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ABSTRACT

In the present, embedded system technology plays an important role in daily life. The
embedded technology is applied into devices and equipment for improving operation efficiency
and convenient, including increases value added to products. However, an application
development of embedded systems stills lack of systematical study, currently. It causes the
development in this area that becomes slow and incomplete, and misses appropriate formal step in
development.

Therefore, this project presents the novel approach that applies a system development into
the embedded system by acquiring an object-oriented system analysis and design using UML. The
application developed in the project is a line trace robot.  The line trace robot operation is to read
data from environment via sensors. Then, it manipulates the data to command the robot to perform
correct operations, such as tracing and following multiple line patterns, selecting lines, adjusting
speeds, and moving toward the specified target. The sensors, actuators, and embedded processor
used, as a main hardware, in the system come from Lego RCX. The program development to
control robot operations uses C++, which is a programming language that conforms to the object

oriented development approach as previously mentioned.
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e%mﬂga 1n@ (Use case specification)

M3190 3.2 uaasmeTuoganadowvedeyn (RequestData)

Line trace robot

‘Use Case Name : %}ﬂﬁﬂﬂ‘fl}’ﬂga (RequestData )

ID: 01 Importance Level: High

Primary Actor : 1Ly aSuers (Light Sensor)

Use Case Type : Function

Stakeholders : -

.. ° = a d A Y A o
Precondition : 1’”ﬂqiLﬂﬂﬁ'ﬁﬁmLWﬂiﬁigu‘iﬂjuqﬂ'm']u

Post-condition: : -

o 1 s 4
Brief Description : 'i%UUﬁUslBJ}ﬂlql‘ﬁfl]']ﬂﬁﬂ']“wngﬂgﬂuw']uﬂ'l\‘lf‘]ﬂﬂﬁml“])"LlL“If@iLLﬂ\'i (Light

Sensor)

4 4
Trigger : I ULEDTUNS (Light Sensor)mu%'ay,a

Relationships :

4
Association : 1 UL¥DILAY (Light Sensor)

Normal Flow of Events :

= ° = Py o
1. 5SUﬂliuﬂWQWuIﬂﬂﬂ']ﬁlﬂﬂﬁ'Jﬁ%’

o =] v a 4 '
2. szuumafumdoyannammunadenasuitelslumslszuianalaslds

@ & ' s 9 1Y = 9y Ao
PROGRAM GluﬂTﬁﬂﬂUumﬂﬂulﬁagﬂﬁQ “]Nﬂﬁzﬂﬂ‘]Jﬂ’JEJm‘U’éJZJuaﬁ‘U’eNLﬁuﬁm

vV 9

Susunsdaduladeniduniada (Shortcut)

A\ XA ;
3. szuuGuUATouN lagnisnally RUN

¥
Aeyauadun mdeyadmiumsdaduludendumedu uazadoya

s 1 vy = o A P
4. 1HULYDT (Sensor) EJ’I‘L!m"ll’é)'u"aclu‘umz‘ifli:’,‘lj‘l_mm’mﬂﬁ@uﬂ

5. szuUhimInsRdous1veyaNs LI

SubFlows : -

Alternate/Exceptional Flows :

° N Aw 9
5.2 SUUNINMTATIVFOUANUDUANITULUTNN

U

9 1A A 1 Ao ¥ ¥ o =y (R} 3
5.a.l ﬂTf]TLlﬂ'l’ﬁ@NGI']?J‘Vlﬂ’I‘V]ﬂﬁ/iuﬂhl’J“lWV]’lﬂ"liﬁﬂ@]'m ( Trace) NAITFUU

522 gowmalalaauidesnsIiiimsndouivazeumsely

Y v oA A v A A ° Yy 19 @
5.a.3 mmummﬂumau"lmmsmﬁu%14iemi‘mam VlﬂLLﬂ LT UNWNTULURS

9 @ Y = o @ A - g Aq 9
Lﬁu%'lﬁﬁﬂslﬁkﬂiﬂﬂJﬂiUﬁﬂHm&’ﬂTilﬂﬁ@u‘ﬂlla%ﬂ'ﬂllﬁ')’ﬂﬁl‘]f




M5190 3.3 uansdefuvgamaAnadun19UnA (TraceLine)

Line trace robot

Use Case Name : Aamudunelng (TraceLine) ID: 02 | Importance Level: High

. s .
Primary Actor : 4989 ( motor) Use Case Type : Function

Stakeholders : LGI)"LJW?J;LLET 4 (Light Sensor)

Precondition : -

Post-condition: : -

Brief Description : 3UUMMsAamudunslng

Trigger : IUITO31a4 (Light Sensonaudoya laidlududing (duda)

Relationships :
d
Association : UBIADSI ( motor)

Extend : = DirectLine ,SlopeLine, CurveLine

Normal Flow of Events :
@ 1 I~ =S
1. seuusuaudnandhsdudung
o A s o L% =
2. szuuihmsieaeunludnyazveuduilng
3. SEUUNIMIAsIvdeuammEauUnIe Taun [dun1ense maldumeniery
o o 3 g9 Y A ~ 9
4. YFuszgavanuSwazaauguuewes Madteumudssnndun
° a 9 a @ 1Y A A & ' ~
5. szyumsRaauduntsled wazsuaududdnd ldiFes o aundnezl

Qs oA 1 d B @
mii‘um‘wwmuﬂmﬁumﬂmmﬂ

SubFlows : -

Alternate/Exceptional Flows :
LY 1 d' 1 T Y
3.a. §$‘1J‘1J§'1Jﬂ'l1’lhlllal°lﬂﬁu‘1’l"lﬂﬂix‘i
) Ao 9 [ ={ o 9 a o Y] <
3.a.l ﬂ?ﬂﬂ']'vﬁﬂl‘lﬂiﬂizu’ﬂlﬂuﬂN‘Iﬂu‘izﬂﬂ"ﬂ%ﬁ’ﬂﬁLﬂiﬂﬂﬂiﬂi:ﬁﬂﬂﬂ’ﬂuﬁﬂl
J o o o
LLﬁZﬂ’J‘]JﬂﬂJ‘iJ@LG]’E)Sﬁ'1W§"]JV]'I<‘Iﬁ1@‘1)'14
~ A A o ) v Y o o
3.a.2 mfmmsmaauw“luaﬂymxmmﬁmwmumﬂm §$‘U‘U‘ﬂ$ﬁ@\‘ﬁfﬂﬂ'}§‘ﬂiﬂ

Y

g Jq ¥ A A @ Y v
'izﬂ‘ummwmazmuqummaﬂwLﬂaaum"lﬂmuaﬂymzmumﬂﬂ

A A 1 As oy o % o = a Y
4.a. IUVUANDUNHIUNILUENNULTUNTIOAN §$Uﬂﬁlzﬂﬂ\‘m'lﬂ’lﬂﬂﬁﬂu‘ﬂﬁvnﬂﬁ

inaoun ldauduniada (Shortcut)
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M3 3.4 waaaieiueyanaAaaduNIeda (TraceShorteut)

Line trace robot

Use Case Name : AAAMIFUNGA (TraceShortcut) ID: 03 Importance Level: High

4
Primary Actor : 490193 ( motor) Use Case Type : Function

Stakeholders : IHULEDS LA (Light Sensor)

Precondition : szuuimsaaduladendunia

Post-condition: : -

Brief Description : 53ULMNM3IAAMNFUNINAA (TraceShorteut) 3N TATUFFUNS

na
k2

. ¢ 7 w19 A g [
Trigger : 5ULED I (Light Sensor)i‘umsuagaﬂgﬂugﬁuwwﬁaﬂ (Shorteut)

Relationships :
4
Association : UBIMBF ( motor)

Extend: DirectLine ,SlopeLine, CurveLine

Normal Flow of Events :

as [ 9 Vo 9} o
1. ssuvfundninlaeszyiniluduniean (Shorteut)

) R0 SN vvarey B
2 szyurimslasudnsasvesnmsinaeuniumsndeun luduniaa
3. szpuiimIasivaeua MU laumiduniansd tagmelag

W o [~ g A A Y] 9 [

4. YSuszAuaMMIMaYAILAUNDIAGS INIATIUN iR M YDUTUN1NGR

o o 7 Y s d' 1 a
5 32UURIMSARAEUNeSa (Shorteut) taziylUiFos  aUNIDZUNT

ﬁl d' Y 19 =Y
G]5’JfﬂE‘T’EJ‘ULLﬁSﬂLﬂﬁ@UﬂﬂaUq&ﬁuV]Nﬂﬂﬁ

SubFlows : -

Alternate/Exceptional Flows :
A A A v a A Y = 3/’ v
5.a §$‘U'Ulﬂﬁ’ﬂu1’lW']‘Ll‘V]NL!,EJﬂ'VlilﬂﬁG]ﬂﬁuali]mﬂmﬁuﬂ"lfl@ﬂﬂi\‘l FEUVITADI

fhnseasusiamelimasun laudunisdnd
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o = 4 4 S
3.5 uansdefuegaad infoui 1U1un19nse (DirectLine)

Line trace robot

Use Case Name : 1naou# 1 lun1aas 3(DirectLine ) ID: 04 Importance Level:

medium

. o .
Primary Actor : 49$93 ( motor) Use Case Type : Function

Stakeholders : L%uLG]i’t’Ji( &9 (Light Sensor)

Precondition : -

Post-condition: : -

. . A A )
Brief Description : waeun ldeuduninss

Trigger

d v a
: U5 (Light Sensor) 81uTayaA WA

Relationships :

4
Association : U893 ( motor)
Include : -
Extend: -

Generalization : -

Normal Flow of Events :

L.

Q 4
szuvfudeyardumuiinuineruesias

1 o ' 4 4 { o

2. aswasusdeyamndiusudunisass Mndeunllaudundmua
o [ @ ] ) 4 @ =

3. vhmsdfuszduanuda lummdunis uasaruguuemes udnyuzUAd

4. Sumdoyanaziadoudllaidumssuninglimsmieun l luanmiduns
o a
NA9INEY

SubFlows : -

Alternate/Exceptional Flows :

3.a.

4.a.

° Y < 2 d? A A A )
3gﬁJ‘]J‘VIWﬂ'ﬁﬂﬁﬂﬂ'ﬂﬂ\lﬁ?lwu‘ﬂuiu‘ﬂm%ﬂlﬂﬁ@u%qﬂlulﬁi‘l’ﬂ?ﬁﬂiﬂ
o A A Y a0 Ao 9 3 a 9 =}
T’T']ﬂiZ'].l‘]J‘V\Tﬂ']iLﬂﬁ'E)‘Ll‘VILLﬂ'JlIﬂ']“V]'i‘UL"U’]lJ'W\'NUhJ‘ﬂWﬂLﬂﬂJ FEUUITHBIUNT
oy A Ao ' A A A Y A '
ma%ﬁﬂuanﬁumﬂmﬂafm"lﬂuﬁﬂymz’,munlﬁ W‘J@Nﬂ'\ila@ﬂkﬁuﬂ?\?ﬂﬁﬂqﬂ

o o o o a y A 4 o S vy
LLﬁg’alﬂjﬂllﬂﬁlﬁ5ﬂUﬂ'313JL3'JllaZVIﬂ‘Vl’NGh’Tlﬂa@umllﬂGLUﬁﬂ']WLﬁuvn\?uuulﬂ
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M99 3.6 uaasioduogand indeud 1 lun191A (CurveLine)

Line trace robot

Use Case Name : Lﬂﬁ@uﬁllﬂﬁluwiﬂﬁlﬁ(CurveLine) ID: 05 Importance Level:
medium
Primary Actor : Yoo (' motor) Use Case Type : Function

Stakeholders : BB T A (Light Sensor)

Precondition : -

Post-condition: : -

Brief Description : a1 # ldaumn1ea1As(CurveLine)

. 4 4 ' v ¥ o oy 3| o
Trigger : [HULEDTLLE (nght Sensor) 'EJTHGU'E];JJ@hlﬂﬂ'mgﬂﬂ']ﬁuﬂ'ﬂlﬁuvnﬂL‘lJ‘Ll‘V]'NIﬂQ

Relationships :

§ p
Association : UBIHBI ( motor)

Normal Flow of Events :

1.

Y] o
szvusutoyadunIad I INE LB S

¥ [~ 1 { = § o
2. arnaoumdeyadiumdsuuuldenfiemanduduniss
° a A ~ [ A o 9
3. szyutmsasageunanemamasun lusnuaeiidunialag
o Y] o [~ o [
4. msdSuaassauanus ldaudunis uaznuauNemaTAINANYMY
{ g
dumanduma 1
[ Ty & a g/ 1 = A A o 19 a
5. s‘umsumgaLm:maau‘Vl"lﬂmmmumﬂ%uﬂ'n%znmamaaumauqmuwmﬂﬂm
- S, A YRS 0.,
Wsoaunvgiimsmaounlunianieaunaiseanly
SubFlows : -

Alternate/Exceptional Flows :

" 9 [~ VoA = A Yy
2. a. ﬂijﬂﬁﬂﬂﬂ’]‘ﬂﬂy’mﬂuﬂﬂﬂENL‘]Junl‘]_l‘t]"lﬂVlﬂTﬂ\‘WlL‘lJuLﬂ'uVlN@iﬂ

s A 5 Y o Yo A A A v
2.a.1 HINUATAADUNDBNUBDNTUNNNAINUA “lﬂWmamaaummmumuaz

v Y 1y a g . A A 9 a
ﬂﬁULﬂJ’]'LILﬁuvn\uﬂﬂJ %']ﬂuH‘VI'lﬂ’]ilﬂaaumﬁ@qﬂﬂ']ulﬁum'mlﬂu

47



d' [:3 = d’ t:' Qs .
A1319N 3.7 U suIeyTInd Lﬂa@uﬂllﬂclu‘l’nﬂﬁ'lﬂsﬁu (SlopeLine)

Line trace robot

Use Case Name : iaouh 1 lunsanasu (SlopeLine) | ID: 06 Importance Level:

medium

4
Primary Actor : ¥®9197 ( motor) Use Case Type : Function

Stakeholders : HUFDT LA (Light Sensor)

¥
I=3 1

Ve o 4 3 Y
Precondition : ﬁ‘UﬂW’OﬂJﬁV]i%U’JMﬂHVIN%H

q

Post-condition: : -

Brief Description : wasun luauniesu (SlopeLine)

. 4 : ' v Y1 o Ty o o
Trigger : I¥UIEDTLUT (nght Sensor) ’0']1!"11’é]lluaulﬂﬂ”l‘ﬂf\ﬂﬂTHuﬂ’NLf’quNLﬂuWN“KH

9

Relationships :

d
Association : W8LABI (motor)

Normal Flow of Events :
o 9 Y ¥ J
1. 53“]_1U'i‘U‘U@?;ljaLﬁu‘VﬂﬂL"U'l'JJ'm']ﬂLc]ﬂ«!L“l)"ﬂilLﬁQ
% g A o Vo9 A o [~ £ @
2. Gl5'3%ﬁﬂﬂﬂ']"U@Hﬁlﬂuﬂgﬂﬂ’]ﬂ‘Llﬂ'J’llﬁuqﬂ'l\illaﬂﬁﬂlgL‘].Iu&ﬁu‘ﬂ"l\i“]fu
o % o < 4 LY a
3. ‘Vﬂﬂ'ﬁ'ﬂ'i‘llﬁzﬂﬂﬂ'ﬁ'lilﬁ?‘lﬂﬁ'lulﬁ}u‘ﬂ'm Lmzm‘Uﬂuu@maimuaﬂymzﬂﬁmﬂ
v a é’ Y o a Y < d?l
. m\‘l"]ﬁﬂu%ﬁvn\‘imﬂsuu cLW‘V]']ﬂ']ﬁTJTUﬁ%ﬂUﬂ'JHJLﬁ'J"UU
o ) o @ =]
- 1/110%1!11!1/1?{711%11@1?1\1 1%%1mmmmum1mnm

. 1Y A A 9 ' ~ A A o 1y a
4, §Uﬂ'lﬁllflllualla?u’Lﬂa@uﬂhlﬂ@]'llllﬁuvnq"l]uﬂ')’l"llzllﬂ'ﬁlﬂa@umﬂﬁU'!.:jﬂﬁum'mﬂﬂ@]

SubFlows : -

Alternate/Exceptional Flows :-




M3197 3.8 uaasseTuogand enidun1e (SelectLine)

Line trace robot

Use Case Name : {80nt@dUN14 (SelectLine) ID: 07 Importance Level: High

4
Primary Actor : ¥®(¢103 ( motor) Use Case Type : Function

Stakeholders : 5UIHDT LT (Light Sensor)

Precondition : -

Post-condition: : -

Brief Description : finalai@ionidumnia (SelectLine) Nzindoun 1a

. s . Yo Y o Ay o o A A
Trigger : IFULEDILLEN (nght Sensor)"lﬁ3U%@QﬁﬁﬂWWLﬁMﬂNﬂﬁ@ﬁﬂJﬂ'liﬂﬂﬁusl"l]m’e']ﬂ

Fnyauzidumuuuduniedansouuudumalod

Relationships :

. 4
Association : UBIAVF (motor)

Normal Flow of Events :
v Y Y Y 4
1. $2UUTUTRYAAUIMGINI I UIYD I ILAY
1 dd’ v oA = g} A 1
2. asdouniie lvyesmsdadulalumsifondunanse i
3. dmslszunanadeyatnzaaduladeniiamenaeg

o < a {
4. ‘lJﬁ‘Uﬂ'J"I‘JJLﬁ'JLL'ﬁ3‘1/]?’(1’]']\‘1‘1]@Q?Jﬂ!ﬁ@ﬂﬂﬁ']ﬂl&}uﬂ'lﬂﬁlﬁ@ﬂ

SubFlows : -

Alternate/Exceptional Flows :
@ a A k]
3.2. S2UVAATUIIADNFUNI
3.a.1 mndwmualddaduladendumalag Idadeunmulng
o v a [ @ @ o
342 windmualddaduladondumedn IWesoudsussduanusiuas

sluMsAdeumUTNY TR Ad YNGR

49



3 o a <
mM3197 3.9 udasdefinsgananILAUAUT 2 (ControlSpeed)

Line trace robot

Use Case Name : muaummﬁa (ControlSpeed) ID: 08 Importance Level: High

. ¢ .
Primary Actor : 4@I9193 ( motor) Use Case Type : Function

Stakeholders : Lmumag a4 (Light Sensor)

Precondition : -

Post-condition: : -

. L. =] J @ 4 {
Brief Description : ﬂ'JUﬂllﬂ')’]iJlﬁ'nJ@lﬁ@ﬁﬂ’]ﬂJﬁﬂy 3t ﬂ’]fl’l;ﬂﬁ@uﬁ

Trigger :

Relationships :

.. 4
Association: 493 ( motor)

Normal Flow of Events :
o Y] 9 = & A 2 T Y
L seuuiinsasieaeusarasiduniaz iemaussmsnfoun 1aun unig
@59 @unielae uaziduniaanaty
o @ = s d‘ P
2. JSUsEAUAITUE I N AN HALUDINITIAROUN

Y
@

o W Y < o a = A ~
3. ﬂ’\iﬂ1@’\‘1sl‘i’i1JEJLGI’e]i‘VlN11!Gnllﬂ’3']3JL5’JLLE1$‘VI?W1Nﬂ'limﬁﬂu‘ﬂuu

SubFlows : -

Alternate/Exceptional Flows :
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3.2.2.2 HHUMNWNINITU (Activity Diagram)

URUNINAINTTUNNIITZUY

e

Request
data

Process

T
Selectline

Trace Line 2

" .
|~ TraceLine
.."‘-\_\’/f -

| B -

TraceShort
cut

y line charactor
¢ line charactor

N

.,

Direct [ Curve Direct Curve Slope
shortcut shortout

Control
speed

510 3.4 LAAUHUAINAINT TUATNT W TTLY

= 3 o @ ¥ 4 1 & a o
VINLUHUATNAINTTUNINIINVDI9T2UY aunsaetuie ldasdl Werusudsuiny
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= & A 9 ' 9 =1 ) Y] <3
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Press
button

Press button program
for get data hefore

y
_.._____%_R—aﬁmﬁata - —{process

Record data?

Yes
&£ &£~ . X
Al
R Record data
before process

‘ RecordData g,fé e

: :

L Do B

W Press
{ RunProgram - = button run

Start motor

510 3.5 naamumwAINT SN IS oavedoya (RequestData)

t4 v
=4 A

= 9 £ = Y o a 1 = A
VINUWUNWAINTTUMSSDevadeya easaeTuie ladedl WelimsnalluilanTesie
A P - ] D] ¥ ) Aov 9 ' ) 9
m3ewdn sziimsiesvedoyasinnmeuendiuuazasivaeudeyansuduniuasgniiuin 13
A w Y @ 9 o 1 4' o R v 9 Yo Q A 9
w5089 8189191 snaTjy Program iiveiTufing Woyalny PAdwmivilszuana foszuues 14
S v I} ™ ] A o Y
mapuawas o anadeuilagiiuunldlumsTusunsuiedinuss vy luanwiaaoy
Popiiu uadnsaindoyamegniiuiinudssvusziimsdesvedoyadinlmimetiuiin uazes
° @ ) = ) Y, ' 2 A o o vy
wimssuldsunsuandoyafineiiuin 13 Tasnaiy run Feszuvazisuinmlassua Intdhin
A 4 o dyy A4 ¢
oo pielszuianauaziiwan 1@ llauaumsinfouivoswemes

o ’ =4 1 a
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dy o < (= A o 9 a Py < (= ]
I‘ﬂiuﬂ’illu‘1]851/1’]ﬂ']ilﬂ'Uﬂ1’@"11W’Jllﬁz’dﬂﬁ]'}ﬂﬁﬂ?‘WLL’Jﬂﬁ’ﬂlﬁ]i\‘l Iﬂﬂ'ﬂﬂﬁlﬂ‘ﬂﬂWﬁLLﬁ’ﬁ%

3 o 9 1 & o L= = ] ] Y Y d‘q’ll
asaausai1 18 Tasmanallu PROGRAM Fevzihimstiuiinanfudazdinu 13 ludunlshids
¥

g o v o @ A ) o [ 1 2 o I A oA

Fuan dndumdanlFdmsuduaane sample) Feo191eM1de get) ununld e lday
I~ 1 ) £ dy ° Ty o =

uerasoonyuduanavgudunn Feldsunsuilezimsuaasideyasenuniumugiudy

o o 4 cv 1 o o
Tasmsadafledfuinouansdoyasanafe Haddu cputwlo

cputs("Whit");
sleep(1);
while(!PRESSED(dbutton(),BUTTON_PROGRAM)){
white = Is->sample();
cputw10(white);
}
dsound system(DSOUND_BEEP);
cputs("Blak");
sleep(1);
while(IPRESSED(dbutton(),BUTTON_PROGRAM)){
black = Is->sample();
cputw10(black);
}
dsound_system(DSOUND_BEEP);

// begin running
while (1)
{
if(PRESSED(dbutton(),BUTTON RUN)) break;

lightLevel=1s->sample();
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LRUATNA AT TUMIS AR IIEUNINA (TraceLine)

~ Get light

l Traceline 7

esnm— T
Mo

“'uv-”'
Yes

Trace line

{Shoﬁcm 7

S

Na

51l 3.6 LARLHLAMAINTIN MSAAMUIAUNIUNG (TraceLine)

v
PINUHUNTWR NI UMT A IEUNIUnE aunsoesneldaeil Ao ssuuSunweaadn

o 1 1T o o = ] [~ a {
Yndavnsasnaeuaeedudayusveudulnanse I s1dlududndlindouiuuy

Y a = 3 A o 9 Y a o
LﬁuﬂﬂﬁLlagﬂgﬂ\lﬂqﬁﬁi’lfﬂﬁﬂﬂﬁﬂ’]Wlﬁum’NﬂLﬂum’Nﬁiﬂ V]’]\'iiﬂ\ulagcw']\‘icb'ullag"l]ZﬂJﬂ']'iﬂﬁﬂ

[ g o 9 Jq Y 0 @ A ~ 1 )
ﬁ:szﬂamLmﬂﬂumﬁmuqumnnamesﬁlwmuwﬁmsumamaauﬂmmazaﬂymz Tag

o a 9 = Y ] 9 A a 1 =) @ ~ t o
5$1J°1J"l]$3/l'lﬂ'liﬂﬂﬁ"llllﬁu7nﬁﬂﬂﬁ uazi‘ummuﬁﬂﬂﬁ"hhummw ﬂWiﬁiJﬂWTliziJ’J"IL‘]_]u
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Freonldsunsumsdaduladonduma

dy o 1A a' o @ A A A‘ d‘
Tdsunsuiiazinmsasedeumamerinsdadu laonnisinaoun
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if( lightLevel >= (white+3) )//slope
driving_slope();

else if(lightlevel < black-3)//shortcut
driving_shorteut();

else // normal line

driving_line(speed);

HUATNRINT TU NITARAINEUNINEA (TraceShortCut)

[ Getlight ]

l Trace shortcut?

Yes No

Trace
shordcut

{

Direct line ‘ Curve line
N—
~ Change
speed
| S—

No \(\F inish shorteut ?
g

Yes

®

5UT 3.7 4EALHUMNAINTTY NMIAAMUIFUNIEA (TraceShortCut)

K
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v )

MPLNUAINAINTTUMTARMULE USSR a1usasiuieldaell Ao Weszuuiinissua

9/ =y v [ 9 1 A 1 ¥ o 9 [ =}
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(= 9 v 9 9 z @ o 3 ) I’q ¥
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@ d' P 7 9 o é o = 9 @ d&

minzansunsaeui ludnrazveudunsdasessuuaziimdemudumedaliison q

AMIEAMIAT WA UNUFUNUNA

UHUNINANTTUAARUN 11 1UN19959 (DirectLine)

Get light

By

| directline ?

!
direct line |
1

[ Adjust frecting ™
\ speed

S

4 = 44 N
517 3.8 uaasuwunmAons sy ndoun 1 1un19034 (DirectLine)

v )
ﬁnﬂLlWUﬂ’]Wﬁﬁ]ﬂﬁﬁmﬂ'ﬁﬂﬂﬁ'lulﬁ}u‘ﬂ'mﬂﬁq ﬁWﬂJTﬁﬂﬂ%U"ﬂqﬁﬁQﬁ ﬁ’f) Lﬁ@ﬁz'ﬂl]ﬁﬂ'ﬁﬁﬁﬂ']
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Y Ao o o @ < Jq o @ 9y ng/l
Lﬁumﬂ']WuﬂIﬂfJ‘V”fnﬁ‘LlTUigﬂllﬂ'T]llLﬁT’U@\nJf’Jlﬂ@iﬁl‘ﬁlwNWZﬁNﬂUﬁﬂBmglﬁumqﬂﬂi\i INUU
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Q ' o Y A A Y
G]’J'E]EJ'NI‘ﬂiLLﬂ‘51]’L"T'Wi'5‘1JﬂTiLﬂﬁ@u%iNLLu’)LﬁuﬂNﬂiﬂ
o w 2 4 4 o o A o
ﬁTﬂi‘UI‘lJﬁLLﬂﬁJ‘L&%$ﬂ1ﬂ15lﬂﬂ@u‘ﬂiﬂUﬂ'li@]'i’J‘l]ﬁ@Ui%ﬁ')']\iﬂ'l’s’fsUT]LmZ'ﬁﬂ'l Iﬂﬂm’tﬂm
] v 9 A =) o 14 ° s a 4 o
ﬂmﬂmway‘mwama%ﬁaumﬁmnuazmum ft]%“/l'lﬂ']iﬂ'lﬂﬂﬂﬁmﬂﬁx‘iu@Lﬂ@itlazllﬂ‘i')\i

' v v
womos laenldd1dadsan litife

-] < o A A %
!/’éTﬁ'N'E)'FJ‘LIWﬂﬂJﬂW]'?]5ﬂ1ﬂﬂa"lﬁllﬂlﬂ@5LW'€)L§Uﬂ1%\ﬂ‘H
sm = new Motor(Motor::A); //steering

dm = new Motor(Motor::C); //driving

@ = 7 S A — 3
dm->forward(100); - /danu 1t las3eweswesmasui ludreamdhdrennusa 100

) a o ¢ A <
sm->reverse(40); / denuldafeswesinasiaaeud lnedodaeanuga 40

LUnINRYNs Ty A eud 1 1un1alAe (CurveLine)

Get
=1 clwrvedata
e R N

h

b e
Trace
curve line

Adjust curveline
speed

®

517 3.9 urasumumnAnss indoun 1 Tume 1A (CurveLine)
b~ A o 14 a Yo dyd A - v ot
ununmAsnssumsmaeui U lumeIds aunsaefuie lAdell fie Weszuulimssum

v 9 9 s 9 ] I oA a P
"U?Ji,lumf’fuﬂ’l\iL‘lJ"IJJ']i]’\ﬂL%‘L!L“If’EJﬁLLﬁQL‘IJ'Ilﬂ LLﬁS’,ﬂi’J%ﬁﬂUﬂﬁl@y‘mﬂuﬂHUEJ\?L‘U‘N%J%WﬂV\ﬂ‘V]N‘VI
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<] ¥ o a A P 1Y A g Y o
WUdUN 19059 '5$‘U‘U“’l]Z‘VI'lﬂ'lﬁ@lﬁ'Jfl]ﬁ@‘U‘V]ﬁﬂ'\\’lﬂ']ﬂﬂﬁf]ﬂ'ﬂsluﬂﬂ‘Hﬂ!%WlﬂuﬂWﬁIﬂﬂlLﬁzVﬂﬂWi
o v g % o i 3
YSnanszaunmus 2 laandunie uazmuguusmesamdnyae iumseiitumald uages
a [y 4 & A 9 v = A P @ vo9 a oA ]
llﬂ'liﬁUﬂ']‘U'Oial.'ﬂuﬁzma@u“l/lll']_lﬁ'llll'dUVI'Nﬂu‘ﬂ'J']%3Nﬂ']ﬁtﬂﬁ@ﬂﬂﬂﬁﬂglﬁum'lﬂﬂﬂﬂﬂ5'0%1”1'3']

- 4 dq = 4 A
aeiimsndounlunemedunarseen il

setaldsunsuiodsnuldindounluludunialda
A, v oA a a a v Ao o a
Tsunsuiiimsasnasusulosgnmeluusnudnutuniiidmua sgfinsien
o o 4 { o o o [ =4 4 1 Y]
Aadsumsnaeufidmiudumaelds lagazinsaaszaunnuisiag doasinaeuniuazs

= o A P P Y g
WUATTUIIILN IO TLATDUNODIHDAUWIAUN T

if (lightLevel > (black white+2)) // now in white
{
dm->forward(limit speed-10); //low speed
sm->forward(righ+10); //move to white_line --> forward steering more turning
radius
count w-+-+;
if(count. w>=10) //10 count w->check in white and turn on curve
{
dsound_system(DSOUND_BEEP);
sm->forward(righ+15); // forward steering more turning radius
dm->forward(-30); //to back OR no speed dm->forward(stop)
msleep(100);
while(lightLevel >(black white+5)) //check in white

lightLevel= Is->sample();
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wrunwnangsunaeun 1 lunisaiadu (SlopeLine)
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o

51/ 3.10 narasurua AN sTIARNR T lun1emat (Siope Line)
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shoghaTsunsudmsunandoun U hudumedu

dy o 1 aA 1 g 9 [ A A 1 ado 4
Iﬂﬁuﬂiuuﬁ]%ﬂmﬂﬁﬁi’l"ﬂﬁ?J‘Uﬂ'lﬁV]LL’dﬂ\‘i’JWL‘]JL!L’ETH‘VIN“HU Iﬂ&l‘ﬂlﬂﬂ@@ﬂ?ﬁﬂﬂ'lﬂuﬂhh

]

3 ° 1 < A g Y dy A oA 3 ~
ATIULTN ‘l]%‘Vl1ﬂ"Iﬁliﬂﬂ')']uli'nu@ﬂ%']ﬂtlﬁﬂﬂ'J']Lﬂulﬁu“ﬂ']flﬂ"lﬂ"llu LUBIADATTATINTBITSNING
g A o 9 s A A to o A o Y s A A
ﬁﬂﬂ'ﬂllﬁ'l‘ﬂ5’E']ﬂ'l‘ﬁ'Llﬂcl‘ﬂ?!uﬂuﬂlﬂﬁ@u‘ﬂiﬂﬂ‘lﬂﬂ']ﬂuﬂﬂ'l']llﬁ? Wﬁ@ﬂWﬂuﬂiﬂﬂuﬂu@lLﬂﬁﬂu%
£ o A A a cidy PR [~ v o
Iﬂﬂﬂ”l?!f]_]iﬂL‘W'EJ'ﬁﬂﬂ')”liJLﬁ’J"U'E]\‘lﬂ'lilﬂﬁ@uVl‘luVlﬂ‘l/l"l\‘iﬁ']ﬂﬁ\‘] 11!1/11!%31‘]51‘1'] flag Lﬂu@’)u‘]JﬂTﬁ

wasuuilag

if( lightLevel >= (white+3) ) // check detect slope
while(flag_slope)
{
if(flag_slope==1) driving_line(slope_speed); / move up
clse if (flag_slope==2) // move on center slope
{
driving line(slope_speed-90);
¥
else //move down
{
sm->reverse(lef+10);
dm->forward(stop); //no speed OR to back [ dm->forward(-40)]
sleep(1);
flag slope=0;
3
lightLevel= ls=>sample();
}
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a =1
HAUNIWNINTTU AIUAUAITULTY (ControlSpeed)
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Adfj“uét feature
line spead
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dm->forward(stop);

dm -> brake();
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3.2.2.4 doudnlaozunsu

_:Trace_Control
Oughﬂewl : ulﬁ‘gn im = 'luawl,'whim|l,"§mll,llmm"
: LightSensor N ]
= g get_envir()
oport SCput int10y)
“get Light)
Yselectline()
: Trace Line
poount_check : int motor1: SteeringMotor -t
—3 ¢oount check : int
o oport="A
Direct( limit = 0-255
SCurve() e Direct_s)
VSlope() | “curve_s)
“find_Line() 14

motor2 : DrivingMotor
amt = IICII
olimit = 0-255

gﬂﬁ 3.14 LFAUNUN TN Object Diagram

[ < a @ 4 4 a o o
"l]Tﬂ@ﬂ‘lJH]ﬂllﬂ@$LLﬂ§3Jﬁ'13J'liﬂ'E]'ﬁ°lﬂﬂulfvs]lﬂ\'iﬁ Lﬁﬂ'ﬁg‘uULﬂﬂﬂTi‘Vﬂ\‘ﬂ‘Hﬂ%“ﬂ?ﬂWi
Yy 2 Ay v ¥ Y] s ° L o & o " W
ﬁﬁN’O'ﬂ'Ul‘ﬂﬂ%Tﬂﬂﬂ’lﬁﬂ]lﬂ@@ﬂllﬂﬂuh Tﬂﬂ%gi‘]ﬂ“ﬁuﬁﬁﬂﬂlﬁﬂ‘D'I‘LJ'J‘L!‘VIH\W]’J%Q‘U$VHﬂ'I§§]'E)ﬂU
o do Y 2 o v s L.
WOTAETDI Lmﬂ%’mmmmmuﬁmmﬁa SteeringMotor FINNITRBOUNDIN A LD Derlng

2 o LY o 1 A =1 Y P o v o o v Y T 9 d’)
Motor GINIMIADNUNBIR C TIUARTNDU 9 Irinmsmauasneieluiitoneuniil



MesUIaAlE

v
frefueaaraaiuisosiuielag CRC Card “lé’ﬁqﬁ

mswﬁ 3.10 i5¥AN CRC Card U93A21¢ Sensor

Front:
Class Name: Sensor ID:1 | Type:
Description: Associated Use Cases:
RequestData
Responsibilities Collaborators
- get - TraceControl
- sample
- on
- off
- - active
- passive
- mode
- strobe
Back:
Attributes:
port : port
Relationships:

Generalization (a-kind-of): Superclass
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As1ai 3.11 1@ CRC Card 9890614 LightSensor

Front:

Class Name: LightSensor

ID: 2

Type:

Description:

T uamdoyavinanmnadon

Associated Use Cases:

RequestData

Responsibilities
- get
- sample
- on
- off
= active
-  passive
-  mode

- _strobe

Collaborators

- TraceControl

Back:

Attributes:

port : port

Relationships:

Generalization (a-kind-of)

: Sensor
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15199 3.12 LAY CRC Card Y99Aad TraceControl

Front:
Class Name: TraceControl ID: Type:
Description: Associated Use Cases:
1$umssumdeyaunzilszuanaiiio ControlSpeed
aaduladen
THadeufinndnyusiideans
Responsibilities Collaborators
- get envir - LightSensor
- Cput_intl0 - TraceLine
- selectLine - TraceShortCut
- get Light - LCD
- Sound

Back:

Attributes:
value : unsigned int

port : port

Relationships:

Generalization (a-kind-of):
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M13197 3.13 @AY CRC Card YoIADA Trace Line

Front:
Class Name: Trace_Line ID: 5 Type:
Description: Associated Use Cases:
T lumsarugumsidunundunialng TraceLine
Responsibilities Collaborators
- Direct - TraceControl
- Curve - Motor
- Slope
Back:
Attributes:

valueLine : int

Relationships:

Generalization (a-kind-of): Trace




M131497 3.14 UEA9 CRC Card ¥89A1d Trace_ShortCut

Front:
Class Name: Trace_ShortCut | ID: 6 Type:
Description: Associated Use Cases:
1Hlumsarugumsanuuudunieda TraceShortCut
Responsibilities Collaborators
- Direct s - TraceControl
- Curve s - Motor
Back:
Attributes:

valueShortCut : int

Relationships:

Generalization (a-kind-of): Trace




A15197 3.15 ey CRC Card U99021d Motor

Front:
Class Name:  Motor ID: 8 Type:
Description: Associated Use Cases:
Tdaiin ﬁ UIEUY ControlSpeed, TraceLine,
TraceShortCut, SelectLine
Responsibilities Collaborators
- speed - Trace_Line
- direction - Trace ShortCut
- forward
- reverse
- brake
- off
Back:
Attributes:
port : port

limit : unsigned int(0-255)

Relationships:

Generalization (a-kind-of):
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M1319% 3.16 UAAI CRC Card ¥84AAE DrivingMotor

Front:
Class Name: DrivingMotor ID: 9 Type:
Description: Associated Use Cases:
190 ﬁauvjuauﬁ ControlSpeed, TraceLine,
TraceShortCut, SelectLine
Responsibilities Collaborators
- speed - Trace Line
- direction = Trace_ShortCut
- forward
- reverse
- brake
- off
Back:
Attributes:
port : port

limit : unsigned int(0-255)

Relationships:

Generalization (a-kind-of): Motor
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imiNﬁ 3.17 1@ CRC Card 1940014d SteeringMotor

Front:

Class Name: SteeringMotor ID: 10

Type:

Description:

= 1 (4
Tdmiuguitaniayuend

Associated Use Cases:
ControlSpeed, TraceLine,

TraceShortCﬁt, SelectLine

Responsibilities
- speed
- direction
- forward
- reverse
-  brake
- off

Collaborators
- Trace Line

~ Trace ShortCut

Back:

Attributes:
port : port

limit : unsigned int(0-255)

Relationships:

Generalization (a-kind-of): Motor
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3.2.2.5 A lnazunsy
PN r'd
INMIVATIEHIZVVNY HAZNTENUULAAE 1ABZIATY (Class Diagram)
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4: Cput_inﬁﬁ(light\]alue)
g
5: cputw() |

B: Select_Line()

i

I

|

|

|

|

|

— | |
7: beep : X

8: <zcreate Tracgline>> | | l_'_]

9: <<create TracgShortCut>> 1 |

: i 10: beept) N |
l I 11: process ]_‘J
I I R 12: process ‘
| | v/
| . | : 13: beep(} |
| ’ ‘ 14: Select_Line() U
| | 7 i |
| | I

gﬂﬁ 3.15 LA AULNUNINW Sequence Diagram U4 RequestData
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19
- Motor Sensor : TraceControl : Trace line : LCD : Sound

I 1; <<create>> I

|

|

2 get_envir{ls. san?{ j{}) |
! |

|

|

3: lightlevel =1s.5a1
PE— |
|

4: return {lightLevel)

le()

5: cput_ing10{ightLevel)

PO

|

|

|

|

I

.

Lﬁ cputw10{lightLevel)
JEN—

71 get_Light{lightl

0}

8: returnilightLevel)

9: selecthine(}

b samiscn

T

10: beept)

f
|
el) |
|
|
|
|
I

11: <<create Tractb, Line>>

12: <<process>>

'E‘ 2
13: find_Line()

R—— iy

15: speed(}
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gﬂﬁ 3.16 UEAULNUNIN Sequence Diagram U84 TraceLine
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AN N : TraceControl

: Motor : Sensor

tL : Sound

Trace_éhoﬂCut

el

| 1: <<create>>

2: get_Light(ls.sample()}

| 3: lightLevel = Is.san)ple()
P =—

=

4: return{lightLevel)

& cput_inti{lightLevel}

|
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9: selectiine()
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|

|
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10: <<create Trace_Shin Ut>>
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12 <<process=>
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gﬂ‘ﬁ 3.7 UHAMUNUATN Sequence Diagram U84 TraceShortCut
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3.2.2.6 ONTIIAIADZUNTN
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3.2.3.2 BHIAAVDINITVBNLULINTAIIS
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2. GINUVDIAIALSINBLABS (Steering motor)
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YUADUNIANANG BrickOS U1 Windows XP

1. fafaldsunsu Cygwin
. I { o = -4 ] o )
Tsunsy Cygwin HuldsunsuiBianmuadounisiaumileudynd ualddmsy
a wva = 4 a1 Ao w [1 A
szuulfiamsIulald Inelaulseneundidg 2 aiuae
{ o { g v o I a o 1
» pLL Fehmihfidludsiaes Heddu APT vesdyndais q Idawnsoldamnld
4 k4 a va a 4
moldanmnedovussszunlfiiansiulad waz

1 A A 1 A Ly o 9 = 4 a o
" gUY0UATONUDN W 9 V]ﬁu‘ﬂﬁléuﬂ']5°V]1\‘1']uﬂ'IUlﬁzﬂllﬂﬂﬂl@ﬁaiﬁﬂ“ﬁﬂuﬁuiﬂj

1.1 Yuneumsaanallsunsy Cygwin
{ g 4 § .
1.1.1 91 1A 1@ cygwin (hitp/iwwiv.cygwin.com) tieiiimsana lvaa 1usunsy

ration and hstallation . ierasati Witernet Drplorers e o 21D
Fle Bt WView Favorkes Tooks Help e

@“""‘ -G - & D seath i Favntes 23 fde 5’;& SRR~ SRS
: e e ?
Goo{ﬁ ﬁ Q ‘Bookmarkéy "'v'“"- @amoded A ChEdk vl By Aok v:. pserdtov. 2 [ eypwin i) settiogsw R @ soalt g
= Pagionil = iy i = Py Yobodt i3 ElAroens? = (G Gammes 4 vahoo! Atk Spy - +
GNU + Cygnus
+ Windows =
What Is Cygwin? T

Cygwin is a Linux-like environment for Wirdows. It consists of two parts:
» ADU (cygwinl.dil} which acts'as a Linex AP emulation tayer providing substantial Linux APT functionallty.

» A collection of tools which provide Linux look and feel.
The Cygwin DLL currently works with all recent, commercially released x86 32 bit and 64 blt versions of Windows, with the
exception of Windows CE.
Note that the official support for Windows 95, Windows 88, and Windows Me will be discontinued with the next major
version (1.7.0) of Cygwin.

What Isn't Cygwin?

» Cygwin is not a way to run native linux apps on Windows. You have to rebuild your application #om sourceif you wanf; it
to run on Windows.

« Cygwin is not a way to magically meke native Windows apps aware of UNIX @ functionality, like signals, ptys, efc. Again,
you need to build your apps fom sourceif you want 10 take advantage of Cygwin functionality.

Heip, contact, web page, other info...

c . i wherea
sl o  TAEROY o orfieIves it
ey using Seb.p.exe. Cygwin release.
(using setp.exe)
Latest Cygwin OLL release version is L5 242
Installing and Updating Cygwin @
Inatad
The latest net releases of the Cygwin DL are numbered 7.n.x, where *n' is currently "5" (e.g., 1.5.24). Any Cygwin C:F‘:i\:n

program built from December 1998 onward shiould work corectly with 1.n.x DLLs.
The 1.n.xversion numbering refers only to the Cygwin DLL. Individual packages like bash, gec, fess, etc. are released

for installing or Lpdatlng everylhlng avallmle from this site for Cygwir.

.

A mrabimn e s Mo sime st ko s dabs oo docanll o O dn sadlisos § 3
. N . . PSR A P e [Monday, Navember 05, 2007

g1l n.1 uanadlad cygwin

1.1.2 Wnatlu'lonsulnstall or update now! iiariin1ssulisunsy Tnel¥naljy Run

A3 n.2



Do youwant to run-or save:

[_Run

Cancel |

1.1.3 in3egziimaan maalWgn

A
BTN

4 < o ' y 4 [y
1.1.4 doan InaaiaSoudosliiinmnatly Run iedhinissuTdsunsy

Aagi n.4

1
=

‘Qpening:
‘setup.exe from wiwwicygwin.com
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Suiludmsu Tsunsw setup.exe wnudu3uu

[REsemp AL MERRE I RE R G R RREE s B G naEe |

E Open Folder - |

Cancel
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o1 dowriload from the intemit; ot install from files in.

all from: Inteiret:
[downloaded files wxll be| kept fdr future e ‘use]:

¥ Download Without Instaling:

Cx instélnyfrio,rn”'idealfDiie'c"tom'

) KBaBk ’ I

N'ext> | [ LCancel ]

5U7 n.6 iapantharemsaads Talsunsy Cygwin i 2
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o ] d . . { ° 2
1.1.10 $hmsi@ondl loyi (Mirror sites) Noziimsara Tnaa ldsunsu udandnijy

vad Site |
m this:list, or add wour oiwn sites toithe list : %

Avallable Download Sites:

ftp:/ Aftp.kaist.ac.kr

ftp:#/sunsite.icm.edu.pl

ftp: ftp.eq.uc.pt

http://ftp.eq.uc.pt

ftp: Z/ftp.chg.ru

ftp: 2 /ftp.ript.u

ftp: /ftp. sunet.se i i
Bitpicugeitukesk 00 . . e
ftp: //minors. tuke:s|
ftp:/ /ftp.ntu. edu.tw

- ftp:#/cygwin.dp.ua
i http:/cyawin.dp.ua
ftp: /Mt linus. kiev.ua

UserURL:

[< Back ]E Next> ] [ Cancel I ,

! d 5 { o
1 n.10 yraanitisensifenda lasinaginsaia Tuaa Tusun sy

4 3 o q’/} 1
1.1.11 w3099gi1n15a1 Tviaa [dsunsuawase vinduezdsinguilenslditen

< e’ T ). O S o
LUWANY (Packages) T19zvhnsAnAT AsgUR n.11 91 I¥indnja Next

& Can Miew | Full

i Nén}gi

R, =

£ Skip Devel,vi_ibs 58k  aprutill: Additional u-
; £ Skip nfe  nje Mail 30k archivemail: Archive
i ¥ Skip nfa  nfa Devel, Python 141k asciidoc: Text basec
£¥20040127-3 [ Base, Shels 47k ash: A Bourne Shell
i & Skip o nofa Text B1k aspel: & powerful sp
g' £ Skip na  nofa  Test 4,829 aspell-de; German di
&¥ Skip nfa nfa Text 57k aspel-dev: Header f
£ Skip nfa  nfa Text 272k aspell-doc; Aspell de

Sk 1782k asnell-en: Frnlish d :

[#| Hide obsoléte packades

[ <Back i New > ] { Cancel ]

y 1 ] { § o 2 3
31U .11 uaasnAauRAmng (Packages) NdoudoniNoInsAnd
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A o =] A ° a q’;’ <
1.1.12 Lﬂﬁf’)\‘iﬁ]$‘1/ﬂﬂ'liﬂ']'JI‘ViﬁﬂLLWﬂLﬂ‘lTV]Lﬁ@ﬂﬂWﬂTﬂ']ﬁﬂﬂ@NﬂuLﬁﬁ% (ﬂizmm 2-3
b4

R < esxl Y A 1 Y A v
UIN VUAUAIINLTT) ﬁ]muu“lmaamwzﬁﬂﬂaﬂauuu Desktop m@‘lu Start menu (a7

<

[24 1 ¥ 7
AAN1JY Finish (N9D0NI1INNTAAAT Aail# n.12

K U

: want it to create a few icons for converient access to the. @
Cygwin environrisnt. o :

Create icon on'Desktop
Add icon to:Start Meniu

Installation Status ~~ S A : ,
nstallation incomplete: Eheck CAcygwintvarlog\setup log:full for details

| < Back [L Fiish | [ Caneel ]

5UM n.a2 saasnihaansifion loav usy Desktop

= Z C4 3 a 3 ] Qy 4
MINNITAAAIT U T %Z'ﬂi']ﬂ{]ﬁﬁ}'lﬂ’l\‘lﬂ’lﬁ@lﬂﬁﬂlﬁiﬂﬁu’ffﬁJlJiﬂl (Install completed)

4 [
Ju Iaantu ok

9 < = - R - (= [ Y =1
1.1.13 Iasaeulasnnes ci\eygwin\bin LA c:\cygwin\var MUNAITIATIINUASY

3 H
Tilfeguieli (nanisande lauysel oz Lifilvdle o lulaiSimesaend1d)

1.1.14 Mnsfnuadlnys (variable) Lagidunie (path) voalulsunsy cygwin
Yo a wa a o A = v g [ A
Tnuszuulgiamsiuled Teedioni lonou My computer uginanidnijuun 1aen

Properties 92151n511116119 System Properties A4317 n.13
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System Restore i Automatic Updates. f Rerote f :

General |  ComputerName: |  Hadwae | Advanced

You rust be logged on as-an Administrator to make most of these changes.

Retormatice
Visual effects, processor scheduling, memory usage, and virtual memory.

Uses Profiles
Desklop settings related to yourlogon

Seltings

Startup ard Recovery
System startup, system failure, and debugging information

Settings |

[ Envifonment Vaniables ] [ Enor Reporting ]

[

[,:’ oK ; Cancel Sngiy

51 n.13 uaamThaemsa ) siazidunisve 1 sunsy cygwin

4 [ o
110174 1fonllfiuny (Tab) - Advanced — uddadniludausaninuandey

(environment variables)
1.1.15 ¥misidendauils (Variable) i1 (Path) TusosdaudlsdmSudld (User

A W

[ [] .
variables) LA291AsAANIfY Edit iNevhmsiiinaauls degal (rndalaifidaunls pam 11

[ 1 ] k4
AanLu New o3 199 1)

“User varisblesifor olarr

Vatiable Yalue ; ;
include C:\Program Files\Microsoft Yisual Studio
lib C:\Program Files\Micrasoft Yisual Studio
MSDevDir C:\Program Files\Microsoft Visual Studio
path. * Ci\Program Filss\Microsoft Visual Stidio
TEMP C:\Documents and Settings\olarnLocal

[ New H Edjt 3[ Delete ]

) Systernvariables

yariable L Yalue L

‘Comspec: C\WINDOWS system32icmd. exe
FP_NO_HOST_C... NO

NUMBER_OF_P... 1

os Windows_NT

Path CAWINDOWSYsystem32;C:\WINDOWS;...

[ mew J[ Edt ][ pelete ]

[ ok ][ ol |

1l n.14 uaaaniheamsiuadus Tugesiusdmsudls
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o a 1w o ¥ = d
1.1.16 $N15tANAIA L1l S (Variable  value) 18 1@d2111)5%® Path  Tagunan

[4
.c:\cygwin\bin foTi1e lureeAIdILLls (Variable value) Asg1 udandn OK

‘Wariable name: i path E

‘Watiable value: { osoft Visual Studio\WCosihinC:\eyawinibir! E

o ) (Ceme ]

SERTECERE =]

510 n.15 uaawmdharemsmumaudsmelddusie Path

vineme vt umsadednds i (Nvew) 1¥iidefauls Pah asllugosdodaus
(Variable name) LazRufInn1Za1 c\cygwin\bin 2910118898165 (Variable value) 1187
ARN OK

2. AnRalisunsu BrickOS

Tu5unsa Brickos iHuszuualfianislsdumuilame (open source embedded OS)
ﬁ’mﬁqﬁmuﬂﬁmwum%@nmﬂﬂsuﬂmﬁm?wgﬂqﬂﬂmi’ Lego Mindstorms Robotics Kits
&1 C wag C++ eIl uamsaTdsunsugngilnsal Lego Sana 118 aunuieq
izl e TysunsunIns 14 Ues Lego)

Tusunsy Brickos WFunsiandumoldanmnadeuiuuaynd udamnsa
wan lduuszuul§iamsiulad Jesanusiomieninlusunsy Cygwin $19du) Tuns
194714 BrickoS  v2@045in13Andanon a0 U945 (Hitachi HS cross compiler
assembler) LAZAIAN (Linker) ARGIT0S §3T

2.1 Sunoumsmsaadalilsunsy BrickOS

L‘*IQIJT llﬂ f L%‘ﬂ 11"]5 ﬁ http://birckos.sourceforge.net/docs/INSTALL -cygwin.html A9 3 1/ 1o

9
=

s 1 [ o = 3
L@iEJNﬂ']iﬁTﬂ‘Viﬁﬂll‘V\lﬁﬂ’N N TN TUNITAARNIAIU

" gce-2.95.2.tar.gz

" binutils-2.10.1.tar.gz

®  legos-buildgce.zip



Fila Edt Vew Favordes Tools Help

Qua- O H @ % Pen drroee @

adiit £33 42 bhtp:ffori ALL fren viBYe0 e ®
Google v ¥R e3 B v Tr Bockinksy Pty B s bloctked. | WP CheEK v, S Aok v S 2rard (b Sendtoy Dewonsy  Tv Gsogh i

X - 4

[ Bookmarks ... ¥ Settings » .15 Messenger~, £2x malt:.~. {8 My Yahoot -~ answers - = G Games  +  GHYahoo! Al-Spyr

2. Build the Hitachi-H8 cross-compiler

+ Open a cygwin bash shell window {you can open it using Start->Programs->Cygnus Solution->Cygwin Bash Shell)

« Make & new directory:
okl poig

where you will download the next files: ccygwintuiid
« Download gec 2.95.2 sources using this link -> gz-2. 25 2 &er.gz and save in c:\ygwintbuiid

« Download birutils 2.10.1 sources wsing this link -> fymetife-2 107 fer.cz and save.in cioygwin\ouikd

Download the building scripts from éxre fiscos-tzskdas.zizland put it in the same directory as above. Unzip them to produce a shell script (buildgee.sh) end two diff
files.

« Build the cross compiler:
od ot
$-.fouitdgee.sh

« Ignore the warnings in compile process. It should work.

3. Install the brickOS files

« Get brickos-0.2.6.10.tar.gz from the "Latest Test Releases™ section of our project web: futp /7

ieets/brickos,. Drag a copy to Cicygwin.

o Type:

tedy SRR
$orok o026 1

« Lots of files will stream by as they install into their directorles. This will create a brickos-0.2.6.10 directory.

v v 14
71/ .16 tamavishamaid ledn 1gaa Tvan Indee 9 dmsumisaans

et laEanesdos (sub directory) \build mold Cileygwin PN [ B
anlvaalddans o lude 2.1 uufu'l3
pAvuhns unzip W legos-buildgec.zip R AL L
B gce-2.95.2-rex-1.diff
B gce-2.95.2-rex-2.diff
" buildgee.sh
$uTUsunsy cygwin wnuins s Tsin sy buildgee:sh (a3 1eanInuandon
¥031n0N 1Wiaes (cross compiler environment) TASRURATE 9119 9 i
B ¢d/build

®  /buildgec.sh
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E¥our group name is currently ‘mkgroup_ . This indicates that net

11 domain users and groups are listed in the retc/passud an

setc/group Files.

See the man pages for mkpassuwd and mkgroup then, for example. run
kpassuwd -1 —d > sete/passud

kgroup -1 -4 > setc/group

This message is only displaved once (unless you recreate setc/group’
and can be safely igneored.

% mkdir /build
S cd sbuild

5 ./buildgece.she

Y Y 4 o o
519 n.17 uanamssu Tsunsy buildgee.sh iNaas1ednmindenvoedanon lwaos

{ g I s i o 4
13 Tewel hetp:ysoureeforgenet/projects/birckos w3l toimsadlnaalud

e lufufu 13 ulaEanes Ccygwin
B brickos-0.9.0.tar.gz

Open Source and Linux
Primed for Business Advantage

Ta Have &n HP Dpen Source & Linux professional conlact you,

Sfnet w Fragacts » BrickCE Atematvas LEGO Mrgstones 05 » Sununaty

Brick0$ Alternative LEGO Mindstorms S

y Je—

BrickOS is an aliemative sofware environment for the LEGO(r} Mindstorms Robatic invention Systam. The intent is 1o allow developers to write
C and/or C++ cods for the RIS platform.

Download Bilek0S Aifer
EEGD Mindsiofms 05

1, 203204 WS Wiirers (BSRENTIANIOP), AF FOEK (iun M52 e Oes),

SourceForge.nst is intraducing a new feature that will let you buy or selt sarvices for Open Source projects right from tha site. Get an insider's
look at this exciting new devefopment.
Leatn mue »

Reviewing patches in final push 20050118

LNPD now in CVS, not yet patched 20050110

tzws wchive >

6] bt fsoueceforge netforumonum phoorun d=417848 2 Intonet

517 n.18 uanady s n19lumsan Tnaa g
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]
@

@3adndulUnTdsunsy cygwin FimssudylWdnar Inaaui InRuwa1d

€

B cd/

W tar xvfz brickos-0.9.0.tar.gz

. 14:31 § T 2887 GCC configura
[Configuring for a i686-pec—cygwin3d2 hest.
{=ex This configuration is not supported in the following subdirectories:
target—lihstde++ target-libio
| {Any other directories should still work fine.>
[Created "Makefile" in /build/gce using “mh—frag" and “mt—fFrag"
/tmp/cONE31B4.pos: line ?° cc: command not found
[0 The command ‘cc —o conftest —g conftest.c® failed.
e You must. set the environment variable CC to a working compiler.
fri Nov 9 14:31:28 SEAST 2887 GCC configuration end
[Fri Nov 9 14:31:28 SEAST 2607 GCC huild start
[ . /buildgec.sh: 1line 144: nmake: command not found
i Mov 9 14:31:28 SEAST 2887 GCC huild end
IFri Nov 9 14:31:28 SEAST 2807 GCC install start
./buildgcc.sh: line 148: make: command not found
[Fri Nov 2 14:31:28 SEAST 2887 GCC install end

End Fri Mov 9 14:31:28 SEAST 2687
Shuadild

brickos 8.9.8. bar gz

51/ n.19 e smsdudFl IWdhia1nd Tuasun

3
A 3

domimssusdinglusuaou 26 iadudsndoonda 1913t inua
annindon configure) i 3umsnenind lsunsuie 19 yusudindeulnalg Ta
Fuiedane 108

" In s brick0S-0.9.0 brickOS : Ar219AIA 1A brickos

B ¢d /birckOS

" /configure - Svnamaedmsumsaey lng

" make - a¥9ddmsuldaonng



.9.8/doc 1mageu/nex a
. g .Brdoc/inages/note . gif

.B/doc/inages /prev.gif
.?.8/doc/images/tip.gif
-?.8/docrsinages/toc—hlank.gif
.?.8/doec/inages/toc—minus .gif
.?.8/doecsinmages/toc—plus . gif

6.9 .8/doc/inmages/up.gif
-2 .8rdoc/inages varning .gif
?.8-h8308.1rcx
?.8/conf igure

7
k05-6.9.8 brick0s

ShrickOs

[Uelcome to the hrick0S Makefile configurator.

Attenpting to find the Hitachi gce compiler. (This may take some time.)
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lﬂ' o 9 o [ o
sun .20 Llﬂﬂ\iﬂ’]iﬂ’]Wuﬂﬁﬂ’]WLnﬂﬁﬂNﬁ’]WiUﬂ’]5ﬂ@3~lllwaiﬂ§llﬂ53\l

P

[P= Y a 2 a 3 [ o
ﬂWﬂllﬂJﬂJ‘U']'Jﬁ’li"’Uf’JWﬁWﬁ'lﬂ (Error message) ﬂﬁ'lﬂa HWWOINMTAANIUTIITUY T

3. fviuaanlsIHAU IR Tower

o a :,I v o 4 < o
naInAans T sunsudatuginsel (Device driver) UB4 IR Tower 459 1N

LY 9 Y a wva a d 1 A ° 1 Yy 9 A 1
asnaeududsanmmondeunieldszuulfiamsiulad nimsdivuanAudanse 1

v
[

=3
U

3.1 FunduMIMruan 1Ny IR Tower

A A gy 2w o A A
1. hen lonou My computer YU Desktop LLﬂ’JﬂﬁﬂL:JWI‘]J,iJ‘U’N 189N Properties 9%

U51ngniha 9 System Properties A 93U n.21

fi

System Restore

Automatic Updates

Remote

.}:

| General | ComputerName- |

Hardware

Advanced

You must be logged on as an Administrator to miake mast of these changss.

1 o Pedommance

Visual effects, processor scheduling, memory usage, and virtual memory

Settings

~ User Profilzs S

Desktaop settings related to your logon

Starbup-and Recavery -

System startup, system failure, and debugging information

Settings

[ Envirenmient Variables ] [

Ertor. Repoiting ]

boK

;{ Cancel } Apnly




517 n.21 ueraaniiee System Properties

Y )
1101y donlununi (Tab)  Advanced

(environment variables)

2. asnaeudus RCXTTY 1imsatieiu1iniel winde sl 1dndnd J

T @

& y & ~
New LWE’J'GTTN"U‘HELWN ﬂ\‘lﬁ‘ﬂﬂ .22

a

3.

Liser variables for olarn

Variable

I C'Vélge

include
lib
MSDeler
path:
TEMP

C:\Program Files\Microsoft ¥isual Studia. .
C:\Program FilesiMicrosoft Visual Studio
CtiProgram FilesiMicrosoft Wisual Stud
“CiiProgram FilesiMicrosoft Visual Studio..
C \,Documents and Settlngs\olarn\Local "

New ; ] ﬁ Edit

11 ek 3

~Systein variables

Variable SNl N\
ComSpec. ~Ck;\,WINDOWS\‘systemSZ'(thd;exe
FP_NO_HOST C NO
NUMBER_OF _P., 1
oS Windows_NT
Path CAWINDOWS\system32; C:\ WINDOWS; ...
i [ News ][ Edit ] [ Delete ] ‘
ook J| ceneel |

317 n.22 ugasnihialenisasaaeudls RCXTTY

° a . A = 4
NIMITNNAMYUT (Variable name) ¥® RCXTTY TaeNuw

value) %0 USB 1142nan OK ae3 U7 n.23

114

o
udandnijudanlsaninuandon

el (Variable

Z RCKTTY |

Yariabls name:

Variable value: | USE|

L oK l [ Cancel

J

d’ Y 1 Q' Q) dl
E‘l.l"ﬂ .23 LAAINTNANMSINUA LT RCXTTY
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v ¢ ¢ )
4. msonalemsuns (firmware) BrickOS a3U# RCX
o a 3 4 a & d . . .
Wa99INANAT Brick0S  ta5auda fazilsing laisnne3doss cicygwin\brickOs
:/l o T = d L3 . :1’ [ ¥
U510y mniuldvhnmsais Tewmsunsuea birckOS a9UU Lego RCX ANTUADUAY]
A ¥ Y o 4 . 1 [ kY A
4.1 (¥oUn® IR Tower HANUNBINBUNTY (serial port) [%U COM1 Lﬂumu UYDIATON
a P = :: A’f o @ L4 .
ADNNUADTN IaAAAT [151NTN cygwin LA brickOS 52uMe TUsunsudatuginsal (Device
driver) U89 IR Tower 11944
= = o Qs ‘o ¢ A Yo a o @ o
4.2 Lﬂ@ﬁ')‘ﬂcb' Power on ‘]Juﬁ']ﬂWi“])'L@ﬂGBLWGGl‘HﬂJULilWIN']‘Ll LLﬂgﬂﬂ'JTQQiJﬂﬁmIﬂﬁl
@ ¢ a o =] ’q 9 @
WuW@5W9HW1§@UH@?@1T¥@ﬂW1HﬁiﬂﬂﬂIRTb“@r
o 3 a do @ @ dy
4.3 5uT1s5unsu cygwin MpHuRNRS FefeTiaelyl
/brickOS/util/firmdl3 —s /brickOS/boot/brickOS.srec
A o ' a AN\ - DA
Lﬂi‘tN’1]81’]'1ﬂ']§ﬂ18116uw‘l§uu'35 brickOS ﬁ\'iUuQﬂﬂiiﬂ@?i“ﬁl@ﬂcﬁiﬂﬂﬂguﬁﬂﬂ
q/ v T v < (=4 Qy @ ~
adI % Mgy eI INgUUNTII0IUATY 100% NIz Tadu AegLli n.24
Transferring “/brickOS/boot/brickOS.srec” to RCX ...
15%

LDRAY util

LEGO Mindstorms S5DH
LICENSE

Makefile
Hakefile.comnmon

TODO

UERS 1ON
boot

conf igure
demno

doc
h8386 . rex
include
kernel
1lih

Makefile .user
MEWS

READHE
READHME.ush

IDoxuf ile—c++ README.use

hash—2.85h5 . .brick08/util/firmdl3 -s /brick08.srec
: LJobrickOS util/firmdld: No such file or directoryw
-85h% ../brick0S /util/firmdl3 —s
Zbrick0S/util/fiemd12: ERROR- failed
ash—2.A5h%

/brickOS.srec
te open /brick08._srec

e o/brickOS/utilfirndld —s #brick0S.srec

«o/brick(8S/utilFirnd13: ERROR- failed
hash-2.85h% ../brick0S util firmdld —s
/brick0Ssutilsfirmd13: ERROR- failed
ash-2.685h% . ./brick0S util firmdld —s
L. _/brickOS util/firmd13: EBROBR- failed
[hash~2.85h% .. /brick0S /util firndl3 —s

to open /brick08.srec

. /brick0S .srec

to open .. brick0S.srec
brick0S.srec

to open brickOS.srec
boot/brick0S.srec

/hrick0S /utilfirmd13: delete firmuware failed

sh-2.85b5 .. /brick0S util/firmdl3 -s

hoot brick08 .srec

. Ahrick0S/util A iendl3: delete firnmvare failed

hash-2.65b% . ./brick0S/util firmdl3 —s

hoot/brick0S .srec

shrickOS /util/fivmd13: delete fivmware failed

sh-2.85h5 .. /brick0S/util firmdl3 —s

boot/brick0S _srec

Trgnsferring “hoot/brickOS.srec” to RCGR...

%

UY

HaLia

- vnllugssuniunasdurusa vagiinisae Toudeya o19diwaneny

a ° vq 9 o 2 i 3 -2 o Y o t4
Nﬂwmﬂﬁlumimﬁm 1%1%Qﬂﬂ5mﬂﬂllﬁﬂ FU NADINY [Wuau ll’l'Vl'lﬂ'liﬂ'ﬁ'f)‘UQﬂﬂﬁﬂl

4 ' ' oo o ¢ dad o
‘i‘l.]ﬁ n.24 LLﬁ'ﬂQ‘HﬁIWINﬂ']iﬂ']‘c’JIE]UW\IﬁJLL’Ji brickOS awuqﬂmmma«?mw
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I'd o 4§ [ [ 1 ] d a [ L4
RCX uag loo19n1es e lulduaariud ldassreseninanesndunsady lools
L4
NMINDT
& v a o d . o 4 d a kY 34
- tiemsng TowmsuuIs brickOS asUUA1gYNI8l RCX 159381508 ADN
A o g ¢S A A Ay o o ¢ o
mMsfaduasaauysal olimsIvaalUsunsundesnisasuudl RCX 4291nsal RCX N
Y d' o
niouNvziau
NUINA
—_——

E4
a  w

' ad ¢ . & da g o _ S a
- ﬂ15ﬂ181@u&7‘]51ﬂn§ brickOS NAAAILUDITHLIONY LNTLVNUNWSIATIAYD

oy o o o 1 Yo = q’z’ = 9 Yy 4 i
- ﬁTﬂLﬂiﬂJll?iﬂﬁﬂﬁTQ‘lﬂﬁﬂﬂ']iﬂﬂ@]\?llu RCX 15815281107 ﬂﬂz‘l]'i']ﬂa“lﬂ?fﬁ‘i

a - {
DHANATIAAIULNAY U

e

B /brickOS/util/firmdl3: delete firmware failed

Y ar e iy, i sl oY A
= ?T'IﬂGl@\‘lﬂﬁ’ﬁ‘ULW‘iml’Ji brickOS f)’t]ﬂi]'lﬂﬁ]'li“m@ﬂ“]ﬂﬂﬂ’f)mmﬁLﬁ’l’)i‘t’]@ﬂ"tﬂﬂ

7 RCX ud2091Ju on/off

d é F%
5. myneulnawesxlna
' ¢ sy da &y oa S d Sy A
Aoun1sIgesy IAaMlsuiiu deslinisnou IndasisIdanewiensiraoy
Y = o« o o w 1 d
doranaavesseislan lavvzlddidesenell
o @ 1 Y4 1 i g o { 4
5.1 latdede lilil iiedhg lasansos inumess Idandeanisaenlng
® ¢d /brickOS
B cddemo
o & g S v
5.2 ldmdede lflmenou Indwess1Aa
®  make file name.lx
Y 7 d Y T a :g @ 9 1
taoy Iwaveswsidariu: ldsinguamsAanaiaduasgldiuaie
VLS
4 o o 1 1 Y v
winlimsaou InayesyIda luudy uazdaldinmsud lana szdsingdeariuin

make : ‘file_name.lx’ is up to date. ﬁﬂg N n.2s
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sound. 1x traceslopel.cpp
sound.o traceslopel.lx
ss.¢ traceslope.cpp
ss.cpp traceslopeZ.lx
sg.1lx traceslope3.cpp
teamfi_out_B1.cpp tracesloped.lx
teamfl_out_@1.1x trailerhot.c
. teamfli_out_B2 . cpp trailerhot.Ix
oveLR_curvye .cpp teamfi_out_B2.1x trailerhot.o
ove LA_curve.lx test.lx ttl.cpp
ovedi.c testll. cpp world.c
movef.c testll. lx vorld. Ix
foosample .cpp test2.cpp

L sbrick(S/dens
7 make directline.lx
fmake: ‘directline.lx’ is up to date.

shrickOsdeno
sutil/dll ——tty=ush directline.lx

6. mamilnaaldsuninas RCX

Q=

] o o 9}3 9/ = E4 1 A )
Husuasziinuldiu sgdosiimsanilvaaldsunsuastu RCX noudlsdas
3
faae il

B /util/dll ~tty=usb file_name.lx

G\cyawinibinibash.exe

ake: ../demossound.lx’ 1s up to date.
ash-2.085bh% ./d1ll —tty=ush sound.lx
ash: .-/dll: Ho such file or directery
ash-2.85h% ./d11 —tty=ush demo/scund.lx
agsh: .,d1l1l: Mo such file or directory
ash—2.85h% . dll —tty=ush .. demo/sound.lx
ash: ./dll: Mo such file or directory
ash-2 _.B5b% ../d11 —tty=ush ../demo/sound.lx
: ..2d11l: Mo such file or directory
2.05b% make .. demo/sound.lx
‘. _/demo/sound. Ix’ is up to date.
ash-2.65bh% cd brick0S-/util
ash: cd: brickOS/util: Mo such file or directory
ash-2.65h% 1s
i helloworld.c linetrack.lx mohotz.o sound.c trailerhot.1x
helleworld.lx linetrack.o rover.c sound. 1x trailerbot .o
helloworld.o rohots.c rover.lx sound.o
linetrack.c rohots. 1x FOVER.O trailerbhot.c
ash-2.65b% ~dll —tty=ush sound
ash: /d11: Mo such file ov directory
ash-2.85h% ~dll —tty=ush sound.lx
ash: /dll: Mo such file or directory
thash-2.@0h% .. util/dll —tty=ush sound.lx

?‘ash—2.85h$ -

v
A o

v y o o
gﬂﬁ .26 uﬁmw%mmwﬁﬁmmiwmTﬂmm‘um RCX N9
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g = Y o 1 v = = 7 1 2 o v (53 v
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LEGO RCX Hitachi H8/3292

1 w1 uansluTasnounsames Hitachi H8/3292

auilsznouves LEGO RCX
d 4
- Tugamauaums llsunsuarsauns
a J a d Yy J¥
- BumesladuNALDIO VS 1AL
4
" UYDT
= =] 4
TLEIIGINGE

- uTasaon Insainos Hitachi H8/3292

da d
gilnsaduyANazIMNAUBI LEGO RCX
' oo
- gilnsoune
s & 1 s 3
" WOTANIHDUABIBULTDT 3 WOTH
= gy 41y
9 1Y =
" MUIBUAAIIZAUUDANDT
4 4
" ngwes
L4 L4
- gilnsalionring
s A g 7 7
" WaIaMIIRuABLDAYIBNBS 3 WBTA
" LCD

o
® Hieunes



¢ 1 Aa v a
- ginsalaIuAanBaRInAg

Jd a
B wosaounsisa

i UszaIanNana1uUay RCX.

- 14 H8/300 Wluniedszurananais

9 o

¥ iadoua 8 Oa

=Y

¥danod 16 Ua

ecR. &2

3

-8x 16 U9 WS 1U¢o - r7)

® 10 => function return

® 17 => stack pointer

@ a 4 ad
- Ay IUUIAN ANND 16 WNZIETA

CPU
H8/300

{®]
devices

memory

address / data / control BUS
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4 = T v ] LA @
31 v.2 uaRIn1sAnAeI YN IaNNIelsTuIaRanae QUnssiB Ul I WALAE

NHUIWANIN
H8/3292
ROM
16 KBytes
{00000 — 0x3fff) RAM
28 Kbytes
(0x8000 - Oxefff)
HC[,DU hi on-chip
8/300 Ogﬁ;\/;p Register
Field
512 Bytes
(Oxfdgo - (;iof?gg’s_
O=ELTE) OxE£E£E) off-chip Register Field
? bytes

(Oxf000-0Dx£227)

1% ©.3 uanavdenlaezunsuves Hitachi H8/3292
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Trunfiegves Hitachi H8/300
- Register direct:
- Register indirect: @rn
- Register indirect with 16-bit displacement:@(d:16,m)
- Register indirect with post-increment: @m+
- Register indirect with pre-increment: @-rn
- Absolute address (8 or 16 bits): @aa:8, @aa:16
- Immediate (8 or 16-bit data): #aa:8, #aa:16
- PC-Relative (8-bit displacement): @(d:pc)

- Memory indirect: @@aa:8

Tassaianulaanudwes RCX

M1101szuraRag0y A 2 (AIUANIIANBINAWNUL Oxffcs)

0xQL00
on-chip H&/3292 interrupt vector table, RCX firmwara
ROM
Ox3fLf
Dx8000
off-chip Application pregram/data
RAM
Oxefff
SREQOE off-chip RCX devices
0x£227 Register Field
Ox£ast on-chip - RCX interrupt vactor table
OxEETE RAM
CrELos on-chip H8/3292 devices
OxFFEF Register Field

51U v.4 uaasInssadrenisanudives RCX
a das d
NIFOUINDS TUNUVUITIAINYBY RCX

- Gl'liNﬂ']iaqu’Elgngc{ U939 HR/3292
B AURGrde 0x0000-0x0049 (UUseN U RCX)

®  RCX ROM vectors redirect interrupts to the on-chip RAM interrupt table



a Jor o =
= MINWNNTOUNDITINN VUGN

B AUNG NI 0xFd80-0xfdbf

Decreasing priority-on-chip RAM interrupt table

¥ ¢ e A a o
n Gl‘])'W'f]U‘]/]L@]@i‘D’@’]LL‘HuQWi]gclfnﬂ']iﬂum’ﬂiiw

-Masking

®  Globally (except NMI) CCR bit 7

3 a du & 2
ﬂ'liNﬁ Y1 LUFAAINITOUAB T TNNIINNDIVUDY RCX

Vector

Source

Q

reset

1-2

reserved

3

NMI

4-6

IRCs

7-1

resenved

12-18

16-bit timer

19 - 21

8-bittimer 0

22-24

&-bit timer 1

25-26

reserved

27 - 30

serial

31-34

reserved

35

ADI

36

WOVF

‘He/3292

CPU
H8/300

ROM

on-chip
RAM

on-chip
Register
Field

4 d e
31 v.5 uaasan Uz M

[

Individually through the off-chip register field

RAM

off-chip Register Field

89194 V89 RCX
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‘He/a292

RAM
CPU
H8/300
on-chip on-chip | | interrupted code
RAM Register |
Field
off-chip Register Field

1 a o g [ o’;’ 4
gﬂ‘ﬁ Y.6 memiaumaﬁwmm'ummusuuﬁ 1UH RCX

H8/3292

dispatcher
ROM
RAM
CPU
H8/300
on-chip on-chip | | ' interrupted code
RAM Register |
Field
off-chip Register Field

4 a do  d 1 3 {
3UN 0.7 uean1s BIABS SWILIUIT $AIUTUA 2 U1 RCX

handler
ROM
RAM
CPU
H8/300
on-chip on-chip | interrupted code
RAM Register |
Field
off-chip Register Field

: a Jo o LA g 3
gﬂﬁ V.8 memiﬂum@iﬁwmmmi\imumuﬁ 3UU RCX
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Heia202
dispatcher
ROM
RAM
CPU
H&/300
on-chip on-chip
RAM Register
Field
off-chip Register Field

4 = o ' [ qszl {
g‘l.l‘ﬁ 9.9 LLEAINITOUADTSWALU VIS IAIMTIUN 4 VU RCX

BunALAzIOINYIAYE Hitachi H8/3292
- W@gﬁauV!ﬂllﬂﬂ@TﬁWQ 7 W'E]gﬂ
4 o g = a a3 d A 4
B OWOTR 1-W030 4, WoTR 6 1 U 8 UA Lﬂu‘Wﬂiﬁﬂum@]Lmzl@’Wﬁ’!ﬁ
4 = a 3 ¢ A a
" wasa s i3 da dluneiasunataz NN
4 =) a [~/ d a
= wesa 74 8 s 1T UWIATUNA
-Each comprised of up to three registers
® DDR (P1-P6): data direction (input/output)
® DR (P1-P7): data
®  PCR (P1-P3): pull-up control
- Tnua @ la/gi@ns 3 Thue
" T#twa 1 : 1/O address space, on-chip ROM disabled
" TuuA Il :I/O address space, on-chip ROM enabled

" Tyue I : dunae1ving il

3 a 4
ﬂ151\1ﬁ .2 HEAIDUWALAZIDINNAUDY Hitachi H8/3292

Port| Type Mode | Maode Il Mode 1l DDR DR PCH

1 | 8-bit, O [ 16-bit VO address (Isb} GPIO OXEEfL0 | OxffbZ |0xffac
2 | 8-bit, VO | 16-bit YO address (msb) GPIO OXffbl|0xffb3 |Oxffad
3 |8-bit, /O |8-bit /O data GPIO O0xffbd | 0xffb6 | Oxffae
4 | 8-bit, 'O | bus stale (RoWAIT/RDAYRICLOCKIAD) GPIO 0xffb5 | 0xffbh? -

5 13-bit, VO serial port 0xffb8|0xffba -

6 |8-bit 1O fimer control O0xffb9| 0xffbb -

7 8-hit, | A/D converter - Oxffhe -
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{ A a ol
" auguanuzmsidsunlassuduvesitamesnniine

a a S
" s RaNIIoUmes SWla

A o [ < Q[ aa
MINN V.3 Lanenuag um1m@u1aaﬂLﬂuﬂﬂm@a

ADCSR at 0xffe$
Bit Name Ahbreviation Function
7 | ADEndFlag ADF 1 = end of conversion(must be cleared)
6 |AD End Interrupt Enable| - ADIE {0 = disabled; 1= enabled
5 | ADD Start ADST ' |0=stop; 1 = start
4 | Scan Mode SCAN |0 =single; 1= scan
3 | Clock Select CKS 0 = slow; 1= fast

2 -0 | Channel Select CHz -CHO | 000 CHo, 001 CH1, 010 CH2, 011 CH3

Y a =4 I an
- duasdygnaodenduainea

" 3999019 YA 10 Un (ADDR[AB|C)

M3199 V.4 LEAL 3 FDIN VIR 10 16

ADDR

Channel

Addr.

Data Req.

ANO A 0xffel
AN B Oxffe?
ANZ C Dxffed

WosAdUWANATIe YAl WA 2 Vo3 H8/3292

Y

U P 9 o a A T o o =% 1
=gy lgniugumaiinuiieunaiunosa 4 uaz 7 4o H8 1 4 1y

" 1)y Run taz OnOff gasmualdidulludumedin
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4 ¢ a o
ﬂ151\‘1ﬁ .5 LLﬁﬂQW@iGl@ﬂW@LLﬂ%L@WW‘V‘!@I‘ﬂllﬂ 2 U9q H8/3292

RCX Button | H8 Port/Bit | H3 IRG
Run 4/2 0
OnOft 471 1
View 76 -
Prgm 77 _
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g = S A ' o A VW ' ' o o
13 wose AvWosa 1, 2, 3 IMFounenunesa 7 lasudwilasdayyiol
< & an
oAl uATRDa

¢ v o @ a g 4 3 A '
n mmmﬂaiﬁuNmmszummﬁ’mqmﬂgmﬂumumemuu Passive ﬂ@llll

mnsofuiadaanonesld

P P e ¢ .
" e HaUaZIruee s 1 UM My UEosUUY  Active A0A1H1TD
fuiladaansuesla

s A Y (% A 7
B a5 ad1 0 uaony RCX "LﬂIﬂEJ@NV]W’E)iGI 6

= A a A P
ATINN V.6 meiwa:mﬂﬂaummﬂuwuwesmm RCX

— _|H8P7bit | Ha Pé bit
RGX Seheor (A/Dch) | (activate)

0 ANZ2 2
AN 1
2 ANO 0

ﬂ]‘iﬂ')‘l.lq&lﬂ]iﬁ]ﬂ'lu‘llﬂd RCX

- dfefimsTlanseanienaljufionii RCX  H8/300 wdumesSWNAMBISUMY
niluazI UMM SR e 0x0000 FuludumiasnlunisEudumsriam
- fusoumsviansluy Rex
" $misen Inan T sunsudiume wesadumlsusa

" g¥aanmuaadanlunis ldsunsunmsiiauldmugsunsifoune

t4 3 3 Ya
gilnsalmuwesuazuenomes laslsdunsusa
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