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Introducao

e MOTIVACAO:

» Fornecer informacoes técnicas do hardware
disponivel para o desenvolvimento de
aplicacoes em RSSF’s;

» Apresentar os projetos e propostas de
desenvolvimento de hardware para RSSF’s
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A Familia Motes
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A Familia Motes
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A Familia Motes

Table 1-1. Crossbow's Sensor and Data Acquisition Boards.

Chapter Crﬂsﬁg:‘; Fart Su?:;ﬁed Sensors and Features
2 MTS101CA MICA, MICAZ | Light, temperature, prototyping area
3 MTS300CA MICA, MICAZ | Light, temperature, microphone, and buzzer
3 MTS310CA MICA, MICAZ | Light, temperature, microphone, buzzer, 2-axis
accelerometer, and Z2-axis magnetometer
4 MTS400CA MICAZ Ambient light, relative humidity, temperature, 2-axis
accelerometer, and barometric pressure
4 MTS420CA MICAZ Same as MTS400CA plus a GPS module
MTSS10CA MICAZDOT Light, microphone, and 2-axis accelerometer
4] MDAZ00CA MICAZ Light, relative humidity, general purpose interface for
external sensors
7 MDASDOCA MICAZ2DOT Prototyping area
[
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A Familia Motes

:_M_ Mote Processor Radio Platforms (“Motes”, MPR Series)

Photo Crossbow Commonly Used Frequency Range Processor Radio Nonvolatile
Part ID Name Transceiver Memory
MPR300

(discontinued)  MICA (sometimes 902 to 928 MHz Atmel RFM TR1000 Atmel
refered to ATMeqal28L AT45DB041E
_ IMPR3I'|D as MICAT) 433.1 to 434.8 MHz (512 kB)
(discontinued)
MPRADD 868 10 870, 902
to 928 MHz Chi Atmel
Atmel ipcon me
MPRAT0 MICA2 4331104348 MHZ  ATMegal28L cc1000 AT45DBO041B
(512 kB)
MPRAZ0D 313.910 316.1 MHz
MPRSO0 268 10 870; 902
MICA2DOT to 528 MHz Atmnel Chipcon Atrnel
MPRS10 4331 to 434.8 MHz AThegal2s8L CC1000 AT;?[;BE;‘I B
MPR520 313.9t0 316.1 MHz
Chipcon
Atmel CC2420 Atmel
MPR2400 MICAZ 240010 2483.5 MHZ  aTpgagat28L (802.15.4) ATASDBO41B
1512 kB)
. Atmel Chipcon Atmel
MCS400C A Cricket 433110 4348MHZ  aianatog CC1000 ATASDBOAT B
(512 kB)
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A Familia Motes

G Gateways and Network Interfaces (MIB or SPB Series)

Photo Crossbow Description Mote/Board Connectors Programming Data Port
Part ID Port
MICA, MICAZ {51-pin
connector, top-side)
. Miﬁ’:}l{}ﬂ Parallel Port MICA-Series sensor boards (51-pin Parallel Serial
{discontinued) Programmer connector, bottorn-side) (R$-232)
MICAZDOT {19-pin drcular
cannector, bottorn-side)
MIC A, MICAZ (51-pin
connector, top-side)
Serial Port MICA-Series sensor boards (51-pin Serial (RS-232 ;
MIBSTO Programmer connector, bottom-side) erial ( ) I{R?Eeg gtz}
MICA2DOT {19-pin circular )
connector)
MICA, MICAZ (51-pin connector)
Ethernet
MIB&OO Programming Ethernet Ethernet
Board MICA2DOT (only with extension cable)
Main board: PCMCIA, Compact Flash, . .
MICAZ (51-pin connector) With host PC:
SPB400  Stargate, Xscale R5-232 or Various
Platform Daughter card: USB, RS-232, Ethernet, Ethernet
External power (using ssh)
| |
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A Familia Motes

‘M Mote Processor Radio Platforms (“Motes”, MPR Series)

Model Number Price(USD)
MPR400CB MICA2,900MHz $ 150.00
MPR500CA DOT,900MHz $115.00
MPR2400CA MICAZ, 2.4 GHz $ 150.00
MCS410CA CRICKET MOTE, RS232 BEACON $ 195.00

| CPDEE 30/11/04
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A Familia Motes

s Sensor and Data Acquisition Boards (MTS and MDA Series)

Model Number Price(USD)
MTS101CA MOTE,SENSOR $ 90.00
MDA300CA MICA DATA ACQ CARD $ 275.00
MTS400CA - WEATHER BOARD $ 250.00
MTS420CA - GPS WEATHER BOARD $ 375.00
MTS300CA AUDIO SENSOR $ 120.00
MTS310CA MAG-ACCEL SENSOR $ 210.00
MDAS50OO0OCA MICA2DOT SNSR BRD $ 30.00
MTS510CA - MICA2DOT SENSOR BOARD $ 120.00

| CPDEE 30/11/04
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A Familia Motes

G Gateways and Network Interfaces (MIB or SPB Series)

Model Number Price(USD)
MIB510CA $ 95.00
MIB600CA $ 349.00
SP-KIT400 STARGATE BASIC KIT $ 695.00
CPDEE 30/11/04
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MPR400 (MICA2)/MPR500
(MICA2DOT)
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MPR400 (MICA2)/MPR500
(MICA2DOT)

Atmel® ATMega128

(a) Top-side

Chipcon® CC1000

——

(b) Bottom-side
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MPR400 (MICA2)/MPR500
(MICA2DOT)

® MICROCONTROLADOR ATMEGA128L

»Microcontrolador de 8 bits (Low-Power);
»Alimentacéo: 2,7-5,5V,

»Arquitetura RISC avancada: 133 instrucdes (a maioria
em um ciclo de clock);

»128 KB Flash, 4KB EEPROM, 4KB SRAM;
»512 KB Flash externa;

CPDEE 30/11/04
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MPR400 (MICA2)/MPR500
(MICA2DOT)

® MICROCONTROLADOR ATMEGA128L

»2 timer/counters de 8 bits;

»2 canais PWM de 8 bits;

»6 canais PWM c/ resolucao programavel de 2 a 16 bits;
»53 portas de 1/0 programaveis;

»ADC de 10 bits com 8 canais multiplexados;

»Faixa de frequéncias de 0-8 MHz:

vMICA2: 7,3728 MHz;

vMICA2DOT: 4 MHz.
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MPR400 (MICA2)/MPR500
(MICA2DOT)

Conversor Analdgico-Digital

eAproximacao sucessiva,

10 bits de resolucéo;

«8 canais multiplexados:

»8 canais independentes;

»7 canais diferenciais (ADC1 — terminal negativo comum);

»2 canais diferenciais com ganho programavel (ADC1, ADCO e
ADC3, ADC2): 1x, 10x (resolucao de 8 bits) ou 200x (resolucéao
de 7 bits);

eTempo de conversao: 65-260 u s;

3 opcdes de tensao de referéncia.

CPDEE 30/11/04
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MPR400 (MICA2)/MPR500
(MICA2DOT)

Conversor Analdgico-Digital

ADC

1D = (Foqe— Fapg) - GAIN - 512

VREF
Example:

ADMUX = OxED (ADC3 - ADC2, 10x gain, 2.56V reference
Voltage on ADC3 is 300 mV, voltage on ADC2 is 500 mV.

ADCR =512" 10 " (300 - 500) / 2560 = -400 = 0x270
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MPR400 (MICA2)/MPR500
(MICA2DOT)
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MTS101
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MTS101

Sensor de Temperatura

Thermistor, (YSI 44006, hitp://www.vsi.com)

eFaixa de operacao recomendada: -80 a 120°C,;
eConstante de dissipacao: 1ImW/°C;
eResisténcia@25°C: 10Kk;

ePrecisao: 0,2°cC.

CPDEE 30/11/04
Centro de Pesquisa e Desenvolvimento em Engenharia Elétrica




MTS101

Thermistor, (YSI 44006, hitp://www.vsi.com)

Table 2-2. Resistance vs. Temperature, ADCS Reading

Temperature Resistance ADC5 Reading
(°C) (Ohms) (% of VCC)
40 239 800 4%
20 78,910 11%
0 29 940 25%
29 10,000 50%
40 5592 64%
60 2760 78%
70 19460 83%

Resistance (RT1 Ohms)

CPDEE 30/11/04
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MTS101

Thermistor, (YSI 44006, hitp://www.vsi.com)

200,000 -
280,000 4
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EE D00 4
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Figure 2-2. Resistance vs. Temperature Graph
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MTS101

Thermistor, (YSI 44006, hitp://www.vsi.com)

The mote’s ADC output can be converted to Kelvin using the following approximation over 0 to
50 °C:
UT(K)=a+b x In(R) + ¢ * [In(Rew)]’
where:
Ry = R1{ADC_FS-ADC)/ADC
a=0.001010024
b=0.000242127
¢ = 0.000000146
R1=10k0O
ADC FS =1023. and

ADC = output value from mote’s ADC measurement.
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MTS101

Sensor de Luz
Fotocélula de CdSe Clairex - CL94L

( ).
Table 2-3. Light Sensor Specifications.
Type Clairex CL94L
29 2 kQ
R 220 kO
CPDEE 30/11/04 |
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MTS300/MTS310
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MTS300/MTS310

eLuz: Clairex CL94L;
eTemperatura: Panasonic ERT-J1VR103J:
»Faixa de operacao recomendada: -40 a 125°C,;
»Constante de dissipacao: 3mW/°C
»>Resisténcia@25°C: 10Kk; '
»Precisao: 0,2°C.
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MTS300/MTS310

Table 3-1. Voltage, Resistance vs. Temperature.

eTemperatura: Panasonic ERT-J1VR103J:

Temperature | Resistance ADC1 Reading

{(°C) (Ohms) (% of VCC)
40 427 910 2.3%
20 114,200 8.1%

0 35 670 22%

25 10,000 50%

40 4090 1%

60 2224 82%
70 1520 87%

CPDEE |
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MTS300/MTS310

eTemperatura: Panasonic ERT-J1VR103J:

The mote’s ADC output can be converted to degrees Kelvin using the following approximation
over 0-50 “C:

IT(K)=a+b x In(Re) + ¢ x [In(Rex)]’
where:

Raw = RI{(ADC FS-ADCYADC

a=0.00130705

b=0.000214381

¢ = 0.000000093

R1=10kQ

ADC FS =1023

ADC = output value from mote’s ADC measurement.
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MTS300/MTS310

eAcelerometro de 2 eixos ADXL202JE:
( )

Table 3-2. Summary of ADXL202JE Specifications.

Channels A (ADC3), Y (ADC4)
(-range +2g(1g=981m/s")
Bandwidth | DC-50 Hz (controlled by C20, C21)
Resolution 2 mG {0,002 G) RMS
Sensitivity 167 mViG 217 %
Offset: 29V 4V
| CPDEE 30/11/04
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http://www.analog.com/

MTS300/MTS310

eAcelerometro de 2 eixos ADXL202JE:

FUNCTIONAL BELOCK DIAGRAM

3V TO 5.25V
Cx== v
Voo ]}:FILT _BELF-TEST
X SENSOR 2 LT __
il X
e | DEMOD | ANALOG L OUT g
TO u
Coc— | [esciLaTor|  ADXL202E DUTY M| uP
CYCLE T
4 H pEmoD e (ADc) |, - E
FILT ||
¥ SENSOR azkin | S
COM 1YeLT sz
\.le
% T Cy Rger
v W W
f—— T2z —]
_f |
T
Alg) =(TUT2 - 0.5)12.5%
0g = 50% DUTY CYCLE
T2 = Rgg125M0
[
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MTS300/MTS310

eMagnetometro de 2 eixos HMC1002:

(

HMC1002—Two-AXxis MR Microcircuit

)

GHDT {A) 1 L mm 20 S/R- (&)
OUT+ {A] 2 . mm 13 NC
OFFSET-(4) 3 Dis 2 B 13 GHND PLM
Vhridge (&) 4 ¢ Bl 17 OFFSET {+4)
CLUT-{A) & s SR+ (A
GHDZ {A) & Die B mm {5 OFFSET+ {B)
SR-B) T B 14 SR+ (B)
GHDT (B) B — mm 13 GHDZ (B
O+ {B) 9 12 QUT-i(8)
OFFSET- By 10 mm 1] Whridge (B)
|
CPDEE 30/11/04

Centro de Pesquisa e Desenvolvimento em Engenharia Elétrica


http://www.honeywell.com/

MTS300/MTS310

eMagnetometro de 2 eixos HMC1002:
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Figure 1-Conventional vs. Magnetic Sensing
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MTS300/MTS310

Magnhetometro de 2 eixos HMC1002:

Classificacao de veiculos;
Direcao e Presenca de veiculos;

Assinatura de veiculos.
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MTS300/MTS310

Microfone da Panasonic WM-62A

Specifications WRM-B2A/62C02CCHE2KAE20

Sensitnvity: —45+4cB (0d3=1VIPa, 1kHz]
Impedance: L ess than 2.2k02

Directivity: Crmmidirectional

Freguency:

Max. operation voitage:
standard operation voliage:
Cumrent consumplion: Max. 0.5ma
sensitivity reduction: Within =2dB at 1.5V
=/M ratio: More than 58dB

CPDEE 30/11/04

Centro de Pesquisa e Desenvolvimento em Engenharia Elétrica




MTS300/MTS310

Microfone da Panasonic WM-62A

eDetector de tom: LM567 (National);

eSounder: ressonador piezoelétrico em 4 kHz
(PS14T40A da Sirius)

CPDEE 30/11/04
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MTS300/MTS310

Table 3-3. Control Settings for the Sounder and Sensors

Sensor/Actuator Control Signal
Sounder PW2
Microphone PW3
Accelerometer PW4
Magnetometer PW5
Temperature (RT2) INT2
Photocell (R2) INT1

4 NOTE: Only one of the INTT and INTZ signals should be activated at a time. See Section 3.3
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MTS400/MTS420

eadtek® GPS-9546
Module
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MTS400/MTS420

A umidade n&o € nada mais que o vapor de
agua presente no ar;

A umidade Relativa é a quantidade de vapor
d agua presente no ar a uma dada
temperatura respeitando a  gquantidade
maxima de vapor d agua que o ar pode
conter naguela temperatura quando saturada.

CPDEE 30/11/04
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MTS400/MTS420

Sensor de Temperatura e Umidade Relativa
Modulo SHT11 da Sensirion

(

ADC de 14 bits interno;

Ultra Low Power.

);

Parameter Conditions  |Min. |Typ. |.I".I1ax. Units
Power supply DC 24 | 5 | B |V
Supply current MEeaskuring 0ol LA
average 20 | 288 LA
sleep 03] 1 |uA
CPDEE 30/11/04
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MTS400/MTS420

Table 4-1. Summary of the Sensirion” SHT11’s Specifications

Sensor Type sensiron SHTTT
Channels Humidity Temperature
Range 0 to 100% -40°C to B0°C
Accuracy + 3.5% RH (typical) + 2°C
Operating Range 3.6 to 2.4 volts
Interface Digital interface

CPDEE

30/11/04

Centro de Pesquisa e Desenvolvimento em Engenharia Elétrica



MTS400/MTS420

Block Diagram

Calibration —@l scx
%RH Memory || 0 |
Sensor ! P CATA
Digital 2-
& wire
> i Interface
Bak: &
E CRC
generator
e B It
Temp. ’
Sensor _ — i VDD
gk T, P L o BT
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MTS400/MTS420

Pressao Baromeétrica e Temperatura

PRESSAO BAROMETRICA - Pressido exercida pela
atmosfera sobre um determinado ponto. Sua
medida pode ser expressa em milibares, ou em
polegadas ou milimetros de mercurio (HQ).
Também conhecida como pressao atmosférica

CPDEE 30/11/04
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MTS400/MTS420

Pressao Baromeétrica e Temperatura

Table 4-2. Summary of the Intersema® MS55ER’s Specifications

Sensor Type Intersema MS5H534
Channels Pressure and Temperature
Range Pressure: SQD t{::n’lﬁ'lﬂ n“it}ajr
Temperature: -10°C to 60°C
Accuracy *Pressure: + 3.5%
Temperature: £ 2°C
Operating Range 3.6 to 2.2 volis
Interface Digital interface

CPDEE 30/11/04
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MTS400/MTS420

Pressao Baromeétrica e Temperatura

{(T=25°C, VDD=3.0V unless noted otherwise)

Parameter Symbol Conditions Min. Typ. Max Unit
Supply Voltage Voo 2.2 3.0 3.6 V
Supply Current, Vpp=3.0V

average (1) lawg 5 LA

during conversion (2 lsc 1 mA

standby (no conversion) lss 3.5 LA
Current consumption into MCLK=32768Hz 0.5 LA
MCLK (3)

[ ]
CPDEE 30/11/04
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MTS400/MTS420

Pressao Baromeétrica e Temperatura

VDD
7 |
e ImeLK
[] Input MUX [
N . Digital
SENSOR - , Imﬁ'h;‘m A .l ...... DIN
-IN JJ __P i\ADG Fciiia-r T q;____:“.#.E-:_ zzt:
' h Sensor M
[] : [:] Interface IC [P@%ﬁ'ﬁ
il G4 bits
SGNI| PR J
L GND
Fig.: 1 Block Diagram 5534
[ ]
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MTS400/MTS420

Sensor de Luz

Table 4-3. Summary of TAOS TSL2550°s Specifications

Sensor Type Taos T5L2550
Channels Light
Range 400 — 1000 nm
Operating Range | 3.6 to 2.7 volts
Interface Digital interface
CPDEE 30/11/04
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MTS400/MTS420

Sensor de Luz

Functional Block Diagram

B Channel 0 Integrating
By Photodiode AD Converter
L s % Channel 1
5 Tk Photodiode

Vop=27 ViochbeV

Control Logic Cutput Registers

—— SMBCLK

Two-Wire Serial Interface

M—1—¥» S5SMBData
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MTS400/MTS420

Sensor de Luz

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
" SHBue autout low vl Iy =50 pA 0.01 .
/oL owious output low voltage o= 4mA 04
Active, VSMBCLK and VSMDATA = Vpg _
| Voo = 33V £ 5% 03 06} mA
oo Supply curren Power down, VSMBCLK and VSMDATA = 0 s
Vop Voo =33V 5%
lin High level input current V= Voo 51 pA
M Low level input current V=10 -5 pA
CPDEE 30/11/04
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MTS400/MTS420

Acelerbmetro de 2 eixos

Table 4-4. Summary of the ADXL202JE s Specifications.

Sensor Type Analog Devices ADXLZ0ZJE
Channels X {ADCT), Y (ADC2)
Range +2 G (1 G =9.81 m/s?)
Sensitivity 167 mViG, £17 %
Resolution 2 mG (0.002 G) RMS
Offset VBATTERY/2 x04V
Operating Range 3.6to3.0V
Interface Analog interface
CPDEE 30/11/04
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MTS400/MTS420

Modulo GPS

Table 4-5. Summary of the SiRFstarfle LP's (GPS 9546) Specifications.

GPS Chipset SiRFstarlle LP
Antenna External active antenna, power supplied by GPS module.
Channels 12
Meters 10m, 2D
Start Time (sec) 45 Cold; 38 Warm; 8 Hot
Reacquisition Time 0.1 sec (typical, w/o dense foliage)
Protocol NEMA-0183 and SIRF binary protocal
Current E0mAat3iiV
Interface Serial interface
CPDEE 30/11/04
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MTS400/MTS420

Modulo GPS

Power
Main power mnput 3.3 £ 5% VDC nput.
Power consumption 215 mW (continuous mode)

Supply Current 65 mA

CPDEE 30/11/04
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Conclusoes

e Projeto de um magnetometro de 3 eixos
para viabilizar a assinatura de veiculos;

e Implementar o circuito de recuperacao
automatica de saturacao na MTS310;

e Avaliar a viabilidade técnica e
econOmica em aguisicoes de novas
placas sensoras (MTS).

CPDEE 30/11/04
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