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Wireless Sensor Networks for Monitoring Indoor
Environment: An Application to Hospital Buildings

T~ B REP > THE - BAE - KER
Tzu Hsuan Lin, Shih-Lin Hung, Ren-Jang Wu, Yu-Ching Huang, Hsiang Ning Liu, Murthy Chavali
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BoR 2 > Btk e BT IAM M > MIEATRER LSRR AT -

The total design and development of wireless gas sensor system using in situ UV photopolymerized
conducting polypyrrole, as a sensing material was investigated for measuring volatile organic
compounds like most common inhalation anesthetic agent, fluoromethyl 2,2,2,-trifluoro-1-
(trifluoromethyl) ethyl ether, sevoflurane. This sensor shows promising application towards hospital
surgical indoor environments especially in postoperative recovery phase. The conducting
polypyrrole films were dip coated over a pair of interdigitated comb shaped gold electrodes that
were previously screen printed on an alumina substrate, subsequently integrated with the system
electronics. Results shown the response of the sensor is rapid with multifold change in resistance
and was very stable. The response time T90 (T90 represents the time to 90% signal with the
equilibrium signal) of 5.77% sevoflurane sensing curve is less than 60 second, and recovery time
was also less than 60 second. The response to different vapors was also investigated, with vapors
from alcohol and acetone.

86 BEITRE—+/\EE "4 95.10



il

_‘ﬁ-ﬁ

AR A SR L S PR Y 2 e (R BitA
BHIELEGHIFE RS (wireless sensor network) i 2E 5 &
A BRI T AE BRI 9T » SRR RCHTRE 2 DURGH
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i Legend
Application TOS Scheduler (Main) gen
- 5 ser
Configuration Application Interfaces
Application Specific
Components

Commands Events

Library
Components 4{ TOS Component Interfaces ‘

| System Components

| Hardware Presentation/Abstraction Layer \

| Mote Devices || Sensor Devices

Feature (s) IEEE 802.11b Bluetooth ZigBee
Power Profile Hours Days Years
Complexity VeryComplex Complex Simple
Nodes/Master 32 7 64000
Latency Enumeration Enumeration Enumeration
up to 3 seconds | upto 10 seconds 30 ms
Range 100 m 10m 70 m—300 m
Extendablity | Roaming possible No YES
Data Rate 11 Mbps 1 Mbps 250 kbps
Authentication 128 bit AES and
Security Service Set 64 bit, 128 bit | Application Layer
ID (SSID) user defined

2. TinyOS Structure"”

R —(E R RG S B R i — (BT - T8 graph of
components * Il E—{EFEFESS (tiny scheduler) (%
TR R A BB 28R - HEREREE 2
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IEEE 802.15.4 EF I fES LU MAOME -
& PHY (EHE) Ml MAC (BLBETFEUZEH) - 1M
ZigBee HI B EZRFE =LA L > Z2f57E IEEE
802.15.4 2 I » FsHH ZigBee Alliance T3 EHfE
#e > HIE R THISE (network layer) ~ Z 2
(security layer) 2[R (application Layer) ¢ HA&
BIEERA - BRFEEELERZEA®E -
ZigBee AJERFIIHARTS 868 MHz (BUIM) ~ 915 MHz
(Ab3&) K 2.4 GHz ISM (&:5k) - HH7E 2.4 GHz
EFE T 6 #EE - F—#ER 3 MHz > SEEHLHE
fF#Fy 5 MHz » HAHADREEREA 2 MHz HYSERH
W% 7F 2.4 GHz #HEE b Ry T B 1H BB I AR E
BB 728 - ZigBee FUE T —THAEZEEHE T
THE AR i E R e R AT e B TaE - DA
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TF HEAR OGRS (wireless sensor network) HYJJE
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sensor chij |
H Crossbow | ' \ 19-pin expansion Chipcon
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Microprocessor and wireless { | Gateway
Communication Module 1
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B 7. 2R EMAREBRARIES -

A A B T R R R T AR o AR B W T R (o
MICA2DOT i MIB510 &4 > MIB510 B AE I E
75 (base station) HJEEE - EfUﬁ%j@fW%ﬂﬂ GHIES
HURRGE - G ARt R A L TR - R 28R
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» BRIER 2 i

AWHFEF s A Bl g8 s TR E E 4 =
RGNS B 0 YEM AN 10 mm x 5 mm Y

% 1.MICA2DOT # %M % °

Component Attribute Specification

MCU Chip ATmegal28L
Type 4 MHz, 8 bit
Program Memory (kb) | 128
SRAM (kb) 4

Sensor Board Type 18 pin

Interface 10 bit ADC 6 inputs,0to 3 V
UART 1
Other Interface DIO

Radio Chip CC1000

Frequency (MHZ) 433
Data rate (kbits/s) 384
Antenna connector PCB solder hole

Flash Data Logger | Chip AT45DB014B
Memory Connector Type SPI
Size (kB) 512
Power Source Type Coin (CR2354)
Capacity (ma/hr) 560




Unit Component | Function % 2.
Sensor chip Sensing film | Sensing the signal from environment. AR BGR] A SR A R U
Wireless sensor unit | MDAS00 Analog to digital interface. DEEH Bk -
MPRS510 Processing signal and transmitting signal wirelessly.
Wireless sensor unit | MPR510 Processing signal and receiving signal wirelessly.
MIB510 Programming the microprocessor, to serve as a gateway

and base-station

FAbIrFEN (substrate) » FEEE M b #8 b B Rl
(screen printing) FAFE E—¥ i FiREU=E S - 10
8 i  FRPRCHAA R E 1% - BlIAT 82 Bl
{EREFEEHEH © B 3.345 ¢ AL (pyrrole) B
B2 NA 50 mL HZKH - JIAGE ERIIEERIR (AgNO;)
KSR EFRBEENEER - LUREEEE (dip
coating method) /R BRI 7 N A LgR B B 7
LA UVL-56 %I 3 W 5@ E R UV Y - iRz Fs 366 nm
& (photo-polymerization) HY =0 E 3 /NEF > 1
A BRI AP (polypyrrole, Ppy) °

MM~ SRR R ER

AW Fe R R L SRR AR B B S
A0E 9 A7 o ANE B Ry A e SRR RO R A
A REE ARG ] - AR IR R a2 H
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——— > Gold electrode

—— Alumina substrate
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1 mass flow ¥
: controller 1 ] Power
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—» Sevoflurane e -1
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Air pump F-X--' Voltage
mass flow transfer circuit
T
controller ;
- 1
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Wireless Wireless

receiving unit

RF Link
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(International Union and Applied Chemistry, [UPAC)
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Sensing material R, M-Ohm) Rg.. (M-Ohm) Sensor response * 3.
Sevoflurane 130 300 2.307692 LRk~ BHRERE=ENE
Acetone 93 142 1.526882 B -
Acohol 52 66 1.269231
Sevoflurane concentration | R,; (M-Ohm) | Rg, (M-Ohm) Sensor response * 4.
5.77% 124 274 2.209677 TRl b A R T 2 E#K
8.33% 130 300 2.307692 JE o
11.11% 132 360 2.727273
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