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OZET

R
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Bu calismada tekerlekli mobil robotlarin kontrolii incelendi. RegiiIasy\(!;rﬁl?"'\‘fé:~ iz

siirme problemleri ele alindi. Gerilim. devir ve oyunkolu modu olmak iizere ii¢ farkl
modda c¢aligabilen ii¢ tekerlekli bir mobil robot platformu tasarlamp gelistirildi.
Platformun denetiminin RS-232 protokolii aracilifivla Windows isletim sistemi
tabanh bir bilgisayardan yapilabilmesi i¢in C++ dilinde yazilim gelistirildi. Robot
platformu iizerindeki iki DC motoru kontrol edip siirecek elektronik devre tasarlanip
gerceklendi. Mikrodenetleyici olarak Microchip firmasinin iirettigi PIC16F877
kullamildi. Mikrodenetleyicinin her bir motorun devir sinyalini sayabilmesi.
bilgisayardan gelen bilgileri vakalayabilmesi. bilgisayara her bir motorun devir
bilgisini gﬁnderebilfrlesi ve bilgisayardan aldig1 hiz ve yon bilgilerini motor siiriiciiye
gonderebilmesi i¢in makine dilinde program yazildi. Mekanik aksam tasarlanip
rettirildi. Son olarak gergeklestirilen mobil robot platformu iizerinde c¢aligacak

mithendislere 6nerilerde bulunuldu.



SUMMARY

In this study, the control of wheeled mobile robots has been“é;(éiﬁifléﬁ
Regulation and tracking problems have been treated. A platform of mobile robot with
three wheels that can be controlled in three different modes as voltage, speed and
joystick modes has been designed and developed. A C++ based software has been
developed in order to control the platform from a Windows operating system based
computer via RS-232 protocol. The electronic circuit that controls and drives two DC
motors on the robot platform has been designed and developed. As microcontroller,
PIC 16F877 produced by Microchip has been used. A program in PIC Assembly
language has been written such that the microcontroller can count the speed signal of
every motor, capture signals coming from the computer, send the speed information
of every motor to the computer and send the information of speed and direction of
every motor received from the computer to motor drivers. The mechanical part has
been designed and fabricated. And finally some suggestions to engineers who will

work on the mobile robot platform have been made.



TESEKKUR

¢ok iyi anladim. Caligmam boyunca dogrudan veya dolayli olarak en azmcfan blr
fikrini benimle paylasarak destek olan insanlara tegekkiir etmeden baglasam herhalde
bu ¢aligma tam olarak amacina ulagmis olmaz. Caligmamin baglangicinda bana
bityilk destek veren ancak zamansiz kaybettigimiz Sn. Adil SAGLAM’a, tez
damsmanim Sn. Yrd. Do¢. Dr. Erkan ZERGEROGLU’na, Sn. Ahmet
KARAGOZOGLU’na, Sn. Neyir KARAGOZOGLU’na, Sn. Muharrem EKE’ye, Sn.
Semih OZLER’e, Sn. Hasan TOPTAS’a, Sn. Hiiseyin TOPTAS’a, Sn. Mithat AK’a,
Sn. Ferhat ESER’e, Sn. Erten KANATLAR’a, Sn. Ertung ERKOC’a, Sn. Murat
UNDEY’e, Sn. Ismail DEMIRCAN’a, Sn. Emre DINDAR’a, Sn. Ali KESKiN’e. Sn.
Emre ERTUGRUL’a, Sn. Onur AKKOZAK’a, Sn. Zafer KOCER’e, Sn. Vedat
DAG’a, Sn. Cihan HAKIMOGLU’na ve OYAK-RENAULT Otomobil
Fabrikalari’na, ayrica ¢alismam siiresince maddi manevi her tiirlii destegi aldigim
Annem Sn. Hayriye OKTEM’e, Babam Sn. Haldun OKTEM’e ve Kardesim Sn.
Ceyhun OKTEM’e tesekkiirii borg bilirim.
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1.GIRIS

1.1.Amac¢

Bu ¢aligmanin amaci tekerlekli mobil robot algoritmalarinin denenmesine
imkan veren akademik amagh ve diigiik maliyetli bir tekerlekli mobil robot
platformunun tasarlanip gergeklenmesidir. Ayrica platformun gelisime agik
olmasina dikkat edilmistir. Bunun i¢in platform bilgisayardan kontrol edilecek
sekilde tasarlanmigtir. Boylece mikroislemcinin giictinden faydalanmak miimkiin

olmustur.

1.2.Mobil Robotlar

Medeniyet tarihinin eski devirlerinden beri miihendisler insanlarin biiyiik
emekler sarfederek yaptiklari isleri kolaylagtirmanin yollarini aramiglardir. Bu
arayiglarinda basarili olduklarimin birgok 6rnegi bulunmaktadir. Ancak iglerinden
bazilar1 vardir ki insanlarin yaptiklan isleri kolaylagtirmanin 6tesinde insanlarn
islerini devralacak aygitlanin tasarlanabilirligi (izerine kafa yormuslardir. Omek
vermek gerekirse bu diisiinceyi ilk dile getiren bilim insam olarak kabul edilebilecek
12. yiizyillda yasﬁnls Eb&’l Iz El Cezeri ismi uygun olur. Diinya bilim tarihi
acisindan bugiinkii sibernetik ve robot biliminde ¢aligmalar yapan ilk bilim adam
olan Ebd’l iz El Cezeri, ¢aligmalarini Artukogullart Sultam i¢in yazdigr Kitab’iil-
Cami Beyn’el Ilmi ve el-Ameli’en Nafi fi Sinaati’l Hiyel (Mekanik Hareketlerden
Miihendislikte Faydalanmay: Igeren Kitap) [8] adli eserinde ortaya koydu. 50°den
fazla cihazin kullanim esaslarini, yararlanma olanaklarini gizimlerle gosterdigi bu
olaganiistii kitapta Cezeri, “Tatbikata gevrilmeyen her teknik ilmin, dogru ile yanhs
arasinda kalacagini” sgyler. Bu kitabin orijinali giinlimiize kadar ulagamadiysa da,
bilinen 15 kopyasindan 10’u Avrupa’min farkli miizelerinde, 5 tanesi Topkap1 ve
Stileymaniye kiitiiphanelerinde yer almaktadir. Cezeri’nin mekanik olarak
tasarladigi, giiniimiizde ise elektronigin ve bilgisayar biliminin olanaklarindan
yararlamlarak gergeklestirilen bu tip aygitlari Cek oyun yazan Karel Capek’in 1920
yihinda yaymnlanan Rossum’un Evrensel Robotlar [9] adli oyununda gegen ve gekge
ig¢i anlamina gelen Robot kelimesiyle adlandirmak kabul gdrmiistiir. Buna gore bir



aygita robot denilebilmesi igin saglamasi gereken kosullar belirle}ilek% ihfiyacr{ =

dogmustur. Robotlar i¢in birgok tamm mevcut olmasina ragmen buhla'r,glan en

bilineni @nll bilim-kurgu yazari Isaac Asimov’unkidir. Asimov 1942 yilinda- . “

yayinlanan robotik kelimesinin ilk defa kullanildigi Runaround [10] adh eserinde
kendi adiyla amlan {i¢ adet yasa tammlamugtir. Bir, iki ve {i¢ numarali yasalara daha

sonra sifir numarali yasay1 eklemigtir. Bu yasalar goyledir:

e Sifir numarali yasa- Robot insanlifa zarar vermez ve zarar gérmesine seyirci
kalmaz.

e Bir numaral yasa~ Sifir numarali yasayla ¢elismedigi slirece robot insana
zarar vermez ve zarar gérmesine seyirci kalmaz.

e Iki numarali yasa- Robot insanin emirlerine itaat etmeye, birinci yasayla
¢elismedigi siirece zorunludur.

e Ug numaral yasa- Birinci ve ikinci yasalarla ¢elismedigi siirece, robot kendi

varligim korumaya zorunludur.

Yasalarin tamimlanisindan da aniasilacag lizere bu yasalara yenileri eklenebilir.

Uzayda tekerlek {izerinde veya bacak benzeri mekanik uzuvlarla yer
degistirebilen robotlar mobil robot olarak isimlendirilir. Mobil robotlarin bir gok
kullanim alani vardir. Bunlardan bazilari bomba imha, temizlik, bedenen engelli
insanlara destek, oyun, endiistride malzeme tasima, denizalti aragtirmalari, uzay
aragtirmalari, askeri uygulamalar, giivenlik, tarnim, madencilik, akademik
aragtirmalar olarak sayilabilir. Bu ¢alismada tekerlekli mobil robotlar iizerine

yogunlagilmgtir.

1.3.Mobil Robot Ornekleri

Bu boliimde dort 6rnek mobil robot kisaca tanttilmagtir:
o PowerTec 26
o B21
o Nomad 200

o Mesure Pathfinder Micro Rover



1.3.1.PowerTec 26

"

Windsor Industries tarafindan {iretilmis bir temizlik robotudur. 6";6;'v,(‘\)l’t 3105":'.'.

s

Ah akiisii sarj edildikten sonra durmaksizin 30000 metrekare alam temizlﬁéye‘bilir:“‘“w '
2,5 metre/saniye hiza ulagabilen robot 21 galon kapasiteli bir temizlik sivisi

tankina sahiptir. LASER yansitici ile yolunu bulur.

Resim 1.1. PowerTec 26



1.3.2.B21 :

B21 akademik arastirmalarda kullanilmak tizere ticari amagla tiretilmig bir "
mobil robottur. Ureticisi Real World Interface (RWI) olup dort tekerleginin diginda
dort eksenli bir robot kola sahiptir. Saniyede yarim metreye yakin hizda hareket

edebilir. Linux isletim sistemi tabanlidir.

Resim 1.2. B21



1.3.3.Nomad 200

Ug tekerlekli Nomad 200 de B21 gibi akademik aragtirmalara jﬁpeliktiri "L
Uretici firma Nomadic Technologies’dir. Donamimi algilayicit ve motor kontroliinii -~ ‘
ve bilgisayarla haberlesmeyi destekler. Yazilimi ise grafik arabirimi, robbt
simiilatorii, hareket planlama ve kontrol kiitiiphaneleri, algilayict bilgisi yorumlama
kiitiiphaneleri igerir. Saniyede dogrusal olarak 30 santimetre, agisal olarak ise 60

derece hareket edebilir.

Resim 1.3. Nomad 200



1.3.4.Mesure Pathfinder Micro Rover

JPL (Jet Propulsion Laboratory) mobil robot grubu tarafindan geligtiﬁlmistir.
Engebeli yﬁzeylerdé hareket edecek sekilde tasarlanmgtir. Gezegen yiizeyleri bu tip

robotlarla incelenir. Uzerinde LASER tarayici bulunmaktadir.

Resim 1.4. Mesure Pathfinder Micro Rover



2.TEKERLEKLI MOBIL ROBOTLARIN
KONTROLU

2.1.Giris

Tekerlekli mobil robotlarn kontrolii iki temel problemin olasi ¢6ziimlerinin
uygulanmasi olarak ele alinabilir. Bunlar regiilasyon ve iz siirme problemleridir.
Regiilasyon , mobil robotun meveut kartezyen konum ve yoneliminin verilen sabit
bir konum ve yonelime degismeye zorlanmasindan ibarettir.Baska bir deyisle belli
bir konum ve yonelimdeki mobil robotun verilen bagka bir konuma belli bir
yonelimde kalacak sekilde gitmesini saglamaktir. Iz siirme ise regiilasyonda istenen
konum ve yo6nelim degisiminin zamamn belirli fonksiyonlart olarak siirekli
degismesidir ki bu durumda robotun verilen bir yoriingeyi izleyecegi agiktir, Mobil
robotun regiilasyonunu veya iz siirmesini saglamak i¢in uygun kontrolorler
tasarlanmalidir. Bu boliimde her iki problem ele alinarak her biri i¢in birer kontrolér
Omegi verilecektir. Ancak oncelikle tekerlekli mobil robotlar igin bir kinematik

model kurulmahdir.

2.2.Kinematik Model

Tekerlekli mobil robotlar i¢in kinematik model asagidaki gibi verilir:

dq _ 2.1
= S@yv
Burada
(2.2)

g=(x: y. 0 )7

ve
dg _[dx. dy. do )’
dt | dt dt dt @3,

olur. Sekil 2.1.de de goriildiigii iizere X, ve y. mobil robotun agirlik merkezinin
. . dx . dy. .
kartezyen koordinatlan olup 6 da yonelim agisidir. gf Ve ~gp isev, olarak




de,
gosterilen dogrusal hizin kartezyen bilesenleri olup —~

S(q) matrisi agagidaki gibi tamimlamr:

cosf 0
S(g)=| sin® 0
0 1

Son olarak da hiz vektorii

d T
olwy=[v G

agisal hizdir. :

(24)

2.5,

olur. Burada v, ve v, mobil robotun dogrusal ve agisal hizlaridir. Bu modelde

agirhik merkezi ile donme merkezinin ¢akistigi varsayilmustir.

v

X

Sekil 2.1. Mobil Robotun Koordinat Diizleminde Analizi

2.3.Regiilasyon Problemi

Regiilasyon probleminde kontroliin amacim modelleyebilmek i¢in



X =X, =~ Xp y'=yc_yrc 0' =06, -0, l (2.6.)

tammlamr. Burada X (t),y'(f) ve ©'()  mobil robotun mevcut konum ve
y6nelimiyle ulagmas: istenilen referans konum ve yonelimleri arasindaki farktir.
Kapali ¢evrim hata sisteminin tanimlanmasim kolaylagtirmak agisindan agagidaki

gibi bir déniigtiirme kullanihir {1]:

€, cosf  sing 0 X
e, [=| -sine@ coso 0 y' 2.7.)
e, 0 0 1 o'

Burada €,,6, ve €3 konum ve yonelim regiilasyon hata fonksiyonlarindan
tiiretilen zaman bagimli yardimci hata fonksiyonlandir. Egitlik 2.7.’nin zamana gére

tirevi alimp Esitlik 2.1. ve 2.5 kullamlarak

[ de,

dt
de, vy tvye,
~V2€,

at 2.8.)
de,

oldugu gosterilebilir.

Regiilasyon problemini ¢6zmeye yonelik bir kontrolor 6rnegi agagida verilmigtir [1]:

Vi | _ ke,
[VZ ] B [ -k,€; +e§sin(t) J (2.9.)



Burada k,vek, pozitif sabit kontrol kazanglandir. Esitlik 2.9.”daki v 1 Ve v 5 -
degerleri Esitlik 2.8.’de yerine konulursa agagidaki kapali gevrim hata sistemi elde

edilir:
[ de, ]

d((jat ke, +tv,e,

2
= —v,@

dt vati Esitlik 2.10.

de, ~k,e; + e,sin(t)
\ dat J

2.4.1z Siirme Problemi

Iz stirme probleminin regiilasyon probleminden farki referans kartezyen
konum ve yoneliminin zamanin fonksiyonu olarak degismesidir. Regiilasyon

probleminde oldugu gibi burada da
X =Xo =X Y'=Y.—Ye 0 =0,-0, (2.11.)

tamimlanir. Regiilasyon probleminden farkli olarak burada rc indisli konum ve
y6nelim tamimlayicilart zamanin fonksiyonu olarak degismektedirler. Tekerlekli
mobil robota verilen yoriingeyi izletebilmek igin 6ncelikle agagida verilen dinamik

y6riinge denklemini saglayacak bir referans robot tanimlanir:

da:
=S
dt (Qr) U (2. 1 2.)
Burada
ve=lve va) 2.13)

olacak sekilde zaman bagimli referans dogrusal ve agisal hiza verir.



S

A¢ik ¢evrim hata sistemini tammlamak igin Esitlik 2.7.’nin zamana ‘g6r‘e; tiirevi

alnip Esitlik 2.1., 2.5, 2.11 ve 2.12 kullamilarak agafidaki matrisel denklem elde

edilir:
[ de,

dt

de Vy +V292—V1,COSG3

2 .

dt = -Vze1 + V1,—slne3

do, Vo= Va 2.14)
\ dt J

Burada v+ =0 ve v =0 oldugunda regiilasyon probleminde verilen agik

¢evrim hata sisteminin (Egitlik 2.8.) elde edildigine dikkat edilmelidir.
Iz stirme problemini ¢ozmek igin Esitlik 2.14. ile verilen modele uygun bir

kontrolor tasarlamak gerekmektedir. Asagida [1] 6rek bir kontrol6r verilmigtir:

~k,e, + v, cose,

[ V1J
v sine
’ "'V1r_e_iez —kye; + v, (2.15.)
3

Burada K,Ve€K; pozitif sabit kontrol kazanglaridir. Esitlik 2.15.’deki v, ve v 2
degerleri Esitlik 2.14.’de yerlerine konulursa agagidaki kapali ¢evrim hata sistemi
elde edilir:

1 ]
d_e1_ Vzez_k1e1
dt
de .

2 | = -v,e, *+v,Sine, (2.16.)
dt |
de, sine, «

L ot )| Ve, 2%
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3.MOBIL ROBOT PLATFORMUNUN TANITIMI =
VE OZELLIKLERI | R

Bu caligmada mobil robot algoritmalarinin test edilebilecegi bir platform
tasarlanmg ve gergeklestirilmigtir. Esnekligi saglamak amaciyla platform Windows
tabanli bir bilgisayar tarafindan kontrol edilebilecek gekilde tasarlanmigtir. Sistem
iki adet DC motor, her motor igin bir elektronik motor siiriicii kati, bilgisayardan
gelen komutlant degerlendirip motor siiriiciileri kontrol eden mikrodenetleyici
temelli bir kontrol kat1, makine dilinde yazilms mikrodenetleyici yazilimi, bir tanesi
pasif diger ikisi motorlara bagh olmak iizere ii¢ tekerlek, mekanik aksam, 12 V sarj
edilebilir akii, RS-232 baglantis1 ve C++ dilinde yazilip Microsoft Visual C++ 6.0
derleyicisi ile derlenmis kontrol yazilimindan olugsmaktadir. Mikrodenetleyici olarak
Microchip firmasinin iirettigi PIC 16F877 kullamlmigtir. Osilator frekans: olarak 4
MHz segilmistir. PIC 16F877 mikrodenetleyicisi bes adet port, iki adet darbe
genisglik modiilasyonu (PWM) modiilii, evrensel senkron-asenkron alici-verici
(USART), ti¢ adet zamanlayici/sayici, 8 K program hafizas: ve 368 bayt veri bellegi
gibi Ozelliklere sahip olmasi dolayisiyla bu tip bir ¢alisma i¢in en diigiik maliyetli
¢oziimlerden biridir.

Motor kontrol devresi her bir motorun hizini ve yoniinii kontrol eder. Saga
veya sola doniigler motorlara farkls gerilimlerin ve/veya farkl yonlerin verilmesiyle
saglanir. Motorlara uygulanacak gerilimler mikrodenetleyicinin darbe geniglik
modiilasyonu modiilleri tarafindan ayarlanir. Robot platformu ii¢ degisik modda
kumanda edilebilir. Bunlar oyunkolu modu, gerilim modu ve devir modudur.
Motorlar oyunkolu modunda farenin hareketlerine gore hareket ederken gerilim
modunda dogrudan motorlara verilecek gerilim ile orantili degerler girilmek
suretiyle hareket ettirilir. Devir modunda ise kullanici tarafindan motorlarin her
birinin donmesi istenilen devir girilir ve devir ayarlama rutini istenen devirler elde
edilene kadar motor gerilimlerini degigtirir. Bilgisayar ile mikrodenetleyiciyi
haberlestirmek i¢in RS-232 arabirimi kullamlmigtir, Haberlesme hizi 9600
bit/saniye olarak seg¢ilmigtir. Bilgisayar yazilimi her 10 milisaniyede bir
mikrodenetleyiciye motorlarin gerilim degerlerini ve eger degisiklik varsa yén

bilgilerini génderir. Bunun karsiliginda mikrodenetleyici de her bir motorun devir
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bilgisini bilgisayara gonderir. Bu kargilikli génderim igleminin diizgiin 1sleyeb11me51
amaciyla basit bir protokol yazilmigtir. Bu protokole sadik kalinarak’ kolayhkla
robota daha sonradan eklenebilecek algilayicilanin algiladiklar degerler de”

bilgisayara gonderilebilir.

paoc o
A g, gt



4.DONANIM

4.1.Motorlar

Motor olarak iki adet PITTMAN GM9236S019 12 VDC motor kullamilmigtir.
Digli oram 19.7:1 olup tizerinde gémiilii optik devir sayma modiilii bulunmaktadir.
Devir sayma modiiliiniin galigabilmesi igin 5 V ile beslenmesi gerekmektedir. ki
devir sayma ¢ikigi beraber 500x4 = 2000 CPR (Count per Revolution) dlgiim
duyarlilig1 saglamaktadir. Ancak bu ¢alismada her bir motorun sadece bir ¢ikis
kullamimgtir. Bunun nedeni iki ¢ikisin kullanilarak devir bilgisinin elde edilmesi
igin bu ig i¢in &zel tasarlanmug oldukga pahali timlesik devrelere ihtiyag olmasidir.
Bunun yerine devir sayim iglemini gergeklestirebilmek igin mikrodenetleyicinin
imkanlan kullamlmugtir. Yazilim kisminda aynintilariyla bahsedilen devir sayiminda
mikrodenetleyicinin 0 ve 1 numarali zamanlayici/sayict modiillerinden

yararlanilmigtir.

4.2.Motor Siiriicii

Motor siiriicti olarak transistorlii bir devre tasarlanmigtir. H koprii tipindeki
stirlicii iki adet BD243 (NPN), iki adet de BD244 (PNP) gii¢ transistérlerinden
olugur. Devrenin giris katindaki lojik devre mikrodenetleyiciden gelen ¢aligtirma ve
yon segimi sinyallerini degerlendirip ¢ikigtaki gii¢ transistSrlerinin iletim veya
kesime girmesini saglamaktadir. Lojik kat ile gii¢ kat1 arasinda izolasyonu saglamak
amactyla dort adet 4N25 optokupldrii bulunmaktadir. Devre gemas: Sekil 4.1.’de
verilmigtir. Devrenih caligtirma girigine 0 Volt geldiginde yo6n girigine gelen gerilim
ne olursa olsun U3 ve U6 optokuplorleri kesimde kalir. Bu durumda U3 ve U6’min
stirdiigll iki PNP gii¢ transistorii de kesimde kalacagindan motor {izerinden akim
akmaz. Dolayisiyla da motor hareket etmez. Tersi durumda yani galigtirma girigine 5
Volt geldiginde y6n girisinde de 5 Volt oldugunu varsayarsak U4 ve U6
optokuplérlerinin  LED’leri enerjileneceginden bunlarn siirdiigi Q1 ve Q4
transistorleri de iletime geger. Bu sirada U3 ve US optokupldrleri dolayisiyla da Q3
ve Q2 transistorleri kesimdedir. Motor izerinden Q4’den Q1’e dogru akim akacagi
agiktir. Motor belli bir yonde dénmeye baglar. Yon girigsindeki sinyalin 0 Volt
oldugu diigliniiliirse bu sefer Q1 ve Q4 transistorleri kesimdeyken Q3 ve Q2



15 .

transistorleri iletimde olacagindan motor {izerinden Q3’den Q2’ye dogru akim -
akacaktir. Bu da semada da agikca goriildiigii lizere yon giriginin 5 Volt dldugu
duruma gore akimin ters yonde akmasi anlamina gelir. Artik motor digér»,.y(inde

donmektedir.

Motorun dénme hizi galistirma girigine mikrodenetleyiciden darbe geniglik
modiilasyonlu (PWM) sinyal gonderilmesiyle ayarlanabilir. Motor hizinin PWM’le
kontrolii Béliim 7.1°de ayrintili olarak agiklanmugtir.



Uia

Gahgtirma

.16

5 vee
—AAy N
zzlhm_£% 1
yee i
—_ 4
sv l | g
U3 7
4
at
NN
i .
p—— ; ]
e l 03 l
I\ (4 1 vz
Lrg BD243 BD244 —lzv
<$220hn_S5% T
8- s1
_— -‘f)nomn
-
24000 22 a4
ETL —k_r!
BD243 . BD244
.J
Yon i 'Us
'{\ yoe
prea ek Ri ,_'H—’ sv
[ >—11 »r v - v
= =L 220hn_5%
74008 24008 i =
J‘ N
) UFAN
,‘MODN
S
r Rz L
Ay =
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4.3.Mikrodenetleyici

Mikrodenetleyici olarak daha 6nce de belirtildigi zere Microchip firmasinin
drettigi PIC 16F877 kullamlmigtr. Motor hizlanm kontrol etmek igin
mikrodenetleyicinin iki adet darbe geniglik modiilasyonlu (PWM) sinyal iireteg
modiilii idealdir. Ayrica bu mikrodenetleyicinin sahip oldugu Evrensel Senkron-
Asenkron Ahci-Verici (USART) bilgisayar ile RS-232 protokolii araciliiyla
haberlesmeyi saglar. Motor devirlerinin saymm1 Timer0 ve Timerl modiilleri ve
Timer1’in tagma durumunda tirettigi kesme aracilifiyla yapilir. Yon sinyalleri ve bir
adet devri sayilacak motorun segimini saglayan sinyal i¢in PORTB’nin {i¢ ucu ¢ikig
olarak kullamlmgtir. 40 bacakli mikrodenetleyicinin pin diagrami Sekil 4.2°de
verilmigtir. Caligma frekans1 maksimum 20 MHz olmakla beraber bu ¢aligmada 4
MHz olarak se¢ilmigtir. Bu frekansta dallanma komutlar: haricindeki tiim komutlar

1, dallanma komutlar: ise 2 mikrosaniyede islenir.

WCLR VPR THY = [ 4 ./ 40 [ e~ RE7/PGD
RADAND wgpmete [} 2 39 [] a——m RBS/PGC
RA1ANT -—e- ] 3 ag IJ ~—w RB5

RAZIANZ2VREF- i [ 4 37 [ ~— RB4

RAZANIVREF + ~g=—t [] 5 35 | ] ~e—a RBIFPGM

RALTOCK) v [ 6 35 [ w—p RB2
RAS/ANSTSS ww—e-[] 7 s 34 [] = RE1
REDRDIAMS ~a—e [} & ~ a3 ] ~e=——a RBO/INT
RE1/TEANS ~a—=e=[] o 0 L e—— v
RE2CS/ANT ww—u= ] 10 p.: 31 [] s 55

voo —a= [} 11 E 30 [] ~—a- RD7PSE?

VES e [} 12 W 29 [] w4~ RD6/PSPE

OSCUTLKIN =[] 13 G 28 [] et RDSPSPS

OSC2CLKOUT at—— [ 14 & 27 [] «—» RDAPSP4

RCOTIOSOITICK! e [] 15 26 L] =g RC7/RXDT

RCH/TIOSKCCP2 ww—[T] 16 25 [ =—= RCGTXICK

RC2CCP1 =[] 17 24 [] == RCS'SDO
RCISCK/SCL =t [} 18 23 L] —m RCHSDISDA

RDOPSPO wu—m= [ 19 22 [] -—= RD3/PSP3

RD1/PSP1 =t [ 20 21 [ «+— RrRD2:PSP2

Sekil 4.2. PIC16F877 Pin Diyagrami
4.4.Elektronik Devre Semasi

Acik devre gemas: takip eden sayfada verilmigtir. Tiimlegik devrelerin bacak
numaralar daire igaretinden bulunabilir. Daire igaretli tarafin alt kismu 1 numara, {ist
tarafi da en yiiksek numarali pindir. Her bir motor soketi iizerinde motorlara
biitlinlesik devir sayac1 devresini besleyen 5V ve toprak bulunmaktadir.
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Sekil 4.3. Elektronik Devre



4.5.Mekanik Aksam

Robotun mekanik aksami ince profilden imal edilmigtir. Motorlarin dogrudan
baglandif1 2 adet 150 mm g¢apli tekerlek, 1 adet de motor gerilimleri arasindaki farka
gére serbestce yon degistiren 80 mm caph pasif tekerlek {izerinde hareketini saglar.
Enerji, merkeze yerlestirilip sabitlenmis 2 mAh kapasiteli akii tarafindan saglanir.
Akiinlin yerinden sOkiilmeden sarj edilebilmesi i¢in kutuplarindan birer adet kablo
diganiya verilmigtir. Ust kapaga biitlinlesik fan devreyi sogutur. Robot Resim 4.1.’de
goriilebilir.
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Resim 4.1. Mobil Robot



5.YAZILIM

5.1.Mikrodenetleyici Yazilimi

5.1.1.PWM ere;ecle Motor Gerilimi Kontrolii

DC motorlarin hiz1 uglanna uygulanan gerilimle orantili olarak degigir.
Ancak mikrodenetleyici kontrollii bir sistemde lineer kuvvetlendiricilerin yiiksek
glic harcamalan ve yazilimda yapilmasimin kolay olmamasi gibi nedenlerle hiz
kontrolii i¢in motor gerilimini ayarlamak pratik degildir. Bunun yerine Darbe
Geniglik Modiilasyonu (PWM) kullanilir. Yani motor gerilimi sabit tutulup belli bir
peryot kadar siirenin belli bir pargasinda motor uglarina uygulanir. Ornegin 12 Volt
gerilim motor uglarina her 2 milisaniyenin 1 milisaniyesinde uygulamp kalan 1
milisaniyede motor uglarina 0 Volt uygulanirsa pratikte 6 Volt uygulanmig gibi olur.
Burada 12 Volt gerilimin uygulanma siiresine gorev ¢evrimi (duty cycle) denir. Her
bir PWM modilit 10 bit ¢oziniirliikte PWM sinyali iretir. Buna g6re her bir
motorun uglarina 1024 farkli gerilim degeri uygulanabilir. Uygulanacak deger
CCPRI1L yazmacina ve CCP1CON yazmacinin 4. ve 5. bitlerine yazilir. Burada
ikinci PWM modiilii i¢in yazmag ismilerinin CCPR2L ve CCP2CON olduguna
dikkat edilmelidir. Uygulamada 1024 farkli deger 12 Volt olan motor geriliminin
yazmaca yazilan degerin her bir birim arttinldiginda 12/1023 = 11,7 mV kadar
artmas1 anlamina gelir ki bu kadar diigiik bir gerilim motor hizinda ihmal
edilebilecek kadar bir artiga neden olur. Ayrica seri haberlesmede bir seferde 8 bit
veri alimp gonderilmesinden dolayr motor gerilimlerinin 10 bit olarak tutulmasi
verilerin islenmesi ve iletilmesini zorlagtirir. Bu nedenlerden dolayr CCP1CON ve
CCP2CON yazmaglannda tutulan iki en diigiik degerlikli bit yazilimda birlenerek
sabit tutulmakta ve motor gerilimlerinin kontroli i¢in yalmzca 8 bitlik yazmaglar
olan CCPRI1L ve CCPR2L kullanilmaktadir. Buna goére her bir motora 256 farkls
gerilim uygulanabilir. Uygulanan gerilim yazmacin onluk sistemdeki degerinin
12/255 = 47 mV ile ¢arpilmasiyla yaklagik olarak hesaplanabilir.
Mikrodenetleyicinin PWM modiiliiniin basitlestirilmig blok diyagramm Sekil 5.1.’de
verilmigtir.
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Garev Gevrim Yazmact ,—  .cp)coN <45

CCPRIL

CCPRIH

-

Kargilagtirics

T RC2CCPL

] TRISC=2>

TMR2

I

Kargilagtirtc

Timer temizleme

T

Sekil 5.1, PWM Uretimi Blok Diyagramu

PWM sinyal tiretimi i¢in Oncelikle iki modiil i¢in de ayn ayrn PWM modu
segilmelidir. Bu se¢im CCP1CON ve CCP2CON yazmaglarimn 2. ve 3. bitleri
birlenmelidir. Ayrica PORTC’nin CCP1 ve CCP2 pinleri TRISC yazmacinin 2. ve
1. bitlerinin sifira ¢ekilmesiyle gikig olarak segilir. Sinyal peryodu PR2 yazmacina
yazilan deger ile orantilidir. Peryot agagidaki formiille hesaplanabilir:

T =PWM peryot = [(PR2) + 1] . 4 . TOSC . [TMR2 (Zamanlayici 2) nboliicti

degeri]

Devrenin osilatdr frekans1 4 MHz oldugundan PR2 degeri olarak 255, TMR2
onboliicti degeri olarak da 1 segildiginden PWM peryodu 256 mikrosaniye, frekans
ise 3,906 KHz olur. Son olarak T2CON yazmacimn 2. biti birlenerek TMR2
etkinlegtirilir. Sekil 5.2.°de goriildiigii gibi TMR2 degeri gbrev gevrim degerine esit
olana kadar PWM e¢ikis lojik 1 (5 V) olup bu andan itibaren TMR2 PR2 degerine
egit olana kadar lojik 0 (0 V) olarak kalir. Bu durumun tek istisnasi olan gérev
¢evriminin 0 oldugu durumda PWM c¢ikis: tiim peryot boyunca lojik 0°dir.
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Sekil 5.2. PWM Sinyal Analizi

Daha 6nce PWM gorev ¢evriminin en diigiik degerlikli iki biti olan CCP1CON
ve CCP2CON yazmaglarinin 4. ve S. bitlerinin program baginda bire gekilerek sabit
birakildiklar1 belirtilmigti. Buna goére motor gerilimleri CCPR1L ve CCPR2L
yazmaglarina yazilan degerle degisir. Bu yazmaglara yazilacak degerler kullanici
tarafindan bilgisayardaki arabirim yazilimina girilen degerlerin seri porttan

mikrodentleyiciye gonderilmesiyle alinir.

5.1.2.Y6n Kontrolii

Motor hareket hizindan bagka yoniiniin de kontrol edilebilmesi gerekir. Motor
siiricliniin ayrintilanyla agiklandigi 4.2.’de yon se¢imi igin siirticii devrede bir girig
bulundugu gosterilmigti. Mikrodenetleyicinin ydnleri kontrol edebilmesi igin her
siiricliye bir sayisal port ¢ikisi atanmigtir. PORTB’nin 0. ve 7. bitleri sayisal ¢ikig
olarak segilmig ve her biri bir motor siiriiciiniin yon girigine baglanmigtir. Motor
yonlerinin segimi seri porttan yon degistirme bilgisi geldiginde mikrodenetleyicinin
ilgili port ¢ikiginin durumunu kontrol edip terslemesiyle olur. Yani 6rnegin belli bir
motor igin yon degistirme bilgisi geldiginde PORTB nin ilgili ¢ikis1 lojik 1 ise lojik
0 yapilir.

5.1.3.Devir Sayma

Kapal1 ¢evrim kontrol sistemlerinde kontrol edilen elemanin durumuyla ilgili

bilgi alip kontrol bloguna gondermek gerekir. Burada kontrol edilen motor olup
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motorla ilgili motor gerilimi, yén ve motor devri gibi degigkenler bulunmaktadir. A

Motor gerilimi ve yonii zaten kontrol devresi olan mikrodenetleyici tarafmdan

belirlendiginden bu bilgiler sistemde mevcuttur. Geriye bilinmeyen degigken olérgk: e

devir bilgisi kalir. Devir bilgisinin mikrodenetleyici tarafindan bilinmesi mobil robot
kontrolii igin hayati 6nem tagimaktadir. Kullamilan motorlar 4.1.’de belirtildigi gibi
tiimlesik optik iki ¢ikigh devir sayma modiillerine sahiptir. Bu tip devir sayma
modiillerinin (Quadrature Encoder) ¢ikig sinyallerinin degerlendirilebilmesi igin
Ozel sayic1 tiimlegik devreleri mevcuttur. Ancak oldukga maliyetli olan bu ¢6ziim
yerine 6l¢lim duyarliliindan feragat edilerek mikrodenetleyicinin 0 ve 1 numarali
zamanlayicy/sayict (Timer0, Timerl) modiilleri kullamlmustir. TimerQ 8 bitlik
zamanlayicy/sayici modiilii olup burada sayici olarak kullamlmigtir. Timer0’in

ayarlandig kod pargas: agagidaki gibidir:

Timer(0_Avariz

bsf STATUS, 5 ;bankl'e geg
movliw b'11100011"
movwf OPTION_REG
bcf STATUS, 5 sbank0'a gec
clrf SOL_MOTOR_DEVIR
clrf SAG_MOTOR_DEVIR
clrf TMRO
Kod 5.1. Timer) Ayarlama

Timer0 ile ilgili ayarlar OPTION_REG yazmaci iizerinden yapilmaktadir.
Burada en diigikk degerlikli ii¢ bit 011 segilerek Gnbéliici degeri 1/16 olarak
ayarlanmigtir. Yani Timer0’m her bir birim artisi ashnda sayma girigine her 16
sinyal geldiginde olur. Bu deger deneme yanilma yontemiyle en uygun 6nbéliicii
degeri olarak bulunmustur. Zira bu degerde en duyarh devir bilgisi alinmaktadir.
Timer( sayma girigi olan PORTA’nin 4 numaral: girigine gelen motor devir sayma
modiiliiniin bir glkléumn sinyalleri sayilmaktadir. Sayma degeri, Timerl her kesme
trettiinde devir bilgisini saklamak i¢in ayrilmig bir yazmaca atilmaktadir.

Timerl ise 16 bitlik zamanlayicy/sayici olup zamanlayici modunda

kullamlmaktadir. Devrede Timerl’in gorevi her tagma olugtufunda kesme iiretip
programi kesme hizmet rutinine dallandirmaktir. Timer1 onbdliicti degeri 1/1 olarak

‘‘‘‘‘



ayarlanpgtir. Buna gére Timerl her komut ¢evriminde bir artmaktadir. Bir kdr'ﬂlitm%' :
Qevnml dort osilator ¢evriminden olugtugundan 16 bitlik Timer!l tagmaya her

2'%x 1/4 MHz x 4 = 65536 mikrosaniye sonunda ulagir. Timer!’in ayarlandlgl kod” 4

pargasi agagida verilmistir:

Timerl Ayarla

bcf

movlw
movwf
moviw
movwi
bcf

moviw

movwf

STATUS, 5
b'00000001"
T1CON
b*11000000"
INTCON

5
b'0000000L"
PIE1l

;bank0'a geg

;bankl'e qgeg

Kod 5.2. Timerl Ayarlama

Burada ¢evresel kesme yazmacinin ilk biti birlenerek Timerl kesmesi

etkinlestirilmistir. Buna gore Timerl her tagmasinda diger bir deyisle her 65536

mikrosaniyede bir kesme itiretmektedir. Kesme olustugunda o anda Timer(0’mn

degerinin belli bir yazmaca kaydedildigi belirtilmigti. Fakat TimerQ tek bir girigten

gelen sinyalleri saydigindan iki motorun da devir sinyallerini saymak igin 6zel bir

motor segme devresi tasarlanmistir. Bu devre Sekil 5.3.’de goriilmektedir.
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Sekil 5.3. Devir Sayimi igin Motor Segme Devresi

Devri sayilacak motoru segme devresi mikrodenetleyicinin PORTB 4
numarall ¢ikigimin lojik durumuna goére motorlardan birinin devir sinyallerini
Timer0 girigine iletmesini saglayan 4 NAND kapisindan olusan bir devredir. Buna
gore PORTB 4 numarali ¢ikis yazilimda uygun sekilde kosullandiriimalidir. Bu
islem kesme hizmet programinda yapilir. Kesme hizmet programi kodu agagida

verilmigtir.

Kesme
MOVWF W_TEMP ;Copy W to TEMP register
SWAPF STATUS,W ;Swap status to be saved into W
CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RP0O
MOVWF STATUS_TEMP ;Save status to bank zero STATUS_TEMP register
MOVF PCLATH, W ;Only required if using pages 1, 2 and/or 3
MOVWF PCLATH TEMP ;Save PCLATH into W
CLRF PCLATH ;Page zero, regardless of current page



bcf STATUS, 5 ;bank0'a geg
movlw b'00000000°'

movwf T1CON

bef PIR1, TMR1IF

moviw b'00000000°

movwf TMR1H

moviw b'OObOOOOO‘

movwf TMRIL

movlw b'00000001°

movwf TI1CON
movE TMRO, O ;Timer0'in saydidir dederi W yazmacina at

btfss PORTB, 4

goto SolMotorDevir

bef PORTB, 4

movwf SAG_MOTOR DEVIR

goto SagMotorDevir
SolMotorDevir bsf PORTB, 4

movwf SOL_MOTOR DEVIR

SagMotorDevirclrf  TMRO ;Timer0’ 1 yeniden sayim icin sifirlar

MOVF PCLATH_TEMP, W ;Restore PCLATH

MOVWF PCLATH ;Move W into PCLATH

SWAPF STATUS TEMP,W ;Swap STATUS TEMP register into W
; (sets bank to original state)

MOVWE STATUS ;Move W into STATUS register

SWAPF W_TEMP,F ;Swap W_TEMP

SWAPF W_TEMP,W ;Swap W_TEMP into W

retfie ;Kesmeden dénlis komutu

Kod 5.3. Kesme Hizmet Programi

Kesme hizmet programinin baginda ve sonunda ingilizce agiklamayla verilen
kistm mikrodenetleyicinin veri kitapgiginda onerilen kesmeye girmeden &nceki
STATUS ve W yazmag¢ durumlarim korumaya yarayan koddur. Kesme hizmet
programi Timerl’i durdurur. Timer0’daki degeri devri sayillacak motorun
segilmesini saglayan PORTB 4 numarali bitin durumunu kontrol ederek
SOL_MOTOR DEVIR veya SAG MOTOR_DEVIR yazmacina atar. Bir sonraki
kesmede diger motorun devrini saymak iizere PORTB 4 numarali biti tersler.

Timer0°1 sifirlar. Kesmeden retfie komutuyla ¢ikar.



Timer0’1n saydigi deger bagina motorun yaklagik 1,51 dev1r/dak1ka hlzmda
dondiigii gorsel olarak OSlgiilmiistiir. Teorik deger ise motor ve m1krodenetley1¢1
parametrelerinden hesaplanabilir. Buna gére Timer(Q 6nboliicii sabiti 16 oldugundam*
deger bagina aslinda en az 16 sayim yaptif1 bilinmektedir. Motor lizerindeki devir
sayma modiiliintin spesifikasyonlarindan bir devir bagina 500 pals fiirettigi ve
motorlarin digli aktarim oraninin (gear ratio) 19,7 oldugu da bilinmektedir. Buradan
16/(500*19,7) degerinin Timer0’in saydigi deger bagina motor milinin do6niig say1s:
oldugu gosterilebilir. Ancak bu saymmin TimerQ ¢aligmaya bagladigi andan itibaren
Timerl kesme tiiretene kadar gegen zaman olan 65536 mikrosaniyede motorun
doniis miktar1 oldugu unutulmamalidir. Oyleyse bu deger dogru orantidan
65536*10° sayisina boliinerek saniyedeki doniis sayis1 bulunur. Son olarak 60 ile
carpilarak dakikadaki devir sayisi olarak yaklagik 1,487 bulunur. Gorsel olarak
Olgiillen degerin daha yiiksek olmasi Timer() degeri kesme hizmet programinda
saklanirken Timer0 oOnboliicli yazmacinda 0 ila 15 arasinda degigen degerin
bilinmemesinden kaynaklanmaktadir. Buradaki hesapta ©nbdliicli yazmacinda
degerin 0 oldugu varsayilmigtir. Ancak uygulamada bu degerin 0 olma ihtimali
16°da 1°dir.

5.1.4.Bilgisayar ile Haberlesme

Mikrodenetleyici seri port lizerinden RS-232 protololityle haberlegsmeyi
saglamak tlizere bir adet Evrensel Senkron-Asenkron Alci-Verici (USART)
modiiliine sahiptir. USART kullaniimadan énce RCSTA (Alim Durum ve Kontrol
Yazmaci), TXSTA (Gonderim Durum ve Kontrol Yazmaci) uygun gekilde
kosullandirilarak konfigiire edilir. Ayrica TRISC yazmacimin 6. ve 7. bitleri
birlenmek suretiyle seri génderme ve alma amaciyla kullamlacak olan PORTC 6. ve
7. ¢ikiglann ayarlanir. USART agagidaki kod pargasi yardimiyla konfigiire
edilmektedir.

bsf STATUS, RPO sbankl'e geg

movlw 0x13

movwf SPBRG ;Baud hizi 9600 Baud/saniye olarak ayarlaniyor
movlw b'00100100°'

movwf TXSTA



bcf STATUS, RPO sbank0'e geg
movlw b'10010000°
movwf RCSTA

Kod 5.4. USART Konfigiirasyonu

Burada hangi bitin ne anlama geldigi ekte de verilen PIC16F877 veri
kitapgigimin USART ile ilgili bbliimii incelenerek anlagilabilir. Ozetle seri port
aktiflestirilmig, USART asenkron modda ¢alisacak sekilde konfigiire edilmig, 8 bit
stirekli alim ve yine 8 bit génderim se¢ilmig, génderim islevi etkinlegtirilmig ve
baud hizinin ayarlanmasi agisindan 6nemli olan baud orami segme biti birlenerek
yiiksek hiz moduna gegilmistir. Bunlarin diginda baud hizimin ayarn SPBRG
yazmacina hexadesimal 19 degerinin yazilmasiyla gergeklestirilir. Veri kitapgiginda
verilen, baud oram segme bitinin birlendigi durumda kullanilan formiil kullanilarak
baud hizt Fosc/16(X+1) = 9615 baud/saniye bulunur. Burada Fosc 4*10° olup X,
SPBRG yazmacina yazilan hexadesimal 19 degerinin onluk sistemdeki kargilig1 olan
25°dir. Bu hizda yine veri kitap¢igindan yiizde olarak hata orami 0,16 gibi oldukga
diigiik bir degerdir. Daha yiiksek hizlarin segilmesi miimkiin olsa da bunun hata
oranin artiracagi gz 6niinde bulundurulmalidir. Bilgisayardan gelen verileri igleyip

cevap veren program kodu agagida verilmigtir:

VeriAl
movlw 06h
andwf RCSTA,W
btfss STATUS, Z

goto VeriAlimindaHataVar

VeriHazirmi
btfss PIR1,5

return

movE RCREG, W

bcf STATUS, Z

sublw b'00001010° ;W'den 10 c¢ikar
btfsc STATUS,Z

call SolMotorYon

movf  RCREG,W

bcf STATUS, 2

sublw Db'00010100' ;W'den 20 g¢ikar



btfsc STATUS,Z
call SolMotorHiz

movi RCREG, W

bef STATUS, 2

sublw b'00011110' ;W'den 30 c¢ikar
btfsc STATUS,Z

call SagMotorYon

movf  RCREG,W

bcf  STATUS,Z

sublw b'00101000' :W'den 40 c¢ikar
btfsc STATUS, 2

call SagMotorHiz

return

SolMotorYon
movEf  RCREG,W
movwf TXREG
bsf STATUS, 5
bsf TXSTA, TXEN
becf STATUS, 5
btfss PORTB, 0

;bankl'e geg

sbank0'a geg

goto SolMotorIleri

bcf PORTB, 0

goto SolMotorGeri
SolMotorlleribsf PORTB, 0

SolMotorGeri return

SolMotorHiz

movf

RCREG, W

movwf TXREG

bst STATUS, 5 ;bankl'e geg

bsf TXSTA, TXEN

bcf STATUS, 5 sbank0'a geg
SolMotorVeriAl

movlw 06h

andwf RCSTA,W

btfss STATUS,Z

goto SolMotorVeriAlimindaHataVar
btfss PIR1,5

goto SolMotorVeriAl



movEf SOL_MOTOR_DEVIR,W

movwf TXREG

bsf STATUS, 5 ;bankl'e gecg
bsf TXSTA, TXEN

bcf STATUS, 5 sbank0O'a geg¢

movE RCREG, W
movwf CCPR1L
bcf PIR1,5

return

SagMotorYon
movf  RCREG,W
movwf TXREG

bsf STATUS, 5 :+bankl'e gecg

bsf TXSTA, TXEN

bcf STATUS, 5 sbank0'a gecg

btfss PORTB,7

goto SagMotorIleri

bcf PORTB, 7

goto SagMotorGeri
SagMotorIleribsf PORTB, 7

SagMotorGeri return

SagMotorHiz
movf RCREG,W
movwf TXREG

bsf STATUS, 5 sbankl'e geg

bsf TXSTA, TXEN

bef STATUS, 5 ;bank0'a geg
SagMotorVeriAl

movlw 06h

andwf RCSTA,W
btfss STATUS, 2

goto SagMotorVeriAlimindaHataVar

btfss PIR1,5
goto  SagMotorVeriAl

movf SAG_MOTOR_DEVIR,W

movwf TXREG

bsf STATUS, 5 ;bankl'e gecg
bsf TXSTA, TXEN

bcf STATUS, 5 ;bank0'a geg
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movE RCREG, W
movwf CCPR2L
bcf PIR1,5

return

VeriAlimindaHataVar
bcf RCSTA, 4
bsf RCSTA, 4
goto VeriAl

SolMotorVeriAlimindaHataVar
bef RCSTA, 4
bsf RCSTA, 4
goto SolMotorVeriAl

SagMotorVeriAlimindaHataVar
bef RCSTA, 4
bsf RCSTA, 4
goto  SagMotorVeriAl

Kod 5.5. Bilgisayarla Haberlesme Ruiim

3.2.Bilgisayar Yazilim

5.2.1.Giris

Bilgisayar tarafindaki yazihm C++ dili ile yazilmigtir. Derleyici olarak da
Microsoft Visual C++ 6.0 kullanilmigtir. Yazilim gorsel bir arabirim ve arka planda
verileri igleyip mikrodenetleyiciye seri porttan gonderen ve mikrodenetleyicinin
gonderdiklerini alan uygulama katmanindan olugmaktadir. Ayrica seri portun seg¢imi
icin menilide Kontrol maddesi altinda Ayarlar segenegi bulunmaktadir. Ayarlar
ekran: agagida goriildiigii gibidir:



i
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% COMI
¢ COM2
" COM3
f‘ COM4
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Sekil 5.4. Ayarlar Ekran Goriintiist

Seri portu segip veri gonderen ve alan ii¢ adet Windows API fonksiyonu
yazilimda hayati 6nem tagimaktadir. Bunlar isminden de anlagilacagi tizere dosya
yaratip {izerinde okuma ve yazma iglemleri yapmak igin tasarlanmig olan CreateFile,
ReadFile ve WriteFile fonksiyonlandir. CreateFile fonksiyonunun dosya adimin
belirtildigi parametresine string olarak segilmek istenen port ismi girildiginde ilgili
portu yazilimsal olarak bir dosyaymis gibi yaratir. Doniis degeri olarak Handle
tipinde bir port numarasi verir. ReadFile ve WriteFile fonksiyonlanna parametre
olarak gegirilen bu numara ilgili porttan veri okuma ve porta veri yazmay: saglar.
Bu {i¢ fonksiyona ait Microsoft tarafindan verilen veri kitapgiklan ekte verilmigtir.

Program bagladiginda ilk is olarak yazilimsal olarak port yaratir. Varsayilan
deger olarak 1 numarali port yaratilir. Eger farkli bir port kullanilacaksa meniide
Kontrol altinda Ayarlar’dan ilgili port segilir. Port yaratilmasi ve hemen ardindan

konfigiirasyonu agagida verilen kod pargasiyla gergeklestirilir:

PortNo = CreateFile(COMPort, GENERIC_READ | GENERIC_WRITE, // Specify mode that open
device.

o, /] the devide isn't shared.

NULL, /I the object gets a default security.
OPEN_EXISTING, /1 Specify which action to take on file.
0, /I defauit.

NULL);

m_bPortReady = GetCommState(PortNo, &m_dcb);
m_dcb.BaudRate = 9600;
m_dcb.ByteSize = 8;
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m_dcb.Parity = NOPARITY;
m_dcb.StopBits = ONESTOPBIT; ’
m_dcb.fAbortOnError = TRUE; ‘

m_bPortReady = SetCommState(PortNo, &m_dcb);

/1 Instance an object of COMMTIMEOUTS.

COMMTIMEQUTS comTimeOut;

/1 Specify time-out between character for receiving.
comTimeOut.ReadIntervalTimeout = 300;

/1 Specify value that is multiplied by the requested number of bytes to be read.

comTimeQut.ReadTotalTimeoutMultiplier = 300;
/f Specify value is added to the product of the ReadTotalTimeoutMultiplier member.

comTimeOut.ReadTotalTimeoutConstant = 30;
1 Specify value that is muitiplied by the requested number of bytes to be sent.

comTimeOut.WriteTotalTimeoutMutltiplier = 30;
I Specify value is added to the product of the WriteTotalTimeoutMultiplier member.

comTimeOut. Write TotaiTimeoutConstant = 30;
/I Set the time-out parameter into device control.
SetCommTimeouts(PortNo,&comTimeOut);

Kod 5.6. Port Olusturma Kodu

Burada PortNo Handle, COMPort ise CString tipinde degigkenlerdir. Ozetle port
yaratilmakta ve konfigiire edilmektedir. Bu kod pargasi port yaratilmak istendigi
zaman aynen Kkullamlabilir. Gerekirse konfigiirasyon degigiklikleri yapilabilir.
Ornegin baud hizi farkhi segilebilir. Ancak bu durumda mikrodenetleyici
yazailiminda da aym hiz degisikliginin yapilmas: gerektigi unutulmamahdir. Koda ait
agiklama Tiirkge’ye cevrildiinde anlaminda sapmalar olabilecegi dilsiincesiyle
orijinal Ingilizce haliyle birakilmgtir.

S.2.2.Bilgisayar ile Mikrodenetleyici Arasinda Veri Aligveris
Algoritmasi
Bilgisayar ile mikrodenetleyici arasinda veri aligverigi sekil 5.5°de verilen

akiy semasinda Ozetlenmigtir. Akiy gemasindan da anlagilacag {iizere yonetim
bilgisayar tarafindadir.



OnTimer

|  Solmotor
yén degistir
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uz ayarta

!
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devir bitglisi
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Sag motor
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S ag motor
yon degigtir

l

Sag motor
iz ayarla

y
Sag motor
devir bilgisi
al

onTimerdan
Gk

10 milisaniye
bekle

Sekil 5.5. Bilgisayar ile Mikrodenetleyici Arasindaki Veri Haberlegmesi Akig
Diyagrami
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Timer 10 milisaniyeye ulagnginda Windows’'un WM_TIMER mesajt
iiretilerek OnTimer fonksiyonu ¢aginihr. OnTimer fonksiyonu modlara gore farklihk

gosteren pargalar gzoniine alinmazsa agagida verilen kodu igletir:

void CDIgKontrol::OnTimer(UINT niDEvent)
{

BYTE p[1];

LPDWORD length;

length = new unsigned long;

sizeBuffer = 1,
sizeBuffer2 = 1;
p[0] = 10;
outputData = &p[0];
if(sol_motor_yon_==TRUE)
{
if (WriteFile(PortNo, // handle to file to write to
outputData, /1 pointer to data to write to file
sizeBuffer, /I number of bytes to write
length,NULL) == 0)  // pointer to number of bytes written
{
AfxMessageBox("Seri porta veri yazilamadi.");
}
if (ReadFile(PortNo, // handle of file to read
inputData1, i/ handle of file to read
sizeBuffer2, // number of bytes to read
length, /I pointer to number of bytes read
NULL) == 0) /I pointer to structure for data
{
AfxMessageBox("Seri porttan veri okunamadi.”);
}
}
pl0] = 20;

outputData = &p[0];

if (WriteFile(PortNo, // handle to file to write to

outputData, /I pointer to data to write to file
sizeBuffer, /I number of bytes to write
length,NULL) == 0)  // pointer to number of bytes written



{
AfxMessageBox("Seri porta veri yazilamad:.");
}
if (ReadFile(PortNo, // handle of file to read
inputData1, {/ handle of file to read
sizeBuffer2, /I number of bytes to read
length, /1 pointer to number of bytes read
NULL) == 0) # pointer to structure for data
{
AfxMessageBox("Seri porttan veri okunamadi.”);
}
BYTE i = *(BYTE"inputData1;
if(i==20)
{
p[0] = m_sol_motor_gerilim;
outputData = &p[0];
if (WriteFile(PortNo, // handle to file to write to
outputData, // pointer to data to write to file
sizeBuffer, // number of bytes to write
length,NULL) ==0)  // pointer to number of bytes written
{
AfMessageBox("Seri porta veri yazilamadi.");
}
if (ReadFile(PortNo, // handle of file to read
inputData1, /! handle of file to read
sizeBuffer2, /I number of bytes to read
length, /1 pointer to number of bytes read
NULL) == 0) /I pointer to structure for data
{
AfxMessageBox("Seri porttan veri okunamadi.”);
}
m_sol_motor_devir = *(BYTE*)inputData1;
}
pl0] = 30;
outputData = &p[0};

if(sag_motor_yon_==TRUE)
{

if (WriteFile(PortNo, // handle to file to write to



outputData, I/ pointer to data to write to file

sizeBuffer, /I number of bytes to write
length,NULL) == 0)  // pointer to number of bytes written
{
AfxMessageBox("Seri porta veri yazilamad..");
}
if (ReadFile(PortNo, // handle of file to read
inputData1, I/l handle of file to read
sizeBuffer2, I number of bytes to read
length, /I pointer to number of bytes read
NULL) == 0) I pointer to structure for data
{
AfxMessageBox("Seri porttan veri okunamadi.”);
}
}
p[0] = 40;
outputData = &p[0];

if (WriteFile(PortNo, // handle to file to write to

outputData, 1/ pointer to data to write to file
sizeBuffer, /I number of bytes to write
length,NULL) == 0) // pointer to number of bytes written

{
AfxMessageBox("Seri porta veri yazilamadt.");

}
if (ReadFile(PortNo, // handle of file to read
inputData1, // handle of file to read
sizeBuffer2, /l number of bytes to read
length, /I pointer to number of bytes read
NULL) ==0) /I pointer to structure for data
{

AfxMessageBox("Seri porttan veri okunamadi.”);
}
i = *(BYTE")inputData1;
if(i==40)
{

p[0] = m_sag_motor_gerilim;
outputData = &p[0};

if (WriteFile(PortNo, // handle to file to write to




delete

outputData, {/ pointer to data to write to file
sizeBuffer, Il number of bytes to write
length,NULL) == 0)  // pointer to number of bytes written
{

AfxMessageBox("Seri porta veri yazilamadi.");

}

if (ReadFile(PortNo, // handie of file to read
inputData1, // handie of file to read
sizeBuffer2, /I number of bytes to read
tength, /I pointer to number of bytes read
NULL) == 0) {/ pointer to structure for data
{

AfxMessageBox("Seri porttan veri okunamadi.”);

}
m_sag_motor_devir = *(BYTE®)inputData1;

length;

sol_motor_yon_= FALSE;

sag_motor_yon_= FALSE;

Kod 5.7. OnTimer Fonksiyonu

Burada her seferinde seri porttan mikrodenetleyiciye bir deger
gonderilmektedir. 5.1.4.°de bahsedilen mikrodenetleyici tarafindaki haberlegsme

algoritmasi gonderilen degerin anlamina gore ilgili alt programa dallanmaktadir. Bu

degerler ondalik diizendeki karsiliklar1 ve anlamlanyla sSyledir:

e 10 >
s 20>
e 30 >
e 40 >

Sol motor yoniinii degistir.
Sol motor hiz bilgisi geliyor.
Sag motor yOniinii degigtir.
Sag motor hiz bilgisi geliyor.

Ornegin mikrodenetleyici 10 degeri gonderildiginde sol motorun yoniinii degigtirir
ve cevap olarak geriye 10 gonderir. 20 gonderilirse komutu anladifim belirten 20

degerini bilgisayara geri gonderir. 20 degerini geri alan bilgisayar bu sefer sol motor

PWM yazmacina yazilacak degeri gonderir. Bu degeri alan mikrodenetleyici



bilgisayara o anda sol motor devir bilgisi olarak SOL_MOTOili_DE\;(IRJ'

yazmacinda bulunan degeri gonderir. Benzer durum sag motor igin de ge‘}'e{lidir: RN

5.2.3.Gerilim Modu

Mobil robot platformunun g¢aligma modlanndan biri gerilim modudur.
Meniide Kontrol maddesi altinda Robot Kontrol secenegi secilerek agilan
pencerede bulunan sol motor gerilim, sag motor gerilim ve ortak motor gerilim girdi
kutularina girilen degerlerin robota génderilmesinden ibarettir. ki motora da aym
gerilim degerinin verilecegi durumlarda ortak motor gerilim kutusu kolayhk
saglamaktadir. Bu kutulara en fazla 255 degeri girilebilir. Her girdi kutusunun sag
tarafinda kendisiyle iligkilendirilmig bir spin kontrolii degerin fare veya klavyedeki
oklar yardimiyla degigtirilmesine olanak saglar. Ayrica motor yonlerini, ilgili
butonlara basarak tek tek veya aym anda degistirmek miimkiindiir. Iki motorun da
yonil aym anda degistirilmek istendiginde ortak motor y6n butonu kullanilabilecegi
gibi pencere iizerinde farenin sol tusuna tiklanarak da aym iglem gergeklestirilebilir.
Yo6n degigimi bir sonraki boliimde anlatilan devir modunda da aymdir. Gerilim
modundaki ekran goriintiisii devir moduyla ortak olmak iizere agagidaki gibidir:

a

Sol Motor Gerfim (50mV)  Ortak Motor Gerilir {50mV) Sati Motor Gerlim (50mV)

B — A
Sol Motor Devi {1.51rpm) Sajj Motor Devir (1.51pm) o
S sdMoarven | - UrtakMoto(Yi| - SajMotorvos|

... 56t Motor Devi Istenen (1.51rpm) Ontak Motor Devi istensn (1.51rpm) S Motor Devir lstensn (1.63dfin) -

N

ACIL DURUS

Sekil 5.6. Gerilim ve Devir Modlar1 Ortak Ekran Goriintiisti
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5.2.4.Devir Modu

Gerilim moduyla aym pencereyi paylasan devir modunda ilgili kutulara
motorlarin dénmesi istenen devir degerleri girilir. OnTimer fonksiyonu iginde
bulunan devir ayarlama rutini gergek devirle istenen deviri karsilagtirarak motor
gerilimini arttirir veya azaltir. Cok kisa bir siire iginde de gergek devir degeri istenen
devir degeriyle egitlenir. Burada istenen devirle gergek devir arasindaki farkin
biiyiikliigiine gére deger arimm veya azaltimi yapilir. Aradaki fark azaldikga daha
kiigiik artim veya azaltimlar yapilarak istenen devirle gergek devir esitlenmeye
calisilir. Aradaki farka gore verilecek artim ve azaltim degerleri iizerinde oynanarak
optimizasyon yapilabilir. Devir ayarlama iglemini gergeklestiren rutin asagida

verilmigtir:

if(sol_motor_devir_ayarla==TRUE)

{

if(m_sol_motor_devir_istenen>m_sol_motor_devir)

{
if((m_sol_motor_devir_istenen-m_sol_motor_devir)>40)
{
m_sol_motor_gerilim=m_sol_motor_gerilim+20;
if(m_sol_motor_gerilim>255) m_sol_motor_gerilim=255;
}

else if((m_sol_motor_devir_istenen-m_sol_motor_devir)>15)

{
m_sol_motor_gerilim=m_sol_motor_gerilim+8;
if(tm_sol_motor_gerilim>255) m_sol_motor_gerilim=255;

else if((m_sol_motor_devir_istenen-m_sol_motor_devir)>3)

{
m_sol_motor_gerilim=m_sol_motor_gerilim+2;
if(m_sol_motor_gerilim>255) m_so!l_motor_gerilim=255;
}
else
{
m_sol_motor_gerilim=m_sol_motor_gerilim+1;
if(tm_sol_motor_gerilim>255) m_sol_motor_gerilim=255;
}



42

else if(m_sol_motor_devir_istenen<m_sol_motor_devir)

{ .
if((m_sol_motor_devir-m_sol_motor_devir_istenen)>40)
{
m_sol_motor_gerilim=m_sol_motor_gerilim-20;
if(m_sol_motor_gerilim<0) m_sol_motor_gerilim=0;
}

else if((m_sol_motor_devir-m_sol_motor_devir_istenen)>15)

{
m_sol_motor_gerilim=m_sol_motor_gerilim-8;
if(m_sol_motor_gerilim<0) m_sol_motor_gerilim=0;

else if((m_sol_motor_devir-m_sol_motor_devir_istenen)>3)

{
m_sol_motor_gerilim=m_sol_motor_gerilim-2;
if(m_sol_motor_gerilim<0) m_sol_motor_gerilim=0;
}
else
{
m_sol_motor_gerilim=m_sol_motor_gerilim-1;
if(m_sol_motor_gerilim<0) m_sol_motor_gerilim=0;
}

}

else m_sol_motor_devir_istenen=m_sol_motor_devir;

UpdateData(FALSE);

Kod 5.8. Devir Ayarlama Rutini

Yalnizca sol motorun devrini ayarlayan rutin verilmis olup sag motor igin

“sol” kelimelerinin “sag” ile degistirilmis olmasindan bagka bir fark yoktur.
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5.2.5.0yunkolu (Joystik) Modu

Mobil robotun hareketlerinin bilgisayarin faresinin hareketlerine gore -

kontrol edildigi moddur. Ekran gériintiisii asagida verilmigtir:

Sol Motor Gesilim = 0 Saj Moter Gerilim = §
So) Motor Devir = 0 Safj Motor Bevir =0

Zamanisyrcs galigtysr.

§

Sekil 5.7. Oyunkolu Modu Ekran Goriintiisii

Bu modda imleg pozisyonunun degisimleri yakalanarak farenin ileri
hareketinde motor gerilimleri artinlirken geri hareketinde azaltilir. Saga veya
solahareketlerde ise sapma ile orantih olarak iki motorun gerilimleri farkhilagtinr.
Omegin fare saga hareket ettirilirse bu sirada robot ileri yonde diiz hareketini
siirdiirmekteyse sag motor gerilimi sol motor geriliminin belli bir oram kadar
azaltilarak sol motorun sag motora gore daha hizli donmesi saglanir. Bu durumda
robot saga dogru yonelecektir. Fare saga cekilirken ileri dogru da gétiiriiliirse robot
hizlanarak saga donecektir. Farenin saga hareketi en fazla sag motor geriliminin sol
motor geriliminin negatif degerine ulagmasina izin verir. Bu durumda robot kendi

ekseni etrafinda donmelidir. Ayrica gerilimler farenin scroll tusu ile artirilip
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azaltilabilir. Farenin sag tusuna basildiinda iki motor gerilimi sifirlamr. Sol tug ise
zamanlayictyr durdurarak farenin motor gerilimlerini etkilemeden hareket
ettirilebilmesine imkan tamir. Bu durumdayken sol tusa tekrar basilirsa zamanlayici-

caligmaya baglar. Program kodu agagida verilmigtir:

CPoint Kursor_Pozisyon(0,0);
GetCursorPos(&Kursor_Pozisyon);

if(sol_motor_yon==TRUE) m_sol_motor_gerilim = -m_sol_motor_gerilim;
if(sag_motor_yon==TRUE)m_sag_motor_gerilim = -m_sag_motor_gerilim;

if(((Kursor_Pozisyon.y-Kursor_Pozisyon_Temp.y)>2)||((Kursor_Pozisyon.y-
Kursor_Pozisyon_Temp.y)<-2))

{
m_sol_motor_gerilim=m_sol_motor_gerilim-((Kursor_Pozisyon.y-
Kursor_Pozisyon_Temp.y)/2);
m_sag_motor_gerilim=m_sag_motor_gerilim-((Kursor_Pozisyon.y-
Kursor_Pozisyon_Temp.y)/2);
Kursor_Pozisyon_Temp.y=Kursor_Pozisyon.y;

}

if((Kursor_Pozisyon.x-Kursor_Pozisyon_Temp.x)>20)

{
if(m_sag_motor_gerilim>0)
{
if(m_sol_motor_gerilim<m_sag_motor_gerilim)
{
m_soi_motor_gerilim =
m_sol_motor_gerilim+m_sag_motor_gerilim/5;
if(m_sol_motor_gerilim>m_sag_motor_gerilim)
m_sol_motor_gerilim = m_sag_motor_gerilim;
}
else
{
m_sag_motor_gerilim=m_sag_motor_gerilim-
m_sol_motor_gerilim/5;
if(m_sag_motor_gerilim<-m_sol_motor_gerilim)
m_sag_motor_gerilim = -m_sol_motor_gerilim;
}
}

else
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if(tm_sag_motor_gerilim<m_sol_motor_gerilim)

{
{
}
else
{
}

}

m_sol_motor_gerilim =
m_sol_motor_gerilim+m_sag_motor_gerilim/5;
if(m_sol_motor_gerilim<m_sag_motor_gerilim)

m_sol_motor_gerilim = m_sag_motor_gerilim;

m_sag_motor_gerilim=m_sag_motor_gerilim-

m_sol_motor_gerilim/5;
if(m_sag_motor_gerilim>-m_sol_motor_gerilim)

m_sag_motor_gerilim = -m_sol_motor_gerilim;

Kursor_Pozisyon_Temp.x=Kursor_Pozisyon.x;

else if((Kursor_Pozisyon.x-Kursor_Pozisyon_Temp.x)<-20)

{

if{m_sol_motor_gerilim>0)

{

else

if(m_sag_motor_gerilim<m_sol_motor_gerilim)

{

else

m_sag_motor_gerilim =

m_sag_motor_gerilim+m_sol_motor_gerilim/5;

if(m_sag_motor_gerilim>m_sol_motor_gerilim)
m_sag_motor_gerilim = m_sol_motor_gerilim;

m_sol_motor_gerilim=m_sol_motor_gerilim-

m_sag_motor_gerilim/5;

if(m_sol_motor_gerilim<-m_sag_motor_gerilim)
m_sol_motor_gerilim = -m_sag_motor_gerilim;

if(m_sol_motor_gerilim<m_sag_motor_gerilim)

{

m_sag_motor_gerilim =
m_sag_motor_gerilim+m_sol_motor_gerilim/5;
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if(m_sag_motor, _gerilim<m_sol_motor_gérilim)
m_sag_motor_gerilim = m_sol_motor_gerilim;

}

else

{
m_sol_motor_gerilim=m_sol_motor_gerilim-
m_sag_motor_gerilim/5;
if(m_sol_motor_gerilim>-m_sag_motor_gerilim)

m_sol_motor_gerilim = -m_sag_motor_gerilim;
}

Kursor_Pozisyon_Temp.x=Kursor_Pozisyon.x;

}

/IFare hareketleri ile orantili olarak motoriara verilecek gerifim ve ybnleri hesaplayan rutin

if(m_sol_motor_gerilim<0Q)

{
m_sol_motor_gerilim = -m_sol_motor_gerilim;
if(sol_motor_yon==FALSE}
{
sol_motor_yon=TRUE;
sol_motor_yon_=TRUE;
}
}
else
{
if(sol_motor_yon==TRUE)
{
sol_motor_yon=FALSE;
sol_motor_yon_=TRUE;
}
}

if(m_sag_motor_gerilim<0)

{
m_sag_motor_gerilim = -m_sag_motor_gerilim;
if(sag_motor_yon==FALSE)
{
sag_motor_yon=TRUE;
sag_motor_yon_=TRUE;
}
}
else
{

if(sag_motor_yon==TRUE)



sag_motor_yon=FALSE;
sag_motor_yon_=TRUE;

if(m_sol_motor_gerilim>255)
m_sol_motor_gerilim=255;

if(m_sag_motor_gerilim>255)
m_sag_motor_gerilim=255;

Kod 5.9. Oyunkolu Modu Gerilim Ayarlama Rutini
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6.SONUCLAR VE ONERILERK

Bu c¢alipmada gergeklestirilen mobil robot platformu bilgisayar
mikroiglemcisinin giictinden yararlanmaktadir. Bu da kontrol tasarimcisina biiyiik
kolaylik saglamaktadir. Zira bilgisayar yazilminin koduna yapilacak birkag
eklemeyle istenilen kontrol algoritmasi denenebilir. Bilgisayarla mikrodenetleyici
arasindaki veri aligverig algoritmasi1 hiz,yén ve devir bilgilerine ek olarak farkl
veriler génderip almaya uygundur. Omegin robota eklenecek algilayicilarin
algiladiklan degerler bilgisayara gonderilerek islenebilir. Elektronik devre iizerinde
degisiklik yapilarak akiiniin sarj durumu bilgisayardan izlenebilir. Akii gerilimi belli
bir degerin altina diigtiigiinde robotun sarj aletine yonelmesini saglayacak bir
algilayici diizenegi gelistirilebilir. Mikrodenetleyici ve bilgisayar yazilimlar1 uygun
sekilde degistirilerek motorlarin belli bir gerilimde belli bir siire d6niip bu siirenin
sonunda bagka bir gerilimde dénmeye zorlanmasi miimkiindiir. Aym durum yén igin
de gegerlidir. Ancak Oncelikle robotun kablo baglantisindan kurtarilmas: Onerilir.
Bunun i¢in RF seri sayisal veri alici-verici devresi tasarlanabilecegi gibi piyasada
satilan seri iletisime uygun RF modemlerden satin alinabilir. Uygun bir 6rnek Ek
7.8.’de verilmigtir. Sonug olarak tasarlamp gergeklestirilen ii¢ tekerlekli mobil robot
platformu esnek tasarimiyla gelismeye agik olup mobil robot algoritmalanmn

denenmesi igin diigiik maliyetli bir ¢oziimdiir.
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“EK-1 PIC 16F877 Timer0 Bir

————— — —

5.0 TIMERO MODULE

The Timer0 module timer/counter has the following fea-
tures:

* 8-bit timer/counter

* Readable and writable

« 8-bit software programmable prescaler

+ Internal or external clock select

* |nterrupt on overflow from FFh to 0Ch

« Edge select for external clock

Figure 5-1 is a block diagram of the Timer0 module and
the prescaler shared with the WDT.

Additional information on the Timer0 module is available
in the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register Is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by sefting bit TOCS

(OPTION_REG<5>). Iin counter mode, Timer0 will

Ry
A BT

imi Veri Kitapgigt PIC16F8'572X “

L

increment either on every rising or falllhg,dedge of pin .

RAA4/TOCK. The Incrementing edge Is determined by >

the Timer0 Source Edge Select bit TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed In detail in Section 5.2.

The prescaler is mutually exclusively shared between
the TimerQ module and the watchdog timer. The pres-
caler is not readable or writable. Section 5.3 details the
operation of the prescaler.

51 Timer0 Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TOIF (INTCON<2>). The interrupt can be masked by
clearing bit TOIE (INTCON<5>). Bit TOIF must be
cleared in software by the Timer0 module interrupt ser-
vice routine before re-enabling this interrupt. The
TMRO interrupt cannot awaken the processor from
SLEEP since the timer is shut off during SLEEP.

FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT (= Fosc/4) Data Bus
Y 8
0 'S /f
RA4/TOCKI M
J ] SYNC
Pin D‘T X U sl "2 TMRO reg
X Cycles
TOSE T f
TOCS
S Set Flag Bit TOIF
on Overflow
PRESCALER
F— T e e — 1
0 M I o 8-bit Prescaler l
o |
Watchdog x| s ¥ |
Timer | |
T | 8 -to - IMUX — PS2:PS0 |
T PSA R J
WDT Enable bit 0 L
MUX «——PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).
© 1999 Microchip Technology Inc. DS30292B-page 47
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5.2 Using Timer0 with rnal Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for TOCKI to be high for at least 2Tosc (and
a small RC delay of 20 ns) and low for at least 2Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

53 scal

There is only one prescaler available, which is mutually
exclusively shared between the Timer0 module and the
watchdog timer. A prescaler assignment for the Timer0

REGISTER 5-1: OPTION_REG REGISTER

module means that there is no prescaler for the watch- :

dog timer, and vice-versa. This prescaler is not readable

or writable (see Figure 5-1).

The PSA and PS2:PS0 bits (OPTION_REG<3:0>) deter-

mine the prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g. CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When assigned
to WDT, a CLRWDT instruction will clear the prescaler
along with the Watchdog Timer. The prescaler is not
readable or writable.

Note: Writing to TMRO, when the prescaler is
assigned to Timer0, will clear the prescaler
count, but will not change the prescaler

assignment,

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RW-1 RW-1 RW-1

| RBPU | INTEDG | Tocs | TosE | PsA | Ps2 [ Pst | PSo | [R =Readable bt

bit 7

bit7. RBPU
bit6: INTEDG

bit6: TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
o0 = Internal instruction cycle clock (CLKOUT)

bit4: TOSE: TMRO Source Edge Select bit

bit3:  PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT

bit 2-0: PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:186
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

1 = Increment on high-fo-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin

0 = Prescailer is assigned to the Timer0 module

bit 0 W = Writable bit
U = Unimplemented bit,
read as ‘0"

- n = Value at POR reset

~'Note:. - To avoid an unintended device RESET, the instruction sequence shown in the PICmicro™ Mid-Range MCU
Family Reference Manual (DS33023) must be executed when changing the prescaler assignment from
Timer0 to the WDT. This sequence must be followed even if the WDT is disabled.

DS30292B-page 48
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TABLE §-1: REGISTERS ASSOCIATED WITH TIMERO

Value on: Valﬁ "on‘all -
Address Name Bit7 Bit 6 Bit5 Bit4 | Bit3 | Bit2 | Bit1 Bit 0 POR, . N
| other resets | .-
BOR D RE
01h,101h | TMRO Timer0 module’s register XXXX XxXX | uuuu uuuu
0Bh,8Bh,
10Bh, 18Bh INTCON GIEA PEIE TOIE INTE | RBIE | TOIF INTF | RBIF |o0000 000x] 0000 000u
81h,181h | OPTION_REG RBPb INTEDG | TOCS | TOSE | PSA PS2 PS1 PSO [11131 1111 1111 11311

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0’. Shaded cells are not used by Timer0.

©® 1999 Microchip Technology Inc. DS30292B-page 49



6.0 TIMER1 MODULE

The Timer1 module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable. The TMR1 Register pair
(TMR1H.TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 Interrupt, if enabled,
is generated on overfiow, which is latched in interrupt
flag bit TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit TMR1IE (PIE1<0>).

Timer1 can operate in one of two modes:

* As atimer
* As a counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In timer mode, Timert increments every instruction

cycle. In counter mode, it increments on every rising -

edge of the external clock input.

Timer1 can be enabled/disabled by setting/clearing ’

control bit TMR1ON (T1CON<0>).

Timer1 also has aninternal “reset input”. This reset can
be generated by either of the two CCP modules
(Section 8.0). Register 6-1 shows the Timer1 control
register.

When the Timer1 oscillator is enabled (T1OSCEN is
set), the RC1/T10SI/CCP2 and RCO/T10OSO/T1CKI
pins become inputs. That is, the TRISC<1:0> value Iis
ignored.

Additional information on timer modules is available in
the PICmicro™ Mid-range MCU Family Reference
Manual (DS33023).

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
| — j — TT1CKPS1 IT1CKPSOIT1OSCEN| TISYNC | TMR1CS 1TMR1ON | R = Readable bit
bit? bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset

bit 7-6: Unimplemented: Read as '0’

bit 54: T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits
11 = 1:8 Prescale vaiue
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3: T1OSCEN: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off (The oscillator inverter is turned off to eliminate power drain)

bit 22 T1SYNC: Timer1 External Clock Input Synchronization Control bit
IMRICS =1
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMRICS =0
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.

bit 1: TMR1CS: Timer1 Clock Source Select bit
1 = External clock from pin RCO/T10SO/T1CKIl (on the rising edge)
0 = Internal clock (Fosc/4)

bit 0: TMR1ON: Timer1 On bit
1 = Enables Timer1
o = Stops Timer1

®© 1999 Microchip Technology Inc.
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6.1 Timer1 tion in Timer Mod

Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the
timer Is Fosc/4. The synchronize control bit TISYNC
(T1CON<2>) has no effect since the internal clock is

always in sync.

6.2 Timer1 Counter Operation

Timer1 may operate in asynchronous or usynchronous ‘
mode depnding on the setting of the TMR1CS bit.. ’

When Timer1 is being incremented via an external
source, increments occur on a rising edge. After
Timer1 is enabled in counter mode, the module must
first have a falling edge before the counter begins to
increment.

FIGURE 6-1: TIMER1 INCREMENTING EDGE
TICKI
(Default high)
TICKI
{Default low) * ’ *
Note: Arrows indicate counter increments.

6.3  Timer1 Operation in Synchronized
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2, when bit
T1OSCEN is set, or on pin RCO/T10SO/T1CKI, when
bit TTOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

If TISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The pres-
caler stage is an asynchronous ripple-counter.

In this configuration, during SLEEP made, Timer1 will
not increment even if the external clock is present,
since the synchronization circuit is shut off. The pres-
caler however will continue to increment.

........

Set flag bit
TMRIIF on
Overflow 0l Synchronized
TMR1 clock input
TMRIH | TMR1L -
1| --——
TMR10ON 1
-------- on/off T1SYNC
/ T10sC , (2)
RCO/T10SO/T1CKI P
| Prescaler Synchronize |
—T10SCEN Fosc/4 12,48 _f det
. Enable qn Internal T
RC1/T108VCCP2(2) + Oscillatort ciock ,1/2
' Q Clock

TMR1CS

Note 1: When the T1IOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.
2: Forthe PIC16F873/876, the Schmitt Trigger is not implemented in external clock mode.

T1CKPS1:TICKPS0

DS30292B-page 52
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6.4 Timer1 O fon i nchro
Counter Mode

If control bit TISYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and can
generate an interrupt on overflow, which will wake-up
the processor. However, special precautions in soft-
ware are needed to read/write the timer (Section 6.4.1).

In asynchronous counter mode, Timer1 can not be used
as a time-base for capture or compare operations.

6.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will guarantee a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself poses certain problems, since
the timer may overfiow between the reads.

For writes, It is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers, while
the register Is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care. Examples
12-2 and 12-3 in the PICmicro™ Mid-Range MCU Fam-
ily Reference Manual (DS33023) show how to read and
write Timer1 when it is running in asynchronous mode.

6.5 imer

A crystal oscillator circuit is built-in between pins T108I
(input) and T10SO (amplifier output). it is enabled by
setting control bit TIOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timer1 oscillator.

The Timer1 oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

cillator

TABLE61: CAPACITORSELECTIONFOR

THE TIMER1 OSCILLATOR

Osc Type Freq c1 |  c©2
LP 32 kHz 33 pF 33pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF
These values are for design guldance only.
Crystals Tested:
32.768 kHz | Epson C-001R32.768K-A |+ 20 PPM
100 kHz Epson C-2 100.00 KC-P + 20 PPM
200 kHz STD XTL 200.000 kHz + 20 PPM

Note 1: Higher capacitance increases the stability of
oscillator but also increases the start-up time.

2: Since each resonator/crystal has its own charac-
teristics, the user should consult the resonator/
crystal manufacturer for appropriate values of
external components.

6.6 e Timer1 using a CCP Trigger

Output

If the CCP1 or CCP2 module is configured in compare
mode fto generate a “special event trigger”
(CCP1M3:CCP1M0 = 1011), this signal will reset
Timer1.

Note: The special event triggers from the CCP1

and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>), .

Timer1 must be configured for either timer or synchro-
nized counter mode to take advantage of this feature. If
Timer1 is running in asynchronous counter mode, this
reset operation may not work.

in the event that a write to Timer1 coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRxL regis-
ter pair effectively becomes the period register for
Timer1.

6.7 esetti f Timer1 ster P
(TMR1H, TMR1L)

TMR1H and TMR1L registers are not reset to 0Chon a
POR or any other reset except by the CCP1 and CCP2
special event triggers.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other resets, the register is
unaffected.

6.8 Timer1 Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMRL registers.

© 1999 Microchip Technology Inc.
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TABLE 6-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on:| Value on
Address { Name | Bit7 | Bit6 | Bit5 Bit4 Bit3 Bit2 Bit 1 Bito POR, all other. |-

BOR resets

OBh,8Bh, |INTCON| GIE PEIE | TOIE INTE RBIE TOIF INTF RBIF [0000 000x|0000 000u
10Bh,
18Bh
0Ch PIR1 psPIF | ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
8Ch PIE1 psPiE | ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRYIE | 0000 o000 ] 0000 oooe
OEh TMR1L [Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX |uuuu uuuu
OFh TMR1H [Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu
10h TiIcoN | — | — ]rickps1] Tickeso | Toscen | TISYRC | TMR1CS | TMRION [ --00 0000 [ - -uu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by the Timer1 module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/874; always maintain these bits clear.

DS30292B-page 54
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7.0 TIMER2 MODULE 71 Timer2 Prescaler and Postscaler ‘
Timer2 is an 8-bit timer with a prescaler and a The prescaler and postscaler counters’are cleared .-
postscaler. It can be used as the PWM time-base for when any of the following occurs: AR W
the PWM mode of the CCP module(s). The TMR2 reg- . .

ister Is readable and writable, and is cleared on any a write fo the TMR2 regis'ter

device reset. + a write to the T2CON register

The Input clock (Fosc/4) has a prescale option of 1:1, * any device reset (POR, MCLR reset, WDT reset

14 or 116, selected by control bits or BOR)

T2CKPS1:T2CKPS0 (T2CON<1:0>). TMR2 is not cleared when T2CON is written.

The Timer2 module has an 8-bit period register PR2. 7.2 Output of TMR2

Timer2 increments from 00h untit it matches PR2 and

then resets to 00h on the next increment cycle. PR2 is The output of TMR2 (before the postscaler) is fed to the
a readable and writable register. The PR2 register is ini- SSPort module, which optionally uses it to generate
tialized to FFh upon reset. shift clock.

The match output of TMR2 goes through a 4-bit

postscaler (which gives a 1:1 to 1:16 scaling inclusive) FIGURE 7-1: TIMER2 BLOCK DIAGRAM

to generate a TMR2 interrupt (latched in flag bit Sets fiag
TMR2IF, (PIR1<1>)). ) bit TMR2IF | THRZ (1)
Timer2 can be shut off by clearing controf bit TMR20ON
(T2CON<2>) to minimize power consumption. Reset Prescaler osc/A
Register 7-1 shows the Timer2 control register. 11, 1:4, 1:16
Additional information on timar modules is available in i‘:m:faﬁ:e £a Comparator } 2
the PICmicro™ Mid-Range MCU Family Reference o T2CKPS1:
Manual (DS33023). ‘F 4 T2CKPS0

T20UTPS3:

T20UTPSO

Note 1: TMR2 register output can be software selected
by the SSP module as a baud clock.

REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

UO RWO RWO RWO RWO RW0 RWO0 RW-O
[ — TJroutpss]routps2[toutpsi[toutpso] TMR20N [T2cKPS1]T2CKPS0] [R = Readable bit

bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

bit 7: Unimplemented: Read as '0'

bit6-3: TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale

bit 2: TMR20N: Timer2 On bit
1 =Timer2 is on
0 =Timer2 is off

bit 1-0: T2CKPS1:T2CKPSO: Timer2 Clock Prescale Select bits
00 = Prescaleris 1
01 = Prescaleris 4
1x = Prascaleris 16

L
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TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

V;Iue op'

Value on:
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bito POR, all other )
BOR resets | 2

0Bh,8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x {0000 00Ou
10Bh,18Bh

0Ch PIR1 PSPIF") ADIF RCIF TXIF SSPIF | ccPiiF | TMR2IF | TMR1IF | 0000 0000 [ 0000 0000

8Ch PIE1 PSPIE" | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 00000000 0000

11h TMR2 | Timer2 module's register 0000 0000 | 0000 0000

12h T2CON — TOUTPS3 TOUTPSZITOUTPSLI TOUTPSOITMR20NITZCKPS1 ]TZCKPSO -000 0000 | -000 6000

92h PR2 Timer2 Perlod Register 1131 11112121 1211

Legend:  x = unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the Timer2 module.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/874; always maintain these bits clear.
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8.0 CAPTURE/COMPARE/PWM
MODULES

Each Capture/Compare/PWM (CCP) module contains
a 16-bit register which can operate as a:

* 16-bit Capture register
* 16-bit Compare register
» PWM master/slave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the exception being the operation of the
special event trigger. Table 8-1 and Table 8-2 show the
resources and interactions of the CCP module(s). In
the following sections, the operation of a CCP module
Is described with respect to CCP1. CCP2 operates the
same as CCP1, except where noted.

CCP1 Module;

Capture/Compare/PWM Register1 (CCPR1) is com-
prised of two B-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls

the operation of CCP1. The special event trigger is gen-
erated by a compare match and yvlll reset Timer1.

CCP2 Module: .
Capture/Compare/PWM Registert (CCPR2) is com-

prised of two 8-bit registers: CCPR2L (low byte) and- . '

CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is gen-
erated by a compare match and will reset Timer1 and
start an A/D conversion (if the A/D module is enabled).

Additional information on CCP modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023) and in Application Note 594, “Using
the CCP Modules” (DS00594).

TABLE 8-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timer1
Compare Timert
PWM Timer2

INTERACTION OF TWO CCP MODULES

TABLE 8-2:
CCPx Mode | CCPy Mode Interaction
Capture Capture Same TMR1 time-base.
Capture Compare The compare should be configured for the special event trigger, which clears TMR1.
Compare Compare The compare(s) should be configured for the special event trigger, which clears TMR1.
PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt).
PWM Capture None.
PWM Compare None.

® 1999 Microchip Technology Inc.
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REGISTER 8-1: CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1dh)

U-0 U-0 R/W-0 RW-0 RW-0 RW-0 R/W-0 R/W-0
[ = T — T ccpxx [ cepxy | ccpama | cepxm2 [ cepxm1 [ ccPxmo | [R= Readable bit
bit7 bit0 | W= Writable bit
U= Unimplemented bit, read as
o
- n= Value at POR reset

bit 7-6: Unimplemented: Read as ‘0’

bit 54: CCPxX:CCPxY: PWM Least Significant bits
Capture Mode: Unused
Compare Mode: Unused
PWM Mode: These bits are the two LSbs of the PWM duly cycle. The eight MSbs are found in CCPRxL.

bit 3-0: CCPxM3:CCPxM0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge
1000 = Compare mode, set output on match (CCPxIF bit is set)
1001 = Compare mode, clear output on match (CCPxIF bit is set)
1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is unaffected)
1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected); CCP1 resets

TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is enabled)
11xx = PWM mode
R
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8.1 Capture Mode

in Capture mode, CCPR1H:CCPRIL captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as:

* Every falling edge

+ Every rising edge

* Every 4th rising edge

* Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1M0O
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. The
interrupt flag must be cleared in software. If another
capture occurs before the value in register CCPR1 is
read, the old captured vaiue will be lost.

8.1.1  CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 pin is configured as an
output, a write to the port can cause a cap-
ture condition.

FIGURE 8-1: CAPTURE MODE OPERATION
BLOCK DIAGRAM

Set flag bit CCP1IF
Prescaler (PIR1<2>)
RG2/CCP1
RC CCl [ ccprit | copric |
j and _11 | Capture
edge deted| Enable
| TMR1H | TMRIL ]
CCP1CON<3:0>
Qs

8.1.2 TIMER1 MODE SELECTION

Timer1 must be running in timer mode or synchronized
counter mode for the CCP module to use the capture
feature. In asynchronous counter mode, the capture
operation may not work.

8.1.3 SOFTWARE INTERRUPT

When the capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in operating mode.

8.1.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1M0. Whenever the CCP module is
turned off, or the CCP module is not in capture mode,
the prescaler counter is cleared. Any reset will clear the
prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 8-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON ; Turn CCP module off
MOVLW NEW_CAPT_PS ;Load the W reg with

i the new precscaler

; move value and CCP ON
;Load CCP1CON with this
: value

MOVWF  CCP1CON

@ 1999 Microchip Technology Inc.
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8.2  Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pin is:

* Driven high

* Driven low

* Remains unchanged

The action on the pin is based on the value of control
bits CCP1M3:.CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 8-2: COMPARE MODE OPERATION
BLOCK DIAGRAM

Special event trigger will:
raset Timer1, but not set interrupt flag bit TMR1IF (PiR1<0>),
and set bit GO/DONE (ADCONO<2>}.

Special Event Trigger

Set flag bit CCP1IF

(PIR1<2>)
CCPR1H| CCPRIL
V.

b F o Srousr] | oo ]
Comparats
glczlccm R Logic omparator
s}
TRISC<2>

Output Enable  ccP1CON<3:0> -
Mode Select

match

8.21 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an out-
put by clearing the TRISC<2> bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the data latch.

822 TIMER1 MODE SELECTION

Timer1 must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

8.23 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCPIF bit is set causing
a CCP interrupt (if enabled).

8.24 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable pericd register for
Timer1.

The special event trigger output of CCP2 resets the
TMR1 register pair and starts an A/D conversion (if the
A/D module is enabled).

Note: The special event trigger from ' the
CCP1and CCP2 modules will not set inter-

rupt flag bit TMR1IF (PIR1<0>).

8.3  PWM Mode (PWM)

In pulse width modulation mode, the CCPx pin pro-
duces up to a 10-bit resolution PWM output. Since the
CCP1 pin is multiplexed with the PORTC data latch, the
TRISC<2> bit must be cleared to make the CCP1 pin
an output.

Note: Clearing the CCP1CON register will force

the CCP1 PWM output latch to the default
low level. This is not the PORTC VO data

latch.
Figure 8-3 shows a simplified block diagram of the CCP
module in PWM mode.

For a step-by-step procedure on how fo set up the CCP
module for PWM operation, see Section 8.3.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers ;S CCP1CON<5:4>

F:chu l J

( CCPR1H (S!avei l
r Comparator i [ Q
ir RC2/CCP1
r TMR2 i (Note 1 )]
*—iS

oo
Clear Timer,
4 CCP1 pin and
fatch D.C.

Note 1: 8-bit timer is concatenated with 2-bit internal Q clock
or 2 bits of the prescaler to create 10-bit time-base,
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A PWM output (Figure 8-4) has a time-base (period)
and a time that the output stays high (duly cycle). The
frequency of the PWM is the inverse of the period
{1/period).

FIGURE 84: PWM OUTPUT

Period
] I e I
F e — :
' Duty Cycle . '
[ ' '
. TMR2=PR2

‘ TMR2 = Duty Cycle

TMR2 = PR2

The CCPR1H register and a 2-bit Intehal latch are
used fo double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation. -

When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

Maximum PWM resolution (bits) for a given PWM
frequency:

Fosc

. log\'Fpwm
Resolution = ————— bits
log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be

cleared.

8.3.1 PWMPERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = [(PR2) + 1]+ 4 » TOSC »
(TMR2 prescale valuc)
PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occeur on the next increment cycle:
* TMR2 is cleared
= The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
« The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note: The Timer2 postscaler (see Sectiou i 1) is
not used in the determination of the PWM
frequency. The postscaler could be used to
have a servo update rate at a different fre-
guency than the PWM output.

83.2 PWMDUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRIL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPRIL:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPRIL:CCPICON<5:4>) «
Tosc » (TMR2 prescalc valuc)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

8.3.3 SET-UP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP modulie for PWM operation:
1. Set the PWM period by writing to the PR2 register.

2. Set the PWM duty cycle by writing to the
CCPRIL register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> bit.

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

® 1999 Microchip Technology Inc.
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TABLE 8-3: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMERT .
Value on: Vaiuo on.
Address Name Bit7 | Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bito POR, all other
BOR resets

0Bh,8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF [0000 000x|0000 000U
10Bh,18Bh
0Ch PIR1 PSPIFM | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF [0000 0000|0000 0000
0Dh PIR2 — —_— —_ —_ —_ —_ —_ CCP2IF |~--- --- O|-n-- =~- 0
8Ch PIE1 pspiet™| ADIE RCIE TXIE SSPIE | CCPUE | TMR2IE | TMR1IE {0000 0000{0000 0000
8Dh PIE2 —_ — — —_ — — — CCP2IE [~--- --- of---- --- 0
87h TRISC PORTC Data Direction Register 1111 11111112 1111
OEh TMRIL Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX[uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR 1 register XXXX XXXX|uuuu uuuu
10h TICON — | — [r1ckest|Tickpso] T1oscEN | TISYRC | TMR1CS [TMRION|--00 0000 - -uu uuun
15h CCPRIL |Capture/Compare/PWM registert (LSB) ®Xxxx ®¥xx|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM register1 (MSB) XXXX xXxX|uuuu uuuu
17h ccricon| — | — | cepix | cepiy | cepima [cepimz]copimt foepimo]--00 o00o]--00 o000
1Bh CCPR2L |Capture/Compare/PWM register2 (LSB) XXXX XXXX[uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM register2 (MSB) RXXX XXXX|uuuu uuuu
1Dh ccpzcon| — | — | ccpax | cepay | copams |copamz| ccpamit [ccpamo|--00 000o]--00 0000

Legend: x = unknown, u = unchanged, - = unimplemented read as '0’. Shaded celis are not used by Capture and Timer1.
Note 1: The PSP is not implemented on the PIC16F873/876; always maintain these bits clear.

TABLE 8-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2

Value on: | Value on
Address Name | Bit7 | Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other

BOR resets

0Bh,8Bh, [INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF [o000 o000x|0000 000u
10Bh,18Bh
oCh PIR1 PsPIFM|  ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF {0000 0000|0000 0000
0Dh PIR2 — — — — — — — CCP2IF [---- --- ) [ 0
8Ch PIE1 PSPIEM"{  ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE {0000 0000[0000 0000
8Dh PIE2 — — — — — - — CCP2IE |---- --- 0]---- --- 0
87h TRISC PORTC Data Direction Register 1111 11111111 1111
11h TMR2 Timer2 module’s register 0000 0000)0000 0DOO
92h PR2 Timer2 module’s period register 1111 1111|1111 111t
12h T2CON — _[routpsa[toutps2| Toutest | TouTPso| TMR20N | T2cKPs1 [ T2CKPS0] - 000 0000-000 0000
15h CCPR1iL |Capture/Compare/PWM register1 (LSB) XXXX XXXX|uuuu uvuuu
16h CCPR1H |Capture/Compare/PWM register1 (MSB) Xxxx xxXxx[uuuu uuunu
17h ccricoN| — |~ | copix | cepiy | copima Jeopimz| ccpiMt [ copiMo |- <00 cooof--00 ooco
1Bh CCPR2L |Capture/Compare/PWM register2 (L.SB) xxxx Xxxx|uuuu uwuuu
1Ch CCPR2H |Capture/Compare/PWM register2 (MSB) XXXX XXXX{uuuu uuuu
10h cecpzcoN| — | — | copax | cepay [copama [ccPamz] copami [ copamo [--00 0000[--00 0000

Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0". Shaded cells are not used by PWM and Timer2.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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10.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
/O modules. (USART is also known as a Serial Com-
munications Interface or SCI). The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-
minals and personal computers, or it can be configured
as a half duplex synchronous system that can commu-
nicate with peripheral devices such as A/D or D/A inte-
grated circuits, serial EEPROMs etc.

The USART can be configured in the following modes:
« Asynchronous (full duplex) ’ o

* Synchronous - Master (half duplex)

« Synchronous - Slave (half duplex)

Bit SPEN (RCSTA<7>) and bits TRISC<7:6> have to
be set in order to configure pins RC6/TX/CK and

RC7/RX/DT as the Universal Synchronous Asynchro-
nous Receiver Transmitter.

The USART module also has a multi-processor com-
munication capability using 9-bit address detection.

REGISTER 10-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

RW-0 RW-0 RW-O0 RW-O u-0

R-1 R/W-0

[ csRc | @9 | TXEN [ sYNc | — | BRGH | TRMT | Tx9D | [R = Readable bit

bit7

bit 7: CSRC: Clock Source Select bit
Asynchronous mode
Don't care
Synchronous mode

bit6:  TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit

1 = Transmit enabled”
0 = Transmit disabled

bit 4: SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
bit 3: Unimplemented: Read as 0’
bit 22 BRGH: High Baud Rate Select bit
Asynchronous mode
1 = High speed
0 = Low speed
Synchronous mode
Unused in this mode
bit 1: TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full

1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)

Note: SREN/CREN overrides TXEN in SYNC mode.

bit 0: TX9D: 9th bit of transmit data. Can be parity bit.

bit0 W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

© 1999 Microchip Technology Inc.
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REGISTER 10-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)‘“~]eﬁ‘ o

*
£y

RWO RWO RW-0 RWO RWO R-0 R-0 R-x

[ sPEN | Rxs | SREN | CREN | ADDEN | FERR | OERR | RX9D | [R = Readable bit

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3:

bit 2:

bit 1:

bit 0:

bit0 W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

SPEN: Serial Port Enable bit
1 = Serial port enabled (Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled

RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception

SREN: Single Receive Enable bit
Asynchronous mode

Don't care

Synchronous mode - master

1 = Enables single receive

o = Disables singfe receive

This bit is cleared after reception is complete.
Synchronous mode - slave

Unused in this mode

CREN: Continuous Receive Enable bit
Asynchronous mode

1 = Enables continuous receive

0 = Disables continuous receive

Synchronous mode
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 = 1)

1 = Enables address detection, enable interrupt and load of the receive burffer when RSR<8> is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit

FERR: Framing Error bit

1 = Framing ermror (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Ermror bit

1 = Qverrun error (Can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: Sth bit of received data (Can be parity bit)
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10.1 USART Baud Rate Generator (BRG)

The BRG supports both the asynchronous and syn-
chronous modes of the USART. it is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In synchronous mode, bit BRGH is ignored.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in master mode (internal clock).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Table 10-1. From this, the error in
baud rate can be determined.

It may be advantageous to use the high baud rate

(BRGH = 1) even for slower baud clocks.. Thls Is
because the Fosc/(16(x + 1)) equation can reduce the ;

baud rate error in some cases.

Wiriting a new value to the SPBRG register causes the
BRG timer fo be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

10.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

TABLE 10-1: BAUD RATE FORMULA
SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate= Fosc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) NA

X = value in SPBRG (0 to 255)

TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: { Value on alf
Address | Name | Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit2 | Bit1 | Bit0 POR, other
BOR resets
98h TXSTA | CSRC | TX9 | TXEN [ SYNC —_ BRGH { TRMT | TX9D |oco0 -010 |0000 -010
18h RCSTA | SPEN | RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x {00600 000x
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown,

- = unimplemented read as '0'. Shaded cells are not used by the BRG.
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
e y oo 5 oo
(K} | kmaup ERROR (docimayy | KBAUD  ERROR  v3L® | KBAUD ERROR oo
03 - N - N - - - : -
12 | 1221 175 285 | 1202 047 207 | 1202 o047 129
24 | 2404 047 129 | 2404 047 103 | 2404 047 64
96 | o766 173 31 2615  0.16 2 9765 173 15
192 | 19531 172 15 19.231  0.16 12 19531 172 7
288 | 31250 851 9 27778 355 8 31250 851
336 | 34722 334 8 35714 629 8 31250 6.99 4
576 | 62500 851 4 62500 851 3 52083  9.58 2
HIGH | 1.221 . 265 | 0o77 . 255 | 0610 ; 255
LOw ]312.500 - o |2s0000 - 0 156250 - 0
Fosc =4 MHz Fosc = 3.6864 MHz
BAUD
e 5 oo x o
® | kgaup ERROR (docimal) | KBAUD ERROR (4o cimal)
03 | 0300 ) 207 | 0301 033 185
12 | 1202 o047 51 1216 133 46
24 | 2404 047 2 2432 133 22
96 | 8929 699 6 9322 290 5
192 | 20833 851 2 18643 290 2
288 | 31250 851 1 - . r
336 N . . - ; .
576 | 62500 851 0 55030  2.90 0
HIGH | 0244 . 255 | 0218 . 255
Low | 62500 - 0 55.930 . 0
TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)
Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
B | o oo T | wor 2 | e o
( KBAUD ERROR /%® | KBAUD ERROR VAL° | KBAUD ERROR vaue
03 ; = = 3 = = : : :
12 " . - ; ; - ; ; .
24 - . ; ; ; . 2.441 171 255
96 | 9615 018 129 9615 016 103 9615 0.6 64
192 | 19231  o0.16 64 19231 016 51 19531 172 2
288 | 20070 094 42 20412 213 33 28409 136 21
336 | 33784 055 36 33333 079 29 32895 210 18
576 | 59524 334 20 58824 213 16 56.818 138 10
HIGH | 4.883 - 255 3.906 . 255 2.441 . 255
Low | 1250000 - o | 1oo0.000 0 625.000 - 0
Fosc = 4 MHz Fosc = 3.6864 MHz
BAUD
RATE 5  SPERG % sPBRG
® | cgaup ERROR (decimal) | kBAUD ERROR (el
0.3 - - - - - :
12 | 1202 o017 207 1203 025 185
24 | 2406 047 103 2406 025 92
96 | 9615 016 25 9727 132 22
192 | 19231 o016 12 18643 290 11
288 | 27708 355 8 27965  2.90 7
336 | 35714 829 6 31950  4.88 6
576 | 62500 851 3 55930  2.90 3
HIGH | 0977 . 255 0.674 . 255
Low | 250.000 - 0 273,722 - 0

DS30292B-page 98

© 1999 Microchip Technology Inc.

T o e



PIC16F87X

10.2 USART ronou d

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one start bit, eight or nine data bits,
and one stop bit). The most common data format is 8
bits. An on-chip, dedicated, 8-bit baud rate generator
can be used to derive standard baud rate frequencies
from the oscillator. The USART transmits and receives
the LSb first. The USART's transmitter and receiver are
functionally independent, but use the same data format
and baud rate. The baud rate generator produces a
clock either x16 or x84 of the bit shift rate, depending
on bit BRGH (TXSTA<2>). Parity is not supported by
the hardware, but can be implemented in software (and
stored as the ninth data bit). Asynchronous mode is
stopped during SLEEP.

Asynchronous mode is selacted by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the fol-
lowing important elements: .

* Baud Rate Generator

» Sampling Circuit

» Asynchronous Transmitter
* Asynchronous Receiver

10.2.1 USART ASYNCHRONOUS TRANSMITTER

The USART transmitter block diagram is shown in
Figure 10-1. The heart of the transmitter is the fransmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be
enabled/disabled by setting/clearing enable bit TXIE

FIGURE 10-1:

USART TRANSMIT BLOCK DIAGRAM

( PIE1<4>). Flag bit TXIF will be set, mgardless‘of the -
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the

TXREG register. While fiag bit TXIF indicates the status ,

of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. Status bit TRMT
is a read only bit, which is set when the TSR register is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR reg-
ister is empty.

Note 1: The TSR register is not mapped in data
memory, so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set. TXIF is cleared by loading TXREG.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the baud rate generator (BRG) has produced a
shift clock (Figure 10-2). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally, when transmission
is first started, the TSR register is empty. At that point,
transfer to the TXREG register will result in an immedi-
ate transfer to TSR, resulting in an empty TXREG. A
back-to-back transfer is thus possible (Figure 10-3).
Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result, the RC6/TX/CK pin will revert
to hi-impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can result in an immediate transfer of the data to the
TSR register (if the TSR is empty). In such a case, an
incorrect ninth data bit may be loaded in the TSR
register.

[ Data Bus

TXREG register I

Pin Buffer

and Control ]‘"X’

RCB/TX/CK pin

| sPeN]|
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Steps to follow when setting up an Asynchronous
Transmission:

1.

Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH. (Section 10.1)

If 9-bit transmission is desired, then set transmit
bit TXQ. .
Enable the transmission by setting blt TXEN
which will also set bit TXIF. i
If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

Load data to the TXREG register (starts trans-

2. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.
3. If interrupts are desired, then set enable bit mission).

TXIE.
FIGURE 10-2: ASYNCHRONOUS MASTER TRANSMISSION

Note: This timing diagram shows two consecutive transmissions.

Write to TXREG I <
BRG output | Word 1
(shift gl%&u) LI 1 I 1 I 1 r‘“S LT 1 L —
C in) N ) X
RCBITXICK (pin) T N\_Start Bit < B0 X Bit1 BB . /Stop Bit .
TXIF bit N Word 1 : :
(Transmit buﬁer ' cc :
reg. empty flag) I 35 :
TRMT bit Word1 —™ ‘
(Teansmit shift Transmit Shift Reg X
reg. empty flag I
cC
2J
FIGURE 10-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)
Write to TXREG I Ig] CC.
BRG output Word1  Word 2 J)
(hiftdlog— L L L L rge L L L
RCBITX/CK 5
TXIF t;?q e N Start Bit B0 X BT XS § X Bi7/8 7 Stop Bit Start Bit ,< BRO
(interrupt reg. flag) Word 1
u ' cC
JJ
TRMT bit Word 1 ——»
Word 2 —
grganesrr‘?;t ;f&g’fg) Transmit Shift Reg. Transmit Shift Reg.
.
JJ

TABLE 10-5:

REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on: Value on

Address | Name Bit7 Bit6 | Bit5 | Bit4 | Bita | Bit2 Bit 1 Bit 0 POR, all othor
BOR Resets

0Ch PIR1 psPIF | ADIF | ReIF | TXIF | ssPIF| coPiiF | TMR2IF | TMR1IF [ 0000 0000 |ocoo ocoo
18h RCSTA | SPEN RX9 | SREN | CREN| — | FERR | OERR | RX9D {0000 -00x |0000 -00x
19h TXREG | USART Transmit Register 0000 0000 |0000 0000
8Ch PIE1 psPIE!Y | ADIE | RCIE | TXIE | SSPIE| CCP1IE| TMR2IE | TMR1IE | 0000 000c | 0000 000G
98h TXSTA CSRC TX9 | TXEN | SYNC| — | BRGH | TRMT | TX9D |o0ooo -010 |ocoo -o10
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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10.22 USART ASYNCHRONOUS RECEIVER

The receiver block diagram Is shown in Figure 10-4.
The data iIs received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate or at Fosc.

Once asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the receive (serial) shift reg-
ister (RSR). After sampling the STOP bit, the received
data in the RSR is transferred to the RCREG register (if
it is empty). If the transfer is complete, flag bit RCIF
(PIR1<5>) is set. The actual interrupt can be enabled/
disabled by setting/clearing enable bit RCIE (PIE1<5>).
Flag bit RCIF is a read only bit which is cleared by the
hardware. It is cleared when the RCREG register has
been read and is empty. The RCREG is a double buff-
ered register (i.e. it is a two deep FIFO). It is possible

FIGURE 10-4:

USART RECEVE BLOCK DIAGRAM

for two bytes of data to be received and transferred to
the RCREG FIFO and a third byte to begin shifting to’
the RSR register. On the detection of the.STOP bit of .
the third byte, if the RCREG register Is still full, the over-. =~

run error bit OERR (RCSTA<1>) will be set. The Word
in the RSR will be lost. The RCREG register can be
read twice tfo retrieve the two bytes in the FIFO. Over-
run bit OERR has to be cleared in software. This is
done by resetting the receive logic (CREN is cleared
and then set). If bit OERR is set, transfers from the
RSR register to the RCREG register are inhibited, so it
is essential to clear error bit OERR if it is set. Framing
error bit FERR (RCSTA<2>) is set if a stop bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values, therefore it is essential for the user to read the
RCSTA register befaore reading RCREG register in
order not to lose the old FERR and RX9D information.

x64 Baud Rate CLK

; l CREN %

' +64
. T or
Baud Rate Generator +18
RC7/RX/DT
Pin Buffer Data
and Control Recovery

SPEN ]

Interrupt

RX8D

RCREG Register
FIFO

8

Data Bus

FIGURE 10-5:. ASYNCHRONOQUS RECEPTION

RX (pl Start p Start Start
RV ETY T SN TZCEANTYETY AN CTYCEANCY S5 A

Rovshit qd n qq n <d :
o 1 vomey ege! :
S X St
RCREG ! )0 ' )
RCIF C ; (. C( :
(interrupt flag) Yy -’ )) PP T
OERR b % % S
CREN CC (CQ CQ

)J 27 2J | LA

causing the OERR (overrun) bit to be set.

Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) Is read after the third word,

© 1999 Microchip Technology inc.
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Steps to follow when setting up an Asynchronous
Reception:

1.

Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH. (Section 10.1).

Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

If interrupts are desired, then set enable bit
RCIE.

If 9-bit reception is desired, then set bit RX9.
Enable the reception by setting bit CREN.

Ay

Flag bit RCIF will be set when receptioniis com-
plete and an interrupt will be generated if eniable
bit RCIE is set. s
Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the
RCREG register.

If any error occurred, clear the error by clearing
enable bit CREN.

TABLE 10-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: Value on

Address| Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0 POR, all other
BOR Resets

0Ch PIR1 psPIF!Y  ADIF RCIF | TXIF | SSPIF| CCP1IF | TMR2IF | TMR1IF [ 0000 00C0 | 0000 0000
18h RCSTA SPEN RX9 SREN | CREN — FERR OERR RX9D 0000 -00x| 0000 -00x
1Ah RCREG | USART Receive Register 6000 0000 | 0000 0000
8Ch PIE1 PSPIEW| ADIE [ RCIE [ TXIE | SSPIE| CCP1E| TMR2IE | TMRIIE | 0000 0000 | 0000 0000
98h TXSTA CSRC ™9 TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -0L0
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented locations read as '0'. Shaded celis are not used for asynchronous reception.
Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.
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10.2.3 SETTING UP 9-BIT MODE WITH ADDRESS
DETECT

Steps to follow when setting up an Asynchronous
Reception with Address Detect Enabled:

« [nitialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired, set
bit BRGH.

» Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

* If interrupts are desired, then set enable bit RCIE.

« Set bit RX9 to enable 9-bit reception.

« Set ADDEN to enable address detect.

« Enable the reception by setting enable bit CREN.

FIGURE 10-6: USART RECEIVE BLOCK DIAGRAM

& O
H

Flag bit RCIF will be set when rece;;ﬁon is com- L
plete, and an interrupt will be generated if enable
bit RCIE was set.

Read the RCSTA register to get the nmth bit ang ..
determine if any error occurred during reception.
Read the 8-bit received data by reading the
RCREG register, to determine if the device is

being addressed.

if any error occurred, clear the error by clearing
enable bit CREN.

If the device has been addressed, clear the

ADDEN bit to allow data bytes and address bytes

to be read into the receive buffer, and interrupt the
CPU.

x64 Baud Rate CLK

_________________

Pin Buffer Data
and Control Recovery

l SPEN I

RX9
ADDEN

RX9
ADDEN
RSR<8>

Interrupt

RCIF

RCIE

Y

RX9D RCREG Register

FIFO

A8

S
Data Bus

© 1999 Microchip Technology Inc.

DS30292B-page 103



PIC16F87X
FIGURE 10-7: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT B

Start Start
RV ETY €5 SN VANV ETD AN Ve
t it

« e (G
Load RSR —» D ) Yworo1 2’
Bit8 = 0, (Dzm Byte Bit8 = 1, Ad(dr(ess Byte ' RCREG cc N
Read )] ) E J)J )
. CC
C (C
RCIF PRI p)) : 2’

Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG
(receive buffer) because ADDEN = 1.

FIGURE 10-8: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST

Start Start
RETIRXBT BN —\or_( b0 X ot XSG Yo /5op \ bt {010 Y GG Yoie /Sten
bit

Load RSR YT 2J T worD1 O’
Bit8 = 1, Adzrzss Byte Bit8 = 0, D"('E'(BY“* RCREG
Read 3 T D) ) )
. C CC 1
RCIF (J(J I > 2

Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG
(receive buffer) because ADDEN was not updated and still = 0.

TABLE 10-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: Value on

Address | Name Bit7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0 POR, all other
BOR Reseots

0Ch PIR1 PSPIF™) | ADIF | RCIF | TXIF | sSPIF | ccP1iF | TMR2IF | TMR1IF [ 6000 0coo | 0000 ocoo
18h RCSTA | SPEN RX9 | SREN | CREN |ADDEN| FERR | OERR | RX9D |ooco ooox |o0000 ooox
1Ah RCREG | USART Receive Register 0000 0000 |0000 0000
8Ch PIE1 PSPIE" | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 |0000 0000
98h TXSTA CSRC TX9 | TXEN |SYNC | — BRGH | TRMT | TX9D [0000 -010 |0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented locations read as '0". Shaded cells are not used for Asynchronous Reception.
Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.
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10.3 USART Synchronous Master Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manne (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition, enable bit SPEN (RCSTA<7>) is set in order
to configure the RC6/TX/CK and RC7/RX/DT /O pins
to CK (clock) and DT (data) lines respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

10.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter biock diagram is shown in
Figure 10-6. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer register
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Toycle), the TXREG is empty and inter-
rupt bit TXIF (PIR1<4>) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
{PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. it will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. TRMT is a read
only bit which is set when the TSR is empty. No inter-
rupt logic Is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.
The TSR is not mapped in data memory, so it is not
available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is sta-
ble around the falling edge of the synchronous clock
(Figure 10-9). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 10-10). This is advantageous when slow
baud rates are selected, since the BRG is kept in reset
when bits TXEN, CREN and SREN are clear. Setting
enable bit TXEN will start the BRG, creating a shift
clock immediately. Normally, when transmission is first
started, the TSR register is empty, so a transfer to the
TXREG register will result in an immediate transfer to
TSR resuiting in an empty TXREG. Back-to-back trans-
fers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to hi-imped-
ance. If either bit CREN or bit SREN is set during a
transmission, the transmission is aborted and the DT

pin reverts to a hi-impedance state (fdr" a"re'ceptlon).
The CK pin will remain an output if bit CSRC is set -

{(internal clock). The transmitter logic, however, is not . '

reset, although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting, since bit TXEN is still
set. The DT line will immediately switch from hi-imped-
ance receive mode to transmit and start driving. To
avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data fo the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Steps to follow when setting up a Synchronous Master

Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 10.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit TXIE.
if 9-bit transmission is desired, set bit TX9.
Enable the transmission by setting bit TXEN.

If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

Start transmission by loading data to the
TXREG register.

o0 AW

N
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TABLE 10-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSIONJ

Value on: Valué on all

Address | Name Bit7 Bit6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR,
other Resots

BOR
0Ch PIR1 | PSPIF | "ADIF*| RCIF | TXIF | SSPIF | CCP1IF | TMR2IF { TMR1IF | 0000 0000 | 0000 0000
18h RCSTA | SPEN RX9. | SREN [CREN| — FERR | OERR RX9D | 0000 -00x | 0000 -00x
19h TXREG |USART Transmit Register 0000 0000 [ 0000 0000
8Ch PIE1 PSPIEM | "ADIE' | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 | TXEN [ SYNC — BRGH | TRMT TX9D | 0000 -010 ] 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown, - = unimplemented, read as '0’. Shaded cells are not used for synchronous master transmission.
Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.

FIGURE 10-9: SYNCHRONOUS TRANSMISSION

01*2403*:4!0 1|otho4:o1|ozin:104:q 1|02P3{o4'lo fazdaged [o:{mi atfed oa[mlmhﬂo:{m! o1|mz|o3[o4;o {ogadoda 1|oz‘aa|o4b 1agasias
RC7/RX/DT pfn::::cmq DCMKM:CS Dcm*r_:
' -+ WORD 1t -« WORD2
RCB/TX/CK pin N N pray SN vy I s 4 M—I__l_‘—l_r‘j | S N
Write to X X X X : . , : .
TXREG 7 : JL : (¢ ) : : : (¢ '
< Write word1 Write word2 ' . . 5 ) ,
TXIF bit ' ! r 0 g 0 : : (¢ !
(Interrupt flag) . 1 [ L 55 ! ! I T p2) T
TRMT bit I E E 5 : (C 5 E E : {C S |
; . ; . 2J 7 : i ' 33 .
TXENbit — . . . : {§ : ' ' : {5 ' L

Note: Sync master mode; SPBRG = '0". Continuous transmission of two 8-bit words

FIGURE 10-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X b0 X bt X bit2 SD( bite X bit7

RCB/TX/CK pin /. /\ /—\g N\—

Write to

TXREG reg _H g )r
TXIF bi | (¢ '
it :. ) ) l:
TRMTbIt | e |
7
TXEN bit | ))
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10.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once synchronous mode Is selected, reception is
enabled by setting elther enable bit SREN (RCSTA<5>)
or enable bit CREN (RCSTA<4>). Data is sampled on
the RC7/RX/DT pin on the falling edge of the clock. If
enable bit SREN is set, then only a single word is
received. If enable bit CREN is sef, the reception is
continuous until CREN is cleared. If both bits are set,
CREN takes precedence. After clocking the last bit, the
received data in the Receive Shift Register (RSR) is
transferred to the RCREG register {if it is empty). When
the transfer is complete, interrupt flag bit RCIF
(PIR1<5>) is set. The actual interrupt can be enabled/
disabled by setting/clearing enable bit RCIE (PIE1<5>).
Flag bit RCIF is a read only bit, which is reset by the
hardware. In this case, it is reset when the RCREG reg-
ister has been read and is empty. The RCREG is a dou-
ble buffered register (i.e., it is a two deep FIFO). It is
possible for two bytes of data to be received and trans-
ferred to the RCREG FIFO and a third byte to begin
shifting into the RSR register. On the clocking of the last
bit of the third byte, if the RCREG register is stilt full,
then overrun error bit OERR (RCSTA<1>) is set. The
word in the RSR will be lost. The RCREG register can
be read twice to retrieve the two bytes in the FIFO. Bit
OERR has to be cleared In software (by clearing bit
CREN). iIf bit OERR is set, transfers from the RSR to
the RCREG are inhibited. so it is essential to clear bit

TABLE 10-9:

OERR fif it is set. The ninth receive bit is buffered the
same way as the receive data. Reading the RCREG
register will load bit RX9D with a new value, therefore it -
is essential for the user to read the RCSTA register
before reading RCREG in order not to lose the old
RX9D information.

Steps to follow when setting up a Synchronous Master
Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. (Section 10.1)

Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

Ensure bits CREN and SREN are clear.

If interrupts are desired, then set enable bit RCIE.

If 9-bit reception is desired, then set bit RX9.

If a single reception is required, set bit SREN.
For continuous reception set bit CREN.

Interrupt flag bit RCIF will be set when reception

is complete and an interrupt will be generated if
enable bit RCIE was set.

Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the
RCREG register.

If any error occurred, clear the error by clearing
bit CREN.

2.

QoA w

N

9.

10.

REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Address | Name | Bit7 | Bité | Bits | Bit4 | B3 | Bit2 | Bit1 Bit 0 vall’lgn‘:n' Value on all

BOR other Resets
0Ch PIR1 psPIEM | ADIF | RcIF | TXIF | ssPIF | ccP1iF | TMR2IF | TMR1IF | 0000 0000 | ceoo oooo
18h RCSTA | SPEN RX9 |SREN|CREN| — FERR | OERR | RX9D | o0ooo -o0ox| oooo -oox
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 pPsSPIEM | ADIE | RCIE | TXIE | sSPIE [ cocp1iE | TMR2IE | TMR1IE | 0006 0000 | o0ooo oooo
98h TXSTA | csrRc | Tx0 | TXEN|[sync| — BRGH | TRMT | Tx9D | o000 -010| cooo -o01c
9%h SPBRG ] Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown, - = unimplemented read as ‘0’. Shaded cells are not used for synchronous master reception.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.
FIGURE 10-11: SYNCHRONOQOUS RECEPTION (MASTER MODE, SREN)
ofosodoforadodaiodododoqododododordadadotadedadeiododariodotofpiodadadojodadoroiadador
RCT/RX/DT pin :' X bito > bitt X Tbitz S ba M e X bits X bie > itz N X
RCB/TX/CK pin e B 'L——JL—JI—ll——’——‘ 1
N S SN S S S SN NS SR S
ptSREN — Lf , : , : : : . : : '
SREN bit — . . . ' ' . ' ) SO
crenbit T ; : ; : ; : ; : e
RCIE bit . . . . . . . : = '
(interrupt) : : . . . .
Read ' ‘ ' : . . . . . ) .
RREG . : : . . : : : . : .
Note: Timing diagram demonstrates SYNC master mode with bit SREN = '1° and bit BRG = '0".

© 1998 Microchip Tachnology Inc.
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104 US ronous Slave Mode

Synchronous slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RCB/TX/CK pin (instead of being supplied internally
in master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

10.4.1 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the synchronous master and slave
modes are identical except in the case of the SLEEP
mode.

If two words are written fo the TXREG and then the

SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).

Steps to follow when setting up a Synchronous Slave

Transmission:

1. Enable the synchronous slave serial port by set-

ting bits SYNC and SPEN and clearing bit

CSRC.

Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.

N

1042 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the synchronous masterand slave

modes is identical, except in the case of the SLEEP

mode. Bit SREN is a “don't care” in slave mode.

If receive is enabled by setting bit CREN prior to the

SLEEP instruction, then a word may be received during

SLEEP. On completely receiving the word, the RSR

register will transfer the data to the RCREG register

and if enable bit RCIE bit is set, the interrupt generated

will wake the chip from SLEEP. If the global interrupt is

enabled, the program will branch to the interrupt vector

(0004h).

Steps to follow when setting up a Synchronous Slave

Reception:

1. Enable the synchronous master serial port by

setting bits SYNC and SPEN and clearing bit

CSRC.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete and an interrupt will be generated, if

enable bit RCIE was set.

Read the RCSTA register to get the ninth bit (if

enabled) and determine if any error occurred

during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

o uN

o

L.
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TABLE 10-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION h

Value on:. .
Address | Name | Bit7 | Bité | Bit5 | Bit4a | Bit3 | Bit2 | Bt | BRRO :gl; ' :;:’r"k‘:;:::
0Ch PIR1 PSPIFM | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 |0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D |ooco00 000x | 0000 000x
19h TXREG | USART Transmit Register 0000 0000 |0000 0000
8Ch PIE1 PSPIE) | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 |o000 oooo
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT | TX9D |oo000 -010 |0000 -010
9%h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.

TABLE 10-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Legend: x = unknown, - = unimplemented read as '0'. Shaded cells are not used for Synchronous Slave Transmission.

Value on: Value on all
Address | Name Bit7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR,
other Resets
BOR
0Ch PIR1 |PSPIFM| ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 |0000 0000
18h RCSTA | SPEN | RX9 | SREN | CREN | ADDEN| FERR | OERR | RX8D |oooo ooox |ooo0o ooox
1Ah RCRE | USART Receive Register 0000 0000 {0000 0000
G
8Ch PIE1 | PSPIEM | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRHE | 6000 0000 {0000 0000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH TRMT TX9D [0000 -010 [0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 |0000 0000

Legend: x = unknown, - = unlmple}nented read as '0'. Shaded cells are not used for Synchronous Slave Recsption.
Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.

© 1999 Microchip Technology Inc.
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GM92365019

Lo-Cog® DC Servo Gearmotor

8 o

. 82

EK-6 PITTMAN GM92365019 DC Motor Veri

Kitapeig

All values are nominal. Specifications subject to change without natice. Graphs are shown for reference only.

Reference Voitage E v 12 Inciuded
No-Load Speed Sp rpm (rad/s) 236 (24.7) Features
Continuous Torque (Max.)’ Te oz-in (N-m) 153 (1.1E+00)
Peak Torque (Stall)* Tpk 0z-in (N-m) 860 (6.1E+00) 2-Pole Stator
Weight Wi 0z (g) 23.3 (661) Ceramic Magnets
otor Data Heavy-Guage Steel Housing
Torque Constant Ky 0z-i/A (N-m/A) 3.25 (2.29E-02) 7-Slot Amature
Back-EMF Constant Ke Vikrpm (Virad/s) 2.40 (2.29E-02) Sflicon Steef Laminations
Resistance Ry Q 0.71 Stainless Steel Shaft
Inductance L mH 0.66 Copper-Graphite Brushes
No-Load Current he A 0.33 Diamond Tumed Commutator
Peak Current (Stall)* lp A 16.9 Motor Ball Bearings
Motor Constant K oz-INW_(N-m/VW) 4.11 (2.90E-02) Output Ball Bearing
Friction Torque T oz-in (N-m) 0.80 (5.6E-03) Wide Face Gears
Rotor Inertia Ju o0z-in-s* (kg-m*) 1.0E-03 (7.1E-06)
Electrical Time Constant e ms 1.06
Mechanical Time Constant m ms 8.5 Customization
Viscous Damping D oz-infirpm (N-m-s) 0.053 (3.5E-06) Options
Damping Constant Kp oz-in/krpm (N-m-s) 12.5 (8.5E-04)
Maximum Winding Temperature Opmax °F (°C) 311 (155) Alternate Winding
Thermal impedance R °Fiwatt (°Ciwatt) 56.3 (13.5) Sleeve or Ball Bearings
Thermal Time Constant T min 13.5 Modified Output Shaft
earbox Da Custom Cable Assembly
Reduction Ratio 19.7 Special Brushes
Efficiency® 0.84 EMVRF! Suppression
Maximum Aflowable Torgue 0z-in (N-m) 500 (3.53) Alternate Gear Material
Encoder Data Special Lubricant
Channels 3 Optional Encoder
Resolution CPR 500 Fail-Safe Brake
1 - Specified at max. winding te at 25°C amblent without heat sink. 2 - Theoretical values supplied for reference only.
13- Effective gearbox efficiency for this unit improved by use of bafl bearings.
Speed & Current vs. Torque =~—==Speed Power & Efficiency vs. Torque =====Qutput Power
Current —~———Efficiency
250 1 - 20 48 164
225 \\ 18 42 56
P
o - p s Sl I // e e~ i
E 150 N i 2B ‘g i r4 ™ 0 &
37 125 10 ‘é o 24 Vi \ K\ a2
] N 4 AN
& 100 \ 8 § £ 18 . 24
75 6 © [ \ \
50 4 12 18
25 e ™. 6 ] \ A 8
Y 2 N
Ny N N N,
0 200 400 600 800 1000 0 200 490 800 800 1000
Torque (oz-in) Torque {oz-in)
© 2001 Pittman.

PITTMAN. 343 Godshall Drive, Harleysville, PA 19438, Phone: 877-PITTMAN, Fax: 216-266-1338, E-mall: info@pittmannet.com, Web Site: www.pitimannet.com
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EK-7 RF Modem Veri Kitapgii vMD-B12

UMD-B12
RF MODEM BOARD

URUN KILAVUZU
Version 1.2 (ARALIK 2004)
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GENEL OZELLIKLER

Ozellikler :
*  433.434 MHz. UHF bandinda EN 300 220 uyumiu. UTR-C12 modiil

* RS232 D-sub 9 pin konnector.
*  Frekans segebilme zelligi.

Uygulama Alanlari :
*  Kablosuz seri data haberlesme

*  Telemetry sistemleri
*  PC ve RS232 haberlesmeye uygun ekipmanlar arsinda kurulacak RF fink

Genel Agiklamalar :

UMD-BI12 RF Modem RS232 data iletisimine uygun ekipmanlarin RF iletisim kurabilmeleri
icin tasarlanmistir. UMD-B12 RF Modem, Kisa Mesafe Erisimli Telsiz Cihazlarinin Temel
Standartlari ile Kurma ve Kullanma Esaslari Hakkinda Yonetmelik (TGM-STK-001) ‘in
434MHz. ISM bandi ile ilgili boliimiinii kapsiyacak sekilde tasarlanmistir 6 farkli kanal

segimi yapilabilecek sekilde tiretilmektedir.

LED1 a 7
Q R (o o(
CONN.3
UTR-C12

O
AC 3
ov @
AC CONN.1 O LED3

PR T S T U ST S e s
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" UMD-BI12

TEKNIK OZELLIKLER
MODEL RF_Modem UMD-B12
Besleme Voltaji 2x75 AC
2x12VAC
1x7,5 DC
1x12 DC
Min TBD
AKim RX ON Max TBD
Min TBD
TXON Max TBD
RX ON 8D
Power TX ON TBD
Power Output 10 mW
RF Receiver Sensitivity -120dBm(UTR-C12)
Data Rate 2400 Kbit/s
Cable RS-232 TTL ( PC Standard)
Data Rate 9600 Kbit/s
RS link - -
8 bit, No parity, 1 stop, No Flow
Data Format control
Ebat (mm)
| Agirlik (gr)
CH1 433.056 MHz
CH2
Frekans CH3
Kanallari CH4
CH5
CH6
Anten Girisi 50 Ohm
Anten Tipi Helical / BNC

UDEA UMD-BI2 KULLANIM KILAVUZU
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DATA COMMUNICATION

1.1. Fiziksel Karakterisitik

Konnektor: Erkek DB-9 (Cannon sub-D)
Transmission: Serial asynchronous
Baud Rate: 19200 Bauds

Link: RS 232

1.2. Data Format

8 data bits, no parity, 1 stop bit
CTS ve RTS kullanilmiyor.

1.3. General Data Format

STX | SRC | DST DATA ETX
3Ch| Xh Xh MAX (75 BYTE) 3Eh

<SRC+DST+D1+D2+.....+Dx>

< =FRAME BASLANGICI 0x3C

SRC =GONDEREN MODEM ADRESI TX MODEM ADRES

DST =GONDERILEN MODEM ADRESI RX MODEM ADRES

D1 =DATA1

D2 =DATA2

Dx  =DATAX

> =FRAME SONU OX3E

1.4. UMD-B12‘den RS232 ‘ye Bilgi Akisi

1.4.1. Startup
UMD-B12 enerjlendirildigi zaman RS232 ‘ye adresi ile birlikte hazir bilgisini
gonderir “<READ Y-X>".

RS232 < |  umD-B12

LF =0Dh

STX =3Ch

"R* =52h

"EI‘I =3

A =41h

D" =44h

Y =56h

s =2Dh

ADDRESS =Xh

ETX =3Eh

AT R e S e 7o e e e 1om e
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1.4.2. UMD-B12RF'ten aldigi bilglyi RS232 ‘ye asagidaki gibi verir. Ardindan hazlr

< ] UMD-B12

bilgisini génderir. | N
RS232
STX =3Ch
SRC =GONDEREN MODEM ADRESI
DST =GONDERILEN MODEM ADRESI
INFO1 = FIRST BYTE
INFOX =LASTBYTE
ETX =3Eh
RS232 < |  UMD-B12
LF =0Dh
STX =3Ch
‘R =52h
"E® =45h
A =41h
“D* =44h
e =5h
=2Dh
ADDRESS =Xh
ETX =3Eh

1.5. RS232‘den UMD-B12 ‘ye Bilgi Akisi

RF e gdnderilmek istenen data RS232'denUMD-B12 'ye asagidaki formatta verilir.
UMD-B12 verilmis datayi RF lle génderdikten sonra, RS232 ‘ye hazir bilgisini verir.

RS232 C > UMD -B12
< =3Ch

SRC =TXMODEM ADRES

DST = RXMODEM ADRES

D1 =DATA1

D2 =DATA2

DX =DATAX ( max X = 75)

> =0X3E

UDEA UMDBI2 KULLANIM KILAVUZU 5



RS232 < ]
LF =0Dh
STX =3Ch
‘R® =52h
"E“ = 45h
A =41h
nDﬂ =44h
' =
= 2Dh
ADDRESS =
ETX =3Eh
1.6. HATA KODLARI
1.6.1. GENEL FORMAT
RS232 < ]
STX =
ERRCODEQ =BYTE
ERRCODE1 =BYTE
STX =03h
RS232 < ]
LF =0Dh
STX =3Ch
“R* =52h
"E* =45h
A =41h
“De = 44n
e = 5oh
=2Dh
ADDRESS =
ETX =3Eh

1.6.2. HATA KODLARININ ANLAMLARI

4Fh — FAZLA BILGI GIRILDI
54h —» ZAMAN ASIMI

UDEA UMDBI2 KULLANIM KHLAVUZU
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HABERLESME TESTI

UMD-B12 Modem iletisim algoritmasi ve mesafesinin test edilmesi i¢in Windows

A

Hyper Terminal yazilimi kullanilabilir. Asagidaki islemler testin yapilabilmesi igin
PC’de yapilacak islemleri tarif etmektedir.

1. Click Start > Programs > Accessories > Communication > Hyper Terminal.

2. Agilan “Connection Description” penceresine isim (“name”) girilmesi gerekir.
Isim girildikten sonra (6r: MODEM12) OK butonuna basin.

3. Agilan “Connect To” penceresinden “Connect using’kutusunun iginden modemin

bagli oldugu COM portu segin ve OK butonuna basin.

Country/region:

Area code:
Phone number:

Connect using:

| oK

Coir

Enter details for the phone number that you want lo dial:

[ _Corcel|

b rstin B

4. Acilan “COM Properties” penceresinde asagidaki segenekler segilmelidir. Islem OK

butonuna basilarak tamamianmalidir.

Pl iR p et

Port Settings

Bits per second: s

Databits: 8
Patity: None

Stop bitst 1

Flow contict.  None

I OK I | Cancel

| PRestore Defaults |

........

UMD-BI2 KULLANIM KILAVUZU
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5. Ayni islem diger bir modem igin farkii bir PC de gergeklestiriimelidir. 8

6. UMD-B12 modemleri, beraberinde gelen 232C kabilolari ile PC lerin tanimlanmis COM "
portlarina takilir ve enerjileri baglanir. Bu asamada her iki Hyper Terminal ekraninda
<READY> gorinmelidir.

Fo Edt View Cal Trancfer Help
N 3 DB &
<READY-1>

: Connected 00:00:17 Auto detect 2600 8-M-1 CAPS  NUM

7. Hyper Terminale karakter yazildigi zaman buniar ekraninizda gériinmeye bilir.
Yazilanlarin ekranda gérinmesi i¢in Hayper Terminal ‘de “File” > “Properties” segiimeli,
ardindan "Settings” iginden sag alt késede olan “ASCII Setup” butonuna basiimalidir.
Acilan “ASCI Setup” penceresinde asagidaki segenekler secilmelidir.

Connect To__Sellings

f | Send line ends with fine feeds
{1 Echo typed characters locally

Line delay: 0 milliseconds.
‘Em|
A Character delay: 0 milliseconds.

u

Telj LECN Receidng
Bad [Z] Append line feeds to incoming line ends

[l Force incoming data to 7-bit ASCI
- 7] Wrap lines that exceed terminal width

L__E[K ) , l Cancel I
[ ok || cancel |,

i

T T TR AN ST T e et
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8. 1 nolu modem'den 2 nolu modem’e bilgi gdndermek igin ekrana asagidaki gibi data AR
girilebilir. Data gonderildikten sonra ekrana <READY?> gelir. 4

;)ES 8 mE &

<READY-1><12HMODEM1'DEN MODEM2’'YE TEST MESAJI> .

=

Connected 00:02:56 Auto detect 9600 8-M-1 CAPS  NUM

YT F A AR PO 1 T e
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