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Special Project Title Solar Powered Robot

Name Mr. Sarun srisamai

Department Applied Physics Faculty of Science

Program Applied Physics

Academic Year 2005

Special Project Adviser Associate Professor Wichit Sirichote
ABSTRACT

A simple robot powered by solar energy has been developed for studying the use of solar
cell and energy storage. The robot plate form was built with acylic plastic. The onboard computer is
base on the motorela 68HC11 CMOS microcontroller. The robot has 4 chanels LDR detector. The
control program was written using Interactive C compiler. Experiment has been made for light

seeking
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2.3 DC motor

yoino3 IW#nszuans e  Dircct Current, D.C. Motor ) iilugunsaffi 14iAsundaaId
Huundanuna viosendindussuuifdygna il uduyn uas Tieniyndundam
na A1¢ Taenia T uoimedazi seneudouananiid vy wie amature coil Faannsadivzyu
T Rethedase ﬂlﬂmﬂi‘:ﬂz’nwg'“lufrmanm?m Fiornsuthuniminos wiedmnneziy
uimin I A ranannszua WA iu field coils, iolinszua I / o T osIu armature coil

4 y t d d e . q ¥a @ o 9 A a
gansagluauuiman fegdliifausandniily amature Tiiamsvyy

Whan electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
which turns the

Magnetic forca

Elactris F=ILB

curreni supplied I =

axternally F::'romh # acts perpendicuiar

a commutator to both wire and
magnetic fisd

gﬂ‘ﬁ 2.5 DC motor operation



Whean electric current
passes through a coil in
a magnetie field, the
magnetic force
produces a torque
which turns the
DC maotor

The commutator ravarses
the current aach half
revolulion 1o keep the

Electric

current supplied torgque turning the
axiameily through coil in the same
a commuiator direction.

ol
317 2.6 nszua T4 DC motor

When sisctric current
passes through a coll in
a magnetic field, the
magnetic force
produces a torqua
which turns the

The turning Yorque

of the motor is ; from the North
proportional to the pole 1o the South
magnatic fleld. pabe.

711 2.7 auniman Ty DC motor

16
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SitoMeayana ! NIz RoUINIIANTZIN

When slectric current
passes through a coll in
a magnetic field, the
magnetic force
produces a torque
which turns the
DC mator

Magnetic force
F=ILB
acts perpendicular
1o both wire and

magnetic field

’gﬂﬁ 2.8 114 11 DC motor

When elactric current
passes through a coil in
a magnetic field, the
magnetic force
Ty produces a torque
W which turns the
- DG motor

Torque = force'\ x tever arm
= (iLB)[%} sin @ x 2 sides

= |LBW sin 6 = {BA sin ©
71/ 2.9 nosa 1y DC motor

62311

17
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- = [l J : Q o y .:;
o5u10De T1eazBeavesdiua1e luduaounisduiivauIns i Tassunn

1 n’A =1
Aoy InsnouInsines N4 Av Motorola 68HCI1

2.4 Motorola 68HC11

1ulnsnouInsaaey sgucil 1Wu'luInsaouInsamesvuia 8 Taflinnumuisely

mssamsfudoyavuia 164a14 lulnsnoulnsanad 68HC11 nandromn TuTad HCMOS

(High - density CMOS) 34a1:1301991uin 21158 3 1l nnz183d N (Megahertz) fan100¥04

fygraase 0C) uarldndarudi uonnnfineludilulasaouTnsamefdlidua

Fygemneundoniiudaea (AD converter) Aanuiaa, nireanud, szuuflesfunnuia

wa uazdiufndefomInauuuNiIg uazey NI

sy o o
2.4.1 fuerntian1sdumians

- 1

Famoruson 1igaga 32 Alalud
-y o
faonsoumelugage 640 lud
fusumelugege 1.2 iTalud

»
2495931997191 16 1in Alsznoude
WanaeiHannsoldsunsulminuld 4 sedv
Sunadiniuasdudyg u 3 dune

o Y [ ] o
miyadmivenliouioy 5 maya
wereduenfiyamaivuia 8 din
drdnsedomsuuvaynsuscn Tugluuudya e NRZ
[ A 1 o

dnudeunogilnsaliuueynIu(sen)
2esulasdrygaemdoniludiaoavuia 8 da 14 s¥o4

@ oW = o .
2vsdadanaznuuialng (Real-time)

seuyflesfunmnuinwaia (COP) 1andRBn(Watchdog)
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242 f]mﬂ'NUﬂ‘HN"Hﬂﬂﬂlﬂi

Uygamidaiu@unani1lu s Tusimwesiues 6800 uaz 6801 Feemunsoldyad
dudeaiu 6800 w30 6801 18

annseimsnisay 16 Ta ldradniiiluauay 16 1a uazAuMINIvUIA 16 1in

W0

aunsailsznanatoynazideaisszaudl

= -] 3 %
N Truamaiiau WAIT uag STOP 1p1lsyvidanaaany

A32Qavod 68HCI 68HCT1AT Tiiflsouniolu fusw 250 lud 8dnsen 512 lud

68HC11A8 501 8 Ala'lud usu 250 lud 89wnsou 512 1ud 68HC711D3 Udwsow 4 Alalud

ugy 192 1A 68HCS11E2 iid8wsow 2 Ala'lud usy 256 lud
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NeweEEsESHAER
annooonnononnNnnn
/765432 ) 52550404847
XTAL [}8 46
PCO []9 ’Ls)
PC) CJI10 4
PC2 O 4313
PCS ]2 2P
PC4 ]13 4 0
PCS (] 14 40
pPC6 ] 15 Ll )
PC7 (] t6 381
RESET 17 37Q
YIRO []18 360
iRG ]9 3511
PDO ] 20 34
212223242526127 282930 31 32 33
—I oo ouUOooooa
—_ M o N0 M NN —
c8BRBoecszsss
GBHC |
PLCC

51l 2.10 $ 1090w gUs 196 LU PLCC 52 41

PES
PEI
PE4
PEQO
PBO
PB1
PB2
PR3
PB4
PB5
PAG
pPB7
PAQ
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2.5 Tnuan 39191484 68HC11

TuTnsnoulnsamed 68HC11 Tmsiinuogdsoiu 4 Tnus dafi

1) Tnuaduna¥ (Single chip mode)

TuTnuai i lnsaou Tnsamesasiiom TnstdminensuudiFtmmiy niedandns
#2109 Tao'li 14T adoya (Data bus) uaz o unia (Address bus) Wosndl & uazala
3U(Strobele T vehmthiiunefndunae iy uazaodyg suausdivn (Hand shake)
MUY

2) Truadadinanduy (Expanded Multiplexed mode)

1uTHumfmmmﬁaq1Jnsm'muuﬂmﬁ"ﬂ“ﬁﬂﬁwﬂﬂm‘h'lﬁ'ffwuﬂ 64 fila’lud A
vosniaeanuanuez s tsdumianiun e uudu i 19 Tnuadafody saufy
wiaem i i nnnsaogUnssineon

3) IMUﬂuﬂﬂllﬂgﬂﬁiﬁH (Special Bootstrap mode)

FuTnyamsiiauidanuadwadefuInuadauiadd nafeaunselulas
aouInsamofawnsothan 14 laed s usvziidoRmundifieunsoiimsfouTlsunsuos
Turireanuiusuvesiilld dan Tsunsuilluntsyn Boot) itehromTuTnuayaaua
Sl szoglusonving 192 lud Fepihanudelulasneunsameign  Sism (Reser)
Wity Tnuail

YodvosmsmaniluTruad sefnnuaunsalumstlssfumsdanen Taseediiafign
Avuaduotloafy (Security bit) wenuiniitaansod i Fauson Taehidesdums
A17% oA (Download)

4) THuANATOUNIAY (Special test mode)

WdmTumsnaaey TasTsea AdnsuzadronsmauluTnuadadmdndveny
LRSS T ANEEIINIABEMSTATINY (Interrupt vector) 12AaX191NMY AT IMBUBAT
F1UiM1ie SBFCO - SBEFF unuilazifudumis SFF00 - SFEFF ms1znztiuez launsailes
funsilionnlasisained Regisen Aid 1Ay 14 Telivauugiilunis 1o lulns

»
nou Insaaes lu Tnuanisiaud mseeeififannudemonnssuyld
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264 BYTICS AAM

840 YTE REGS TER BEOCK

572 3 TES EEPROM

4 MY TES ROM

p—

FFCO | NOPMAL

\
i

d o 1 1 1
q1lf 2.11 uerasfumsvesmiieanudrlu Inuamsdraiumen

2.6 Tnsead19vedlulnsnenlnsnmes 68HCI1

»
~

Tnsaadraves 68HC11 mwrsautseen ififlu 2 adedad]
2.6.1 MsFousouLLNNY

luTnsnenInsmnes 6sHC11 furd miurefugUnsalduyauazionivney
g NOTM 40 47 mnnmmmmi%’mu‘lﬁﬂawuui'fua;jﬁumstﬁan'(wuﬂmiﬁwm
wozmsfmuadimmaesdoyaluiimmesaunu

£ a o 'Tj"}:j @ o - o @ v‘ P P
wodn® uazdaziunduniudune uazmIsvuemyani bl Faezgnimiue
o Ao a s a 4 a a o o
mR1873Samedaauquiien s wesae, @ uaed endunedmonin 7 w2
aunsaléidluneniyn vioduna ldediadnr msenviu liiiiTmae inuguia
M Wosadl, 3, v1 STRA uaesTRB sxthunl¥lunrsalnsu (Strobe) uazm3o 1%
Fususwafugunssifomsuuury
4 '
2.6.2 Mst¥ourBUULOYNTY
A ] ] ] ]
msdendouueynsyauisosiants o ld 2du A dwdearsdeyauuy
! A ' .
844 N34 (Serial Communication Interface: SCI) nazdrumboudeginsmoynsy (Serial

Peripheral Interface: SPI) lasteds vz wasave 6sHC1 I undmiudaindoyn
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2.6.2.1 daudemsdoyauuueynsu

drdomsdoyauuveynsumauiiuuuuedalasiia (Asynchronous) 81130
Fuuazaadoyaléud uazdudasziesuniovoqwdna (Full - duplex) Mydadayn o

) [
soglugiuvudygiu NRZ msfemsuuveynsuiiaunsafondasivon ldnary
[ ' o 1 d = V@ T o o q
8n31 dainnsfudedoyasziludassaaiuudn uanmsfimuadasiueaveanis Sunay
1 da 1Y Y
dandaezdeaviiniu
L A 1

2.6.2.2 drusounegilnsaliueynsy

ﬂ A y  w L4 = w A o ¥

Wumsseudetugilnsainieuenuuuda Insia (Synchronous) av Iianuse
A ! s A ] =
WounadiuluTasnouIninmes Tuuvusel 14 makousdeszusnudgyagisuin

at

>
unzvidoynsanindy wennniidadeslddiuiadgygruwimanmeuen

2.7 pluvufdives 68HC11

2.7.1 MIdeduimns
[
msdanadmiareslulnsneuInsames ssHc11 fimsdradany 6 nuvdail
1) MIdNAMMUAUUYNY (Extended addressing)
o r - : ] o d A
Munsdnfaduvdsania 16 da daua $0000 - SFFFF juuuuveifrden 14
»
msdduuizlszneudivauvuetnst 18a (Op - code) HazamvoId vl
¥
miwanus iwngaeiuez 1 dmiionnudr 3 - 4 lud
2) nsdadurvauuyIaunss (Direct addressing)
1 ] -] i '3 d r o
m3dradauunefndnuudadedu sufunezdea e lumisaudita
o o [ ] 1 1 =& = | o

asdludlumsiBumdums udmsdanstusuy Tasasaezdunmsdrutanisanus
: ] R o ] 1 cll.’ ¥ J d' L] Q I o
AI1A $0000 - $OOFF M3dradadwmiialugeil sxliflenluniisnnudufios 1 lud

»
iy

seimtumsldnsdutannlasase szldmana lumstadeyatdesnd nany

»

pwiSonmsdradanuiinmsradalunthegud Zero page addressing)

3) MIS AU IBUBISUA (Inherent addressing)
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duzduunveimsdrdsmshaunsludivsaesfyames (Accumulator) 14l
| o ] o | ' ; = :l’ o o 1
asguneItudeyaluniionruiusedinla mizaniumsduiawuileelimvadm

i op code Mty
4) MIAUHULULHURA (Immediate addressing)
wanninmsd i 1 ldnuaudhidilagmsdanf 18nsdradalu
» 1
A aduudy idausadinsae i ideamsir 16l diae Tas lidealimsdrada
» ]
dumds miszastiu pluuvveshidezlszneudisent 1da uazdunvdoya
» 1
m3l¥msdrafanniui deamaidioh lumitenus uazd wrudygruwrn
9 ] A l‘l [y = = 3 o ¥ o =S 3§ Au [l : =
Woundt tilesnn Widesllmsdueideyavesdumianaziinsadoyandwmianiugn

Aldoan

» 1
L4

shwysesiidsrusodumsduidoyanafifenia 1 nio 2 lud14 i dd
LDAA Humsnaadoyavuin 1 lud uaz LDX szdosmindredeyaviia 2 lud
foidovesmstradauuuiiife Tulvsunsufidesdnin$urgaiong mstfulglu
drTdsunsuazthnrugannungdld mqﬁﬁmsnﬂ%n156’1aﬁqi‘i'auunuuuf':1ufhuﬁﬁ
mstdeuasiios nio'li
5) MITONANMULUUAYH (Indexed addressing)
Aunsdrafelasldfrve eI Taimo @il (ndex registen) 311U YD IR
wsznoudiveny 1Aaudanudiefoevidn Offsen nioszuzianInALMIIaIER §

o ad Py = d 2
smnoddviiveg meoordaiduduuyllinTosnue mszasiuezannsadiais

L] 14 o
A s o A

dumladanninsvawmainriiyegmind uaien 18Rzt $00 - SFF

6.) MIDWULTURANT (Relative addressing)
msdrfamudunniiunsdndi Wlusdalsziannsnse Taaniouy

$UF(Branch) $240UA15 14 PC (Program counter) gufuzinislfausufuisames

goue luuvesideesmiloufumsredaunudadl oauwd dvevida ui1g

HABIAIY NA1IRD T UARTIATDINLNY (Two's complement) 939118 19Tl s o

$198 18T Raur +127 Fumis Ba—128 fumle

o a T ' o = L 4 o
Hﬂﬂﬁ'lﬂutlﬂllﬁ1?.1'\11’11“%00?11\11145'311ﬂ14ﬂﬂ?ﬁ]ﬁlﬂ8'§ﬁﬂ1u8 1Y JMP L1082 BRA 43U

msdreds lunuuduinfiauiy
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2.7.2 qﬂﬁw‘h
gafidauosluTnsneuInsamed 6sHC1 amrsouensenldidu 7 ngu fie
1.) ﬂq'llﬁﬁ'(ﬁ'ﬂﬂﬁlﬁmﬁ)‘uﬁﬂgﬁ {Data handling instructions)
nquyamdsiiansoundesoen it ngufrdai 1 lunsindouthodoya it
BSET (Bit set), BCLR (Bit clear), LDAA (Load accumulator A), STAA (Store accumulator
A), TAB (Transfer A to B), PSHA (Push A onto stack), LDD (Load accumulator D)
nguidsit 1 lumsdeunoadladoya 191 INCA (Increment A), DECA (Decrement
A), DECX (Decrement X), DES (Decrement stack pointer), COM (1’s complement memory
byte) agnguiidslumsifouuagnyudoyn 191 ROLA (Rotate left A)
2) ndufndamengdinenans (Arithmetic instructions)
ﬂrjwﬂﬁﬁ}iﬁﬁmm'muuneiﬂuaan“lﬁ’ﬁ‘.lu nquA 1A INITUIN 193 ADDA (Add memory
io A), ABA (Add B to A), ADD (Add 16 bit memory to D) nguf 1401501 (¥ SUBA
(Subtract memory from A) SBA (Subtract B from A) SUBD (Subtract memory from D) ILAg
ﬂijllﬁ‘lf?ﬂﬂ'liﬂml.mzﬁﬁ 19U MUL (Multiply 8 by 8), IDIV (Integer divide 16 by 16)
3) ﬂduﬁ]é‘iﬂﬂﬁﬂﬁﬂ (Logic instructions)
nszuIuMInNaeiniidiofiu 3 nszuums Ae msuazmie uanBndngdvens
%1 ANDA (AND A with memory), ORA (Or A with memory), EORA (Exclusive OR A
with memory)
4) nguirdansufounazaseaoudoyn (Data test instructions)
mﬁﬁmmmnfjnﬁ1&’\1ﬁﬂsﬁﬂﬂﬁﬂﬂmﬂﬁnuuﬂmwquﬂan (Flag) wi uilungud
FutTouifeunazasrnaeudeyavuia 8 in 13U CMPA (Compare A to memory), BITA
(Bit test A with memory) itaznguidanlisuifisuunzasrnaoudoyauig 16 in mu
CPD (Compare D to memory 16 bit), CPX (Compare X to memory 16 bit)
5.) ntjuﬁﬁf:ﬁtﬁmﬁun1iﬂiﬂﬂﬂ (Jump and branch instructions)
msnszlaassiifamsnse Tai luitideu'ly 1%y IMP (Jump), JSR (Jump to subroutine)
uazminss Taauvufifou'ly 19y BRSET (Branch if bit set), BEQ (Branch if zero) $1A13

Mooz 95 wiumswasulauazasnasuunan
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6) nguidsiansiuisamesaimIonly (CCR instructions)
ntjuﬁ1é’aﬁaﬂuﬁ‘léaﬁﬁ‘|n151=mﬂ?mﬂﬁu§(Clcar) fan19 WS Smmedariaidonls
1% SET (Set carry), CLC (Clear carry)
7. nguFaAILAM (Control instructions)
Wudded lumsmugumshoaundnuealy lasaew Insained Saazfeadoei
n150y g1 1A TN 19T 9132 19U CLI(Clear interrupt mask), SWI (Software interrupt)
waz Tvuan1syseviana a1y (¥ NOP (No operation), WAI (Wait for interrupt), STOP

(Stop intenal clock)
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aznam’fiﬁagjmnuw“lu‘?aﬂﬁ'lufm’fuazﬁﬂﬁtﬁﬂnmJnﬂﬂﬁauﬁuﬁnmauﬁadawanqﬂ (
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510 3.3 uaaag1luea Light - Dependent Resistor (LDR)

4 Y w o ¢ o A v v 4 a L.
ﬂ17!'ﬂﬂnﬂﬂﬂﬂﬂﬂ§ﬂﬂﬂulﬂ'jlﬁﬂﬁ VENTINMIHOUADHIUNINNO TN E 33 analog to digital

converter Y17 81in agnelu dagil
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NamInaaoduazanUsiena

4.1 HAMINAAOY
= ] o
4.1.1 ua0uRYIYULUA

g 14,5 cm.
e 465 cm.
hpd 42.5 cm.

win 7.5 kg

4.1,2 WAINUUDITZUY

o

wianuswwesszuy Tass gl nsaimanqdh 1ikefuded

seaziDenvHInaza I

- Solar cell (PV)

Voc = 16.00 volt
Vpm = 12.02 volt
Ipm = 754 mA
Pmax = 9.06 Watt
- Battery

v = 12 volt

1 = 36 Watt

- Motor

\' = 12 wvolt

I = 46 mA (no load)

1 ¥

I = 330 mA (§eTuA M NYeesD)



- Controller board

v

5 volt
I

48.7TmA

4.1.3 wamsiameou output Y93 Pyranometer, LDR sensor AT Solar cell

Solar cell (Volt) AHENLAY (W/m™2) LDR output (Volt)
11.72 71 2.71
12.03 149 2.85
12.53 221 2.91
12,6 293 3.06
13.01 385 3.21
13.35 437 3.31
13.62 509 3.36
14,01 581 3.43
14.45 653 3.59
14.69 725 3.63

asafi 4.1 M3iamen output Y94 Pyranometer,LDR sensor 8% Solar cell

35
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14
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71 149 221 293 365 437 509 581 653 725
AINBNL A
14,1 uerasrrmduRufszrieanuidue 1Az output LDR
15
14
8
5 13
D
73
12 41—
11 T T | [ T
71 149 221 293 365 437 509 581 653 725
LY
ANLTHLAS

q1l14.2 uaraanuduiudsznannduies 1ag output Solar Cell

36
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T lnssaudiesduil museafnfunudimmsfunue 18 lasmsasnduamudunaeiiuan
s Taoldauaedoiin LDR 4 &1 Tavszhauenfi 18 Tusunsy'ts

LHaaLIeAndlm ,Voc =16.00 volt,Vpm = 12.02 volt,Jpm = 754 mA, Pmax = 9.06
watt Taomdmszy i lufu S luunnedvuin 12volt, 36w Faluvusil naslinmady
Uszanat 140 Sadaemsannsssi findsoufvimedwmiunnudesnsnimin iy
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2. mumﬂ)‘mmmmtﬂummmmﬁmm 710 LDR Y130 Light Dependent Resistor
fieanuudsfsen haaefuaudumu vewmazdi lumfus Wedeeims
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/* lib_rwll.c ¥/

/t
VERSION HISTORY FOR lib rwll.c

V2.81 Jun 11 1994
Created library for Rug Warrior from an earlier

library by jsr and fgm

¥/

persistent int test_number;

/*t**ttlttt***tt*“*/

/* TIME PRIMITIVES */

/t#l‘t*tt*t!*t**t***/

/tt!‘**t‘*t*ttt*i*itll******t**t!***/

/* location of various time stuff: */

/* Ox14: time in milliseconds  */

/*‘**t*t*tt*l***ti*l‘*#*#***t**tt**t/

void reset_system_time()
{
pokeword(0x14, 0);
pokeword(0x12, 0);
}

/* returns valid time from 0 to 32,767 minutes (approx) */

float seconds()

{
return ({float) mseconds()) / 1000.;



void sleep(float seconds)

{
msleep({long)(seconds * 1000.));

void msleep(long msec)

{

long end_time= mseconds() + msec;

while (1) {
/* if the following test doesn't execute at least once a second,
msleep may not halt */
long done= msecends()-end_time;

if (done >= OL && done <= 1000L) break;

void beep()
{ tone(500.,.3);
}

/* 1/2 cycle delay in .5us goes in 0x26 and 0x27 */
void tone(float frequency, float length)
{
pokeword(0x26, (int)}(1E6 / frequency));
bit_set(0x1020, 0b00000001);
sleep(length);
bit_clear(0x1020, 0b00000001);

/* following is important to reduce # of interrupts




when tone is off */

pokeword(0x26, 0);

bit_clear{0x1000, 8);

void beeper_on()

{
bit_set(0x1020, 0b0O0000001);
bit_set(0x1022, 0b00001000);

void beeper_off()
{
bit_clear{0x1022, 0b00001000);
bit_clear(0x1020, 0b00000001);
pokeword(0x26, 0);
bit_clear(0x1000, 0b00001000); /* turn power to spkr off */

void set_beeper_pitch(float frequency)

{
pokeword(0x26, (int{1E6 / frequency));

long timer_create_mseconds(long timeout)

{

return mseconds() + timeout;

long timer_create_seconds(float timeout)

{



return mseconds() + (long) (timeout * 1000.);

int timer_done(long timer)

{

return timer < mseconds();

/* Rug Warrior's analog ports 6 and 7 are unassigned */

int analog(int port)

{ poke(0x1039, 0b10000000);
poke(0x1030, port);
return peek(0x1031);

/‘#***#***!*‘t**tt#l***i***tt*t/‘

/*** Multi-Tasking Support ***/

JERRARERRR R SRR RS EAERAEE R

/* gives process that calls it 256 ticks (over 1/4 sec)

more to run before being swapped out

call repeatedly to hog processor indefinitely */

void hog_processor()

{
poke(0x0a, 0);

/* Debugging utilities */

/* Dump 8 bytes to the LCD screen, starting at addr */



void dump(int addr)

{ printf{"%x: %x %x ", addr, peekword(addr), peekword(addr + 2));
printf("  %x %x\n", peekword(addr + 4), peekword(addr + 6));

}

fttttt*ii#*****#**‘*t**#t*tlt*tit**tt***#***#‘*#***t*it***tt***t***t***i‘t***t/

/* Rug Warrior specific functions and constants */

f‘***#*ttt#***##*#*##*#t**t*#**tt***#**t#t****##t*tt**##****#***##-******#tt**/

/* Digital ports 1 and 2 are unassigned */

int digital(int port) /* Return 1 bit from PA1 or PA2 (or PAO) */
{ return 1 & (peek(0x1000) >> (port & 3));
H

/* Indices for accessing sensors connected to the A/D converter.

e.g. to read value of right photo cells use analog(photo_right) */

int photo_right = 0;
int photo_left =1,
int microphone = 2;

int pyro = 5;

/*.itt*..*i*t.t*-ti*t**#**ttt#tt.*itt***t*t*!tti**t*#!tt*ttttt*#*.#tt*lttt#**t*

/

/*

/* Motor Control Primitives

/*

/*  init_motors() - Must be called to enable motors

/* motor(index, speed) - Control velocity of motor 0 (left) or 1 (right)
/* drive(trans_vel, rot_vel) - Control robot translation and rotation

*  stop() - Stop both motors



*/

/* Setup two PWM channels for motor control */

/* Left  Right */

int TOCx[2] = {0x1018, Ox101A}: /* Index for timer register */
int dir_mask[2] = {0b00010000, 0b00100000};  /* Port D direction bits */
int pwm_mask[2] = {0b01000000, 0b00100000}; /* Port A PWM bits */

int init_motors()

{ bit_set(0x1009,0b110000); /* Set PD4,5 as outputs for motor direction */
poke(0x100C,0601100000); /* OC1M Output compare 1 affects PA5,6 */
bit_set( 0x1020,0b610100000); /* TCTL1 OC3 turns off PAS, OC2 PA6 */
bit_clear(0x1020,0b01010000); /* Use set and clear to avoid other bits */
pokeword(0x1018,0); /* When TCNT =0, OCI fires */

/* Make sure init_motors is called after a reset */

int init_motors_dummy = init_motors();

void stop() /* Stop both drive motors */

{ bit_clear(0x100D,pwm_mask[0]); /* Let OC1 turn off motors rather */
bit_clear(0x100D,pwm_rnask(1]); /* than turn them on */

}

/* Vel is in the range [-100, +100], index = 0 => Left, = 1 => Right */

void motor(int index, float vel)
{ float avel : /* Absolute value of velocity */
if (vel > 0.0}
{ bit_set(0x1008, dir_mask[index]); = /* Forward rotation */




avel = vel; }
else
{ bit_clear(0x1008, dir _mask[index]); /* Backward rotation */
avel = (- vel); }
if (avel < 1.0} /* If we are going real slow */
bit_clear(0x100D,pwm_mask[index]); /* then just have OCI turn off the motor */
else
bit_set(0x100D,pwm_mask[index]);  /* Otherwise let OCI control the motors */
if (avel > 99.0) /* If we are gong real fast */
avel =99.0; /* don't let the following multiply overflow */

pokeword(TOCx[index], (int) (655.56 * avel)); /* Compute TOCx value */
}

/* Use drive to contro! motion of the robot. A positive rot_vel makes the robot

turn left. */

void drive(float trans_vel, float rot_vel)
{ motor(0,trans_vel - rot_vel);
motor(1,trans_vel + rot_vel);

}

/* Enable and activate debugging LEDs. */

void leds(int val)

{ poke(0x1009,0b111100); /* Set port D for output */
poke(0x1008,val << 2); /* Shift number over */ |

o

/* Return a 3-bit value representing which of the bumper switches are closed */
int bumper()
{ int bmpr;

bmpr = analog(3); /* Switch closure: */

if  (bmpr < 11) return 0b000; /* none */



else if (bmpr < 32) return 0b001; ™A %

else if (bmpr < 53) return 0b010; /* B %

else if (bmpr < 74) return 0b011; /* AB */

else if (bmpr < 96) retum 0b100; /* C *

else if (bmpr < 117) return 0b101; *ACH

else if (bmpr < 132) return 0b110; /* BC*

else return Obl111, /* ABC - (mechanically impossible} */

/* ir_detect returns:
0b00 => no reflection, 0b01 => reflection on right,

0b10 => reflection on left, 0b11 => reflection on both sides */

int ir_detect()

{ int vall, val2, val3;

vall = peek(0x100A) & 0b10000; /# IR Detector connected to PE4 */
bit_set(0x1008,0b1000); /* Turn on Left emitter, PD3 */
msleep(1L); /* Wait 1 millisecond */

val2 = peek(0x100A) & 0b10000; /™ Should be Low if signal detected */
bit_clear{0x1008,0b1000); /* Tumn off Left emitter */
bit_set(0x1008,0b0100); /* Tum on Right emitter, PD2 */
msleep(1L); /* Wait 1 millisecond */

val3 = peek(0x 100A) & 0b10000;
bit_clear(0x1008,0b1100); /* Turn emitters off */
/* For detection, detector must be high when emitter is off, low when on */

return ((vall & ~val2)>> 3) [ ((vall & ~val3) >>4), /* HI -> LOW */
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