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Sajja Atikij 2009: Design and Development of a Wireless Sensor Network with
Energy Efficient MAC Protocol. Master of Engineering (Electrical Engineering),
Major Field: Electrical Engineering, Department of Electrical Engineering. Thesis

Advisor: Associate Professor Natavut Kwankeow, M.Eng. 138 pages.

Concept efficient design and implementation of wireless sensor network has become a
hot area research in recent years, due to the vast potential of sensor networks enable application
that connect the physical world to the virtual world. By environmental monitoring system have
develop in hardware and software by advance technology allow cost of manufacturing sensor

nodes continue to drop and increase feature of device.

The environmental monitoring system can automatically work in field without the need
of an operator. After each measurement, the sensor node transmit all data to gateway through
short-range network at least 1 year in 24 hour per day by design and implement wireless routing
protocol with low power consumption. Users can retrieve outputs, by using a web browser with
an almost real-time response. The system also stores measurement data in non-volatile

memories to avoid the lost of data in case of unavailable network connection.
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3.21 Spread Spectrum Modulation
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- Power subsystem HHE1NENGIY
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M519N 3 11580180 Bluetooth N1 WLAN

Wade TEEE 802.11b&802.11a Bluetooth
Time table Stand in 1998 , product in 2000 Standard in 2000 , product
in 2001
Frequency band and IEEE 802.11b -2.4 GHz 2.4 GHz
bandwidth IEEE 802.11a — 5 GHz
IEEE 802.11g — 2.4 GHz
Speed 11 Mbps — 5.4 Mbps 1 —2 Mbps
Modulation Technique Spread spectrum OFDM -
Distance Coverage "oon1300 1la - 802.11b "on130 va
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5.2 Bluetooth N1 IrDA
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Zigbee Bluetooth

* 802.15.4 standard * 802.15.1 standard
* 250 kbps * 1 Mbps

*+ TX:35mA * TX: 40 mA

* Standby: 3 uA * Standby: 200 uA

* 32-60 KB memory * 100+ KB memory
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Wireless Sensor Network
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MNN 41 (Crossbow Technology, Inc, 2003)Qﬂﬂiﬂi’§ﬂiml%)ﬁ”lﬂ (The MICA2 Mote)
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o 4 1
nnmslSeuiieuginiaisug 13ee 4 gunsal 18un Mica2 Mica2Dot

<3 1 s Y Y oaj = =
TmoteSky Imote ﬁ]glﬂU'JTﬂ"Ii@’E)ﬂ!L‘U‘]JQ‘]_Iﬂﬁmi‘UEUlﬁﬁ'lfJuu%mJﬁ'JuﬂWiLlaﬂL‘]Jaﬂu
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q‘ =~ = @ Jo Y Y a . .
M1INN 5 Lﬂi&l‘UmﬂUﬁﬂHm%ﬂlﬂﬁqﬂﬂimiUEVl‘iﬁw PYUA Mica2, Mica2Dot, Tmote Sky, Imote

S18adun Mica2" Mica2Dot" Tmote Sky" Imote”’
Microcontroller ATmegal281 ATmegal281 MSP430F ARM7
Architechture 8-Bit 8-Bit 16-Bit’ 32-Bit
Speed 73728 MHz 4 MHz 8 MHz 12 MHz
Program Memory 128 kB 128 kB 48 kB 512 kB
Data Memory 4kB 4kB 10 kB 11 kB
Configuration Mem. 4 kB 4 kB - -
Storage Memory 512 kB 512 kB 1024 kB -
ADC Resolution 10-Bit 10-Bit 12-Bit -
External 10 51 18 16 30
On-Board Sensor 2° 2° 5° -
UI Components 3 LEDs 1 LED 3 LEDs 1 LED
1 Button

Programming Modes ISP, JTAG, ISP, JTAG, USB, JITAG JTAG

Boot loader Boot loader
Re-Prog. Cycle < 10,000 < 10,000 10,000+ < 500
Size 1856 mm’ 492 mm’ 2621 mm’ 900 mm’
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Fraquency
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Y wa ¢ 4 7, du I Y
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Mica2® Mica2Dot" Tmote Skya Imote”
Radio Chipcon Chipcon Chipcon ZeevoTC2001
CC1000 CC1000 CC2420
Standard ISM ISM 802.15.4 Bluetooth 1.1
Frequence Band  315-916 MHz 315-916 MHz 2.4 GHz 2.4 GHz
Data Rate 38.4 kbps 38.4 kbps 250 kbps 723.2 kbps
Setup Time <50 msec’ <50 msec’ <1 msec <500 msec
TX powerctrl 30 dB° 30 dB° 24 dB° -
TX Power" -/+10 dBm’ -/+10 dBm’ -3/+0 dBm +5/+4 dBm
Sensitivity - 101 dBm’ - 101 dBm’ - 94 dBm - 80 dBm
Modulation FSK FSK DSSS-QPSK FHSS-GFSK
Int. Antenna - Wire embed. PIFA GigaAnt
Ext. Antenna MMCX conn. - SMA conn. U.FL conn.
Outdoor Range 150 m® 150 m® 125m 30 m
Indoor Range 40 m* 40 m* 50 m 30 m
Channels 4 4 16 79
Max. Endpoints ~ MAC specific MAC specific 16-bit 78, 4M
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Mica2’ Mica2Dot" Tmote Skyb Imote
Battery Supply 2 AA cells 1 coin cell 2 AA cells 2 CR2 cells
Minimum Vee 2.7V 2.7V 2.1V* 3.0V

Battery Capacity 2000 mAh 560 mAh 2900 mAh 1600 mAh
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- :
MINN 7 (919)

Mica2’ Mica2Dot" Tmote Skyb Imote
Regulated Supply - - - yes
CPU sleep, Radio off  0.054 mW* 0.054 mW* 0.0153 mW° 9 mW
CPU on, Radio off 36 mW 36 mW 5.4 mW 27 mW
CPU on, Radio
listen® 66 mW 66 mW 65.4 mW 62.1 mW'
CPU on, Radio
RX/TX 117 mW 117 mW 58.5 mW 112.5 mW"
Max. Power 165 mW 165 mW 69 mW 195 mW"
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Wireless Sensor Network Communication Model
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