 2 119199 Address 0x100— 0x 17F

J ]
- Address 0x100— 0x10F iluiufivess Taaos 1l udfiung Address 15149411
v v v
- Address 0x110 - 0x11F Huiuivosnioniuidoyadmsuldauiay) 16 bytes

Y '

- Address 0x120 - 0x16F iuitufiveaniundusfoyadmsuldasiaa 8o bytes
- Address 0x170 — 0x17F u339dayamiloulu Address 0x70 = 0x7F 11 Bank 0 oz
b4 v
Tiansalddeyann Address 0x70 - 0x7F 18§ 03uTas lidesildon Bank

- Bank 3 U979 Address 0x180 — Ox1FE

Y [
- Address 0x180 — 0x 18F flufiufives3amnans g usiiuna Address I 1991,

y v v
- Address 0x190 - 0x19F WlutufivesmihoanusoyadmiulFanmalyl 16 bytes

14 (3
A A 1

- Address 0x1A0 - Ox IEF iifuiiufivesnisgaamsfoyadmiuldauinlal 8o bytes
- Address 0x1F0 — 0xIFF u3ssydeyamiloulu Address 0x70 — 0x7F 1u Bank 0 ey

FY v
Idensalddoyann Address 0x70 - 0x7F 1851080 Tnelidoa Aoy Bank n3iEon Bank

o ]

1 o a 4 { o
vosnieANuioya RAM szdoudonlu3Tames STATUS Tagszydwmiaiia 5 uag

v
a A

AN 6 (RPO , RP1)



@15199 3.3 A1 RPO 1Azl RP1 lumsiaen Bank 499 PIC16E690

RP1 : RPO Bank
00 0
01 1
10 2
11 3
Fite File File File
Address Address Address Address
Indirect adar. 1% oon indirect addr 0 [ 800 Indirectaddr. (%] 100n indirect agar. ('] 180h
TMRO 0th OPTION_REG (81h THRO 10th OPTION_REG [181h
PCL 2h PCL 82h PCL 02h PCL 1682h
STATUS 03h STATUS 83h STATUS 103k STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184n
PORTA 08h TRISA 85h PCRTA 105h TRiSA 188h
PORTB 08h TRISB 86h PORTE 108h TRISB 186h
PORTC 07h TRISC 87h PORTC 07h TRISC 18%h
0Bh B8h 08n 1BBn
08h 8%h 108h 189h
PCLATH 0AR PCLATH 8ah PCLATH 10Ah PCLATH 1BAR
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIRY OCh PIEY &Ch EEDAT 10Ch EECONT 18Ch
PIR2 0Dk PIE2 80h EEADR +0Dh EECON2U! | 48Dh
TMRSL OER FCON 8Eh EEDATH 0Eh 18ER
TMR1H OFh OSCCON &Fh EEADRH 10Fh 16Fh
TiCON 0h CSCTUNE  |GCh 110n 180n
ThR2 ith . |9%h 11ib 81k
T2CON 12h PR2 82h L ; 112k 162k
SSPBUF 13h SSPADD®  [g3h ] 313k 98h
SSPCON 14k SSPSTAT 84h ) 1idh 104h
CCPRIL 15h WPUA 95h WFUB 1150 1850
CCPR1H 18h ICCA 98h 1CCB 116h 106k
CCP{CON 17Th WOTCON 97h 117h 1G7h
RCSTA 18h TXSTA 88k VRCON 1%8h 188h
TXREG 198 SPBRG 48h CMICONG | 118k 188h
RCREG thh SPBRGH 8Ah CiM2CONO 1AL 18Ah
Bh BAUDCTL 9Bh CH2CON1 11Bh 18Bh
PWIMiCON iCh aCh 11Ch 38Ch
ECCPAS 1Dh aDh 1tDh PSTRCON 18Dh
ADRESH iEh ADRESL SEh ANSEL TiEh SRCON 38Eh
ADCONDO 1Fh ADCONT SFh ANSELH $1Fh $8Fh
20h AGh 120h ADh
General Genergi
General Furpose Purpose
Purpase Register Register
Register
80 Bytes 80 Bytes
96 Bytes EFh 16Fh
accesses FOh accesses 17Ch accesses 1FOh
Eh TOh-7TFh FFh 70h-7Fh 17Fh T06-7Fh <FFh
Bank £ Bank 1 Bank 2 Bank 3
Urimplemented dats memory locations. read as ‘5",
Note 1: Notaphysical register.
2:  Address 93h also accesses the SSP Mask {8SPIISK} register uncer certain conditions.
See Registers 13-2 and 13-3 for more details.

31 3.12 msfantsminenwifoyn RAM uasdwmisISames vo1 PICI6F690
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3.3.8 msmnulluua PWM

Tuga ccpx awvhdyanumsuegaannuniefad(Pulse Width Modulation - PWM)

] 4
AMUAzBun 10 Tadaygyie PWM frd1aiussdeennen RC2/CCPIMSORCL/TIOS/CCP?
3.3.8.1 vamMsadedaans PWM

1 fmuashldudsiames PR2 iommuaminavesdygia PWM
Y
o Ta A a = Aaa 4 ] v a
2. fmuadaif laia Taodoudeyaaslusimaes CCPRxL SaufuTn 54
Y093 9A1A9S CCPXCON
o v ¢ A 3 o A4 g
3. fimualivmesn RC2(CCP1 w3e RC1/T10SICCP2 Wueinaioily nsoonves

[ a 4 aa g
o PWM lasmsindediai 2 u5e 1 ves33maes TRISC

g

o

J a ) 4
4. mﬁuﬂmﬂ?ﬁmmaﬂ{%m TMR2 Lmzm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>