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ABSTRACT

This report presents the Inverted Pendulum on Cart. involveol in swinging up and
stabilizing the inverted pendulum on cart system. Fuzzy control designed for swinging up the
pendulum from the bottom and try to stabilize by nonlinear control. We setup hardware of
inverted pendulum system and swinging up by manual. We use this search to study about .So we
can understand the real system. The cart position control is employed various control system such
as fuzzy control , PID control sol Neural Control . in swinging up procedure while the state
feedback servo controller designed by pole placement technique is used to stabilize the pendulum
at the upright position. The cxperimental results verify effectiveness of the proposed control

scheme in aftracting the pendulum angle to the upright position and maintaining it.
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2
o
-ml ? s +({mlg) sinf = 1 = u(t) (2.4)

] 1 4
laoh m A9 1imiinues  Pendulum
L fi8 A71W8717989 Pendulum
- a 3 a a
6 ae Minlfeulasesyunnuuidmudivusn

1 = : P o o =
u(t) 719 torque H3ousINAIURURANIIMITIATEUTYDY pole TuRAMIan iR

=
t A2 181

- 1 4 ' e
g fD ﬂ':l']ﬁJLiQ“]Nlﬂuﬂ'lﬂ\i'ﬂ

auyAld X1 = yu(6) nag X2 = anud uFayu (d6 /dr)
34

]
wooa =

A9 UINANNIIN 1 9z 1A

&,
dt

|
ml®

% =) sin60 - (—) uo

»

4 1 3 4 3 Y ¥ .
Wiesnniimanldoumlasesyudintes aniuSsawrodszuilain sin 0= 0 laoli 6

gnialumiteaad Radians

3218
dx,
at
de, g 1
By () - () 2.5)
=& @) - ()
Tauiden
I =g
180

(r-g%)
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vnrumsh 2 unsoudaaldalo Matrix Differential Equation

X (k1) = x, (k) +x, (k) (2.6)

X, (k+1) = x, (k) +x, (k) - ult) (2.7)

»
dmsuluilymitisidimuald nput Usvreu @ 2 duals fe
1 N w
Input (1) Yunldouulaadluwnidy Svouwasemnal-4,4]

£+ = 1 =
Input (2) ANULETAFIYY [-5,5] ( M¥UIWAB Degree per second)

¥
Tumoulunyainsziuningy

24,1850 Fuzzy Function YDI5LUUAWAIN fuzzy Tu MATLAB ‘Dzvlﬁ'dialog A

Uty ordrod?
/ {mamdam3
Jnivr

FIS Name, fuzzyrontol? Fis Type roarndan
And method (e 7e) |jCuen Vst
oy 4 3:;;;4 mmmmmmmmmmmmm :! M’S"_”e ] : i, é(:wqﬁe RS
Imphication: f""r:"n" T Tyoe cutput

) e T ([ Rangs o 24
Aqgreqation: | max vé :
Daduzaific sbon Teethod  w! Help l . Close -
Opening Rue Edaor

jﬂ'ﬁ 2.6 Fuzzy Function ¥935211)
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uwdamsdmunfenaziimen 1% Fuzy Function Ao of

Name : ‘fuzzy control 17’

Type : * mandani’

and Method : ‘mimn’

or Methed : ‘max’

defuzzMethod : *centroid’

impMethod : ‘min’

aggMethod : ‘max’

input: [ 1x2 Struct ]

output :[1x1 Struct ]

rule : [1x25 Struct]

»
2.4.2 MHUA Membership function V03RS Input Heanednlsenoudis NB

(Negative Big), NS ( Negative Small ) , Z ( Zero) , PS (Positive), PB (Positive Big)

Mambership function plots piot pairte: 181

HE NS I PS PB

i i e

JRR— S—

inpul varistle "angle”

]1.'1."! 2.7 Membership function U893 Input (1)
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Membership function plots plot points: l W

: 1 NS 2 PS PB

e N b ok o e i ! L . sare et
i £ 5 ¢ il Z 4 & fi
input variabls "snguiar-velocty”

j‘lm 2.8 Membership function U949 Input (2)

2.4.3 MINMUAYBUIA UBI Output af1e Membership function U84 torque s
AURNAIFUN 2.9 Usenoudau NB (Negative Big) , NS ( Negative Small )

Z( Zero), PS (Positive), PB (Positive Big)

i v ek N | JURRTN i H 1
-2} RE 0 4 i % i1l 15

i i)

output verisble “torqua®

;ﬂﬁ‘ 2.9 Membership function 494 Output
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v 4 o o
244 mymdunglifvszuuFalsznen i 25 ng Kol

1.
2.
3.

10.
11,

12

13.
14,
15.
16.
17.
18.
15.
20.
21.
22,
23,
24,
25.

If (angle is NB) and (angular — velocity is NB) then (torque is NB) (0.4)

If (angle is NB) and (angular — velocity is NS)

then (torque is NB) (0.4)

If (angle is NB) and (angular — velocity is Z ) then (torque is NM) (0.4)

If (angle is NB) and (angular - velocity is PS)
If (angle is NB) and (angular - velocity is PB)
If (angle is NS) and (angular — velocity is NB)
If (angle is NS} and (angular — velocity is NS)
If (angle is NS} and {angular - velocity is Z)

If (angle is NS) and (angular — velocity is PS)
If (angle is NS) and (angular — velocity is PB)

If (angie is Z) and (angular — velocity is NB)

then (torque is NS) (0.4)
then (torque is PS) (0.4)
then (torque is NB) (0.4)
then (torque is NM) (0.4)
then {torque is NS) (0.4)
then (torque is PS) (0.4)
then (torque is PS) (0.4)
then (torque is NM) (0.4)

If (angle is Z) and (angular — velocity is NS) then (torque is NS) (0.4) .

If (angle is Z) and (angular — velocity is Z)
If (angle is Z) and (angular - velocity is PS)
If (angle is Z) and (angular ~ velocity is PB)
If (angle is PS) and (angular — velocity is NB)
If (angle is PS) and (angular — velocity is NS)
If (angle is PS) and (angular — velocity is Z)
If (angle is PS} and (angular — velocity is PS)
If (angle is PS) and (angular — velocity is PB)
If (angle is PB) and (angular ~ velocity is NB)
If (angle is PB) and (angular — velocity is NS)
If (angle is PB) and (angular — velocity is 7}
If (angle is PB) and (angular — velocity is PS)

If (angle is PB) and (angular - velocity is PB)

then (torque is Z) (0.4}
then (torque is PS} (0.4)
then (torque is PM) (0.4)
then (torque is NS} (0.4)
then (torque is NS) (0.4)
then (torque is PS) (0.4)
then (torque is PM} (0.4)
then (torque is PB) (0.4)
then (torque is NS) (0.4)
then (torque is PS) (0.4)
then (torque is PM) (0.4)
then (torque is PB) (0.4)

then (torque is PB) (0.4)
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} Rule bditor: fuzzycontrol?
Fie Ecﬁt View  Opbions

: l% ; 1ru}t'~ r HE) ard Lo uhr it ]
H fangle 15 NBY and {angudar vebciy l$ No] lhen {toeqpee 1s NBJ {D d]
. H [angie 15 MB} and [anguia-velocity 15 Z) then [torgue 1s NM] (0.4)
.t langie 1s NB) and [angular-velocity 15 PS] then {torgue 15 NS (0.4]
. i [angle 1s NB1 and [anguiarvelocity 1z PE than {totque 1s PS5 {0.4)
M fanghe is NS | and [angudas-velocay 1 NBi then (lorgue 1 HBY (0.4)
.t [angle is NS} and [anguiai-vetociy 15 N5 then {torque s MM} (0.4)
It [anghe is NS} and [angudar-vedocty 1s 2] then {torque s NS0 4]
It lande rt NS| and [angula- vdocﬂy PS5 | then ftorque is PS) ED 4

"ai':dms

o4
]1.]11 2 .10 Rule Editor v¥@4335211U
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2.5 Interface 35W31nBuAADS Hugiinaainie
2.5.1. NAADY Interface H1U printer port (parallel port)

2.5.2. NAA04 Interface W11 PCI card.

2.5.1. NAavd Interface WU printer port {parallel port)

. ~ a9 ar . =t [T dy
printer port Y30 parallel port UAT0AUW 25 pin ULDAIATA AU

inport = 0x379 5 bit
out port = 0x378 8 bit
Computer
r
Printerport
Encoder DL Counter

jﬂﬁ 2 .11 M7 Interface WY Printer port
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[ h 4 ¥
G]Hﬂﬂﬂﬁ’l!ﬂﬂmfl HWizaounaIaIaAnNIzul

~STROBE 1 - ng_i'}; 1 |eTRoet by
Data B 2 =1 2 r—
Data 1 3 | > 1 3
Data 2 4 T
oz 4
Data 3 5 - x
Data 4 & » OUTPUT =2
Data & 7 -6
Data & a8 % 7
Data 7 ) _J 1 8
~ACK 18, = =1 9
BUSY 11 19
S e m
—ERROR 15 12
—Auto Feed XT 14 draTiel g3
—INIT 16 ,i—‘—"lﬁ- 14
=SLCT IN 17 Yy 15
Ground 18—-25 - " T:&;m 16
ﬁ_!‘."m_ 17
19-25)-SHe
adafi  PC 25 n éinilis SINK 24ma MaX

SOURCE 26 mA MAX

g 2.12 5waziBuAvpa Printer port

2.5.2 NAAD4 Interface W14 PCI card (Peripheral Component Interconnect)
ol g - o A o ]
ET-PCI1610 fiamiadounessuy aouRanes PC idevmyhiidiy
o ar ] e [ o 2 o LN o o
ginnifuddyanadineaduginsalmeueniiiosninspiu drdaszuunouiunos
1 o ) o . T s w =]
aamnn lAsnidnizuuianuy ISA 7 Main board Julvi v58m ETTIdusamiudenny
a o ot ar A
avams lumnhnewiumei pC Tl lununuguisiieg 3 8wmun ET-pPc11610 Faidlu

Card IOV PCI Bu

MI191MYe3 ET-PCI1610

ET-PCI16I0 n3n 1lsenoudsamidiuio dauuee74F573,748574 ety
Sumy unz B1iwn damwnaees alammesimthiineaialus laneaves PCI BUS 1dus
1o PLD GAL22v10 TodnlSvudiovanin 74Fs21 diofavuumssudeudoyn 1o4 pLD
wimInTeaduuas Jluuivesdyanuswiur lodSeufisuasin 74F521

»
nntiuesdadye i Clock 1 lod 74r573 wie lod 74r574 Humsmio Toudoyaszng

PCI data bus N1 10 nguen

62642
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dnvaelaaialUves pcr Bus
ﬂ 1A ' 3 ¥
PCI BUS iluamilaenssugalniniinnmmuisaquas mansoeia Toudeyald
VINLANUFUFAULINAD ISA BUS 1111
o 21 ° 4 [ ") e a ]
ginsainvzimuieunay PCI 1zdes Iduas prumugmandan dsmua 13uds us ms
o =
20NIUDRUNT PCI 1A Target
[ o g P = a9 o ) =] 1 & I |
only dwiutiinl¥lununnmuin lududou dudlumadendnodanils uasmauSen 57
~ ¥ kY sy o
#i ldpenuunld guautiareiniia
IndiReafnasguues PC1 innitga
HAI9INATIVEAD Base address 483 3zuvud lunsdin £300 H 13319 wie doants
= o o o ' L .
1Jauu address ¥4 CARD §ldaudoshms idonadndlny madenadas¥idont DIPSW
t u’)‘ [} a ) o ¥ o a «
2 i daw weamsa Tuamagndwmuau iy 00 minansaund

upaase nuuzi gy

DIP SWON=10FF=0

2,5.1 F300 HEX
DIP SW 2

ON

11110011
F|3
7UN 2.13 address # F300 HEX
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2.5.2 F400 HEX

DIP Sw 2

ON

11111011
F|4

U1 2.14 Address #l F400 HEX

2.5.3 F500 HEX
DIP Sw 2

ON

11111001
F|5

o g
YN 2.15 Address i F500 HEX
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M3 aUYed ET-PCI1610
o 3 ] A 1 é o 3 C!‘

FET-PCI1610 M3 UiznouatemuaIufe duvee74F573,74F574 Favimahfnily
= Y ' = 7o 3 as ) ~
DUKNLAZID N HIUVB3993 A lamesimihifiooas W 115 Taneaves pc1 BUS Taud 1o
PLD GAL22V10 loGufSoudinuasin 74Fs21 diefavyunisenntioudoyn 1o% pLD v

¥

mniasawuuaz jlusuuvesdyaneswiy ledulSoufeunedn 74Fs219miusz e
Foymnm Clock 11 lod 74573 w3e led 748574 WlunisdioToudoyasenine PCI data

bus 111 IO AIBUEN

dnvaizlngiahives PCI BUS
pC1 BUS {uaoilaenssugnlmififinnumunsogauazannsonieToudoyald
~ as 5 ] 1 nh:i a d‘ LY 9 9
UINLAMNFUIBUINANT ISA BUS uuuimiginsaifezsinnioudany Pl seaasld
wadl 9o ¥ 3 N o =
AT IumLguanian latmua 13uds ud miesnuuugilnsel PCI ¥iia Target
) a o = [ as - = 1 & 2w ad
only dmivimn1Fluaumuguin hisuden Tudumadendnesmila wagmauisn 84
Qs o a 1
#1 Tdeonun1H gaiauiiBvesmialndifsstuinasguves pc1 undiga

s =

dynnudunssiause PCI BUS
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Required Pins Optional Fins

- L Fa

{ AD[31:00] j/ AD{63::32] w

Address . ° —

& Data ™ CBEpuoE ) ' CBET.4E ) L 64-Bit
T 7 X — 7 ~
< PAR > PARE4 Extension

REG64E
ACKEA# 3

|

A

<« FRAMES .
«—IBDYE » PCI |

Interface | «—IBOYE 5] COMPLIANT . LOCKY 5 Interface
S10Pe % Controf

5 DEVICE
Control 7 <€ SEVSELE ey ;%3 > -
IDSEL o2 ﬁ %lnrer,r'uprs
‘ INTD# >
Emor  (g—EEBRE 5,
Reporting tg——SERRS o '(_""s%{:fg—'* %Cache
¢—SDONE 5, Stupport
Arbitration § <—BEQE pe]]
TCK JTAG

System

b
[
m

\ 4

{maslers ony) Z—QNLL"‘—') 10O - %
-~

AR

41 2.16 PCI Pin list

DNl oA
N0 él t Nt Cule-v1 JN \ y |- AT
- ; e | r— P e F —
v o a ol UL ] 3 I L
NG p 6L [N TS 1% 6 i [a] £} 3
T COINT OuTh T TouTy
g “'; ) ovrs” 13 gl 1]
MNig b ST ORI T TOUTEL
= 11 12 pedh VIS i 12 UL
N2 M S OUEIT 14 b ouT3
T 1 . g T
INDL S i TR ouEiL T s SO M TR E
— 1T o — —) 12 18 —
L I L] i1 S S I ] 20 J e
. — 2 p R e — —11 DI g A—
Vi I o M - B -
R P .2 [ o I 4. 24 m——
—— 28 6 — L__;j 15 26 B —
s & 28 (e i I 8§
— —¢ 29 M o— _[__ —_) 10
L . -4 1] X i g =1 &1 2 e
— 33 3 b —) 33 M oi—
103 ADER Tap HEADER 3t

]ﬂﬁ 2.17 in port / out port
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NG 1 7
oUT3 20 | ‘%
N1 2z 15
OUT4 21 o
iz EX N
OUT5 22 o
IN3 i1
OUTE 23 o
Na 515
ouT7 24 o
ivs 5 o
OUT8 25 o
iNs 715
oUT? 25 o
N7 8 |
OUTID 27 5
ing ER S
OUTI1 28 o
we 10 |,
OUT1Z 29 o
T U
OUTI13 30 5
N1 151
OUTI4 31 o
NIz 13 |
OUTLS 32 o
T I U P
GHD 33 o
N4 15 [
e 34 o
T TR
HC 35 5
OUTO 17 | _
NC T3 o
OUTL T8 |
HC 37 o
OUT2 19 o
DE37

UM 2.18 91wazBuAves PCI Input/ Output
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swozibsalumMIseNUUVIAZNITTS

w2 dude
L
3.1 AIUYBITUIU AD 5O LAZ 519
3.2, AUV TUURILRY uaz Tlsunsu
3.1.8ure9tuay

- :r & Aoy or :
Riumaurlfimaeil
3.1.1. 3R EMUATaANLLL
3.1.24mnaunsal

ar -
ANF0LAZsI9UsENauAIe

3.1.2.1. oulpmmas 2500 PR 2 B
3.1.2.2. Minewaf 24 Volts 1 B
3.1.23 MuReY 924, 1 qn
3.1.2.4. \Haq 1 An
3.1.2.5. 8u "

3.1.3.4519%497%

3.1.4.MMAREN




A5y

24

0, 2500
6=8 | &= 84

1875 625

1250
4 = 1 o 4 9
UM 31 wananfnlumamm fad ol linsuguueined

v
@

Tugeu Nl Mmsnaneslasmsfunaveshuduneimmwugduvusildoseti
2 d. e o o w2
duaou § 2. Mmsdnnamminad lnonia11dasdl
2500 pulse = 360" BIF
84 =x (Nouligyaa)
360*84
x E e—
2500
fuaou N 3. 5msdszneudiFunudanidagll

= 12.096 D311
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r
7Un 33 uaasdunth
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U7 3.4 s unds

= v
U 3.5 uanslassdudhouaziindu Ty
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o

g 3.6 urnsTnssdmivuestadu1dy

8 37 uaaaeaaz e
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2l 38 uanedasn

1 39 uamadumugdu
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3.2. mauveaszuunIugy uaslilungy

A 1 ] d
3.2.1 'J\“.lﬂ'ﬂuﬂﬂ1:“71Qﬂ0ﬂﬁ1lﬂ011103Qﬂﬂ1ﬂlﬂ'lﬂ'l-laﬂ
o ¥ A ~ d‘&’ 9 » A

msaugugdnsaineuenlasldinsoensuiunnsiiu seildinsoq
noununasAnsegUnsaimeusnliidifonen msAsdedemsizniudisatunouiines

» [
uTrssnuiisedrimmsdumediva TaoldluTnsneuTnsawedined Mcs- 51 o ldiiy

] ¥ ] ¥

AR Pulse Width Modulation Ineassi¥oudafitmihniumileunasn st

mhfiihuinidesvesdygadoya uazdynuniuqudng &0 fwanadag

3.22 mIl¥amunuuitla-Ya neslSuanunhevod @wmv dae

Tulnsneuinsaines

CARD INTEFFACE 1
ENCODER1

MPUT A L

INFUTE N

COMPUTER. [ —
CARD INTERFACE 2
ENCODER.2
INFUT A UL
NPUTPE nNnn
MORTERDRIVE
@

i 3.0 toaams 14 TUsunsunrunguusmeiriu MCS-51 2 2
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323 205yaTuniAeg

.._“,
-

|
E |
]

st uanITyaduneIney

1591199893395
o o 1 [ ] 1 ¥
NITVUVORD5{Driver Motor) ﬂzﬂssﬂﬂuﬁ'wmuﬁanag 3 d)uflo a3U Part Logic,
#7U Current H- Bridge FET Driver I(AZII¥84910133AH (Power Supply)
A -} ' 9/ [} =l g
Famsiemdiiusng lanmsfleudayais PWM s opto couple TviTi Faygy1au
. N . A o P ]
san iy 5 Trad w30 0 Taad w2193 Logic gate ifovimIasvasudggnudfioonini
= F] - - - ] & s 9 oW = & P Y]
HusTanie lunenfeimandudygnuaseusudyguduynudhmsdede T fedm
A A ] ] r S a
Driver %19 lodiwes HIP 4082 Famsvhauezianuiiugfe 1 iiSuwn AHI ALluos BHI,
) W P 9
BLI dauniednieminniuiu Ae 92l ALO,AHO uag BHO, BLO G39zdanalyinisfiam
° ] T '~y J "o o
o9 FET Hamuilug lavezdanalduameslinnus annnsetostuagfiusmamiesioud
duty cycle vosdgyans PWM Hiloulifurees uazdmumnasse w214 lediss LM 2575 -

12 Wussdmeriynesn 12 Toad uaztlewldiiv lodwes 78L0s de'ly.
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Z280vdIH

L
Tj_
3
8

£ 0§ 8

U 3.12 uoenwsyeduened
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3.2.4 10INBUNWITUADT

-
»

E = " n % p s -

4
UM 3.13 uarasessnIRBUWITNADY

MINIULDIING
[Y o a o 5 )
AnNENIMIUVI9 s ADNNITURDS 9214 Todwos LM 393 Feldusesu

nRoudon 2 Suyniidiudaszdoiu Tasgnoenuuuliiaunaundso@eis
ﬁhan’ﬁwmmaﬁu.#aﬁ'ngtymf‘im;m’l"a 2 Suwneziiudygne Mofioldieruassney
wisunosudee dgnauthigdmdouifinadsiueg 90 samn udadsimae s Tod
wo3 74HC04 Fuhmsndudyaiaen High i Low n3e Low flu High Fadanauot

Wi l&ndailmseraraiueg 9o asmm .
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Signal 1

O—

10K

-]
N\ , l\,\ OUTPU%

o
UM 3.14 yrAe9IIRENMITURET



unf 4

NMINANSALATHANTIINANDY

4.1 MINATOUAIIBIBLTIY

hmsnageudsaiuazsn Tae msdassdumugduningauuudidnssuam

4 1 o
7N 4.1 usasmisiaesfunugduaingauu
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.:iy.q
HaN1AAD

Jdsaied NN
1 55.2
2 55.3
3 552

=
A13799 4.1

uapanfumugduldnanngaougaun udesgeaugama Uszina 553U

‘ ¥
4.2 m'.mauaamammmthuumamn‘ﬁmmzw

& d o - o
MTNAADIUNDIHINITIULIIVDIUBLADINIV LIS TN U100 ﬂ'lﬁﬂ'J‘UﬂllﬂJBlﬂEl‘S 1131%’

msnaufuTae aAnunievesiad Tau finnudash £ = 500 Hz




36

v (v) | |
l |
20%
5
A 0
l [
50%
5
B 0
|
80%
5 ! |
C
90% I
5
D
0 t (s
[ - et !
T
J I |
91 42 urasgilndy
Youkv}
’ |
124
11 .
10
gf
8— [ ]
74 L]
6— »
s_
4 .
3
2— L ]
1
0 T T T T T T T T T - D'll.t}' cycle

10% 20% 30% 40% 50% 60% 0% 20% 90%

4 a & 4 L= dy = L i
1 43 nsmuamnnudiiusssnhs M lefRausadunueined
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N 0, 2500 5
&=84 | ©= 84
1875 625
1250

o . "
10 4.4 uansmsTnsziyulu Tnuavesiod

vinmsinszvyn uTnuavesiad 14
Wadqega =84 gn Ty = 12 oM

iadgege 84 gn lilinsulasilumsmizinarlums@owTsunsy Tnossuuilad

(fuzzy system)
a G, 2500 B
e = 84 o= B4
1875 625
1250
it 4.4 daygnandlnamed |
If A @ = NM  then P=D
If B # = PM then P= D
If A 8= Nm  then P=A
If A 8= Pm then P= A
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4.3 HONINARGY Interface MM printer port (parallel port)

4 . 2 @
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84111
#define PPORT O0xF300
#define Read inportb(PPORT)

#include<conio.h>

#include<stdio.h>

#include<dos.h>

#include<values.h>

void right()

{
outport{0xf300,0x1);
delay(3);
outport{0xf300,0x3);
delay(7);

}

void left()

{
outport{0x{300,0x0);
delay(3);
outport(0x1300,0x2);
delay(7);

int main{) {
char ch='a';
long Counter=0;
clrser();
do{
while(Read==0xFC);
while(Read==0xFD);



while(Read==0xFE);
while(Read==0xFF){
Counter++;
il Counter>90)
lefi();
break;
}
while(Read==0xFC);
while(Read==0xFF);
while(Read==0xFE);
while(Read==0xFD){
Counter--;
H{Counter<-90)
right();
break;
}
gotoxy(1,1};printf{("Counter=%4d" ,Counter);
while(kbhit()) {
ch=getch(};
switch(ch){
case 'n': Counter=0; break; // #iﬁ f11 Counter 3]
case 27 : break;
case 'a"; break;
case 's': break;
}
}
}while(ch!=27);
outport(PPORT,();




11.21111“ﬂiﬂﬂﬁﬂbﬂﬂ'ﬁlﬂgﬂuihﬁﬁﬂiﬂ
#include<stdio.h>
#include<conio.h>
#include<dos.h>
void lefi();
void right();
void wait();
char control,i;
main{)
{ clrser();
printf{"Press ""ESC"" Key To Exit");
dof
right();
delay(200);

wait();

delay(500);

right();
delay(300);

wait();

}while(Ikbhit());
outport(0xf300,0x00);
}
void lefi()
{
outport(0xf300,0x0);
delay(2);
outport{0xf300,0x2);



delay(8);

void right()

{

outport(0xf300,0x1);
delay(2);
outport(0x£300,0x3);
delay(R);

void wait()

{
outport(0xf300,0x0};
delay(500);

v.3 Tsunsameaen1sdunesdmi 154 7 IRQ3
#include<stdio.h>

#include<conio.h>

#include<dos.h>

#include<stdlib.h>

void interrupt{oldIrq3)({void);

void interrupt countToggle(void);

inti=0;

long j = 0;

#define IRQ3 0x0B




}

int main(void)
{
window(5,5,50,75),
clrser();
gotoxy(1,3);
printf{(" R U Man ? ");

oldIrq3 = getvect(IQR3);

setvect(IRQ3,countToggle);

outportb(0x21,(inportb(0x21)&0x{7));
do{
jt+

gotoxy(27,3);printf("%ld\n" j);

}while(Tkbhit());

setvect(IRQ3,0ldlIrg3);
outportb(0x21,(inport(0x2 1)|0x08);
printf{"\nswitch presses i =%d\n".1);
printf("j = %ld\n",j);

return 0;

void interrupt countToggle(void)

{

disable():
i++;

outport(0x20,0x20);
enable();




IRM3 Series

Outside Diameter: 35mm Length: 14mm Shaft Diameter: 6.0mm/8.0mm

fodel Name IRM3X0O - XXXX
Modei Output Pulse (P/R)
)imensions
. 38+0.2 .

oD

+4. 012
6 p

+0. 015
8¢

S

T X1+X2=0.5T10.2T
) —‘h% A a'@ X2+X3=0.5T£0.2T
ooty S e Encoder X020.125T  (n=1,2,3.4)
S I e TM=0.25T+0.125T
(Brot) T - Yn=Rm*%6+2%n=1,2,3,4,5,6) (Mechanical Angie)
z J_| C<+2°(Mechanical Angle)
(Irot} L] Left-side figure shows positional relationship of
L Z{CENTER) =~ A &Bch nne_-ls and Z channel.
Apply to 310 — [+ Signal Accuracy
. 360° (ONE ROTATION) . Phch Error; 1017
L RI i Ra ]
*T=360° NI {NI; P/R)
*Rm=360°/Ncs2"
(Ncs: Gommutation Signal P/R) (Mechanical Angle)
7irs Connaciion
PIN NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

IRM310 A Anot B Bnot Z Znot U Unot v Vnot W Wnot | +5V ov FG

IRM320 A Anot B Bnot z Znot +6V ov FG

IRM360 A oy B ov z ov +Vee | OV FG




Electrical Specifications

IRM310

 IRM320

tem/Model IRM360
Qutput Pulse (P/R) 500(2), 1000(2), 1000(4), 2000{4} | 250, 256, 500, 512, 1000, 1024, 2000, 2048, 4000, 4096, BO0O, 8192
Supply Voltaga (Vec) 5V10.5V 5V+0.5V 10.8V-26.4V
Supply Current (No Load) <70mA <70mA <70mA
Output Type Ling Driver Line Driver Complementary
Quiput Circuit q q Yeco
L o S e or
RS4224 RS422A o¥
H 2.4V 22.4V 2Vee-4.0V
Qutput Voltage
L 0.5V <0.5V 2.0V
Output Current +10mA +10mA <40mA
Max. Applied Voltage - -
Min. Load Resistance - . )
Rise Time <100ns <100ns 350ns (Typ.)
_ Fall Time <£100ns <£100ns 50ns {Typ.)
: Response Frequency 0~300kHz (X1) 0-300kHz (X1) 0~200kHz (X1)
By-pass Capacior (OV- Housing) | 0.22uF 0.22F 0.22pF
: BypassCapactwr(Voc—Housm} 0.22uF 0.22uF 0.22pF
'Mech Perm. Speed £000 min”'
_' Moment of Inertia. 0.0839x 10°  kg:m’
: - Axial Endplay 10.254 mm
| Moun o Shaﬂ Hunout 0.081 mm (TLR.)
Shaft -
: R Perpendlculanty 0.05 mm R18mm
| Max: Accel. Speed 40000 rad/s®
: icable Connector:  Plug (FI-W158S), Afiached
j Connaclor _- FI-W15P-HF (JAE) App Sod:';l(Comact(LlfNCzt-A1-1500c))) (Not Attached)
| Mass Approx. 0.02 kg

Operating Temperature -30to+115  °C Without Dewfall
Storage Temparature 4010 +125  °C Without Dewtall

: Vibration*4 100 m/s® 25~2000Hz, X-Y-Z Each Direction 2h

| Shock*1* 1000 m/s? 6ms, Half Sin Pulse, X-¥-Z Each Direction 2 Times
Protection Grade*1 P40 Equivalent | With Plastic Cover

*1 Test Condition

Note: Specifications may be altered without prior nofice.
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