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student : 35 ¥
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ABSTRACT

In the recent year, wireless sensor network has been widely discussed by many
researchers. Wireless sensor network.can provide many kinds of applications and services. In
my paper, | use wireless sensor networks tes;implement an indoor security monitoring and
emergency navigating system. It has a simple way:to deploy the sensor networks, reliable
topology reconstruction and navigation. After deployment, my system can be used to monitor
the indoor environment. When there are emergencies in the network, the network topology
may be destroyed, and my system-can‘react to-this situation previously. At the same time, the
sensors will provide some navigation instructions for users to escape from the dangerous
scene according to the sensed information."Hence, protect the peoples’ lives .

Keywords: Wireless Sensor Network, simple Network Deployment, Reliable Topology
Reconstruction, Navigation
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Simulation | Experiment | Pkt.count | No | Simulation | Experiment Pkt. count
25/26 4 39/47
36/40 5 38/44
40/44 6 36/40
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FHaE Bf & ¥ 5142 5% (NaviM.nc)
includes AM;
includes Navi;
#define MAX_QUEUE_SIZE 16
module NaviM {
provides {
interface StdControl;
interface NaviControl;

}

uses {
interface SendMsg as NaviSend;
interface ReceiveMsg as NaviReceive;
interface Leds;
interface Timer;
interface Timer as NaviTimer;

}

}

implementation {
/***********************************************/
/* Navigation Link Table: */
/* Records of the navigation links including */
/* the direction, the role and the weight of */
/* each navigation link */
/***********************************************/

struct LinkEntry {

bool valid;
uint8_t id;

uint8_t dir;
uint8_t role;
float Weight;

} LinkTable[MAX_NAVILINK];
/************************************/
/* Emergency Event Pool: */
/* Records of the emergency events */
/************************************/
struct EmgEntry {
uint8_t id;
uint8_t hop;
uint8_t revd;
} EmgPool [MAX_EMG];
uint8_t LinkCount; //navigation link count
uint8_t  EmgCount; //emergency event count
uint8 t SafetyFactor; //the radius of the razardous region

/*****************************************$$****/

/* The role of this sensor: The value could be */

/* 0: base station node */
/* 1: exit sensor */
/* 2: normal sensor */

/*****************************************$$****/
uint8_ t Role;
float BaseWeight; //initial weight
float Weight; /lactual weight
//Internal Buffers
TOS_Msg gInitBuffer; //buffer of the initialization packet
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TOS_Msg  gEmgBuffer; //buffer of the EMG packet
TOS_Msg  gFwdBuffer[MAX_QUEUE_SIZE]; //Forwarding buffer
TOS_Msg  *gFwdBufPt r[MAX_QUEUE_SIZE]; //Pointers of the forwarding buffer
uint8_t  1FwdBufTail,1FwdBufHead;
bool gfInitBusy;
bool gfEmgBusy;
int guide_index;
uintl6_t emg_packet_count; //emergency packet counts is used for statistic report
/] for periodical report emergency infomation
bool hasEmgNode ;
/********************************************************/
/* The exit sensor will send the initialization packet */
/* 1n this function. */
/********************************************************/
task void initialization(){
NaviInfo *navilnfo = (Navilnfo*)glnitBuffer.data;
1f( gfInitBusy ) return;
Weight = BaseWeight = 0;
gfInitBusy = TRUE;
navilnfo->type = INIT;
navilnfo->src = (uint&_t)TOS_LOCAL_ADDRESS;
navilnfo->hop = 0;
1f( (call NaviSend.send(TOS_BCAST_ADDR,sizeof(NavilInfo),&gInitBuffer))!=SUCCESS){
gfInitBusy = FALSE;
}

void regularReport() {
hasEmgNode = TRUE;
call NaviTimer.start(TIMER REPEAT, NAVI “INTERVAL);
/****i*************************************************/
/* Periodically broadcast the altiturde 1n order to */
/* recover the packet loss. */
/******************************************************/
task void emergencyReport() {
NaviInfo *navilnfo = (Navilnfo*)gEmgBuffer.data;
1f( gfEmgBusy || EmgCount==0) return;
ofEmgBusy = TRUE;
navilnfo->type = EMG;
navilnfo->src = (uint&_t)TOS_LOCAL_ADDRESS;
navilnfo->hop = EmgPool[EmgCount-1].hop;
navilnfo->emg = EmgPool[EmgCount-1].1d;
navilnfo->weight = Weight;
navilnfo->tag = TRUE;
1f( (call NaviSend.send(TOS_BCAST_ADDR,sizeof(Navilnfo),&gEmgBuffer))!=SUCCESS){
ofEmgBusy = FALSE;
}
!
/******************************************************/
/* On detecting an emergency event, the sensor will */
/* raise 1ts weight and send the EMG packet. */
/******************************************************/
task void emergency(){
NaviInfo *navilnfo = (Navilnfo*)gEmgBuffer.data;
1f( gfEmgBusy ) return;
call Leds.redOn();
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Weight = BaseWeight + MAX WEIGHT;
ofEmgBusy = TRUE;
navilnfo->type = EMG;
navilnfo->src = (uint&_t)TOS_LOCAL_ADDRESS;
navilnfo->hop = 0;
navilnfo->emg = (uint&_t)TOS_LOCAL_ADDRESS;
navilnfo->weight = Weight;
navilnfo->tag = TRUE;
1f( (call NaviSend.send(TOS_BCAST_ADDR,sizeof(Navilnfo),&gEmgBuffer))!=SUCCESS){
ofEmgBusy = FALSE;
}
!

static void showDirection(uint8_t dir){
1f(Role == ROLE_EXIT )return;
switch(dir){
case 0:
call Leds.greenOff();
call Leds.yellowOff();
break;
case 1:
call Leds.greenOff();
call Leds.yellowOn();
break;
case 2:
call Leds.greenOn();
call Leds.yellowOff()s
break;
case 3:
call Leds.greenOn()
call Leds.yellowOn();
break;
}
!
/* Find the index of the given i1d in the Emergency Pool. */
/* If there 1s no match, return -1. */
static int getEmglndex(uint8_t 1d){
int 1;
for(1=0; 1<EmgCount ; 1++){
1f(EmgPool[1].1d == id)return 1i;

}
return -1;

!

static int newEmgEntry(uint8_t 1d,uint8_t hop){
int new_index = -1;
1f(EmgCount==MAX_EMG)return -1;
EmgPool [EmgCount].1d = id;
EmgPool [EmgCount ].hop = hop;
new_index = EmgCount;
EmgCount++;
return new_index;

!

static int getMinWeightLink(){
int link_index = -1;
int 1;
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float min_Weight = MAX WEIGHT;
for(i1=0;1<LinkCount ;i++){
1f(LinkTable[1].Weight < min_Weight ){
link_index = 1;
min_Weight = LinkTable[1].Weight;
}
}
return link_index;
!
static int getExitFromLink(){
int link_index = -1;
int 1;
for(i=0;1<LinkCount ;i++){
1f(LinkTable[1].role == ROLE_EXIT){
link_index = 1;
break;
}
}
return link_index;
!
static float getAvgWeight(){
int 1;
float sum=0;
for(i=0;1<LinkCount ;i++){
i1f(LinkTable[1].valid){
sum+=LinkTable[ 1}.Weight;
}
}
sum/=LinkCount ;
return sum;
/* Find the index of the given i1d.in.the */
/* navigation link table. If we can't find #/
/* this 1d in the table, the returned */
/* value will be -1. */
static int getLinkIndex(uint&_t 1d){
int 1;
for(i=0;1<LinkCount ;i++){
1f(LinkTable[1].1d == i1d )return 1i;
}
return -1;

/* Forwarding the initialization packets and the */
/* EMG packets. */
static TOS_MsgPtr forward(TOS_MsgPtr pMsg){

TOS_MsgPtr pNewBuf = pMsg;
NaviInfo *navi = (Navilnfo*)pMsg->data;
1f(((1FwdBufHead+1)%MAX_QUEUE_SIZE)==1FwdBufTail)return pNewBuf;
navi->src = (uint8_t)TOS_LOCAL_ADDRESS;
if((call NaviSend.send(TOS_BCAST_ADDR,sizeof(NavilInfo),pMsg))==SUCCESS){
pNewBuf = gFwdBufPtr[iFwdBufHead];
gFwdBufPtr[ iFwdBufHead] = pMsg;
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1FwdBufHead++; 1FwdBufHead%=MAX_QUEUE_SIZE;
}

return pNewBuf;

!
static void initialize(){
int 1;
for(1=0; 1<MAX_NAVILINK; 1++){
LinkTable[1].valid = FALSE;
LinkTable[1].role = ROLE_SENSOR;
LinkTable[1].Weight = MAX_WEIGHT;
}
for(1=0; 1<MAX_EMG;1++){
EmgPool[1].rcvd = 0;
EmgPool[1].hop = 0;
}
for(1=0; 1<MAX_QUEUE_SIZE;1++){
gbwdBufPtr[1] = &gFwdBuffer[1];
}
iFwdBufHead = iFwdBufTail = 0;
efInitBusy = FALSE;
ofEmgBusy = FALSE,;
Weight = BaseWeight = MAX WEIGHT;
LinkCount = 0;
EmgCount = 0;
SafetyFactor = 0;
guide_index = -1;
emg_packet_count = 0;
hasEmgNode = FALSE;
call Leds.init();
call Leds.redOff();call"liedsgreenOff();call Leds.yellowOff();
!

command result_t StdControl.init(){
initialize();
return SUCCESS;

!

command result_t StdControl.start(){
return SUCCESS;

!
command result_t StdControl.stop(){

return SUCCESS;

}
//Setup the safety factor of this network

command result_t NaviControl.setSafetyFactor(uint8_t safety_factor){
SafetyFactor = safety_factor;
return SUCCESS;

!
//Setup the role of this sensor
command result_t NaviControl.setRole(uint&_t role){

Role = role;
return SUCCESS;

!
//Setup the navigation links
command result_t NaviControl.setLink(uint&_t link_count,uint8_t *links,uint8_t *dir){

int 1i;
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LinkCount = link_count;
for(i1=0;1<LinkCount ;i++){

}

LinkTable[1].valid = FALSE;
LinkTable[1].1d = links[i];
LinkTable[1].dir = dir[1];

return SUCCESS;

}

command result_t NaviControl.reset(){
initialize();
call NaviTimer.stop();
hasEmgNode = FALSE;
return SUCCESS;

}

//Tell the exit node to start initialization phase.
command result_t NaviControl.init(){

post initialization();

return SUCCESS;

}

command result_t NaviControl.emergency(){
post emergency();
return SUCCESS;

}

command uint8_t NaviControl.getNaviDestination(){
1f(guide_index=-1)return.255;
return LinkTable[guide_index]. udy

}

command float NaviControl.getNaviDstWerght ()¢
if(guide_index==-1)return -1;
return LinkTable[guide=1index ). Weight

}

command float NaviControl.getWeight (){
return Weight;

}

command uintl6_t NaviControl.getPacketCount (){
return emg_packet_count;

}

command result_t NaviControl.setEmg() {
newEmgEnt ry(TOS_LOCAL_ADDRESS, 0);

}

event result_t Timer.fired(){
return SUCCESS;

}
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/*

We do initial phase and navigation phase here.

/* station node does not join any navigation. It only

/*
/*
/*
/%
/%

The base */

*/

functions as a gateway between the sensor network and the */

computer.

Since the communication link is not necessarily the
navigation link, we compare the sender id with the
navigation link table first.
/**************************************************************/
event TOS_MsgPtr NaviReceive.receive(TOS_MsgPtr pMsg){

NaviInfo *navi = (Navilnfo*)pMsg->data;

1nt

navi_index = getLinkIndex(navi->src);
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int emg_index,min_Weight_link;
bool new_emg = FALSE;
bool changed = FALSE;
float ratio, tmp_Weight;
//The base station doesn't join any navigation.
1f(Role==ROLE_BASE)return pMsg;
//1f the index 1s -1, the sensor i1s not our navigation link.
1f( navi_index == -1 ) return pMsg;
1f( navi->type == INIT ){ //initialization phase
1f( 'LinkTable[navi_index].valid ){ //the first initial packet from this sender
if( navi->hop = 0 )
LinkTable[navi_index].role = ROLE_EXIT;
else LinkTable[navi_index].role = ROLE_SENSOR; //default role 1s normal

sensor

LinkTable[navi_index].valid = TRUE;
LinkTable[navi_index].Weight = navi->hop;

}

else 1f( LinkTable[navi_index].Weight > navi->hop ){
LinkTable[navi_index].Weight = navi->hop;

}

navi->hop++;

1f( navi->hop < BaseWeight ){
Weight = BaseWeight = navi->hop;
guide_index = navi_index;
showDirection(LinkTablel.,guide_index].dir);
pMsg = forward(pMsg);

}

}
else 1f( navi->type == EMG ){ [4navigation phase
1f( (Weight-BaseWeight)>MAX“WEIGHT) return pMsg;
emg_index = getEmglndeX(navi->emg); //Try to find the same emergency event
from Pool

LinkTable[navi_index].Weight = navi->weight;

1f( emg_index = -1 ){ //It's a new event.
new_emg = TRUE;

emg_index = newEmgEntry(navi->emg,(navi->hop+l)); //Log this event

}

else { //We received this event before.

[ sk skttt stk stk sk stotokok ookl solokok otk solokok solokokesololkekesololkok sololkokesololkokesololkokesololkokeslololok sololokskololok /

/*  Compare the hop count of this packet with the hop count of this event. */
/* Update the hop count of this event i1f the new hop count 1s smaller. */
/****************************************************************************/
1f( (navi->hop+l) < EmgPool[emg_index].hop ){
EmgPool[emg_index].hop = navi->hop+l;
}
EmgPool[emg_index].rcvd++;
}
1f( (navi->hopt+l) <= SafetyFactor ){ // The node is 1in the hazardous region.
//Raise the altitude according to the distance from the emergency node.
ratio = (float)1l/(EmgPool[emg_index].hop+l);
tmp_Weight = MAX_WEIGHT*ratio*ratio + BaseWeight;
if( Weight < tmp_Weight && Weight !'= 0 ){
Weight = tmp_Weight;
changed = TRUE;
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}

}
min_Weight_link = getMinWeightLink(); //Find the navigation link with the lowest

altitude
1f(min_Weight_link<O)return pMsg;
//This node has the local minimum altitude and it's not a exit.
if( LinkTable[min Weight link].Weight >= Weight && Weight != 0 ){

//Raise the altitude according to the navigation link count.

ratio = (float)1l/LinkCount;

Weight =
LinkTable[min_Weight_link].Weight+ratio*(getAvgWeight()-LinkTable[min Weight link].Weight)
+0.1;

changed = TRUE;

}

1f( changed || new_emg ){ //If this 1s a new emergency or we have changed our
altitude, reboradcast EMG.
navi->weight = Weight;
navi->hop = EmgPool[emg_index].hop;
emg_packet_count++;
pMsg = forward(pMsg);
}
guide_index = min_Weight link;
1f((min_Weight_link=getExitFromLink())!=-1){ //If there is an exit next to this
node, guide people to 1it.
guide_index = min Weight links
}
showDirection(LinkTable[euide 1ndex].dir);

1f ('hasEmgNode) «f |//Periodically broadcast our weight.
regularReport();
}
}
return pMsg;
!
event result_t NaviSend.sendDone(TOS_MsgPtr pMsg,result_t success){
1f( pMsg == &glnitBuffer ){
gfInitBusy = FALSE;
}
else 1f( pMsg == &gEmgBuffer ){
ofEmgBusy = FALSE;
}
else 1f( pMsg = gFwdBufPtr[iFwdBufTail] ){
1FwdBufTail++; 1FwdBufTa11%=MAX_QUEUE_SIZE;
}
return SUCCESS;
!
event result_t NaviTimer.fired() {
post emergencyReport();
return SUCCESS;
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