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Design and I mplementation for an
I n-Building Fire Emer gency System based on
Wireless Sensor Networ k

Student : Tsung-Yueh Chiang Advisor : Prof. Chung-Ju Chang
Prof. Yu-Chee Tseng

Department (Institute) of Communication Engineering
College of Electrical Engineering and Computer Science

National Chiao-Tung University

ABSTRACT

Due to the progress of ‘technologies, wireless networks have been widely
applied to many important domains, such as wireless sensor networks. The
objective of sensor networks iSto detect context information of the surrounding
environment. Each sensor node has 'sensing, computing, and communicating
capabilities. Sensors cooperate with each other to achieve this god. In this
thesis, we design an intelligent fire emergency system called PHOENIX for
in-building, fire-fighting applications based on wireless sensor networks. The
system has three magor functionalities, including temperature reporting,
emergency reporting, and emergency guiding. Because of its wireless
communication capability, the vulnerability of wire-line systems is greatly
improved. The system is developed based on the Mote-MICA2 hardware
platform released by the University of Cdifornia at Berkeley using a tiny
operating system (TinyOS) . The thesis reports in details how the PHOENI X
system isimplemented and operated.

Keywords. Wireless sensor network, Fire emergency system, Thermometric
detection, Emergency report, Survival guidepost.
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Procedure Network | nitiation Process.

1: For Base Station :
2: Let BShe the base station of network.
3: BSbroadcast msg=
(PHOENIXCMD_BEACON, BSg4, myi«(BS));
4
5: For al sensors § in the network do
6: Initially Parent= f ;
7 If receive msg(PHOENIXCMD  BEACON, rootiq, uplink)
8 If Parent ==f
9: Root«— root;q;
10: Parent«— uplink;
11: S broadcast mgy=

(PHOENIXCMD_BEACON, root;q, my:«(s));
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Procedure Neighbor Discovery Process.

1: For every sender s :
s broadcast msg=(PHOENIXCMD_DISCOVERY, myi(s));
If receive msg(PHOENIXCMD_REPLY, sender;q, Neighbor;y)
If neighbor;gqisnot in's’sNeighborList
Add neighbor;§into.s’s Neighbor List;

For al proximal sensors'§ near s do
Initially NeighborList=-f;
If receive msg(PHOENIXCMD_DISCOVERY, senderiq)
If senderiy isnotin §’s NeighborList
Add senderiy into 5°s NeighborList;
S unicast msg=(PHOENIXCMD_REPLY, senderig, Myid(S));

T
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T processing
| delay
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Algorithm Y EDSTs(G k);Y , returnthe k EDSTs

1: Y «f;
2: for(i=1...k)
3: Y <Y E EDBSL(G,Y);
4. return Y ;
Comment

Y | Thesetof kEDSTs
2E) s Bugz wi it (A

BEEFAPHHE S I RIS BEFIEP 5 i itz E %0
GELIT L AR LA VRO g Y o PENREER Y 2 -
e B I BBUA EAFFPET IFFRRRENRGT Nl K A
KB T maﬂﬁé«l%#fébﬁ;}ﬁm@‘fﬁﬁv F o 2R 7anEizr >
B¢ e e & 5 = fup ) ¢ treed edge (#Hx ) ~ sprout edge (5 ) &
free edge (¢ if ) treed edge &4p 7R A Prig EARY © SARHp » 5 B
e = % g > sprout edge {#g?fﬁg‘:.@@ iE RSV A 5 treed edge
iziE g > @ freeedge Bl {#ﬂ A E(G) » e A Bt it enie & i

& - penpiE A o freeedges #7752 ihle & #-¢ 5 F sprout edges o

-28 -



g TR ) et o Bl R Ry R kR (R E(G)) > 2
H2 w7 -l Bu i fee ke BOlRp - 5 Bif e &
€ e R LT AAMPUEE 0 RN P EIZIE e i i R g sprout
edge » & iE TR P E BT L EE D ALl K % g 0 o ;j-,}a
R Lw i = PRI il AR ROR T EEE Y 0 S
sprout edges & 3% * £} — i > @ & — % sprout edge ¥ F G B2k 1995
wenE o HeY - g pwrE s oy I BB R V- YR A
B2 0 E(G) » $13tiz4t sprout edge @ 3 0 FiTAtehsh Bh T 2 i Feh
free edges» #\ i 2% = BEei freeedge #icE #£2- & " freedegree > st PRI 7
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Algorithm

T EDST (G); T, return the requested EDST

1: T={v,|v,TV};
2: I/l Initidly, we pick the vertex vy to be the root of i-th EDST.
3: while( |V(T)K|V | ) /* Termination condition. */
4. X = sprout edges with the minimal edge utilization;
5: i = {v|vl V(x CT)} with h(v) ismaximal.;
6: T - TE{random pick one edgesin x whichendsin};
7: return T,
Comment
T Thei-th EDST structure.
X The set of sprout edges.
i Treed vertex with maximal free degree.
h(v) Free degree of vertex v.

Z(e)s A mBuM2 FwEZ2 (B)-

b L I
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B BRI F O(n- 1) chpE I AF AR > BB R B % ¥ 7 k= ch EDST 42
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Neighbor Discovery Procedure

1 response

BI(=) > A8 R W RIAE A 2 B 245 0 o
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Procedure Survival Guiding Process.

1 For every exit :

2: Let E be asurvival exit.

3 SurvivalHopCount- 0;

4. E Broadcast msg=(E;q, myiq(E), SurvivalHopCount)

o

6: For all sensors s in the network do

7 Initially SurvivalHopCount;— ¥ ;

8: Initially SurvivalParent— f ;

9: If received(e, k, hops)

10: If SurvivalHopCount; + 1 < hops

11: SurvivalHopCount; «— hops + 1;

12: Survival Parent«<— k;

13: s Broadcast msg=(Eiq, Myiq(s), SurvivalHopCount;);
Emergency Exit Q Emeargency Exit 1

Emeargency Exit 2 Emergency Exit 3
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Timur Inrereept
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HTOS Msg > 4o (= )#7F > TOS Msg it & gHe+ [ 2 B 5 L= B
Aol 8 g - B B A TR S de - addr (P ¥ pin
Fi) o type (GLLAIE ) length (GLL & &)~ ore (#3FK%AE) 25§
Mo FLEF- KoL B - B kgkdaa (FR) S BRI

- BEEIE SR e ¥ - &k & 3 TOSH_DATA_LENGTH®:
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Declaration Sructure of TOS_Mgg in TineOS Source Code

1: typedef struct TOS Msg {

uint16_t addr;

uint8_t type;

uint8_t group;

uint8_t length;

int8_t datalTOSH_DATA_LENGTH];
uintl6 tcrc;

uintl6_t strength;

uint8_t ack;

© 0 N O A WD

=
e

uintl6 ttime;
11: } TOS Msg;

L [ Dot sriacdr | destaddr | segrm

Phoenix Message
datn

aclcle Ly pae | oo | Jeuein i HLE] LI strength | ack time

£(F) L HERS

PHOENIX s %@ 21 4 4453 & & % type- srcaddr ~ destaddr ~ hopent -
segno ™ 2 data & 0 AW kgt e dp kst R 4 31 4E 0 Ao T A (5 )HoE o
#¢ 1247 CMD~SET ~ASK ~RPT~EMG A 447 52 &4 ~ %X T~
et @“fﬁ’ﬂfi—i”}f 23 A 2B F 2 type ROF G L IE L R AR

S| %7 5 srcaddr ~ destaddr &% 453 1% K REp R g F F o LR g
- s pECE B hopent (B f At e — o KT B PR Rl G R E
BT seqno £5e iR 4 AR $0 srcaddr & B2 g T R g0 * g
% destaddr & BEE AF 2 cAp e a0l 4, 0 & B430 T fRER 4 4 X )
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M essage Type

Enum.

Comment

Broadcast M essage Form Base Sation To Sensor

PHOENIXCMD_RESET_ALL

0

Reset PHOENIX WSN.

PHOENIXCMD_BEACON

1

Initiate PHOENIX WSN.

PHOENIXCMD_TIMESYNC

2

Time synchronize PHOENIX WSN.

PHOENIXCMD_IDLE_ALL

3

Idle PHOENIX WSN.

PHOENIXCMD_ACTIVE_ALL

4

Active PHOENIX WSN.

1 AT N N I 0 N 0 N A N 0 R I R R R I

Unicast M essage Form Base Station To Sensor

PHOENIXCMD_RESET

Reset the specified sensor.

PHOENIXCMD_IDLE

Idle the specified sensor.

PHOENIXCMD_ACTIVE

Active the specified sensor.

PHOENIXSET_PARAMS

Set parameters to the specified sensor.

PHOENIXSET_POSITION

Set potion to the specified sensor.

PHOENIXSET_DATE

Set date to the specified sensor.

PHOENIXSET_TIME

Set time to the specified sensor.

PHOENIXSET_NBR_DIR

Setneighbor direction information to the
specified sensor.

PHOENIXSET_EDST

Set edge-disoint spanning trees to the
specified sensor.

PHOENIXASK_PARAMS

AsK parameters to the specified sensor.

PHOENIXASK_STATUS

AsK status to the specified sensor.(including
date, time, position, ...etc)

PHOENIXASK_READING

Ask reading data to the specified sensor.

PHOENIXASK_NBR_DIR

Ask neighbor direction information to the
specified sensor.

PHOENIXASK_EDST

Ask edge-digoint spanning trees to the
specified sensor.

PHOENIXEMG_GUIDE

Initiate the emergency guiding
rocedure

3 AT I N | T 0 N 0 N R N 0 R I R R A I

Unicast M essages Form Sensor To Base Sation

PHOENIXRPT_PARAMS 20 Report parameters to the specified sensor.
Report status to the specified
PHOENIXRPT_STATUS 21 sensor.(including date, time, position, ...etc)
PHOENIXRPT_READING 22 Report reading data to the specified sensor.
Report neighbor direction information to the
PHOENIXRPT_NBR 23 specifiedsenso.r.. | |
PHOENIXRPT EDST o4 Rep(_)r_t edge-digoint spanning trees to the
specified Sensor. . _
PHOENIXRPT WARNING o SReerz]pstt))rrt warning sensing data to the specified
PHOENIXRPT _DANGER 26 Report danger sensing data to the specified
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Broadcast M essages Between Sensors

Inform the warning information to

PHOENIXEMG_WARMING neighbors.

PHOENIXEMG_POST Guiding post the neighbors.

PHOENIXCMD_DISCOVERY Neighbor discovery.
PHOENIXCMD REPLY Reply the PHONIXCMD_DISCOVERY.
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Composite Expression

Yellow Led

Green Led

Beeper

Comment

Normal Situation

Dark

Blinking

Silent

Detect the temperature

Blinking

Dark

Silent

Battery islow.

Warning Situation

Dark

Dark

Shining

Beeping

Safe region.

Dark

Shining

Dark

Beeping

Warning region.

Shining

Dark

Dark

Beeping

Dangerous region.

Dangerous

Situation

Blinking

Dark

Dark

Beeping

Direct to North.

Blinking

Dark

Shining

Beeping

Direct to Eadt.

Blinking

Shining

Dark

Beeping

Direct to West.

Blinking

Shining

Shining

Beeping

Direct to South.
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