10.

11.
12.

13.

14.

DAFTAR PUSTAKA

Earns Haw, S., “On the Nature of the Molecular Forces which Regulate the
Constitution of The Luminiferous Ether”, Trans. Camb., Phil. Spc., 7, pp. 97-112,
1842

Naumovic, Milica B., “Magnetic Levitation System in Control Engineering
Education”, Department of Automatic Control, University of Nis, Faculty of
Electronic Engineering, Serbia, 2008

Yunianto, Bambang, “Kajian Permasalahan Lingkungan dan Sosial Ekonomi
Rencana Penambangan dan Pengolahan Pasir Besi di Pantai Selatan Kulon Progo —
Yogyakarta”, Puslitbang Teknologi Mineral dan Batubara, Bandung, Januari 2009
Young Hugh D. dan Freedman Roger A., University Physics. Massachusetts:
Addison-Wesley, 9th edition, 1998.

Eng. Khalid Abdelhafiz Ali. Modelling, Identification of Amagnetic Levitation
CE152, Al-Agsa University, 2010.

Shafayet Hossain. Design of a Robust Controller for a Magnetic Levitation System,
Wichita State University.

Stephen C. Paschall 1. Design, Fabrication, and Control of A Single Actuator
Magnetic Levitation System, Texas A&M University, 2002,

Sintanyehu Challa. Magnetic Levitation on A Steel Ball, Addis Ababa University,
2007.

Katsuhiko Ogata. Teknik Kontrol Automatik, jilid I, Edisi kedua, Erlangga.
http://rodjoelgroup.blogspot.com/2012/03/daftar-kemampuan-kawat-email
dilalui.html diakses 10 Mei 2012.

Lance Williams. Electromagnetic Levitation Thesis, 2005.

http://www.scribd.com/doc/94538561/L evitasi-Magnetik-Adalah-Proses-Melayang-
Objek-Dengan-Memanfaatkan-Magnet diakses 4 Juli 2012.

http://www.electronics-tutorials.ws/electromagnetism/hall-effect.html diakses 4 Juli
2012.
Yulastri. Aplikasi Sensor UGN3505 Sebagai Pendeteksi Medan Magnet, Juni 2009

52


http://rodjoelgroup.blogspot.com/2012/03/daftar-kemampuan-kawat-email%20dilalui.html
http://rodjoelgroup.blogspot.com/2012/03/daftar-kemampuan-kawat-email%20dilalui.html
http://www.scribd.com/doc/94538561/Levitasi-Magnetik-Adalah-Proses-Melayang-Objek-Dengan-Memanfaatkan-Magnet
http://www.scribd.com/doc/94538561/Levitasi-Magnetik-Adalah-Proses-Melayang-Objek-Dengan-Memanfaatkan-Magnet
http://www.electronics-tutorials.ws/electromagnetism/hall-effect.html

15. Korps asisten Lab Kendali dan Robotika. 2009. Modul Praktikum Dasar Sistem
kendali. Indralaya: Laboratorium Kendali dan Robotika Teknik Elektro Universitas
Sriwijaya.

16. Katsuhiko Ogata. Modern Control Engineering, 5th Edition, Prentice Hall.

17. Modul Training Mikrokontroler AVR. Bidang Keprofesian Badan Pengurus HME
ITB, 2009-2010.

53



LAMPIRAN

54



A1301 and A1302

Continuous-Time Ratiometnc Linear Hall Effect Sensors

Package LH. 3-pin Serface Moent
1.VEL s
T VouUT
3. GND L

2
Package UA, 3-pin SIP
1. WEC #
2 GND f'
ERT 1
2
3

ABSOLUTE MAXKIMUM RATINGS

Sepply altage, ¥ awv
Chutpul Viellage, Vo av
Reverie-Supply Wollags, ¥ SV
Reverse-Chulput Veltage, Vo -1V
Chutpual Sink Cureenl, Ly o LR
Cperaling Tem paratuss:

Ambieal, T, Rmge E —40'C 2 B5°C

Ambieal, T, Rmge K 40" 4 125°C

LT !I.II'ICIHM_TM:I 1d="C
Skewage Temperales, Ty 5T e 17T

Thea 41301 and A1302 are conbmsons-tme, ratometric, linssr Hall-affuct semsors.
Thay are opticxized to acczmately provide a voltags omtput that is proportional to
an applied magmetic fisld Thess devices have a quisscent owigrnt volizgs that is
3% of e supply volage. Toro cufpeat sensitivity optons ame provided: 2.5 mY iy
typical for the A1301, and 1.3 mV'G typical for the A1302.
Tha Hall-ufect integrated circuit inclnded in sach device includes a Fall sensing
slement. a lincar ampifier, and 2 CMOS Class A output structure. Integrating the
Hall wemaing aloment and the amplifier on 2 wngle chip minirsdrgs mamy of the
problemns nommally ssociaied with low voltags level analog wignals.
High precisiom in cwtput levels is obtained by intemal gain and offsst tim adjus-
ments made 2t end-of-Ene deing the mannfacitening process.
Thsss fatemes make the A130] 2nd A130T ideal for wee In position sensing
wysiams, for both Inear target motion and refationa] targst motion. They are well-
wzited for industrial applications over extunded tamperarore eoges., fom —4"C o
123°C.
Two device packzgs types 2me available: LH, 2 3-pin S0THW gpe for surface
moumt, and TA, a 3-pin wltraomini SIP for throngh-hole mwomnt. Each package is

ilabls in a lead {Ph) frea verdon (suffx, - ) with 100%: matie tin plated kad-
fame.

Features and Benefits

B Low-noize ouiput

B Fast power-on tme

B Rafomeiric mi-Horal ouiput

BL.5 o &0V operation

B Eold-sixie nellablity

B Factory-programmed at end-ofHine for opbimum perfomrmmanoe
B Robust EBD performance

A1301-0E, R 2

dubagre biorclymemy ro

Y 145 Rordustar Cuef Ticw = 3000
W mar nkas e e o Orf £ 000 (SO0 GE5-S000
e il o ST
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Product Selection Guide

ESL T Frres Fathng Fackags ) EensivEy (Typical)
.#..*';E?I‘ET.II-I_H'_I:I.T ‘r;.: 7+, tzpe and reed, 3000 pleoeses Enface Mount R

REE -

e — 2sm
T | 7 tape and ree, 3000 plecesires: Eartace Moun I

AT - - e

ALIIIACT ez piecesbag
hﬁgﬁT T; T+ tape and resl, 3000 pleceses Earface Mount R

= e = -
:‘:mH_':T ‘r;.: 7+, t3pe and ree, 3000 peoesTes Erface Mot

[REm) - —em =

ATECKIAT e Bk, S\ piecentag i

SCaontact Alegro Tor sodiEonal packing opbions.

Functional Block Diagram

(Y

WO

hY
K

o1, T
Tarminal List
Humkbsr
Hymeal Daseripton Faokage LH [Packags U5

1
3
2

Voo Connects poaer supply b chip
WOUT Owtput from cimcuk
EMD Srowund

- klagrs Wiorolymemn ro 2
s 1225 Adewrshustar Copo ficw #5000
A1301-0%, Reme 2 M- VWi e e s O £ 00 (00, BB
" =R R e ol PO L0

LN | e
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

DEVICE CHARACTERIETICE over operating femnperaburs range, T, and ¥, = 5V, unlecs otherwices nobed

Charaoteristio [ symbol | Tesi Conditions [ sin. | tvp. | Max. | units
Elsotrioal Charaoterictios
Supply voige [ Fanning, T, < 165°C 25 - 5 v
Supply Current lgo Cutput open - - | mai
W le = =1 mA, Ee&ns = nominal 4565 aT - W
Ciutpuf ‘oltage | DuTjigh | SOURCE _
Vourjiow, |sesc = 1 MA, BEns = nominal - 0= | 035 v
Dutput Bandwidth EW - 20 - EHz
W o O0.BE W, B = 21400 G;
Power-0in Time CC{mim] QuT, ' - 3 5 5
tra Slew rate = 4.5 Wiys fo £.5 W00 nis .
Dutput Resistance Rour Igpge & 1 MA lgoypep =1 mA - z 5 o
_ ) Extemal cufput low pass fiter s 10 kHE; — — B
\Wide Band Culpet Molse, rms VauTh Hans = morminal 10 (ThS
Ratlomairy
Qulescent Suipel Vollage Ermor . - _ _
with rezpect 1o AU, B¥uropn |Ta= 250 230 =%
Magrietic Sensithty Ermor with -
AZens Ty= 28°C - - 3. %
respect b AV E ™A
Cuiput
Linearsy Lin Ty= 2&E°C - - 2.5 %
Symmeiry Bym Ty= 2&E°C - - 3. %
Magredlo Charaoterictios
Quiescent Sulpet Volbage Vouma Bo=D G Ty= I5°C 24 25 26 W
Quiescent Qulpat Voltage cwer . -
W, i1,y |[BE=0E a3 - 2.8 W
Operatng Terperabus Rargs CHITCHATR)
W I - 2 AT Ty = Z5°C 2.0 25 3.0 myiG
Ens ] ars
= it ATIOE T, = 5°C 0 T8 | mvis
Magnetic Sensiity owver — AA30 18 - 2 myis
Operting Tempemabae Range ST} Ad3nz 0.85 - 1.75 myiG

-'_H.e'l'l:fh:hequaﬂnn (4] In Rafomefric section on page 4.
IRefer bo &quation () In RaSomeiric section on page 4.

A1301-0E, R 2

wAllegro:,
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Characteristic Definitions

Guilezcant Cutput Voltape. In the quisscant state (Do sig-
nificant maygmatic feld: B =), the ourpet, Vo . squals one
half of tha supply voltage, V.., throsghont the antite cparatbng
ramges of Wiy and ambdent tamperatars, T, . Cne to mismal
componant tnlerance: and tharmal comriderations, bowear,
thars is a teleramcs on. the quissceant cutput wolags, AWV .
which ix a finction of both ANV, and AT, . For pmposes of speci-
fication, the guisscent cuiput voltags as a functon of teopera-
m:n..ﬁ"i.’,_._m“ﬂhnhimd.a::

F;-T-T‘ﬂ'r_n'_ F;-TWE"'-_-:' (1
Sz
where Sez is in mWG, and the revult is the device equialea
accurecy, in gamss (), applicable over the antine cparting tem-
PeTAnTe TATDE.
Sansltivity. The presance of a south-polasity (+B) masnetic
Seld, perpendicalar to the tranded facs of the device package,
mocrsasss the oatput woltage, Vi s, In proportion o the magmehc
finld applisd, from Wiy, wward the Ve mdl. Comvemnaky, the
applicaticn of a nosth polarity (—-B) magzatic fald, in the samo
crientation, proporticoally decreases the cetput woltags from it
mquisscamt value. This proportonality is specified & the magnetic
sansitivity of the device and is defized as:

AT AT, =

Rattometric. The A1301 and A1H2 feamm » miiometric
cutprat. This means that the quisscent veltge owput, Vi
and the pagnetic sansitivity, Sans, ane propartional to the s=pply
weltags, Vi
The ratiometric changs (%) in the quisscant voltzags cotput &
dufined as:
Aenmorvea /AP oumaen
For f5¥

and the miomsimc chenge (%) In senstivity is defined as:
Sty f ey,

Foc /5 W

* 10 ]

AF e =

ANy, = = R 53]

Linsarity and Symmetry. Ths co-chip cutpur stags is
desigzed to provide lissar catput af a sepply wolzes of 3%
Althemph the applcation of vary hizh mamaetic fislds does ot
damage thewe dawices, it does force their outpret into a nonlimear
region. Liznsarity in perceat is measumed and defized as:

Foummean — Fonmeg
Lins = ———— <10m ()
L [ Fomrrpsann — Faoumy )

Form-an— Foumay . .
et W ——— (4] Fanm-an - Fourmy
] Lin = = 1O M
- : . . B AF -F 1
Tha sbility of the device magnetic sensitvity & a function of -y~ g
ambisnt tumparature, ASems (%) b defzed as: amd outprat symmotTy
Suret o — Sre, Fourmimn — Fourmy
FTSe——_ " T )} Sy m — w 100 (B
Fareryzr) Fourg — Fonrm-mn
dedagrs bicrclymeme rc. 4
A1301-0E, Rey. 2 145 Morshastar Cuml fice + 5004
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A1301 and A1302

Conftinuous-Time Ratiometric Linear Hall Effect Sensors

Typical Characteristics
(30 pieces, 3 fabrication lots)
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Typical Characteristics, continued
(30 pieces, 3 fabrication lots)
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Package LH, 3-Pin; (SOT-23W)
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors
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/*****************************************************

Project : Magnetic Levitation
Date :7/18/2012

Author : No Name

Chip type : ATmega8
AVR Core Clock frequency: 16.000000 MHz

*****************************************************/

//#define _mega88 //chip ATmega88
// configure chip

#ifdef _mega88
#include <mega88.h>
#else

#include <mega8.h>

#endif

#include <delay.h>

#include <stdio.h>

#define ADC_VREF_TYPE 0x40

// Read the AD conversion result

H#pragma used+

unsigned int read_adc(unsigned char adc_input)
{

ADMUX=adc_input | (ADC_VREF_TYPE & 0xff);

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

// Start the AD conversion

ADCSRA |=0x40;

// Wait for the AD conversion to complete
while ((ADCSRA & 0x10)==0);
ADCSRA|=0x10;

return ADCW;

}

H#pragma used-

#include <manipulator.c>

#include <display.c>

#define potl 3
#define pot2 4
#define hall 5
#define SW PINC.O

#define get_state O
#define run 1
#define set SP 2
#defineset PD 3
#define kalibrasi 4

H#pragma used+

eeprom signed int Emin_flux,Emax_flux;
eeprom signed int Ecenter,Erange;
eeprom signed int Eambiant[128];

signed int ambiant[128],amb;
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signed int min_flux,max_flux;

signed int center,range;

signed int raw_flux;

unsigned int led_map,index;

unsigned char state;

unsigned char count,i;

unsigned char justifunction,point_type;

#pragma used-

#define P O
#define _D 1
#define _L 2
#define_M 3
#define S 4

#tdefine Pscale 0.002
#tdefine Dscale 0.1
#tdefine Psmoot 0.6

#define Dsmoot 0.4

#define windupl 20.0

H#pragma used+

//float error,last_error;

float error,error2;

float set,ref,vel,duty,out;

float D_smt,abs_ofset;

eeprom signed int Econtroller_const[5];

eeprom float Eofset;
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float controller_const[5],ofset;

#pragma used-

void set_coil(unsigned char PWM)

{
#ifdef _mega88

OCR2A = PWM;
#else

OCR2 = PWM;
#endif

}

void main(void)

{

#ifdef _mega88

// Crystal Oscillator division factor: 1
#pragma optsize-
CLKPR=0x80;
CLKPR=0x00;

#ifdef OPTIMIZE_SIZE_
#pragma optsize+
#endif

#endif

// Input/Output Ports initialization
// Port B initialization

// 5=04=0 3=0 2=0 1=0 0=0
DDRB=0x3F;
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// Port Cinitialization

// 6=P 5=T 4=T 3=T 2=0 1=P 0=P
PORTC=0x43;

DDRC=0x04;

// Port D initialization

// 7=0 6=0 5=0 4=0 3=0 2=0 1=0 0=P
PORTD=0x01;

DDRD=0xFE;

// Clock value: 250.000 kHz

// Mode: Phase correct PWM top=0xFF
ASSR=0x00;

#ifdef _mega88

TCCR2A=0x81;

TCCR2B=0x04;

#else

TCCR2=0x64; // Clock value: 250.000 kHz
#endif

// Analog Comparator: Off
ACSR=0x80;

#ifdef _mega88
ADCSRB=0x00;
DIDR1=0x00;

#else

SFIOR=0x00;

#endif
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// ADC Clock frequency: 1000.000 kHz
// ADC Voltage Reference: AVCC pin
#ifdef _mega88

DIDR0O=0x00;

#endif

ADMUX=ADC_VREF_TYPE & Oxff;
ADCSRA=0x84;

for(i=0;i<5;i++) {
for(count=6;count<12;count++) {
led_map = (get_map(count,1,1,1) & get_map(count,1,0,1));
set_led(led_map);
delay_ms(50);
}

}
while(SW) delay_ms(10);

count=0;

while(state==get_state) // >>> tekan singkat --> runing
{ // >>> tekan lama 50% --> set_PD, 100%

--> kalibrasi

delay_ms(25);
if(count<105) count++;
set_led(get_map(count,10,1,0));
if(SW) {
if((count>50)&(count<100)) {state =set _PD; for(i=0;i<3;i++)
{set_led(0Ox1F); delay_ms(200); set_led(Ox3FF); delay_ms(200);}}
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else {state =run;  for(i=0;i<3;i++) {set_led(0);
delay_ms(200); set_led(0x3FF); delay_ms(200);}}
}

if(count>=100) {for(i=0;i<3;i++) {set_led(0x3E0); delay_ms(200);
set_led(0Ox3FF); delay_ms(200);} state = kalibrasi;}

}
while(!SW) delay_ms(10);
count=0;

i=0;

while(state==kalibrasi)
{
delay_ms(10);
raw_flux = read_adc(hall);
center = read_adc(potl);
range = read_adc(pot2);
min_flux = limit(0,(center - (range/2)),1023);

max_flux = limit(0,(center + (range/2)),1023);
led_map =
interpolasi(0,11,min_flux,max_flux,limit(min_flux,raw_flux,max_flux));

set_led(get_map(led_map,1,1,0));

if(ISW) {

if(count<100) { // >>> tekan lama simpan zoom
count++;
set_led(get_map(count,10,1,0));
}

else {
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Ecenter = center;
Erange = range;
state = set_SP;
for(i=0;i<3;i++) {
set_led(0); delay_ms(200); set_led(0x3FF); delay_ms(200);
if(i==3) {
set_coil(0);
Eambiant[0] = raw_flux;

}

}

else if(count>0) { // >>> tekan singkat

state = set_SP;

count =0;
}
}
while(!ISW) delay_ms(10);
count =0;
i=0;

center = Ecenter;
range = Erange;
min_flux = limit(0,(center - (range/2)),1023);

max_flux = limit(0,(center + (range/2)),1023);

while(state==set_SP)

{
delay_ms(10);
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raw_flux = read_adc(hall);

index = read_adc(pot1)/350;

led_map =
interpolasi(0,11,min_flux,max_flux,limit(min_flux,raw_flux,max_flux));

set_led(get_map(led_map,1,1,1));

if(1SW) {

if(count<120) { // >>> tekan lama masuk set_PD
count++;
if(count>20) set_led(get_map(count-20,10,1,0));
}
else if(count>=120) {
state = set_PD;
for(i=0;i<=128;i++) {
set_coil(limit(0,(signed int)i*2,255));
led_map = interpolasi(0,10,1,128,i);
set_led(get_map(led_map,1,1,1));
delay_ms(10);
set_led(0x3FF); delay_ms(10);
Eambiant[i] = raw_flux;

}

set_coil(0);
}
}

else if(count>0) { // >>> tekan singkat

if(index==2) {

Econtroller_const[ L] =raw_flux;
for(i=0;i<3;i++) {set_led(0x3F); delay_ms(200); set_led(Ox3FF);
delay_ms(200);} //-->> batas bawah
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}
else if(index==1) {
Econtroller_const[_S] = raw_flux;
for(i=0;i<3;i++) {set_led(0x387); delay_ms(200); set_led(Ox3FF);
delay_ms(200);}  //-->> center point
}
else if(index==0) {
Econtroller_const[ _M] = raw_flux;
for(i=0;i<3;i++) {set_led(0x3F0); delay_ms(200); set_led(Ox3FF);

delay_ms(200);} //-->> atas point

}
count =0;
}
}

while(!ISW) delay_ms(10);
count=0;
i=0;
// >>>>>> inisialisasi konstanta
// copy eeprom

for(i=0;i<128;i++) ambiant[i] = Eambiant[i];
controller_const[_P] = (float)Econtroller_const[ P]*Pscale;
controller_const[_D] = (float)Econtroller_const[_D]*Dscale;
controller_const[_L] = (float)Econtroller_const[_L]J;
controller_const[_S] = (float)Econtroller_const[_S];
controller_const[_M] = (float)Econtroller_const[_M];

ofset = Eofset;

center = Ecenter;
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range = Erange;
min_flux = limit(0,(center - (range/2)),1023);

max_flux = limit(0,(center + (range/2)),1023);

point_type = (state==run) ? 1:0;
i=0; count=0;
duty =0;

set_coil(0);

abs_ofset = (controller_const[_M] - controller_const[_L])/2;

// >>>>>>> main loop

while (1)
{
if(state==set_PD) { /[~ >>> tuning konstanta PD
controller_const[ P] =
LPF_smoot((float)read_adc(potl)*Pscale,controller_const[_P],0.5);
controller_const[ D] =
LPF_smoot((float)read_adc(pot2)*Dscale,controller_const[_D],0.5);
if(Isw)  {
if(count<100) count++;
else { J R >> tekan lama untuk menyimpan
Econtroller_const[_P] = (signed int)(controller_const[_P]/Pscale);
Econtroller_const[_D] = (signed int)(controller_const[_D]/Dscale);
state =run;
point_type =1;
}

ofset = 0;
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else if(state==set_SP) {

if(read_adc(pot2)>800) ofset = LPF_smoot(interpolasiF(-
abs_ofset,abs_ofset,0,1024,(float)read_adc(pot1)),ofset,0.2);

else if(read_adc(pot2)<200) {if(ISW) {Eofset = ofset; state =run;
point_type = 1;}}

else {if(ISW) {ofset = Eofset; state =run; point_type =

L

}

else {
if((!SW)&(read_adc(pot2)>800)) {state =set SP; point_type = 2;}
}

amb = ambiant[(unsigned char)(duty/2)] - ambiant[0];
raw_flux = LPF_smoot((float)read_adc(hall),raw_flux,Psmoot);
ref =raw_flux - amb;

set = LPF_smoot(controller_const[_S]+ofset,set,0.1);

error = (set-ref);

vel = LPF_smoot(error - error2,vel,Dsmoot);

error2 = error;

duty =0;

if(ref<=controller_const[_M]) {
if(raw_flux>=controller_const[_L]) duty = controller_const[_P]*error +

controller_const[_D]*vel;
duty = limitF(0,duty,255);
}
else {

duty =0;
}
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#pragma used+

signed int limit(signed int bawah,signed int nilai,signed int atas)
{

if(nilaixkbawah) nilai=bawah;

else if(nilai>atas) nilai=atas;

return nilai;

}

float limitF(float bawah,float nilai,float atas)
{

if(nilaickbawah) nilai=bawah;
else if(nilai>atas) nilai=atas;
return nilai;

}

#pragma used-

H#pragma used+

float interpolasiF(float min,float max,float atas,float bawah,float nilai)
{

float data;

data = (nilai - bawah) * (max - min);

data /= (atas - bawah);

data += min;

return data;

}

signed int interpolasi(signed int min,signed int max,signed int bawah,signed int
atas,signed int nilai)

{

//signed long int data;

//data = (signed long int)(nilai - bawah) * (max - min);
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//data /= (atas - bawah);

//data += min;

//return (signed int)data;

return (signed
int)interpolasiF((float)min,(float)max,(float)atas,(float)bawah,(float)nilai);

}

H#pragma used-

[ [FFFFEEEE Rk simple Low Pass Filter kKRR [ ] ]
#pragma used+
float LPF_smoot(float curent_data,float prev_data,float smoot)
{
float filtered_data;
if(smoot<=0.0) filtered data = prev_data;
else if(smoot<1.0) filtered_data = (smoot*curent_data) + ((1-
smoot)*prev_data);
else filtered_data = curent_data;
return filtered_data;

}

H#pragma used-
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#pragma used+
unsigned int get_map(unsigned int value,unsigned int div,char justify,char
point)
{
unsigned char swapt = value/div;
unsigned int map_out;
if(point==0) {
if(justify==1) return OxO3FF >> swapt;
else return OxO3FF << swapt;
}
else {
if(justify==1) map_out = (0x0400 >> swapt);
else map_out = (0x0001 << swapt) >> 1;
if(point==1) return “map_out;

else return map_out;

}

H#pragma used-

#pragma used+

void set_led(unsigned int led_out)

{

unsigned char port_buferC;

unsigned char port_buferD;

unsigned char port_buferB;
port_buferC = (led_out << 2) & 0x04;
port_buferD = (led_out << 1) & OxFC;
port_buferB = (led_out >> 7) & 0x07;
PORTC = (PORTC & OxFB) | port_buferC;
PORTD = (PORTD & 0x03) | port_buferD;
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PORTB = (PORTB & OxF8) | port_buferB;
}

#pragma used-
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