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ABSTRACT

Nowadays working in the industry is necessary to transport all the time. To
transport goods must to use the forklift help to transport. For driving, the driver is
important. The driver must have the skills and experienced to control the forklift,
mind is in a good conditions. So the people are several risk factors. Example,
negligence caused the accident, expertise in driving inequality makes it difficult to
manage and wasteful spending in the long-term. The survey data showed issues from
work. So the author of a thesis believe that the system can perform an intelligent
forklift, which meets the demands of industry. This system will reduce time and
costs. Moreover, this system is secure. That makes the operation more efficient and
continuity in performance and reduce risks caused by driver faulty. The author of a
thesis sincerely hope that the use of intelligent forklift systems are widespread in the

future and benefit the interested more or less.
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2.5 N9 H-Bridge Switching
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Uil 2.13 H-Bridge Switching

U

L2 v
Uy = as

Tuanmezsuduaindnniia (Of) egarlifierlsiintunsdunselifinszualniy

v [} A ] - - s d o
wadhguewnes uazdiersviinsida (On) aind S1 uaw 53 wiouiu sudunisidenisesi
Tntnszualnluarunswmasaintivinuesuowes Wdithaurseamasswvinliusmes

anunsavyulalufirmesiise (Forward) @emyuuvununduuniing vienauduunitniliu

2
o a

Yusgivdnuvarveinmstureainngluseines) uaglunanduiugminisiininta (On)

- s d‘ o vV a 1
AN S2 way S4 wisuiu Avgidunslowneas wazvhimnnnsyualwilvatuyemes 990

2
s

Travvowainesiudilavanveweines Juiliuemesausanyulduasdunisnguly
fimn19333n (Reverse) (ndufimvnafunsdiusn)dninisniinisila (On) aing S1 uwag Sa

o o W v < o « Ry ¢ o o d ¢ ¢
Wi S2 uaz S3 glaguilaioniu Aandunseinsas vliveweHiduluoumedisnes

e =

(Generator) JsvinlvivigAvuYIUA

¥ v oot ° ¢ < a
*** gonmgutvaudeansadlvlelunisluisesmivauueinesinenIunuie

numsuyuYesBnes lneginvilnidennsdames (Transistor) uniuaindlunisaivau

2
Y v oa

a Pl v =
Wﬁmm75743;%9«11@&5)@57@3;&%??{ IC LZ298N %’@ﬁ'?ﬂ')?ﬂﬂ?b’f?ﬂﬂﬂiﬁ?aﬂ@W\?WF’TW?\?MG"?&’

A5 IYDIUDIDT

10



11

2.6 Ngwj) DC Motor

s

¢ o w o d o g < < v
Tumsmunuuaweinszuanss Irulsndrdgnviiiuewmesuyulumuniesionis

W = = 3 o4 o w ¢
Apusulngn (V) mnududey (W) uwasussdavowenes (1) Jelinnuduiusiduluay

Aun15919a94
V, = LR, +kéo
I =l 1000
2 k¢ o 800
R % 800
V, = 2 T+k¢o F s
k¢
200 |-
CO:— Ra T+£ i||1i||||||||
0 2 4 6 8 10 12 14 16 18 20 22
(k¢) 3 k(l) Torque (in. + 0z)

o o o g
JUN 2.14 n3muansnud@unustes V, W uay T

v v < v - = @ o ey
selaaumsidunss Nllunumifio W wnuueufe T dnudursinfe — (}::;)z Tnw k, @ uaz R,

' o
\Wuaaei
d d U 1 o v o -] =Y
Tugun 2.14 uandliidiu Vv fireaeg sibfisnilulidlunisiwaumanuinday
a v ¢ ) a = a 1
wazusednuewmeslaltu vowosvuia 10V amnsalvimanauniandayu 500 rpm Weusedndle

8 Nm isilisndaannisanivnuauiindaguuemesinondyyaig Sundn PWM

2 | [Y) a v o o a. ¢ a a ¢ @
(Pulse-Wide Modulated) iolddmsudanosidvitnumilouluaindiUa-Unuownad ¢

pu|
JUN 2.15
ton [ 7 1R (25% duty cycle)
ton[ 1 1 [ 1 (50%dutycycle)
Fon | L1 | (75% duty cycle)
Full on (100% duty cycle)

SU 2.15 uans PWM Tuusias Duty Cycle

iasaAINAEIGuanlaan % voe Duty Cycle 1u % veemanuniydayu

eanlalay
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Toe-Out on Turns

Ouside wheel D

is at 18 degrees

1
% '
I
I

A
N

< ——
. \

Inside wheel™ \
is at 20 degrees \ \

FRONT1

Steering Arm NN

= a &
3‘1.]% 5.1 WEIPINITLNAYANHUVDITOVUTLHY
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3.2 53UV Differential

. . Y o ¥ v v b vl w o
TunnseonuuusEUU Differential Asfpsrnilvzidenne devtndaldlainistnaes
< 5 v =l o A‘ll [ 4 o v YV oa [ [
AUFIvRII2devrdnnudinlduinduienvslesiuliliinnisloavesens suduanme
o o v = o qy a 5 = ] [ 1 1Y v e =
mihlsaiineinsavaavagyinnmsiden dausdanudnlusossesldseuy Differential Tu

;o w ¢ v v o e ] < < LWy
ﬂ'l'iﬁﬂﬂ'lﬁﬁ'ﬂ'lﬂi.l@Lm@i&ﬂENaﬂW\‘laa\i'ﬂﬁJﬂ'J'mL‘i'ﬂuﬂ']'imaﬂuﬂmuL'V]'m‘ulﬂ

% Shaded parts are not included in set.

*Use in place of 3mm ball.

% Note that driving with loose diff
will wear out bushings quickly.

A ‘ﬂv 1 ] . .
JUN 3.5 wamIn15UTENouYRIBUEIUAIN° YRS S¥UU Differential
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151AD9INNSEENUUBIETUMTNUN featuls19nlusasldlusunsy Solidworks Tunas

AUIMANLD U UT

Model nams: DO

Sty nama: Stucty 4

Plol typar Static: nadal stress Siretst
Deformation scale: 0.4

3

U
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3.6

3.6 msmunssslaelalusunsy Solidworks

von Mises (Nim'2)
9570120
8727060
3 TR5H0 0
PR AR ET ]
. 63002080
| sanpa0
47851560
3,087 6500
31901040
23925780
1 50520
WISM0

nn

b ik sirengty 45,000,000 0
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5UN 3.7 Usenouwesluaziwuiees
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UM 3.8 U52Noussuusniay?

gﬂﬁ 3.10 Usznouyn Differential
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3.5 sauUasdyeyraanaunaeniiufilnea Analog to Digital Converter (ADC)

P r L3 a <o vao = [ I 1 4 1
We991nluN155Y Input 37ngunsalunseilnnidgyyraeunden dnlusiominu

P o [ Qs aa = [ < ¥ 3
Converter iailagulvilludygyrauwuuiineatigunsaloundenldlulasaguiliing
. . . . L -4 ﬂi L2
Optical Sensor, Encoder wag Variable Resistance Tu Microcontroller il fiwasnfisossu
ADC oy Ranasn A0 - A7
Analog Signals
Digital Signals
e
[ ST
IJ o/ = 1
FUN 3.14 Landtyy1etunnIee
winp pouns §oLaianig § o nnes g i)
USART | Analog Comparator | ADC 22| |#define ADC_VREF TYDE 0x60
23
[V ADC Enabled [V¥]Use 8 bits 24| |// Read the § most significant bits
Dlnterrupt 25 // of the AD conversion result
26 Elqnsigned char read_ adc{unsigned char adc_input)
] : 27 Bi{
Voh. Retlavern - ¥ 28 | | [ADMUX=ade_input | (ADC_VREF_TYPE & 0x£f);
Clock: 51000_000 kHz v‘ 239 // Delay nesded for the stabilization of the ADC input voltags
1 30| |delay ua{10);
31 s/ Staxrt the AD oconversion
32 | | |[ADCSRA|=0x40;
33 // Wait for the AD conversion to complete
34 | | |while {(ADCSRA & 0x10)==0);
35| | |ADCSRA|=0x10;
36 return ADCH;
37 L}
38

SVl 3.15 msidenudmen Register dm3u ADC Tngldlusunsu CodeVisionAVR
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3.6 NIAUANAUGIVIWNBNBSNTTUENSIMTOATUBLADS (DC Motor)

AsWeulusunsunIsnewad (Pulse) IMuAuawasnszuansavsonguaines (DC Motor)
) % : v < ! - v o, P
WU vzsellindwes (Timer) Winndedesiy dasndenld Timer/Countert iloean
Timerl 1 2 909 fio Y99 A Uay ¥4 B HuADLS1@W150TULDIMDSNSERseve 2 s lalunan
= ar
ey
sz =L

e !
””j Timer1 Yﬂme@ !WVaMhdogi 57 A7 Timer/Counter 3 ipitialization
58 /7 Clock source: System Clock

Clock Source: lSyﬂmﬂChck Vl 59 | ||// Clock value: 250.000 kHsz
Clock vaIUE: 1250'000 kHZ VJ &0 s/ Mode: Fast PRM bop=ICRl
L 61 /¢ OCLA output: Non-Inv
MDdEiFastPUJMtDp#CH1 V; 62 £/ OCAB output: Non-Inv.
S 63| ||// Noisze Cancelsr: OFF
Out. A:ann-lnv. v Out. B:iNon-lnv. VI

a4 // Input Capture on Falling Edge
&5 // Timear! Owverflow Interrupt: OFF
&6 /4 Input Capture Interrupt: Off
InputCaptq[j Noise Cancel :] 67 /7 Compare A Match Interrupt: Off

Interrupt on:| T RN 68 || |// Compare B Mstoch Interrupt: Off

Y alue: £U 1h Inp. Capture:| 0 |h €9 | | | TCCRIA=0x2Z;
70 TCCRI1B=0Ox1E;

Ccmp.A:lU |h B:iD fh 71 | | |TCHT1H=0x00;
72 | | |TCNT1L=0x00;
73 ICR1H=0x00;
74 | | |IcR1L=100}
75 | | |oCR12B=0x00;
76 | | [OCRIAL=0x00;
{ 77| | |ocR1BH=0x00;

78 OCRI1BL=0x00;
L1

3UT 3.16 naldenidnen Register Budfuas Timerl Tnel4lusunsy CodeVisionAVR

wannsieulusunsunrvaudayaes Pulse Width Modulation (PWM) i Register
fiaaunAsates I4un ICRIL, OCRIAL way OCRIBL Tapfilsnasmasn ICRIL wirfu 100 &4
Wunaeiienifisuiu OCRIAL wag OCR1BLIoTazio i munnIuibivesweined
szaziius1SsaansaUsusn OCRIAL wag OCRIBL lédaust 0 81 100 Wudya PWM

ylinvlawesaaly
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3.7 NANNISNINIUYDUYDS INUDINDS

(3 v [ | a [ a0
MsvyuvedreshuemesasgnAuAumeNaduioasdn 1 (5v) Wussnaniifmun

i =] ] =3 4
wagmisawiediasin 0 Wusveriani 20 fafiunfiaduiuld dewaldawsomuny

mavyuvesveilmewmeslalasiiemenisyuusiil

P

3 o a o o o« o v a aa
weshiwanosvsnyuluniwn (muduwiiini) Wewaduiniiauning 1 Sadiund

(1 ms) wagadau 20 Jadiu

3 P v a aa =l
washuewmeiagnyulunedie (muduwng Wewaduindanunii 2 fadiund

WagWadau 20 Jadiunfl

el NE, AESIP — e )

"PseWidth 1 ms

Heutral Position —J——I H |_|

“PuseWidth 1.5ms

nncoco R/ g ex chR\leg ¥

™™ PuseWidth2ms

<
‘U‘Iﬂ 3.17 E]ﬁ‘lJﬂEJﬂ']'i‘ﬂNﬂU"U@ﬂLﬁ@ﬁ?ﬂﬂtﬂ@iﬁ?ﬂﬂﬁﬂmﬂi‘u

) Y] ¢4 A o | & "
‘Wﬂﬂﬂ'ﬁiﬂﬂTﬁ‘UUL‘U@ﬂ?ﬁlamﬁi AB UAIUNITVIIIU 20 Mms FIUAIMDIUAIAD 1-2 ms LN

o - fa v
lngh 1.0 ms Wuynigeshuewmeiadrugn
[+ o fa o !
1.5 ms [Wuyungeslwewmeidnsuninans

=l N
2.0 ms Wuyuiigeshwameiaungn
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Fast PWM mode

QTR imesrupt Flag Set
OCRN Update ang
| E l i ; TOVN Intemupt Flag Set
i L ] oy v r ¥
by /'/}/ (] /
ocn i ] (COMRYD = 2]
OCn I | I ‘ m {COMNY D=3}

et YA S d M s
sUTl 3.18 eBusmsiUFouliivudiynu

WunswSeuilvuiuseninadyin The Timer/Counter (TCNTn) adudyayios
'gﬂﬁul.ﬁaﬂﬁ'u Output Compare Register (OCRn) el Output Compare (OCn) A1 OCn
uinnsasuudadugaaneandl TONTh waz OCRn Simsungiu wazazndusnegluaniuy

- & A e o o 1 &
WsNIFBNATY WaferIaA1? TCNTN aglushumisgeanlulassauil

[ o v ) w -
15719 Timer/Counter 0 ¥imntnlunisduigeslivawmes 2 a7 ieuenluganis
o 1 « EJ o a
YIN9IUSERINNTDSLIUBLNDST WAy DC Ualnad 1io191n Timer/Counter 0 9179 MAX 999
< = 1 o P v | ° v
TCNTO 91 256 @9e1nman15feulusunsuwaznIsaIulInd o lidngnani1sAIuInd 191398379

Hardunissouiioudayeall Tnesrn MAX 137 2000 uas OCR aglutas 100 - 200

‘J A o 4 } 74 ] A
welildnu 20 ms 71 Servo anunsavinula isnddldansnisuna weldlunns

Weulusunsy

felk_1/0

—————: N = Prescale Factor
N - Max

MnansTedaLUasnlungdn f, =
q OCOPWM =

I e =l a
A1 N WU 8 91nM151942 Tuasndvway AU Clock 16 MHz

fclk_1/0 16,000,000

f = = =1 kHz
OCOPWM TN . 2000 82000

Clock Value 7ld#e 2,000 kHz uaw Max vesdtyeyias TONTO wihifu 2,000
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Faumudly 1 Cycle fe f = 2 MHz/2000 = 1 kHz  8990am59fU focopmn

fraey A S P SN

Timer0 | Timer1 | Timer2 | Watchdog| 36| | |// Fune7=In Funcé=In FuncS=In Funcé=In Fu
; { 37| ||// State?=T Stateé=T StateS=T States=T St

Clock Source: | System Clock v) 38 | | |porTD=0x00;

Clock Value: | 2000.000 kHz v 23 O o i 5 s S -

Mode: [Fasl: PwM top=FFh v! 41 /7 Timer/Counter 0 initizlization

| I

| 1

) 42 || /4 Clock source: System Closk |

Output: {HE{"’"‘_’?’_“*“‘?"__W_M_ sl Vl 43 | |4/ Clock walue: 2000.000 kHz I

44  |||// Mode: Fast FPWAM top=FFh 1

Uverﬂowlnterrupt 45 : Vs OCE osutput: Non-Inverted PFM I

44 TCCRO=0xEE; I

[ Compare Match Interrupt 47| MNrenro=oxoo; I

. e 48 : OCRO=0x00; t

Timer V alue: |0 i h 1.7 e NN _'
50 // Timer/Counter 1 inpitislization

Comparey lﬁ a1 A/ Clock source: System Clock

52 /4 Clock walue: Timsrl! Stopped
53 s/ Mode: Normsl top=FFFFh

ra R 2 o B | ER T T I o T

3UT 3.19 nmsidenidan Register 3uduvos Timer0 TagldTusunsy CodeVisionAVR



3.8 35n15detauarinu Uart
U

R < W i . ar = 3
nsdsdeyaenseiusynintlulasaeulnsaaes (Microcontroller) flupeniaimes

i

(Computer) 15719735davaya Serial Frame i@y USB

s

=t . 1 L) ¥ ¥
Fa51@13150 Set Register lanmusiogslunfndv fad

23

void USART Init( unsigned int baud )
{
/* Set baud rate */
UBRRH = (unsigned char) (baud>>8);
UBRRL = (unsigned char)baud;
/* Enable receiver and transmitter */
UCSRB = (1<<RXEHN) | (1<<TXEN):
/* Set frame format: 8data, Zstop bit %/
UCSRC = (1l<<URSEL) | (1<<USBS) | (3<<UCSEZ0} ;
}

unsigned char USART Receive( void )
{
/* Walt for data to be received */
while ( ! (UCSRA & (1<<RXC}) )
/* Get and return received data from buffer */
return UDR;

)

void USART Transmit( unsigned char data )
{
/* Wait for empty transmit buffer */
while ( !'( UCSRA & (l<<UDRE)) )
;
/* Put data into buffer, sends the data */

UDR = data;

L 1

v | ¢ O g v . P -
NTUSUASUATUUY urudn TedduiildsuatAe USART Receive() iiloisusanlyd

I

& o Y ' v , o P
Q”IU"WQﬂ“Uuu IU?Ltﬂ'ﬁﬁJﬁ]b’WqﬂTﬁia'ﬁ‘Uﬂq %um?’]'ﬂ&'ﬁﬂ'ﬂ@ﬁ&ﬁ Serial Frame V‘lﬂJNQUl’UﬂiQW‘lﬂJw

AUUAWINIY F99gantinluswnsusialy

dmfunisdeteya is1avlaiendu USART Transmit(__ ) #ateyangndshoiuys

LY

=l [
hegluaaniv



24

] 5 v [ ; o a e <
nsidnA1 Usart_Init (Baud) axsiedldlilu Loop Main uag finsiilwmesde Baud &

- o i d
unu Register UBRR 157a11130A130AY UBRR 31ngnsidiagluasinii

f1579 3.1 WAMINISAIUIUAIUDY Register

Equation for
Equation for Calculating Calculating UBRR
Operating Mode Baud Rate'! Value
Asynchronous Normal Mode o Posn
uzx=0 BAUD = e UBRR = e .1
( ) 16(UBRR +1) 16B4UD
Asynchronous Double Speed Mode By,
(U2X = 1) BAUD = —295¢___ | uBRR - -fﬁ’-‘lﬁ'- ~
8(UBRR +1) 8BAUD
Synchronous Master Mode Frrec § —
BAUD = wnZfo . | UBRR = 22 ..
2(UBRR +1) 2BAUD

< v o <4 v
Nngnslunseh 3.1 amnsaionluldAman Baud visa UBRR 14

< o 1% | 2
bD9917L31 LN Baud Rate 9600 bps t51@11150%1 UBRR "I.mmﬂzjjm wateluld

Tuluswnsu

UBRR =

= = O
WIDAUTOLNYUNUAITN 3.2

fosc

16,000,000

16 Baud 16 -9600

=103




A1519 3.2 WARIAIYDY Register #17499)

f,.. = 16.0000 MHz
g::‘: U2X=0 U2X =1

{bps) UBRR Error UBRR Error
2400 416 | -01% | 832 | 00%
4800 207 | 02% | 416 | -0.1%
9600 103 | 02% | 207 | 02%
14.4k 68 | 06% | 138 | -0.1%
19.2k 51 02% | 103 | 02%
28.8k 34 | 08% | 68 | 06%
38.4k 25 | 02% | 51 0.2%
57.6k 16 | 21% | 3¢ | -08%
76.8k 12 | 02% | 25 | 02%
1152k | 8 | 35% | 16 | 24%
2304k | 3 8.5% 8 -3.5%
250k 3 0.0% 7 0.0%
0.5M 1 0.0% | 3 0.0%
1M 0 0.0% 1 0.0%
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N1SNNADILASNANITNABD

4.1 NaNISNAaLINIINLUY
4.1.1 szuuAnwasisudien

nNsidenldszuuaninesisuilien (Differential) wudranunsavildsadldalsosi
[] 1= d‘ 2/ o = " [ L7
Yuwa  Ldiiensduloavesdeasritlinisidlfeiiussdninmgean  wiogalsinuidawy
44 - U a = o L et = L4 1 -
Taymndeanmaninesisudones  dusvhnistutlenndaanmesisudeiwiuinnily
o 9 v v a ¢ - a 1A Y a 0§ v
whlimsmyuesinimesinuduainnsazanlisiodios uidduasunniulyagyili

- (3 ] o v qu a:l s ] 1 - =
seuvANesIsude ldanunsavnaulsayiusiamsiazdulvnesluuuunrsevaruauiuly

=l a =
JUT 4.1 uansszuuininesisuden



4.1.2 ﬂ'}'IHLL‘fNLLi\‘l‘UBN'I

. -
ndlgldlusunsy Solidwork lunisesnuuuamediveulddenldaunuaaanadadl
1] d g L7 -] = s ﬂyJ
ﬂfamu?mmuasﬂwuqa wafnudgyvnluiSesvesimidn inlinmseneuinnisasae fadu

P = < 9 & da & a5 o d '
'ﬂllx'i‘m'NL‘lJﬂUU?ﬂG}Lﬂuasﬂaaﬂ‘Umu’muﬂﬂL‘U’lﬂ’)']

o =
g'Uw 4.2 Maunulagdana

P a
5UT 4.3 Mogadan
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4.2 Wsunsuvasaunisiudsdoyaniu Uart

AND5UNBLUSHASY

v o o o a Il
ntUsunsuteu Wesulusunsunazilnseniad Interface 1w X-CTU, Hercules

ﬂ'f’ s 12 J s =4 v k2 o
"84 Juan Wiunsuagsesudeyasuninsazlousnusevdesaudly Tusunsuagyinig

o =f

uinA 3 luduUs Data wé’qmnﬁ’uﬁwﬁﬁm&alﬁmné’um‘[wﬁwamﬁ Interface



4.3 Wsuwnsudeaunaeila (Manual Control)

Setting steering = O degree (straight)

Setting decline = 0 degree (vertical)

Push forward
buttom

Move ‘Fc;J'rEWa rd

Speed 100%

Push backward
buttom

Move Ba;c;léwa rd

Speed 100%

Push forward buttom
and Push backward
buttom

Break driving
mofor




Push upward
buttom

s oo

sp6ed100%

Push downward
buttom

Lift down

Speed 100%

Push upward buttom
and Push downward
buttom

| Breaklifting

‘motor

1<N0

 Drive Steering servo from 1°
~ variable resistance

1

Drive decline servo from 2"
variable resistance

l

30



A1e5U1elUsSHNSY

L2 7

d a =
IAULAEAIVALTALALAEASY LiBRnmMARNANRIN

Yo ¥ doay
TUsunsuiivinduiieliauanunsavad
o]
f

= «

o L% e v sday o v ar aa I <
nsviuuuusalud® Tngldgunsalnfidunduaindddidyyrawuuiineawasuidy

L]
4 ar L -] ar ¥ P I o o
VR &slvidysyrauuuveouidon fendunisieuiised fe Weonayu B3 saazindouiily
v v f w v o< & - Y
Pramin nadu B4 sn9vnounds wiillonavie B3 way B4 lunanfviiu sevziusalaunis
=3 [ ] < (Y] < 1 o = 1 < P &
doAuenes Wumeatulienaly B5 nsaavideudu nalu B6 91509zidouad Lazilonavy
-l s 1 1 v o L % A - A 2/ 1
B3 uay B4 lunawdeaiu didy VR azludsduigesluamesivimiamuiisndn Sadosiu
nsulasdgygruansurdenifiufanea (ADC) 91ntiu Microcontroller axUssananauyas

Wudyaw Pulse dreldiweshnowessely
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4.4 Tsunsuhumady (Tracking)

J

Start driving motor

Left and Right

sensor don’t see
black line

82

 Move straight

Left sensor
see white

Turn , Right

Right sensor
see white

Turn Left

if detect
magnet

Count magnet

NO




A5 UWIUSILNTY

& < o < < o v o & w o v < <
Wsunsuilasineadunisiafounivesse Inefidudnnduimvundunnanisinioud
s o v ¢ . & ar & '
Tunisnsaaduidudan i ldiwuivesuas (Optical Sensor) isnua 3 72 Tawiligeulyin
¢ O v o "o ° A = cou v 4w v v o
wuge I uadesegludmunmiaduddaue Welliguoimteviomundladmilvan
\du Microcontroller agludugasliuawmesdnides iindenduiluyulndifies 80 aeen
< v " % v s N ve o 1 - Vv
wolisansegluidunisld uanandlusunsuilldinisnsfuwugesuavutdndnegdie

P2 ° 1 o o My -] < Y
Wwasvymumisessa lnelinsiuilaruuldmanlungaudn
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4.5 Wsunsuudayanau Uart wazmslddoya

Data=A

Check first
Data

34

Data=C

v

v

v

Mast slope 45 degree
:from vertical axls behlnd

~ Mast :s_:iepe 36 de‘éfée fr'or'n;'

vertical axis behind

Nlast slope 27 degree

: from vertlcal aXIS behmd

Check second
Data

Data=3

12

Gt fork o ani oot rack




Break Liftﬁing motor

F

. Forklift move

forward

1

If detect a NO
magnet :

Break driving motor

v

 Putapallet on the rack -

v

 Forklift move backward for 3 sec

4

Break d riving motor

.

Lifting down to the ground

35
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Start driving motor
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Right light sensor
see white

Yes

Turn left | ==—)

Left light sensor _ o 7
see white : Turn Right  j==——p

All light sensor
see black line

Turn right for
‘3 second

lﬁ

Move straight |

Y

All light sensor NO
see black line

 Break driving __rr'li-Othr i
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adapt to logic
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Pass a Magnet
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Count = magnet

NO

position




All light sensors

see black line

a1



Count = Termina

position

42



undl 5
unIvnsaluazasy

5.1 dgUnan1smnaey

a wa a o = § a « ] v o
MANTRaesEUUlfURnisinsainidenier salusanviauisadsduludei

v v Vo @ = v =3 Y
foamsld widaesnsmstaunszuumsiemsielianuisaniuausaldiety Yadoaau
1 Y < ay o ¢ v aAY o w |
Liadivslumsnsafunsindounludgamnevessusesuasilidediin luisoswosuas
andluieads a awine Auddldmnsuensaaiienlaivinfu vildnsaseduiduiiann
a - ool = v ¢ 1 4 oquw <
Hanaimegiantios wiliosnnmisunludeulvldiwueesudmanildamnsonyn a qad

v v o q v a | Y o v v 1o &
Aoamsle Jevhlisolndadnvianunsodwesludagaisienisidududwnniu

o
5.2 Ugymnwusaziuaniunle

1) ¢ w W) et o o | '
INNTIYTEU UL UTDIHAT ASFUEUMULR LR AU LU muny wun
A =J 8/ A o ¥ o 1 - o 1 ﬂi 4
syuvausatrdaunluaudun i tavualaas wallauiana1nvasiunlsnagny A
o 1 ] [ ﬂ'f’ d s o v
AUMISAITMUABYUIIATY 1D931nT938119A1057 WAz NI5ABUALDINIIATINE YT
L4 ] = d ] v o ] ] 1 nl
\wulwesuaITamITnaguenmilensinefiimuala dealling alushundsiinasezwye
- < o 2 e ' - Y =gy ¢ < a
We99nauIsanaaun lumudunanivuasgraanesiad 9ldsugosulndnnsiasuy
| ° 1od P o Y a
LLumﬁﬂ'lumLmuawm'ﬁwqmmu eantywinnudugoueslusunsy andpRawain wen

v o ¢
WMo UnIal

| - U MY W v
Tudwgymimuuazddlailiusuusaudle Toun Jgmissuulwihuesssuunisdoans
v . < ¥ & ¢l 1
wuulfane (Wil iesanlnideswesssuunisiearsiasuaziviiosreulnsamesiimly
winiu lAindgywinisditeyasyninsneulvsamesuavnisdeansiians Fansuddym
(] | 1% 1Y o v < c='i" o o § o & 1
AINa1I91 ATy MITiAuwme Aolwidesnsireulnsaaes Inludowudluunssasuay

IC U496



5.3 UDLEUBLUZHAZLUIMISIUNITAUATINAIUN

¢ = ¢ o - 5 u.'; (] d v
Tunsmuruinsadnyigansssuu mssvaunsadanisussuunsdeansuuuliany
. v oo v 1 o Vs v 2 o0 1w o
(wif) Ieielvidneronisdniunudsdudluifuiidesinu WaYATNNTNAIUANYRIY DL NN
= s A L2 1 4 - s l‘::' A [
A5 azA59ETUSHNSUIANISAUANERSI9T U AuARvudslngsalnsadnyiTuLAuNYe
& v ar 4 ' v o ¢V a v Qv
Tnutulvukaziiududn o Yulwuiederenisdundudfssuulnsmanyiifududily

¢ < n‘: e =

& a w ) oy M v < v
uenantulnindviniuiwuidagiuiududduder Tldmunuielildlanane
@ n‘j =t 14 ar & a € o a 5 ] oo a
AU asudensAnwIIMlin s lilniaanvisaasveduihaulalususnfivatedu
Tngliszuumsieansidane (Wif) aunsomvasldnnduaziiusunsalunisdanmsaudves

§ a cad 1 oo LY o 2/
Insadvindsdunmnduioanuazniniaz sanialunisldan

a4



LONE1SD19D9

[1] quﬁﬁswmsmﬁauﬁmaﬁaﬂ Asefnanduiides, "namand SAnssy nMAwamans”

(2] ‘nqvﬁ Four-Bar Linkage : Arthur G.Erdman/George N.Sandon, "Mechanism Design
Analysis and Synthesis Volume 1"

[3] ngud] Center of Mass

[4] vauinsnduuumnuiiviledsuasnguiasedunuulduas

Available :

//www.ind.cru.in.th anaphon ocuments/3Yan ALAYLAI8Y A/ UNY

UL uAT 995 INHN-2A, pdf

[5] wqwﬁ H-Bridge Switching
Available :

http://www ne.ch h/~krer r 211 q h m

9 m/R %26Presentation/edite/10%2520%25BA%25B7%2587%25D5%

E82.docx+&cd=1&hl=th&ct=clnk&gl=th
(6] wqw{j DC Motor : "PM DC Motor" Industrial Automation Control

[7] Datasheet ATMega32 by Atmel

a5



) ~ Yo o ) A = 2 ' Y o ) gy v
wnasiiluenasnaau Rdwmsums ldaumemstnyunniu ldeyanalii 1165 Temisumsm

' ~ ¥ L a4 ¥ 9 agyve & Y Y a Ry ¥ A o v
VbJ’nﬂ‘imGlWWNﬁu ’f]ﬂﬂ\‘l’l’i’li]i]iﬂﬂﬂllﬂa\nu’ﬂw'l Llagﬁa\‘lf]’]ﬂ’f]\iﬂ\?ﬁ]’lﬂlf]\i!@ﬂﬁ’linﬂﬂi\‘]ﬂllﬂ’lﬁu'lhlﬂﬁl"]f



AMANUIN A.

qmﬂuﬁ'ﬁ Microcontroller
1. ATMega32 @ 16.00 MHz
2. 32Kbytes of Flash Program Memory
3. 1Kbytes of EEPROM 100000 write/erase
4. 2Kbytes Internal SRAM
5. 32 Programmable 1/O lines

- 8 channels of 10-bit ADC

- 1 channels of SPI

- 1 channels of 12C

- 1 channels of USART

AMEaNURVDIA

1. 18U MCU asega AVR wwef ATMega32 woe Atmel duiu MCU w1 8-bit.
2. T¥dyaraunfiniann Crystal A2u57 16MHz

3, @nnsnldusasuldnaus 4.5 - 5.1V

4. Fvdrwanualusunsy 32kB lulnunund 5o 30KB Tulvium Bootloader
5. @nsnidentdusanu 5V an USB ¢

7. Tulnun Bootloader aunsalusunsuriuany USB anntusunsy AVR Studio 4 1o



AVR AVR
GND VEC
PBO(XCK/TO) PAD(ADCO)

PB1(T1) PAL{ADC1)
PB2{INT2/AING) PA2(ADC2)
PB3{OCO/AINI) PA3(ADC3)

PBA{SS} PA4(ADCA)

PBS({MOSI) o L) Arania PAS(ADCS)
PBE(MISO) b6 @ mm board vi.d PAG(ADCE)
PB7(SCK) . JHEHIN, PA7(ADC?)
RESET = = VREF
PDO[RXD) = = PC7(TOSC2)
PD1(TXD) = z PC6(TOSCI)
PDZ(INTO) - g PCS(TDI)
PD3(INT1) sHnm PCA(TDO}
PDA{OC1B) PC3(TMS)
PDS(OC1A) PC2(TCK)
PD6(ICP) PC1{SDA)
PD7(0C2) PCOISCL)

48

WOIMH199 Y99 Microcontroller AVR ATMega32

PBO = Available

PB1 = Available

PB2 = Available

PB3 = Forward Motor A Switch
PB4 = Backward Motor A Switch
PB5 = Upward Motor B Switch
PB6 = Downward Motor B Switch
PB7 = Available

PDO = Uart Receive

PD1 = Uart Transmit

PD2 = Interrupt Manual System
PD3 = Right LED

PD4 = Pulse Motor B

PD5 = Pulse Motor A

PD6 = Center LED

PD7 = Left LED

PAO = Right Optical Sensor

PA1 = Center Optical Sensor

PA2 = Left Optical Sensor

PA3 = Limit Switch

PA4 = Magnetic Sensor

PA5 = Control Servo C5 Variable Resistant
PA6 = Control Servo C4 Variable Resistant
PAT7 = Encoder

PC7 = Available

PC6 = Available

PC5 = Swaying Servo Motor

PC4 = Wheeling Servo Motor

PC3 = Direction Motor B

PC2 = Direction Motor B

PC1 = Direction Motor A

PCO = Direction Motor A

ssyneiniliretugunsalineg
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AMANUIIN V.
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AMANUIN A,

Wsunsunageunissudedoyasinu Uart

#include<avr-io.hy
¥include<utilsdelay. h>
void USART_Init( unsigned int baud )

{
UBRRH = (unsigned char)(baud>>8);
UBRRL = (unsigned char)baud:
UCSRB = (1<<RXEN)|(1<<TXEN)|(1<<RXCIE):
UCSRC = (1<<URSEL)|(1<<USBS)|(3<<UCSZ0);
}

void USART_Transmit( unsigned char data )

7% Wait for empty transmit buffer %~
while ( I({ UCSRA & (1<<UDEE)) ):
<% Put data into buffer, sends the data %~
UDR = data:
H

unsigned char USART Receive({ woid )

% TWait for data to be received -

vhile { |{UCSRA & (1<<RHC)) ):

<% Get and return received data from buffer
return UDR;

void main()

DDRD = 0x02;
USART _Init{0x67);

unsigned char data:
while(1l)
{
data = USART_ Receive();
delay_ms(1);

ﬁSART;Transmit(data):
}

53



54

Wswnsuvsaunleile (Manual control)

#include<avr-io.h>
finclude<util-delay.h>
finclude<compat- deprecated.h>
#include<avr/interrupt h>

#define TOP 2000
#define ADC_VREF_TYPE 0x60

volatile unsigned int tcnt=0:
yolatile unsigned int ocr5=0;
volatile unsigned int ocr6=0;

7+ Read the 8 most significant bits
77 of the AD conversion result
unsigned char read_adc{unsigned char adc_input)

{

ADMUX=adc_input | (ADC_VREF_TYPE & Ouff):
<+ Delay needed for the stabilization of the ADC input woltage
_delay_us(10);

s/ Start the AD conversion

ADCSRA | =0x40;

/7 Wait for the AD conversion to conplete
while ((ADCSR& & 0xl10)==0):

ADCSRA | =0x10;

return ADCH:

h

void main()

DDRA = 0b0000000O:
DDRB = 0b0000000O;
DDRC = 0b11111111;
DDRD = 0b11111100;

s/ TimerCounter 0 initialization
77 Clock source: System Clock

/¢ Clock walue: 2000.000 kH=z

#+ Mode: Fast PVH top=FFh

s/ 0OCD output: Hon-Inwerted PWH
TCCRO=0x64;

TCHTO0=0x00;

OCRO=0=00;



<« Timer-Counter 1 initislization
77 Clock source: System Clock

/7 Clock wvalue: 250,000 kHz

77 Hode: Fast PWH top=ICR1

77 QC1lA ocutput: NHon-Inv.

77 OC1lB output: Non-Inwv.

7/ Hoise Canceler: Off

#7 Input Capture on Falling Edge
#¢ Timerl Overflow Interrupt: Off
## Input Capture Interrupt: Off
77 Compare A Match Interrupt: Off
77 Compare B Match Interrupt: Off
TCCR1A=0=xA2;

TCCR1B=0x1B;

TCHT1H=0=00;

TCHNT1L=0=00;

ICR1H=0x00;

ICR1L=100;

OCR1AH=0=00;

OCR1AL=0=00;

OCR1BH=0=x00;

OCR1RBT.=0N=00N;

TIMSK=0x01;

sei();

77 ADC initialization

s ADC Clock frequency: 1000.000 kHz
/7 ADC Voltage Reference: AVCC pin

/7 Only the B most significant bits of
77 the AD conversion result are used
ADMUX=ADC_VREF_TYPE & Oxff;
ADCSRA=0=84;

vhile(l)
{

S AREREEREEKENER gdo———— rSETYO RN KRR XNNN
ocrS = (read_adc(5)>>1)+90;
ocrb = (read_adc(6)>>1)+90;
_delay m=s(10):

S/ REREEEXERERER DULtOon———dMOb O A 263680 HXHXHE

/71f utton B3 is set notord go forward
if(bit_is set(PINB,3) && bit_is clear(PINB.4))

OCR1AL = 100;

sbi (PORTC.0)

cbi(PORTC.1);
}

##1f button B4 is =et notork go backward
else if(bit_is_clear(PINB.3) && bit_is set(PINB.4))

OCR1AL = 100;
cbi (PORTC,0):
sbi (PORTC.1):



/71if button B3&B4 is set motord brealk
else if(bit_is _set(PINB,3) && bit_is_set(PINB.4))

OCRIAL = O;
sbi(PORTC.0);
sbi(PORTC.1);

else if(bit_is clear(PINB.3) && bit_is_clear(PINB,4))

OCR1AL = 0;
cbi(PORTC.0):
cbi(PORTC,1);

A /RERRERERXEXRE DUt ton———dMOtOTD 26363663366 3 36 3 3 %

/71if button BS is set motorB go forward
if(bit_is set(PINB,5) && bit_is clear(PINB,6))

OCRI1BL = 100;
sbi(PORTC.2);
cbi(PORTC, 3):

#71f button Bt is set motorB go backward
else if(bit_is clear(PINB,5) && bit_is_set (PINB.6))
{

OCR1BL = 100;
EB1I{PORTE.2) ;
sbi (PORTC, 3):

//1f button BS&BE is set motorE break
else if(bit_is_set(PINB.5) && bit_is set(PINB.6))
{

OCR1BL = 0;

sbi (PORTC, 2):
sbi (PORTC, 3) ;

ssaettling notorid.B

else if(bit_is clear(PINB.,5) && bit_is clear(PINB.6))

OCR1BL = 0;
cbi (PORTC, 2);
cbi (FORTC, 3) .

b

A SERRERERRERREREREEHRRERNE INLTTUDPL_SSTVOL, 2 %9593 5363 3636 33636 %6 -3

ISR (TIMERO_OVF_wvect)
{

TCHTO = 239;
s71if tent = TOP .s=t C4 and C5 to 1,set tont = 0

if (++tcnt > TOP)
{
tent = 0;

sbi (PORTC. 4):
sbi(PORTC,5);

771t tent egal ocrS clear bit to O
if{tent »>= ocrb)

cbi{PORTC,5);
#71f tcnt egal ocré clemar bit to D
if(tcnt »= ocré)

cbi (PORTC. 4);
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TUswnsuAun Uy (Tracking)

#include<avr/io. h>
#include<util/delay . h>
#include<conpat/deprecated.h>
#include<avr/interrupt.h>

#define TOP 2000
#define ADC_VREF_TYPE 0x60

volatile unsigned int tcont=0,x=0,t1=0,t[2].A[2].1.R;
volatile unsigned char al=0,al=0,a2=0;
volatile unsigned int ocr5=0,ocr4=0;

77/ Read the 8 most significant bits
/7 of the AD conversion result
unsigned char read_adc{unsigned char adc_input)

ADMUX=adc_input | (ADC_VREF_TYPE & Oxff);

7 Delay needed for the stabilization of the ADC input voltage
_delay _us(10);

47 Start the AD conversion

ADCSRA | =0x40;

/7 Wait tor the AD conversion to conplete

while ((ADCSRA & 0x10)==0):

ADCSRA | =0x10;

return ADCH:

}

woid Start_A()

OCR1AL=80:
cbi(PORTC,0):
sbi(PORTC.1):

void Start_B()

OCR1BL=100;
cbi(PORTC, 2);
sbi(PORTC, 3):

void Break_A()

OCR1A4L=0;
sbi(PORTC,0):
sbi (PORTC,1):

void read()

al=(read_adc(0)>>1)+90;
al=(read_adc(1)>>1)+90;
a2=(read_adc(2)>>1)+90;
if(a0<120)

A[0]=0;
else 1f(al>=120)

5=120)

A[2]=0;
else if(a2>=120)
A[2]=1;
_delay_mns(10);



void Show_counting()

if (x==1) 27001
cbi (PORTD, 3):
cbi (PORTD,6):
sbi (PORTD, 7):

}

else if(x==2) <7010
cbi(PORTD, 3):
sbi{PORTD,6);
cbi(PORTD, 7);

}

else if(x==3) #7011
cbi(PORTD. 3):;
sbi(PORTD,6);
sbi(PORTD, 7):;

+

else if(x==4) #,100
sbi(PORTD, 3);
cbi(PORTD.6):
cbi(PORTD,7);

else if (u==5) #7101

{
sbi (PORTD, 3) ;
cbi(PORTD, 6) ;
sbi (PORTD, 7) ;

else if (x==6) #7110
sbi (PORTD,
sbi (PORTD,
cbi (PORTD,

else #7000
cbi (PORTD,

cbi (PORTD,
cbi (PORTD,

~ W
R

N0 W
e

_delav_ms(10):

void main()

DDRA = 0b0O000OOOO;
DDRB = 0b000000OO;
DDRC = 0b11111111;
DDRD = 0b11111100;

/7 Timer-Counter 0 initialization
A Clock source: Sy=tem Clochk

/7 Clock walues: 2000.000 kHz

/7 Mode: Fast PUM top=FFh

s 0Z0 output: Non-Inverted PWH
TCCRO=0x64;

TCHTO0=0x00;

OCRO=0=00;



77 Tiner-Counter 1 initislization
/7 Clock source: System Clock

77 Clock walues: 250.000 kHz

/7 Hode: Fast PWH top=ICEl

s7 0ClA output: Hon-Inv.

77 QC1B output: NHon—Inwv.

& Noime Canceler: Off

# Input Capture on Falling Edge
/7 Timnerl Overflow Interrupt: Qff
/7 Input Capture Interrupt: Off
/7 Compare 4 Hatch Interrupt: Off
/7 Compare B Hatch Interrupt: Off
TCCR1A=0xA2;

TCCR1B=0x1B;

TCHT1H=0x00;

TCHT1L=0=00;

ICR1H=0x00;

ICR1L=100;

OCR1AH=0=x00;

OCR1AL=0x00;

OCR1BH=0=00;

OCR1BL=0x00;

TIMSK=0=01;

sei();

s/ ADC initialization

77 ADC Clock frequency: 1000.000 kHz
77 ADC Voltage Reference: AVCC pin

/7 Only the B most significant bits of
7/ the AD conversion result are used
ADMUX=ADC VREF_TYPE & 0O=ff:
ADCSRA=0x84;

ocrd=150;
ocr5=150;

read();

vhile(l)
{

Start_A():

srmake sure niddle_sensor{al) run on the line
vhile(A[1l]==1) //detected black line
{

R=A[0];

t[1]=A[1];

L=4A[2];

read().;

//Check Left_sensor(a2) and Right_sensor(al) detected white line
;?(A[21=:0!Zi :[D]==D)

3 Start_A():

ocr4=150;
3 ;
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7+Check Left_sensor(a?) detected black line
Fed *%| *
else if(A[2]==1 && A[0]==0)

Start_A():
ocr4=110; ~~TurnRight

¥
s/Check Right_sensor(al) detected black line
¥

Vs *
else if(A[2]==0 && A[O0]==1)
{

Start_A():

ocrd=190; //Turnleft
}
Vos Evl *-1-|

?lse if(A[2]==1 && A[0]==1) /“Counter

1f(bit_is clear(PINi,4)) /sCounter Position
Ht+;

1t (x>b)
x=0;

_delay_ms(50);

Show_counting():

ISR (TIMERO_OVF_vect)
{
TCNTO = 239;
#7if tent = TOP ,s=t C4 and C5 to 1.set tocnt = 0
if (++tcnt » TOP)
{
tent = 0:

sbi(PORTC, 4):
sbi(PORTC,5):

#/if tent egal ocrS clear bit to 0O
if(tent >= ocrh5)

cbi (PORTC,5):
s71f tcnt egal ocrd clear bit to 0
if(tent >= ocrd)

cbi(PORTC, 4):
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Wsunsududayaniu Uart uaznislddoya

#include<avr-io.h>
#include<utilsdelay . h>
#include<compat-/deprecated.h>
#include<avr/interrupt . h>

#define TOP 2000
#define ADC_VREF_TYPE 0x60

volatile unsigned int j=0,i,f.h=0,v=0,E=0,E1=0;
volatile unsigned int tent=0,ocr4=150,o0cr5=0;
volatile unsigned char x,e=0:

volatile char ask[]="Position".,go[]="Go".up[]="Up";

## Read the 8 most significant bits
/7 of the AD conversion result
unsigned char read_adc{unsigned char adc_inpul)

{

ADMUX=adc_input | (ADC_VREF_TYPE & Oxff);
77 Delay needed for the stabilization of the ADC input wvoltage
_delay_us(10);

s+ Start the AD conversion

ADCSRA | =0x40;

77 Wait for the AD converszion to complete
while ((ADCSRA & 0x10)==0);

ADCSRA | =0%10;

return ADCH:

}

void USART_Init( unsigned int baud )

UBRRH = (unsigned char){baud>>8);

UBRRL = (unsigned char)baud;

UCSRB = (1<<REEN)|(1<<T¥EN)|(1<<RXCIE};
UCSRC = (1<<URSEL)|{1<<USBS})|(3<<UCSZ0):

+
void USART_Transmit({ unsigned char data )

/7 Wait for empty transmit buffer

vhile ( !( UCSRA & (1<<UDRE)) ):

/7 Put data into buffer. =ends the data
UDR = data;

b

unsigned char USART Receive( void )

/7 Wait for data to be received

while ( ! (UCSRA & (1<<RXC)) ):

/7 Get and return received data from buffer
return UDR;
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void Read_Encoder()

e=(read_ade(7)>>1)+90;
if (e<120)

E=0;
else if(e»=120)

E=1;

¥mid Start_A()

OCR1AL=80;
cbi(PORTC,0):
sbi(PORTC,1):

void Backward_A()
{

OCR1AL=80;
sbi(PORTC,0):
cbi(PORTC.1):

¥Uid Start_B()

OCR1BL=80;
cbi(PORTC, 2):
sbi(PORTC, 3):

void Backward_B()

OCR1BL=80;
sbi(PORTC, 2);
cbi(PORTC, 3):

void Break_A()

OCR1AL=0;
sbi(PORTC.0):
sbi (PORTC,1);

void Break_ B()

OCR1BL=0;
sbi(PORTC. 2);
sbi(PORTC. 3):

void Limit_sw()

Ehilc(bit_is_set(PINA,3})

}
v=0;

Break_B():

void main()
{
unsigned char data[4]:

DDRA = 0b000000O0O;
DDRC = Ob11111111;
DDRD = 0b11111110;
cbi(DDRB,1):

USART _Init(0=x67);

47 Tiner/Counter 0 initialization
/7 Clock source: Systen Clock

/7 Clock walue: 2000,000 kHz

/7 Mode: Fast PWH top=FFh

77 QCO output: Non-Inverted PUH
TCCRO=0x64;

TCHT0=0x00;

OCR0=0x00;



Timer-Counter 1 initialization
Clock source: System Clock
Clock value: 250.000 kHz

Hode: Fast PUM top=ICR1

© 0C1lh output: Non-Inv.

OC1B output: Non-Inv.

Noise Canceler: Off

Input Capture on Falling Edge
Timerl Overflow Interrupt: Off

47 Input Capture Interrupt: Off
/7 Compare A Match Interrupt: Off

77 Compare B Match Interrupt:

TCCR1A=0xA2;
TCCR1B=0x1B;
TCHNT1H=0x00:
TCHT1L=0x00:
ICR1H=0=00;
ICR1L=100;
OCR1AH=0x00:
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

_delay_ms(20):
TIMSK=0x01;

cli(): 7 sei():

/7 ADC initialization

Off

/7 ADC Clock frequency: 1000.000 kHz
/7 &DC Voltage Reference: AVCC pin

/7 Only the 8 most significant bits of
/7 the AD conversion result are used

ADMUXK=ADC_VREF_TYPE & Oxff;
ADCSRA=0x84 ;

USART_Transmit('P');
USART_Transmit('oc');
USART Transmit('s');
USART_Transmit('i'):
USART _Transmit('t');
USART_Transmit('i');
USART_Transnit('o'}):
USART_Transmit('n');
data[0] = USART_Receive();
_delay_ns(1);

data[l] = USART_Receive();
_delay_mns(1);

USART _Transmit('G');
USART_Transmit('0');

?witch(data[ﬂj)
case 'A' : ocr5=125;
break;
case 'B' : ocr5=130;
break;
case 'C' : ocrS5=135;
break;

}
USART _Transmit(data[2]):

USART _Transmit('U'):
USART_Transmit('P'):

?witch(data[l])
case 'l' : h=10;
break;
case '2' : h=90;
break;
case '3' : h=185;
break:

default: h=0;

¥
USART_Transmit(data[1]):
USART_Transmit('~n'):

sei():

//print"Position”

ssreceive Rack_roll

s//receive Rack_flooxr

s/print "Go"

//choose the roll
ssdata[2]="'1";
srdatal2])="'2";

s7datal[2]="3";

s7print"Up"

//choose the floor
s71st floor
~/2nd floor

#73rd floor

P
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Timer/Counter 1 initialization
Clock source: System Clock
Clock walue: 250.000 kHz

Hode: Fast PUM top=ICR1

/7 OCla output: Non-Inv.

/7 QC1B output: Non-Inv.

77 Noise Canceler: Off

77 Input Capture on Falling Edge
77 Timerl Overflow Interrupt: Off
/7 Input Capture Interrupt: Qff

P

Compare 4 Match Interrupt: Off
Compare B Match Interrupt: Off

TCCR1A=0xA2;
TCCR1B=0x1B:
TCHT1H=0x00;
TCNT1L=0x00;
ICR1H=0x00;
ICR1L=100;
OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

_delay_ns(20);
TIMSK=0x01;

eli{): 2~ sei():

/7 ADC initialization

/7 ADC Clock frequency: 1000.000 kHz
/7 ADC Voltage Reference: AVCC pin

/7 Only the 8 most significant bits of
/7 the AD conversion result are used

ADMUX=ADC_VREF_TYPE & Oxff:
ADCSRA=0x84 ;

USART _Transmit(
USART_Transmit(
USART_Transmit(
USART_Transmit(
USART_Transmit(
USART_Transmit('i
USART_Transmit('o

data[0] = USART_Receive():
_delay _ms(1);
data[l] = USART Receive():
_delay_mns(1);

USART_Transmit('G');
USART _Transnit('0');

switch(data[0])
{

case 'A' : ocr5=125;
break;

case 'B' : oecr5=130;
break;

case 'C' . ocr5=135;
break;

}
USART_Transmit(data[2]);

USART _Transmit('U');
USART_Transnit('P');

?Hitch(data[llﬁ

case 'l' : h=10:
break;

case '2' : h=90;
break;

case '3' : h=185;
break:

default: h=0:

USART_Transmit(data[1])
USART_Transmit('sn');

sei();

s/sprint"Position"

s/receive Rack_roll

s/receive Rack_f loor

s/print "Go”

#/choose the roll
srsdatal2]="1";
ssdatal2])=12";

ssdatal2]="'3";

s7print"lp"

/s/choosa the floor
s71st floor
772nd floor

#73rd floor

e
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ISR
{

Read_Encoder():
Start_B():
sbi (PORTD. 3).

for(y=0;y<h; y++) /7Loop count Encoder
{

do

El=E;
Read_Encoder():

}

while(El==E);
Break_B():
cbi(PORTD, 3);
sbi(PORTD.6);
do

Start_a():

I+t
}vhile(bit_is_set(PINA,4));
cbi(PORTD, 6);

Break_A():
_delay_ms(2000%8%2) ;

sbi (PORTD.6) :

Backward_A():
.delay_ms(48000):

cbi(PORTD,6):
Break A():
sbi (PORTD, 7)
Read_Encoder():
Backward_B():

Limit_sw();
cbi(PORTD, 7);

(TIMERO_OVF_vect )
TCNTO = 239;

sscheck vhen lifting lowvest

771f tent = TOP ,set C4 and C5 to 1.set tcnt = 0

%f(++tcnt > TOP)
tcnt = 0;

sbi(PORTC, 4);
sbi (PORTC,5):

#71f tcnt eqal ocrS clear bit to O
if (tent »>= ocrS)

cbi(PORTC,5);
/7if tent eqal cocrd clear bit to 0
if (tent »>= ocrd)

cbi(PORTC,4) ;
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#include<avr/io.h>
#include<utilsdelay.h>
#include<compat-deprecated. h>
#include<avr/interrupt . h>

#define TOP 2000
#define ADC_VREF_TYPE 0x60

volatile unsigned int tent=0,x=0,t1=0,t[2].A[2];
volatile unsigned char a0=0,al1=0,a2=0;
volatile unsigned int ocrS=0,o0crd=0;

/7 Read the 8 most significant bits
77 of the AD conversion result
unsigned char read_adc(unsigned char adc_input)

{
ADMUX=adc_input | (ADC_VREF_TYPE & O=xff):

/7 Delay needed for the stabilization of the ADC input voltage
delay_us(10);

#/ Start the AD conversion

ADCSRA | =0x40;

/7 Wait for the AD conversion to complete

while ((ADCSRA4 & 0x10)==0);

ADCSRA | =0=10:

return ADCH:;

}
void Start_A()

OCR1AL=80;
cbi(PORTC.0)
sbi(PORTC.1):

void Start_B()

OCR1BL=100;
cbi(PORTC,3).
sbi(PORTC. 4);

void Break_ A()

OCR1AL=0;
sbi(PORTC,0);
sbi(PORTC.1);

}

void read()

al=(read_adc(0)>>1)+90;
al=(read_adc(1l)>>1)+90;
a2=(read_adc(2)>»>1)+90;
1f{al<120)

A[D]=0;

e N e N e

I o o

0

1

)

0:
1>=120)
1 P

)

0

2

1

Al2]=1;
s/ _delay_ns(10);



void main()

DDRA = 0b000O00O00O;
DDRB = 0b0O0O0O0O0O00O:
DDRC = 0b11111111;
DDRD = 0b11111100;

#7 Timer-Counter 0 initialization
/7 Clock source: System Clock

s Clock walues: 2000.000 kH=z

/7 Hode: Fast PWM top=FFh

/7 QCO cutput: Hon-Inverted PUH
TCCRO=0x6A;

TCHNTO0=0=00;

QOCRO=0=00;

s Timer-Counter 1 initialization
## Clock source: System Clock

s Clock walue: 250.000 kHz

7/ Hode: Fast PWH top=ICEl

/7 QClA output: Hon-Inw,

/7 QC1B output: Hon-Inw.

7/ Holse Canceler: Off

#7 Input Capture on Falling Edge
< Timerl Overflow Interrupt: Off
s Input Capture Interrupt: Off
s Compare A4 Match Interrupt: Off
/7 Conpare B Match Interrupt: Off
TCCR1A=0=xA2;

TCCR1B=0x1B:

TCHT1H=0=00;

TCHT1L=0=00;

ICR1H=0=00;

ICR1L=100;

OCR1AH=0x00;

OCR1AL=0=00;

OCR1BH=0=00;

OCR1BL=0=00;

TIMSK=0=01;

sei();

A7 ADC initialization

A ADC Clock freguency: 1000.000 kHz
< ADC Voltage Reference: AVCC pin

77 Only the 8 most significant bits of
/7 the AD conversion result are used
ADMUX=ADC_VREF_TYPE & O=if;
ADCSRA=0x84;

ocrd=150;
ocr5=150;

read():
vhile(l)
{

Start_A():
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ssmake sure middle_sensor{al) run on the line
vhile(A[1]==1) -/detected black line
{

R=A[0]:
t[1]=A[1]:
L=A[2]:
read():
//Check Left_sensor(a2) and Right_sensor(al) detected white line
s % |%] %
%f(A[2]==U && A[0]==0)
Start_A():
ocrd=150;
) 8

#/Check Left_sensor(al) detected black line
P |23 | 2

?lse if(A[2]==1 && A[0]==0)

Start_A():
ocrd=110; ~-TurnRight

#/Check Right_sensor(al) detected black line
F4 * | wwe
else 1f (A[2]==0 && A[D]==1 )

{

Start_A():
ocrd=190; ~/Turnleft

i | % * =

else if(A[2]==1 && A[0]==1) //Counter
{

/7 detected magnetic sensor
if (bit_is clear(PINA.4))

vhile(x<=147) s/turn Right to the rack in ®x tine
A/ye can adjust angle in ® walue

Start_A():
ocrd=195;
_delay_mns(x++):

h

®=0;

do

{
read();
ocr4=150;

Iwhile(! (A[2]==1 && A[1]==1 && A[0]==1));

while(l)
Break A():

_delay_mns(50);



ISR (TIMERO_OVF_wect)
{

TCNTO = 239;
#7if tent = TOP ,set C4 and C5 to 1.set tcnt = 0
if (++tent > TOP)
{
tent = 0;
sbi (PORTC, 4):
sbi (PORTC,5):

#7if tecnt egal ocrS clear bit to O
if(tent >= ocrb)

cbi(PORTC,5);
#7if tont egal ocrd clear bit to 0
if{tcnt >= ocrd)

cbi(PORTC,4);
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ASNNUlAYSIY

P * * * ¥ < Heading » * * * KA
#include<avr-sio.h>

#include<util/delay.h>

#include<compat/deprecated.h>

#include<avr/interrupt.h>

A/RERREXARRRRK RN UERNANUXRRRNEAN S Define vATLIADLE >R300 53331 335 33606 3503 5556 333636 39

#define TOP 2000
#define ADC_VREF_TYPE 0x60

volatile unsigned int ocr5.,ocrd, tcnt=0,x=0,A[2],z.h,e,E ,El,Point,Station, Count=0,T;
volatile unsigned char a0,al,a2,X.Y.Z:

A/ BRRKRREARXURR RN xn ¢ Functions and Sub Programs »esssess ke ielxxexxs

P 393026 9 36 3 3963690 % [ AT ] 98963636 96 3636 36 36 36 30 ¢
#7 Read the 8 most significant bits

#7 of the AD conversion result

unsigned char read_adc(unsigned char adc_input)

{

ADMUX=adc_input | (ADC_VREF_TYPE & Oxff)
/s Delay needed for the stabilization of the ADC input voltage
_delay_us(10);

/# Start the AD conversion

ADCSRA | =0x40;

/7 Wait for the AD conversion to complete
while ((ADCSRA & O0x10)==0):;

ADCSRA | =0x10;

return ADCH:

¥

Ves wxsaxnnn | Reading sensor]ewesers
void read()

al=(read_adc(0)>>1)+90;
al=(read_adc(1)>>1)+90;
a2=(read_adc(2)>>1)+490;
if (ab<120)
A[D]=0;
else 1f(aﬂ> 120)
0 I3

1f(al(120) //4¢¢4<<< [Optical sensor]
alse 1E(a1>-120)
A[1]=1;
1f(a2<120)
A[2
else 1E(a2) 120)
A

[2]=
delay_ms(lﬂ)

void Read_Encoder()
{

e=(read_adc(7)>>1)+90;
if (e<120) 7/4¢¢<<¢¢ [Encoder sensor]

else if(e»=120)
E=1;

d xxwnenu¥ [ Functions Uart ]essexxe
void USART_Init{ unsigned int baud )

UBRRH = (unsigned char)(baud)>8):

UBRRL = (unsigned char)baud;

UCSRB = {1<<RXEN)|(1<<TXEH)1(1<<RXCIE)
UCSRC = (1<<URSEL)[(1<<USBS)|(3<<UCSZU)

}
void USART_Transmit( unsigned char data )

77 Wait for empty transmit buffexr

while ( I|{ UCSRA & (1<<UDRE)) ):
#/ Put data into buffer., sends the data
UDR = data;

unsigned char USART_Receive( void )

s/ Wait for data to be received

vhile ( !(UCSRA & (1<<RXC)) ):

/7 (et and return received data from buffer
return UDR;



7 wkxunwnd [ Print "Position" Jwsxsxex
void Print(unsigned int T)

if(T==0)
{

USART_Transmit ( /sprint “Position®
USART_Transmit(
USART_Transmit(
USART_Transmit(
USART_Transmit
USART_Transmit (
USART_Transmit(
USART_Transmit (

}

if(T==1)
{ USART_Transnit('\t‘): Z/print “"Wrong Press again"
USARTHTranSMit('U
USART_Transmit ('
USART_Transmit ('
USART_Transmit('
USART_Transmit ('
USART_Transmit (
USART_Transmit(
USART_Transmit(
USART_Transmit(
USART_Transmit(
USART_Transmit(

WOOoH™D Qs0H

-vvvvvvvuuuuuwuvvv

=]
. B

1

Vid wxwn k[ Recaive Uspt ]ewn ey
void Receive XYZ()

X = USART_Receive(): ssreceive X (1.2.3) Z
_delay_ms(1); ¥ 8 |

Y = USART Receive(): s7receive ¥ (1,2) AN
_delay_mns(1): ’r b4 b
Z = USART_Receive(). srreceive T (1,2.3)

_delay_ms(1);

USART _Transmit('G'):

USART_Transmit('o');

¥ xxwuan®® [ Control DC mobor ]wesexws
void Start_A()

OCR1AL=70;
cbi (PORTC,0):
sbi(PORTC,1):

void Backward_A()
OCR1AL=70;
sbi(PORTC,0) ;
cbi(PORTC,1);
void Break_A()
OCR1AL=0;
sbi (PORTC.0);
sbi(PORTC,1):
void Start_B()
OCR1BL=100;
cbi(PORTC.2):
sbi(PORTC.3);
void Backward_B()
OCR1BL=100;
sbi(PORTC.2):
cbi (PORTC, 3).
void Break_B()
OCR1BL=0;

sbi(PORTC,2);
sbi(PORTC, 3);



P
¥oid Select_P()

T=0;

wxxxxuux [ Choose Point ]xexxxxkxs

if(ﬁ--'l' &b ¥=='2" && Z=='1")

{ Point=1;
h=0; }
else if(X=='2"' && ¥Y=='2' && Z=='1")
4 Point=2;
h=0: }
else if (X=='3"' && Y¥=='2" && Z=='1")
{ Point=3:
h=0: }
else if (X=='3" && V=='1' && Z=='1")
{ Point=4;
h=0; }
else if(X=='2' && Y=='1' && Z=='1")
{ Point=5;
h=0: }
else if(X=='1" && Y=='1' && Z=='1")
{ Point=6;
h=0; }
else if(X=='1"' && Y=='2"' && Z=='2")
Point=1;
h=92; }
else if(X=='2"' && Y=='2' && Z=='2")
{ Point=2:;
h=92; }
else if (X=='3" && Y=='2' && Z=='2")
{ Point=3;
h=92; ]
else if (X=='3" && Y=='1' && Z=='2")
{ Point=4;
h=92; }
else if(X=='2"' && Y=='1"' && Z=='2")
{ Point=5;
h=92; }
else if(X=='1"' & Y=='1"' && Z=='2")
{ Point=6;
h=92; }
else if (X=='1"' && Y=='2"' && Z=='3"')
{ Point=1;
h=185; '}
else if(H=='2"' && Y=='2' && Z=='3")
{ Point=2;
h=185;
else if (X=='3"' && Y=='2' && Z=='3"')
{ Point=3;
h=185; }
else if (K=='3"' && Y=='1' && Z=='3")
{ Point=4;
h=185;
else 1f(X=='2" && Y=='1"' && Z=='3")
{ Point=5;
h=185: }
else if(X=='1"' && Y=='1' && Z=='3")
{ Point=6;
h=185; }
else
T=1;
Print(1):
Station=7;

Station=Station<<1;

Point=Point<<1;
Point++;

void Turn{unsigned char D)

if(D=='L")
ocrd=105:

else if(D=='R')

ocr4=196;
vhile(x<=147)

Start_A()
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s//mnultiply 2

s7turn Left to pallet in x ftine

/sturn Right to pallet in = time

/swe coan adjust angle in x value

_delay_ns(x++);

x=0;

¥

=3

| |
L=

Vs 5 ! 2 i Z=1 , h=10 times (Encoder)
<2

Zr2 , =90 Limes (Enuuder)

h=185 times (Encoder)
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void Raise _up(unsigned int H)

Read_Encoder():

Start_B():
for(z=0;z<H.z++) Z/Loop count Encoder

do

E1=E:
Read_Encoder():

}
while(El==E);
Break_B():

void Raise_down(unsigned int H)

Read_Encoder():
Backward_B():
for(z=0;z<H;z++) #/Loop count Encodexr

do

E1=E;
Read_Encoder();

vhile(El==E):

Break_B():
}

s wxawnnnt[Limit Switch]weesnswxs
void Limit_sw()

Ehi le(bit_is_set(PINA.3))

z=0;

3 Break_B():

Vo wxwxxan| Renote Control Jewsesex
void Manual_Control()

vhile(1l)
{

SRR R ENRRR RN 2] (s P IOTIUCD  H TN N2 22
ocrS = (read_adc(5)>>1)+90;
ocrd = (read_adc(6)>>1)+90;
_delay_ns(10):

A/ RRRRANRRRERR R DL b L e S INIL T 906 5006 Kb

<#if button B3 is sel wotord go forward
if (bit_is set(PINB,3) && bit_is_clear(PINB.4))

OCR1AL = 100
sbi(PORTC,0);
cbi(PORTC,1);

/71t button B4 is set motord go backward
else if(bit_is clear(PINB,3) && bit_is_set(PINB.4))

OCRIAL = 100:
cbi (PORTC.0):
sbi (PORTC.1):

/7if button B34B4 is set motorh break
else if(bit_is_set(PINB.3) && bit_is_set(PINB,4))

OCRIAL = 0;
sbi (PORTC, 0) ;
sbi (PORTC, 1)

else if(bit_is_clear(PINB,3) && bit_is_clear(PINB.4))

OCRIAL = 0;
cbi(PORTC,0);
cbi(PORTC,1):

SORRAKRRRRREENE DL L On——— SMOLOTE %390 MH 4 M2

<7if button BS is set motorB go forvard
if(bit_is_set(PINB.5) && bit_is_clear(PINB.6))

OCR1BL = 100;
sbi(PORTC, 2);
cbi (PORTC. 3) .

/Zif button B6 18 set notorB go backward
else if(bit_is _clear(PINB.5) && bit_is_set(PINB,6))

OCR1BL = 100:
cbi (PORTC, 2);
sbi(PORTC, 3);



S /RRARERRERRRE® DOL LoD ST OTE 000005036 0 3 0300

//1f button BS is set mctorB go forwvard
if(bit_is_set(PINB,S) && bit_is_clear(PINB.6))

OCR1BL = 100:
sbi(PORTC, 2):
cbi (PORTC, 3):

/71if button B6 iz set motorB go backwaw
else if(bit_is_clear(PINB,5) && bit_is set(PIHE 6))

OCRIBL = 100:
cbi(PORTC.2):
sbi (PORTC, 3):

//1f button BS&E6 1s set motorB hreak
else if(bit_is_set(PINB,5) && bit_is_set(PINB,6))

OCR1BL = U
sbi(PORTC,2);
sbi (PORTC. 3):

?lse if (bit_is_clear(PINB,5) && bit_is_clear(PINB.6))

OCR1BL = 0:
cbi (PORTC, 2);
" cbi (PORTC, 3);
s
}
}
g L LEE R EEE S w%¢ Main Program > 80 904 P95 B HA:

void main()
{

T

via

P
s

**eku%*%¥[Setting registers ]Eesnexexx
DDRA = 0b0000000O:

DDRB = 0b00000000; /7¢¢¢<<<<[sm=t PORT]
DDRC = 0b11111111; A/Tnput=0, Output=l
DDRD = 0b11111100;

USART_Init(0x67): //%et Uart

74 Timrer<Counter 0 initialization
/7 Clock source: System Clock

## Clock value: 2000.000 kHz

/7 Mode: Fast PUM top=FFh

/7 OCO output: Non-Inverted PWM
TCCRO=0x6A;

TCNTO0=0x00;

OCRO=0x00;

/7 Timer/Counter 1 initialization
/7 Clock source: System Clock

/7 Clock value: 250.000 kHz

/7 Mode: Fast PWM top=ICR1

77 QClA output: Non-Inv.

/7 OC1E output: Non—-Inv.

/7 Hoise Canceler: Off

77 Input Capture on Falling Edge
s/ Timerl Overflow Interrupt: Off
/7 Input Capture Interrupt: Off
#/ Compare A Match Interrupt: Off
7/ Compare B Match Interrupt: Off
TCCR1A=0xA2;

TCCR1B=0x1B;

TCNT1H=0x00;

TCHT1L=0x00;

ICR1H=0x00;

ICR1L=100;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCR1BL=0x00;

TINSK=0x01;

cli(): S

wmmsee [ Dinable Interrupt Servo Function]

#7 ADC initialization

s/ ADC Clock frequency: 1000 000 kHz
77 ADC Voltage Reference: AVCOC pin

/7 (nly the 3 most significant bits of
77 the AD conversion resull ars used
ADMUX=ADC_VREF_TYPE & Oxff:
ADCSRA=0x84;

ocrd=150; SA G [ g@E servo begining value]
ocr5=130;
Lo Hnunnnnn[Start Progran |essesssss)53535355353)

if(bit_is_set(PIND,2)) //Check Interrupt
Manual_Control():

do

Print(0): s7hsk Position

Receive XYZ(); //Receive Position

Select_P(): »/Gelmet Point
J-Vhll.e(T"l.) #7if wremg,it will go back to locop
sei(); R [Enable Interrupt Serveo Functicn]

Ue know Point now. So, ve can unpluy USB
_delay _ms(150000;;
read();
Backward _B():
Limit_sw().

Raise_up(2):
Start_A():

74



Ve

s

vhile(l)
{

do

wuxnxxxex[Hold a pallet |ssexxrrex

read()

}vwhile(bit_is_set(PINA,4));
/7 Raise_down(?):

ocr4=150;

ocr5=140;

do

read():
ocr4=15

}wh:l.la(l(h[Z]--l &b A[1]==1 && A[O0]==1)):. /7out loop 1f |[*ex|
Break_A():

ocr5=145;

Raise_up(12):

A 30 bo pallet

Backward_A():

ocr4=150; s7hold a pallet
’{rhile(bit_is_sat(PINA,4))

}
ocr5=140;

##uxx#%%[GCo to the line]exsexxwxx

“/malkms sure middle_sensar(al) run on tha lins

while(l) //detected black line

read():

//Check I.eft senscn(a?) and Right_sensor{al) detected white line
*

zf (A[2]==0 && A[D]--D)
Start_A():
ocrd=150;

A/Check Lett_sensor{a) detected black line

s wu|
?155 if(A[2]==1 && A[0]==0)
Start_A():

ocrd=105; //TurnRight

}
/7Check R:.ght sensar(aﬂ) detected black line

Py
else J.f(A[Z]HU && A[0]==1 )
Start_A():
ocrd=195: -/ Turnleft
}

s
if(bit_is_clear(PINA.4)) //Counter Position
{

USART_Transmit('d')
while(!(bit_is set(PIRﬁ 4)))

ocrd=150;

Count++;
%E (Count==Point)

Turn('R'):
ocr5=135;
do

read()

ocr4=1
}whlle(!(A[Z]--l && A[1]==1 && A[0]==1)).; -7out loop if [ssx]|
Break_A():

A i s e R @ a0 pal let
ocr5=140;

Raise_up(h):
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Start_A():
OCR1AL=55;

red | e
1f([l[2}"1 && A[1]==1 && A[0]==1)
ocr4=150;

Ied J %]
else if (A[2]==1 && A[0]==0)
ocrd=120; //TurnRight

Ve * | %]

else if(A[2]==0 &% A[D]==1 )
ocr4=180; ~/Turnleft

read():

)
vhile(!l(A[2]==0 && A[l]--D && A[0]==0)): ~sout loop if | |
/7 _delay_ms(42000

Bteak ATy
weeeme—— e PU L A pallet

145;
Raise_duwn( 10):
ocr5=155;

_delay_ms(5000);
delay 13(5000)
B&ckward _A():
OCR1AL=65;
ocrd=150;
do

read():

USART Transmit('k'):
Ywhile(|(A[2]==1 && A[1]==1 && AlD]==1));
_delay_ms(4000);

_delay_ms(4000);
Break_A();

Backward_B():
I.:Ln:.t _sv():

Bau:kuard L_A():
ocr4=150;

while(x<=160) #/Go back in % time
<#ue can adjust angle in x value
Backward_A();

ocrd=195;
_delay_ms(x++);
x=0;

) Break_A();

%E (Count==Station)
Break_A():
vhile(1);

}
_delay_ms(50):
} Break A():

LA RERRRN R R WX RR RN wxwx ¢ Funclion interrupt Servo with PUH 00000850000 5 8 30 005K 5 K KRR

%SR (TIMERO_OVF_vect)

TCHTO = 239;

77if tont = TOP ,set C4 and C5 to 1,set tent = 0
if (++tcnt > TOP)

{

tent = 0;

sbi (PORTC. 4);
sbi (PORTC,5);

7/if tent eqal ocrS clear bit to 0
if(tent >= ocrb)

cbi(PORTC,5);
//if tent eqgal ocrd clear bit to 0
if(tent >= ocrd)

cbi(PORTC.4);





