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Abstract

As the integration between technology and humanity grows, the wireless sensor network
(WSN) has become an emerging research field. Because of the manufacturing costs of various
hardware implementations and royalties of software authorizations, however, the development of
WSN is impeded. To conquer these limitations, this research project integrates the academia
and industry to seamlessly combine the research and manufacturing sources. Moreover, the
alliance from both academia and industry is also coordinated to develop the key components,
such as gateways and sensor nodes of WSN technologies and open-sourced general protocol and
software for WSN platforms. This infrastructure will not only be used to bridge the
fundamental research development and industrial application but also overcome the cost barrier
of this technology. In this year, this research project will manufacture 1000 sets of WSN
gateways and sensors based on the superior low-cost production capability of Taiwan wireless
industry. Moreover, the implementation of several WSN applications will also be demonstrated.
In detail, the first sub-project implements a sensor network with more than 70 sensor nodes; the
second sub-project develops an algorithm for the wireless positioning system established in the
first sub-project; the third sub-project develops a function library for WSN security and
management in zigbee protocol; the forth sub-project manufactures 1000 sets of gateways,
super-nodes, and sensor nodes for zigbee WSN applications; the fifth sub-project develops
low-cost wireless sensor modules with humidity, temperature, light and gas sensing abilities; and

the sixth sub-project implements the application scenarios for further WSN applications.

Keywords: Wireless sensor network, smart living space, environmental monitoring
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File Settings Help

Onine Data r()ffrline Data r Topology ‘

PacketRead: 70  PacketWrite: 0
Node ID Hurmidity Temperature TSR PAR Internal Yoltage  |Internal Temperature]  Receive Time
12400 +3.954 2955 271 B1.445 11.050 2871 Tue Sep 111311 |«
7 61.032 29.04 26.367 877.783 .76 2847 Tue Sep 11 13:11
4 65.672 19.55 26.367 81445 1637 2871 Tue Sep 111311
7 0.324 9.4 271 81445 1.09 2547 Tue Sep 111311
4 65.401 10.55 271 031,445 2534 24971 Tue Sep 111311
7 60.385 20.06 28.198 081,445 1.300 2947 Tue Sep 111211
4 66.278 20.56 26.367 0986.107 2637 24972 Tue Sep 111211
7 60.066 29.96 28.931 985.107 0.574 2847 Tue Sep 111311
4 65.044 29.54 271 985.107 2121 24871 Tue Sep 11 1311.... |=]
0 +3.95 29.08 27466 985.107 01.471 2947 Tue Sep 11 13:11
4 65.318 2954 20.297 999.756 F0.TRT 2871 Tue Sep 11 13:12
7 20.99 26.733 81.445 2.018 2847 Tue Sep 11 13:12
4 .47 28.564 999756 3772 2871 Tue Sep 111312
7 20.00 26.367 31.445 0.058 2947 Tue Sep 111312
4 20.50 28.564 1,007.08 4184 24972 Tue Sep 111212
7 20.02 28.198 ’9_85 107 2224 2947 Tue Sep 111212, ||
7 20.00 26.733 P_f? 783 1.300 2947 Tue Sep 111212
4 29.59 271 992.432 2637 24871 Tue Sep 111312
4 29.59 271 996.084 3.563 24871 Tue Sep 111312
7 3001 271 1,003.418 1.206 2871 Tue Sep 11 13:12
7 0.0 26.733 077.783 11264 2847 Tue Sep 11 13:12
4 20.62 27 466 999756 3462 2872 Tue Sep 11 13:12
7 K] 28.564 984107 1.09 2547 Tue Sep 111312
4 10.65 26.733 096.004 2637 24971 Tue Sep 111312
7 20.M 27.466 0985107 1.700 2947 Tue Sep 111212
4 13.953 20.60 27.832 0090756 4184 24971 Tue Sep 111212
7 0.192 30.03 26.733 981.445 0045 2847 Tue Sep 111312
4 64.589 29.68 26.367 996.094 2121 24871 Tue Sep 111312
0 r3.95 30.04 26.733 81.445 0.35% 2846 Tue Sep 111312
4 64.367 20.62 27.832 999.756 2.328 2871 Tue Sep 11 13:12
7 ’579719 3005 26.001 B1.445 1.00 2847 Tue Sep 11 13:12
4 64.373 20.6 27 466 999756 2843 2872 Tue Sep 11 13:12
7 }?9515 3006 27 466 977783 1471 2547 Tue Sep 111312 |7
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Count: 14376

Node ID Humidity Temperature TER PAR Internal Voltage  (Internal Temperature  Receive Time
i 49361 3047 26.733 479736 B.457 1973 2007-08-22 1859, | &
i 49864 3052 25.269 472412 5.319 1948 2007-08-2218:59... | =]
4 !575 036 19.58 15,635 472412 866 1973 2007-08-22 18:59.
i \48 628 3051 18.677 856.934 304 2948 2007-08-22 18:59.
i 48515 51 20.874 476.074 4288 2973 2007-08-22 19:00;
i 50164 3059 25,635 472412 3.358 2548 2007-08-22 19:00:
4 55218 2935 26,635 476.074 B.351 2873 2007-08-22 19:00
7 ‘49 444 3055 15.269 476.074 5.425 1973 2007-08-22 19:00:
i 49628 3051 15635 472412 3.358 2949 2007-08-22 19:.00:
4 95448 2916 25,635 864.258 4391 2974 2007-08-22 19:00:
4 55234 29.1 26.001 479736 144 2973 2007-08-22 19:00:
i 48304 3038 20.142 860.506 3.266 2972 2007-08-22 19:00;
i 44.408 3037 20.508 860596 2224 2548 2007-08-2219:01
4 55728 24901 27 466 476.074 3663 2873 2007-08-2219:01
7 49508 3026 15.269 479736 5.732 2971 2007-08-22 1901
i 49674 3041 26.001 472412 4.7 2972 2007-08-22 1901
i 49.888 304 25,635 476.074 4.7 2973 2007-08-22 1901
i 49969 3037 26.001 476.074 4.906 2972 2007-08-22 1901
i 48.765 3038 26.001 871.582 47 2971 2007-08-22 19.01.
4 WSWEW 2874 26.001 470736 .73 2873 2007-08-2219:02
7 48835 3029 20874 860596 214 2548 2007-08-22 19:02:
4 56.013 2848 15.269 472412 5.629 2972 2007-08-22 19:02.
7 49242 3032 20874 476.074 5.835 2971 2007-08-2219:02.
i 49.102 3033 271 476.074 B.457 2973 2007-08-2219:.02.
i 49337 3034 24,802 476.074 8104 2948 2007-08-22 19:02.
4 13.950 2008 26.367 479.736 T.382 2972 2007-08-22 19.02.
i 48162 3046 26.001 472412 3668 2548 2007-08-2219:02
7 48101 3051 16.367 864.258 144 2873 2007-08-22 19:03:
i 4907 3048 20874 864.258 2637 1973 2007-08-22 1903
i 49312 3046 20142 864.258 305 2949 2007-08-2219:03.
4 54513 29.09 25.269 476.074 6.0 2972 2007-08-22 1903 |
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Application Layer
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Physical Layer ( IEEE 802.15.4 )
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Protocol Name Version Number PDU Type Serial Number Source 1D
WENMP Message Header WSNMP PDU(Protocol Data Unit)
Target 1D TimeStamp
NMAPI Function 1D Variable Bindings

Value A Value A Value A Value B Value B

Variable Count NS Length Name Length
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AN 7r
B

Protocol Name

1 byte

Byte

WA 2 A WSNMP, 78 5 6

Version Number

1 byte

Byte

WL RAR A 0 ] HERE A o

PDU Type

1 byte

Byte

HeFudlteRiEs e

Get : 1 (Gateway =»Node)

Set : 2 (Gateway =»Node)

Trap : 3 (Node=>»Gateway) WSN - #
v &2 4t ¢ 27 Function /X5 — ¥ -
R % or =¥ @ix,# 7 Event
Response : 4 (Node=>Gateway) 4+ ¥t
- Get Function w J§ s34 @

Serial Number

4 byte

Uint

Bix4te (NEL

Request Number Response
Number

(% PDUType=3, 7| SerialNumber =0 °
PDUType=1 or 2 - SerialNumber d
Gateway = FALEIZE A 4 o
PDUType=4 > R4345 Request or Set
v & H SerialNumber » 17 & %

Response &#_w J& 7%~ Request or Sete)

Source ID

4 byte

Ulint

3té %R e ID

ID 5 Gateway : 1

HAeL Kiha gD

(Serial Number + SourcelD & i 4&1E)

Target ID

4 byte

Ulint

ite P &g ID
ID %73 &8 :0
ID 5 Gateway : 1

Time Stamp

8 byte

Long

$He GEPRRE > B (% ) milli

microsecond)
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B 5-8 Fdl Rk S E R E &S p kR 2 ek BI(A. Salarian et al., 2004)
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Min Typical Max Unit
Sensitivity
Full-Scale Range +500 °/sec
Sensitivity 2.0 mV/°/sec
Over Specified Temperature +10 %
Zero-Rate Output
Static Output 1.5 v
Rate Noise Density 0.014 °/s/NHz
Mechanical Frequencies
Resonant Frequency X-Axis 10 12 14 kHz
Resonant Frequency Y-Axis 13 15 17 kHz




Frequency Separation X ~Y 3 kHz

Power Supply

Operating Voltage Range 3.0 33 v
Quiescent Supply Current 9.5 mA
Over Specified Temperature +2 mA

Temperature Range

Specified Temperature Range 0~70 °

PR Bl S 5 - 85 0 RS EE %‘Efi%] RCAAIRE RS N R S

m
FRBRTEES SR E - P R ERRA VA TR R p TR O
oo ke d] S 82k S8 % (System On Chip, SOC) ¥ ¢ 7 #f - g #ic i ADC & #c i~ i

b DAC # iy o Bl A F 254 ¢ 1 IDG-300 #7 & 24 et 2 L4 b — 2 EJ9 2 80T B (4
1 5-10 ~ B 5-11) 5 #F X+ Y iy 313U BE RIS IRI s 100 4P 30002 BT 4] Biv g eioid
FTEE 218 g0 TLOAIL E MSPA30 370 ADC # e M vt iy 1 3 LR # & i
B N2 s h 2 HE

IDG-300

A Gain
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A ¥-Rate _[x ><\\ -, .

X-Rat Low-Pass| | -
XAGC g / Senser SO
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.y 1[ 1./ L Rusx c
110% I _L IULM
Optional External
| . ol Gain
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15t . Y-RATE OUT

Low Pass Filter
NS A R H\f\.._ N Lowp
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0. 1 Ly

Optional External
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Charge Pump EEPROM P
4 Voo Reguiator ‘ TRIM Reference
G.]uFl '®
CPOUT GND
1 2 @ @ @ 39 (T
TR
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See Design Notes: Section 5 0. 1pFizay
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® Temperature sensor

® Humidity sensor

Light sensor

IR sensor
@ Reed Switch
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(1)7& & & # % (humidity sensor) g /&1 B (sensing material)2_ % f @422 ##
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T4 2 fhdk(electric conductivity) 17 fe o Fpt R R AP E RlIpR THRF HT F E ,T*CJ'P” i

FHaEIpwki? 2§ gRALS D o

AR IR TR E ERETRAS I EAFTH PP cCIOR AT pFEFEd

A2 (post-process) ° {& WARZ H F < RK4cT -

1 - B s B2 Ay - 8 & F(silicon wafer)z. + > o enp end 5 7 fdp e e 2
TAA A st R GERET ET] ;E{m)fj.}i o
i * -k 4k (optical fiber) #-F I; figi=i% v Pl4p R T a2 1 o

. RpR R R A & [P D] a4 48 (spin coater) b e % * B A7 iR o

4, BBRRR P BICE Abcfdm o 0 135 C a0 B ipte 30 4 45t 0 £ 1 300°CH K- ]
P i R RRE I

ipR AR R L AR & B4R 5-17 -

substrate VIA polyimide
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(2)dpr TBOT F EHH

R TBOTFE AP AHE AL RE Eﬁ— 7f€7';’ AR R E R R RS
(Analytical solution) » % ;2 £ 1% T T 7§ cficd| 2 -5 5 EERR Qf@ﬁﬂ R V- 4
3 FVE R * 3 *U~ % 2 (Finite Element Method, FEM)Z #3&% 3 > > 2 A * F* 3 A~ 3
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B g 4p¥ i T F #ic(relative dielectric) ° &, 5 3 # 74 T ¥ #i(permitivity) > 4 3
8.854x107 (F/m) « A3 TH T 4eha ff o d 578 ¥ TH T &2 B EE o 4o 5-18 #777 o



A Electrode area

Dielectric matgrial
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Parameter Value
L  Central length of the comb electrode ~ 3605um
Thickness of the electrode 5.87um
g, Permittivity of the space 8.854 x 10 pF/um
g, Relativity of permittivity (10%RH) 3.1
d  Width of gap Sum

(b)7; < T #&7E F #E4E E(simulation result)
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(c) A& A& & 10pm
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Capacitance - Thickness
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(with substrate)
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0.04 —a— Analytical solution
(without substrate)
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module and the RF module 1s UART. Also, the outputs of four
sensor modules can be multiplexexd to the RF module by two
selection lines. Furthermore, the sensor module supports
other interfaces such as ADC, SPI and I°C.
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e
Experts & professionals involved in the wide range of fields related to Electronics

Manufacturing
o Electronics Set Manufacturers
(consumer electronics / mobile devices / telecommunication devices / AV equipment /
optical instrument)
Visitor Profile . Automobile Manufacturers
(automobile / electrical component / in-vehicle components)
° Electronics Components Manufacturers
(condenser / resistor / chip / Semiconductor / PCB )
. Laser Application System Manufacturer

(laser beam / system / inspection / measurement) etc.

Exhibit Profile Laser Beam Machines / Application Equipments
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Laser Beam Machine Laser Marker

Laser Driller Various Laser Application System

Laser Trimmer

° YAG Laser ° Semiconductor Laser

° C02 Laser ° Femtosecond Laser

° Excimer Laser ° Pulse Laser

° Fiber Laser ° Other Various Laser Light Sources

o Guides o Prisms

° Galvanoscanners ° Gratings

° Lens ° Optical Filters

° Mirrors ° Polarizing Elements

° Quartz ° Various Optoelectronics Products

Optical Stages

Optical Softwares

Optical Design Contract Services

25" ELECTROTEST JAPAN # g 4c™ :
- _______________________________________________|

Visitor Profile

Experts & professionals involved in the wide range of fields related to Electronics
Manufacturing

° Home Appliances

° Personal Computer Peripheral / Office Devices

o Audio / Visual Devices

° Test / Inspection Equipment

° Semiconductor Assembly

o Automobile-related Devices

° Optical Instrument

° Mobile Communication Systems Devices

° Industrial Control / Factory Automation
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Exhibit Profile

Transportation Equipment

Medical Devices and Others etc.

Board Vision Inspection Equipment
Solder Vision Inspection Equipment
Infrared Test Equipment

X-ray Inspection Equipment

Ball Machine Vision Inspection
Equipment

TAB Vision Inspection Equipment
Bump Vision Inspection Equipment
IC / PCB / Components Vision
Inspection Equipment

Lead Frame Vision Inspection
Equipment

BGA / CSP Rework System / Equipment
Boundary-scan Testers

In-Circuit Testers

Functional Solder Testers

Testing Sockets for BGA, CSP

IC / LSI Testers

Bare Board Testers

Inspection jig / Test Fixtures /
Probes / Testing Stages

Burn-in Equipment

2-D / 3-D Inspection Equipment

Film Thickness Measurement Equipment
Environmental Test Equipment
Reliability / Evaluation Inspection
Equipment

Analysis Equipment / Software
Various Measurement / Inspection /
Analysis Devices

Other Various Testers, Inspection,
Measurement Equipment and Devices
Contract Analysis Services

CCD Cameras / Other Cameras for
Testing

Lenses

Image Processing Zone

° Spectral Source for Image Processing e Monitors / Displays
° Image Processing Unit / System ° Printers
° Boards for Image Processing ° Other Related Equipment and Parts
° Software for Image Processing /
Analysis

9" 1C PACKAGING TECHNOLOGY EXPO # % +4e®

Visitor Profile

Professionals of semiconductor assembly & electronics manufacturers in fields such as:

Production/Manufacturing, Engineering, SMT, Design, R&D, Quality Control, Purchasing, etc.

Manufacturers as shown below attend ICP:

° Semiconductor Assembly
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° Personal Computers / Devices

o Mobile Communications / Devices

° Computer Peripherals

° Audio / Visual Equipment / Devices
o Industrial Control / FA

° Medical Equipment

° Transportation Equipment

. Optical Instruments etc.

Exhibit Profile

Assembly Equipment

° Wire Bonders o
° FC Bonders o
° Molding Machines °
° Dicing Machines °
° Laser Processors o

o IC / LSI Testers o
° Burn-in Inspection Equipment °
o IC Test Sockets o
° Optical Microscopes

Packaging Materials / Components

o Sealant (Mold Materials) / Under-fill e

Materials .
o ACF 7 NCF, ACP / NCP °
o Die Adhesives °

Lead Frames

Bonding Wires

Analysis Software

Simulation Software

Die Bonders
Other Various Bonders
Resin Coating Machines

Lead Processing Machines

Other Equipments for IC Packaging

X-ray Inspection Equipment

Probes

Other Test / Inspection / Measurement

Equipment

Tape Materials

Soldering Balls

Bump Materials

Packaging Substrates

(PCBs, Tape Substrates, Ceramic
Substrates, etc.)

Other Materials / Components

Analysis / Simulation Software for IC Packaging

Various Software

Analysis Services
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Various IC Packages

BGA
CSP
Flip Chip

Subcontractor Zone

Plating / Etching Zone

products!

° Plating Materials
° Plating Chemicals
° Plating Equipment
° Plating Process

° Etching Chemicals

Gathering the most advanced plating technologies, etching technologies and other related

WLCSP
SIP etc.

Gathering World' s TOP companies specialized in IC design, assembly and testing services!

Etching Equipment

Etching Process

Inspection Machines

Surface Processing Technology /

Related Products

9" INTERNATIONAL ELECTRONIC COMPONENTS TRADE SHOW 4 i 4e7 :
- _________________________________________________________|
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° RLB/REE/ BT EF o BT E

i TR . TR TE
. IC/LST o #rps ®

° Tk B ° R

o Resonators/Oscillators ° LA

° LCD 4p ¥ & & ° E R

° LED ° LT

MR ER

BUHEFRE A&
TR R Ry, Qs oF S

AP FHEHRAEET New

Brfalismd B8 38 #FLFEIRFEEAEFR A - RH -

P RFRAEL GRA PRT

° Board-to-Board i 4% % . Cable-to-PCB if 4% %
. BT RLEE . FPC/FFC if 4 %

o 1/0 4% o et g

o CPU 4% A o PR HaEE

° Al E o H

B RO A 1 B

BT MO A L BN TeT MRS A ST 3 A &, PCBOER | T EAR ), 4o 1 BT, BT kAt
(MEMS) > & o s, A2 b B 4e 1 42 5,

. PR AL . k% ¥ (Diaphragm) /% 1z (Tube)
° ok e 1 . geat 4e 1 (Drilling)
° f7 A Ae 1 o i% ¥ 4 21 (Deburring)
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PWBs/PCBs
° B e v sis 4 [Rigid PCBs] ° g B S [Built-up PCBs]
° %k e st [Multi-layered PCBs] e LR B RS
° 3 M e flsEed [Flexible PCBs] [Semiconductor Packaging PCBs (BGA,
° 5k 4 e R B [Multi-layered TAB, MCM)]
Flexible PCBs] ° ks [Optical PCBs]
o g0 W ML [Flexible Rigid e ~EBiEp ¥ A [EPD (Embedded
PCBs] Passive Devices) ]
. H M [Other PCBs]

ML B+ 4L [Materials for PCBs]
T3 MR 1E [Electric Boards Design Tools (CAD)]

EMS/3k 3 -5 - Wi £3< B % [EMS/ODM ZONE]

LTS W R B KL RIS 4 A PR4% [Various Electronics Manufacturing

Services (EMS), ODM, Contract Manufacturing]
H @ 4p B EMS it/ PRF% [Other services/technologies related to the EMS]
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