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OZET

Bu cahismada; On/Off, Oransal (P), Oransal+Tiirevsel (PD), Oransal+Integral
(PI) ve Oransal+integral+Tiirevsel (PID) denetleyici algoritmalarimin, gomiilii
bir mikrodenetleyici yazilimi aracihigiyla, tasarlanan model bir 1sil sistem
iizerinde uygulamasi1 gerceklestirilmistir. Sistem yazilimi; kontrol sisteminin
sicaklik kontroliinii yapmasinin yam sira, bir “siirec-kontrol”’ deney seti olarak
kullanilabilmesini, c¢esitli kontrol tiirlerinin model iizerindeki etkilerinin
gozlenebilmesini saglayacak sekilde diizenlenmistir. Kontrol sisteminde; mikro-
denetleyici ile dis diinya arasindaki iletisim, sayisal biiyiikliiklerin analoga
doniisiimleri ayrica elde edilen verilerin islenerek istenen ciktilarin elde
edilebilmesi ve mikrodenetleyicinin, tasarimlanarak cevre birimleriyle bir

biitiin olarak ‘“model bir sistem” iizerinde uygulanmasi1 amac edinilmistir.
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ABSTRACT

In this study; On/Off, Proportional (P), Proportional+Derivative (PD),
Proportional+Integral (PI) and Proportional+Integral+Derivative (PID)
controller algorithms have been implemented based on an embedded
microcontroller software and applied to a model heating system that was
designed. System software has been performed in a way that not only to control
the temperature of the system but also to use it as a ‘“process-control”
experimental kit and for observing the effects of various control types on the
model. The communication between the microcontroller and the outside world,
conversion of the digital quantities to their analog counterparts, processing
the obtained data in order to acquire the desired output, designing the
microcontroller and applying it to ‘““a model system’ with suitable peripherals as

a whole one are the aims of the control system in this thesis.
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SIMGELER VE KISALTMALAR

Bu calismada kullanilmig bazi simgeler ve kisaltmalar, aciklamalari ile birlikte asa-

g1da sunulmustur.

Simgeler Aciklama

23 Diferansiyel Aralik
Kisaltmalar Aciklama

A/D Analog/ Sayisal
D/A Sayisal/Analog
INT Kesme

LCD S1v1 Kristal Ekran
LED Isik Yayan Diyot
P Oransal

PD Oransal+Tiirevsel
PI Oransal+Integral
PIC Cevresel Arabirim Denetleyicisi

(PIC 16F877 Mikrodenetleyici)

PID Oransal+Integral+Tiirevsel
PWM Darbe Genislikli Modiilasyon
RISC Azaltilmis Komut Setli Bilgisayar

RTD Direnc¢ Sicaklik Algilayici



1. GIRIS

Sicaklik kontrolii, endiistride ve giinlilk yasamda sikca karsilagilan bir parametre
kontroliidiir. Termostatlarda yer alan, sicakligin belli degerinde sistemin 1s1sinin arti-
rilmas1 ya da durdurulmasi islemi gibi basit uygulamalarin yaninda cesitli kimyasal
siireclerde, ortam sicakliginin olduk¢a hassas bicimde kontrol edilmesi gereken en-
diistri uygulamalarinda ve medikal odalarda kiivoz vb. ortamlarin izlenmesinde bu

kontroliin verimli bi¢imde gerceklestirilebilmesi esastir.

Sicaklik kontroliinde amaglanan, temelde ortam sicakligini belli bir degerde sabit
tutmak olabilecegi gibi tasarlanan sistemin ya da tesisin konumuna ve kullanim ama-
cina gore sicakligy bir deger araliginda sabit tutma hedefi de tasiyabilir. Her durumda
istenilen bir deger, ortamdan elde edilen veri sonucunda hesaplanan bir fark deger ve
bu fark degeri isleyecek verimli bir denetleyici mevcut olacaktir. Denetleyicinin kar-
stlastirma algoritmas1 ve teknigi, elektronik bilesenlerin gelismesiyle birlikte cestili
alternatifler degerlendirilebilecek noktaya ulagmistir. Bu alandaki ilk calismalarda
karsilastirict olarak islemsel yiikseltecler kullanilsa da (Savas, 1998; Kalender, 1991)
giinimiizde mikrodenetleyicilerin gelismesi, fiyatlarinin ucuzlamasi ve diger cevre
birimleriyle etkilesimlerinin genislemesi nedeniyle (Basar, 2002) bu entegre devrele-
rin dahili yetenegi olan darbe genlikli modiilasyon (PWM) tekniginin, karsilastiric
amacl kullanilmas1 avantaj olacaktir. Bu yetenek, DC motor hiz kontrolii (Duran,
2001) ve gii¢ elektroniginde DC-DC doniistiiriicii (Gok, 2005) gibi pek ¢cok uygula-

mada da kullanim alan1 bulmaktadir.

Onceki caligsmalarda hep sicaklik algilayicist olarak analog bir bilesen kullanilmis
(Savas, 1998; Kalender, 1991) kullanilan mikrodenetleyicinin marka ve modeline
gore onun dahili A/D doniistiiriiciisii kullanilmis ya da harici bir A/D doniistiiriicti
eleman kullanilarak sicaklik degeri mikrodenetleyicinin sayisal diinyasina taginmis
ve kontrol algoritmalart gerceklestirilmistir. Ancak sicakligi kendi icerisinde dogru-
dan sayisala ceviren ve hatta bu degeri ayarlanabilir ¢oziiniirliikkte mikrodenetleyiciye
aktaran entegre devre tipinde sayisal bir sicaklik algilayicinin kullanilmasi hem hari-

ci bir doniistiiriicli entegre kullanmaktan ve onu mikrodenetleyiciyle iliskilendirmek-



ten tasarruf ettirecek hem de dahili A/D doniistiirme islemini kullanmaya gerek bi-
raktirmayacaktir. Bu calismada bu amacla, sicaklik algilayict olarak mikrodenetleyi-
ciye 12 bit ¢oziiniirliikte veri gonderebilen sayisal bir bilesen kullanilmistir. Bununla
birlikte, sistem tepkisinin elde edilmesinde ve uygulanan kontrol algoritmalarinin
cikislarinin izlenmesinde degisen ortam sicakliginin gerilimle orantili olarak zaman
ekseninde cizdirilmesi osiloskop iizerinde gerceklestirilmistir ve bunu saglamak icin
harici R2R merdiven biciminde bir D/A ¢evirici devresi hazirlanmistir. Bu devrenin
harici bir A/D entegresi ile mikrodenetleyici iletisimini saglamaktan cok daha rahat
bicimde yapilabilecegi kolaylikla gozlenebilir. Bu ¢alismada kullanilan 1sitict ele-
man, 1sitma paspast olarak adlandirilan ve 1s1l sistemin tabanina yayilan silikon taba-

kalar icerisine sarilan tellerden olusmus esnek tipte 6zel bir 1siticidir.

Bu tezde; Microchip firmasinin 16X {iriin ailesine ait RISC temelli bir mikrodenet-
leyici olan PIC 16F877 entegresi kullanilarak model bir 1s1l sistemin sicaklik kontrol
islemi, On/Off, Oransal, Oransal + Integral, Oransal + Tiirevsel ve Oransal + integral
+ Tiirevsel denetleyici algoritmalarinin mikrodenetleyici yazilimi iizerinde gercek-
lenmesi ile saglanmis ve diger ¢evre birimlerle veri aktarimi sonucunda laboratuvar

ortaminda kullanilabilecek bir kontrol sistemi ortaya ¢ikarilmistir.

Ikinci boliimde, mikrodenetleyici tabanl sicaklik algilama, Slciim ve denetleyici al-
goritmalarinin gerceklenebildigi reel bir sistem mimarisi anlatilmis, projede kullani-
lan aygitlar hakkinda genel bilgi verilmis, mimari bilesenlerinin matematiksel model-

lemeleri yapilmuis, sistem 6l¢iim sonuglar ve transfer fonksiyonu belirlenmistir.

Ugﬁncﬁ boliimde, sistemin matematiksel modeli Matlab Simulink benzetim yazilimi
araciligiyla hazirlanmistir. Benzetim sonuclar1 kullanilarak denetleyici yazilimlarinin

parametre deger araliklar1 saptanmistir.

Dordiincii boliimde denetleyici tiplerinin genel sekli blok diyagramlar ile birlikte
aciklanmakta, mikrodenetleyicinin kullanacagi yazilim algoritmalar listelenmekte ve
ilgili yazilim gelistirme araglari, gelistirilen yazilim ve yazilimin programlayici ara-

ciligiyla mikrodenetleyiciye aktarilmasi yer almaktadir.



Besinci boliimde, model sistem iizerinde gerceklenen yazilim sonucunda osiloskop

araciligiyla elde edilen deneysel sonuglar gosterilmektedir.

Tezde kullanilan tiim elektronik bilesenlere ait veri kitapg¢iklar1 (datasheet), baski

devre cizimleri, fotograflar ve diger dokiimanlar da “Ek” boliimiinde yer almaktadir.



2. MiKRODENETLEYIiCi KONTROLLU ISIL SISTEM TASARIMI

2.1. Mikrodenetleyici ile Sicaklik Kontrolii

Sicaklik kontrol siirecleri genellikle siirece 1s1 ¢ikisi saglayan bir tiir aygittan olus-
maktadir (rezistans bir 1sitic1 gibi). Boyle bir sistemde bir sicaklik algilayicist sicak-
lig1 algilamak ve mikrodenetleyiciye geri bildirim saglamak i¢in kullanilir. Bu geri
bildirim {izerine, mikrodenetleyici 1siticiy1 kontrol eder (bazi sistemlerde sistem fani-

n1 da) (Ibrahim, 2002).

Bu calismada tasarlanan 1s1l sistemin basit bir diyagrami Sekil 2.1'de gosterilmistir.

Set Deger : — GUC SURUCU
—»| Mikrodenetleyici » KONTROL > (MOSFET)
> (PWM) ]
Tesis
(Plant)
Sicaklik
Algilayicilar
Isitic1

Sekil 2.1. Mikrodenetleyici kontrollii 1s1l sistem genel diyagrami

2.2. Sistem Mimarisi

Sekil 2.1'de genel diyagrami verilen 1s1l sistemin mimarisi, blok diyagramlar iceri-
sinde gosterilen bilesenler ile olusturulur. Bu bilesenlerin donanimsal nitelikleri ve

islevleri mikrodenetleyici yazilimi ile yonetilmektedir.

Cogu sicaklik kontrol sistemi; spesifik 1s1 katsayisi, sicaklik katsayisi, hacim vb. pa-

rametrelere bagli olan bir zaman sabiti ve 0lii zaman gecikmesi i¢ceren birinci merte-



beden bir sisteme yaklastirilabilir. Sayisal sicaklik kontroliiniin en kolay bi¢imi on-
off tipi bir kontrol kullanmaktir. Bu kontrol formu hemen hemen tiim bina i¢i ter-

mostatlarda kullanilmaktadir (Ibrahim, 2002).

On-off tipi kontrol; ucuz, basit, olmasina karsin bu ¢alismada tek kontrol algoritmasi
olarak kullanilmamis, diger kontrol algoritmalarinin mikrodenetleyici araciligiyla
ayni tesis iizerinde gerceklenmesi saglanmaya calisilmistir. Bu islem, siirekli degis-

ken denetleyicilerin kullanimi ile miimkiin olmaktadir.

Siirekli degisken denetleyiciler, on-off tipi denetleyicilerdeki ¢evrimi (cycling) eli-
mine etmek icin tasarlanmistir. Bu tip denetleyiciler, istenilen sicaklik degeri ile ger-
cek sicaklik arasindaki farki 6lger ve bu degeri kullanarak 1siticiya ne kadar gii¢ akta-
rilacagini belirler. Olgiilen deger istenen degere yakinsa 1sitictya daha az gii¢ aktari-

Iir.

Oransal denetleyici, ylikselme siiresini azaltici bir etkiye sahiptir ancak kalict durum
hatasim hicbir zaman elimine etmeyecektir. Oransal kazancin artirilmasi yiikselme
zamanini azaltacaktir bununla birlikte asim miktarim1 (overshoot) da artiracaktir.
Integral denetleyicinin kalici durum hatasini elimine etme etkisi mevcuttur fakat bu
durumda gecici durum tepkisi daha kotiiye gidebilir. Gereginden fazla integral islemi
biiyiik asimlara neden olacak ve bir osilasyon davranisi sergileyecektir. Yine biiyiik
capta integral islemi yiikselme zamanini azaltma ve sistem yerlesme zamanini artir-
ma egilimindedir. Tiirevsel bir denetleyici ise sistem kararliligini artirici, agimi azal-
tic1 ve gecici durum tepkisini diizeltici bir etkiye sahiptir. Tiirevsel islemin artirilmasi

hem asim1 hem de sistem yerlesme zamanini azaltacaktir (Ibrahim, 2002).



2.3. Mimari Bilesenleri

2.3.1. Sicaklik algilayicilar

Bir sicaklik kontrol uygulamasinda dogru algilayicinin se¢imi her zaman kolay de-
gildir. Bu islem; sicaklik araligi, gerekli dogruluk, ortam, tepki hizi, kullanim kolay-

l1g1, maliyet ve degistirilebilirlik gibi parametrelere baglidir.

Sicaklik Olciimii igin cesitli tipte algilayicilar mevcuttur. Isil¢ift (thermocouple),
termistor ve RTD ler gibi klasik algilayicilar genis bicimde kullanim alan1 bulmakta-
dir. Entegre devre bi¢imindeki algilayicilar ve uzaktan sicaklik Olciim (radiation
thermometry) aygitlar1 gibi yeni nesil algilayicilar sadece smirli uygulamalar icin

kullanim alam bulsalar da popiiler olmaktadir (ibrahim, 2002).

Bu projede Dallas Semiconductor firmasinin DS18B20 iiriin kodlu sayisal sicaklik
algilayicisi kullanilmistir. -10°C ila +85 °C arasinda +£0,5°C dogrulukla 6l¢iim yapan
bu algilayici bu firmanin ticari standardi olan 1-wire arabirimiyle sadece bir port
kullanarak mikrodenetleyici ile haberlesmektedir. Sicakligi 12 bit sayisal sozciik
(word) olarak mikrodenetleyiciye gondermektedir. Bu algilayicinin kullanilma sebe-
bi, sicakligin dogrudan sayisal olarak mikrodenetleyiciye aktarilabilmesine olanak
saglamas1 boylelikle mikrodenetleyici icerisinde bir A/D islemi yapilmasina gerek
birakmamasidir. Ancak sistemin birim basamak tepkisinin osiloskop ile ¢izdirilme-
sinde ve yine denetleyici algoritmalarina karsin sistem tepkisinin gézlenmesinde ha-

rici bir D/A devresi kullanilmustir.

2.3.2. Isitici

Bu calismada kullanilan 1sitic1, preslenmis silikon plastik iki kalip arasina sarilmis
nikel krom tellerden olusan 6zel tipte bir malzemedir ve yurt disindan temin edilmis-
tir. Isitic1 paspas (mat) olarak da adlandirilan bu yapi, sistemin laboratuvar ortaminda
modiiler olarak kullanilmasina olanak tanimasi agisindan tellerin ve 1sitma tertibati-

nin agikta olmamasi geregi goz Oniinde bulundurularak secilmistir. Esnek yapisi,



1sitacagl hacme gore kesilebilmesi 6nemli olmakla birlikte elektriksel anlamda 230 V
AC gerilim, 100 W gii¢c ve 530 Q direng karakteristigine sahiptir ve boyutlar1 15x18
cm'dir. Depolama tanklari, konteynerler, koltuk 1siticilar ve taban 1sitma gibi ¢esitli
uygulamalarda kullanim alan1 bulmaktadir. Kullanim sirasinda yiizey iizerine dogru-
dan montaj1 esastir boylelikle yiizey boyunca herhangi bir noktadaki hava aralikla-
rindan sakinilmis olur. Bu amacla arka yiizeyinde yapiskan yer almaktadir. Maksi-

mum 150 °C'lik bir ortam sicaklifina ¢alisma dayanimi mevcuttur.

2.3.3. Tesis

Sistem tepkisinin gozlenmesindeki belirleyici parametrelerden biri olan hacim icin,
1siticinin giicti ile orantili olarak dikdortgen prizmasi biciminde cam bir yap: secil-
mistir. Is1 yalitmi saglama acisindan, 1siticinin yerlestirilecegi dip yiizeye aliimin-
yum folyoya sarilmis tas yiinii yerlestirilmistir. Ayni1 bigcimde prizmanin i¢ yiizeyleri-
ne de foam board levha dosenmistir. Prizmanin kapagi igerisine sistemin sogutma-
sinda kullanilacak olan fan monte edilmis ve sicaklik algilayicilar ve 1sitict ve fan
kablolar1 ayr1 kablo kanallar1 icerisinden dosenmistir. Bunun nedeni deneysel c¢alis-
ma sirasinda sikca karsilasilan sicaklik verisinde bozulma etkisinin en aza indirilme-
sinin amag¢lanmasidir. Ortam sicakligi 85 °C'ye ulasabildiginden prizma igerisinde
tutturucu malzeme olarak kirmizi renkli 6zel RTV silikon kullanilmistir. Tesisin agik
dongii birim basamak tepkisi (unit step response) isiticiya tam gii¢ verilmisken

osiloskop araciligiyla gbzlemlenmistir.

2.3.4. PIC 16F877 mikrodenetleyici

Bu calismada kontrol bileseni olarak Microchip firmasina ait PIC 16F877 {iriinii kul-
lanilmustir. PIC 16F87X serisi oncelikle, PIC 16CXX ailesinin 6zelliklerini tagir (11,
12). PIC 16CXX'de Harvard mimarisi kullanilmistir. Von Neuman mimarisinde, veri
ve program bellegine aymi yoldan erisilebilirken, bu mimaride program bellegi ve
veri bellegine erisim farkli boylarda yapilir. Veri yolu (databus) 8 bit genisligindedir.
Ayn1 anda, veri bellegine 8 bit genisligindeki bu yolla erisilirken; program bellegine

program yolu ya da adres yolu (program bus / adress bus) denilen 14 bit genisligin-



deki diger bir yolla erisilir. Bunun i¢in PIC 16F87X ve PIC 16F84'de komut kodlar1
(opcode), 14 bittir. 14 bitlik program belleginin her bir adresi, bir komut koduna
(Instruction Code / Instruction Word) karsilik gelir. Dolayisiyla her komuta bir ¢ev-
rim siiresinde (cycle) erisilir ve komut kaydedicisine yiiklenir. Komut kaydedicisi,
CPU tarafindan kullanilan bir kaydedicidir ve dallanma komutlar1 disindaki biitiin
komutlar, ayni ¢evrim siiresinde calistirilirlar. Bu sirada program sayaci, PC (Prog-
ram Counter) bir artar. Dallanma ya da sapma komutlar ise, iki ardisik periyotta ca-

listirilir ve program sayaci PC, iki arttirilir.

16F87X Mikrodenetleyici ailesi asagidaki temel ozellikleri tagir:

e CPU azaltulmis komut seti RISC temeline dayanir.
e Ogrenilecek 35 komut vardir ve her biri 14 bit uzunluktadir.

e Dallanma komutlar1 iki ¢evrim (cycle) siirede, digerleri ise bir ¢evrimlik siirede

uygulanir.

e [slem hiz1 16F877'de DC-20 MHz'dir. (16F877'de bir komut DC-200 ns hizinda
calisir.)

¢ Veri yolu (databus) 8 bittir.

e 32 adet SFR (Special Function Register) olarak adlandirilan 6zel islem kaydedici-

si vardir ve bunlar statik RAM iizerindedir.
e 8 Kword'e kadar artan flash bellegi 1 milyon kez programlanabilir.

e 368 Byte'a kadar artan veri bellegi (RAM), ve 256 Byte'a kadar artan EEPROM

veri bellegi vardir.
¢ Pin ¢ikislar1 PIC 16C73B/74B/76 ve 77 ile uyumludur.
¢ 14 kaynaktan kesme yapabilir.

* Yigit (stack) derinligi 8'dir.



Dogrudan, dolayl1 ve goreceli adresleme yapabilir.

Power-on Reset (Enerji verildiginde sistemi resetleme) 6zelligi vardir.
Power-up Timer (Power-up zamanlayici) mevcuttur.

Osilator Start-up Timer (Osilator baslatma zamanlayicisi) mevcuttur.
Watch-dog Timer (Gozleyici), devre ici RC osilatdr mevcuttur.

Programla kod giivenliginin saglanabilmesi 6zelligi mevcuttur.

Devre i¢i Debugger (Hata ayiklamakta kullanilabilecek modiil) mevcuttur.
Diisiik gerilimli programlama 6zelligi vardir.

Flash ROM program bellegi (EEPROM o6zellikli program bellegi) mevcuttur.
Enerji tasarrufu saglayan, uyku —Sleep Modu 6zelligi vardir.

Secimli osilator ozellikleri mevcuttur.

Diisiik giicle, yiiksek hizla erisilebilen, CMOS-Flash EEPROM teknolojisi mev-

cuttur.
Tiimiiyle statik tasarima sahiptir.

2 pinle programlanabilme ve yalnmz 5V girisle, devre ici seri programlanabilme

ozelligi mevcuttur.

Islemcinin program bellegine, okuma/yazma 6zelligi ile erisimi mevcuttur.
2,0 V —5,0 V arasinda degisen genis isletim arali§i mevcuttur.

25 mA'lik kaynak akimina sahiptir.

Devre ici, iki pin ile hata ayiklama 6zelligi mevcuttur.
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¢ Genis sicaklik aralifinda calisabilme 6zelligi mevcuttur.

¢ Diisiik giicle calisabilme 6zelligi mevcuttur.
Cevresel ozellikleri ise sOyle siralanabilir:

e TMRO: 8 bitlik zamanlayici, 8 bit 6nbdéliictiliidiir.

e TMRI1: Onbéliiciilii, 16 bit zamanlayici, uyuma modundayken dis kristal zaman-

layicidan kontrolii arttirilabilir.
e TMR2: 8 bitlik zamanlayici, hem 6nbéliicii hem de sonbdliicii sabiti mevcuttur.
e ki Capture / Compare / PWM modiilii mevcuttur.
e 10 bit ¢cok kanall1 A/D ¢evirici mevcuttur.
e Senkron seri port (SSP), SPI (Master mod) ve I2C (Master Slave) ile birliktedir.

e Paralel Slave (bagimli) Port, 8 bit genislikte ve dis RD, WR, CS kontrolleri mev-

cuttur.
e USART/SCI, 9 bit adres yakalamalidir.

e BOR Reset (Brown Out Reset) 6zelligi mevcuttur.
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MCLRVPP —= [] 1 / 40 [] =—= RB7
RAO/ANOD -a—m[] 2 39 | ] -—=» RB6
RA1/ANT -—=[] 3 38 [] «=—m RB5

RA2/AN2/VREF a—m[] 4 37 ] -+—» RB4
RA3/AN3/VREF -—w[] 5 36 [] «—» RB3
RA4TOCKI w— []6 35 [] «—» RB2
RA5/AN4/SS w—=[] 7 = 34 [ «—» RB1
REO/RD/ANS =—[] 8 g 33 [] -—» RBO/INT
RE1/WR/ANG =+— [] o B 32 [] -—— VDD
RE2/CSIANT -—[] 10 ~ 31 [] =— Vss
VDD - [ 11 & 30 [J «+—= RD7/PSP7
Vss — [ 12 &  29[]«—»= RD6PSPE
OSC1/CLKIN —m[] 13 o 28 [] —w RD5/PSPS5
OSC2/CLKOUT a—1[] 14 o 27 [] -=—= RD4/PSP4
RCOM10OSOMICK! —m[] 15 26 [[] —w RC7RXDT
RC1/T10SICCP2 w—m[] 15 25 [[] -«—» RCB/TX/CK
RC2/CCP1 w—= [ 17 24 [] -—= RC5/SDO
RC3/SCK/SCL -—u[] 18 23 [] =—» RC4/SDISDA
RDO/PSPO w—w [] 19 22 [] «—» RD3/PSP3
RD1/PSP1 ~—u[] 20 21 [] -—» RD2/PSP2

Sekil 2.2. PIC 16F877 bacak (port) baglantilar

2.3.5. Kontrol kutusu

PIC mikrodenetleyicinin ve ¢evre birimlerinin igerisine yerlestirildigi kontrol kutusu,
sicaklik algilayicilardan gelen veri kablolar ile baglanti yapilan ve mikrodenetleyici
ile tesis arasindaki tiim veri haberlesmesinin yapildig: ve kontrol edildigi bir kutudur.
Laboratuvar ortaminda tesis ile veri kablolariyla iizerinde gergeklestirilen sicaklik
kontrolii i¢in kullaniciya set degerleri girmeye yarayan butonlar, kontrol sonuglarini
gosteren LCD ekran kutunun 6n panelinde yer almaktadir. Kutu icerisindeki baski
devre kartlar1 tek bir kart olarak tasarlanmamis; mikrodenetleyici karti, role ve D/A

doniistiiriiciiniin yer aldig1 kart, gii¢ karti ve PWM kart1 ayr1 ayr1i monte edilmistir.

Mikrodenetleyici Karti

PIC mikrodenetleyicinin iizerinde yer aldig1 bu kart i¢in mikromodiil olarak adlandi-
rilan (14) ve osilator devresinin ve mikrodenetleyici giris/¢ikis portlarinin
klemenslerinin hazir olarak yer aldigir kart kullanilmistir. 4 MHz'lik bir kristal

osilasyon frekansini olugturmaktadir.
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Sekil 2.3. Mikrodenetleyici kart1 yerlesim semast

Bu kartin baski devre semas1 asagida verilmektedir:
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Sekil 2.4. Mikrodenetleyici kart1 baski devre semasi
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Role ve D/A Doniistiiriicii Karti

Role Devresi

Tesis icerisinde bes farkli bolgede sicaklik algilayicist mevcuttur. Isinan havanin
alttan iiste dogru yiikselecegi dolayisiyla 1siticiya yakin yerdeki algilayicilar ile iist
boliimdeki algilayicilar arasinda deger farki olacagi agiktir. Kullanilan sicaklik algi-
layicilart sayisal ¢ikis vermekte ve iiretici firmaya ait “l-wire” teknolojisiyle
mikrodenetleyici ile haberlesmektedir. Yazilimda kullanilan derleyicideki kisitlama
nedeniyle bu protokolde, mikrodenetleyicinin yalnizca bir ¢ikis portu ayn1 anda algi-
layici ile veri iletisiminde bulunabilmektedir. Dolayisiyla her bir saniyede tek bir
algilayicidan gelen veri mikrodenetleyicinin RB2 portundan alinmaktadir. Tesiste
bes adet sicaklik algilayici bulundugundan her birinden gelen veriyi mikrodenetleyi-
ciye aktarmak i¢in bes adet role iceren devre tasarlanmistir. Roleler her saniyede
anahtarlama yaparak algilayiciyt RB2 portu ile iligkilendirir ve algilayicidan gelen
veri yazilimda bir degiskene atilir ve bes saniye sonunda degiskendeki bu degerin
aritmektik ortalamasi alinarak ortam sicakligi hesaplanmis olur. Sistemin geneli de-

gerlendirildiginde toplam 6rnekleme zamani bes saniye olmaktadir.

3.0kohm 5%

AW\;lT 1n4148 SENSOR 1
BC337 %

Roa { —— (O

— SENSGR 2
1_aMp %

sy g O

—L—;:' . % SENSOR 3

5V TERK KCONTAK ROLE O

rso (O

RCe O—W\A;Ix & %—l— ssmsgx;
S = — )
il i " u% % smmstR

e

DR BEB2

Sekil 2.5. Role devre semasi
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D/A Doniistiiriicii Devresi

Sayisal/Analog doniistiirme islemi i¢in tasarlanan devre R2R merdiven bi¢iminde

adlandirilan bir islemsel yiikseltec ve sira diren¢lerden olusan asagidaki devredir:

TEETY

PO RTD

Sekil 2.6. D/A doniistiiriicii devre semasi

Burada R direnci olarak 10 kQ'luk bir diren¢ kullanilmistir. PIC mikrodenetleyicinin
giris/¢ikis portlarindan olan D portu biitiiniiyle D/A doniistiirme islemi icin ayrilmis-
tir. Devrede OUT olarak adlandirilan boliimden osiloskoba ¢ikis verilmekte boylelik-

le sistemin sicaklik-gerilim iligkisi gozlemlenebilmektedir.

Rolelerin ve D/A doniistiiriicliniin yer aldigi kartin baski devre semast Sekil 2.7'deki

gibi tasarlanmustir:
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Sekil 2.7. Role&D/A doniistiiriicii kart1 bask1 devre semasi

PWM Karti

Isiticinin siirtildiigii 1511 enerjinin belirlenmesinde mikrodenetleyicinin PWM (darbe
genislikli modiilasyon) tekniginden faydalanilmaktadir. Bu amagla {izerinde bir
MOSEFET ve Optocoupler bulunan ve mikrodenetleyicinin PWM c¢ikisi olan RC2
portunun baglandigit PWM kart1 tasarlanmistir. Kartin devre semasi Sekil 2.8'deki

gibidir:
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Sekil 2.8. PWM kart1 devre semasi

Mikrodenetleyici ile anahtarlama devreleri arasindaki referans boliimlerinin (toprak)
elektriksel izolasyonunu gergeklestirmek icin izolasyonlu gii¢ kaynag kullanilmastir.
Hem 12 V hem de 5 V DC gii¢ verebilen bu kaynagin topraklarindan biri kirmizi
renkli olarak isaretlenmigstir. Kullanilan optocoupler anahtarlama devresinde olusabi-
lecek herhangi bir kacak akim, parazit vb. zararli etkinin mikrodenetleyici kartina

ulagsmamasi i¢in konulmustur. Kartin baski devre semasi Sekil 2.9'da yer almaktadir:

Sekil 2.9. PWM kart1 bask1 devre semasi
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Gii¢ Karti

Kontrol kutusunun tiim gii¢ ihtiyacimi karsilamak tizere tasarlanmistir. PIC mikrode-
netleyici 5 V DC gerilimle ¢alismakta ancak PWM kartinda yer alan optocoupler 12
V DC gerektirmektedir. Ayrica sistem fan1 da yine 12 V DC gerilimle calismaktadir.
Elektriksel izolasyonu saglamak icin bu kartta iki adet trafo kullanilmig ve iki farkl

toprak elde edilmistir.
1 us2 g
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78172 | 100nf 100UF fes
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TH4004
GND GND  GND GHD  GMND

Sekil 2.10. Gii¢ kart1 devre semast

Kartin baski devre semasi ise Sekil 2.11'de gosterilmistir:
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Sekil 2.11. Giig kart1 bask1 devre semasi



LCD Karti

Mikrodenetleyici ile ¢evre birimleri arasindaki tiim veri aligverisi kontrol kutusu iize-

rindeki LCD ekran araciligiyla goriintiilenebilmektedir. Sistem baslatildiginda ortam

sicaklig, istenilen set deger, uygulanacak kontrol tipi vb. bilgiler kullaniciya sunul-

makta ve kullanici ekranin yanindaki butonlar araciligiyla biitiin bu adimlar1 gercek-

lestirebilmektedir. LCD ekran olarak yaygin bigcimde kullanilan Hitachi 44780 denet-

leyicili 2*16 satirhk LMO16 tipi ekran kullanmilmistir. Mikrodenetleyici kartinda ol-

dugu gibi bu kart ta mikromodiil olarak entegre edilmistir. Girig-¢ikis baglantilar1 ve

besleme klemensleri kart itizerinde adreslenmis ayrica arka aydinlatmasi (backlight)

icin de bir pot yer almaktadir.
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Sekil 2.12. LCD kart1 yerlesim semasi
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Sekil 2.13. LCD kart1 baski devre semasi
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3. SISTEMIN MATEMATIKSEL MODELI

Sistemin matematiksel modelinin ¢ikarilmasinda MATLAB Simulink programindan

faydalanilmistir.

3.1. Matlab Simulink Hakkinda Genel Bilgi

Simulink, karmasik sistemleri tasarlama ve benzetim yapma olanagi vermektedir
(15). Miihendislik sistemlerinde benzetimin 6nemi giin gectik¢e artmaktadir. Sistem-
lerin tasariminda biiyiik oranda bilgisayar benzetimlerinden faydalanmakta, miimkiin
oldugunda tasarimin test asamalar1 da bilgisayarlar yardimiyla yapilmaktadir. Bu da
prototiplere olan ihtiyaci azaltarak maliyetlerin biiyiik oranda diismesini saglamakta-
dir. Giiniimiizde miihendislik alaninda en c¢ok kullanilan programlardan birisi
MATLAB'dir. Simulink, MATLAB ile birlikte biitiinlesik olarak ¢alisan bir benze-
tim ortamidir. Siirekli zamanl ve kesikli zamanli sistemleri veya her ikisini de i¢eren
hibrit sistemleri desteklemektedir. Zengin blok kiitiiphanesi sayesinde i¢inde bir¢cok
altsistemi blok olarak barindirdigindan siiriikle-birak yontemiyle pek ¢ok sistem bir-

kac dakikada kurularak benzetilebilir ve degisik durumlardaki tepkileri test edilebilir.

3.1.1. Simulink kiitiiphanesi

Simulink ¢alistirildiginda ekrana Simulink kiitiiphanesi gelecektir. Benzetim yapar-

ken kullanilacak bloklar kategorilere ayrilmis bicimde burada bulunmaktadir.

3.1.2. Blok diyagramlar

Her bir blok siirekli zamanda ya da kesikli zamanda c¢ikis veren temel bir dinamik
sistemi ifade eder. Hatlar, bloklarin giris ve cikislar1 arasindaki baglantilar1 gosterir.
Blok diyagramdaki her bir blok belirli bir tip blogun 6rnegidir. Blogun tipi, blogun

giris ve ¢ikislari, durumlar1 ve zaman arasindaki bagintiy1 belirler.
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3.1.3. Bloklar

Bloklar, Simulink'in nasil simule edilecegini bildigi temel dinamik sistemleri temsil
eder. Bloklar1 programlama dillerinde kullanilan fonksiyonlara benzetebiliriz. Her
biri dinamik sistem icin yazilmis hazir fonksiyonlardir. Bize kalan sadece bu hazir
fonksiyonlart kullanarak sistemimizi kurmaktir. Bir blok su bilesenlerin birinden

veya birkagindan olusur: Giris kiimesi, durum kiimesi ve ¢ikis kiimesi.

3.1.4. Durumlar

Bloklar durumlara sahip olabilirler. Durum, blogun cikisin1 belirleyen ve simdiki
degeri, blogun 6nceki durumlar1 ve/veya girislerinin fonksiyonu olan bir degiskendir.
Duruma sahip olan bir blok simdiki durumunu belirlemek i¢in gecmis degerlerini
kaydetmek zorundadir. Duruma sahip olan bloklara, hafizali blok denilir. Ciinkii bu
bloklar o anki degerlerini belirlemek icin ge¢cmis degerlerini kaydetmek

zorundadirlar.

Simulink Integral alici (integrator) blogu duruma sahip bloklara bir ornektir.
Integrator blogu benzetimin baslangicindan o anki zamana kadar giris sinyalinin in-
tegralini cikis olarak verir. O anki zaman adimindaki integral degeri, integrator
blogunun gecmisteki giris degerlerine baglidir. Dolayisiyla integral, integrator
blogunun durumudur. Durumlu bloklara bir bagka 6rnek de Simulink Hafiza (memo-
ry) blogudur. Hafiza blogu girislerindeki degerleri o anda kaydedip ileriki bir za-

manda cikisina verir. Hafiza blogunun durumlar1 6nceki giris degerleridir.

Simulink Kazang¢ blogu (Gain) durumsuz bloklara bir drnektir. Kazang blogu girisin-
deki degeri kazang adi verilen bir sabitle carparak ¢ikisina verir. Kazang blogunun
cikis1 tamamiyle o anki giris degeri ve sabit olan kazang ile belirlenir. Dolayisila
Kazan¢ blogunun durumu yoktur. Diger bazi durumsuz bloklar Toplam (Sum) ve
Carpim (product) bloklaridir. Bu bloklarin ¢ikislari tamamiyle girislerinin bir fonksi-
yonudur (ilki i¢in toplam, ikincisi i¢in ¢arpimdir). Dolayisiyla bu bloklarin durumlari

yoktur.
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3.1.5. Blok parametreleri

Bircok standart blogun anahtar 6zellikleri parametrik hale getirilmistir. Ornegin, Ka-
zan¢ Blogunun (Gain) kazanci bir parametredir. Her bir parametrik blok, blok para-
metrelerini belirleyebilecegimiz bir diyalog kutusu sunar. Blok parametrelerini belir-
lemek icin MATLAB ifadeleri kullanilabilir. Simulink bu ifadeleri benzetimi ¢alig-
tirmadan Once hesaplar. Parametrelerin degerlerini benzetim esnasinda degistirebili-
riz. Bu, parametrenin en uygun degerini interaktif bir sekilde belirlememize olanak
sunar. Parametrik bloklar etkili bir bicimde benzer blok ailelerini temsil ederler. Or-
negin, bir model olusutururken modeldeki her bir Kazan¢ (Gain) blogunun kazang
degerlerini ayr1 ayr1 belirleyerek her bir Kazan¢ Blogunun farkli davranmasinm sagla-
yabiliriz. Bloklarin parametrik hale getirilmesi, her bir standart blogun bir blok aile-

sini temsil etmesini saglayarak, Simulink'in modelleme giiciinii artirmaktadir.

3.1.6. Degistirilebilir parametreler

Birgok blok parametresi degistirilebilirdir. Benzetim yapilirken degeri degistirilebi-
len parametreler degistirilebilir parametrelerdir. Ornegin Kazan¢ blogunun kazang
parametresi degistirilebilir parametredir. Benzetim ¢alisirken blogun kazanci degisti-
rilebilir. Bir parametre degistirilebilir degilse ve benzetim calisiyorsa Simulink pa-
rametreyi ayarlayan diyalog kutusunu engeller. Simulink belirlediklerimiz disinda
biitiin parametreleri degistirilemez olarak belirlememize izin verir. Bu biiyiik model-
lerin calistirilmasini hizlandirir ve modelimizden daha hizli bir sekilde kod iiretilme-

sini saglar.

3.1.7. Altsistemler

Simulink bize, kompleks sistemleri, blok diyagramlari ile temsil edilen birbirine bag-
1 altsistemler seklinde modellememize izin verir. Altsistemler, Simulink altsistem
(subsystem) bloguyla ve model editoriiyle olusturulabilir. Alt sistemleri, ana sistem-
lere istedigimiz derinlige kadar gomerek hiyerarsik modeller olusturabiliriz. Bir gecis

durumu oldugunda, bir tetikleme veya yetkilendirme girisi geldiginde calistirilan
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sarta bagl calisan alt sistemler olusturulabilir.

3.1.8. Sinyaller

Simulink sinyal terimini bloklarin ¢ikis degerlerini belirtmekte kullanir. Simulink
sinyal ismi, veri tipi (0rn: 8-bit,16-bit veya 32-bit tamsay1), niimerik tip (Reel veya
kompleks), ve boyutluluk (tek boyutlu veya 2-boyutlu dizi) gibi sinyal 6zelliklerini
belirlememize olanak verir. Bir¢cok blok herhangi bir veri veya niimerik tipte ve bo-
yutta ¢ikisi kabul edebilir. Digerleri de kabul edebildikleri sinyal 6zellikleri ile ilgili

kisitlamalar tasirlar.

3.1.9. Veri tipleri

Veri tipi, verinin bilgisayardaki temsiline verilen addir. Simulink MATLAB'te des-
teklenen int8, double ve boolean gibi herhangi bir dahili veri tipini kullanabilir. Bun-

lara ek olarak Simulink kendine 6zgii iki veri tipi daha tanimlar:

e  Simulink.Parameter

e  Simulink.Signal

Bu Simulink'e 6zgii veri tipleri diger genel veri tipleri ile tutulamayan Simulink'e
0zgii bazi bilgilerin tutulmasinda kullanilirlar. Simulink, veri objeleri denilen Simu-
link veri tiplerini kullanarak parametre degerleri ve sinyal olarak kullanilmak iizere
yeni veri tipleri olusturulmasina olanak tanir. Her iki Simulink veri tipi de kullanila-
rak istenilen modellere 6zgii bilgileri saklayabilen yeni veri tipleri gerceklestirilebi-

lir.
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3.2. Isil Sistemin Simulink ile Modellenmesi

Sicaklik algilayicilarin yaklasik 20 mV/°C karakteristiginde oldugu gozlenmistir. Isil
sistemin zaman sabitinin yaklasik 540 s oldugu da 6l¢iim ile saptanmistir. Bu dogrul-

tuda sistemin agik dongii transfer fonksiyonu Sekil 3.1'deki gibi ¢izilebilir:
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Sekil 3.1. Isil sistemin agik dongii transfer fonksiyonu benzetimi
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Sistemin mikrodenetleyici iceren boliimiiniin modellenmis bicimi de Sekil 3.2'dedir.
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Zero-Order Hold ve Rounding Function bloklar: ile sicaklik algilayicilardan alinan
bilgi mikrodenetleyicide degerlendirilmis olur. Benzetim, gercege yakin yapilmistir.
Floor (yuvarlatma) ile sicaklik "50 51 49" biciminde mikrodenetleyiciye atilir. Zero-
Order Hold blogu 5 saniyede bir deger degistirir. Sekil 3.1 ve Sekil 3.2'deki Simulink

bloklarindaki degerler, 5. Boliimde yer alan deneysel bulgulara gore belirlenmistir.
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4. ON/OFF, P, PI, PD, PID DENETLEYICILER ve SISTEM YAZILIM
ALGORITMALARI

Bu boliimde denetleyici tipleri ile birlikte sistem yazilimi algoritmalar1 tanitilmakta-
dir. Sistem yazilimi genel olarak iki boliimde incelenebilir: Birinci boliimde 1s1l sis-
temde cesitli kontrolleri (on/off, oransal vb.) yerine getiren programlar, ikinci bo-

liimde ise bu kontrol programlarinda kullanilan alt programlar bulunmaktadir.

4.1. Genel Akis Semasi

Sekil 4.1'de sistem yaziliminin genel akis semas1 goriilmektedir. Sistem ilk acildigin-
da otomatik olarak reset olur, mikrodenetleyicinin giris-¢ikis portlari, tus takimi ve
lcd ekran programin devam edecek kisminda istenilen islevleri gorebilmeleri i¢in
diizenlenir. Bu kisim “Sistem Baglatim1” olarak adlandirilabilir. Mikrodenetleyicinin
giris-cikis portlarinin diizenlenmesinden sonra yazilim, ortam sicakliginin gosterildi-
g1 program parcasini uygulamaya baslar. Programin bu boliimii bir dongiiden ibaret-
tir. Saniyenin belli bir kesrinde ortam sicakligini gosteren veri elde edilir, islenir,

goriintiilenir ve tekrar bu programin basina doniilerek bu isleme devam edilir.

Tus takiminda denetleyici tipini gosteren fonksiyon tuslarindan herhangi birine ba-
silmigsa mikrodenetleyiciye kesme (INT) istegi gonderilir ve PIC bu kesmenin sonu-
cu tus takimindan bilgi okuma programina sapar. Sapilan bu programda secilen de-
netleyici tipinin gerektirdigi bilgilerin tus takimindan girilmesi gerekir. Bu durumda
program, bu bilgilerin girilmesini bekleyecektir. Tus takimindan bu degerlerin giril-
mesinden sonra sec¢ilen denetleyici tipinin uygulanmasina baslanir. Dongii ile bu

program siirekli ytirtitiiliir.

basilmasiyla birlikte kesilir, tus takimindan giris okuma programina sapilir ve onceki

islemler yinelenir.
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4.2. Yazihim ile Denetleyici Tipinin Gerceklestirilmesi

Yazilim ile gergeklestirilecek, kapali dongii sistemin kontrol bilesenleri Sekil 4.2'de

goriilmektedir.

SISTEM
MIiKRODENETLEYICI
YAZILIMI

A

ON/OFF

A 4
A 4
v

+ GUC SUREC
TUS TAKIMI —>O PI KONTROL (PROCESS)

PD

PID

Sekil 4.2. Sistem kapal1 dongii blok diyagrami

Sekil 4.2'de kesikli cizgi ile sinirlandirilmis boliim, sistem yaziliminin gerceklestir-
mesi gereken bolimdiir. Yazilimla bu boliimdeki islemler gerceklestirilmeden once
cikis verisinin, tus takimindan ise giris verilerinin elde edilmesi gerekir. Bu verilerin
elde edilmesinden sonra sistemi siirecek hata sinyali, giris ile dlciilen degerin aritme-
tiksel olarak c¢ikarilmasiyla elde edilir (Ogata, 1990). Sonraki islem bu hata sinyali-
nin secilen kontrol bileseni tipine gore islenip c¢ikti olusturulmasidir. Bu ¢ikti daha

sonra gii¢ kontrol tinitesi (PWM karti) ile 1s1l sistemi siirecek olan 1s1ya doniistiiriiliir.
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Sistem yaziliminin tiimii Sekil 4.1 ve yukarida anlatilan siraya uygun olarak veril-

mektedir.

4.2.1. Sistem baslatimi

Power On

\4

Heartbeat
(Aktif Ca-
lisma)
LED'ini
yak

LCD Ekra-
n1 Diizenle

A 4

Tus Taki-

mim Dii-
zenle

v

Ortam S1-

cakliginm
Goster

A

Isitic1 Off

Sekil 4.3. Sistem baslatimi akis semasi

Sistem yaziliminin dogru bigcimde ¢alistigini operatoriin gdzlemlemesi i¢in yazilimda
bir “heartbeat” (aktif ¢calisma) dongiisii tanimlanmis ve bu dongiiniin ¢alistirdig bir

led kontrol kutusuna eklenmistir.
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Mikrodenetleyici ve ¢evre birimlerinin, istenen fonksiyonlar1 yazilimin sonraki bo-
liimlerinde yerine getirebilmeleri i¢in programin basinda ilklendirme (initialize) ger-
ceklestirilmelidir. Sistem baslatimi olarak adlandirilan bu boliim ayrica tug takimi ve
LCD ekran i¢in diizenlemeler icermektedir. Belli bir zaman araliginda sicaklik algi-
layicisindan alinan bilgi, mikrodenetleyiciye aktarildiktan sonra LCD ekranda goriin-
tillenir ve tekrar basa doniiliir, yukaridaki islemler tekrar edilir. Bu adima ait akis

semasi Sekil 4.3 'te yer almaktadir.

4.3. On/Off Denetleyici

\ 4

C(s)

A

Sekil 4.4. On/Off kontrol blok diyagrami

Sekil 4.5'te On/Off kontrol bileseninin ¢ikis sinyali c(t)'nin, hata sinyaline gore degi-

simi goriilmektedir.
A c(t)

ON

[
»

A 4
v

OFF e(t) R

n-9 n n+0

Sekil 4.5. Hata sinyaline gore degisim

Hata sinyali verilen bir "n" degerinin n+0 kadar iistiinde iken ¢ikis kapanmakta, n-o
degerine diistiigiinde ise c(t) a¢ilmakta ve maksimum ¢ikis vermektedir. 20 degeri

diferansiyel aralik olarak adlandirilir.
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e(t) =n+d — c(t) kapali

e(t) <n-8& —» c(t) agik

Diferansiyel aralik minimum 0, maksimum 65 °C olabilmektedir. Bu fonksiyonun
akis semast Sekil 4.6'da yer almaktadir. Programin calistirilmasi esnasinda sicaklik

degeri girilir, ON/OFF kontrol secilir ve diferansiyel aralik girilir.

e (t) > n+d

Isitic1 Kapali

H
v € (t) <n-0

A 4

Isitict Acik

| »
»

Ortam Sicakliginm
Goriintiile

v

Sekil 4.6. On/Off kontrol akis semasi
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4.4. Oransal (P) Denetleyici

Rsy +,~ E | K, C(s)

B(s)
Sekil 4.7. Oransal kontrol blok diyagrami

Cikis c(t) ve hata sinyali arasindaki bagmnti c(t)= K,. e(t)'dir. Burada K, kazanci
gostermektedir. Sekil 4.8'de oransal denetleyici tipini gerceklestiren yazilimin akis
semasi goriilmektedir. Tus takimindan girilen K, ve sicaklik algilayicilardan alinan

ortam sicaklik verileri b(t), aritmetik islemlerde kullanilacak standart bicime doniis-

tiriiliir.

Sistemde, sayisal sicaklik algilayicilarin konumu geregi yaklasik 1 s araliklarla ali-
nan, ortam sicakligimi gosteren veriler toplanir ve 5. s sonunda aritmetik ortalamasi
alinir. Boylece b(t) olusturulur. e(t) =r(t)-b(t) oldugundan, bu islem yalnizca ikili say1

sisteminde iki sayinin ¢ikarilmasi islemidir. Sonugta e(t) elde edilir. K, . e(t) olustu-

rulur ve 1s1l sistemi siirecek olan sicaklik degerine doniistiiriiliir. Bu doniistiirme is-
lemi akis semasinda "¢ikt1" olarak goriilmektedir. Akis semasinda ki son blokta elde-
ki b(t) verisi LCD ekranda goriintiilenir. Dongii ile yukaridaki islemler tekrar edilir.

Tiim islemler yaklasik olarak 5 s siirmektedir. Sekil 4.8'de bu siire gosterilmektedir.

Sekil 4.8. Oransal kontrol drnekleme yaklasimi
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Oransal kontrol programinin calistirtlmasi esnasinda, istenen ortam sicakligi (set
deger) girilir. Ornegin 33 °C. Kontrol edilebilen sicaklik araligi 20 — 85 °C arasinda-
dir. Aralik herbiri 0,25 °C olan toplam 256 parcaya boliinmiistiir. "P" ile oransal de-
netleyicinin secildigi bildirilir ve istenen K, degeri girilir. Bundan sonra program

islemeye baglar.

Basla

v
Girilen Sicaklik ve
K, Degerini
Standart Bicime
Cevir

P

A 4

Sicaklik Algilayici

Degerlerinin Orta-
lamasini Al

\ 4

e(t)'yi olustur

Ortam Sicakligini
Gortintiile

Sekil 4.9. Oransal kontrol akis semasi
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4.5. Oransal+Integral (PI) Denetleyici

R(s) +,~ E(s) K, C(s)

A
=
~

T

- s

B(s)

Sekil 4.10. Oransal+Integral kontrol blok diyagrami

Cikas c(t) ile hata sinyali e(t) arasindaki esitlik:
m(t) =K ,.e(t)+ K, [e(t).dt [2.1]
0

olarak yer almaktadir. Mikrodenetleyici yazilimi araciligiyla bu esitlikteki integrali
hesaplamak i¢in sayisal integrasyon yontemlerinden biri olan yamuk yontemi kulla-

nilmistir. Bu yontemde, 0-t araligindaki bir fonksiyonun integrali

j f(t).dtzgz [f(a+n=Dh)+ f(a+nh)] [2.2]

" "

esitligi ile elde edilir (Vatansever, 2002). Burada "n" n. 6rneklemeyi, h iki drnekleme
arast zamani, N a ile b arasindaki toplam parca sayisin1 gostermektedir. Sekil 4.11'de

formiildeki degerler gosterilmektedir.

TN

h h

A

=\ 4
— |A
|

A w©
A

)
o

Sekil 4.11. Oransal+integral kontrol 6rnekleme yaklagimi
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Sekil 4.10'daki akis semasindaki ilk islemler tus takimindan girilen K, ve K, katsa-
yilarinin islenebilmeleri igin standart sekle getirilmeleridir. Ilk ii¢ 6rneklemeden son-

ra her bir 6rnekleme icin hata sinyali olusturulur (e, ,,e, ,e,). Bu degerler daha

sonra Es. 2.2'de yerine konularak:
t h N

K, j e(r)dt = K,.E.Z [e(0+ (n—=1)h) +e(0+n).h)] [2.3]
0 n=l1

esitligi elde edilir. En son drnekleme e,, K, ile carpilarak oransal terim olusturulur,

Es. 2.3'te bulunan integral terimi ile toplanir ve sonug ifade olan m(t) bulunur. "Cik-
t1" olarak gosterilen blokta m(t) ile sistemi siiren 1s1 arasindaki bagint1 saglanir. Sis-
temdeki 0lii zaman gecikmesinden ve yavas tepkiden dolayr h 20 s olarak alinmakta
ve integral alinmaya set deger ile ortam sicaklig1 arasinda 10 °C kala baslanmaktadir.
Bu degerler, Simulink benzetim sonuglar1 ve deneysel ¢alisma sonuglart karsilastir-

mal1 degerlendirilerek saptanmustir. Oransal+Integral Denetleyicinin ¢aligtiriimasi:

- Istenen ortam sicaklig1 30-60 °C arasi girilir.
- PIile bu kontrol tipinin secildigi belirtilir.

Kp veK: girilir.



36

v

F_INT_TOPL=0

A 4

Girilen Sicaklik, K,

ve K, Degerlerini
Standart Bicime Cevir

»

e ,e . olustur

n®-n-1

A 4

F_INT=0,5h( ¢, +e, )

A 4

F_INT_TOPL=
F_INT+ F_INT_TOPL

\4

K,.e,+K, F_INT_TOPL

Cikt1

|

Ortam Sicakligini

Goriintiile

A 4

e, <—e, kaydir

Sekil 4.12. Oransal+Integral kontrol akis semasi
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4.6. Oransal+Tiirevsel (PD) Denetleyici

Rs) +,~ E6) | K, +K,.s C(s)

B(s)

Sekil 4.13. Oransal+Tiirevsel kontrol blok diyagrami

Cikas c(t) ile hata sinyali e(t) arasindaki esitlik:

de(t)

mt)=K,.elt)+K,. [2.4]
dt
de(t)/dt tiirevi yeterince kiiciik AT zaman aralig1 i¢in:
de(t) = & "G [2.5]
dt AT

olarak ifade edilebilir. Sistem zaman sabitine, sicaklik algilayici 6rnekleme diizene-
gine ve deneysel sonuglara gore AT = 1 s olarak alinmistir. Sekil 4.14'te 6rnekleme

islemi goriilmektedir.

AT

e

n—-1 n

Sekil 4.14. Oransal+Tiirevsel kontrol 6rnekleme yaklagimi

Sekil 4.15'de goriilen akis semasinda 6nceki denetleyici tiplerinde oldugu gibi girilen

K, ve K, katsayilar1 standart bi¢ime doniistiiriiliir.
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5 sn araliklarla iki 6rnekleme alinarak ana dongiiye girilir. e ,e, , hata sinyali de-
gerleri olusturulur. e, —e, , olusturularak tiirevin ilk asamasi gergeklestirilir, 1/ AT
ile tiirevin gercek degeri bulunur. K, .1/AT.(e, —e¢,_,) ile tiirevsel terim olusturulur.
En son drneklemenin hata sinyali degeri e,, K, ile carpilarak oransal terim olustu-

rulur. Bu iki terim toplanarak oransal+tiirevsel denetleyicinin ¢ikis c(t) degeri olustu-
rulur. Akis semasindaki "¢ikt1" olarak gosterilen blokta c(t) ile sistemi siiren 1s1 ara-

sindaki esitlik saglanir. Oransal+Tiirevsel kontroliin caligtirilmasi:

- lstenen sicaklik degeri girilir
- PDile bu denetleyici tipi secilir

- K, ve K,, degerleri girilir.



Basla

F_DER_TOPL=0

\
Girilen Sicaklik, K p,

ve K, Degerlerini

Standart Bigime Cevir

»

A4

e,_, ve e, olustur

\ 4

F_DER=1/AT (e, —e, )

F_DER_TOPL=
F_DER+
F_DER_TOPL

K,.e, + K, .F_DER_TOPL

\ 4
Cikt1

A

Ortam Sicakligini
Goriintiile

\ 4

e, <—e, kaydr

n-1

Sekil 4.15. Oransal+Tiirevsel kontrol akis semasi
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4.7. Oransal+integral+Tiirevsel (PID) Denetleyici

R(s) + ,~  E(s)

K
K,+K,s+—=
- s

B(s)

Sekil 4.16. Oransal+Integral+Tiirevsel kontrol blok diyagrami

Cikas c(t) ile hata sinyali e(t) arasindaki esitlik:

ct)=K,e)+K, det) K, [e().dt
dt )

40

C(s)

[2.6]

Esitlikteki integral, tiirev ve oransal boliimler onceki boliimlerde anlatildig sekilde

gerceklestirilmektedir. Sadece tiirev alimirken e, , ve e,_, kullanilir. Sekil 4.14'teki

akis semasindan da goriilecegi iizere program daha Once anlatilan denetleyici tipleri-

nin bir birlesimidir. Programin ¢alistirilmast:

- 30-60°C arasinda sicaklik degeri girilir.
- PID ile bu denetleyici tipi secilir.

-  K,,K, ve K, degerleri girilir.



F_INT_TOPL=0
F_DER_TOPL=0

y

Girilen Sicaklik, K ,, K,

ve K, Degerlerini Stan-

dart Bi¢ime Cevir

»
»

e e,_, ve e, olustur

v

F_INT=0,5h.( e, +e, )

'

F_DER=1/AT .(e,—e, ,)

'

F_INT_TOPL=
F_INT+
F_INT_TOPL

v

F_DER_TOPL=
F_DER+
F_DER_TOPL

v

n-2°

K,.e,+K, F_INT_TOPL+ K , F_DER_TOPL

Ortam Sicakligini
Goriintiile

v

e, , e, kaydrr

e, e

n

Sekil 4.17. Oransal+Integral+Tiirevsel kontrol akis semasi
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4.8. Mikrodenetleyici Yazilim

PIC 16F877 mikrodenetleyici i¢in gomiilii yazilim gelistirmede ¢esitli araglar mev-
cuttur. Ust seviye programlama dillerinden PASCAL, BASIC gibi dillerin standart
s0z dizimi ve komutlarim1 PIC mikrodenetleyici i¢in derleyen pek ¢ok ticari ve iicret-
siz yazihm gelistirme aract ile birlikte aym bigimde orta seviye C (Ibrahim, 2003;
Gardner, 1998) programlama dili lizerinde gelistirilen kodun mikrodenetleyiciye ak-
tarilmasinda kullanilabilecek derleyiciler de bulunabilmektedir. Biitiin bu derleyici-
ler, .c ya da .bas (13) gibi standart programlama dosyalarini ¢apraz cevirerek (cross
compile) mikrodenetleyici- ye aktarilabilecek onaltili say1 sisteminde karsiliklarina
doniistiiriirler. .hex uzantili bu veri, kisisel bilgisayar iizerinden seri ya da usb port
araciligiyla mikrodenetle-yicinin bagli oldugu programlayiciya iletilir (16) ve PIC
programlanir. FLASH program bellekleri sayesinde PIC mikrodenetleyiciler defalar-

ca programlanip silinebilir.

Bu calismada yazilim gelistirme araci olarak Crownhill Associates firmasinin Proton

PICBASIC derleyicisi ve yazilim gelistirme ortami kullanilmistir.

4.8.1. Program ve aciklamasi

DEVICE = 16F877

XTAL =4

CONFIG XT_OSC , WDT_OFF, PWRTE_OFF , BODEN_OFF , LVP_OFF,
WRTE_ON

Symbol butondown =PORTC.0 'Buton kontrol port birimleri

Symbol butonset = PORTC.1
Symbol butonup =PORTC.3
Symbol rolel = PORTB.0 'Role kontrol port birimleri

Symbol role2 = PORTC.5
Symbol role3 = PORTC.6
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Symbol role4 = PORTC.4
Symbol role5 = PORTC.7

Symbol DAC = PORTD ‘DAC port birimi
Symbol led_4 = PORTA.O 'Heartbeat (Aktif Caligma) Ledi port birimi
Symbol DQ = PORTB.2 " Sicaklik Algilayicilar ile iletisimin yapilacag:

port birimi

TRISA.0=0
TRISB.0=0
TRISC = %00001011
TRISD = %00000000

S — GENEL DEGISKENLER--—----

Dim varl as byte, durum as byte, DERECE_SET as byte, ekran as byte, kontroltipi
as byte, parametresec as byte, 1 as byte, KONTROLSTART as byte, C as byte

Dim var2 as word, KP_VALUE as word, KI_VALUE as word, KD_VALUE as
word, DA_VALUE as word, FARK as word, DUTY as word

DIM PIK AS WORD 'Sayac amacl degisken
DIM DEGISIM AS WORD flag
Dim ONOFFSAYAC as byte

Dim DERECE_UST as byte
Dim DERECE_ALT as byte

R — SICAKLIK OKUMA DEGISKENLERI

DIM KUSUR AS WORD ‘Sicakligin virgiilden sonraki kismi
DIM TEMP AS WORD 'Sicakligi tutan degisken

DIM TEMP_TAM AS WORD

DIM TEMPTOPLA AS WORD

DIM TEMPORT AS WORD

DIM FSAYAC AS BYTE
DIM F1 AS WORD

DIM F2 AS WORD

DIM F3 AS WORD

DIM F_0 AS WORD
DIM EKSI AS BYTE
DIM FARK_E AS WORD
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DIM FARK_D AS WORD

DIM F_TRV AS WORD , F_INT AS WORD, F_DER_TOPL AS WORD,
F_INT_TOPL AS WORD

DIM ED1 AS BYTE, ED2 AS BYTE, F_DER AS WORD

. DEGISKENLERIN ILK DEGERLERI---
initial:

durum=255
DERECE_SET=36
kontroltipi=1
varl=0

var2=0
KONTROLSTART=0
FSAYAC=0
FARK_E=0
F_INT=0

F1=20
KP_VALUE=50
KI_VALUE=3
KD_VALUE=3
DA_VALUE=0
ONOFFSAYAC=0
EKSI=0

F_DER=0

F_0=0

ED1=25

Ccpl_pin = Portc.2

TRISC.2=0 'PORTC.2 (CCP1) cikis yapildi
CCPICON = %00001100 'CCP1 yazmac1 PWM'e ayarlandi
T2CON = %00000100 "Timer2 aktif edildi, Prescale=4
PR2 =255 'PR2 1KHz ¢ikisa ayarlandi

Duty =0 : Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ccprll = Duty >> 2

DECLARE LCD_TYPE 0

DECLARE LCD_DTPIN PORTB .4 '4 bit iletisim arabirimi
DECLARE LCD_ENPIN PORTB.3

DECLARE LCD_RSPIN PORTB.1

DECLARE LCD_INTERFACE 4
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DECLARE LCD_LINES 2
PRINT $FE, 1 : DELAYMS 30
PRINT $FE , 2
PRINT $FE , $0C

e TIMER 0 BASLATMA---------- oo
OPTION_REG=$55 '"Prescaler (Bolme Degeri) =1/64

INTCON=$a0

ON INTERRUPT GOTO PIKINT

ekran=1

gosub lcdcikis

delayms 1000

—————— TimerO alt programi : 16384us -—---

DISABLE
PIKINT:
PIK=PIK+1
IF PIK<61 THEN goto PIEXIT
PIK=0
DEGISIM=1
PIEXIT:
INTCON.2=0
RESUME

heartbeat:
led_4=1
delayms 500
led_4=0
delayms 500
return

sicaklikoku:

DELAYMS 500

OWRITE DQ, 1, [$CC, $44] ' Sicaklig1 hesaplamasi i¢in algilayiciya komut
gonderme

REPEAT

DELAYMS 25 ' [slem bitene kadar bekleme
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OREAD DQ, 4, [C] " [slem siiresince portb.2=0 olur
UNTILC <>0 " Okuma islemi tamam
OWRITE DQ, 1, [$CC, $BE] " Sicaklik degerini RAM dan okumasi i¢in ko-

mut génderiyor

OREAD DQ, 2,[TEMP.LOWBYTE,TEMP.HIGHBYTE]

'Sicaklik degeri algilayicidan okunuyor

durum=255
TEMP_TAM = TEMP/16
return

sicaklikdongusu:

if degisim=1 then
degisim=0
TEMPTOPLA =0
role2=0 : role3=0 : role4=0 : role5=0 : delayms 5 : role1=1
gosub sicaklikoku
TEMPTOPLA =TEMP_TAM
if butonset=0 then goto cks101
role1=0 : role3=0 : role4=0 : role5=0 : delayms 5 : role2=1
gosub sicaklikoku
TEMPTOPLA = TEMPTOPLA + TEMP_TAM
if butonset=0 then goto cks101
role2=0 : role1=0 : role4=0 : role5=0 : delayms 5 : role3=1
gosub sicaklikoku
TEMPTOPLA = TEMPTOPLA + TEMP_TAM
if butonset=0 then goto cks101
role2=0 : role3=0 : role1=0 : role5=0 : delayms 5 : role4=1
gosub sicaklikoku
TEMPTOPLA = TEMPTOPLA + TEMP_TAM
if butonset=0 then goto cks101
role2=0 : role3=0 : role4=0 : role1=0 : delayms 5 : role5=1
gosub sicaklikoku
TEMPTOPLA = TEMPTOPLA + TEMP_TAM
if butonset=0 then goto cks101
TEMPORT=TEMPTOPLA/5

PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT "TEMP:+"

'1.algilayict secildi

2.algilayict secildi

‘3.algilayict secildi

'4.algilayict secildi

'S.algilayict secildi

PRINT DEC TEMPORT ' SICAKLIGI EKRANA YAZDIR

PRINT " C"
DAC = TEMPORT



cks101:
end if
return

butonkontrol:

Al

if butondown=0 then
BEKLE1:
if butondown=0 then GOTO BEKLEI1
if durum=1 then
DERECE_SET=DERECE_SET-1
if DERECE_SET<30 then DERECE_SET= 30
ekran=3
gosub lcdcikis
elseif durum=2 then
kontroltipi=kontroltipi-1
if kontroltipi<1 then kontroltipi= 1
ekran=5
gosub lcdcikis
elseif durum=3 then
parametresec=parametresec+1
if parametresec>4 then parametresec=1
ekran=7
gosub lcdcikis
elseif durum=4 then
durum=3
ekran=8
gosub Icdcikis
end if
end if
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—————— buton down dongiisii------------------

—————— buton set dongiisii -

if butonset=0 then
BEKLES3:
if butonSET=0 then GOTO BEKLE?3
if durum=255 then
durum=1
ekran=2
gosub lcdcikis
goto cikis1
end if
if durum=1 then
durum=2



ekran=4

gosub lcdcikis
goto cikis1

end if

if durum=2 then
durum=3
ekran=6
gosub lcdcikis
goto cikis1

end if

if durum=3 then
durum=4
ekran=8
gosub lcdcikis
KONTROLSTART=1
goto cikis1

end if

cikis1:
end if

------ buton up dongiisii-

if butonup=0 then
BEKLE2:
if butonUP=0 then GOTO BEKLE?2
if durum=1 then
DERECE_SET=DERECE_SET+1
if DERECE_SET>75 then DERECE_SET =75
ekran=3
gosub lcdcikis
elseif durum=2 then
kontroltipi=kontroltipi+1
if kontroltipi>5 then kontroltipi= 5
ekran=5
gosub lcdcikis
elseif durum=3 then
if parametresec=1 then
KP_VALUE=KP_VALUE+10
IF KP_VALUE>100 THEN KP_VALUE=10
elseif parametresec=2 then
KI_VALUE=KI_VALUE+1
IF KI_VALUE>10 THEN KI_VALUE=1
elseif parametresec=3 then
KD_VALUE=KD_VALUE+1
IF KD_VALUE>10 THEN KD_VALUE=1
elseif parametresec=4 then
DA_VALUE=DA_VALUE+I
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IF DA_VALUE>5 THEN DA_VALUE=0

end if
ekran=7
gosub lcdcikis
end if
end if
return

Icdcikis:

if ekran=1 then
PRINT $SFE , 1 : DELAYMS 30

PRINT $FE, 2 : PRINT "SICAKLIK KONTROL"
PRINT $FE , $CO : PRINT "MURAT 6PARMAK"

elseif ekran=2 then
PRINT $SFE , 1 : DELAYMS 30

PRINT $FE, 2 : PRINT " SET DEGERINI"
PRINT $FE , $CO : PRINT "-< GIRINIZ >+"

elseif ekran=3 then
PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT "
PRINT $FE, $CO : PRINT "
elseif ekran=4 then
PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT "

SICAKLIK"

",DEC DERECE_SET

SICAKLIK"

PRINT $FE , $CO : PRINT " SET EDILMISTIR"

delayms 200
PRINT $FE, 1 : DELAYMS 30

PRINT $FE, 2 : PRINT " KONTROL TIPINI"

PRINT $FE, $CO : PRINT "
elseif ekran=>5 then
PRINT $FE, 1 : DELAYMS 30
if kontroltipi=1 then
PRINT $FE, 2 : PRINT "
elseif kontroltipi=2 then
PRINT $FE, 2 : PRINT "
elseif kontroltipi=3 then
PRINT $FE, 2 : PRINT "
elseif kontroltipi=4 then
PRINT $FE, 2 : PRINT "
elseif kontroltipi=5 then
PRINT $FE, 2 : PRINT "
end if
elseif ekran=6 then

GIRINIZ"

ON/OFF"

P"

PIH

PD"

PID"



PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT " KONTROL TIPT"
PRINT $FE , $CO : PRINT " SET EDILMISTIR"
delayms 200
PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT " PARAMETRELERI"
PRINT $FE , $CO : PRINT "S< GIRINIZ >+"
elseif ekran=7 then
if parametresec=1 then
PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT " KP: "
PRINT DEC KP_VALUE
elseif parametresec=2 then
PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT " KI:"
IF KI_VALUE = 1 THEN
PRINT "0,1"
ELSEIF KI_VALUE =2 THEN
PRINT "0,2"
ELSEIF KI_VALUE = 3 THEN
PRINT "0,3"
ELSEIF KI_VALUE =4 THEN
PRINT "0,4"
ELSEIF KI_VALUE = 5 THEN
PRINT "0,5"
ELSEIF KI_VALUE = 6 THEN
PRINT "0,6"
ELSEIF KI_VALUE =7 THEN
PRINT "0,7"
ELSEIF KI_VALUE = 8§ THEN
PRINT "0,8"
ELSEIF KI_VALUE =9 THEN
PRINT "0,9"
ELSEIF KI_VALUE = 10 THEN
PRINT "1"
END IF
elseif parametresec=3 then
PRINT $FE, 1 : DELAYMS 30
PRINT $FE,2: PRINT" KD : "
PRINT DEC KD_VALUE
elseif parametresec=4 then
PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT " DA : "
PRINT DEC DA_VALUE
end if
elseif ekran=8 then
PRINT $FE, 1 : DELAYMS 30
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PRINT $FE, 2 : PRINT " PARAMETRELER"
PRINT $FE, $CO : PRINT " SET EDILMISTIR"
DELAYMS 1000
PRINT $FE, 1 : DELAYMS 30
PRINT $FE, 2 : PRINT" KONTROL"
PRINT $FE, $CO : PRINT " BASLAMISTIR"
end if
return

e ANA PROGRAM DONGUSU---------

DONGU:

IF KONTROLSTART = 1 THEN
GOSUB KONTROL
IF KONTROLSTART =0 THEN
GOTO CKS100
END IF
gosub sicaklikdongusu
PRINT $FE , $CO ' :PRINT "KONTROL BASLADI"
GOTO DONGU
END IF
CKS100:
IF DURUM=255 THEN
gosub sicaklikdongusu
END IF

gosub butonkontrol

GOTO DONGU

e DENETLEYICi DONGULER{------------

e On/Off Kontrol----------=-====-=-cememeeee --

if kontroltipi=1 then

DERECE_UST=DERECE_SET+DA_VALUE
DERECE_UST = DERECE_UST - 1
DERECE_ALT=DERECE_SET-DA_VALUE
IF TEMPORT > DERECE_UST THEN
ONOFFSAYAC=ONOFFSAYAC+1
Duty =0 : Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ccprll = Duty >> 2
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GOTO KONTROL_CIK
ELSEIF TEMPORT < DERECE_ALT THEN
Duty =950 : Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ccprll = Duty >> 2
GOTO KONTROL_CIK
END IF

elseif kontroltipi=2 then

IF DERECE_SET >= TEMPORT THEN
FARK=DERECE_SET-TEMPORT
DUTY = KP_VALUE*FARK
ELSEIF DERECE_SET < TEMPORT THEN
DUTY =0
ENDIF

IF DUTY > 950 THEN
DUTY =950
END IF
Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ccprll = Duty >> 2
GOTO KONTROL_CIK

elseif kontroltipi=3 then

KONTROL_PI:
IF DERECE_SET >= TEMPORT THEN
FARK_E=DERECE_SET-TEMPORT
IF FARK_E<10 THEN
F_INT=FARK_E+F_INT
END IF
END IF
IF DERECE_SET < TEMPORT THEN
FARK_E=TEMPORT-DERECE_SET
IF F_INT>FARK_E THEN
F_INT=F_INT-FARK_E
ELSE
F_INT=0
END IF
END IF
F_INT_TOPL=0
FOR1=0TO KI_VALUE
F_INT_TOPL=F_INT + F_INT_TOPL
NEXT



PRINT DEC F_INT_TOPL
PRINT " "
IF DERECE_SET >= TEMPORT THEN
FARK = DERECE_SET-TEMPORT
DUTY = KP_VALUE*FARK
ELSEIF DERECE_SET < TEMPORT THEN
DUTY =0
ENDIF

DUTY =DUTY + F_INT_TOPL
IF DUTY > 950 THEN
DUTY =950
END IF
PRINT DEC DUTY
Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ccprll = Duty >> 2
GOTO KONTROL_CIK
PI_END:

——————————————————————————————————— Oransal+Tiirevsel (PD) Kontrol--

elseif kontroltipi=4 then
KONTROL_PD:

IF DERECE_SET >= TEMPORT THEN
FARK = DERECE_SET-TEMPORT
DUTY = KP_VALUE*FARK
ELSEIF DERECE_SET < TEMPORT THEN
DUTY =0
ENDIF

ED2=TEMPORT
IF ED2>=ED1 THEN
FARK_D=ED2-ED1
F_DER_TOPL=0
FORi1=0TO KD_VALUE
F_DER_TOPL=F_DER + F_DER_TOPL
NEXT
DUTY =DUTY + F_DER_TOPL
ELSEIF EDI>ED2 THEN
FARK_D=EDI-ED2
F_DER_TOPL=0
FOR1=0TO KD_VALUE
F_DER_TOPL=F_DER + F_DER_TOPL
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NEXT
DUTY =DUTY - F_ DER_TOPL
END IF
EDI=ED2

IF DUTY > 950 THEN
DUTY =950
END IF
PRINT DEC DUTY
Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ccprll = Duty >> 2
GOTO KONTROL_CIK

elseif kontroltipi=5 then
PID_KONTROL.:

IF DERECE_SET >= TEMPORT THEN
FARK_E=DERECE_SET-TEMPORT
IF FARK_E<10 THEN
F_INT=FARK_E+F_INT
END IF
END IF
IF DERECE_SET < TEMPORT THEN
FARK_E=TEMPORT-DERECE_SET
IF F_INT>FARK_E THEN
F_INT=F_INT-FARK_E
ELSE
F_INT=0
END IF
END IF
F_INT_TOPL=0
FOR1=0TO KI_VALUE
F_INT_TOPL=F_INT + F_INT_TOPL
NEXT

IF DERECE_SET >= TEMPORT THEN
FARK = DERECE_SET-TEMPORT
DUTY = KP_VALUE*FARK
ELSEIF DERECE_SET < TEMPORT THEN
DUTY =0
ENDIF

DUTY =DUTY + F_INT_TOPL
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ED2=TEMPORT
IF ED2>=ED1 THEN
FARK_D=ED2-ED1
F_DER_TOPL=0
FORi1=0TO KD_VALUE
F_DER_TOPL=F_DER + F_DER_TOPL
NEXT
DUTY =DUTY + F_DER_TOPL
ELSEIF EDI>ED2 THEN
FARK_D=EDI-ED2
F_DER_TOPL=0
FOR1=0TO KD_VALUE
F_DER_TOPL=F_DER + F_DER_TOPL

NEXT
DUTY =DUTY - F_DER_TOPL

END IF
EDI=ED2

IF DUTY > 950 THEN

DUTY =950
END IF
PRINT DEC DUTY

Ccplcon.4 = Duty.O : Cepleon.5 = Duty.1 : Ceprll = Duty >> 2
GOTO KONTROL_CIK
END IF
KONTROL_CIK:

RETURN
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5. SONUC ve ONERILER

Model bir siire¢ iizerinde gerceklestirilen sicaklik kontrol sistemi, 20 °C - 85 °C s1-
caklik araligini1 0,25 °C hata ile kontrol edebilmektedir. Deneysel ¢calismanin sonugla-
11 osiloskop araciligiyla elde edilmistir. Osiloskobun Time/Div skalast maksimum 50
s'ye ayarlanabilmekte ve her ekran goriintiisii toplamda 450 s siirmektedir. Tesisin
tepkisindeki 6lii zaman gecikmesi yaklasik olarak 100 s civarindadir ve toplamda
zaman tepkisinin oldukca yavas olmasindan dolay:1 ard arda ii¢ kez osiloskop ekran

goriintiisii alinmis ve bu veriler bir resim isleme programi yardimiyla birlestirilmistir.

Karar organi olarak mikrodenetleyicinin kullanildig1 sistem On/Off, Oransal, Oran-
sal+Integral, Oransal+Tiirevsel ve Oransal+Integral+Tiirevsel denetleyici tiplerini
yazilim ile gerceklestirmektedir. Ayrica her kontrol tiiriiniin gerektirdigi ayarlanan
parametrelerin tus takimi ile istege gore se¢imi saglanmistir. Boylece secilen kontrol
tiirtindeki cesitli parametrelerin (diferansiyel aralik, K,,K, ve K,) degisiminin

sistem tepkisi iizerindeki etkileri incelenebilmektedir.

Sistemin agik dongii birim basamak tepkisi (open loop unit step response), 1siticiya
dogrultucu cikis1 etkin degerde yaklasik 200 V gerilim verilmisken elde edilen tepki-
dir.

Tek .M. ik T ko U

2700 mV
(110 °C)
»

400 mV
(21 °C)

v

1 5005 0 f M 5005 C 1 50,05 CH3 7 2400
23-Now-05 2307 = 2-Mew-05 2315 < 2-Mw-05 2318 <10H:

1050 s

d
<«

v

Sekil 5.1. Sistemin agik dongii birim basamak tepkisi
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Sicaklik algilayicisinin karakteristigi deneysel olarak 20 mV/°C olarak gozlenmis-
tir. Diisey eksen 500 mV/div, yatay eksen ise 50 sn/div Ol¢eginde osiloskoptan
cikt1 elde edilmistir. Sistem 23 °C ortam sicakliginda calistirllmaya baslanmis ve
110 °C civarinda hacimsel 6zellikler de goz 6niinde bulundurularak kararli duruma
ulastig1 goézlenmistir. Bu siire toplamda 1050 s civarindadir. Sistemin zaman sabiti,
bu siirenin % 60'1na karsilik geldiginden 540 s olarak kabul edilmistir. Benzer bi-
cimde sicakligin gerilimle orantisinin deneysel olarak gozlenmesinde sisteme
varyak aracilifiyla yaklasik olarak 100 V gerilim uygulanmis ve kararli durumdaki

tepkisi Sekil 5.2'de cizdirilmistir.

Tek S sl : sk .

+ + +

550 mV 950 mV

(23 °C) (45°C)

¥ - -
14 50.0s & 1 50,05 Coa 1 50,05 CH3 S
A0-Now-05 0007 < 0-Now=05 00115 = 30-Now-05 00,23 <10Hz
1350 s

v

&
<

Sekil 5.2. Isitictya 100 V giris gerilimi uygulanmasiyla elde edilen ¢ikis
karakteristigi

Sekil 5.2'den goriildiigii iizere 1siticinin giris gerilimi yariya indirildigi halde kararh
durumda yaklasik 400 mV civarinda (20 °C) bir degisim gozlenmistir. Tam giris ge-
rilimi uygulandiginda 87 °C lik bir artis gbzlenmisken, gerilim degeri yartya indiril-
diginde sadece 20 °C lik bir artis kaydedilmistir yani sicaklik gerilimin kendisiyle

degil karesiyle dogru orantili olarak degismektedir. Dolayisiyla sistemin matematik-

sel modeli ¢ikarilirken girig geriliminin karesi alinmistir.

Sistemin matematiksel modelinin ¢ikarilmasinda Matlab Simulink simulasyon prog-

ram1 kullanilmis ve buradaki sonuclar operator tarafindan butonlardan girilen denet-
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leyici parametrelerin deger araliklarinin belirlenmesinde kullanilmistir. Sistemin ig¢
yiizeylerine de bu 1siticidan yerlestirilmesi durumunda 6lii zaman gecikmesi azaltila-

bilir.

Anahtarlama aninda PWM kartindan mikrodenetleyiciye yansiyabilecek parazitik
etki osiloskopta sonug sirasinda nadiren de olsa goriilmekle beraber, bu etkinin azal-
tilmasi icin 1siticinin ve sistem faninin gii¢ kablolar: tesis igerisinde ayri bir kablo
kanalindan gecirilmis ve doluluk orani degiskeninin maksimum degeri yazilim iceri-

sinde 950 olarak sinirlandirilmistir.

5.1. Deneysel Calisma ve Simulink Benzetim Sonuclari

Deneysel calisma gergeklestirilirken osiloskobun Time/Div ayar1 50 s/Div, Volts/Div
ayar1 ise 200 mV/Div olarak ayarlanmistir. Ortam sicakligir 30 °C iken set deger 45

°C olarak girilmistir.

5.1.1. On/Off denetleyici

1. Olgiim: Ortam Sicakli31:30 °C, Set Deger: 45 °C, Diferansiyel Aralik: 1

Tek J. k. kN . .
* v .

Coupling

[}

B Lirrit

i

45 °C ; 200MH:

30-7C

Yiltage

Ineget
0ff

b 50,0 L b 50,0 Ci 20 # 50,0 CH . 0.0y
10-Oge-05 2037 < 10-Oge-05 2045 < 10-Osc-05 2053 <T0H:

Sekil 5.3. On/Off 30-45 °C, diferansiyel aralik=1
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2. Olgiim: Ortam Sicaklig1:30 °C, Set Deger: 45 °C, Diferansiyel Aralik: 3

Tek . ik ik L
45 °C 0ff
Coitse
L
30 °C
(ff
M 5005 L M 300 £ 2 M 30,05 CH2 7 o0y
M-0ec-05135% = N-Dec-051406 = N-Oec-051414 10Kz
Sekil 5.4. On/Off 30-45 °C, diferansiyel aralik=3
5.1.2. Oransal (P) denetleyici
1. Olgiim: Ortam Sicakligi:30 °C, Set Deger: 45 °C, K ,=80
Tek L. kL ik N,
+ +
45 °C i
K
30 °C
i
M 500 K M 50,0 £ 2 LRI CHE 7 000y
M-Dec-052036 = N-0ec-05 20044 = T-Dec-05 2052 <10H:

Sekil 5.5. Oransal 30-45 °C, K,=80
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0 500 1000 1500

Sekil 5.6. Simulink- P 30-45 °C, K,=80

2. Olgiim: Ortam Sicakligt: 30 °C, Set Deger: 45 °C, K, =40

Tek JL. kL ik L
45 °C it
X
30 °C
ot
M 5005 ¥ M 500 ¥ M50 CH2 7 0y
M-Dee05 2004 « -5 202 « M-Dee052120 <10z

Sekil 5.7. Oransal 30-45 °C, K,=40
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Sekil 5.9. Oransal+1ntegral 30-45 °C, K,=60, K,=0,6

1500
Sekil 5.8. Simulink- P 30-45 °C, K,=40
5.1.3. Oransal+Integral (PI) denetleyici
1. Olgiim: Ortam Sicakligi: 30 °C, Set Deger: 45 °C, K,=60, K,=0,6
Tek M. kL S k J
v v v v
45 °C [
x
30 °C
[
M5k i M0l i WSS MS0k CH2 / 0006
M50 ¢ (R DB < IRl 5 20 <l
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50
48
46
44
42

&E, 40
38
36
34
32

30

1500

Sekil 5.10. Simulink- PI 30-45 °C, K,=60, K,=0,6

2. Olgﬁm: Ortam Sicaklig1:30 °C, Set Deger: 45 °C, K,=90, K,=0,3

Tek Jl. ik .
* + +
45 °C
x
30 °C
M 500s (! M 500 M 500 CH2 7 ooy
11-Dec-05 1545 11-Dec-05 1553 T-Dec-05 1801 <10H:

Sekil 5.11. Oransal+1ntegral 30-45 °C, K,=90, K,=0,3

f

f
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1500
Sekil 5.12. Simulink- PI 30-45 °C, K,=90, K,=0,3
5.1.4. Oransal+Tiirevsel (PD) denetleyici
1. Olgﬁm: Ortam Sicakligt: 30 °C, Set Deger: 45 °C, K,=70, K, =6
Tek . kS ik
+ + +
45 °C it
30 °C
ff
M 50s 0 ME0ds B M 50,05 CH2 7 000y
T-Dec-05 1613 ¢ N-Dee-05 1621 « N-Dec-05 1628 <10k

Sekil 5.13. Oransal+Tiirevsel 30-45 °C, K,=70, K, =6
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1500

Sekil 5.14. Simulink- PD 30-45 °C, K,=70, K, =6

2. Olgﬁm: Ortam Sicakligr: 30 °C, Set Deger: 45 °C, K,=50, K, =4

Tek J. kL kL
+* *
45 °C o
X
30 °C
[
MS0fs f M50 b M 505 CH 00y
10-Dec-15 2238 < 10-Dec-15 2247 10-Dec-0 255 <k

Sekil 5.15. Oransal+Tiirevsel 30-45 °C, K,=50, K, =4
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T(©)

1500

Sekil 5.16. Simulink- PD 30-45 °C, K,=50, K, =4

5.1.5. Oransal+Integral+Tiirevsel (PID) denetleyici
1. Olgiim: Ortam Sicaklig1:30 °C, Set Deger: 45 °C, K ,=70, K, =5, K,=0,3

Tek J. ; k. kL CHE
Coupling

0

B'ﬁ'i.ia*?.

45 °C e e : .Jnﬁ-;

30°C

i 5005 CA1 200 50,05 i b 50,05 CH2 7 D00k
10-Dpe-05 2106 < 10-Dec-052114 = 0-Oec-05 2122 <1z

Sekil 5.17. Oransal+1ntegral+T'L'1revsel 30-45°C, K,=70, K,=5, K,=0,3
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1500

Sekil 5.18. Simulink-PID 30-45 °C, K, =70, K, =5, K,=0,3

2. Olgiim: Ortam Sicakligi:30 °C, Set Deger: 45 °C, K, =50, K, =7, K,=0,6

Tek J. kL ik L kL
' ' ' +
45 °C i
*
30 °C
i
M50 i W 5005 [l M 5006 0t 0 M 5006 CHE S 00my
T-Dec-05 1639« -Dec-05 1640« M-Dec-5 1655 = -Oec-05 1703 <1

Sekil 5.19. Oransal+integral+Tiirevsel 30-45 °C, K »=50, K,=7, K,=0,6
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1500

1000

Sekil 5.20. Simulink-PID 30-45 °C, K,=50, K, =7, K,=0,6
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EK-1. Denetleyici yazihmlarimin assembly ciktilar:

LIST
VARI1 Equ 49
DURUM Equ 50
DERECE_SET Equ 51
EKRAN Equ 52
KONTROLTIPI Equ 53
PARAMETRESEC Equ 54
_IEqu55
KONTROLSTART Equ 56
_CEqu57
VAR?2 Equ 58
VAR2H Equ 59
KP_VALUE Equ 60
KP_VALUEH Equ 61
KI_VALUE Equ 62
KI_VALUEH Equ 63
KD_VALUE Equ 64
KD_VALUEH Equ 65
DA_VALUE Equ 66
DA_VALUEH Equ 67
FARK Equ 68
FARKH Equ 69
DUTY Equ 70
DUTYH Equ 71
PIK Equ 72
PIKH Equ 73
DEGISIM Equ 74
DEGISIMH Equ 75
ONOFFSAYAC Equ 76
DERECE_UST Equ 77
DERECE_ALT Equ 78
KUSUR Equ 79
KUSURH Equ 80
TEMP Equ 81
TEMPH Equ 82
TEMP_TAM Equ 83
TEMP_TAMH Equ 84
TEMPTOPLA Equ 85
TEMPTOPLAH Equ 86
TEMPORT Equ 87
TEMPORTH Equ 88
FSAYAC Equ 89
F1 Equ 90
F1H Equ 91
F2 Equ 92
F2H Equ 93
F3 Equ 94
F3H Equ 95
F_0 Equ 96
F_OH Equ 97
EKSI Equ 98
FARK_E Equ 99
FARK_EH Equ 100
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FARK_D Equ 101
FARK_DH Equ 102
F_TRV Equ 103
F_TRVH Equ 104
F_INT Equ 105
F_INTH Equ 106
F_DER_TOPL Equ 107
F_DER_TOPLH Equ 108
F_INT_TOPL Equ 109
F_INT_TOPLH Equ 110
ED1 Equ 111
ED2 Equ 112
F_DER Equ 113
F_DERH Equ 114
#Define BUTONDOWN PORTC,0
#Define BUTONSET PORTC,1
#Define BUTONUP PORTC,3
#Define ROLE1 PORTB,0
#Define ROLE2 PORTC,5
#Define ROLE3 PORTC,6
#Define ROLE4 PORTC,4
#Define ROLES PORTC,7
#Define DAC PORTD
#Define LED_4 PORTA,0
#Define DQ PORTB,2
F1_SOF equ $ ; SONKOD.BAS
F1_000005 equ $ ; in [SONKOD.BAS] CONFIG XT_OSC , WDT_OFF , PWRTE_OFF ,
BODEN_OFF , LVP_OFF , WRTE_ON
F1_000026 equ $ ; in [SONKOD.BAS] TRISA.0=0
Bsf STATUS,5
ram_bank = 1
Bef TRISA,O
F1_000027 equ $ ; in [SONKOD.BAS] TRISB.0=0
Bef TRISB,0
F1_000028 equ $ ; in [SONKOD.BAS] TRISC = %00001011
Movlw 11
Movwf TRISC
F1_000029 equ $ ; in [SONKOD.BAS] TRISD = %00000000
Clrf TRISD
INITIAL
Bef STATUS,S
ram_bank =0
F1_000068 equ $ ; in [SONKOD.BAS] durum=255
Movlw 255
Movwf DURUM
F1_000069 equ $ ; in [SONKOD.BAS] DERECE_SET=36
Movlw 36
Movwf DERECE_SET
F1_000070 equ $ ; in [SONKOD.BAS] kontroltipi=1
Movlw 1
Movwf KONTROLTIPI
F1_000071 equ $ ; in [SONKOD.BAS] var1=0
Clrf VAR1
F1_000072 equ $ ; in [SONKOD.BAS] var2=0
Clrf VAR2H
Clrf VAR2
F1_000073 equ $ ; in [SONKOD.BAS] KONTROLSTART=0

71



72

Clrf KONTROLSTART
F1_000074 equ $ ; in [SONKOD.BAS] FSAYAC=0
Clrf FSAYAC
F1_000075 equ $ ; in [SONKOD.BAS] FARK_E=0
Clrf FARK_EH
Clrf FARK_E
F1_000076 equ $ ; in [SONKOD.BAS] F_INT=0
Clrf F_INTH
Clrf F_INT
F1_000077 equ $ ; in [SONKOD.BAS] F1=20
Clrf F1H
Movlw 20
Movwf F1
F1_000078 equ $ ; in [SONKOD.BAS] KP_VALUE=50
Clrf KP_VALUEH
Movlw 50
Movwf KP_VALUE
F1_000079 equ $ ; in [SONKOD.BAS] KI_VALUE=3
Clrf KI_VALUEH
Movlw 3
Movwf KI_VALUE
F1_000080 equ $ ; in [SONKOD.BAS] KD_VALUE=3
Clrf KD_VALUEH
Movlw 3
Movwf KD_VALUE
F1_000081 equ $ ; in [SONKOD.BAS] DA_VALUE=0
Clrf DA_VALUEH
Clrf DA_VALUE
F1_000082 equ $ ; in [SONKOD.BAS] ONOFFSAYAC=0
Clrf ONOFFSAYAC
F1_000083 equ $ ; in [SONKOD.BAS] EKSI=0
Clrf EKSI
F1_000084 equ $ ; in [SONKOD.BAS] F_DER=0
Clrf F_DERH
Clrf F_DER
F1_000085 equ $ ; in [SONKOD.BAS] F_0=0
ClIrf F_ OH
CIfF O
F1_000086 equ $ ; in [SONKOD.BAS] ED1=25
Movlw 25
Movwf ED1
F1_000091 equ $ ; in [SONKOD.BAS] TRISC.2=0 'PORTC.2 (CCP1) ¢ikis yapildi
Bsf STATUS,5
ram_bank = 1
Bef TRISC,2
F1_000092 equ $ ; in [SONKOD.BAS] CCP1CON = %00001100 'CCP1 yazmaci PWM'e ayarland1
Movlw 12
Bef STATUS,5
ram_bank =0
Movwf CCP1CON
F1_000093 equ $ ; in [SONKOD.BAS] T2CON = %00000100 'Timer2 aktif edildi, Prescale=4
Movlw 4
Movwf T2CON
F1_000094 equ $ ; in [SONKOD.BAS] PR2 =255 'PR2 1KHz ¢ikisa ayarlandi
Bsf STATUS,5
ram_bank = 1
Movlw 255



Movwf PR2

73

F1_000096 equ $ ; in [SONKOD.BAS] Duty = 0 : Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ceprll

=Duty >>2
Bef STATUS,S

ram_bank =0
Clrf DUTYH
Clrf DUTY

; Bit_Bit DUTY,0,CCP1CON,4
Bsf CCP1CON,4
Btfss DUTY,0
Bcef CCPICON,4

; Bit_Bit DUTY,1,CCP1CON,5
Bsf CCP1CON,5
Btfss DUTY,1
Bcef CCPICON,5
Rrf DUTYH,W
Movwf PP4
Rrf DUTY, W
Movwf CCPR1L
Rrf PP4,F
Rrf CCPRIL,F
Movfw DUTYH
Movwf PPOH
Movfw DUTY
Movwf PPO
Movlw 2
F@Call r@sh
Movwf CCPR1L

F1_000107 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30

Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000108 equ $ ; in [SONKOD.BAS] PRINT $FE , 2
Movlw 254
F@Call Print
Movlw 2
F@Call Print
F1_000109 equ $ ; in [SONKOD.BAS] PRINT $FE , $0C
Movlw 254
F@Call Print
Movlw 12
F@Call Print
F1_000113 equ $ ; in [SONKOD.BAS] OPTION_REG=$55
Movlw 85
Bsf STATUS,5
ram_bank = 1
Movwf OPTION_REG
F1_000114 equ $ ; in [SONKOD.BAS] INTCON=$a0
Movlw 160
Movwf INTCON
Bsf INTCON,7
Bef STATUS,S
ram_bank =0
F@Jump INT@LBL2

'"Prescaler (Bolme Degeri) =1/64



INT@LBL1
Btfsc INTCON,7
Return
F@Jump PIKINT
INT@LBL2
F@Call INT@LBLI1
F1_000116 equ $ ; in [SONKOD.BAS] ekran=1
Movlw 1
Movwf EKRAN
F@Call INT@LBL1
F1_000117 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F@Call INT@LBL1
F1_000118 equ $ ; in [SONKOD.BAS] delayms 1000
Movlw 3
Movwf PP1H
Movlw 232
F@Call dly@w
F1_000124 equ $ ; in [SONKOD.BAS] DISABLE
PIKINT
F1_000126 equ $ ; in [SONKOD.BAS] PIK=PIK+1
Incf PIK,F
Skpnz
Incf PIKH,F
F1_000127 equ $ ; in [SONKOD.BAS] IF PIK<61 THEN goto PIEXIT
Movfw PIKH
set@page bc @112
Btfss STATUS,2
Goto bc@l12
Movlw 61
Subwf PIK,W
set@page bc @112
Btfsc STATUS,0
Goto bc@]12
F@Jump PIEXIT
bc @112
F1_000128 equ $ ; in [SONKOD.BAS] PIK=0
Clrf PIKH
Clrf PIK
F1_000129 equ $ ; in [SONKOD.BAS] DEGISIM=1
Clrf DEGISIMH
Movlw 1
Movwf DEGISIM
PIEXIT
F1_000131 equ $ ; in [SONKOD.BAS] INTCON.2=0
Bcef INTCON,2
F1_000132 equ $ ; in [SONKOD.BAS] RESUME
Retfie
HEARTBEAT
F1_000137 equ $ ; in [SONKOD.BAS] led_4=1
Bsf PORTA,0
F1_000138 equ $ ; in [SONKOD.BAS] delayms 500
Movlw 1
Movwf PP1H
Movlw 244
F@Call dly@w
F1_000139 equ $ ; in [SONKOD.BAS] led_4=0
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Bcef PORTA,0
F1_000140 equ $ ; in [SONKOD.BAS] delayms 500
Movlw 1
Movwf PP1H
Movlw 244
F@Call dly@w
F1_000141 equ $ ; in [SONKOD.BAS] return
Return
SICAKLIKOKU
F1_000148 equ $ ; in [SONKOD.BAS] DELAYMS 500
Movlw 1
Movwf PP1H
Movlw 244
F@Call dly@w
F1_000149 equ $ ; in [SONKOD.BAS] OWRITE DQ, 1, [$CC, $44] ' Sicakligi hesaplamast i¢in
algilayiciya komut génderme
Movlw PORTB
Movwf GEN
Movlw 4
Movwf GENH
Movlw 1
Movwf GPR
F@Call Ow@rst2
Movlw 204
F@Call ow@out
Movlw 68
F@Call ow@out
F1_000150 equ $ ; in [SONKOD.BAS] REPEAT
bc @113
F1_000151 equ $ ; in [SONKOD.BAS] DELAYMS 25 ' Islem bitene kadar bekleme
Movlw 25
F@Call dl@ms
F1_000152 equ $ ; in [SONKOD.BAS] OREAD DQ, 4, [C] ' Islem siiresince portb.2=0 olur
Movlw PORTB
Movwf GEN
Movlw 4
Movwf GENH
Movlw 4
Movwf GPR
F@Call Ow@in
Movwf _C
F1_000153 equ $ ; in [SONKOD.BAS] UNTIL C <>0 'Okuma iglemi tamam
Movfw _C
set@page bc @113
Btfsc STATUS,2
Goto bc @113
bc @114

F1_000154 equ $ ; in [SONKOD.BAS] OWRITE DQ, 1, [$CC, $BE] ' Sicaklik degerini RAM dan

okumasi i¢in komut gdnderiyor
Movlw PORTB
Movwf GEN
Movlw 4
Movwf GENH
Movlw 1
Movwf GPR
F@Call Ow@rst2
Movlw 204
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F@Call ow@out
Movlw 190
F@Call ow@out
F1_000156 equ $ ; in [SONKOD.BAS] OREAD DQ, 2,[TEMP.LOWBYTE,TEMP.HIGHBYTE]
Movlw PORTB
Movwf GEN
Movlw 4
Movwf GENH
Movlw 2
Movwf GPR
F@Call Ow@in
Movwf TEMP
F@Call Ow@in
Movwf TEMPH
F@Call Ow@rstl
F1_000159 equ $ ; in [SONKOD.BAS] durum=255
Movlw 255
Movwf DURUM
F1_000160 equ $ ; in [SONKOD.BAS] TEMP_TAM = TEMP/16
Movfw TEMP
Movwf TEMP_TAM
Movfw TEMPH
Movwf TEMP_TAMH
Movlw 4
Movwf PPO
D@LBI1
Clrc
Rrf TEMP_TAMH,F
Rrf TEMP_TAM,F
Decf PPO,F
set@page D@LBI1
Btfss STATUS,2
Goto D@LBI1
F1_000161 equ $ ; in [SONKOD.BAS] return
Return
SICAKLIKDONGUSU
F1_000168 equ $ ; in [SONKOD.BAS] if degisim=1 then
Decf DEGISIM, W
Torwf DEGISIMH,W
set@page bc @116
Btfss STATUS,2
Goto bc @116
F1_000169 equ $ ; in [SONKOD.BAS] degisim=0
Clrf DEGISIMH
Clrf DEGISIM
F1_000170 equ $ ; in [SONKOD.BAS] TEMPTOPLA =0
Clrf TEMPTOPLAH
Clrf TEMPTOPLA
F1_000171 equ $ ; in [SONKOD.BAS] role2=0 : role3=0 : role4=0 : role5=0 : delayms 5 : rolel=1
'1.algilayict segildi
Bcef PORTC,5
Bcef PORTC,6
Bcef PORTC,4
Bcef PORTC,7
Movlw 5
F@Call di@ms
Bsf PORTB,0
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F1_000172 equ $ ; in [SONKOD.BAS] gosub sicaklikoku
F@Call SICAKLIKOKU
F1_000173 equ $ ; in [SONKOD.BAS] TEMPTOPLA =TEMP_TAM
Movfw TEMP_TAMH
Movwf TEMPTOPLAH
Movfw TEMP_TAM
Movwf TEMPTOPLA
F1_000174 equ $ ; in [SONKOD.BAS] if butonset=0 then goto cks101
set@page bc @118
Btfsc PORTC,1
Goto bc @118
F@Jump CKS101
bc@118
F1_000175 equ $ ; in [SONKOD.BAS] role1=0 : role3=0 : role4=0 : role5=0 : delayms 5 : role2=1
‘2.algilayici segildi
Bcef PORTB,0
Bcf PORTC,6
Bcef PORTC 4
Bcf PORTC,7
Movlw 5
F@Call dl@ms
Bsf PORTC,5
F1_000176 equ $ ; in [SONKOD.BAS] gosub sicaklikoku
F@Call SICAKLIKOKU
F1_000177 equ $ ; in [SONKOD.BAS] TEMPTOPLA = TEMPTOPLA + TEMP_TAM
Movfw TEMP_TAM
Addwf TEMPTOPLA,F
Movfw TEMP_TAMH
Skpnc
Addlw 1
Addwf TEMPTOPLAH,F
F1_000178 equ $ ; in [SONKOD.BAS] if butonset=0 then goto cks101
set@page bc@1110
Btfsc PORTC,1
Goto bc@1110
F@Jump CKS101
bc@1110
F1_000179 equ $ ; in [SONKOD.BAS] role2=0 : role1=0 : role4=0 : role5=0 : delayms 5 : role3=1
‘3.algilayict segildi
Bcf PORTC,5
Bcef PORTB,0
Bcef PORTC 4
Bcf PORTC,7
Movlw 5
F@Call dl@ms
Bsf PORTC,6
F1_000180 equ $ ; in [SONKOD.BAS] gosub sicaklikoku
F@Call SICAKLIKOKU
F1_000181 equ $ ; in [SONKOD.BAS] TEMPTOPLA = TEMPTOPLA + TEMP_TAM
Movfw TEMP_TAM
Addwf TEMPTOPLA,F
Movfw TEMP_TAMH
Skpnc
Addlw 1
Addwf TEMPTOPLAH,F
F1_000182 equ $ ; in [SONKOD.BAS] if butonset=0 then goto cks101
set@page bc@1112
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Btfsc PORTC,1
Goto bc@1112
F@Jump CKS101
bc@ll12
F1_000183 equ $ ; in [SONKOD.BAS] role2=0 : role3=0 : role1=0 : role5=0 : delayms 5 : role4=1
'4.algilayict segildi
Bcf PORTC,5
Bcef PORTC,6
Bcef PORTB,0
Bcef PORTC,7
Movlw 5
F@Call dl@ms
Bsf PORTC,4
F1_000184 equ $ ; in [SONKOD.BAS] gosub sicaklikoku
F@Call SICAKLIKOKU
F1_000185 equ $ ; in [SONKOD.BAS] TEMPTOPLA = TEMPTOPLA + TEMP_TAM
Movfw TEMP_TAM
Addwf TEMPTOPLA,F
Movfw TEMP_TAMH
Skpnc
Addlw 1
Addwf TEMPTOPLAH,F
F1_000186 equ $ ; in [SONKOD.BAS] if butonset=0 then goto cks101
set@page bc@1114
Btfsc PORTC,1
Goto bc@1114
F@Jump CKS101
bc@ll14
F1_000187 equ $ ; in [SONKOD.BAS] role2=0 : role3=0 : role4=0 : role1=0 : delayms 5 : role5=1
'S.algilayict segildi
Bcef PORTC,5
Bcef PORTC,6
Bcef PORTC 4
Bcef PORTB,0
Movlw 5
F@Call dl@ms
Bsf PORTC,7
F1_000188 equ $ ; in [SONKOD.BAS] gosub sicaklikoku
F@Call SICAKLIKOKU
F1_000189 equ $ ; in [SONKOD.BAS] TEMPTOPLA = TEMPTOPLA + TEMP_TAM
Movfw TEMP_TAM
Addwf TEMPTOPLA,F
Movfw TEMP_TAMH
Skpnc
Addlw 1
Addwf TEMPTOPLAH,F
F1_000190 equ $ ; in [SONKOD.BAS] if butonset=0 then goto cks101
set@page bc@1116
Btfsc PORTC,1
Goto bc@1116
F@Jump CKS101
bc@l116
F1_000191 equ $ ; in [SONKOD.BAS] TEMPORT=TEMPTOPLA/5
Movfw TEMPTOPLAH
Movwf PPOH
Movfw TEMPTOPLA
Movwf PPO
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Clrf PP1H

Movlw 5

Movwf PP1

F@Call d@vd
Movwf TEMPORT
Movfw PPOH
Movwf TEMPORTH
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F1_000193 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30

Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms

F1_000194 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT "TEMP:+"

Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw 'T'
F@Call Print
Movlw 'E'
F@Call Print
Movlw 'M'
F@Call Print
Movlw P'
F@Call Print
Movlw "'
F@Call Print
Movlw '+'
F@Call Print
F1_000195 equ $ ; in [SONKOD.BAS] PRINT DEC TEMPORT
YAZDIR
Movlw 128
Movwf BPFH
Clrf GEN4H
Movfw TEMPORTH
Movwf PP2H
Movfw TEMPORT
Movwf PP2
F@Call out@dec
F1_000196 equ $ ; in [SONKOD.BAS] PRINT " C"
Movlw "'
F@Call Print
Movlw 'C'
F@Call Print
F1_000197 equ $ ; in [SONKOD.BAS] DAC = TEMPORT
Movfw TEMPORT
Movwf PORTD
CKS101
F1_000199 equ $ ; in [SONKOD.BAS] end if
bc @116
F1_000200 equ $ ; in [SONKOD.BAS] return
Return
BUTONKONTROL
F1_000207 equ $ ; in [SONKOD.BAS] if butondown=0 then
set@page bc@1118

' SICAKLIGI EKRANA



Btfsc PORTC,0
Goto bc@1118
BEKLEI1
F1_000209 equ $ ; in [SONKOD.BAS] if butondown=0 then GOTO BEKLEI
set@page bc@1120
Btfsc PORTC,0
Goto bc@1120
F@Jump BEKLEI1
bc@1120
F1_000210 equ $ ; in [SONKOD.BAS] if durum=1 then
Movlw 1
Subwf DURUM,W
set@page bc@1122
Btfss STATUS,2
Goto bc@1122
F1_000211 equ $ ; in [SONKOD.BAS] DERECE_SET=DERECE_SET-1
Decf DERECE_SET,F
F1_000212 equ $ ; in [SONKOD.BAS] if DERECE_SET<30 then DERECE_SET= 30
Movlw 30
Subwf DERECE_SET,W
set@page bc@1124
Btfsc STATUS,0
Goto bc@1124
Movlw 30
Movwf DERECE_SET
bc@1124
F1_000213 equ $ ; in [SONKOD.BAS] ekran=3
Movlw 3
Movwf EKRAN
F1_000214 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F@Jump bc@1121
F1_000215 equ $ ; in [SONKOD.BAS] elseif durum=2 then
bc@1122
Movlw 2
Subwf DURUM,W
set@page bc@1125
Btfss STATUS,2
Goto bc@1125
F1_000216 equ $ ; in [SONKOD.BAS] kontroltipi=kontroltipi-1
Decf KONTROLTIPLF
F1_000217 equ $ ; in [SONKOD.BAS] if kontroltipi<1 then kontroltipi= 1
Movlw 1
Subwf KONTROLTIPL,W
set@page bc@1127
Btfsc STATUS,0
Goto bc@1127
Movlw 1
Movwf KONTROLTIPI
bc@1127
F1_000218 equ $ ; in [SONKOD.BAS] ekran=5
Movlw 5
Movwf EKRAN
F1_000219 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F@Jump bc@1121
F1_000220 equ $ ; in [SONKOD.BAS] elseif durum=3 then
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bc@1125
Movlw 3
Subwf DURUM,W
set@page bc@1128
Btfss STATUS,2
Goto bc@1128
F1_000221 equ $ ; in [SONKOD.BAS] parametresec=parametresec+1
Incf PARAMETRESEC,F
F1_000222 equ $ ; in [SONKOD.BAS] if parametresec>4 then parametresec=1
Movlw 5
Subwf PARAMETRESEC,W
set@page bc@1130
Btfss STATUS,0
Goto bc@1130
Movlw 1
Movwf PARAMETRESEC
bc@1130
F1_000223 equ $ ; in [SONKOD.BAS] ekran=7
Movlw 7
Movwf EKRAN
F1_000224 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F@Jump bc@1121
F1_000225 equ $ ; in [SONKOD.BAS] elseif durum=4 then
bc@1128
Movlw 4
Subwf DURUM,W
set@page bc@1131
Btfss STATUS,2
Goto bc@1131
F1_000226 equ $ ; in [SONKOD.BAS] durum=3
Movlw 3
Movwf DURUM
F1_000227 equ $ ; in [SONKOD.BAS] ekran=8
Movlw 8
Movwf EKRAN
F1_000228 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F1_000229 equ $ ; in [SONKOD.BAS] end if
bc@1131
bc@l121
F1_000230 equ $ ; in [SONKOD.BAS] end if
bc@l1118
F1_000234 equ $ ; in [SONKOD.BAS] if butonset=0 then
set@page bc@1133
Btfsc PORTC,1
Goto bc@1133
BEKLE3
F1_000236 equ $ ; in [SONKOD.BAS] if butonSET=0 then GOTO BEKLE3
set@page bc@1135
Btfsc PORTC, 1
Goto bc@1135
F@Jump BEKLE3
bc@1135
F1_000237 equ $ ; in [SONKOD.BAS] if durum=255 then
Incf DURUM,W
set@page bc@1137
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Btfss STATUS,2
Goto bc@1137
F1_000238 equ $ ; in [SONKOD.BAS] durum=1
Movlw 1
Movwf DURUM
F1_000239 equ $ ; in [SONKOD.BAS] ekran=2
Movlw 2
Movwf EKRAN
F1_000240 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F1_000241 equ $ ; in [SONKOD.BAS] goto cikis1
F@Jump CIKIS1
F1_000242 equ $ ; in [SONKOD.BAS] end if
bc@1137
F1_000243 equ $ ; in [SONKOD.BAS] if durum=1 then
Movlw 1
Subwf DURUM,W
set@page bc@1139
Btfss STATUS,2
Goto bc@1139
F1_000244 equ $ ; in [SONKOD.BAS] durum=2
Movlw 2
Movwf DURUM
F1_000245 equ $ ; in [SONKOD.BAS] ekran=4
Movlw 4
Movwf EKRAN
F1_000246 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F1_000247 equ $ ; in [SONKOD.BAS] goto cikis1
F@Jump CIKIS1
F1_000248 equ $ ; in [SONKOD.BAS] end if
bc@1139
F1_000249 equ $ ; in [SONKOD.BAS] if durum=2 then
Movlw 2
Subwf DURUM,W
set@page bc@1141
Btfss STATUS,2
Goto bc@1141
F1_000250 equ $ ; in [SONKOD.BAS] durum=3
Movlw 3
Movwf DURUM
F1_000251 equ $ ; in [SONKOD.BAS] ekran=6
Movlw 6
Movwf EKRAN
F1_000252 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F1_000253 equ $ ; in [SONKOD.BAS] goto cikisl
F@Jump CIKIS1
F1_000254 equ $ ; in [SONKOD.BAS] end if
bc@1141
F1_000255 equ $ ; in [SONKOD.BAS] if durum=3 then
Movlw 3
Subwf DURUM,W
set@page bc@1143
Btfss STATUS,2
Goto bc@1143
F1_000256 equ $ ; in [SONKOD.BAS] durum=4
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Movlw 4
Movwf DURUM

F1_000257 equ $ ; in [SONKOD.BAS] ekran=8
Movlw 8
Movwf EKRAN

F1_000258 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS

F1_000259 equ $ ; in [SONKOD.BAS] KONTROLSTART=1
Movlw 1
Movwf KONTROLSTART

F1_000260 equ $ ; in [SONKOD.BAS] goto cikis1
F@Jump CIKIS1

F1_000261 equ $ ; in [SONKOD.BAS] end if

bc@1143

CIKIS1

F1_000263 equ $ ; in [SONKOD.BAS] end if

bc@1133

F1_000267 equ $ ; in [SONKOD.BAS] if butonup=0 then
set@page bc@1145
Btfsc PORTC,3
Goto bc@l1145

BEKLE2

F1_000269 equ $ ; in [SONKOD.BAS] if butonUP=0 then GOTO BEKLE2
set@page bc@1147
Btfsc PORTC,3
Goto bc@1147
F@Jump BEKLE2

bc@1147

F1_000270 equ $ ; in [SONKOD.BAS] if durum=1 then
Movlw 1
Subwf DURUM,W
set@page bc@1149
Btfss STATUS,2
Goto bc@1149

F1_000271 equ $ ; in [SONKOD.BAS] DERECE_SET=DERECE_SET+1
Incf DERECE_SET,F

F1_000272 equ $ ; in [SONKOD.BAS] if DERECE_SET>75 then DERECE_SET =75

Movlw 76
Subwf DERECE_SET,W
set@page bc@l1151
Btfss STATUS,0
Goto bc@1151
Movlw 75
Movwf DERECE_SET
bc@l1151
F1_000273 equ $ ; in [SONKOD.BAS] ekran=3
Movlw 3
Movwf EKRAN
F1_000274 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F@Jump bc@1148
F1_000275 equ $ ; in [SONKOD.BAS] elseif durum=2 then
bc@1149
Movlw 2
Subwf DURUM,W
set@page bc@1152
Btfss STATUS,2
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Goto bc@1152
F1_000276 equ $ ; in [SONKOD.BAS] kontroltipi=kontroltipi+1
Incf KONTROLTIPLF
F1_000277 equ $ ; in [SONKOD.BAS] if kontroltipi>5 then kontroltipi= 5
Movlw 6
Subwf KONTROLTIPL,W
set@page bc@1154
Btfss STATUS,0
Goto bc@1154
Movlw 5
Movwf KONTROLTIPI
bc@1154
F1_000278 equ $ ; in [SONKOD.BAS] ekran=>5
Movlw 5
Movwf EKRAN
F1_000279 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F@Jump bc@1148
F1_000280 equ $ ; in [SONKOD.BAS] elseif durum=3 then
bc@1152
Movlw 3
Subwf DURUM,W
set@page bc@1155
Btfss STATUS,2
Goto bc@1155
F1_000281 equ $ ; in [SONKOD.BAS] if parametresec=1 then
Movlw 1
Subwf PARAMETRESEC,W
set@page bc@I157
Btfss STATUS,2
Goto bc@1157
F1_000282 equ $ ; in [SONKOD.BAS] KP_VALUE=KP_VALUE+10
Movlw 10
Addwf KP_VALUE,F
Skpnc
Incf KP_VALUEH,F
F1_000283 equ $ ; in [SONKOD.BAS] IF KP_VALUE>100 THEN KP_VALUE=10
Movfw KP_VALUEH
set@page cp@1b4
Btfss STATUS,2
Goto cp@1b4
Movlw 101
Subwf KP_VALUE,W
set@page bc@1159
Btfss STATUS,0
Goto bc@1159
cp@lb4
Clrf KP_VALUEH
Movlw 10
Movwf KP_VALUE
bc@1159
F@Jump bc@1156
F1_000284 equ $ ; in [SONKOD.BAS] elseif parametresec=2 then
bc@1157
Movlw 2
Subwf PARAMETRESEC,W
set@page bc@1160
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Btfss STATUS,2
Goto bc@1160
F1_000285 equ $ ; in [SONKOD.BAS] KI_VALUE=KI_VALUE+1
Incf KI_VALUE,F
Skpnz
Incf KI_VALUEH,F
F1_000286 equ $ ; in [SONKOD.BAS] IF KI_VALUE>10 THEN KI_VALUE=1
Movfw KI_VALUEH
set@page cp@Ib5
Btfss STATUS,2
Goto cp@1b5
Movlw 11
Subwf KI_VALUE,W
set@page bc@1162
Btfss STATUS,0
Goto bc@1162
cp@Ibs
Clrf KI_VALUEH
Movlw 1
Movwf KI_VALUE
bc@1162
F@Jump bc@1156
F1_000287 equ $ ; in [SONKOD.BAS] elseif parametresec=3 then
bc@1160
Movlw 3
Subwf PARAMETRESEC,W
set@page bc@1163
Btfss STATUS,2
Goto bc@1163
F1_000288 equ $ ; in [SONKOD.BAS] KD_VALUE=KD_VALUE+1
Incf KD_VALUE,F
Skpnz
Incf KD_VALUEH,F
F1_000289 equ $ ; in [SONKOD.BAS] IF KD_VALUE>10 THEN KD_VALUE=1
Movfw KD_VALUEH
set@page cp@1b6
Btfss STATUS,2
Goto cp@1b6
Movlw 11
Subwf KD_VALUE,W
set@page bc@1165
Btfss STATUS,0
Goto bc@1165
cp@lbb
Clrf KD_VALUEH
Movlw 1
Movwf KD_VALUE
bc@1165
F@Jump bc@1156
F1_000290 equ $ ; in [SONKOD.BAS] elseif parametresec=4 then
bc@1163
Movlw 4
Subwf PARAMETRESEC,W
set@page bc@1166
Btfss STATUS,2
Goto bc@1166
F1_000291 equ $ ; in [SONKOD.BAS] DA_VALUE=DA_VALUE+1
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Incf DA_VALUEF
Skpnz
Incf DA_VALUEH,F
F1_000292 equ $ ; in [SONKOD.BAS] IF DA_VALUE>5 THEN DA_VALUE=0
Movfw DA_VALUEH
set@page cp@Ib7
Btfss STATUS,2
Goto cp@1b7
Movlw 6
Subwf DA_VALUE,W
set@page bc @1168
Btfss STATUS,0
Goto bc@1168
cp@Ib7
Clrf DA_VALUEH
Clrf DA_VALUE
bc@1168
F1_000293 equ $ ; in [SONKOD.BAS] end if
bc@1166
bc@1156
F1_000294 equ $ ; in [SONKOD.BAS] ekran=7
Movlw 7
Movwf EKRAN
F1_000295 equ $ ; in [SONKOD.BAS] gosub lcdcikis
F@Call LCDCIKIS
F1_000296 equ $ ; in [SONKOD.BAS] end if
bc@1155
bc@1148
F1_000297 equ $ ; in [SONKOD.BAS] end if
bc@1145
F1_000298 equ $ ; in [SONKOD.BAS] return
Return
LCDCIKIS
F1_000305 equ $ ; in [SONKOD.BAS] if ekran=1 then
Movlw 1
Subwf EKRAN,W
set@page bc@1170
Btfss STATUS,2
Goto bc@1170
F1_000306 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call di@ms
F1_000307 equ $ ; in [SONKOD.BAS] PRINT $FE , 2 : PRINT "SICAKLIK KONTROL"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw 'S’
F@Call Print
Movlw T
F@Call Print
Movlw 'C'
F@Call Print



Movlw 'A’
F@Call Print
Movlw K'
F@Call Print
Movlw L'
F@Call Print
Movlw T
F@Call Print
Movlw 'K'
F@Call Print
Movlw "'
F@Call Print
Movlw 'K'
F@Call Print
Movlw 'O'
F@Call Print
Movlw 'N'
F@Call Print
Movlw 'T'
F@Call Print
Movlw R’
F@Call Print
Movlw 'O'
F@Call Print
Movlw L'
F@Call Print

F1_000308 equ $ ; in [SONKOD.BAS] PRINT $FE , $CO : PRINT " MURAT 6PARMAK"

Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw "'
F@Call Print
Movlw 'M'
F@Call Print
Movlw 'U'
F@Call Print
Movlw R’
F@Call Print
Movlw 'A’
F@Call Print
Movlw 'T'
F@Call Print
Movlw "'
F@Call Print
Movlw '6'
F@Call Print
Movlw P'
F@Call Print
Movlw 'A’
F@Call Print
Movlw R’
F@Call Print
Movlw 'M'
F@Call Print
Movlw 'A’
F@Call Print
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Movlw 'K'
F@Call Print
F@Jump bc@1169
F1_000309 equ $ ; in [SONKOD.BAS] elseif ekran=2 then
bc@1170
Movlw 2
Subwf EKRAN,W
set@page bc@1171
Btfss STATUS,2
Goto bc@1171
F1_000310 equ $ ; in [SONKOD.BAS] PRINT $FE , 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000311 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " SET DEGERINI"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw 'S’
F@Call Print
Movlw 'E'
F@Call Print
Movlw 'T'
F@Call Print
Movlw "'
F@Call Print
Movlw D'
F@Call Print
Movlw 'E'
F@Call Print
Movlw 'G'
F@Call Print
Movlw 'E'
F@Call Print
Movlw R’
F@Call Print
Movlw T
F@Call Print
Movlw N'
F@Call Print
Movlw T
F@Call Print
F1_000312 equ $ ; in [SONKOD.BAS] PRINT $FE, $CO : PRINT "-< GIRINIZ >+"
Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw '-'
F@Call Print
Movlw '<'



bc@l1171

F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw 'G'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
Movlw T
F@Call Print
Movlw N'
F@Call Print
Movlw T
F@Call Print
Movlw 'Z'
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
Movlw >'
F@Call Print
Movlw '+'
F@Call Print

F@Jump bc@1169
F1_000313 equ $ ; in [SONKOD.BAS] elseif ekran=3 then

Movlw 3

Subwf EKRAN,W
set@page bc@1172
Btfss STATUS,2

Goto bc@1172

F1_000314 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30

F1_000315 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT "

Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dil@ms

Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
F@Call Print
Movlw 'S’
F@Call Print
Movlw T
F@Call Print
Movlw 'C'
F@Call Print

SICAKLIK"
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Movlw 'A’
F@Call Print
Movlw K'
F@Call Print
Movlw L'
F@Call Print
Movlw T
F@Call Print
Movlw 'K'
F@Call Print
F1_000316 equ $ ; in [SONKOD.BAS] PRINT $FE , $CO : PRINT " ".DEC DERECE_SET
Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
F@Call Print
F@Call Print
F@Call Print
F@Call Print
Movlw 128
Movwf BPFH
Movfw DERECE_SET
F@Call out@decb
F@Jump bc@1169
F1_000317 equ $ ; in [SONKOD.BAS] elseif ekran=4 then
bc@1172
Movlw 4
Subwf EKRAN,W
set@page bc@1173
Btfss STATUS,2
Goto bc@1173
F1_000318 equ $ ; in [SONKOD.BAS] PRINT $FE , 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000319 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " SICAKLIK"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
F@Call Print
Movlw 'S’
F@Call Print
Movlw T
F@Call Print
Movlw 'C'



F@Call Print
Movlw 'A’
F@Call Print
Movlw 'K'
F@Call Print
Movlw L'
F@Call Print
Movlw T
F@Call Print
Movlw 'K'
F@Call Print
F1_000320 equ $ ; in [SONKOD.BAS] PRINT $FE , $CO : PRINT " SET EDILMISTIR"
Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw "'
F@Call Print
Movlw 'S’
F@Call Print
Movlw 'E'
F@Call Print
Movlw T
F@Call Print
Movlw "'
F@Call Print
Movlw 'E'
F@Call Print
Movlw D'
F@Call Print
Movlw T
F@Call Print
Movlw L'
F@Call Print
Movlw 'M'
F@Call Print
Movlw T
F@Call Print
Movlw 'S’
F@Call Print
Movlw 'T'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
F1_000321 equ $ ; in [SONKOD.BAS] delayms 200
Movlw 200
F@Call dl@ms
F1_000322 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000323 equ $ ; in [SONKOD.BAS] PRINT $FE , 2 : PRINT " KONTROL TIPINI"



Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
Movlw 'K'
F@Call Print
Movlw 'O’
F@Call Print
Movlw N'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
Movlw 'O’
F@Call Print
Movlw 'L
F@Call Print
Movlw "'
F@Call Print
Movlw T
F@Call Print
Movlw T
F@Call Print
Movlw 'P'
F@Call Print
Movlw T'
F@Call Print
Movlw 'N'
F@Call Print
Movlw T
F@Call Print

F1_000324 equ $ ; in [SONKOD.BAS] PRINT $FE , $CO : PRINT "

Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
F@Call Print
Movlw 'G'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
Movlw T
F@Call Print
Movlw 'N'
F@Call Print
Movlw T
F@Call Print
Movlw 'Z'

GIRINIZ"
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F@Call Print
F@Jump bc@1169
F1_000325 equ $ ; in [SONKOD.BAS] elseif ekran=>5 then
bc@1173
Movlw 5
Subwf EKRAN,W
set@page bc@1174
Btfss STATUS,2
Goto bc@1174
F1_000326 equ $ ; in [SONKOD.BAS] PRINT $FE , 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000327 equ $ ; in [SONKOD.BAS] if kontroltipi=1 then
Movlw 1
Subwf KONTROLTIPIL,W
set@page bc@1176
Btfss STATUS,2
Goto bc@1176
F1_000328 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " ON/OFF"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
Movlw 'O’
F@Call Print
Movlw N'
F@Call Print
Movlw /'
F@Call Print
Movlw 'O'
F@Call Print
Movlw 'F'
F@Call Print
F@Call Print
F@Jump bc@1175
F1_000329 equ $ ; in [SONKOD.BAS] elseif kontroltipi=2 then
bc@1176
Movlw 2
Subwf KONTROLTIPIL,W
set@page bc@1177
Btfss STATUS,2
Goto bc@1177
F1_000330 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " P"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
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F@Call Print
F@Call Print
Movlw P'
F@Call Print
F@Jump bc@1175
F1_000331 equ $ ; in [SONKOD.BAS] elseif kontroltipi=3 then
bc@1177
Movlw 3
Subwf KONTROLTIPIL,W
set@page bc@1178
Btfss STATUS,2
Goto bc@1178
F1_000332 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " PI"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
Movlw P'
F@Call Print
Movlw T
F@Call Print
F@Jump bc@1175
F1_000333 equ $ ; in [SONKOD.BAS] elseif kontroltipi=4 then
bc@1178
Movlw 4
Subwf KONTROLTIPIL,W
set@page bc@1179
Btfss STATUS,2
Goto bc@1179
F1_000334 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " PD"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
Movlw 'P'
F@Call Print
Movlw D'
F@Call Print
F@Jump bc@1175
F1_000335 equ $ ; in [SONKOD.BAS] elseif kontroltipi=5 then
bc@1179
Movlw 5
Subwf KONTROLTIPIL,W
set@page bc@1180
Btfss STATUS,2
Goto bc@1180
F1_000336 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " PID"
Movlw 254
F@Call Print



Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
Movlw 'P'
F@Call Print
Movlw T
F@Call Print
Movlw D'
F@Call Print
F1_000337 equ $ ; in [SONKOD.BAS] end if
bc@1180
bc@1175
F@Jump bc@1169
F1_000338 equ $ ; in [SONKOD.BAS] elseif ekran=6 then
bc@l1174
Movlw 6
Subwf EKRAN,W
set@page bc@1181
Btfss STATUS,2
Goto bc@1181
F1_000339 equ $ ; in [SONKOD.BAS] PRINT $FE , 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000340 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " KONTROL TIPI"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
Movlw K'
F@Call Print
Movlw 'O’
F@Call Print
Movlw 'N'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
Movlw 'O'
F@Call Print
Movlw L'
F@Call Print
Movlw "'
F@Call Print
Movlw 'T'
F@Call Print
Movlw T
F@Call Print



Movlw P'
F@Call Print
Movlw T
F@Call Print
F1_000341 equ $ ; in [SONKOD.BAS] PRINT $FE, $C0O : PRINT " SET EDILMISTIR"
Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw "'
F@Call Print
Movlw 'S’
F@Call Print
Movlw 'E'
F@Call Print
Movlw 'T'
F@Call Print
Movlw "'
F@Call Print
Movlw 'E'
F@Call Print
Movlw D'
F@Call Print
Movlw T
F@Call Print
Movlw L'
F@Call Print
Movlw 'M'
F@Call Print
Movlw T
F@Call Print
Movlw 'S’
F@Call Print
Movlw T
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
F1_000342 equ $ ; in [SONKOD.BAS] delayms 200
Movlw 200
F@Call dl@ms
F1_000343 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000344 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " PARAMETRELERI"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
Movlw P'



F@Call Print
Movlw 'A’
F@Call Print
Movlw R’
F@Call Print
Movlw 'A’
F@Call Print
Movlw 'M'
F@Call Print
Movlw 'E'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
Movlw 'E'
F@Call Print
Movlw 'L
F@Call Print
Movlw 'E'
F@Call Print
Movlw R’
F@Call Print
Movlw T
F@Call Print

F1_000345 equ $ ; in [SONKOD.BAS] PRINT $FE , $CO : PRINT "S< GIRINIZ >+"

Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw 'S’
F@Call Print
Movlw '<'
F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw 'G'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
Movlw T
F@Call Print
Movlw N'
F@Call Print
Movlw T
F@Call Print
Movlw 'Z'
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
Movlw >'
F@Call Print
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Movlw '+'
F@Call Print
F@Jump bc@1169
F1_000346 equ $ ; in [SONKOD.BAS] elseif ekran=7 then
bc@1181
Movlw 7
Subwf EKRAN,W
set@page bc@1182
Btfss STATUS,2
Goto bc@]182
F1_000347 equ $ ; in [SONKOD.BAS] if parametresec=1 then
Movlw 1
Subwf PARAMETRESEC,W
set@page bc@1184
Btfss STATUS,2
Goto bc@1184
F1_000348 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000349 equ $ ; in [SONKOD.BAS] PRINT $FE , 2 : PRINT " KP: "
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw 'K'
F@Call Print
Movlw P'
F@Call Print
Movlw "'
F@Call Print
Movlw "'
F@Call Print
Movlw "'
F@Call Print
F1_000350 equ $ ; in [SONKOD.BAS] PRINT DEC KP_VALUE
Movlw 128
Movwf BPFH
Clrf GEN4H
Movfw KP_VALUEH
Movwf PP2H
Movfw KP_VALUE
Movwf PP2
F@Call out@dec
F@Jump bc@1183
F1_000351 equ $ ; in [SONKOD.BAS] elseif parametresec=2 then
bc@1184
Movlw 2
Subwf PARAMETRESEC,W
set@page bc@1185
Btfss STATUS,2
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Goto bc@1185
F1_000352 equ $ ; in [SONKOD.BAS] PRINT $FE , 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000353 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " KI: "
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw 'K'
F@Call Print
Movlw T'
F@Call Print
Movlw "'
F@Call Print
Movlw "'
F@Call Print
Movlw "'
F@Call Print
F1_000354 equ $ ; in [SONKOD.BAS] IF KI_VALUE = 1 THEN
Decf KI_VALUE,W
Torwf KI_VALUEH,W
set@page bc@1187
Btfss STATUS,2
Goto bc@1187
F1_000355 equ $ ; in [SONKOD.BAS] PRINT "0,1"
Movlw '0'
F@Call Print
Movlw ',
F@Call Print
Movlw '1'
F@Call Print
F@Jump bc@1186
F1_000356 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE = 2 THEN
bc@1187
Movfw KI_VALUE
Xorlw 2
Torwf KI_ VALUEH,W
set@page bc @1188
Btfss STATUS,2
Goto bc@1188
F1_000357 equ $ ; in [SONKOD.BAS] PRINT "0,2"
Movlw '0'
F@Call Print
Movlw ',
F@Call Print
Movlw 2'
F@Call Print
F@Jump bc@1186
F1_000358 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE = 3 THEN
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Movfw KI_VALUE
Xorlw 3

Torwf KI_VALUEH,W
set@page bc@1189
Btfss STATUS,2

Goto bc@1189

F1_000359 equ $ ; in [SONKOD.BAS] PRINT "0,3"

Movlw '0'
F@Call Print
Movlw ',

F@Call Print
Movlw '3'
F@Call Print
F@Jump bc@1186

F1_000360 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE = 4 THEN

Movfw KI_VALUE
Xorlw 4

Iorwf KI_VALUEH,W
set@page bc@1190
Btfss STATUS,2

Goto bc@1190

F1_000361 equ $ ; in [SONKOD.BAS] PRINT "0,4"

Movlw '0'
F@Call Print
Movlw ',

F@Call Print
Movlw '4'
F@Call Print
F@Jump bc@1186

F1_000362 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE = 5 THEN

Movfw KI_VALUE
Xorlw 5

Iorwf KI_VALUEH,W
set@page bc@1191
Btfss STATUS,2

Goto bc@1191

F1_000363 equ $ ; in [SONKOD.BAS] PRINT "0,5"

Movlw '0'
F@Call Print
Movlw ',

F@Call Print
Movlw '5'
F@Call Print
F@Jump bc@1186

F1_000364 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE = 6 THEN

Movfw KI_VALUE
Xorlw 6

TIorwf KI_VALUEH,W
set@page bc@1192
Btfss STATUS,2

Goto bc@1192

F1_000365 equ $ ; in [SONKOD.BAS] PRINT "0,6"

Movlw '0'
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F@Call Print
Movlw ',

F@Call Print
Movlw '6'
F@Call Print
F@Jump bc@1186

F1_000366 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE =7 THEN

Movfw KI_VALUE
Xorlw 7

Iorwf KI_VALUEH,W
set@page bc@1193
Btfss STATUS,2

Goto bc@1193

F1_000367 equ $ ; in [SONKOD.BAS] PRINT "0,7"

Movlw '0'
F@Call Print
Movlw ',

F@Call Print
Movlw '7'
F@Call Print
F@Jump bc@1186

F1_000368 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE = 8§ THEN

Movfw KI_VALUE
Xorlw 8

Torwf KI_VALUEH,W
set@page bc@1194
Btfss STATUS,2

Goto bc@1194

F1_000369 equ $ ; in [SONKOD.BAS] PRINT "0,8"

Movlw '0'
F@Call Print
Movlw ',

F@Call Print
Movlw '8’
F@Call Print
F@Jump bc@1186

F1_000370 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE = 9 THEN

Movfw KI_VALUE
Xorlw 9

Iorwf KI_VALUEH,W
set@page bc@1195
Btfss STATUS,2

Goto bc@1195

F1_000371 equ $ ; in [SONKOD.BAS] PRINT "0,9"

Movlw '0'
F@Call Print
Movlw ',

F@Call Print
Movlw '9'
F@Call Print
F@Jump bc@1186

F1_000372 equ $ ; in [SONKOD.BAS] ELSEIF KI_VALUE = 10 THEN

Movfw KI_VALUE
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Xorlw 10
Torwf KI_ VALUEH,W
set@page bc@1196
Btfss STATUS,2
Goto bc@1196
F1_000373 equ $ ; in [SONKOD.BAS] PRINT "1"
Movlw 'l'
F@Call Print
F1_000374 equ $ ; in [SONKOD.BAS] END IF
bc@1196
bc@1186
F@Jump bc@1183
F1_000375 equ $ ; in [SONKOD.BAS] elseif parametresec=3 then
bc@1185
Movlw 3
Subwf PARAMETRESEC,W
set@page bc@1197
Btfss STATUS,2
Goto bc@1197
F1_000376 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000377 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT" KD : "
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw K'
F@Call Print
Movlw D'
F@Call Print
Movlw "'
F@Call Print
Movlw "'
F@Call Print
Movlw "'
F@Call Print
F1_000378 equ $ ; in [SONKOD.BAS] PRINT DEC KD_VALUE
Movlw 128
Movwf BPFH
Clrf GEN4H
Movfw KD_VALUEH
Movwf PP2H
Movfw KD_VALUE
Movwf PP2
F@Call out@dec
F@Jump bc@1183
F1_000379 equ $ ; in [SONKOD.BAS] elseif parametresec=4 then
bc@1197
Movlw 4



Subwf PARAMETRESEC,W
set@page bc @1198
Btfss STATUS,2
Goto bc@1198
F1_000380 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000381 equ $ ; in [SONKOD.BAS] PRINT $FE, 2 : PRINT " DA : "
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw 'D'
F@Call Print
Movlw 'A’
F@Call Print
Movlw "'
F@Call Print
Movlw "'
F@Call Print
Movlw "'
F@Call Print
F1_000382 equ $ ; in [SONKOD.BAS] PRINT DEC DA_VALUE
Movlw 128
Movwf BPFH
Clrf GEN4H
Movfw DA_VALUEH
Movwf PP2H
Movfw DA_VALUE
Movwf PP2
F@Call out@dec
F1_000383 equ $ ; in [SONKOD.BAS] end if
bc@1198
bc@1183
F@Jump bc@1169
F1_000384 equ $ ; in [SONKOD.BAS] elseif ekran=8 then
bc@1182
Movlw 8
Subwf EKRAN,W
set@page bc@1199
Btfss STATUS,2
Goto bc@1199
F1_000385 equ $ ; in [SONKOD.BAS] PRINT $FE, 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000386 equ $ ; in [SONKOD.BAS] PRINT $FE , 2 : PRINT " PARAMETRELER"
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Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw 'P'
F@Call Print
Movlw 'A’
F@Call Print
Movlw R’
F@Call Print
Movlw 'A’
F@Call Print
Movlw 'M'
F@Call Print
Movlw 'E'
F@Call Print
Movlw 'T'
F@Call Print
Movlw R’
F@Call Print
Movlw 'E'
F@Call Print
Movlw L'
F@Call Print
Movlw 'E'
F@Call Print
Movlw R’
F@Call Print
F1_000387 equ $ ; in [SONKOD.BAS] PRINT $FE, $C0O : PRINT " SET EDILMISTIR"
Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw "'
F@Call Print
Movlw 'S’
F@Call Print
Movlw 'E'
F@Call Print
Movlw 'T'
F@Call Print
Movlw "'
F@Call Print
Movlw 'E'
F@Call Print
Movlw D'
F@Call Print
Movlw T
F@Call Print
Movlw L'
F@Call Print
Movlw 'M'
F@Call Print
Movlw T
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F@Call Print
Movlw 'S’
F@Call Print
Movlw 'T'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
F1_000388 equ $ ; in [SONKOD.BAS] DELAYMS 1000
Movlw 3
Movwf PP1H
Movlw 232
F@Call dly@w
F1_000389 equ $ ; in [SONKOD.BAS] PRINT $FE , 1 : DELAYMS 30
Movlw 254
F@Call Print
Movlw 1
F@Call Print
Movlw 30
F@Call dl@ms
F1_000390 equ $ ; in [SONKOD.BAS] PRINT $FE , 2 : PRINT" KONTROL"
Movlw 254
F@Call Print
Movlw 2
F@Call Print
Movlw "'
F@Call Print
F@Call Print
F@Call Print
F@Call Print
Movlw 'K'
F@Call Print
Movlw 'O'
F@Call Print
Movlw N'
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
Movlw 'O’
F@Call Print
Movlw L'
F@Call Print
F1_000391 equ $ ; in [SONKOD.BAS] PRINT $FE , $CO : PRINT " BASLAMISTIR"
Movlw 254
F@Call Print
Movlw 192
F@Call Print
Movlw "'
F@Call Print
F@Call Print
Movlw B’
F@Call Print
Movlw 'A’
F@Call Print



Movlw 'S’
F@Call Print
Movlw L'
F@Call Print
Movlw 'A’
F@Call Print
Movlw 'M'
F@Call Print
Movlw T
F@Call Print
Movlw 'S’
F@Call Print
Movlw T
F@Call Print
Movlw T
F@Call Print
Movlw R’
F@Call Print
F1_000392 equ $ ; in [SONKOD.BAS] end if
bc@1199
bc@1169
F1_000393 equ $ ; in [SONKOD.BAS] return
Return
DONGU
F1_000399 equ $ ; in [SONKOD.BAS] IF KONTROLSTART = 1 THEN
Movlw 1
Subwf KONTROLSTART,W
set@page bc@11101
Btfss STATUS,2
Goto bc@]1101
F1_000400 equ $ ; in [SONKOD.BAS] GOSUB KONTROL
F@Call KONTROL
F1_000401 equ $ ; in [SONKOD.BAS] IF KONTROLSTART = 0 THEN
Movfw KONTROLSTART
set@page bc@11103
Btfss STATUS,2
Goto bc@11103
F1_000402 equ $ ; in [SONKOD.BAS] GOTO CKS100
F@Jump CKS100
F1_000403 equ $ ; in [SONKOD.BAS] END IF
bc@l11103
F1_000404 equ $ ; in [SONKOD.BAS] gosub sicaklikdongusu
F@Call SICAKLIKDONGUSU
F1_000405 equ $ ; in [SONKOD.BAS] PRINT $FE , $CO ' :PRINT "KONTROL BASLADI"
Movlw 254
F@Call Print
Movlw 192
F@Call Print
F1_000406 equ $ ; in [SONKOD.BAS] GOTO DONGU
F@Jump DONGU
F1_000407 equ $ ; in [SONKOD.BAS] END IF
bc@11101
CKS100
F1_000409 equ $ ; in [SONKOD.BAS] IF DURUM=255 THEN
Incf DURUM,W
set@page bc@11105
Btfss STATUS,2
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Goto bc@11105
F1_000410 equ $ ; in [SONKOD.BAS] gosub sicaklikdongusu
F@Call SICAKLIKDONGUSU
F1_000411 equ $ ; in [SONKOD.BAS] END IF
bc@l11105
F1_000413 equ $ ; in [SONKOD.BAS] gosub butonkontrol
F@Call BUTONKONTROL
F1_000415 equ $ ; in [SONKOD.BAS] GOTO DONGU
F@Jump DONGU
KONTROL
F1_000422 equ $ ; in [SONKOD.BAS] if kontroltipi=1 then
Movlw 1
Subwf KONTROLTIPIL,W
set@page bc@11107
Btfss STATUS,2
Goto bc@11107
F1_000424 equ $ ; in [SONKOD.BAS] DERECE_UST=DERECE_SET+DA_VALUE
Movfw DERECE_SET
Addwf DA_VALUE,W
Movwf DERECE_UST
F1_000425 equ $ ; in [SONKOD.BAS] DERECE_UST = DERECE_UST - 1
Decf DERECE_UST,F
F1_000426 equ $ ; in [SONKOD.BAS] DERECE_ALT=DERECE_SET-DA_VALUE
Movfw DA_VALUE
Subwf DERECE_SET,W
Movwf DERECE_ALT
F1_000427 equ $ ; in [SONKOD.BAS] IF TEMPORT > DERECE_UST THEN
Movfw TEMPORTH
set@page cp@Ib18
Btfss STATUS,2
Goto cp@1b18
Movfw TEMPORT
Subwf DERECE_UST,W
set@page bc@11109
Btfsc STATUS,0
Goto bc@11109
cp@Ibl8
F1_000428 equ $ ; in [SONKOD.BAS] ONOFFSAYAC=ONOFFSAYAC+1
Incf ONOFFSAYAC,F
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F1_000429 equ $ ; in [SONKOD.BAS] Duty = 0 : Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ceprll

= Duty >> 2
Clrf DUTYH
Clrf DUTY
; Bit_Bit DUTY,0,CCP1CON 4
Bsf CCP1CON 4
Btfss DUTY,0
Bcef CCPICON,4
; Bit_Bit DUTY,1,CCP1CON,5
Bsf CCP1CON,5
Btfss DUTY, I
Bcef CCP1ICON,5
Rrf DUTYH,W
Movwf PP4
Rrf DUTY,W
Movwf CCPRIL
Rrf PP4,F
Rrf CCPRIL,F



108

Movfw DUTYH

Movwf PPOH

Movfw DUTY

Movwf PP0O

Movlw 2

F@Call r@sh

Movwf CCPRIL
F1_000430 equ $ ; in [SONKOD.BAS] GOTO KONTROL_CIK

F@Jump KONTROL_CIK

F@Jump bc@11108
F1_000431 equ $ ; in [SONKOD.BAS] ELSEIF TEMPORT < DERECE_ALT THEN
bc@11109

Movfw TEMPORTH

set@page bc@11110

Btfss STATUS,2

Goto bc@l11110

Movfw DERECE_ALT

Subwf TEMPORT,W

set@page bc@11110

Btfsc STATUS,0

Goto bc@l11110
F1_000432 equ $ ; in [SONKOD.BAS] Duty = 950 : Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 :
Ccprll = Duty >>2

Movlw 3

Movwf DUTYH

Movlw 182

Movwf DUTY
; Bit_Bit DUTY,0,CCP1CON, 4

Bsf CCP1CON,4

Btfss DUTY,0

Bef CCP1ICON,4
; Bit_Bit DUTY,1,CCP1CON,5

Bsf CCP1CON,5

Btfss DUTY,1

Bcef CCPICON,5

Rrf DUTYH,W

Movwf PP4

Ref DUTY, W

Movwf CCPRIL

Rrf PP4,F

Rrf CCPRIL,F

Movfw DUTYH

Movwf PPOH

Movfw DUTY

Movwf PPO

Movlw 2

F@Call r@sh

Movwf CCPR1L
F1_000433 equ $ ; in [SONKOD.BAS] GOTO KONTROL_CIK

F@Jump KONTROL_CIK
F1_000434 equ $ ; in [SONKOD.BAS] END IF
bc@11110
bc@11108

F@Jump bc@11106
F1_000438 equ $ ; in [SONKOD.BAS] elseif kontroltipi=2 then
bc@11107

Movlw 2



Subwf KONTROLTIPI,W
set@page bc@I1111

Btfss STATUS,2

Goto bc@ll111

F1_000440 equ $ ; in [SONKOD.BAS] IF DERECE_SET >= TEMPORT THEN

Movfw TEMPORTH

set@page bc@11113

Btfss STATUS,2

Goto bc@l11113

Movfw TEMPORT

Subwf DERECE_SET,W

set@page bc@11113

Btfss STATUS,0

Goto bc@l11113
F1_000441 equ $ ; in [SONKOD.BAS] FARK=DERECE_SET-TEMPORT

Movfw TEMPORT

Subwf DERECE_SET,W

Movwf FARK

Comf TEMPORTH,W

Skpnc

Addlw 1

Movwf FARKH
F1_000442 equ $ ; in [SONKOD.BAS] DUTY = KP_VALUE*FARK

Movfw KP_VALUEH

Movwf PP3H

Movfw KP_VALUE

Movwf PP3

Movfw FARKH

Movwf PP1H

Movfw FARK

Movwf PP1

F@Call m@py

Movwf DUTY

Movfw PP2H

Movwf DUTYH

F@Jump bc@11112

F1_000443 equ $ ; in [SONKOD.BAS] ELSEIF DERECE_SET < TEMPORT THEN

bc@l11113
Movfw TEMPORTH
set@page cp@Ib21
Btfss STATUS,2
Goto cp@1b21
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11114
Btfsc STATUS,0
Goto bc@11114
cp@Ib21
F1_000444 equ $ ; in [SONKOD.BAS] DUTY =0
Clrf DUTYH
Clrf DUTY
F1_000445 equ $ ; in [SONKOD.BAS] ENDIF
bc@ll114
bc@ll112
F1_000447 equ $ ; in [SONKOD.BAS] IF DUTY > 950 THEN
Movlw 3
Subwf DUTYH,W
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set@page bc@I1116
Btfss STATUS,0
Goto bc@11116
set@page cp@1b22
Btfss STATUS,2
Goto cp@1b22
Movlw 183

Subwf DUTY,W
set@page bc@11116
Btfss STATUS,0
Goto bc@11116

cp@1b22

F1_000448 equ $ ; in [SONKOD.BAS] DUTY = 950

F1_000449 equ $ ; in [SONKOD.BAS] END IF

Movlw 3
Movwf DUTYH
Movlw 182
Movwf DUTY

bc@l11116
F1_000450 equ $ ; in [SONKOD.BAS] Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ceprll = Duty >>

2

; Bit_Bit DUTY,0,CCP1CON 4

; Bit_Bit DUTY,1,CCP1CON,5

F1_000451 equ $ ; in [SONKOD.BAS] GOTO KONTROL_CIK
F@Jump KONTROL_CIK

F1_000456 equ $ ; in [SONKOD.BAS] elseif kontroltipi=3 then

Bsf CCP1CON,4
Btfss DUTY,0
Bef CCPICON 4

Bsf CCP1CON,5
Btfss DUTY,1
Bcef CCPICON,5
Rrf DUTYH,W
Movwf PP4

Rrf DUTY,W
Movwf CCPR1L
Rrf PP4,F

Rrf CCPRI1L,F
Movfw DUTYH
Movwf PPOH
Movfw DUTY
Movwf PP0O
Movlw 2
F@Call r@sh
Movwf CCPR1L

F@Jump bc@11106

bc@Il111

Movlw 3

Subwf KONTROLTIPL,W

set@page bc@11117
Btfss STATUS,2
Goto bc@11117

KONTROL_PI

F1_000459 equ $ ; in [SONKOD.BAS] IF DERECE_SET >= TEMPORT THEN

Movfw TEMPORTH
set@page bc@11119
Btfss STATUS,2
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Goto bc@11119
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11119
Btfss STATUS,0
Goto bc@11119
F1_000460 equ $ ; in [SONKOD.BAS] FARK_E=DERECE_SET-TEMPORT
Movfw TEMPORT
Subwf DERECE_SET,W
Movwf FARK _E
Comf TEMPORTH,W
Skpnc
Addlw 1
Movwf FARK_EH
F1_000461 equ $ ; in [SONKOD.BAS] IF FARK_E<10 THEN
Movfw FARK_EH
set@page bc@11121
Btfss STATUS,2
Goto bc@11121
Movlw 10
Subwf FARK_E,W
set@page bc@11121
Btfsc STATUS,0
Goto bc@11121
F1_000462 equ $ ; in [SONKOD.BAS] F_INT=FARK_E+F_INT
Movfw FARK_E
Addwf F_INT.,F
Movfw FARK_EH
Skpnc
Addlw 1
Addwf F_INTH,F
F1_000463 equ $ ; in [SONKOD.BAS] END IF
bc@l11121
F1_000464 equ $ ; in [SONKOD.BAS] END IF
bc@l11119
F1_000465 equ $ ; in [SONKOD.BAS] IF DERECE_SET < TEMPORT THEN
Movfw TEMPORTH
set@page cp@1b25
Btfss STATUS,2
Goto cp@1b25
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11123
Btfsc STATUS,0
Goto bc@11123
cp@Ib25
F1_000466 equ $ ; in [SONKOD.BAS] FARK_E=TEMPORT-DERECE_SET
Movfw DERECE_SET
Subwf TEMPORT,W
Movwf FARK_E
Movfw TEMPORTH
Skpc
Addlw 255
Movwf FARK_EH
F1_000467 equ $ ; in [SONKOD.BAS] IF F_INT>FARK_E THEN
Movfw F_INTH
Subwf FARK_EH,W
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set@page cp@1b26
Btfss STATUS,0
Goto cp@1b26
set@page bc@11125
Btfss STATUS,2
Goto bc@11125
Movfw F_INT
Subwf FARK_E,W
set@page bc@11125
Btfsc STATUS,0
Goto bc@11125
cp@I1b26
F1_000468 equ $ ; in [SONKOD.BAS] F_INT=F_INT-FARK_E
Movfw FARK_E
Subwf F_INT,F
Movfw FARK_EH
Skpc
Addlw 1
Subwf F_INTH,F
F@Jump bc@11126
bc@l11125
F1_000469 equ $ ; in [SONKOD.BAS] ELSE
F1_000470 equ $ ; in [SONKOD.BAS] F_INT=0
Clrf F_INTH
CIrf F_INT
F1_000471 equ $ ; in [SONKOD.BAS] END IF
bc@11126
F1_000472 equ $ ; in [SONKOD.BAS] END IF
bc@l11123
F1_000473 equ $ ; in [SONKOD.BAS] F_INT_TOPL=0
ClIrf F_INT_TOPLH
ClIrf F_INT_TOPL
F1_000474 equ $ ; in [SONKOD.BAS] FOR i =0 TO KI_VALUE
Clrf _I
fr@1b128
Movfw KI_VALUEH
set@page cp@1b27
Btfss STATUS,2
Goto cp@1b27
Movfw _I
Subwf KI_VALUE,W
set@page nx@1b129
Btfss STATUS,0
Goto nx@1b129
cp@Ib27
F1_000475 equ $ ; in [SONKOD.BAS] F_INT_TOPL=F_INT + F_INT_TOPL
Movfw F_INT
Addwf F_INT_TOPL,F
Movfw F_INTH
Skpnc
Addlw 1
Addwf F_INT_TOPLH,F
F1_000476 equ $ ; in [SONKOD.BAS] NEXT
Incf _LF
set@page fr@lb128
Btfss STATUS,2
Goto fr@1b128



nx@1b129
F1_000477 equ $ ; in [SONKOD.BAS] PRINT DEC F_INT_TOPL
Movlw 128
Movwf BPFH
Clrf GEN4H
Movfw F_INT_TOPLH
Movwf PP2H
Movfw F_INT_TOPL
Movwf PP2
F@Call out@dec
F1_000478 equ $ ; in [SONKOD.BAS] PRINT " "
Movlw "'
F@Call Print
F1_000479 equ $ ; in [SONKOD.BAS] IF DERECE_SET >= TEMPORT THEN
Movfw TEMPORTH
set@page bc@11130
Btfss STATUS,2
Goto bc@11130
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11130
Btfss STATUS,0
Goto bc@11130
F1_000480 equ $ ; in [SONKOD.BAS] FARK = DERECE_SET-TEMPORT
Movfw TEMPORT
Subwf DERECE_SET,W
Movwf FARK
Comf TEMPORTH,W
Skpnc
Addlw 1
Movwf FARKH
F1_000481 equ $ ; in [SONKOD.BAS] DUTY = KP_VALUE*FARK
Movfw KP_VALUEH
Movwf PP3H
Movfw KP_VALUE
Movwf PP3
Movfw FARKH
Movwf PP1H
Movfw FARK
Movwf PP1
F@Call m@py
Movwf DUTY
Movfw PP2H
Movwf DUTYH
F@Jump bc@11129
F1_000482 equ $ ; in [SONKOD.BAS] ELSEIF DERECE_SET < TEMPORT THEN
bc@11130
Movfw TEMPORTH
set@page cp@1b29
Btfss STATUS,2
Goto cp@1b29
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11131
Btfsc STATUS,0
Goto bc@11131
cp@1b29
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F1_000483 equ $ ; in [SONKOD.BAS] DUTY =0
Clrf DUTYH
Clrf DUTY
F1_000484 equ $ ; in [SONKOD.BAS] ENDIF
bc@l11131
bc@11129
F1_000486 equ $ ; in [SONKOD.BAS] DUTY = DUTY + F_INT_TOPL
Movfw F_INT_TOPL
Addwf DUTY,F
Movfw F_INT_TOPLH
Skpnc
Addlw 1
Addwf DUTYH,F
F1_000488 equ $ ; in [SONKOD.BAS] IF DUTY > 950 THEN
Movlw 3
Subwf DUTYH,W
set@page bc@11133
Btfss STATUS,0
Goto bc@11133
set@page cp@1b30
Btfss STATUS,2
Goto cp@1b30
Movlw 183
Subwf DUTY,W
set@page bc@11133
Btfss STATUS,0
Goto bc@11133
cp@1b30
F1_000489 equ $ ; in [SONKOD.BAS] DUTY =950
Movlw 3
Movwf DUTYH
Movlw 182
Movwf DUTY
F1_000490 equ $ ; in [SONKOD.BAS] END IF
bc@11133
F1_000492 equ $ ; in [SONKOD.BAS] PRINT DEC DUTY
Movlw 128
Movwf BPFH
Clrf GEN4H
Movfw DUTYH
Movwf PP2H
Movfw DUTY
Movwf PP2
F@Call out@dec
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F1_000493 equ $ ; in [SONKOD.BAS] Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ceprll = Duty >>

2

; Bit_Bit DUTY,0,CCP1CON,4
Bsf CCP1CON,4
Btfss DUTY,0
Bef CCP1ICON,4

; Bit_Bit DUTY,1,CCP1CON,5
Bsf CCP1CON,5
Btfss DUTY,1
Bef CCPICON,5
Rrf DUTYH,W
Movwf PP4
Ref DUTY,W
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Movwf CCPR1L
Rrf PP4,F
Rrf CCPRI1L,F
Movfw DUTYH
Movwf PPOH
Movfw DUTY
Movwf PP0O
Movlw 2
F@Call r@sh
Movwf CCPR1L
F1_000494 equ $ ; in [SONKOD.BAS] GOTO KONTROL_CIK
F@Jump KONTROL_CIK
PI_END
F@Jump bc@11106
F1_000500 equ $ ; in [SONKOD.BAS] elseif kontroltipi=4 then
bc@l11117
Movlw 4
Subwf KONTROLTIPIL,W
set@page bc@11134
Btfss STATUS,2
Goto bc@11134
KONTROL_PD
F1_000504 equ $ ; in [SONKOD.BAS] IF DERECE_SET >= TEMPORT THEN
Movfw TEMPORTH
set@page bc@11136
Btfss STATUS,2
Goto bc@11136
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11136
Btfss STATUS,0
Goto bc@11136
F1_000505 equ $ ; in [SONKOD.BAS] FARK = DERECE_SET-TEMPORT
Movfw TEMPORT
Subwf DERECE_SET,W
Movwf FARK
Comf TEMPORTH,W
Skpnc
Addlw 1
Movwf FARKH
F1_000506 equ $ ; in [SONKOD.BAS] DUTY = KP_VALUE*FARK
Movfw KP_VALUEH
Movwf PP3H
Movfw KP_VALUE
Movwf PP3
Movfw FARKH
Movwf PP1H
Movfw FARK
Movwf PP1
F@Call m@py
Movwf DUTY
Movfw PP2H
Movwf DUTYH
F@Jump bc@11135
F1_000507 equ $ ; in [SONKOD.BAS] ELSEIF DERECE_SET < TEMPORT THEN
bc@11136
Movfw TEMPORTH
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set@page cp@1b32
Btfss STATUS,2
Goto cp@1b32
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11137
Btfsc STATUS,0
Goto bc@11137
cp@I1b32
F1_000508 equ $ ; in [SONKOD.BAS] DUTY =0
Clrf DUTYH
Clrf DUTY
F1_000509 equ $ ; in [SONKOD.BAS] ENDIF
bc@11137
bc@l11135
F1_000511 equ $ ; in [SONKOD.BAS] ED2=TEMPORT
Movfw TEMPORT
Movwf ED2
F1_000512 equ $ ; in [SONKOD.BAS] IF ED2>=ED1 THEN
Movfw ED1
Subwf ED2,W
set@page bc@11139
Btfss STATUS,0
Goto bc@11139
F1_000513 equ $ ; in [SONKOD.BAS] FARK_D=ED2-ED1
Movfw ED1
Subwf ED2,W
Movwf FARK_D
ClIrf FARK_DH
Skpc
Decf FARK_DH,F
F1_000514 equ $ ; in [SONKOD.BAS] F_DER_TOPL=0
Clrf F_DER_TOPLH
Clrf F_DER_TOPL
F1_000515 equ $ ; in [SONKOD.BAS] FOR i =0 TO KD_VALUE
Clrf _I
fr@lbl41
Movfw KD_VALUEH
set@page cp@1b33
Btfss STATUS,2
Goto cp@1b33
Movfw _I
Subwf KD_VALUE,W
set@page nx@1b142
Btfss STATUS,0
Goto nx@1b142
cp@Ib33
F1_000516 equ $ ; in [SONKOD.BAS] F_DER_TOPL=F_DER + F_ DER_TOPL
Movfw F_DER
Addwf F_DER_TOPL,F
Movfw F_DERH
Skpnc
Addlw 1
Addwf F_DER_TOPLH,F
F1_000517 equ $ ; in [SONKOD.BAS] NEXT
Incf _LF
set@page fr@lb141
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Btfss STATUS,2
Goto fr@1b141
nx@1b142
F1_000518 equ $ ; in [SONKOD.BAS] DUTY = DUTY + F_DER_TOPL
Movfw F_DER_TOPL
Addwf DUTY,F
Movfw F_DER_TOPLH
Skpnc
Addlw 1
Addwf DUTYH,F
F@Jump bc@11138
F1_000519 equ $ ; in [SONKOD.BAS] ELSEIF ED1>ED2 THEN
bc@11139
Movfw ED1
Subwf ED2,W
set@page bc@11142
Btfsc STATUS,0
Goto bc@11142
F1_000520 equ $ ; in [SONKOD.BAS] FARK_D=EDI1-ED2
Movfw ED2
Subwf ED1,W
Movwf FARK D
ClIrf FARK_DH
Skpc
Decf FARK_DH,F
F1_000521 equ $ ; in [SONKOD.BAS] F_DER_TOPL=0
Clrf F_DER_TOPLH
Clrf F_DER_TOPL
F1_000522 equ $ ; in [SONKOD.BAS] FOR i =0 TO KD_VALUE
Clrf _I
fr@lbl44
Movfw KD_VALUEH
set@page cp@1b34
Btfss STATUS,2
Goto cp@1b34
Movfw _1
Subwf KD_VALUE,W
set@page nx@1b145
Btfss STATUS,0
Goto nx@1b145
cp@Ib34
F1_000523 equ $ ; in [SONKOD.BAS] F_DER_TOPL=F_DER + F_DER_TOPL
Movfw F_DER
Addwf F_DER_TOPL,F
Movfw F_ DERH
Skpnc
Addlw 1
Addwf F_DER_TOPLH,F
F1_000524 equ $ ; in [SONKOD.BAS] NEXT
Incf _LF
set@page fr@lb144
Btfss STATUS,2
Goto fr@1b144
nx@1b145
F1_000525 equ $ ; in [SONKOD.BAS] DUTY = DUTY - F_DER_TOPL
Movfw F_DER_TOPL
Subwf DUTY,F



Movfw F_DER_TOPLH
Skpc
Addlw 1
Subwf DUTYH,F
F1_000526 equ $ ; in [SONKOD.BAS] END IF
bc@11142
bc@I11138
F1_000527 equ $ ; in [SONKOD.BAS] ED1=ED2
Movfw ED2
Movwf ED1
F1_000529 equ $ ; in [SONKOD.BAS] IF DUTY > 950 THEN
Movlw 3
Subwf DUTYH,W
set@page bc@11146
Btfss STATUS,0
Goto bc@l11146
set@page cp@1b35
Btfss STATUS,2
Goto cp@1b35
Movlw 183
Subwf DUTY,W
set@page bc@11146
Btfss STATUS,0
Goto bc@11146
cp@Ib35
F1_000530 equ $ ; in [SONKOD.BAS] DUTY =950
Movlw 3
Movwf DUTYH
Movlw 182
Movwf DUTY
F1_000531 equ $ ; in [SONKOD.BAS] END IF
bc@11146
F1_000532 equ $ ; in [SONKOD.BAS] PRINT DEC DUTY
Movlw 128
Movwf BPFH
Clrf GEN4H
Movfw DUTYH
Movwf PP2H
Movfw DUTY
Movwf PP2
F@Call out@dec

118

F1_000533 equ $ ; in [SONKOD.BAS] Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ceprll = Duty >>

2
; Bit_Bit DUTY,0,CCP1CON, 4
Bsf CCP1CON,4
Btfss DUTY,0
Bcef CCPICON,4
; Bit_Bit DUTY,1,CCP1CON,5
Bsf CCP1CON,5
Btfss DUTY, I
Bcef CCP1ICON,5
Rrf DUTYH,W
Movwf PP4
Rrf DUTY,W
Movwf CCPRIL
Rrf PP4,F
Rrf CCPRIL,F
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Movfw DUTYH
Movwf PPOH
Movfw DUTY
Movwf PP0
Movlw 2
F@Call r@sh
Movwf CCPRIL
F1_000534 equ $ ; in [SONKOD.BAS] GOTO KONTROL_CIK
F@Jump KONTROL_CIK
F@Jump bc@11106
F1_000538 equ $ ; in [SONKOD.BAS] elseif kontroltipi=5 then
bc@l11134
Movlw 5
Subwf KONTROLTIPIL,W
set@page bc@11147
Btfss STATUS,2
Goto bc@11147
PID_KONTROL
F1_000541 equ $ ; in [SONKOD.BAS] IF DERECE_SET >= TEMPORT THEN
Movfw TEMPORTH
set@page bc@11149
Btfss STATUS,2
Goto bc@11149
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11149
Btfss STATUS,0
Goto bc@11149
F1_000542 equ $ ; in [SONKOD.BAS] FARK_E=DERECE_SET-TEMPORT
Movfw TEMPORT
Subwf DERECE_SET,W
Movwf FARK_E
Comf TEMPORTH,W
Skpnc
Addlw 1
Movwf FARK_EH
F1_000543 equ $ ; in [SONKOD.BAS] IF FARK_E<10 THEN
Movfw FARK_EH
set@page bc@11151
Btfss STATUS,2
Goto bc@11151
Movlw 10
Subwf FARK_E,W
set@page bc@11151
Btfsc STATUS,0
Goto bc@11151
F1_000544 equ $ ; in [SONKOD.BAS] F_INT=FARK_E+F_INT
Movfw FARK_E
Addwf F_INT,F
Movfw FARK_EH
Skpnc
Addlw 1
Addwf F_INTH,F
F1_000545 equ $ ; in [SONKOD.BAS] END IF
bc@ll151
F1_000546 equ $ ; in [SONKOD.BAS] END IF
bc@11149



F1_000547 equ $ ; in [SONKOD.BAS] IF DERECE_SET < TEMPORT THEN

Movfw TEMPORTH
set@page cp@1b38
Btfss STATUS,2
Goto cp@1b38
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11153
Btfsc STATUS,0
Goto bc@11153

cp@I1b38

F1_000548 equ $ ; in [SONKOD.BAS] FARK_E=TEMPORT-DERECE_SET

Movfw DERECE_SET
Subwf TEMPORT,W
Movwf FARK _E
Movfw TEMPORTH
Skpc
Addlw 255
Movwf FARK_EH
F1_000549 equ $ ; in [SONKOD.BAS] IF F_INT>FARK_E THEN
Movfw F_INTH
Subwf FARK_EH,W
set@page cp@1b39
Btfss STATUS,0
Goto cp@1b39
set@page bc@11155
Btfss STATUS,2
Goto bc@11155
Movfw F_INT
Subwf FARK_E,W
set@page bc@11155
Btfsc STATUS,0
Goto bc@11155
cp@I1b39
F1_000550 equ $ ; in [SONKOD.BAS] F_INT=F_INT-FARK_E
Movfw FARK_E
Subwf F_INT,F
Movfw FARK_EH
Skpc
Addlw 1
Subwf F_INTH,F
F@Jump bc@11156
bc@ll1155
F1_000551 equ $ ; in [SONKOD.BAS] ELSE
F1_000552 equ $ ; in [SONKOD.BAS] F_INT=0
Clrf F_INTH
CIrf F_INT
F1_000553 equ $ ; in [SONKOD.BAS] END IF
bc@11156
F1_000554 equ $ ; in [SONKOD.BAS] END IF
bc@l11153
F1_000555 equ $ ; in [SONKOD.BAS] F_INT_TOPL=0
ClIrf F_INT_TOPLH
ClIrf F_INT_TOPL
F1_000556 equ $ ; in [SONKOD.BAS] FOR i =0 TO KI_VALUE
Clrf _I
fr@lb158
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Movfw KI_VALUEH
set@page cp@1b40
Btfss STATUS,2
Goto cp@1b40
Movfw _I
Subwf KI_VALUE,W
set@page nx@1b159
Btfss STATUS,0
Goto nx@1b159
cp@1b40
F1_000557 equ $ ; in [SONKOD.BAS] F_INT_TOPL=F_INT + F_INT_TOPL
Movfw F_INT
Addwf F_INT_TOPL,F
Movfw F_INTH
Skpnc
Addlw 1
Addwf F_INT_TOPLH,F
F1_000558 equ $ ; in [SONKOD.BAS] NEXT
Incf _LF
set@page fr@lb158
Btfss STATUS,2
Goto fr@1b158
nx@1b159
F1_000561 equ $ ; in [SONKOD.BAS] IF DERECE_SET >= TEMPORT THEN
Movfw TEMPORTH
set@page bc@11160
Btfss STATUS,2
Goto bc@11160
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11160
Btfss STATUS,0
Goto bc@11160
F1_000562 equ $ ; in [SONKOD.BAS] FARK = DERECE_SET-TEMPORT
Movfw TEMPORT
Subwf DERECE_SET,W
Movwf FARK
Comf TEMPORTH,W
Skpnc
Addlw 1
Movwf FARKH
F1_000563 equ $ ; in [SONKOD.BAS] DUTY = KP_VALUE*FARK
Movfw KP_VALUEH
Movwf PP3H
Movfw KP_VALUE
Movwf PP3
Movfw FARKH
Movwf PP1H
Movfw FARK
Movwf PP1
F@Call m@py
Movwf DUTY
Movfw PP2H
Movwf DUTYH
F@Jump bc@11159
F1_000564 equ $ ; in [SONKOD.BAS] ELSEIF DERECE_SET < TEMPORT THEN
bc@11160
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Movfw TEMPORTH
set@page cp@1b42
Btfss STATUS,2
Goto cp@1b42
Movfw TEMPORT
Subwf DERECE_SET,W
set@page bc@11161
Btfsc STATUS,0
Goto bc@11161
cp@Ib42
F1_000565 equ $ ; in [SONKOD.BAS] DUTY =0
Clrf DUTYH
Clrf DUTY
F1_000566 equ $ ; in [SONKOD.BAS] ENDIF
bc@l11161
bc@l11159
F1_000568 equ $ ; in [SONKOD.BAS] DUTY = DUTY + F_INT_TOPL
Movfw F_INT_TOPL
Addwf DUTY,F
Movfw F_INT_TOPLH
Skpnc
Addlw 1
Addwf DUTYH,F
F1_000571 equ $ ; in [SONKOD.BAS] ED2=TEMPORT
Movfw TEMPORT
Movwf ED2
F1_000572 equ $ ; in [SONKOD.BAS] IF ED2>=ED1 THEN
Movfw ED1
Subwf ED2,W
set@page bc@11163
Btfss STATUS,0
Goto bc@11163
F1_000573 equ $ ; in [SONKOD.BAS] FARK_D=ED2-ED1
Movfw ED1
Subwf ED2,W
Movwf FARK D
Clrf FARK_DH
Skpc
Decf FARK_DH,F
F1_000574 equ $ ; in [SONKOD.BAS] F_DER_TOPL=0
Clrf F_DER_TOPLH
Clrf F_DER_TOPL
F1_000575 equ $ ; in [SONKOD.BAS] FOR i =0 TO KD_VALUE
Clrf _I
fr@lb165
Movfw KD_VALUEH
set@page cp@1b43
Btfss STATUS,2
Goto cp@1b43
Movfw _I
Subwf KD_VALUE,W
set@page nx@1lb166
Btfss STATUS,0
Goto nx@1b166
cp@Ib43

F1_000576 equ $ ; in [SONKOD.BAS] F_DER_TOPL=F_DER + F_ DER_TOPL

Movfw F_DER
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Addwf F_DER_TOPL,F
Movfw F_ DERH
Skpnc
Addlw 1
Addwf F_DER_TOPLH,F
F1_000577 equ $ ; in [SONKOD.BAS] NEXT
Incf _LF
set@page fr@lb165
Btfss STATUS,2
Goto fr@1b165
nx@lb166
F1_000578 equ $ ; in [SONKOD.BAS] DUTY = DUTY + F_DER_TOPL
Movfw F_DER_TOPL
Addwf DUTY,F
Movfw F_DER_TOPLH
Skpnc
Addlw 1
Addwf DUTYH,F
F@Jump bc@11162
F1_000579 equ $ ; in [SONKOD.BAS] ELSEIF ED1>ED2 THEN
bc@l11163
Movfw ED1
Subwf ED2,W
set@page bc@11166
Btfsc STATUS,0
Goto bc@11166
F1_000580 equ $ ; in [SONKOD.BAS] FARK_D=EDI1-ED2
Movfw ED2
Subwf ED1,W
Movwf FARK_D
ClIrf FARK_DH
Skpc
Decf FARK_DH,F
F1_000581 equ $ ; in [SONKOD.BAS] F_DER_TOPL=0
Clrf F_DER_TOPLH
Clrf F_DER_TOPL
F1_000582 equ $ ; in [SONKOD.BAS] FOR i =0 TO KD_VALUE
Clrf _I
fr@lb168
Movfw KD_VALUEH
set@page cp@1b44
Btfss STATUS,2
Goto cp@1b44
Movfw _1
Subwf KD_VALUE,W
set@page nx@1b169
Btfss STATUS,0
Goto nx@1b169
cp@Ilb44
F1_000583 equ $ ; in [SONKOD.BAS] F_DER_TOPL=F_DER + F_DER_TOPL
Movfw F_DER
Addwf F_DER_TOPL,F
Movfw F_DERH
Skpnc
Addlw 1
Addwf F_DER_TOPLH,F
F1_000584 equ $ ; in [SONKOD.BAS] NEXT



Incf _LF
set@page fr@lb168
Btfss STATUS,2
Goto fr@1b168
nx@1b169
F1_000585 equ $ ; in [SONKOD.BAS] DUTY = DUTY - F_DER_TOPL
Movfw F_DER_TOPL
Subwf DUTY . F
Movfw F_DER_TOPLH
Skpc
Addlw 1
Subwf DUTYH,F
F1_000586 equ $ ; in [SONKOD.BAS] END IF
bc@11166
bc@11162
F1_000587 equ $ ; in [SONKOD.BAS] ED1=ED2
Movfw ED2
Movwf ED1
F1_000589 equ $ ; in [SONKOD.BAS] IF DUTY > 950 THEN
Movlw 3
Subwf DUTYH,W
set@page bc@11170
Btfss STATUS,0
Goto bc@11170
set@page cp@1b45
Btfss STATUS,2
Goto cp@1b45
Movlw 183
Subwf DUTY,W
set@page bc@11170
Btfss STATUS,0
Goto bc@11170
cp@Ib45
F1_000590 equ $ ; in [SONKOD.BAS] DUTY =950
Movlw 3
Movwf DUTYH
Movlw 182
Movwf DUTY
F1_000591 equ $ ; in [SONKOD.BAS] END IF
bc@11170
F1_000593 equ $ ; in [SONKOD.BAS] PRINT DEC DUTY
Movlw 128
Movwf BPFH
Clrf GEN4H
Movfw DUTYH
Movwf PP2H
Movfw DUTY
Movwf PP2
F@Call out@dec

124

F1_000594 equ $ ; in [SONKOD.BAS] Ccplcon.4 = Duty.0 : Ccplcon.5 = Duty.1 : Ceprll = Duty >>

2

; Bit_Bit DUTY,0,CCP1CON.4
Bsf CCP1CON,4
Btfss DUTY,0
Bcef CCP1CON,4

; Bit_Bit DUTY,1,CCP1CON,5
Bsf CCP1CON,5
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Btfss DUTY,1
Bcef CCPICON,5
Rrf DUTYH,W
Movwf PP4
Rrf DUTY, W
Movwf CCPRIL
Rrf PP4,F
Rrf CCPRIL,F
Movfw DUTYH
Movwf PPOH
Movfw DUTY
Movwf PPO
Movlw 2
F@Call r@sh
Movwf CCPR1L
F1_000595 equ $ ; in [SONKOD.BAS] GOTO KONTROL_CIK
F@Jump KONTROL_CIK
F1_000596 equ $ ; in [SONKOD.BAS] END IF
bc@11147
bc@11106
KONTROL_CIK
F1_000599 equ $ ; in [SONKOD.BAS] RETURN
Return
END
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EK-2. Devrelerde kullanilan elemanlara ait teknik bilgiler

713-1477 ko 723-1696

JIMI~HEAT

Trace Heating Systems For Industry Technical Data Sheet

JMS SsILICONE RUBBER HEATER MATS Ce

Heater Mat Type JMS/EA

Introduction

Jimi-Heat silicone rubber heater mats are available in
a number of different formats for temperature
maintenance, heat-up duties or defrost applications
in refrigeration. They have a withstand temperature
range of -50°C to +180°C, and a maximum heated
area load of SKw/m?2 (allowances made for edge

—_ perimeter unheated).Can be higher for specific
applications above 5 Kw/mz2, but will not be covered
under Jimi-Heat’s Warranty. One of the major
benefits of this type of mat is that it can be cut to
shape during the manufacturing process and is
ideally suited for small and intricate applications. The '
mats consist of a wire resistance elerfnent embedded
and then cured into a silicone rubber impregnated
glass cloth carrier.

Heater mats are available with adhesive backing
sheet, but as an alternative can be installed either

Application - ‘ i : with a silicone RTV adhesive between the mat and
JMS heater mats can be designed for a variety of . the surface concerned or with suitable strapping.
applications. : ' Can also be supplied ready-fixed to metal sheets.
These include:- :

Thermal insulation may be fitted behind the mat to

3 :m:’ze Tagks reduce heat losses. Under no circumstances should
T omm,m the insulation enter between the mat and the surface
.~ Hopper heating i iy
-~ : . L to be heated.
- Platens
= Food Counters s e Means of Control

- Rail carriage floor heating : If maintaining: the temperature of a vessel or surface, then

5 it is'essential that suitable surface control is provided ie. via

thermostat bulb: or sensor device from an electronic
Electrical Connection & Installation controller.

Each JMS heater mat would have a designed power JiniiHantis. well regarded as 3 leading: namie in the

rating depending on the application. The maximum manufacture and supply. of high quality electric surface-
power rating would be SKw/m2. Depending on the heating products for a wide variety of applications.
option selected, the mat will have either a sheathed Prodlucts are manufactured within the scope of our ISO
cold lead or fly lead termination for connection to 9002 Quality Assurance System - Certificate No. FM

24706. The product portfolio spans cut-to-length and
fixed-fength: heater tapes, heater cables; heater mats,
drum heaters and temperature controls.

the power source. The heater mat should be installed
directly on to a surface. It is essential that it has
direct contact with the surface so that air gaps are
avoided at any position along the surface of the mat.

Jimi ~ Heat Ltd, Jimi ~Heat House, 200 Rickmansworth Road, Watford, Herts WD1 7JS
Tel: (01923) 234477 Fax: (01923) 240264

s FMI24706 BEAMA
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JMS TECHNICAL SPECIFICATION

Loading (Standard)} - Up to Skwi/m?_(within heated perimeter)

ConStruction Straight or spiralled nichrome wire element. Sificone rubber impregnated glass cloth carrier
Maximum Size 2m x 0.8m.

Minimum Size 0.05m x 0.05m

Operating Voltage 2301240 Volts standard, variation from 12-415 Volts

Maximum Operating Temp: 150°C {Must not be exceeded)

Thickness 2.00mm/2.50mm

Min.,Withstand Terr{p. Minus 50°C_ (minus 30°C with-adhesive backing).

Max Withstand Temp 180°C (150°€ with adhesive hacking).

Standard Routine tested in line with BS 6351 & BS EN 60519 Parts 1,2, & 10
Dielectric Test 1.5 KV

Terminations Depending on: mat variation.

SILICONE RUBBER HEATER MATS CODING

i i id Waterproof | Earthed Mould | ColdLead | Single
Baslc Type foneste | Qvermostat | PO | Rictar ! (e, | Coi%
Protection ie. 2 Core) Flyleads
B T w E M FL
JMS/E X + X X X X X X
JMS/F X X X X X X X
JMS/EA X X 2 X X X X
IMS/AA X g . . . X
The above table provides the many different variations of Heater Mat Type JMS/E

silicone rubber heater mats available

Type'E  represents heavy durable - both sides

Type F * represents flexible thick - both sides

Type EA  represents heavy durable one side/thin other side
Type AA represents thin material both sides.

Note:
(a) If adhesive backing required, this will be 100% cover
{maximum withstand temp 150°C).

(b) 1m. cold lead via mould/flyiead without mould provided as
standard with each mat (minimum 0.50mm2)

(¢) JMS/F - Flexible applications eg. small curvatures.
JMS/E - General applications eg. flat surfaces/curvatures.
JMS/EA - Flat permanently fixed applications/slight curvatures.
JMS/AA - Standard applications eg. flat surfaces (indoor use).

(d) Over-temperature protection (of JMS heater mat) thermostat
cut-out available as an option (standard range 55°C-150°C.)

Health and Safety

Al Jimi-Heat JMS products are manufactured to conform: with the requirements of the Low Voltage Directive and are ¢€
marked to indicate conformance. Products are deemed to be safe and non-hazardous providing they are used within the
manufacturer’s specifications and instructions. :

A .. 1000




128

|
DS18B20

= DALLAS 4K /1121 Programmable Resolution

1-Wire Digital Thermometer

FEATURES PIN ASSIGNMENT

Unique 1-Wire® interface requires only one

port pin for communication NC
* Fach device has a unique 64-bit serial code
stored in an onboard ROM WE
= Multidrop capal_)ility silmp_liﬁes distributed Voo
temperature sensing applications
= Requires no external components ba :
* Can bt_a powered from data line. Power supply 8-Pin 150mil SO
range 18 3.0V to 5.5V (DS18B20)
* Measures temperatures from -55°C to
+125°C (-67°F to +257°F)
= £0.5°C accuracy from —10°C to +85°C

» Thermometer resolution is user-selectable

Qg g
from 9 to 12 bits 28
= Converts temperature to 12-bit digital word in . i
750ms (max.) @ )
» User-definable nonvolatile (NV) alarm .
settings 8-Pin nSOP
= Alarm search command identifies and BOTTCMVIER) (DS18B20U)
addresses devices whose temperature is TO-92
outside of programmed limits (temperature (DS18B20)
alarm condition)
= Available in 8-pin SO (150mul), 8-pin pSOP,
and 3-pin TO-92 packages PIN DESCRIPTICN
= Software compatible with the DS1822 GND - Ground
= Applications include thermostatic controls, ~ DQ - Data InOut
industrial ~ systems, consumer products, Voo - Power Supply Voltage
thermometers, or any thermally sensitve ~ NC - No Connect
system
DESCRIPTION

The DS18B20 Digital Thermometer provides ¢ to 12-bit centigrade temperature measurements and has
an alarm fimetion with nonvolatile user-programmable upper and lower trigger points. The DS18B20
communicates over a 1-Wire bus that by definition requires only one data line (and ground) for
commumication with a central microprocessor. It has an operating temperature range of —=55°C to +125°C
and is accurate to £0.5°C over the range of —10°C to +85°C. In addition, the DS18B20 can derive power
directly from the data line (“parasite power”), eliminating the need for an external power supply.

Each DS18B20 has a unique 64-bit serial code, which allows multiple DS18B20s to function on the same
1-wire bus; thus, it is simple to use one microprocessor to control many DS18B20s distributed over a
large area. Applications that can benefit from this feature include HVAC environmental controls,
temperature monitoring systemns inside buildings, equipment or machinery, and process monitoring and
control systems.

1-Wire iz a registered trademark of Daflas Semiconductor 10of21 050102
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ORDER INFORMATION

ORDERING PACKAGE DESCRIPTION

NUMBER MARKING

DS18B20 18B20 DS18B20 in 3-pin TO92

DS18B20/T&R 18B20 DS18B20 in 3-pin TO92, 2000 Piece Tape-and-Reel

DS18B20+ 18B20 (See Note) DS18B20 in Lead-Free 3-pin TO92

DS18B20+T&R 18B20 (See Note) DS18B20 in Lead-Free 3-pin TO92, 2000 Piece Tape-
and-Reel

DS18B20U 18B20 DS18B20 in 8-pin uSOP

DS18B20U/T&R | 18B20 DS18B20 in 8-pin uSOP, 3000 Piece Tape-and-Reel

DS18B20U+ 18B20 (See Note) DS18B20 in Lead-Free 8-pin uSOP

DS18B20U+T&R | 18B20 (See Note) DS18B20 in Lead-Free 8-pin uSOP, 3000 Piece Tape-
and-Reel

DS18B20Z DS18B20 DS18B20 in 150 mil 8-pin SO

DS18B20Z/T&R | DS18B20 DS18B20 in 150 mil 8-pin SO, 2500 Piece Tape-and-
Reel

DS18B207+ DS18B20 (See Note) | DS18B20 in Lead-Free 150 mil 8-pin SO

DS18B20Z+T&R | DS18B20 (See Note) | DS18B20 in Lead-Free 150 mil 8-pin SO, 2500 Piece
Tape-and-Reel

DS18B20X 28 DS18B20 in Flip Chip, 10000 Piece Tape-and-Reel

Note: A “+” symbol will also be marked on the package.

DETAILED PIN DESCRIPTIONS Table 1
S0* | pSOP* | TO-92 | SYMBOL | DESCRIPTION
5 4 1 GND Ground.

4 1 2 DQ Data Input/Output pin. Open-drain 1-Wire interface pin.
Also provides power to the device when used in parasite
power mode (see “Parasite Power” section.)

3 8 3 Vop Optional Vpp pin. Vpp must be grounded for operation in
parasite power mode.
*All pins not specified in this table are “No Connect” pins.

OVERVIEW

Figure 1 shows a block diagram of the DS18B20, and pin descriptions are given in Table 1. The 64-bit
ROM stores the device’s unique serial code. The scratchpad memory contains the 2-byte temperature
register that stores the digital output from the temperature sensor. In addition, the scratchpad provides
access to the 1-byte upper and lower alarm trigger registers (Ty and Tp), and the 1-byte configuration
register. The configuration register allows the user to set the resolution of the temperature-to-digital
conversion to 9, 10, 11, or 12 bits. The Ty, Ty, and configuration registers are nonvolatile (EEPROM), so
they will retain data when the device is powered down.

The DS18B20 uses Dallas” exclusive 1-Wire bus protocol that implements bus communication using one
control signal. The control line requires a weak pullup resistor since all devices are linked to the bus via a
3-state or open-drain port (the DQ pin in the case of the DSI18B20). In this bus system, the
microprocessor (the master device) identifies and addresses devices on the bus using each device’s unique
64-bit code. Because each device has a unique code, the number of devices that can be addressed on one
bus is virtually unlimited. The 1-Wire bus protocol, including detailed explanations of the commands and
“time slots,” is covered in the /-WIRE BUS SYSTEM section of this datasheet.

20f21
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Another feature of the DS18B20 is the ability to operate without an external power supply. Power is
instead supplied through the 1-Wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an internal capacitor (Cpp), which then supplies power to the device when the bus is
low. This method of deriving power from the 1-Wire bus is referred to as “parasite power.” As an
alternative, the DS18B20 may also be powered by an external supply on Vpp.

DS18B20 BLOCK DIAGRAM Figure 1
Vpy

47k PARASITE POWER
CIRCUIT

$ >

DQ

64-BIT ROM

= AND

1-wire PORT

INTERNAL Vi

POWER

SUPPLY | —’

SENSE

il

MEMORY CONTROL DS1 8820

LOGIC

Y

SCRATCHPAD

TEMPERATURE SENSOR
ALARM HIGH TRIGGER (T;)
REGISTER (EEPROM)
ALARM LOW TRIGGER (T;)
REGISTER (EEPROM)
CONFIGURATION REGISTER
(EEPROM)

8-BIT CRC GENERATOR
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OPERATION — MEASURING TEMPERATURE

The core functionality of the DS18B20 is its direct-to-digital temperature sensor. The resolution of the
temperature sensor is user-configurable to 9, 10, 11, or 12 bits, corresponding to increments of 0.5°C,
0.25°C, 0.125°C, and 0.0625°C, respectively. The default resolution at power-up is 12-bit. The DS18B20
powers-up in a low-power idle state; to initiate a temperature measurement and A-to-D conversion, the
master must issue a Convert T [44h] command. Following the conversion, the resulting thermal data is
stored in the 2-byte temperature register in the scratchpad memory and the DS18B20 returns to its idle
state. If the DS18B20 is powered by an external supply, the master can issue “read time slots” (see the /-
WIRE BUS SYSTEM section) after the Convert T command and the DS18B20 will respond by
transmitting 0 while the temperature conversion is in progress and 1 when the conversion is done. If the
DS18B20 is powered with parasite power, this notification technique cannot be used since the bus must
be pulled high by a strong pullup during the entire temperature conversion. The bus requirements for
parasite power are explained in detail in the POWERING THE DS18B20 section of this datasheet.

The DS18B20 output temperature data is calibrated in degrees centigrade; for Fahrenheit applications, a
lookup table or conversion routine must be used. The temperature data is stored as a 16-bit sign-extended
two’s complement number in the temperature register (see Figure 2). The sign bits (S) indicate if the
temperature is positive or negative: for positive numbers S = 0 and for negative numbers S = 1. If the
DS18B20 is configured for 12-bit resolution, all bits in the temperature register will contain valid data.
For 11-bit resolution, bit 0 is undefined. For 10-bit resolution, bits 1 and 0 are undefined, and for 9-bit
resolution bits 2, 1 and 0 are undefined. Table 2 gives examples of digital output data and the
corresponding temperature reading for 12-bit resolution conversions.

TEMPERATURE REGISTER FORMAT Figure 2

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
LsBe), 2 | 2 | 2 | 2 | 7 2 | | 2
bils b4 b3 b1z bl bilo b9 bis
MSByte| S S S S S 2° 2 gt

TEMPERATURE/DATA RELATIONSHIP Table 2

TEMPERATURE | DIGITAL OUTPUT | DIGITAL OUTPUT
(Binary) (Hex)
+125°C 00000111 1101 0000 07D0h
+85°C* 0000 0101 0101 0000 0550h
+25.0625°C 0000 0001 1001 0001 0191h
+10.125°C 0000 0000 1010 0010 00A2h
+0.5°C 0000 0000 0000 1000 0008h
0°C 0000 0000 0000 0000 0000h
-0.5°C 1111 1111 1111 1000 FFF8h
-10.125°C 1111 1111 0101 1110 FF3Eh
-25.0625°C 1111 1110 0110 1111 FE6Fh
-55°C 1111 1100 1001 0000 FC90h

*The power-on reset value of the temperature register is +85°C

4of21
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OPERATION — ALARM SIGNALING

After the DS18B20 petforms a temperature conversion, the temperature value is compared to the user-
defined two’s complement alarm trigger values stored in the 1-byte Ty and Ty, registers (see Figure 3).
The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for negative
numbers S = 1. The Ty and Ty, registers are nonvolatile (EEPROM) so they will retain data when the
device is powered down. Ty and Ty, can be accessed through bytes 2 and 3 of the scratchpad as explained
in the MEMORY section of this datasheet.

Th AND T, REGISTER FORMAT Figure 3
bit 7 bit 6 bit 5 bit 4 bit3 bit 2 bit 1 bit 0
s o [ [ ]

Only bits 11 through 4 of the temperature register are used in the Ty and Ty, comparison since Ty and Ty,
are 8-bit registers. If the measured temperature is lower than or equal to Ty, or higher than Ty, an alarm
condition exists and an alarm flag is set inside the DS18B20. This flag is updated after every temperature
measurement; therefore, if the alarm condition goes away, the flag will be turned off after the next
temperature conversion.

The master device can check the alarm flag status of all DS18B20s on the bus by issuing an Alarm Search
[ECh] command. Any DS18B20s with a set alarm flag will respond to the command, so the master can
determine exactly which DS18B20s have experienced an alarm condition. If an alarm condition exists
and the Ty or Ty, settings have changed, another temperature conversion should be done to validate the
alarm condition.

POWERING THE DS18B20

The DS18B20 can be powered by an external supply on the Vpp pin, or it can operate in “parasite power”
mode, which allows the DS18B20 to function without a local external supply. Parasite power is very
useful for applications that require remote temperature sensing or that are very space constrained. Figure
1 shows the DS18B20’s parasite-power control circuitry, which “steals” power from the 1-Wire bus via
the DQ pin when the bus is high. The stolen charge powers the DS18B20 while the bus is high, and some
of the charge is stored on the parasite power capacitor (Cpp) to provide power when the bus is low. When
the DS18B20 is used in parasite power mode, the Vpp pin must be connected to ground.

In parasite power mode, the 1-Wire bus and Cpp can provide sufficient current to the DS18B20 for most
operations as long as the specified timing and voltage requirements are met (refer to the DC
ELECTRICAL CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of this data
sheet). However, when the DS18B20 is performing temperature conversions or copying data from the
scratchpad memory to EEPROM, the operating current can be as high as 1.5mA. This current can cause
an unacceptable voltage drop across the weak 1-Wire pullup resistor and is more current than can be
supplied by Cpp. To assure that the DS18B20 has sufficient supply current, it is necessary to provide a
strong pullup on the 1-Wire bus whenever temperature conversions are taking place or data is being
copied from the scratchpad to EEPROM. This can be accomplished by using a MOSFET to pull the bus
directly to the rail as shown in Figure 4. The 1-Wire bus must be switched to the strong pullup within
10ps (max) after a Convert T [44h] or Copy Scratchpad [48h] command is issued, and the bus must be
held high by the pullup for the duration of the conversion (teony) or data transfer (ty = 10ms). No other
activity can take place on the 1-Wire bus while the pullup is enabled.

The DS18B20 can also be powered by the conventional method of connecting an external power supply
to the Vpp pin, as shown in Figure 5. The advantage of this method is that the MOSFET pullup is not
required, and the 1-Wire bus is free to carry other traffic during the temperature conversion time,
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The use of parasite power is not recommended for temperatures above +100°C since the DS18B20 may
not be able to sustain communications due to the higher leakage currents that can exist at these
temperatures. For applications in which such temperatures are likely, it is strongly recommended that the
DS18B20 be powered by an external power supply.

In some situations the bus master may not know whether the DS18B20s on the bus are parasite powered
or powered by external supplies. The master needs this information to determine if the strong bus pullup
should be used during temperature conversions. To get this information, the master can issue a Skip ROM
[CCh] command followed by a Read Power Supply [B4h] command followed by a “read time slot”.
During the read time slot, parasite powered DS18B20s will pull the bus low, and externally powered
DS18B20s will let the bus remain high. If the bus is pulled low, the master knows that it must supply the
strong pullup on the 1-Wire bus during temperature conversions.

SUPPLYING THE PARASITE-POWERED DS18B20 DURING TEMPERATURE
CONVERSIONS Figure 4

Ve

CI I: DS18B20
GND DQ Vpp
VPU

Micro- |

processor

4.7k
To Other
1-Wire Devices

1-Wire Bus

POWERING THE DS18B20 WITH AN EXTERNAL SUPPLY Figure 5

v DS18B20 Vip (External Supply)
PU
Micro- GND DQ Vyp
processor 47k
. To Other
1 Wirel Bus 1-Wire Devices
64-BIT LASERED ROM CODE

Fach DS18B20 contains a unique 64-bit code (see Figure 6) stored in ROM. The least significant 8 bits
of the ROM code contain the DS18B20’s 1-Wire family code: 28h. The next 48 bits contain a unique
serial number. The most significant 8 bits contain a cyclic redundancy check (CRC) byte that is
calculated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC GENERATION section. The 64-bit ROM code and associated ROM function control logic allow
the DS18B20 to operate as a 1-Wire device using the protocol detailed in the /-WIRE BUS SYSTEM
section of this datasheet.

64-BIT LASERED ROM CODE Figure 6

‘ 8-BIT CRC ‘ 48-BIT SERIAL NUMBER 8-BIT FAMILY CODE (28h) ‘
MSB LSB  MS3B LSB  MSB LSB
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MEMORY

The DS18B20’s memory is organized as shown in Figure 7. The memory consists of an SRAM
scratchpad with nonvolatile EEPROM storage for the high and low alarm trigger registers (Ty and Tp)
and configuration register. Note that if the DS18B20 alarm function is not used, the Ty and Ty, registers
can serve as general-purpose memory. All memory commands are described in detail in the DSI8820
FUNCTION COMMANDS section.

Byte 0 and byte 1 of the scratchpad contain the LSB and the MSB of the temperature register,
respectively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty registers. Byte 4
contains the configuration register data, which is explained in detail in the CONFIGURATION
REGISTER section of this datasheet. Bytes 3, 6, and 7 are reserved for internal use by the device and
cannot be overwritten; these bytes will return all 1s when read.

Byte 8 of the scratchpad is read-only and contains the cyclic redundancy check (CRC) code for bytes 0
through 7 of the scratchpad. The DS18B20 generates this CRC using the method described in the CRC
GENERATION section.

Data is written to bytes 2, 3, and 4 of the scratchpad using the Write Scratchpad [4Eh] command; the data
must be transmitted to the DS18B20 starting with the least significant bit of byte 2. To verify data
integrity, the scratchpad can be read (using the Read Scratchpad [BEh] command) after the data is
written. When reading the scratchpad, data is transferred over the 1-Wire bus starting with the least
significant bit of byte 0. To transfer the Ty, Ty, and configuration data from the scratchpad to EEPROM,
the master must issue the Copy Scratchpad [48h] command.

Data in the EEPROM registers is retained when the device is powered down; at power-up the EEPROM
data is reloaded into the corresponding scratchpad locations. Data can also be reloaded from EEPROM to
the scratchpad at any time using the Recall E [B8h] command. The master can issue read time slots
following the Recall E* command and the DS18B20 will indicate the status of the recall by transmitting 0
while the recall is in progress and 1 when the recall is done.

DS18B20 MEMORY MAP Figure 7

SCRATCHPAD (Power-up State)
byte 0 | Temperature LSB (50h) }(SSOC)

byte 1 | Temperature MSB (05h) EEPROM

byte 2 | Ty Register or User Byte 1* <4—»| Ty Register or User Byte 1
byte 3 | Tr, Register or User Byte 2* 4—p| T; Register or User Byte 2
byte 4 | Configuration Register* 4—>»| Configuration Register

byte 5 | Reserved (FFh)
byte 6 | Reserved (0Ch)
byte 7 | Reserved (10h)
byte 8 | CRC*

*Power-up state depends on value(s) stored
in EEPROM
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CONFIGURATION REGISTER

Byte 4 of the scratchpad memory contains the configuration register, which is organized as
illustrated in Figure 8. The user can set the conversion resolution of the DS18B20 using the R0 and R1
bits in this register as shown in Table 3. The power-up default of these bits is RO = 1 and R1 =1 (12-bit
resolution). Note that there is a direct tradeoff between resolution and conversion time. Bit 7 and bits 0 to
4 in the configuration register are reserved for internal use by the device and cannot be overwritten; these
bits will return 1s when read.

CONFIGURATION REGISTER Figure 8

bit7  bit6  bit5  bit4  bit3  bit2  bitl  bitd
0 R1 RO 1 1 1 1 1

THERMOMETER RESOLUTION CONFIGURATION Table 3

R1 RO Resolution Max Conversion Time
0 0 9-bit 93.75 ms (tconv/8)
0 1 10-bit 187.5 ms (tconv/4)
1 0 11-bit 375 ms (tconv/2)
1 1 12-bit 750 ms (tcony)
CRC GENERATION

CRC bytes are provided as part of the DS18B20°s 64-bit ROM code and in the gh byte of the scratchpad
memory. The ROM code CRC is calculated from the first 56 bits of the ROM code and is contained in the
most significant byte of the ROM. The scratchpad CRC is calculated from the data stored in the
scratchpad, and therefore it changes when the data in the scratchpad changes. The CRCs provide the bus
master with a method of data validation when data is read from the DS18B20. To verify that data has
been read correctly, the bus master must re-calculate the CRC from the received data and then compare
this value to either the ROM code CRC (for ROM reads) or to the scratchpad CRC (for scratchpad reads).
If the calculated CRC matches the read CRC, the data has been received error free. The comparison of
CRC values and the decision to continue with an operation are determined entirely by the bus master.
There is no circuitry inside the DS18B20 that prevents a command sequence from proceeding if the
DS18B20 CRC (ROM or scratchpad) does not match the value generated by the bus master.

The equivalent polynomial function of the CRC (ROM or scratchpad) is:
CRC=X*+X*+X'+1

The bus master can re-calculate the CRC and compare it to the CRC values from the DS18B20 using the
polynomial generator shown in Figure 9. This circuit consists of a shift register and XOR gates, and the
shift register bits are initialized to 0. Starting with the least significant bit of the ROM code or the least
significant bit of byte 0 in the scratchpad, one bit at a time should shifted into the shift register. After
shifting in the 56" bit from the ROM or the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC. Next, the 8-bit ROM code or scratchpad CRC
from the DS18B20 must be shifted into the circuit. At this point, if the re-calculated CRC was correct, the
shift register will contain all 0s. Additional information about the Dallas 1-Wire cyclic redundancy check
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is available in Application Note 27: Understanding and Using Cyclic Redundancy Checks with Dallas
Semiconductor Touch Memory Products.

CRC GENERATOR Figure 9 NeuT

1-WIRE BUS SYSTEM

The 1-Wire bus system uses a single bus master to control one or more slave devices. The DS18B20 is
always a slave. When there is only one slave on the bus, the system is referred to as a “single-drop”
system; the system is “multidrop” if there are multiple slaves on the bus.

All data and commands are transmitted least significant bit first over the 1-Wire bus.

The following discussion of the 1-Wire bus system is broken down into three topics: hardware
configuration, transaction sequence, and 1-Wire signaling (signal types and timing).

HARDWARE CONFIGURATION

The 1-Wire bus has by definition only a single data line. Each device (master or slave) interfaces to the
data line via an open-drain or 3-state port. This allows each device to “release” the data line when the
device is not transmitting data so the bus is available for use by another device. The 1-Wire port of the
DS18B20 (the DQ pin) is open drain with an internal circuit equivalent to that shown in Figure 10.

The 1-Wire bus requires an external pullup resistor of approximately 5k€; thus, the idle state for the 1-
Wire bus is high. If for any reason a transaction needs to be suspended, the bus MUST be left in the idle
state if the transaction is to resume. Infinite recovery time can occur between bits so long as the 1-Wire
bus is in the inactive (high) state during the recovery period. If the bus is held low for more than 480us,
all components on the bus will be reset.

HARDWARE CONFIGURATION Figure 10

VPU
DS18B20 1-WIRE PORT
47k DQ
L Wire Bus 0 R
r—0<] —— Do
SpA
Typ. + Tx
Ty 100Q
MOSFET
Ry =RECEIVE
Ty = TRANSMIT
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TRANSACTION SEQUENCE

The transaction sequence for accessing the DS 18B20 is as follows:

Step 1. Initialization

Step 2. ROM Command (followed by any required data exchange)

Step 3. DS18B20 Function Command (followed by any required data exchange)

It is very important to follow this sequence every time the DS18B20 is accessed, as the DS18B20 will not
respond if any steps in the sequence are missing or out of order. Exceptions to this rule are the Search
ROM [FOh] and Alarm Search [ECh] commands. After issuing either of these ROM commands, the
master must return to Step 1 in the sequence.

INITIALIZATION

All transactions on the 1-Wire bus begin with an initialization sequence. The initialization sequence
consists of a reset pulse transmitted by the bus master followed by presence pulse(s) transmitted by the
slave(s). The presence pulse lets the bus master know that slave devices (such as the DS18B20) are on the
bus and are ready to operate. Timing for the reset and presence pulses is detailed in the
I-WIRE SIGNALING section.

ROM COMMANDS

After the bus master has detected a presence pulse, it can issue a ROM command. These commands
operate on the unique 64-bit ROM codes of each slave device and allow the master to single out a specific
device if many are present on the 1-Wire bus. These commands also allow the master to determine how
many and what types of devices are present on the bus or if any device has experienced an alarm
condition. There are five ROM commands, and each command is 8 bits long. The master device must
issue an appropriate ROM command before issuing a DS18B20 function command. A flowchart for
operation of the ROM commands is shown in Figure 11.

SEARCH ROM [FOh]

When a system is initially powered up, the master must identify the ROM codes of all slave devices on
the bus, which allows the master to determine the number of slaves and their device types. The master
learns the ROM codes through a process of elimination that requires the master to perform a Search ROM
cycle (i.e., Search ROM command followed by data exchange) as many times as necessary to identify all
of the slave devices. If there is only one slave on the bus, the simpler Read ROM command (see below)
can be used in place of the Search ROM process. For a detailed explanation of the Search ROM
procedure, refer to the iButton” Book of Standards at www.ibutton.com/ibuttons/standard.pdf, After
every Search ROM cycle, the bus master must return to Step 1 (Initialization) in the transaction sequence.

READ ROM [33h]

This command can only be used when there is one slave on the bus. It allows the bus master to read the
slave’s 64-bit ROM code without using the Search ROM procedure. If this command is used when there
is more than one slave present on the bus, a data collision will occur when all the slaves attempt to
respond at the same time.

MATCH ROM [55h]

The match ROM command followed by a 64-bit ROM code sequence allows the bus master to address a
specific slave device on a multidrop or single-drop bus. Only the slave that exactly matches the 64-bit
ROM code sequence will respond to the function command issued by the master; all other slaves on the
bus will wait for a reset pulse.

iButfon is a registered frademark of Dallas Semiconductor.
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SKIP ROM [CCh]

The master can use this command to address all devices on the bus simultaneously without sending out
any ROM code information. For example, the master can make all DS18B20s on the bus perform
simultaneous temperature conversions by issuing a Skip ROM command followed by a Convert T [44h]
command.

Note that the Read Scratchpad [BEh] command can follow the Skip ROM command only if there is a
single slave device on the bus. In this case time is saved by allowing the master to read from the slave
without sending the device’s 64-bit ROM code. A Skip ROM command followed by a Read Scratchpad
command will cause a data collision on the bus if there is more than one slave since multiple devices will
attempt to transmit data simultaneously.

ALARM SEARCH [ECh]

The operation of this command is identical to the operation of the Search ROM command except that
only slaves with a set alarm flag will respond. This command allows the master device to determine if
any DS18B20s experienced an alarm condition during the most recent temperature conversion. After
every Alarm Search cycle (i.e., Alarm Search command followed by data exchange), the bus master must
return to Step 1 (Initialization) in the transaction sequence. Refer to the OPERATION — ALARM
SIGNALING section for an explanation of alarm flag operation.

DS18B20 FUNCTION COMMANDS

After the bus master has used a ROM command to address the DS18B20 with which it wishes to
communicate, the master can issue one of the DS18B20 function commands. These commands allow the
master to write to and read from the DS18B20’s scratchpad memory, initiate temperature conversions and
determine the power supply mode. The DS18B20 function commands, which are described below, are
summarized in Table 4 and illustrated by the flowchart in Figure 12.

CONVERT T [44h]

This command initiates a single temperature conversion. Following the conversion, the resulting thermal
data is stored in the 2-byte temperature register in the scratchpad memory and the DS18B20 returns to its
low-power idle state. If the device is being used in parasite power mode, within 10ps (max) after this
command is issued the master must enable a strong pullup on the 1-Wire bus for the duration of the
conversion (tgony) as described in the POWERING THE DS18B20 section. If the DS18B20 is powered by
an external supply, the master can issue read time slots after the Convert T command and the DS18B20
will respond by transmitting a 0 while the temperature conversion is in progress and a 1 when the
conversion is done. In parasite power mode this notification technique cannot be used since the bus is
pulled high by the strong pullup during the conversion.

WRITE SCRATCHPAD [4Eh]

This command allows the master to write 3 bytes of data to the DS18B20’s scratchpad. The first data byte
is written into the Ty register (byte 2 of the scratchpad), the second byte is written into the Ty, register
(byte 3), and the third byte is written into the configuration register (byte 4). Data must be transmitted
least significant bit first. All three bytes MUST be written before the master issues a reset, or the data
may be corrupted.

READ SCRATCHPAD [BEh]

This command allows the master to read the contents of the scratchpad. The data transfer starts with the
least significant bit of byte 0 and continues through the scratchpad until the ot byte (byte 8 — CRC) is
read. The master may issue a reset to terminate reading at any time if only part of the scratchpad data is
needed.
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COPY SCRATCHPAD [48h]

This command copies the contents of the scratchpad Ty, T, and configuration registers (bytes 2, 3 and 4)
to EEPROM. If the device is being used in parasite power mode, within 10s (max) after this command is
issued the master must enable a strong pullup on the 1-Wire bus for at least 10ms as described in the
POWERING THE DS18B20 section.

RECALL E? [B8h]

This command recalls the alarm trigger values (Ty and Tr) and configuration data from EEPROM and
places the data in bytes 2, 3, and 4, respectively, in the scratchpad memory. The master device can issue
read time slots following the Recall E* command and the DS 18B20 will indicate the status of the recall by
transmitting 0 while the recall is in progress and 1 when the recall is done. The recall operation happens
automatically at power-up, so valid data is available in the scratchpad as soon as power is applied to the
device.

READ POWER SUPPLY [B4h]

The master device issues this command followed by a read time slot to determine if any DS18B20s on the
bus are using parasite power. During the read time slot, parasite powered DS18B20s will pull the bus
low, and externally powered DS18B20s will let the bus remain high. Refer to the POWERING THE
DS18B20 section for usage information for this command.

DS18B20 FUNCTION COMMAND SET Table 4

1-Wire Bus Activity
Command Description Protocol After Command is Issued Notes
TEMPERATURE CONVERSION COMMANDS
Convert T Initiates temperature 44h DS18B20 transmits conversion 1
conversion. status to master (not applicable
for parasite-powered
DS18B20s).
' COMMANDS
Read Scratchpad | Reads the entire scratchpad BEh | DS18B20 transmits up to 9 data 2
including the CRC byte. bytes to master.
Write Scratchpad | Writes data into scratchpad 4Eh | Master transmits 3 data bytes to 3
bytes 2, 3, and 4 (Ty, Ty, DS18B20.
and configuration registers).
Copy Scratchpad | Copies Ty, Ty, and 48h | None 1
configuration register data
from the scratchpad to
EEPROM.
Recall ]32 Recalls Ty, Tr, and B8h DS18B20 transmits recall status
configuration register data to master.
from EEPROM to the
scratchpad.
Read Power Signals DS18B20 power B4h | DS18B20 transmits supply status
Supply supply mode to the master. to master.
NOTES:

1) For parasite-powered DS18B20s, the master must enable a strong pullup on the 1-Wire bus during
temperature conversions and copies from the scratchpad to EEPROM. No other bus activity may take
place during this time.

2) The master can interrupt the transmission of data at any time by issuing a reset.

3) All three bytes must be written before a reset is issued.
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ROM COMMANDS FLOW CHART Figure 11
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44h

DS18B20 FUNCTION COMMANDS FLOW CHART Figure 12
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1-WIRE SIGNALING

The DS18B20 uses a strict 1-Wire communication protocol to insure data integrity. Several signal types
are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. The bus
master initiates all of these signals, with the exception of the presence pulse.

INITIALIZATION PROCEDURE: RESET AND PRESENCE PULSES

All communication with the DS18B20 begins with an initialization sequence that consists of a reset pulse
from the master followed by a presence pulse from the DS18B20. This is illustrated in Figure 13. When
the DS18B20 sends the presence pulse in response to the reset, it is indicating to the master that it is on
the bus and ready to operate.

During the initialization sequence the bus master transmits (Tx) the reset pulse by pulling the 1-Wire bus
low for a minimum of 480us. The bus master then releases the bus and goes into receive mode (Rx).
When the bus is released, the Sk pullup resistor pulls the 1-Wire bus high. When the DS18B20 detects
this rising edge, it waits 15ps to 60ps and then transmits a presence pulse by pulling the 1-Wire bus low
for 60ps to 240ps.

INITIALIZATION TIMING Figure 13

MASTER T RESET PULSE MASTER Ry
l4——  480us minimum —p{¢———— 480ps minimum
DS18B20 Tx
DS18B20 4—— presence pulse
waits 15-60us —p| |,_ 60-240ps *‘
A
1WIRE BUS [ /
GND i
LINE TYPE LEGEND
= Bys master pulling low
DS18B20 pulling low
Resistor pullup

The bus master writes data to the DS18B20 during write time slots and reads data from the DS18B20
during read time slots. One bit of data is transmitted over the 1-Wire bus per time slot.

WRITE TIME SLOTS

There are two types of write time slots: “Write 17 time slots and “Write 0” time slots. The bus master
uses a Write 1 time slot to write a logic 1 to the DS18B20 and a Write 0 time slot to write a logic 0 to the
DS18B20. All write time slots must be a minimum of 60us in duration with a minimum of a 1ps recovery
time between individual write slots. Both types of write time slots are initiated by the master pulling the
1-Wire bus low (see Figure 14).

To generate a Write 1 time slot, after pulling the 1-Wire bus low, the bus master must release the 1-Wire
bus within 15us. When the bus is released, the 3k pullup resistor will pull the bus high. To generate a
Write 0 time slot, after pulling the 1-Wire bus low, the bus master must continue to hold the bus low for
the duration of the time slot (at least 60ps).
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The DE1EE20 zumyles the 1-Wire tug dring 8 window that lasts from 15s to 60ps after the master
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data from the DS18B20 is valid for 15ps after the falling edge that initiated the read time slot. Therefore,
the master must release the bus and then sample the bus state within 15ps from the start of the slot.

Figure 135 illustrates that the sum of Tpyr, Tre, and Tsanprg must be less than 15us for a read time slot.
Figure 16 shows that system timing margin is maximized by keeping Trvrr and Tre as short as possible
and by locating the master sample time during read time slots towards the end of the 13ps period.

DETAILED MASTER READ 1 TIMING Figure 15

Vey

1-WIRE BUS VIH of Master

GND
[——— Twr>1us —b{d— Tre —b‘ ‘ Master samples ‘
« 15us ;l

RECOMMENDED MASTER READ 1 TIMING Figure 16
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GND
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small’ small
s 15us >|

LINE TYPE LEGEND
= Bys master pulling low

Resistor pullup

RELATED APPLICATION NOTES

The following Application Notes can be applied to the DS18B20. These notes can be obtained from the
Dallas Semiconductor “Application Note Book,” via the Dallas website at http://www.dalsemi.com/, or
through our faxback service at (214) 450-0441.

Application Note 27: Understanding and Using Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Product

Application Note 55: Extending the Contact Range of Touch Memories

Application Note 74: Reading and Writing Touch Memories via Serial Interfaces

Application Note 104: Minimalist Temperature Control Demo

Application Note 106: Complex Microl ANs

Application Note 108: MicroLAN — In the Long Run

Application Note 162: Interfacing the DSISX20/DS1822 1-Wire Temperature Sensor in a

Microcontroller Environment

Sample 1-Wire subroutines that can be used in conjunction with AN74 can be downloaded from the
Dallas website or anonymous FTP Site.
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DS18B20 OPERATION EXAMPLE 1

In this example there are multiple DS 18B20s on the bus and they are using parasite power. The bus
master initiates a temperature conversion in a specific DS18B20 and then reads its scratchpad and
recalculates the CRC to verify the data.

MASTER MODE | DATA (LSB FIRST) COMMENTS

X Reset Master issues reset pulse.

RX Presence DS18B20s respond with presence pulse.

X 55h Master issues Match ROM command.

TX 64-bit ROM code Master sends DS18B20 ROM code.

TX 44h Master issues Convert T command.

X DQ line held high by | Master applies strong pullup to DQ for the duration of the

strong pullup conversion (t.q,,).

X Reset Master issues reset pulse.

RX Presence DS18B20s respond with presence pulse.

TX 55h Master issues Match ROM command.

X 64-bit ROM code Master sends DS18B20 ROM code.

X BEh Master issues Read Scratchpad command.

RX 9 data bytes Master reads entire scratchpad including CRC. The master
then recalculates the CRC of the first eight data bytes from the
scratchpad and compares the calculated CRC with the read
CRC (byte 9). If they match, the master continues; if not, the
read operation is repeated.

DS18B20 OPERATION EXAMPLE 2

In this example there is only one DS18B20 on the bus and it is using parasite power. The master writes to
the Ty, T, and configuration registers in the DS18B20 scratchpad and then reads the scratchpad and
recalculates the CRC to verify the data. The master then copies the scratchpad contents to EEPROM.

MASTER MODE | DATA (LSB FIRST) COMMENTS

X Reset Master issues reset pulse.

RX Presence DS18B20 responds with presence pulse.

TX CCh Master issues Skip ROM command.

X 4Eh Master issues Write Scratchpad command.

X 3 data bytes Master sends three data bytes to scratchpad (Tg, Tr, and config).

X Reset Master issues reset pulse.

RX Presence DS18B20 responds with presence pulse.

X CCh Master issues Skip ROM command.

X BEh Master issues Read Scratchpad command.

RX 9 data bytes Master reads entire scratchpad including CRC. The master then
recalculates the CRC of the first eight data bytes from the
scratchpad and compares the calculated CRC with the read CRC
(byte 9). If they match, the master continues; if not, the read
operation is repeated.

X Reset Master issues reset pulse.

RX Presence DS18B20 responds with presence pulse.

X CCh Master issues Skip ROM command.

X 48h Master issues Copy Scratchpad command.

X DQ ling held high by | Master applies strong pullup to DQ for at least 10ms while copy

strong pullup operation is in progress.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground -0.5V to +6.0V
Operating Temperature Range -55°C to +125°C
Storage Temperature Range -55°Cto +125°C
Solder Temperature See [PC/JEDEC J-STD-020A
Reflow Oven Temperature +220°C

*These are stress ratings only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may offect reliability.

DC ELECTRICAL CHARACTERISTICS ~ (-55°C to +125°C; Vppp=3.0V t0 5.5V)

PARAMETER SYMBOL | CONDITION | MIN | TYP MAX UNITS | NOTES
Supply Voltage Vop Local Power | +3.0 +3.3 \i 1
Pullup Supply Viy Parasite Power | +3.0 +3.5 v 12
Voltage Local Power | +3.0 Voo
Thermometer Error tERR -10°Cto £0.5 °C 3
+85°C
-55°Cto +2
+125°C
Input Logic Low Vi -0.3 +0.8 \Y 1,4,5
Input Logic High Vi Local Power | +2.2 The lowerof |V L6
55
Parasite Power | +3.0 or
Vpp +0.3
Sink Current I Vyo=0.4V 4.0 mA 1
Standby Current Inps 750 1000 nA 7.8
Active Current Iop Vpp=5V 1 1.5 mA 9
DQ Input Current Ing 5 pA 10
Drift £0.2 o€ 11
NOTES:

1) All voltages are referenced to ground.

2) The Pullup Supply Voltage specification assumes that the pullup device is ideal, and therefore the
high level of the pullup is equal to Vpy. In order to meet the Vg spec of the DS18B20, the actual
supply rail for the strong pullup transistor must include margin for the voltage drop across the
transistor when it is turned on; thus: Vey actuar = Veu pear + VIRANSISTOR:

3) See typical performance curve in Figure 17

4) Logic low voltages are specified at a sink current of 4mA.

5) To guarantee a presence pulse under low voltage parasite power conditions, Viyax may have to be
reduced to as low as 0.5V.

6) Logic high voltages are specified at a source current of ImA.

7) Standby current specified up to 70°C. Standby current typically is 3pA at 125°C.,

8) To minimize Ipps, DQ should be within the following ranges: GND < DQ < GND + 0.3V or Vpp —
0.3V <DQ < Vpp.

9) Active current refers to supply current during active temperature conversions or EEPROM wirites.

10)DQ line is high (“hi-Z” state).

11) Drift data is based on a 1000 hour stress test at 125°C with Vpp = 5.5V.
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AC ELECTRICAL CHARACTERISTICS: NV MEMORY
(-55°C to +100°C; Vpp=3.0Vt0 5.5V)

PARAMETER SYMBOL | CONDITION MIN | TYP | MAX | UNITS
NV Write Cycle Time Tor 2 10 ms
EEPROM Writes Negwr -55°C to +55°C 50k writes
EEPROM Data Retention tEEDR -55°C to +55°C 10 years

AC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=3.0V t0 5.5V)

PARAMETER SYMBOL | CONDITION | MIN | TYP | MAX | UNITS | NOTES
Temperature Conversion teony 9-bit resolution 93.75 ms 1
Time 10-bit resolution 187.5 ms 1
11-bit resolution 375 ms 1
12-bit resolution 750 ms 1
Time to Strong Pullup On topon Start Convert T 10 s
Command Issued
Time Slot tszoT 60 120 s 1
Recovery Time trRuC 1 s 1
Write 0 Low Time LOWO 60 120 s 1
Write 1 Low Time tLowl 1 15 s 1
Read Data Valid tRov 15 s 1
Reset Time High tRSTH 480 1s 1
Reset Time Low tRSTL 480 us 1,2
Presence Detect High {PDHIGH 15 60 us 1
Presence Detect Low tepLow 60 240 Ls 1
Capacitance Cnvout 23 pF
NOTES:
1) Refer to timing diagrams in Figure 18.
2) Under parasite power, if tpgry, > 960us, a power on reset may occur.
TYPICAL PERFORMANCE CURVE Figure 17
D818B20 Typical Error Curve
05
04
003 +3s Error
g 0.2
w1
g _0_? 1‘0 2‘0 35 4‘0 / 65 7
§ -02 Pa
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TIMING DIAGRAMS Figure 18
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yillar1 arasinda 275. Donem Piyade Astegmen olarak askerlik gorevini tamamladi.
Askerlik sonras1 2002-2003 Egitim Ogretim yilinda Gazi Universitesi Fen Bilimleri
Enstitiisii'nde yiiksek lisans dgrenimine basladi. Bu donemde, sektorde Bilgi Islem
boliimii Sistem Yoneticisi olarak basladig gorevine halen Tiirk Telekom A.S., Inter-
net Veri Merkezi (IDC) TTNet E-Posta Grubu Sistem Yoneticisi olarak devam et-
mektedir. Bilgi teknolojileri ve Internet, temel ilgi alanini olusturmaktadir. Amaci
internet tabanli teknolojiler ile elektronik uygulamalar birlestiren model yazilimlar

gelistirmektir.



