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Advertisement on Waterfall Streaming

Asst, Prof. Charoen Vongchumyen
Mr. Natthawut Khao-omn
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Miss Yanawee Sarotnunjeen

ABSTRACT

Nowadays, there are many kinds of media for advertisement such as radio stations,
televisions or on printing media. One of the famous metheds that able to draw attention from
people is ADVERTISEMENT ON WATERFALL STREAMING. This advertisement is the most
amazing idea which the producer designed it to be able to on and off the water valve and create
picture or message on the running waterfall. Whoever has a chance to walk pass this
advertisement will stop to take a look and stunt for this billions idea.

This project studies is the method of the design and its development of an
ADVERTISEMENT ON WATERFALL STREAMING. We separated this project into 3 parts.
First, user Interface (UI) for contact between user and waterfall controller that user can design and
edit pattern of waterfall streaming. User can see the preview and simulation on the Ul. Moreover,
user can control the waterfall (Play and Stop). Second, we studied and designed the waterfall
solenoid valve to control the waterfall streaming. The controller boards that control solenoid
valve connect with UL So, we are able to control, sending and receiving the pattern from UI This
unit can work with or without connect to UL It is able to keep maximum 8 patterns in the memory
and each pattern can play 40 seconds long. The solenoid valve can cut water 25 times per second.
And also the board can be isolate or can connect with another board. The last part is protocol for
being a language to talk between Ul and waterfall streaming controller by using Serial

communication (RS232) and using stop and wait ARQ protocol.

II



4
Wi
RRRBEITYING i e e e e s I
NIRRT BN o i i 11
50 L IR e e ® i S S o S S R 11
BIIRITIN s e B s \%
IR e R e \2!
YL LB B TL 1L T s O 1
3
1.1 mwihooBadlm . SONVHEELE: - G i asisimnssiaiaies 1
12 Inquydpfnvealagime NN NN 1
13 vofufnvoi In RS- Rz [l o W i B rorevevseese NN eeesennessssssann Z
W A oty 50 N -0 A S — PRGN | W 2
= add 9
unh 2 B MAU RGNS Y/ XN\ T ettt TR oo 3
o J AT A Y vy oo o/ NN, B T G L 3
4
2.4 VsthsnedlfSetnos AQRESESRIREEED [ ~ AN A & ... 3
v 3 v a s 7
23\ RN AT VAR, €. kTR AT oo (@ flerrreeeeereve 7
24 RRUTFINDTD A NRUTANMT - LN g s sl rernerrensnecsens 9
2.5 medyanudmiunsivouseuoianouInininoi funI 0o NA0T .15
Y I
P XBRTI I\l o S AR o A 7 AN, 17
2.7 MIA0A5TOYABUNTUAIUTNRA USART .....oositt et 21

2.8 9OWsoN (EEPROM:Ectrically Erasable Programmable Read-Only Memory).......23
2.9 miuﬂaamw%"lﬂnﬂumwmaﬁw

IO i 28

11



M5V(AD)

k7
nin
H b d
UNN 3 MIOONUUULAZYUADUMITAUHUII covvrerrcrneccnerenenensessesssssssssssssmssssnsssessssssssss 29
3.1 noncahbunaBERET et 29
3o A o
3.2 YOUNALAZVOINAVDI TUTUNTUARAUY e 30
13 MMSMNBEREL - e s 31
14 BRIl - = e 32
[~4 9 ' o A
3.5 AHUTEUR UMNERTIIT DI .. st 43
A i Lo
3.6 MSIHONADYUN TN LRt .........ccc oo sns 45
.
3.7 Ve MAB aMaMTIOUTUTEUY oo e e 48
o - ) Y v a J g
3.8 130U dmS U TN IR D THaU0UANMAY . 49
3 v 2 4 (
3.9 Y IurSHTTUNSR) Q.. S e T NN 50
uni 4 MIPapuaSTRESRINNC A L. ST\ £ DN RS ..oy A e 52
IR 10 P P oo s, o L RN Lol oo (N (o TR 10 IRRRROYORS 52
¥
4.3 | niannh@ el AV SRR N tikreed- 3 S AR R e 52
= S
PR R B TGl et N S N or RN ¥ SS— 56
44 DITNAADINITHNIHYBIH LIV OUTAIID s st i e enessnserees oo 58
H ¥
45 UnsaMIFIUNITAARMTIIIUVBIIIAN i 69
4.6 msu-ljmgﬂmw‘ﬂugﬂtmuﬁm%’mmmwa .......................................................... 71
UM S AFUHANTINADTNING - L D- G b TR DA Py ggflnrrecesssnnr s 75
5 O T I e IO s sissssassamsisosissss s 75
53 donrusaaiiitie - i 77
53 WU = i 78
T T R e L e e S e SR R SR 79

v



asUYMN

M99 : win
21 TonsofwwwommedneymubBe .. o 16
31 swouadifimnsoda-Taldgega AOUTIIIEANTIRY e 51
41 HABWENISNAADINTHINIUYDTHAUBUAIIAD .ooeoeoeeoeereeoeeeosssssmssssssmssssssssseenerenee 52
42 MIFouReUNAIEIMSUMTUSEUIAHANIMN .o 69



a5Uy3L

pa ¥
11 fptNmIiaaHan MuasMenYsFummnihnunaos i vauiAngy 607 .....1
2.1 voin ATMEBAl R e e i i stseseeassns susneiras 4
32 HAOD INDEIOI AVRGATIERRITE) o i——— 5
S5 AWMEITR AT - - e 6
24 BnumsuetRURERART . . i 7
o e R 7
2.6 TNTIZAN VDI IBRUDUR ... i ivsssssssssssssssssssssesssssramanssse 8
2.7 YADIA TURUOYAYTIARIIN (Wet SOLENO0IA) . ivvvrreseerereeeerrsssbons s sereeseesssssseeeresssssssessessennee 8
2.8 UYAAIA LHAUDIABTAU (Dry SOIEROIA)....... o ioetrroreeciirommseres et basessssesseseseeesessssssasssene 9
29 Tnssad il fsomTi—3 -3 = Q. ¥ & =l NN 10
2.10 Tnsend Pybminaniager O DY/ O T\ 10
2.11 IS A TRABEN Lo s it bt At e B A e 11
pRVRTLEE b Trwalllite A —— AT B AR 2 @ A/ T SRS 1 — 12
2.13 myaounaine I s S aia0 S OU IHUS IUOURD e oo 12
2,14 NANIDIT I AUDIRT IR I o e e o St et 13
2.15 mynaurane i Wnswdmass luuSnamenfin o e, 13
2.16 DBO-m\AABL ... S0 e R D US o2 QR0 i 16
2.17 DB9-FenWNAGMR...... ... €. ST 3L St (S L e Rl 16
2.18 MTYYIUVNIRSZIDNY......... Ao N A A oo gD sl e vrrnrrossensssssassessases 16
239 AIIIBURIER NG - T F s i NI o iireriansrinn 17
2.20 10T U MAAITOIMEANE TUTHTIC ... ... st reasitte e eeeeeeeeseeseeseseeeseesseseseeessesens 19
2.21 s udoya UM S AATOYANUY UASRT ...ooooseeee s 22
2.22 10% 24L.C128(128K I'C CMOS Serial EEPROM)..............coomssioisirissmsoeeseeeseesseeesesesesssssoen 23
2.23 1oaAIaUDY Control Byte 11ag Address High Byte/Low Byte .......cccecevevviviviciiiiiccccncne 24
P T T T Oy (T S S e S oIt e L 25
2.25 ATLUIUMTIVIULUUIND (PAZE WIILE) w.ovooorooeeeeeeeeeeeeeeereeeeeeseee e 25
2Empnuai T el Rend — - 26
2.27 AFLUIUMTOMUUVVBOIA AU (Sequential Read) ..........o.vveeeeeveeerreeoeeeeeseeeeereeeesssesee 26

VI



51 nin
2.28 N5TUIUMIDIUTOYALBAATAIIPIY (Current Address Read) ...o....vevvecvvvrvvrssnvrrssone 27
2.29 FIDENNITOGTHURYTIRN ..ocoeceresesenss st 27
230 5 UMAT I THUANMYIIA AIATETUIUTUIY .o 27
2.31 A8 RMTUUAIMINTIEIUAINUTIR Y. s snsss s 28
30 MINERNBEIINE . . e e s 32
12 mEdnNeRMIRIIES. = s 33
33 NTNVOTRITIUNTTUTAINN. ... i eersmmeer s s 33
34 AT AR e R st 34
IR R R R IR T (1 Lo S NN F// A N, NS 35
3.6 gansuangimmir= SN 0. SR & T NN e 35
37 MIIAMITHUIWANUTIIAUID Fixed-DIoCK MEMOTY ... e eeecerssenesisetresensecseesseennes 36
3.8 NIIIANITNUIUANNTTIAIT Variable-block MEmOTY uw. v e iroresneeeniseeseeseevessseseceneens 37
3.9 MIAIT01j0R0 Bus topology 108 WINIIIRTY ool st et 38
3.10 MIATOUAR I Bus topology TAURIZIMTU ...ttt oot ssssssr s 38
e RRRTLY 1 WL o S e oo MLV AV (N /N NI = | o 0 i RO 39
3.12 gﬂunuiﬂsTmﬂaaﬁdamm;ﬂmuqunﬁvmﬁam‘%mﬂauﬁmaﬁ’ ..................................... 39
3.13 My inndBRyy. . S D OB 2. S ooy flofflvnresisssins 40
314 LRAINATINS UNIINATOUNTEITOUAB et ottt 41
3.15 LA AT IS VAT I UTAAHR, 2t e Attt sieihontos s svessssssssns 41
3,16 UANINATIMTUTIDRITUIRRED ....oocovecoee gt NS D irencsssnenen 42
317 URAIAATINTUNISIIANISIOURD sttt oo 42
3.18 UNANATINSUMTAIVOLD 1000 byes IS ..ooevevveerrroeeereeseereesssssseesssseesssssisesseesnne 42
3.19 IRMINATIMTUNSTHITOD 1000 ytes YAT 2. 43
320 UADNATIMTUNITDAMITITOURD oo 43
3.21 MIMMUAR N UIVDIFUHUUMITUTAIND e rrersssessessssssereesssssssssassssssssees 44
imevRememinEn.. 45
323 VDI ANDINEINTUIBOURDIY PC oo 46
324 UBIATMIUILY ID 1A NUHUWADIUTY oo 46

VII



51 wi
PSRBT Bee AVE S & i 47
326 ntefaceboard: . . S e e 47
1271t AR e 50
41 NITTWEMTUNIIANURU TBRUBURNIAD ...ocooeooecerecereesesssssere s ssssssssssnns 53
AT AT 54
43 MIAMNANIINTY 25 ATIROINIT e 55
B T T P At N —— 55
4.5 MIAANMAINEYI00 ATIROTUI st 56
4.6 9T HITOURODONT OUITITUY ATICEAIZS 1.1 s rerericrrmesesssens o eresessseses e 57
4.7 M3EouToyAnBINTOIATIMFUNIUT T .. 58
48 MIBNFOYANINTONTOMVMFUUULA 120l 58
YRRy LU 17 o P AR - AWPSEA W con R /Al 1 W— 59
4.10 mhaems 31930 lmi Taea s oimenMAFUMN ... 60
4.11 mihan Lﬁﬂngﬂmwﬁﬁ’mmsﬁmmﬂamﬂugﬂnmuﬁmi”nuﬁmumfmn ..................... 60
4,12 UM U A I I L i e st s 61
4.13 wihmaiorns i aadonnudugUn i e 61
4.14 AN Lﬁammmﬂmmmﬂugﬂtmuﬁm:‘Tmmmuuﬁmn .......................................... 62
4.15 NN NS R e el 62
4.16 M1 MIIRBQT UDUAROIRIT N Il s oo 63
4.17 WA NSO TIIDIROIL, ..o o A SR N A s 64
PRERVTI P TITILRITITLTSY, ., s i 65
4.19 MANMTAIA INENINABUMUADT ..o 66
4.20 MR NS AT INO T ATUFOURDYAUTAIND ..o 67
421 M3iAoNZUNLUT 92 T TURNUYAMIAHA - 67
4.22 MU UA DU DN TUTIITU oot 68
42 BhnannnnnlEeens . . e 68
4.24 103 ATMFUNMTNUIUY T OUADFUABURUADT e 70
4.25 U3 ATINFUTZY ID HAZIMUHUIADITY oo 70

VIII



1 #ih

426 FDEI NN NS T UN UM IIEDAIOU. c1ressessresessessssssssaserssssssssssssseessesssssssssssssecesesssassssee 71

427 GBI TN NS TUN UM IIEATBY oo eecsessss s s ssssseesssssssssese 72

428 $2081IMNNNT AR IAVDININUINMDU T oo 73
o ' A = a

4.29 §7081MNN LT 1080 UAVOININIINAU T oo 73

4.30 AIDU 1N TNT TUBIN TN DRI U oottt sss st ssssnsses 74

IX



1.1 anauumnvesaym

Tuagriuiisduuums Tavavainnategduuy Tidwadums Tavanmuneing

<
: '
G & - =

= S . .
Tnsviend wie Aedaiu udu FelinsTuwangduuunilanansofsgannuaulenn
3 ' ’0‘
Aaulagauinmiufie sz0UNISUAAINANINUATAITNYTHIUNIIA 10U (Waterfall,
: . Ay 22 =
Advertisement on waterfall steaming) summamﬂwmﬂugﬂsmnmﬂummﬁm’nmzmim
LY o Y 3 A o/ I v o 1 ci
11899370 Usznoudsanuaanuannmeiignanesniuzluuu-isnys jluuuain A
A L o q V¥ v 4 2 a = v ' 1Yo '
aottioaynsa Ind awh Iidaudemyaturusuiiuninaamasslamulded e 1uids ua

Vo a 3 2y < v i v e
undsaeimsuanslugtui liorwumuldmelulszma Ingvesasuin swiieanain

ee

A rl o
marana1edszms 15u Aunumsaaaginsel malulad uay udasmensgaun Innads

v

' a Y oo ° ) U
lifidnaauazdananslusznalne Sudludenishenaindssme

B
*
.
€
y
-
&
L ]

3V 1.1 f129819M51anINa M MuazAIoNYIH N NI INUR0IT 3 NV aNTRATY 60 U

(Y] d a v
1.2 Jngilszaanveslnsamsive
1) WANY AL NAUITZUUMSHAAINANINIAZAIONY I HIUN T I0U
& v v v - ol s /9 ¥
2) ieaiaynaInsAuinNuaIIsaNNAIUABNN IR 81 AT N1sUsegna 19
TAUIMWIZDE19DINTAIVAVAIUAI ¥DIB T AT

4'4 o ° ¥ = U
3) Weanoas Mg una luladnnaaszma



4) 1eAnyIDOAUV LA HAIIAIUAARDH 1H(UD) nFuganariuniania
20ADUNANDS
5) ieAnyIvenuuy uazvann 1Us Tnnean 18 lumsdesiudoya
A o o g 3 a 4 4 v
6) iPANYIPONILY azHANNTzUUMIAMIIAIL T¥Aussdnd1d
4 — =3 o ° ’n‘ - ' ¥
7) MonsIvdouITuzNNeARY ldTaAzIAAININT 180U NANAIIHIUNIND

= M ¥V
0ADUNAADT 19

QW
1.3 YouAYeIlA3INIIVY
: : i
iHooaNILULAZ S AT Tz UUMITTMNHAZAIB YT WIMAAINARIUN AL NasD
2 " X lJ ’0‘
i lszgnaldau uazdaaaluianeg 18 seszuuesuaasniwiiunsmoi Tavannse
3 Y ' = Aok ' ging., o ¥ = d 1
aguih i rmauaanilunmviedonnueg Tedidase Tasl¥aouiauneivnly
M3OBAIUVLAZAIVANAIT M UATUIVDANY (On-PC_mode ) - FeluvmziRuaiu szuull
4 ° 4 1
anuansafueaniugundmIiamsoiau 1ddwnmesTasdsiannmsiyendesin
ABUTNADY (Stand alone mode) HITLUVAINNINITOITVANUADINSVOIR IFHHmIANaY
o w v 9 Y3y Iy 1 a
dm351 On-PC mode sxuu30a5 DA 1T Nsne0nuuuLd lvgivuvesmoi Ides1edasy
Tauiinissapanouriinisuinamulsn nuiweswesass wieluns@inglaludesnms
v =< 3 ' 3 9, Ienodna R - V!
Vuiingduuuvoimerinasuumidsaudivesuesaiui dmansovuiininy 191y

°

a 7 A A v &R @ = 2 Vo A
aowiuaei adlaguaziithiuin1dlunendy Savedlddeannsanaudaimsonya

@ o

¥ *
a1 1 anaeuRinaei TR d M5 Stand alone mode ANSMIMNVBsANNFOURDAUTH
lllal 3 Ao ' 4 aaa & X Y a 4 2 d a < °
& oy lny vieliamuinld Tasvelivesananguiluaiagnrugumsiiu

YDINN9) VBINITINAY

1.4 UsAomiiimadies 185
D) 1#5unnud audhle udoanms ¥ sdussdndaudiuiadai
2) 'I&5uAnwd anudhle Tuisesnts 19luTasnou Tnsamos (microcontroller)
3) 185uanwd anudhle TuGosmsderudoyariiu RS 232
#) 185uanwd anudhle luSosdrufnrod 14 (User Interface)
5) ‘I@sruumsuaaIHanINRzAIs NI
6) awsmbranuit 1311 uFegsne

@ ° £ = '
7) anseansasiMsuuduna lulagnnandsana



2

=h-

un

Aaa oy
NEHHYNINYIVON

2.1 Unn

a v

a. ¥ v a v o Q¥ v a 4 o A
anuigArmihvoama TuTatludepiu imlddepiuunfamuidiusssunanm1a
s a o 3 A = £ v -4
snuazareuneaalzgnianndu Ty lunumwesms naginmnsedsudennudieni

P , i M M b4
FaHaaWs N 14910 Graphical waterfall ¥ 1Hndmoduindoulng 3uUnss uazmsniaIng

T X a a 4 . : X

YoauousudungnadnIunInAallzias555u%1A 10 Graphical waterfall 9n T1sunsuIULL
4 T3 <, v ' %
dsznovdemmnsiilamaeu Tuannue Litegiudeniu donys uas Taldarag s
Y & & ' a ° ¥y o i £y A ' '
adanuauainulaanimang suilddauidn ldumn desngasurunnzantesogn

a 5 v
aedozlsinavuno

2.2 lulasneulnsamas AVR

Py =] ; & ey Aa o
TuTnsnouInsames AVR  thimialuluTnsnouInsaaos Auan lasuSyn ATMEL
° ol '
e lulnsaouinsamesaszna Mcs-51) AVR saidlululnsnaunsamesinszya
1v391n ATMEL Haeilasnssuuuy RISC(Advanced RISC architecture) ADVHIAITIN19TU
@ a 3 . . <3| 1
“l%'ﬁtyiywmmwmnﬁm 1 @0 (instructions in a single clock cycle) W lulasnouInsamesnil
a a ' <t ' @ '
Usgdnamuazaruanisogs imniseomilunatveynsu luuaazeynsudantsoonily
4 d‘ o 3 d' U Y :s' o o . oaE, ‘d'
na1ewes o385 uaNABIN T RIANA VeI 1FIu Tuvaizhdininaulszansnwi

minu dnsululnsaouInsames AVR Miunly Ao Atmegal2s



22.1 AMANUANG Y

1)

2)

3)

4)

5)

6)
7
8)
9

10)
11)
12)
13)

" OO :

B

poed
-
=
o
-
-~

31] 2.1 V030 ATmegal28

v

o

aontaonssuntoluidluuny Advanced RISC

o o B o o 2
ﬂWﬁiﬂ’J‘UﬂMﬂﬁ'ﬂNTﬂiﬂﬂaﬂ 133 Aad Tﬂaﬁmmuﬂumiﬂﬁzmawa 1

0

o 1 @

AT90 1 ARy uIWN (IMIP/1MHz)

A a P ) a ° o ° B i o
33awes IFnunaluvuie 8 Ua 91uu 32 a2 (Mlvazalnaenmsvimun

Tusunsudlsnizn € Wueiann)

[ ° T =< dli % d’d‘
a5 lun Iy 1 MIPS @9 | MHz 1az11n99 16 MIPS tile 19nudn
16 MHz
NUIWAINTI ROM 11U Flash (B Tnuaileaduniiieanudl) wuia 128
ala'lud (Veuan’la 10,000 A5
WA NuIWeyanuBBnsaN M4 flalud aduw/au’ls 100,000 AS9)
¥eA NI WolatuY SRAM 41 1alugd
Tweinamimesne 8 dauas 16 in wdouBainaaes
fszvvasrsasvanuAananlumsauveswenids (Watchdog  Timer
with On-Chip Oscillator)

Tugaaedyn i PWM (Pulse Width Modulator) T34 6 %03
T ugamlasdyanuerudemuainea (ADC) vua 10 Tn 1INHa 8 ¥o4

[ <
Tuganf5sumouus ez u1aen(Analog Comparator)

» ¥
msﬁami%gaauﬂmﬁmunv UART (Universal Asynchronous Receiver

Transmitters) oy RS232, SPI (Serial Peripheral Interface) Llaztiuy I’'c



= a 7 4
14) 1 6 DUNADINNANDIA

-
W
g
bl

L
e S a5 7o7 - 2 |

"""""" R e ] il [

PORT? ORVERS POVA ORVIAS FORTZ DMIRS

'

'

1

ETA AT STEA u&ﬂ ﬂ TAAZS STTH ﬂﬂ A :
POATA oS D"ﬂ!!‘ >

'

I '

A
.
AL

17

cusesss

SITIATA S

1\ 4

' Eal i
C == i

$TRIX WIS 03 :
FONTTR i ]

A O SENTRT ] TUINT AND ]
r:l "—° nz3sTe A bind

s, L TN
L f,f ‘”“: ~ I+ 'l ooiNzns F—-}

T
2 NT

[T}
<

ral

]

RTR AEIIET A
>omTE

ANALIG
D:ll‘!{l-l\ﬂﬂ
h

SO O3TSs

T IR

N =c- s

.
.
‘
.
.
ki
"
'
'

31 2.2 vdonlavzININ AVR(ATmegal28)

222 VINOIABUNAIDIANA

3

noindunaeanaved lulnsneulnsames ATmega 128 U51m7u 64 11 Tay
v d a (3 a °
BV INDSABUNAIIANADAST 91uIU 48 ¥ Usznoulidae PA, PB, PC, PD, PE, PF YA

¥
8 In swaziBuavmeiannuauannsgy 2.3



ipeis
s o iiElEs R EG3
:$Sep LR TR0 2R
E1 =1 EE E] F E EE E EE FE EEE
s [ 23] pa3i203
R0 1 904 E3 2] O\ EET
032720198 [3] HECARCNER 2] 22405
xcAa < A PE2 4] E PA3 (ATS}
10c3A A1) P23 5] 2] Pa7:A07)
{OC3B! INTE&; PEL E E PG2IALE}
10c3C: TS| PES [7] [22] oc7 iats)
{T3?INTE}PES |8 S, 411 BC3 (A8
it ATmega128 i
gacnl = {top view) =
33080 [ s Sasat et
{5CK; o8¢ E 33] 2caiatt
vosy 752 2] 37] eczeata
(wis0; 283 [13] B
(ocs; Pae [3¢] 35] 2caim
ocA 285 [15] 3] 201 (D)
oc:8 787 3] E P52 (WiRy

=l ENE] £ EIEIRIEIBRIELE
e B NN R AN R E
b 52 - Q0
g 2

51 2.3 MIme3n AVR(ATmega128)

é
2.2.3 AVR Studio 4 ﬂﬂN‘lWﬁlﬁ‘ai (AVR Studio 4 C Complier)

!ﬂu“lff)'l"hl')gﬁ'lﬂ%Uﬂ'\iu'ﬂﬁil’illﬂillﬂ'l'ﬂ’l & "UENvllITﬂiﬂf’)UTﬂialaﬂg AVR
=<4 @ & ] J a 4 aa L4 ¥
nlusyiansng mﬂ‘namwaimauvgmmﬂvgmmmaamm'[nhmauT‘mmaas AVR a8
Tdsunsunmund

2 P = 2 vy S
woinved lulpsnounsaaed AVR sunsoiuduldvianesadunauay
P s aa 3 .. o g 3 aa i

wosnoIMnafInoauaziuneiadunalsulasdygrmeznaoniludtnea Tasinis

o =1 2 2 ' v wa T
mJmﬁmﬂnﬂnm0:u1aaﬂuﬁ):‘uuagnugmﬁuummmwowuu



or’ o a 2
2.3 ﬂ1§ﬂﬂ“1ﬂ?ﬂi°]‘ﬂﬂﬂﬁﬂ?1ﬁ?

[ a d 3
31 2.4 dhvazvesladueunnad

s ° a 3
23.1 ‘ﬂﬁﬂﬂﬁ‘ﬂ]011!‘\160‘1161113911‘]}6“089{!3163 (Sclenoid)

Pe—_T

Q‘ A\VaavaRvenv an v )
b |

i
E

51U 2.5 vamalwdvoun

a s A A o = A v te sad A

Al [¥aussa Ao vaaANNUsoUUNUMAN INeasNauiman eilou

v v A - - | v v o g v

nszud Iihudivaanaszifasuimaniusovvania udrummudusnunimani

' 2 - a 2 > Y Y ° a s Ay
Ingaulagiinanannda N - 1492 s vinndnnmisianuvaalalsiuoos eilou
o Y o q ¥ a - = Y a

nszua IMfludinvaaln g Idifadunmimaniuseuvaaia i ldinamsgauny
= o Y o v A = '
Armature F301N5101PULUTITUTINAUUNU Armature 13 ¥ 1Ny Amature indeui ey

ATINAIVDIVARIA AdudnIlugUn 2.6



) ) f)

1 a 4
51 2.6 @1z vealaduesd
) annzlnd (hitlounszualnihidhvaain)
V) anmau servnateunszualiuthvania)

) anmzgame Jounszualihudivaain)

vaan Isduesan 14 uamnIuguszunleasodnansasuuneon1d 2 Yssian

a [ ) ~
2.3.1.1 vaaalsdnesny Hailun (Wet solenoid)

core

.3
51 2.7 vaaralasdussasiiailon (Wet solenoid)

=)

a Ay < WY y 4
ﬂlﬂaﬁﬂi“ﬁﬁu@ﬂﬂ‘vuﬂu %xmuvlmquluﬂmm’omlmuﬂu Armature 3¥U

¥ a il o ' ' %’ v @ J % o/ ' v
uniuleasednogds nioudulimsnesoansszneiniudingn Faamnse lvandugd
¥

Wiy 1dde Tasaulng vaadaladuesssriiatisy 14 uvaaialaduesddmsy T
¥
N3TIAASI (DC) MUY

¥

Ll Y a d a a4 M
dIudofvIvAalIA I¥duounYiiall Ao
%’ v o ° ' ' @
D Thduiuda (Seal) 119 9 M ivaansiFeadsenauna Ammature fU
v Y 4'
misoudou
Yy o a = Yy A
2) Hesnumsinaatiumsluvoudouuny Armature

b Y ad o v o v
3) umumwmmﬂutm:nunszsmﬂ‘lu%amzmam%



a & <oy
23.1.2  vaaAlwauoua¥HANTS (Dry solenoid)

armature winding

"

solenoid body

31 2.8 vamalvaueuav Hauta (Dry solenoid)

a " eyt dy A =] g < :‘ =~ 1
vaan lsauosariall 3Ly (Seal) TarhduNuUs NM¥asunU
4 v g @ a ] 4
Armature 1o o anu bl iniuleaseandurmun lmoluio udounny Ammature 18

v
a a o v o
vaaalyauesnriail mnsoldianu IWinssudase naznssuaasunls

a d
2.4 NINUBALADI

a g ' ¥ A a < v ' ¥ 2
niugmaeiudslditluae wizinnio nsudmeesuuusoonos (Bipolar  Junction
Transistor, BIJTs) UagNsUTamesuvvauiy Wi (Field  Effect — Transistors,FETSs)
IS 4 r ] A ' a " A A~ [ 4 @ Y &
NIUFANDT NV UFBUARMINYA aF e TavdenoalimsUTuimnusadu I nvvitaey
' o ' { 2 b b
danalinnuirldihsznsnimdsgavusihifauwsenivgums Tuaveanssua Inih
3 < o a ° a o a ' '
18 edralsimmndnmaiidnd lumshauvemsudmassisao sy (¥iinsovnoguas
gilaau i) Snnuunndreduogunn aseznandusmeniudaeesuvysovios
2.4.1 Uszianvean  uFmno3 (Type of Transistors)
a I3 ' v v =) a 14
nimFmaeiunlmnlnseadigld 2 Jszion fe nsuFanesuuy npn (apn

a 4 a
Transistor) LAENITUNFALADILUY pnp (pnp Transistor)



10

wor Codscror

"o i e
Bane G D i — - —_“1/ =,u:’-——¢- : S o Yy TR ,-—{:
- T s °n

Erruties Errurtae Ereiter Ervutres
A L PPEEITT P SR E 2 S I

‘8 5

a d
51 2.9 Insaadunsudmnes

NIUFAADI U npn Usznoudiomsnsdnimiian $1u9u 2 Suredouiuas
Aainiwiia p $1u 1 Fu
NITUFAADI UL pnp Uszneudasaisiainiwiia p s1uau 2 Fusewousuas
AIRNNFTA 0 S 1§ .
24.2 Tﬂsaa’%mm:msﬁnmmmmm%mm% (Transistor Construction and
Operation)
TN mamEmas s znoudanmIsied 11 3 Fudeiouiu saiusel)

SOUAD pn IUIU2 AWNUI

ncuen diode e
e \j\ Collector-bsse
l ,——4/ junction ciode

(b) :Eio- - -t e SeC

(Bl

b4 a 3
51 2.10 Insead 1vemsuTanos

° aaa d v 4 o I~ ' ' e -
dunuandiamesfumyeusuilusosso PN Sund1  500A0DNR0S-1Ud
(Emitter Base Junction) @IUdIUNUINADAIRAINDS NUILARDITOUAUSINIT  SOUAD
ADAIAAIADS-1UA (Collector Base Junction) 1Wouunulaals  aAnneudvivedlalon
P ° o U = ° v ' P ° a o ¥ 9:" ¥ '
WeIManMIMF N mldnsunmshezimsudaaes 1 1snuldiudosne
= T APy e v a ' A = - > A& = &
usagu T menis lusansesnoniolaloaoufoanaaes iHoanAnIuTanes U

> J o H :4 4 a ° 3
3 99 myaeusay Iihivaie linsuFmaesiaudailulyld 3 uuvde



11

) mslimausmaeiinunuinuiaeen (Cut-off Region)
2) M3 NI IEFMADTINNUNYTIUDNAT (Saturation Region)
3)  msiimaugmaemauiuInuuendy (Active Region)
' Ed v ’
TuMso3U1eDIMIMNUNVIT NN 9 VoINTIUTaao T 1IN vzl uauvINn It 1
a 1 o d':d a d A = W Yo o
InsaoussnunTvenIuFmmes nionsdl 1 lasums lude
asal hi1asums s vasnsuFaaes hi1dsunms luda sunavSnudaoa
4 ' g; ' . a 4 o
W1He (Depletion Region) Nsduaonaaes miasunasnieihliniugamesviauly
a o =] v v 1 ; o =1 0 v a 1 :4 ’n‘l ~
vshaunaeeilums ludanduisesaen 2 dwmis Faez ldnszuai narut el
2 :
L L %2 o ' Y o ) !z
amlndgud 9nmsaedees ludnuazainanuinalasamnsnigesuinuazsneniaiy
1 ' . !’ 1]
aliianszuadoundy (Reverse  Current)  nszuasa luavSuadunnminiuilvan

AoalaAnes 1D Innes g

sU 2.11 mamnuiysnanaeev

° o o 2 @ 4 v ) 2 5 < A g 4
MSMIUNUSINONA? Hlens1uNdiAr IB VAU IC ARNIUALe 1ile IC
- ’ P v a a 2 o ° y A P '
INNTUIUTNMIGITA 130 (FUA NIIUTMADSINAN1I DAY & AuMilebial IC afiuaIua

' ' ° '3’;
B 1i1é9nuds nsmaric  mlalesld vee  misdionasinuenuduniuias

'Y
S v

AvAIAAINDS (RC) AUATMAIUNIL RVIDTinne s (RE) Avgl 2.13



A 0
2
L.
L]
e

Mt ]

51 2.12 1vsaA

= $ = 1 = s LY T
AUBAVUZN Ve, YOI WEMAD3 LA 0 V (@nn lugannd) I 9zuegium v

R, It0¢ R, A4
Io=Veo / (RAR,) @1

1 y =Y a B a eV I~ o H
msaounaIny IMih s mgamesiauluusnadua) Sluns lusaaseh

SRUADNA 2 AN US VDINTIUTNADS

Veg = 0.7V 2 f
—_‘!'L . —0  Vg¢ O————
T ook Y
| s |
E l 8\/ ‘ c
B - P8 b !
(O]
| | S |
T o : |
1=
Vee > Ve

31 213 msreunaenglWihlinsudmas ianluuinadum

AUUAM V, V0T IMTMADTYnZaNA? A1 0.3 V (A0 V,, NNA10.7 V)
a v (4 o @ ¥ ' ' > «
vinmIovaenoalannos-ua vz 1A5ums ludaassdioraniassninaussdu v, v,

(MY 0.4 V) nszua il 1, 1. uag 1, aedifama

12

ce



13

Veg = 0.4V
=D+ -0

i<

- *>
<1

Vegw 0.3V

51 2.14 fimmamsInavesnszualnlih

° H = =1 v U U a Z o a
srauivsnauenan msaeunasne i limsudseeiiauluuine
[ 3 1] aa d [ o 4 v
vonaiflumsuenaniilunsludansefisoodo — almaps-lud uaz ludandunsovn

AOALAAIAD T -1

le = lg + ig
e > e

51 2.15 maneuvdendlilihlinsndmneshnsnamendv

S % o =y a ¥ 1 5 )
11503 N ENMITINUVEMIMTAR 05 IS naiazdisiy SNSRI
1" aa I'd a = 1 d‘ ° ° =
souRpdinmes-wa auud v, SawinwenivzihldlaTearam (i Uszua 0.7 V uazGe
Jsznm 0.3 V)] sovaeneatanans-waldsumslusandy shlduSnaasammeniind
:.:' " aa I'd é Yo [ @ :" £ :; «q. = 1 4'
Fsouaodiani-ware 1asunslusaass Aaalu aNuAIUNIUNILE (R,) 9UMIge 110
a < 4 3 aa 3 A =1 @ <
fvsanlugdveslaTeasziiud B Wunszualimdnnn dehisuiunszudnoainninod
[~ ¥ = [ 5 U 2 g = v ' rd

(1) unzdhudumilaves 1, daiu 1, doulngSaunszud I Fariusevaononinnini- d

YOINIUTAADST



14

£ 4
mwﬁmmmmmﬂmoi’ﬁw'mmlszm'n “luﬁa‘ﬁ’a'ﬁi)znanﬁqmwmmmzmq

a o

o J o o/ o o o - -
Uszianduilunugu drgdmiumsimiugmaed W1FW1dYszdniamgega uae

nandos lildinannudonielagda1dun AsawarlWinszuanss, finagan1vih
nszuanss, inanszud Ilfhgega uazinaussdu Iihgega

wa ihnszuanse (DC  BETA) Anawa Iihnszudaswemsudaaoias

¥
v A v Yo a4

(J U ' I
inBondu q Juuan usasdiuves 1. ae 1, @Wou Wuaums 1daail fie

(33

Beta = I./1, 2.2)

v
vInuFmaeidnnnldyanaduwaiio iV uazdyanaednaeen

g o

v

¥ a J. < & 1
inﬂﬂl')ﬂ@ﬁ!aﬂm@g LUWWW@QW?WH%ﬁLW@ﬁ%Q!ﬂN maﬂmﬁtmuamwmanisuﬁ de (dc

]

Current Gain) ¥9INI1UTAINDF

[

1 aa SN Y dy
Yﬂﬂ'lﬂ'izl!ﬁf]lmlﬂ’f)ivlﬂ PNU

I. = Beta * 1 (2.3)
IE = IB+ IC

= I+ Beta*I;

£ = 1(1+Beta) 2.4)

* 5
o

wlHuawaznszua i Rvaladmiamminszua lWfhiieaou 4 14

savh IWihaseianse (DC Alpha) Adasarhwesniwdmnei FuinGundu q 1
oaw Ao 8A AU I I Wowdu aunis1d dell
Alpha = IEG/1E (2.5)

4

diohingnszuaivihvesnesyerdmwfinsan w1 hanuduniug

J { :’l !I = o
531’!’JNﬂi$uﬁVIWWTﬁ mmmmmmmmﬁmaﬁﬂumﬁums 1 Ao

i = I+, (2.6)

Ic = L1 (2.7)



15

]
o Ly A

T v [ d A J

2.5 mm’rtyty]mmmvnﬁwaumuamﬂa‘tﬂmaaaainvtﬂsmﬂauﬁmﬂas

modyg i Aidenldie RS-232
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Transmit
Pin 2 Data (TD)
Receive Data Pin4
Pin 1 (RD) DataTerminal
Data Carrier Ready (DTR)
Detect {DCD) {not used)

{not used)

Pin B
Data Set
Ready (DSRj
(not used)
iy Pin8 i
Request to
Clear to Send
Send {(RTS) {CTS)

31 2.18 Mdynuvod RS232
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Ringing Indicator (RI)

U Masye ¥HA
1 Data Carrier Detect (DCD) Input
2 Received Data (RXD) Input
3 Transmitted Data (TXD) Output
4 Data Terminal Ready (DTR) Output
S Signal Ground (GND) Input
6 Data Set Ready (DSR) Input
7 Request To Send (RTS) Output
8 Clear to Send (CTS) Input
9 Ring Indicator (RI) Input




v | ¢ -
UNHIANANAN NITDNINAIMIANTY 7
17
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2.6.3.4 Tuvazimsdadoyanadn “1” HvunouAIH
° Y 3y - a I 8 1) §.0 9 a
1) mnualivnimedeyaounsuiiaodntu «1” dimiumsdadoyaaoin
“1’,
I3 @ a < o o ' @
2) dmualdnimedyyivninmeynimiu “1” dmsumsdedyayin
a = Y o [
wiim Tagfviaedeyasynsudanaiu «1”
& ° o a o 3 a
3) amiwih lvimedygranineynsundumlaoiuziluaein “0”
A a
oAy
3/ Hq ¥ U Y 3y ) ° a a J
doyanlglumsdalidiviaredoyasynsuiusziimuaiuenaiyianod
(Accumulator) u@nimsdeeen llduannadioms ldmdimyudoya (RLC A) 1o
tenoane lldnaedoyasynsune T
2.6.4 Dananaemasagunsol
v % = N v ' 2 o a ' W LA
vuszuulE FC munsaiszaeginsal lduinnimiledd msdnaenugunseiua
¥ Y Ed
azaniuvzddediaenmsavogunsaiadniu Taulueaiasanau 7 ia uaz 10 Ua
2.6.4.1 P30 NDABAATANUL 7 DAz 10 U
a 9/ &8 o v o 9 a a =< U
uoatasanuy 7 U axdrafeginsalunazdadaonoamsatini 1 81 7d7u
iad 0 aziluiinmmuamseiunia@oudayanugunsaiaiar Tasiiai 0 Srimualiidiu o

= o =] ] 1
wilumsdeudoyalinuginsaimariazvnilu 1 sziflunmsdrudoyasingnsiaan

27 msavasvoyasynIumLINga USART
ﬂgﬂmuqmi’"ugnﬁwumu"lnTﬂsﬂ@uimmaaf éa“lums?%ams%’auuaaunmﬁu MU0

nszyhrL Tuga USART (Universal Synchronous and Asynchronous) ifiodod1sdoyaniuma

wo’i'ﬂmgﬂsu"lﬁ'ﬁmnu@ﬂﬂsﬁﬁ (ﬂ’fayaﬁmmdmﬁm Imsdmuadyeuuiasgiud

A v 9 b @ Y U A ¥ [ ' ¥ L4 a @
IMUDUNUNINAIUTVIAEAIUTS LWfJ:l'Hﬂﬁi‘lJﬁQiJﬂ’)'\lJﬁiJWUﬁﬂu) Hﬁ&“@,&f“ﬁdiﬂiuﬂ

9 Co ) 9 ) 4 a A g sy 2 a =
(ﬂnmga"lmmﬂumawmﬂmﬁumiusnu (Start bit) um%’anva (Data bit) itazUANYA (Stop bit) N

€

a a

DAWITA (Parity bit) n3o Tusin1d)
2.7.1 Tuga UASRT niveeniiu 3 aiu
1) aauadndyyIuuiini (Clock Generator) tie 1 lumsmmuasaswon lu

s 2y g o v '
ﬂ'li?‘l‘lﬂ\ﬁli‘)gﬁ Tﬂvmmsnmnuﬂ'lﬁ'mmﬂuuazmuuﬂﬂ HIUNINYT XCK
(Transfer Clock)

2)  drudadeyaoynsy (Transmitter) InodatoyasennavImesa TxD

3)  dwmSudoyasynsu (Receiver) Tnems5udoyannymesa RxD
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T39anoiadugumIvham 3 MlsznenUdre UCSRA, UCSRB 1ay UCSRC
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msdatoyaoynsulugtuuvesdalasid widlumsdadoyathudsudanymzvoursutoyn

=1 y
aynsuiilse nov'lUde

1)
2)
3)
4)

a

Daisusudoya (Start bit)

Ladoya (Data bit)

v
ada

W13AUA (Parity bit)

Dangadeya (Stop bit)

%~ TRANE 4

Yaneca0c00asE

51 2.21 sUnvulsudenalumsasdesyauuy UASRT

v
wa A o W

v

2.7.2 Qmauvﬂnmﬂmmaﬂu@a USART

2

4 o v @ o U a 1 [
1) msdAeastoyannuagiwand (Full Duplex) A5 UlAAIGIENDATEADNY
[ ' =1 % 9 o
s uazad la lunaiRe Ny (Wisuny)
¥
2) vhawlenaluzdunudsTanianazesa Insia
3) - HaumniAvoanoinoynsuasudIu 1L Mstmuatadeya nisiimuaie
o ag 3 Y
HYA HAEMIMAUANIA 1T uAY
) fdwnsnaeuanuAanamve s uloyanaztoyalensasSu (Framing
Error and Data Overrun Detection)
d' v o 4
5)  Tnuemsdoasunuian lUssairos
- < A a @
6) Inuandguanuisalumsdemsuyyesdslngia
Aaa d
3daIn0s
1) 3303 UDR (USART /O Data Register) 3ano5o1uidoudoyavuia 8 in
v o o o
Taoutsoemilu 2 @Ife RXB  195udeyavinmouendunlu
' 5 o 2 ' 3
Tulasaoulnsaians HazTXB l¥dmsudadeyaveonain
TuTasneuInsames msemuloudoyav:inisdmnes UDR Tasasa
T4
2) 331995 UCSRA (USART Control and Status Register A)?’%ﬁma%’muwms

MuLazudAITnIuzMHNIIUYITuga USART 4a A therdoanudoiuy

YpIN5Toa1sT0YA
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e 5 =
3) 33mA0f UCSRB (USART Control and Status Register B) S3@1A03AUANNIS
FauezIEaaduzmMIMNLYea1uga USART ¥a B ivafosriuiia
° a do | & ° b a 3 5
MnuadueesfldazmsMvuavuavesvayaly 0 Uavoya (Data Bit)
4) 33a90F UCSRC (USART Control and Status Register C) 33maninunums
yhauaziaaadouzmsNauuesluga USART ga C 1Agadoanums
fmuaganvenlumssudadoya
5) 33mn0f UBRRL Laz UBRRH (USART Baud Rate Registers) 901n03

MY UADATIVDAN

a4
2.8 N5 (EEPROM:Ectrically Erasable Programmable Read-Only Memory)
' ° 3 ¥ 4 4 A 3 v < ' v
miroanusiseuiidldannsaaunioud lundedougrdoyafivssqegnoluld uaz
3 3 = Q.‘ 4 ° v Al = ¥
ausanszianlanaenss Tasordunenvdmsuildida ihgenind d9nseuazan
= BTV £ £, &4 - L )
nndnsouas i hisududesnonsenvinnesnsuiiumesionnisud lvdoya  msau
v a4 <3| by ¥ ' A ' v ' <
Foyalusdnsouvzilumsanfoyminme himwsadonaummzuisdiuld ednlsh
v A Y o v 13 Yo & %" =) v ' %,' )
aniuiiogns ldansnavuegiusiuauasalunmsaunioud lvdoya 1vu 10 s 150 100
Vv '
a%a iupRiABYeeBBYToN Ap Mien T ulay (Flash Memory) Faldszaulvinalu

A BN S A~ - ) & 42 yaa S
mimwcﬁmﬂmmimm‘im‘lmuﬁ‘iﬂuﬁmlﬂl‘uay,a WQiNﬂﬁi‘l’ﬂﬂWiﬂu 1035 24LC128

PDIP/SQIC TSSOP/MSOP * TSSOP DFN

-/ P ]
. oo - AD 'S Ho vee A
A0 [t 8] veq Aol 8 [Mvee T “ A P At e - 8l vee
At ]2 =\ SDwe atc]2l B\ 7 awe NC A3 B ZRanc A2 5 7 wp
3 x NCeq4 x.  U"FaNC 3 =S s
Az[]3 3 | spsa a3 g sfmsct neols (3 ORanc o $ GO0k
a vss |4 5] SDA
ves[]a 5[] sba ves 4 5 SDA A2 CHS ° R sCL
= vssH 7 8 K3 SDA
Note: * Pins AQ and At are no-connects for the MSOP package onty.

51 2.22 o3 24L.€128(128K I'C CMOS Serial EEPROM)

281 Yumeumsnaneled 24LC128
msanneryled 24LC128 9¢ 1¥msAanonuu FC SuduTasmsadadyyia
Aadoviofiund) anzBudy  (START Condition) 91ndummudiouoninsavosled
241LC128 (Control Byte) HAMATY 0xA0 (10100000, MnuSsduAusignszyumssm
wio@oudoyaludumiweansavesled 24LC128 nazngamsaasedismsadedaya

~

#3001 dn11znya (STOP  Condition) n3zuiumsadndyayindasesziiumiiives
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Qﬂﬂiﬂn’lliﬂﬂ’ﬂ Wnames luniine "luTﬂsﬂauTmamas AVR 51808108ALN83INTNITIVYU

24LC128 Ut
¢ a7
2.8.1.1  sUnuvluanuanmazieansafio
11031 2.23 510az18uavea lusinIURY (Control  Byte)  uazludsmua
upAASH (Address High Byte/Low Byte) Hozeuvesgunsaiman Tavludniuquazisenon

Tudae 4 Tavu fie 1010, (CONTROL CODE) Fuiluiiansfininmaduanin uazdnmisia

v
=1

AFauannsodmualdtn 3 i fie A2,A1,A0 (CHIP SELECT BITS) dmfuiiagasey
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e lleuvsedoudeyaled 241.c128 1szneudis 2 lud e 1 ansndradanemiase

)
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(Don’t Care bit) IW51292 19a1uied 14 Damimivdsznovluarodn A0 Hetin A13

Control Byte Address High Byte Adcress Low Byte
A /. & A
X2 -~ 4 b R = =
AlALA - AlAIlALA[A|A A A
VIO FW | 2 [ Ll X %9312} 11|90 0 |8 2 (b 0
L 1 |
Control Chi
Coce Sebezk X = don't care bit
Bits

31’ 2.23 uannsavod Control Byte itnz Address High Byte/Low Byte

2.8.1.2 pizvmmsismuylug
aing 2.24 Yuaountsoudoyaluiled 24Lc128 B3nsounuylud
(Foudoyaifiv 1 Tu) Sududronssummsaddyguisudu START) awdaolud
AIUAN (CONTROL BYTE) Amdaod i aoans afez@ou (ADDRESS HIGH BYTE uay
ADDRESS LOW BYTE) mnttuniudaedoyaiodon 1 T (DATA) udrumsFoudoya

Y o :,‘ ° & o
Medygunya (STOP) lunng vuasumsweudoyasrimuadynuneuy
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:JASS ;\;‘{WY ; Control Address Address 18'
- Byte thBYW Low Byte Data 0
T e Errer :
oauNe 1o1ol‘|“’[“|o|xL“|||| nnnnimm
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BUS ACTMITY c ¢ &
X = don't care bit e . =

d
U 2.24 mzmumsﬁmmmu‘luﬂ

2.8.1.3  NITUIUMSIVLUIVUIND
dmfutuneumsFoudeynluiiled 24Lc128 B8nson  nuumaGTou
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wiludganie (DATA BYTE 63) udwumsiloudeyadodyansnya(SToP) tazlunne

t o/
mumumm”mu%ga%zﬂmuﬂﬁq;npmﬂansu(ACK) Ay

s
T Ccntml Address Address S
BUS ACTIVITY A ?
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- — A
i TIIIIII TTI T 11 HHIH’H
SDALINE l H l H—RH ' T l p
1102 ool[xPllll! TR AT L (s mmm s {!Illllllll
A A
BUS ACTIVITY K K ﬁ & K
X =don't care bit

31 2.25 AszUIUMSIVEMIBIND (Page Write)

2814 NITUIUMSNIUBLVGY
dmsutunnumssiudona’laliilod 24Lc128 58w o uvdy GRIRLITE)
Woa 1 Tud) nananmgl 226 Sududaonszuumsadadyaid iy (START) audau
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»
a

ADDRESS LOW BYTE) tlazisunszuaumsad naganasududnnss ninmiuawdielud
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auqu (WerldsuninTnuaowtluInuas i dunaldviniindigavesludniugues
$ a3 U ' o
waeuan 0 11u 1) uazswdeya 1 lud (DATA) ufrwumsedeyadiomsadndyya
¥

1ya (STOP) lunn9 Yunsuveniseudeyaszimuadyniunousy (ACK) #u dimsy
vl ¢y ul vy v v dyy 4 v 3 )

VAYOYA 919 IADIMIdyyIvnousunld (NO  ACK) UDININIIVITUUADUNITAY

o

doyarungamssiudoyauds
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S S
m?g iiiid I Control Address Address I Control Data ?
R Byte I-ﬁd‘x Byte Low Byte R Byte Byte 0
5 e T . e P
= N & b 4

SDA LINE 1010|A1p1d01 Xl (R A I I B R I s1010lp11ﬁ1 | RS H

Hnllll 1111|1||||[I21 R

A A A

BUS ACTIVITY c c c 0

K K K K A

X = don't care bit E

31 2.26 n3zUIUMIOIMMVVTN (Random Read)

2.8.1.5 NSTUIUMIOIHILVISEIRINY
2 1
Tugy 2.27 uagasduasuniserudoyasinlod 24Lc128 88wsouuy
Foaddu (erudoyaneiiios) Sududionszurumsaindyanaisudy (START) amday

luAnIuny (CONTROL BYTE) aw@auiioainsanaso I (ADDRESS HIGH BYTE uay

3
=

! ¥ ¥
ADDRESS LOW BYTE)#10zi3un330umsai udy i uaudnnss mntumudaslud
1 v
A udBudoyaraiiinssun Iz dedya unga (STOP) Tuyng Sunasumsuudoya
° @ o ' [ v o
wimuadyauaouiy (ACK) - 21 Tuadeyagans e1nlidesmsdyarunousudla

Lox ¥

A ' ;’, 4 '
(NO ACK) tipannazigiuneunsdsdagamymiiongamssiudoyand

v o

BUSACTIvITY ~ Control $
MASTER Byte Data (n) Data (n + 1) Data fn+2) Datain+X) o
e o * 4 2 A P
""f_‘lllll!l[lllllrlF]Illlllll B sl L L =

SDA LINE o1 L1 a1 8 e s 1 Bt dhiy T %, it BN
2 A A N

c G (o]

BUS ACTIVITY K K K K A
c

K

31 2.27 P30 MM B IMUVVIS 8 IEIAY (Sequential Read)

28.1.6 nIzvIMMIBIMTeNaneansa gy

min'li &k muaminnisneansafivzsmdeya nszuaumsedoyased
suudagy 2.28 Ao wiSudrenszumsddadyyini udy (START) awdaelud
AYUAN (CONTROL BYTE) mm?u@‘m%l’tm”aﬁu'e')mﬂiﬁﬁumﬁaﬂi)gﬁu Tawez hifidunou
msadidyyinsudu (START) awdeludniugu (CONTROL BYTE) mudaoionnsai

92074 (ADDRESS HIGH BYTE itaz ADDRESS LOW BYTE) 4@ 1001003z uiumseiu

HUUFIDENTZUIUMS DIV IS 0ImAY
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R B B o
T. o = % =
: EFL T
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2]110 L Lt it
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BUS ACTIVITY ¢ 0
K A
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K

51 2.28 nszuIumseudoeyanomasaiagiy (Current Address Read)

= | [~ °
2.9 madaspma v
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0 127 255

U 2.30 szdumaalulnuanmuim awaaa lauaun
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" = y = y
Tumsudasalaqiudvin-aniu Tuduusa ssimssuamdvesnimiugiu Tay

y of = A = Y A A D ' o ° =
a3 AT A9 UAS WD tazih (RGB) wioanuunans 3 Tﬂtﬁ)tuW 30% VDIALUAN,
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59% woamIu) uaz 11%vedih (Taeihminil sziuegnudiisidesms idudndnlums
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§ 1 ' > = 9
100% Taeduioumadias sxfinadnanun 255 F uazihaain 18 laauldmdne 3 3adh

R 1w < = °
Tu 3 Aniu Srinmnunus dazuaasesnu lugduuudunim

3 2.31 mamqmsuﬂmmwmﬂumwmnm

A4 A gy
2.10tn3030O NIF AN
4 oo =3 g 3 ] 1

MMICH Ao Visual C# oanniuTusunsuidoulugdnuuvesdothia i lvideude
= = o o B 4 v ' P
1 tool H1FlumMsvinumannaIn tazasafane Serial Port lAdeTagrmlansunielu
= = = 7 o ° 0, v b
Tt Interface Aaaoem nazdfanFumsmauineasms IFauve sl

° @ A EY < v a v Y A Y <
maradnsSumsidenidam c# lums@oudrudenel 1$01ufo nw1 C# U 11y
o

' ¥ ¥ = > - ' 5 P
anTnujﬂj'NHLngn“axiﬂiQﬁj’1\3‘1ullUUWL3‘|Mﬂ%$wUﬂj’] “C-Style Language” HIo MY

<

3

Ao 2 o = ¥ = 7 v > A F
yanrausaagnadInuN Y1 C CINHlJLmﬂTHﬂ’ﬂﬂiLlﬂiu1“@5%131“8?}“1?\8?&!9’!061\1 Java QY

¥ S0 — } % & g ' 3 a o
PHP Wundnag lumuinguilisuny dummwsizdn “C-Style” Wugtuvunmin lusunsuwes

' »
' @ A

dlngiindRugimnonnei ¢ duaguanewsndunpiigulanar dimiudilud
ﬁfugwumixwuiﬂsuﬂsnmnau w3edRdunstuneidousiandrofun 1w Inants
Visual Basic Tinefiiu ¥ safudinaiiiuguennualungu c-Style agnou fe1mvzda
ludnvesmsuuzihlnssadanmuninay Wi wludiuvesmsuuniilive fmmizves

Mu CH#
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o 2
3.1 51wazRuallsunsunazNmu

3.1.1 Input Specification

3.1.2

3.1.5

1)

' H : EY
sUnm n3e Yennudesmsienihwunlas ienaasumianld Taell Gul

o ' £
Nwaems 1Fau
o s 7y b ? ; A
2) muguMInuasaiae - GUT  TMudanmumbanaugduuui
3y
ADIM3
Output Specification
1) waasgamarunsuasudiun GUT e Mg ldauansonsisdeuni
= U < Y a ’o‘
nanole nouvzdalviiiaaseswuiien
° 0 ¥ 3 A
2) daesmsinuvenimn lasuaaatlumnindoulviun Gu
3) uiingUnmiidesnisuanma 3ludnyas ldamne
' Ay 3 ] ' ° s s A
4) dammddesmsuaasvihanny 1 luniennuswesnsaunasie 14l

1 S 4 1Z 4 4
nsudanane 11 TAgAIUANIINADNNAABI(On PC Mode)W50A1815a1193

199 (Stand Alone Mode)

Functional Specification

1)
2)
3)

4)
5)

6)

7
8)

9)

o a v Y] 3 | B Y
asoihnmmndeamsudas iaasaidauien 1a

o ¥ Ay T 3 Y
annsmhveanundsansuulantunm uaziaanisioiinn e

v =2 d‘ 3 3 o % ° ' %’ ,.s'
g sovunnawi Iamlasdrdmiuih Wuaamuuiianasuwns o

a s ¥

ADUNNADS 16

- 3 A Vo < Yy A e ' < v
gwsaisenlsnmn ldunnuds meriunuaasmvuiian 1a
AINIT01ADINITHWIUVUIAI DIABUNNADT 18

¥ ¥ '

AWITOMMUANITIINUYBNNAN 1NN UL VLIRS DInDUN UADY
HAZHIUMITIINUIDY Stand alone

=) vy . 4 ¥
awsaisenlgdoyanmmuuuag vnuuveiald

< 3 ’o’ vy I3 ['4 a r's .. 8 U
gnsadamsiannian lddesoriins uuasununes 18un msiay uay
nygaaulInn

ansotufindeyanimuuuang dmsuuaasuuianaueiald

4 ' [ v 4 ? Yo s
10) vosALAaTAn ‘smiumﬂmmmﬂﬂ’lﬂmmu 16 3181
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v v £ ol ¥ i -
11) NawAazMannsauaasnn IdnnuEigega 25 amedui

v ° 4 { ° 4
12) ﬁ’llﬂ'ﬁﬂii’)\ﬁUﬂ']iTHQW'LWTIN'UQiﬂ'lﬁ’l.l1ﬂ°7lqﬂﬂ1u?u PARRIRM

o s Y H = y
13) fﬂlﬂﬁﬂiBQ?‘UEIISHJ"]Jﬂ'lillﬁﬂ»lﬂﬂl]ﬂﬂ@iﬂ‘ﬂgﬂﬁﬁqﬂ 15 YUY Iy

IOUEAINIIINIL 14 40 Ju

U

A B q'
32 ﬂlﬂﬂ!“ﬂﬂ!lﬁz"“ﬂﬂ1ﬂﬂﬂla\ﬂﬂ§l!ﬂiuﬂ AU

32.1 amfenenully

3.2.2

3.23

) awnsadeunerugUnssimugumshauveninn 188 Serial
communication (RS232)

2)  AlFmunsoldauTsunsusu Gul

3)  mwsmhamusotenuiidesmsmiiaauaasmdininnld  Teod
$1ANIMFIVDININGITA 1,000 pixel (LAAINARIBANNGY 25 ATaSuT
Tagfuansgaga 40 11N) HASANNNINVDININGITA 256 pixel W30 (16
VoS X 16 11a7)

) awsouiinnwit ldulawdraannseneuiomes ludnuas iy

5) “munsadonlEnmit 1ATudinuds totunuaasmuwhian 14

6)  ANNTATIABIMTINNINLIAT0IRENTINET 18

7) - emnsonuaugindinaugumahavveniian lddumihee  Gur Tauf
mmmf?aﬁwé'mﬁmwa (Play) , ﬁwé’wqmmmwa (Stop) hidu

8) annsouiinteyanmiuuaeg dmsuuaasuuihan sweiald

Tﬂﬂﬂﬂaai'h%’éamss:ﬂiNdw?\ﬂﬁaf'\’u;ﬁ%fﬁ’uqﬂnsiﬁmuqumsﬁnmmm

sinn

1) ?'Y’Omiﬁ"JUEﬂu‘lJ“U Serial communication (RS232)

) domsludnumg Stop and wait ARQ

3)  sesfunsderinatugunssimunumIauvenianldgega 255 9a

) sesfumsmugugduuuvesmsudnina lagega 15 uuy

5)  sesfupdunuvesiidaldgega 16 mda

6) 3095 UVUIAVDINNINATIY header GIGA 1,275 bytes

¢ = .
Qljfﬁmﬂ?Uf}Nﬂ15"1Q]N‘UﬂQN‘Wm

1)
2)

ANNINFOUADNUADUNUABS 19AIY Serial communication (RS232)

ansaia1dTaeldneununesifluiniungy (On PC mode)
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3 awnsohauldTaglidesldnennuneiniugy (Stand-alone mode) Tauh
' s o Y 1 a 4 A ' ° o /s A gy
upazuesaamsoia ldednddsy  vieeurensinuivueiaou1a
1 o & o & S| v
15U AFWAAIND (Play) , MTIMYALTAINA (Stop) 11udu
4)  annsosaigUuuumsuanpaldgage 8 vy
5)  awnsouaawannazgduuylduigega 40 Juii
6) @UNINAMNTIBANNIEIZITA 25 ATIADIUT
7)  awnsomuguihinnldgega 16 M dearugumsiinuvenian 1 90

8)  vwAveINdwAara Iy 2 yu Imsduszezsznnanduaazii 4 yu

3.3 MNIINVIITTVY

4
&

= @ ¥ o ' ’e’ %
T9359m3398TaAN LA T UUMSHAAIHATIBN INIBLAIBNETHIUN WMo A
b4 = o ¥ 1 [ d’
Usznoulidremsinyr eonuun uagimul Manua 3 daudsil
1) dIuAnAoR 1Y (UI)
' . ¥
2) AIUYAATUANMITUTAIHINTHMIIAIN)
U = B 1 1 5 4 a I v J P
3) mulls lanoanlylunmsdwinudeyasevanneuiunes nuersauainaiugums
Mauvenhan
TumsfinmnIdhmseenuuudiumeg daudened s bisassumsmauiivanvay
duganIunuMILanra was TusTanoamesudsdoyasznilnoufiunes nuganiugu
MIUAAINA
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Waterfall

Frmmmmnmmmmn

31U 3.1 MmIINve TV

3.4 TulsepeuvedIszin

' 3 '
Glui:'lJ‘Ull’dﬂQNﬁiﬂW!lﬁSﬂ’JE)ﬂ‘HiN'I‘L!‘VlNﬁIEJHWﬂSzﬂﬂﬂvlﬂﬁ"w YANITUAAIAAATUNN

,gl ' S v '
AL E ﬁ')H‘UENﬂ'E)HT‘YISﬂLﬁ'O'i @3 Interface Board L!ﬁ:ﬁ?ﬂﬂWi!lﬁﬂQNﬁUuﬂﬁ}T%ﬂ

noNIADT
v ; v a ¢
341 dwililumsuaaawavuninsenouiinnes
5o u 1R IFa s oeonuuuud lvgiinuvesaminldedndasy  Taslinis
o ' ° v =2 1 ° ' a A s B4 'y e =R
$1mesnewinmsiuiinaaniisanudiveveiasse  wielunsdingldludesnistudin

3 ' ° v ad LY =3 a 4
stwuvesmniauumizennuwesveianuil nausotuiinnu luneuiuae e

v @

WAaguaziliuin1dlumonds tazewmsahnmnsedadsnusuesnuuuilugiuuui

¥
2

v 4 > o ' ° ° Y v Y Yo A
ﬂ@@ﬂ‘ﬁWial’VI\ulﬁﬂQW'JUU"NHﬂ:%1ﬁ84ﬂ177\‘]\ﬂﬂ1ﬁﬂnm% ﬂﬂﬂqm%UQﬁTN'ﬁﬂﬂﬂuﬁﬂQﬂiU

¥ v

2

3 v ¥ = 7 !
“HQﬂﬁ'ltlu'lllﬂﬁnﬂ'ﬂHW"\]Uﬂf)JJW'JMUTYIUVI



172
o

SOF

a 19
@enginm
(ol )

e - .
: wla :[nm}}i;}}'!}lrw‘l’:xe}_ (nﬁmgdnmsﬂuﬁvnﬁﬂ
vosmymnhanhifuinundiden 1

Gﬁa«é’méﬁﬂﬁfdﬁuﬁsu)

i

Simulation

Select Pattern

- e e e o e e e o e &

Remove Pattern

Open Pattern

Save Pattern

Play Avgaansmainiom.

S - diyalanmagan I

8

Send fo Board

K

:

3

H
).
3

5

LSS ] b (AN RO S T O -

° J a 1 ¥
51 3.2 mymnuvesduAanefuAly

fowrazananh: 0 vada i
wwasuswn 0 o
Frwvuesa 0w,

i ﬁ
1 | H
4

| i;

i i

‘ Sent to board i?

- i

Ei Fuuadimaa ;‘

Li 1 =
=

{
i i
|
Play :!
B 11

L™ i ti

. : i

e I
i
1 i Stop H
I
|
Ef
e —— T— __

31 3.3 ninvenl¥lumsnanwa
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3.4.2 FANIUANMSHAAINORNIUN NS
¥
‘ljﬂf’ﬂillﬁﬂﬁﬂﬂu‘Nﬁ'\lﬂiﬂﬁ'\@'lu'l?ﬁﬂﬂﬂ'luﬂ'ﬁﬂ')‘Uﬂlm1ﬂﬂf)lJW’Jmf)§1‘idiE)ﬁ'm’liﬂ
o Yy =2 2 Pt S 7 -
mnu"lwm&munm GINGIjﬂﬂ"ﬁHﬁﬂ\iﬂﬁ’ﬂzi_]‘ﬂllﬂﬂﬂﬂﬂlﬂuﬁﬂiﬂUOU‘] TﬂU“ﬂlWlﬁ&’U@iﬂ%xN
H ?,‘ 7 ' 4 ° o ' a '
wihiinuguaoueinag 16 1d0 LaTUARZUBIATINITONINUIENNIUDE DA TTHITOAD
] @ 9
nanuld

o Y a =3
FamsuaaInazyiinsfudoya (Uuuumsudawa) Mnneuiuaeiuuny1ld

v
=

' ° o :'I ° o ©
aolumissanusvesganiugumsuaasa nasnniuInihdeyan laTvunsimuans
a ¥ a a a 3 %’, - %
Wa-UardoToduesands Taoldarudgagalunmsidla-demit2s afsaedund dans

U 3 <) v W ’J« '
Yasihaunuaarassniluniniazdonudidnysiu udazgduvvezlinnuenlums

HEIAINDTITA 40 FUITN

_ W) Data ¥10 Memory
MUFWAUS Pattern 1521
' ugeena flazuns

Q)
No

W1 Data wnfiuly.
Memory A1ud A
Pattemn ﬁizq

31 3.4 mynuvesyanaaIa

3.4.2.1 a5z noUVeIYARILANMSHTAINAKITUNIMEI

v

U v @ M A
AU NOVVDIYAUTAINANINUAZAIDNYST T 2 dIU Aall
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1) ‘Qﬂﬂ'll)ﬂllﬂﬁllﬂﬁﬁﬂﬁ ET-Base AVR

a o A
2) mlmmnahaueuﬁaﬁa 2 YU 24VDC AIITOUNDUNTDA

a & <
FANILANMI MIUARIAE FAUAAINE [FAUDIANED
ET-Base AVR 21U 24 VDC A ounoanans

71 3.5 aamlsenouvesgauanINg

51 3.6 gaMsUTAWIHIUEIH

° o ° d
3422 drumsimuasumidumibsanuivedlulasnouinsame’

° o v 3 ' ° PR A Y
dmiumssanisdeyalumizenimsveslulasnouTnsamosiiu iiied

53 Amuay ludumsldou anudzainau tazanuTumgauHavelszwN
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#14 33usnflo Fixed-block Memory N13Anuasur i luniIen1IudIv0e
luTasneuInsames 337iaoa Ao Variable-block Memory

1) MmssamsAmmialae3® Fixed-block Memory 1Humsmmuamiuma

yoantawanuismuaviall Tasmsmmuadudumisves

mihenusuuaT Faeshliansafuzluuuvesmsuaawa

Piludadon  ugvgvh I liansa i lumisoanus 18y

o o

2 g
ﬂsszﬁqaqﬂ‘éﬂmmmmwmgﬂzauun%:nnmwuﬂmvmmwmﬂ

9

Y9I 1AM 1ULAaY block

Plattern 1

Plattern 2

Plattern n

51 3.7 M39AnsHIBR M AEIF Fixed-block Memory

o ° ' g < ° [3 i
2) MIIAMIA WM UL TAETT Variable-block Memory (Hunsmvuadumua

VDIV UIGANUINMNUARUYUIVBIN U8 LY Tuaea 1 IR

awsasessugduvuvmianieg 18 uadeuiiniseanisdanis

NUWANUT AT
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Plattern 1 Plattern 1 Plattern 1

Plattern 2 Plattern 2

_} _) Plattern 3

51 3.8 msdamswrieANNlaeIs Variable-block Memory

ad:i = b
3.4.2.3 I5ninenly
9 ' 3 Z 3 g
1BonATMITANMINUIAMUS1TAYIT Fixed-block  Memory ¥a1lunis
fMruasumisveamiioa Ny AN 13
v " § judll v 1 a d o ' Jd‘
343 dulslianeafildlumsasudeyaszninneniiunes fuariansnniugy
MININUVRINAD
P = o = =2 ¥ o ° =
fleamnsruuimsinuinarsnatesduuuddestims fivualls Tnaead
D ] ' a I o = ° ’a’ % ]
1Flumsdeiudoyaiznilnoniomes Nue1iaudsnaunuNITMINUYENIIANTIN
3 o w a [ dy
Povnalunisnosaaai
Y o N G b4
1) T TaneadoaaninsaaiunMIMLALLEIAS IS DR NIZIIZ A IR
2)  TilsTanoadesamnsoussgmdsilFlumsavquueiald

3)  TdsTaneadosmuisnsesfunisseyuuisiavveszduvumsuaana

GUuuy) SnnanSaRmznzeld
v oy ' & a ¢ o s
4 TiUsTaneansaa o u-aadaYyasznINIATEINOUNUADS HAZAIUDIA
v - v R
A lduazinymiueie
3431 Unvuldsinneaiidenly
=9 1 [ :
sUnumsasiuteyan1glulasimswzidlumsaomslugduuveynsy
(Serial communication) H'%ammgm RS-232 TawheedomisareldsIanea Stop-and-Wait

ARQ Hazlizluuumsiyeunsssninneununes nuuean1en Tudnyme Bus topology
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Ly

1D 1
iDO ID1 ) Cpre iD
n-1

51 3.10 M5T9Y3aA 8 Bus topology 1A8IDIZ I3

3432 JUnuuveanininaveaveya

3 :
unninauodeyanennuuulsznolidle Header vua 5 bytes iz

Foyagagn 1270 bytes n1o1u Header Usznovlifisdmsynouaieg dsil

1) ID ¥u19 8 bits - ¥szymmnonvgauanina 5035 DYALAA

v ¢ o g
wa ldgaga 255 vesa Tunsdifl ID = 0xFF vz11u Broadeast ID

2) ACK bit - ¥dmsuniuguns Inavesdoya
3) SYN bit . 1¥d M5V Handshaking

5 Yo o < ¥
4) FIN bit : lddmsussyunnminaganie

5) Commands Y119 4 bit - IHNo2YyMd3 (Command)
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6) Patterns YUIA 4 bits - szymueavzduuy seiuldgaga 15
sunuy lunsdi gUuuy - oxor Tidenynziuuy

7) Times YU1A 4 bits . iteszysnausovlumsudamo

8) Length YU1A 8 bits : Wsﬁai:uwmmmuﬁnmﬂ (Header+data)

wiei)u Block (1 block = 5 byte)

9) Checksum UU1A 8 bits : 'hﬁf'iamwaanmmqnﬁawmuﬁnmﬁ
ID (8 bits) A|S | F.| O |commands (4 bits)
Patterns (4 bits)| Times (4 bits) Length (8 bits)
Checksum (8 bits)

Data (255 x 5) - 5=1270 bytes

51 3.1 mininavesdena

ID (8 bits) PN R VAP S F | O

y o g L a 3
51 3.12 sunuuli)sinneaiidsnnganivaunduindunieneniimnes

3433 aslynuldsianee
T¥msdemsszninnoufiunosuues antuny sy linuves
uwininapeniilu 2 sUuuuAe
1) URNNARILAY (Control packet) - iluniininafi livssydoynny vz
13313 SYN tia¥i1 Handshake 1% Play, Stop (1udu
2) uiininadoya (Data packet) - Aunitnnaiivssydoyaeg Sns

SYN 11az¥1 Handshake 191 SendToBoard ﬁluﬁu
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PC : Board
\&%
Open connection
A:],Vv;th data ™
A=0
L Data transmission
A=Q,With data
A:‘
-,
R F= 1 ‘A_: 1

\ Close connection
W

e )

51U 3.13 mehnuvewinmnadeya

3434 MEEMTUAUANMITAIND

TumslFaudinaadenud 14NenAuNIsINUVB AN IURNMS

° 0'/ 1 d[

¥ S v
uaasway 9219Wad Commands Yu1n 4 bits BsEYMAININY FeTs1vazduamdaas
y 2
YUADUMININUY4 115 Innoanant

3 o s <) <
1) Commands = 0 : Test Device {NNINANUAT Commands = 0 wuunnng
> | e ° @ 4 1
siaunnnanlugu MFETHAdmsunmassumsi¥ounoves
4 A 4 a a" » ~ 4
gunsaimugumsuaaINa Tasnunninayiailvzgndeesn liazueia
DA ITDUNMTIFBUABNALIOUNANANBLNAVINUAAZ VDT A §1
2 P > R o A By a 1+ & '
NnInANAoUNA NI UT ID A330Y ID Nad hlnazAuanilu TRUE ua
v s o @ = <3 a [ > a0 ' o
M ludimininaneundurIvsoulninanneunduuIiuila ID luaseny

faaly szAuanilu FALSE
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ID (8 bits) 0101110 0
0 0 1
Checksum (8 bits)
ID (8 bits) 1111110101110
sU3.14 winnadmiumsnaaoumsisouso
2) Commands = 1 : Play uRnINATITIAY Commands = 1 1Wunininaxiia
uininanIuqy Mdaiin Piftedans Wgunsaimugumsudasmaudas
sUiuumsuaaseenu Tasaeaiimsszy ID voafiroansumasnaly
o 1D, serziunidesms Iuaamaluilad Pattern uazszysouves
mstiansnatuflad Timers  lunsd@ifidoinis nnueiauaninados
fuuas1 D = OxFF . uazlunsiiideamsdaiuaasmaziuums
(A AR ANNARDI A Patiem = 0xOF tfininaites lifimssosy
ANALIINYANIVAYMISUAAIND
ID (8 bits) 010(1]0 1
Patterns (4 bits){ Times (4 bits) 1
Checksum (8 bits)

71U 3.15 winmadmmSudamsiuaniwa

=1 = a
3) Commands = 2 : Stop URNNAANIAI Commands = 2 1Huuiininariia

< ° v dyd v A @ vy ' )
UWNINANIVAY mfmuu"hmaizwmiuﬁmwammu ‘llJfﬂJJﬁiﬁSQ‘U

3 4 b4 < 3 ' o ' %
msinuoun vesglnsalla wazuiininaiiey lilimssesuainduain

YANIVANNISUAAIND
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ID (8 bits) 010111]0 2

0

0 1

Checksum (8 bits)

31 3.16 uvintnAd MIUIzIUMSUTAIND

4) Commands = 3 : Send to board llﬁﬂlﬂﬂﬁﬁﬁ1 Commands = 2 rﬂu

¥y
¥ W

LR ANATHAURNINATONA AIUUTIINMT SYN 1102911 Handshake (WO

¥
¥ »

anugndosvastoya mdailil 1iedeguuumsuaamaiioonuuyly
v 3 ° S o 3y
saunu A luganiugumsuanna Taedoaihnisszy ID veianaoans
° d

mgﬂsmunmmmwa'lﬂmn‘lu%ﬁ ID tazszyMusavvesgUiuums
uapgnaiilad Patern  1insnndSinadoyai ldmuialinenils

v
stliuuiuivig 2,000 bytes 3913 msutisdeyasonitiu 2 dau dau

a¥ 1000 bytes ifadvoyaaon 1

ID (8 bits) 061 ML Dre e 3
Patterns (4 bits) 0 1
Checksum (8 bits)
ID (8 bits) TPA NP T IO O

31 3.17 wintadmSumsitlamsiseune

ID (8 bits) 1101010 3
Patterns (4 bits) 0 201
Checksum (8 bits)
Data 0-999
ID (8 bits) 1111 1110101010

51 3.18 innAd M3 UNISaITeN 1000 bytes 115D
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ID (8 bits) 00|00 3
Patterns (4 bits) 0 201
Checksum (8 bits)

Data 1000-1999

ID (8 bits) T 10]1010

51 3.19 wimpa@mIumsaadona 1000 bytes A 2

ID (8 bits) =01 110 3
Patterns (4 bits) 0 1
Checksum (8 bits)
ID (8 bits) EIA LI RIO[ONY |0

51 3.20 inmaamSumstamayenne

g Y 14 o A
3.5 mamutayaluniIunu RO WU
7 o b 9 A1 Yo v
VOIAAIUANMIN NNV IFANAAINatzAB sy Junumsudanan lasumsanuluy
' o A ' > 3 2 . 4 q9
MUIUANVIIDONIDNNDU NAININUUIININII Inangdununisudainaoonuine 19
ueraswano 1
a8 ' Y o YA o ~d ° VoA '
JYuuumunudoyalumisanuhimhunlgfonissany Tasszydumisiniueuves
uanz3 UiV (Fixed-block memory) 1uun 1867 F1vzvin Iiannsomugduuuvesnsuaaika
< ) 4 < ° @ ' ° 1
Tiudadin Mennuenvesgiuuy zgasmusaeiinuunavesniitsanusi luua
0% block
o A a4 o AY VT a v
351 mIAnoMHuInenNImasdlniuRnsannamsliau
v 4 = J d 7 >
1) unazueial¥laduasinds 16 1187 (16 bits)
' v d
2) uaazveiasanuzuuyld's suuy
3)  uaazgduuuuaaIRauIY 40 TUIN
M o g 5 = =
4) uaazgduuudmihvisanuEigega 25 ase i

Fasnsomun ldnnaums
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. Y
F1uNd x Smgduuy x nmlunsuanwa x asudr lumsdmin - (3.1)

Fa9INN1IAMI = 16 X 8 x 40 x 25 = 128,000 bits (15,625 kbyte) IN51zR 1M
mmmmwﬁwmm%q«mﬁe 128,000 bits 139 15,625 bytes Tﬂwwiazgﬂamngnﬁmuﬂ
vuagaga 137 16,000 bits 130 1,953 bytes

3501 msthugdnuuasduminennus

c'fﬁ“luussiazgﬂuvmﬁvﬁaﬁ

1) JUuuuf 1Ry o Aumish 0x0000 - 0x07CF
2) JUuuui 2 1fu u Fumiafi 0x07D0 - 0xOF9F
3) JUunfi 3 1@y @ Sumiaf 0x0FA0 - 0x176F
4) yuuunii 4 Py o Sumish 0x1770 - 0x1E3F
5) DT 5 1D @ AT 0x1F40 - 0x270F
6) UV 6 170 i AR 0x2710 = 0X2EDF
7) guuuudi 7 10y o Aimsiaf 0x2EE0 - 0x36AF

8) JUUDH 8 1AV 2 LML 0x36B0— 0x3ETF

0Ox0C00
Pattern

Ox07CF

0x07 D0
FPattern2

OxDF9F
Pattern .

Ox2EEQD
Pattern?

Ox3B8AF

0x36B0
Patterng

Ox3E7F

Ox3E80

Ox3FFF

31 3.21 msimuadmumtsvesgduuunsnaaina
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A v Jd ¥
3.6 MIenARRYNIBIAINY
7 ' o 2 A ¥ P~ ¥ 3 v K
msoenuugUnsainluguae Milssesnnudesmsinannaitovesd Iidundn 3s
0 ' < s : ¥ °
umqraihmsudsmsaiugunsuaamaseniuveiades Fedldannsoimuavuia
° ° 4 v 3 Lol
Y0INMsHAAIHA IAnmABINs (MmuasuuvesanIugy) Aniuddimsesniuuglnssine
' ' < ' ' - 2 & -—:
W eenitluaiulsznovsess NsiwazidsafIl
1) veianandmiurenaoiunounune’
2) veiadmiuszy ID uaziuMiIEANNH
3) Uein ET base AVR

4) Interface board

31 3.22 msivennegunsniniyg

d o v 4‘ ¥ ar
3.6.1 voIANANEMIUITONARNY PC
g, ¢ g VA ) ' a P s ' P
Huveiailfyoudosznitnouiunesiuuesa ET-Base AVR funa3noynsy
é 4’4 i Y 4 2
FIVZIFOUADNULUY Bus  topology 11uluu0IANNIIINY Pattern SW ,  PLAY SW

STOP_SW, PLAYALL_SW o 1% lumsaugulumahaunun lideusesunouiinnef
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51 3.23 vesanandmSuiveuneiu PC

3.62 UBIAMNIUITY ID Haz MNMIBANIN
4 a a = g & 2 Y o
ioenninsuenmsnrugy Tedussdndiesn luamvesanieg 3adoadl
» ¥
M35y ID voamazveiaeldlumsAnnefunouiiaunef dnvandasanusinielu ET-
" of) o 3 % ¥ Vb v o~ 2
Base AVR liiiganedmSumsdanuzduuumsuannananuadsniludoaiinisiiy

e 11 uagd TEST SW iiindhymiohmsnaasuiien

é ° °
31 3.24 veSadIMSUSZY ID Az MuMIIBAIIN

3.63 U03A ET base AVR
4 v 4 ¥ ° 2 s d v
veiauAazueiagnoonuuullIimnIsenIugumsauves Ivduesdalld
s % o ' 4 ¢/ Ay v

voiaaz 16 11a1 mauaiinmsuiaimsnugunds linawuesa AedsimsIdyaniugu
aNNINYe-YYIWEAIdIVEINSUARINA 1] (an — USIMIUNE7)

TuTnsneuInsames AVR Midonld Ao ATmega128 ifu'lylnsnou Insaaed 7
HanTaou3em ATMEL (fihwmediuluTasaeuInsamoiaszna MCS-51) AVR saiflu
TuTnsnouTnsamesaszgalminin ATMEL Han1Jaunssuiuy RISC (Advanced RISC

architecture) ﬁanﬁaﬁﬁaﬁwﬂu‘l%’ﬁ”q;iymmﬁmnﬁm 1 @0 (instructions in a single clock

s

=1 -~ a a ' [
cycle) 1l InsnouInsameinilszaninmuazanuannsogs miseeniflunaweynsy
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1 .w ' i .4 ¥ S : > «
Tumazeynsuduniseanifunmuiwed esessuniudesnsiuanasvosdlFanu luvmg

Ei o = -~ ﬂ' ' o
NdanInNNl sz aNSTMWAMINY

31 3.25 vo3A ET-Base AVR

3.6.4 Interface board
qunseiFlunsnaugunisildesih Asludvosi g 24VDC w11 2 HU A2
FounouUniod ﬁ'JuQ'llﬂsfﬁ';mmﬁmﬂﬂ-‘ﬂﬂﬁﬂmﬂﬂ%"lﬂﬂﬂumsﬂmﬂu usi lsduoud
1 Tavunfes MnszuaTaumavyszinm 250-500 mA” Fadu3adoad Interface Board 1o

munszuaaraNuaIdng 1 iua lvdusediig)

31 3.26 Interface board
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3.7 WBmanihmdesldnuudsuluszuy

9
PR

AAY vy A ' s~ ° - A MNP
Tunsdindeams i TnasonunnuaazndranuanuavouasiUTnanihnminu
v

° o g 1 { o ’o‘ 2 vy @ g
usududesmruguussmniluudaz nd Iiash 3msnuguussdminive W dussdui

zg!

= o 10 o3 v v A 3 ¥ v = o 3
INBUNIN Vl\ﬂﬂl!ﬁz‘luﬂ'\lﬂUﬂﬁﬂﬁqnun‘muﬂ ADNITMITUVUHIOY TﬂUﬂlﬁQﬂu’UﬂQu'ﬁ:Qﬂ

=h.

g Y

y X . ~ ~
Snwszay 1nAnduave FadeahmssnnatSinahidesldvyudouluszuuiRsane
' o 9 3 ° o ad? o 2 ad 2
aomsinuussduveanirld Tashmsdnasinnsiinheg Inaunigaiufensainng
:’1 4 v 12
13 16 Nalansounu

° ¥4 N 7 b4
musafulnasvenii naluuaaznarldvingas

Q=Av (3.2)

3 =
Qe YSuasihnlva
R e ) s
A 79 AU Innv09182
A 4 |
V flo AM5v0 919 11a

[

= 3 < ° Y A A 4 &
ua:mmxswmum‘lwammsnmmm1ﬂ%1ﬂgﬂsn15ﬂauw°luuuam NU

v=u+gt (3.3)

A <
v D AuTlaw
A < Yy
u Ao AWGIAY
A v P
g o Anusaluinnana
=]
t A9 1987
& aq v & 9 ' 1w > Y 4 ' 2 ' 3 g
Fauud i anuEWula w0 dundouidaen e luiuaa e iy o 8 m’/s,
ci Vet v ) @ a a =
woznaM lFuA UMY 1 3119 9214 0+9.8x1) = 9.8 1uas/Au1T
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