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Abstract

In this senior project, an online data collection and moniloring system was buill for an
ecology (ECO) car. Al the current fuel consumplion rate, we will soon face with the fuel
shoriage situation. Therefore, there have been a Jot of researches on alternative energy. To
support the development of the ECO car, in this project, we built a system capable of gathering
voltage and speed of the ECO car. Al the heart of our system, a high performance AVR
microconiroller was used fo conlrol and process all the required tasks. In addition, our system
can store the data in a secure digital (SD) card and Iransmil data wirelessly to the monitoring

computer while the vehicle is in motion.
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Digital data,
Dlgital encoded signal

Digital
#
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Analog to Digital
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Tuveafusdeantasdyg sl Analog 111U Digital 15 [Rvanuidesdeluszoy
= 3 v o
nelnasszdeanaudeailu Digital (Foneu Fun1 analog - to - digital tHunmsudas

[ (14 i an 1 ol
duanuomndon lUihidyguAiaoa Taskuisns Codec ( Coder -Decoder )

Analog/digital
M cncoding T
. - o,

{codec)

gﬂﬁ 2.2 Analog - to - Digital Encoding (1]

] 1 ] ar a, o 1 (] A o
dmIngjezldds peM Tumsuwilaadyanadt Iasiinsgquaraalansmilah
W hidorilosiulaoliunauos Amplinde 1UAY 3015 Quantizing M ldFgyaauilu

. ' 4 2 o o
digital Tavanysaifomsld Voltage (971 Tungiaz tevels ¥94 pulses Favumauiidail

Sampling rate

oy F b ‘& o
§luaFanuiinvzgn 19 Analog to Digital Conversion @4 Sampling rate 1iugnan
YeanaIAa TN d el Analog ganlAowiiu Digital Code #1139 oTAYES Analog to
Digital Conversion Fi’lﬁﬁﬂtlﬁi’[ﬂi]m Sampling rate selinutlureahvesnud Analog ﬁ’qq

i 4 i | o2 =
ﬁ’qﬂ %9 Sampling rate ﬁﬁﬂUﬁQQﬁ unvzisoniy Nyquist sampling rate

& Sampling frequency HOUNIHDANIVOIAIIND Analog ﬁq&ﬁqﬂ%xtﬁﬂ Aliasing
J £ o Y = = d;, = = o A ar
error YU a9z i WAARIUNANDTIVBITYNIM 1119991042 Spectral YDA
o 4 4 o el s [
ﬁﬂgﬂlﬂ’lﬂ.lﬁgﬂ Sampling ¥4 Aliasing error ﬁluﬂﬂngmsmﬂumme}mnmmuﬂsxnﬂwm
dd = & w { ar o
ADNATUIINA YY1 Sampling 92QNABALNINIINANNAVDITY Y IMHIvEYn Sampling
(SIENITANENAL Aliasing error 18 1aun15 1% Sampling frequency 1111080712 1111909

thaqﬂ“um Analog Frequency



Pulse Amplitude Modulation (PAM)

v ]
FUUTNVBINTT PCM 2091 PAM nou Aentierdeyaiinilu analog wihinms

Sampling
Amplitude Amplitude
'Y A
Time Time
2 Analog signal b. PAM signal

gﬂﬁ 2.3 Analog Signal to PAM Signal [1]
Pulse Code Modulation (PCM)

4 ; 4
PCM vzt 1 pulses fiad1alan PAM Wity digital signal Hauysel Fansdildidiu

¥
digital Taoeuysalil 4 dunaufie

] PAM

. la Voltage (Quantization)

s iwWhswenily Binary (Binary Eencoding)

= l‘lJ?;tl‘u Binary (T digital wnageeen (Digital - to - digital Encoding)

gﬂﬁ 2.4 Quantized PAM Signal [1]



+024 00011000 015 10001111 +125 01111101
+038 00100110  --080 11010000  +110 01101110
+048 00110000 050 0110010 3090 01011010
+039 00100111 +052 00110110  +088 01011000
+026 0ogon1010  +127 or1ennnt +077 01001101

g‘ﬂﬁ 2.5 Quantizing Using Sign and Magnitude [1]

+024 +038 -048
00011000 00100116 00110000 ___
< | H N |

Direction of transfer

silfi 26 PCM 1]

£y V. PAM Quaulization

+127
000 T IHO00 1001 1020 Binary
encoding | ' o
-127
) = 1038 024
Digital/digital 0011001¢000011000

encoding

Direction of lmnsfer

gﬂﬁ 2.7 From Analog to PCM [1]

%3 or A'.l

2.2 matidasdannadiifoidesiunsiems (Modulation/Demodulation) [2]

A g | ar -y ' 1 é o - - )
iiledosmissededayguudvavieteyarudommanisdems Suiluedrbiizdes
ar o 1 ar ] e‘: A A ar o A
awundsnu fhaomdyaamaniundeudwaingania liddnganils vuruns

a o a o o ' ~ ' . &
viatuaoulumsiundaa Ithdand s uSend “msueqian (Modulation) H58115

1 4 1
= 4 ¥

o ar { ar A A ar .
ndfyanuithmdsnu ihislianwdguezai sauislivinm (Amplitude) g9a

&
MUY

T or A ar : 1] o
151130071 “TyeIunaunIne” (Signal Carrer) aniu a3l 1dhnnnlasdyaanio
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nsuegien Ae malinnsmdygniideamsdudumslfagamnodaremarkiudinms
4 ar 2 ar ar A ) 4 2
asdems dygnuiiiudmndygradeyatliZond afurwme (Camier wave) gilnssl
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d't Y ar A a ¥ M @ o A A ] 9 )
e lddyanaiinnuus ehvedwrnitenan hilddnganiishieg Inasen1y18 uaziteds

d a v o 3 A o A ¥ A A W 3

Yaronsnesiigyns tsaiminnuendyguedunnzeenmivdshssdygrndeya

¥

sASunIEmanendniii “msaNegIna” (Demodulation) TuMsilasdayanm Analog
d.! L L] L} d’ : = -
DA IUTDIT DTS Analog 1113 3 T5RE
1. Amplitude Modulation (AM)

2. Frequency Modulation (FM)

3. Phase Modulation (PM)

¥ » }

ualunmirilassauiniuoe iAo Frequency  Modulation  A9uUT9v8na 1R IUA
}

Frequency Modulation Ry

Frequency Modulation (FM)
' o d a ) 1
nsdedanuszyueidulinnununuasnssuniuninaiouen ldan sz
=1 1 ] - a ar o L N ]
iy 5u hszuneninawigdy dgenuuuuerioussgnsuniuiesyn niehign
v o A vy ad a odo g P ) P
sumuas aniwdioiunfdedoyadiannsoindnii v lemanezinadeyarisnwainanns
o 1o 9 ar ar i o
Tlfas FEnsasedenuazud ludoyaislusuihideainnududoummindiofivuiums
3 ar o
Tedngnauenion aun13ves FM wave i1

@

Spaq (1) = Ay cOS(27 fof + 27k, [e, ()dlt) @D
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[] ¥
Fuilu nonlinear function V93 modulating wave mi(t) AdUY Frequency Modulation
v :
97U Nonlinear process lavdnandavz lumilou Amplitude Modulation #3114 Spectrum
104 FM wave 92 hifunutonadw 9 i) Modulating wave gaiulumsGududnm Spectral
s ¥

properiies Y03 FM  wave 151925 uANA Single — tone modulation nou Single-tone

modutation #915M1 Sinusoidal modulation wave ﬁ‘muﬂ.lﬁ”i'l

m(t) = 4, cos{(wt+8) (2.2)

f11 Inslantaneous frequency UD3 resulling FM wave MmNy

S0 = £, +K 4, cos(w,1+6) (23)
= f. +afcos(w,t+0) (2.4)

iifo
af =K A, (2.5)

PSS ond “Frequency  deviation®  9zUTAAINIATINHNININNTAUD
Instantaneous frequency U8¢ FM wave 00 Carrier frequency (fc) 1 fundamental characteristic
409 FM wave 716 i Frequency deviation( veiludadiunum Amplitude 993 Modulaling

wave ltazi)uBasz 910 Modulation frequency
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Ayanuuin (agnInha 16 MIPS ialdn1ud 16 MHz)
33maed ennialalunng 8 bit $117u 32 &2
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. miioAu$1 EEPROM 1030 1024 Bytes $aiow/av’l 100,000 ate

+ 11207451 SRAM YU1A 2 K Bytes

. Tmedaaniinediaun 8 5a uos 16 T niemBanames

« Disznuasndeunnuiananlun s nuvesseinIs(Watchdog Timer with
Separate On-Chip Oscillator)

. Tugaad1edanu PWM (Pulse Widih Modulation) $149u 4 tiauua

. Tugauasdygnuezudeniluaines (ADC) vua 10 §a $1u2u 8 usuuwa

 Wuseduiids 4555V

oA lumiiiem o - 16 MHz
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* NOTADUNRAIDTANA VIHIU 40 0
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PDIP
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517 2.10 ¥1HO5A ATmega32 @03V PDIP [4]
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UM 2.18 DBY #4) rilonasningnmas 7]

: o
3137 2.1 M1woInOUNINABIOYNIY DBY

Pin Description Type
1 | Data Carrier Detect (DCD) Inpul
2 | Received Data {(RXD) Input
3 | Transmitted Data (TXD) QOutput
4 | Data Terminal Ready (DTR) | Output
5 | Signal Ground (GND) Input
6 | Data Set Ready (DSR) Inpul
7 | Request To Send (RTS) Output
8 | Clearto Send (CTS) Input
9 | Ring Indicator {RI) Input
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A 1 ¢ o 9 or = 3
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Block Diagram
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The ATmega32 Is 3 ioa-power CHOS 5-bit microcontrofter based on e AV enhanted
RISC architecture. By execufing powerlul Instnuctions in a singie chock cydle, e
ATmega32 achieves thmughpits approaching 1 MIPS per MHz #owing the system
designer bo oplmize power consignglion VErLs pocessing speed.

Figure 2. Bock Diagram
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Pin Descriptions
vee
GND

Port A {PA7..PAQ)

Port B (PB7..PB0)

Port C (PC7..PCO)

Port D [PD7..PDD)

XTAL4

XTAL2

AVCC

AREF

69

Digital supply voltage.
Ground.

Port A serves as the analog inpuls to the A/D Converler.

Porl A also serves az an 8-bit bi-directional IO port, if the AID Converler is not used,
Port pins can provide intemal pub-up rezistors (sefecied for each bit). The Port A output
buffers have symmetica) drive chamacteristics with both high sink and source capability.
When pins PAD fo PAT are uged as nputs and are externally pulled low, they will source
current if the intemna! pullup resistors are acliveted. The Porl A pina are bi-stated when
a resetl condilion becomes aclive, even if the clock i not running.

Port B is an 8-bil bi-dirediional VC porl with intemal pull-sp resistors (selected lor each
bit). The Port B cutput buffers have symmebical drive chamaeteristics with beth high sink
and source capability, As inputs, Port B pins that are extemefly pulled low will source
current if the pullup resialors are activaled. The Port B pins are ti-slated when a reset
condition becomes aclive, even il the clotk is not running.

Porl B plao serves the functions of various special lealwes of the ATmegna32 as Bated
on page 55.

Podt C i3 an 8-bit bi-directional YO port with inlernal pul-up resistors (selected for each
bit). The Port C output bufiers have symmetrical diive characterisfics with both high ink
and sowrce capability. As inputs, Port C pins that are externalty pulled low will source
cwrent if the pull-up resistors are activated. The Port C pins are ri-stated when a reset
condition becomes aclive, even if the clock i2 not running. If the JTAG interface is
enabled, the pul-up resistors on pina PC5{TDI), PC3(TMS) and PC2(TCK) will be achi-
vated even H a resel oceurs.

The TDD pin is Ui-staled unless TAP states that shifl oul data ere entered.

Porl C also serves ihe funtlions of the JTAG interface and other spedial features of the
ATmega32 as Esled on page 58.

Port D I8 &an 8-bit bi-directional VO port wifh intemnal puB-up reslstors (selected for eath
bit). The Port D output buflers have symmetrical drive characteristics with both high aink
and source capability. As inpute, Port D pina thet are exlemally pulled low will source
current if the pull-up resistors are aclivated. The Porl D pins are bri-stated when a reset
condition becomes aclive, even if Lhe clock is nol mnning.

Porl D also serves the functions of various apecial feslures of the ATmega32 as fisted
on page &0

Reset inpul A fow leyel on this pin for Jonger than the minimum pulse length will gener-
ate & reset, even il the clock is nol rupning. The mnimum pulse length is given in Table
15 on page 35. Shofler pulaes eve Not guaranteed to generate a reset

Inpul to the mverting Ostillalor amplifier and input to the intemal cock operating circuit.
Qutput from the inverling Oacillalor amphfier.

AVCC is the supply voltage pin lor Porl A and the A/D Converler. It should be extenaly
connecied lo Yop, even if the ADC is ot used. if the ADC is used, it should be con-
nected Yo V¢ through a kw-pass ier.

AREF i3 the analog relerence pin for the A/D Converler.
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I
Address Name Bit7 Bit6 Bh 5 Bl 4 Br3 Blt 2 Bil 1 Page
SIF 655F) []
$E [5E) [T
30 {350) 16
$3C (356) %
38 358) 45,64
A5 7
$0P9 50,110,428
330{553) £1,11, 328
137 (850 s
$360856) V5
$35(355) 3,64
¥ 854) 38,55, 2%
45y ]
V25 TCHTO | TrmeCounlerti(8 Bi) %
OSCCM._ | Opsloker Galibraton Rogisler )
ettt OCOR | On-Ghip Debug Flogisler m
$30 {350} SFIOR ADTS2 ADTSA MRS - ACME 0 PSR PSR10 ALINI%216
S5 g5} TCCRIA cous | coutan COMIBI CONBD FOCIA FOG13 WEM I Weu1D W5
S2E [4E) TCCRIB HC I ces)  EEFREs]  weun WGl12 cs12 3N [ 108
$20 (340} ICHTIH | Teneoounter| - Courler Reguler High Byle )
$2C C) TCHTIL | TmeeCounter] - Counter Regisler Low Byle W3
28 (548} OCRWAH | TimesCouner] - Oupxd Compars Regaies A High Byte e
824 344) OCAIAL | TmacCounter1 — Ovipd Compars Ragistes A Low Byle ™
$24KT) OCRIBH | TuesCounder 1 - Oulpud Compare Regickes B High Byte )
I (42 OCRIR TroedCounes ] - Oulprd Compare Reginles B Low Byt W9
$27347) ICRIH | TeretXCountes ) - lnput Caphure Registor High Byle "o
$26 (346) KRIL | TmedCouster] - hynd Caphre Register Low Byla 10
525 [344) TCCR2 FocZ | wopo | cownl coun | waun | ez | csa [ csw 123
$24¢843) ICHT2 | TenedCounles2 8 Bis) 12
$NE) OCR2 | TimeriCounier? Oput Compare Regisi 125
32 50) assr |- Eln A R e a2 | oeme OCRIB TCRUB 126
$21 341 WOTCR | wor [l Wor) W
N UBRRH VRRRYHIE) 152
SORARE | esre | T T CPoL 160
SIF(s3F) EEARN ST ] oA | eeane 17
SIE (336) EEARL 17
$10 630 EEDR 0
$4C (53C) EECR = e s, EENWE EEWE EERE %]
$18 5359 PORTA PORVAT PORTAS PORIAS PORTAL | PORIA3 PORTAZ PORTAL PORTAD 82
$1A (534) DDRA DDAT [ DOAS DAL DoAY Dow2 DOAL DOAG &2
13 PHA PRAT PRAS PHAL P PHAY PRIA? PHAL PHA 52
S1BQ) PORTB PORTET PORTES FORTES PORTE FORTR) PORTE? PORTBA FORTBD 7]
1730 DORB DoAY DDES Das 0084 [ 083 0081 [ 3]
$16.335) [er:) PMBT PMBS PHBS PN PHB) PAMBI B P 63
$150336) PORTC FORTC? | PORICS PORTES PORTCA FORICA PORTCZ PORTCA PORTCD 0
SUgY) DORG DOC DOCD 8
$1333) PHC PG PINGD 51
$1182) PORTD PORTDN FORTDD &
st CORD [ [ %)
21040 PRID PN D0 6
Y (577) SPDR 135
SO (37E) $PSR v [ weo : i s REREIERE R P 13
00 (520} SPCR smE | £ | DORD wTR | e | oma | semi | semn M
30C (3IC) uoR USART FO Data Regisles 157
00 1329) UCSRA we [ me | uoee fE_J] DoR ] P ] ux | wecu 158
SO [324) ucseB RCE_ | TeE | upRE REH | O DEN | wsn ) Re: | xS 159
09 (529) UBRRL | USART B Role Registes Low Byt %2
08 (520 AGSR D ACBG ACO Al AOE acIC ACIS ACI50 w1
07 (317) ADUUX RETSY REFSD ADLAR i M W2 M DY n2
$06 ($2%) ADCSAA ADEN ADSG ADATE ADF ADIE ADPS2 ADPST ADPSD M
$05 (825) ADCGH | ADC Dotz Regaler High Bybe 7y
504 A2) ADCL | ALK Darta Regiver Low Byto ns
$03482%) TWDR | Towo wire Seratbniede Dota Regater 117
50202 TWAR WAL TAAS WAL ™A T™WAZ TRAI THAD TRGOE 11
A} TWSR ™! W3 TS s ™) B WSl Twhsy 176
| 0420 TWER | Two-wire SeriadInterface Bl Rale Regislpr 175
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Speed (MHz) Power Supply Oydering Code Package Operation Range

8 27-55Y ATmegal2ZL-BAC 444 Commercial
ATmegad2 -8PC 40P6 {0°C to 70°C)
ATmegaldA-BMC 44M1
ATmega32L-BAl AdA Incustiial
ATmegad2l -8P1 40P% {-40°C 10 85°C)
ATmegad2 -1 44M1

16 45-55v ATmegal2-16AC 44A Commerciaé
ATmega32-16PC 40P6 {0°C 10 70°C)
ATinegas2-16M1 44M1
Almega32-16Al AA Industrial
ATiega32-i6Pt 40P6 (-40°C 10 85°C)
ATmegal32-16MC 44M1
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z108AUa SD card module



yarfauda il 18R21u3) SDAMC CARD

(ET-MINI SD/MMC)

ET-MINI SDMMC A2 wkniﬂrnfuhﬂumganiaﬁnqﬂﬂiﬂﬂﬁmm SD uaz MMC
CARD 1 arsiauhorzwi Ty insasu Insatmot snnimenmiin Memory Cand(SDABKC) thify may
ymbiznauAio Y99 (Socket) Amivld CARD 1hzian SD ne: MMC Tm:ﬁmsims?a_m!maamni:l
Comectr Fin PlalRammeiy el iazan uaﬂnﬂﬁ'uﬁai'rnﬁﬁﬂq WU NERTREEY
dnmu=nmReuniA (CARD DETECT) un="Re1naan (Pull- Up) Famnaifieg 3nam

NRETRAYSTA ET-MINI SIYMMC

© maeumirmlizian SD ua: MMC
s sansman 1 (Exble) n3e Tily (Disable) 2orwasn(Pult- Up)Famnemng 1n
® FuMsouRRIZaTIzMEARNTIA (CARD DETECT) (#9an8 Ial LED Uax 'h'i'ﬁa_@mm’sgnaaﬂﬁ
v cD Teslimamiiansd
CD=1 A2 bl Cat
CD=0 Aa WATA
» SnivoNTRERTIz VB N Write Protection Ul SYMMC CARD 14 TneasRidamnmmmiwnoani
i WP ds
WP=1 fid Aa0NIIBIE AT Write Pmtection aaji';imnﬁo OFF

WR = 0 A #M1hvaed I Write Protecion 2714 ON

ET-MINI SD/MMC

O] ===
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A .. . 4, A .
ATIIYSRARAY SD CAKD #idian iexiu Hfa nsmsamasuyy SD MODE uas AT5soina
} 3
YU SPI MODE fiBasmeranmTiNaa i

- TeESennduanaine e lnsaniotuTmin SO MODE

Pinho. | Neew | e | " Dewription
8D Modo _ ' .
4 comaTy *, e Cond mllm[ﬁa}
2 b vo, pp CommandResponm
i Vgg 1 Supply wdtage ground
4 Yoo Fup iy vellips
‘5 CLK I Clotk
[ Ve 5 Sipgly vdinge ground
7 OATO Vo, PP Dt Erva [BUE 0
] OAT1 o, PP Dxtm B [EL 4]
° DATZ ¥o, PP Data s [Bi1 2]

- Te=SonvTRarasng tia 1¥amAouwiouTnim SPTMODE

SP1 Mode
i Ccs | Lhip Salout {active low}
4 Calbein 1 HodHe-eand Oommanyse and Data
a Vin f Eapgly voliaga ground
4 Vo & Supply veilaph
] cix 1 Clook
[ Voo g Supply voliage ground
7 Daialut o Curddir=hoal Dain and Bolua
8 RV - Raservad
9 REY" - Revurod
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