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Abstract of bachelor’s Thesis

Academic Year 2011

WiFi-based Long Distance Inter-Rooftop Network in Disaster Area:

Design and Implementation of

Location Recommendation System to Deploy Network

On March 11th, 2011, Japan was devastated by the massive Tohoku Earthquake and
Tsunami. While many people tried to gather information about the latest situation, or the
whereabouts about their loved ones during the chaos, there is no question about the great
contributions of Internet-based services (e.g. web, email, and Skype) upon connecting people.
Through the Internet, bidirectional communication channels were established, and enabled
not only the local government, but also the general public to disseminate and exchange
necessary information with each other.

However, it is likely that communication infrastructures would be damaged when disasters
occur. Therefore, enabling Internet connectivity at the disaster site requires the establish-
ment of temporary communication infrastructures by the people at the actual site. This
research would focus on assistive methods for establishing temporary mesh networks using
WiFi-based long distance networking technologies.

The main obstacle upon establishing WiFi-based Long Distance Networks (WiLLD Net)
would be the decision making of the peers’ location. In order to make the WiLD Net
operational, the visual clearance, distance, number of hops between peers must be taken into
consideration. In this thesis, a map-based WiLD Net establishment support system, which
enables the rapid deployment of high throughput WiLD Net, is proposed and evaluated.
This system would calculate the visual clearance, decide the location of the peers, and
automatically designs networks at the users’ demands.

As a result of evaluations, the system succeeded in calculating peer locations within 71
seconds, for a network with 20 peers in a experimental environment which consists of 774,877

peer-candidate-locations, extending 1.7km south to north and 1.8km east to west. Consid-



ering the amount of days it would require to manually survey the peer-candidate-locations,
this system has the potential to enables extremely rapid design of the WiLLD Net in disaster

scenarios.

Keywords :
1. WILD Net, 2. Long Distance Wifi, 3. Wireless Mesh Network 4. Disaster Area,

5. Disaster Prevention

Keio University Faculuty of Environment and Information
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#HBEARNDER
$mv = 0.00002
for(my $i=$lat_min;$i<=$lat_max;$i=$i+$mv){
$i = $i/100000;
$where_name = "${table_name}.lat = $i";
$select_name = "${table_name}.lat ,${table_name}.1lng , ${table_name}.
height,,,${table_name}.ground";
$sql_command = "SELECT $select_name FROM $table_name WHERE_${where_name
}_ORDER, BY_${table_name}.lng asc";
$sth = $db->prepare($sql_command) ;
$sth->execute;
$num_rows = $sth->rows();
$seq_flag=0;
for(my $j=0;$j<$num_rows;$j++){
@line = $sth->fetchrow_array();
if (!defined($1ine[3]1)){
$seq_flag = 0;
next;
}
$diff = $line[2] - $1line[3];
if ($diff > 1){ #EHD IULDES
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if ($seq_flag == 0){
$ID = &updateID(); #HMfcBEEULBZWID Z4HEK
$seq_flag = 1;
}
$update_name = "${table_name}.id = $ID";
$where_name = "${table_name}.lat = ,$1line[0] AND ${
table_name}.lng = ,$1line[1]";
$sql_command = "UPDATE_${table_name} SET ${update_name},
WHERE_${where_namel}";
$sth2 = $db->prepare($sql_command) ;
#print OUT "$diff\t:$sql_command\n";
$sth2->execute;
$sth2->finish;

Yelseq{
$seq_flag = 0;
}
}
$sth->finish;
}
HEEARNDEE

for(my $i=$lng min;$i<=$1lng_max;$i=$i+$mv){
$where_name = "${table_namel}.lng = $i";
"${table_name}.lat, ${table_name}.lng, ${table_name}.id"

$select_name
$sql_command = "SELECT ${select_name} FROM_$table_name WHERE ${
where_name}, ORDER, BY, ${table_name}.lat asc";

$sth = $db->prepare($sql_command) ;
$sth->execute;
$num_rows = $sth->rows();
$seq_flag=0;
for(my $j=0;$j<$num_rows;$j++){

@line = $sth->fetchrow_array();

if (!defined($1ine[2])){

$seq_flag = 0;

next;
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if($1line[2] > 0){#
if ($seq_flag == 0){
$ID = $line[2];
$seq_flag = 1;
}
if ($1line[2] != $ID){
$update_name = "${table_name}.id = $ID";
$where_name = "${table_name}.id = $line[2]";
$sql_command =
"UPDATE, ${table_name} SET, ${
update_name} WHERE ${
where_namel}";
$sth2 = $db->prepare($sql_command) ;
$sth2->execute;
$sth2->finish;

}elsed{
$seq_flag = 0;

+
$sth->finish;
}

$db->disconnect;
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# BE/BEZX—E LIRS EEYID OTF—IDRINShTWS.
$height_latlng{$lat}{$lng}; # BIHEMN F—BE/EE
$id_latlng{$lat}{$1lng}; # EYIID K& F—I3BE/RBRE

#EAAE
#&line_of _sight ($latl,$lngl,$1lat2,$1ng2); # 5I¥Id 2 A DBERE
#HED{E -1:FA—HHROEE 0: RELLEL 1:REBLHD

sub line_of_sight{
my $mv = 0.00002;
my $lank = 50000;
my @lat_los = undef;
my @lng_los = undef;
my QGheight_los = undef;
my @id_los = undef;
my @ground_los = undef;
my $range = $mv/2;#
my $cmpflag_x;
my $cmpflag_y;
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my $x_tmp;
my $y_tmp;

if($_[1] < $_3D{ # AZ
$cmpflag x = 0;

Yelsed{
$cmpflag x = 1;

}

if($_[0]1 < $_[2){ # AA
$cmpflag y = 0;

Yelsed{
$cmpflag_y = 1;

}

my $x;

my $y;

my $x1 = $_[1];

my $y1 = $_[0];

my $x2 = $_[3];

my $y2 = $_[2];
my $dx = ($x1 - $x2);
my $dy = ($y1 - $y2);

my $num_array=0;
# 2REDERLEDFEDTF—YZMOHT
if($dx == 0 && $dy == 0){ #RA—MEmIIEESNIIHE
return -1;
Yelsif ($dx == 0){ # x BICFITRERDES
if ($cmpflag_y == 0){
for(my $y=%$y1;3y<=8$y2;$y=8$y+$mv){
$x_tmp = int($x1*$lank)/$lank;
$y_tmp = int($y*$lank)/$lank;
if (!defined ($height_latlng{$y_tmp}{$x_tmp})){

last;
}
if('defined($id_latlng{$y_tmp}{$x_tmp})){
last;
}
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$lat_los[$num_array] = $y_tmp;

$1ng_los[$num_array] $x_tmp;

$height_los[$num_array] = $height_latlng{$y}{$x1
5

$id_los[$num_array] = $id_latlng{$y}{$x1};

$num_array++;

}else{
for(my $y=$y1;3y>=8$y2;$y=8y-$mv) {
$x_tmp = int($x1*$lank)/$lank;
$y_tmp = int($y*$lank)/$lank;
if (!defined ($height_latlng{$y_tmp}{$x_tmp})){

last;
}
if('defined($id_latlng{$y_tmp}{$x_tmp})){
last;
}

$lat_los[$num_array] = $y_tmp;

$1ng_los[$num_array] = $x_tmp;

$height_los[$num_array] = $height_latlng{$y}r{$x1
s

$id_los[$num_array] = $id_latlng{$yt{$x1};

$num_array++;

}
Yelse{ HAZ ZERHKZIEE
$a = $dy/$dx; #HEZKHD
if(-1 < $a && $a < D{ # xMEDBIAD 45 EUTDHE
if ($cmpflag_x == 0){
for(my $x=$x1;$x<=$x2;$x=%x+$mv){
#my $y = $a * ($x - $x1) + $yi1;
$y = $a * ($x - $x1) + $y1;
$x_tmp = int($x*$lank)/$lank;
$y_tmp = int($y*$lank)/$lank;
if (!defined($height_latlng{$y_tmp}{$x_tmp
A
last;
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}

if ('defined($id_latlng{$y_tmp}{$x_tmp})){
last;

}

$lat_los[$num_array] = $y_tmp;

$1ng_los[$num_array] = $x_tmp;

$height_los[$num_array] = $height_latlng{
$y_tmp}r{$x_tmpl;

$id_los[$num_array]l = $id_latlng{$y_tmp}{
$x_tmp};

$num_array++;

}elsed{
for(my $x=%$x1;$x>=$x2;$x=%x-$mv){
#my $y = $a * ($x - $x1) + $yi1;
$y = $a * ($x - $x1) + $y1;
$x_tmp = int($x*$lank)/$lank;
$y_tmp = int($y*$lank)/$lank;
if (!defined ($height_latlng{$y_tmp}{$x_tmp

H{
last;
}
if ('defined ($id_latlng{$y_tmp}{$x_tmp})){
last;
}

$lat_los[$num_array] = $y_tmp;

$1ng_los[$num_array] = $x_tmp;

$height_los[$num_array] = $height_latlng{
$y_tmp}{$x_tmp};

$id_los[$num_array] = $id_latlng{$y_tmp}t{
$x_tmp};

$num_array++;
}

Yelse{ #x BHE DR ITAD 45 EZBZIBZE
if ($cmpflag_y == 0){
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for(my $y=%y1;3y<=$y2;$y=$y+$mv) {
#my $x = ($y - $y1)/%a + $x1;
$x = ($y - $y1)/3%a + $x1;
$x_tmp = int($x*$lank)/$lank;
$y_tmp = int($y*$lank)/$lank;
if (!defined($height_latlng{$y_tmp}{$x_tmp

P{
last;
}
if ('defined($id_latlng{$y_tmp}{$x_tmp})){
last;
}

$lat_los[$num_array] = $y_tmp;

$1ng_los[$num_array] $x_tmp;

$height_los[$num_array] = $height_latlng{
$y_tmp}r{$x_tmpl;

$id_los[$num_array]l = $id_latlng{$y_tmp}{
$x_tmp};

$num_array++;

Yelseq{
for(my $y=$y1;3y>=$y2;$y=$y-$mv){

#my $x = ($y - $y1)/%a + $x1;

$x = ($y - $y1)/$a + $x1;

$x_tmp = int($x*$lank)/$lank;

$y_tmp = int($y*$lank)/$lank;

if (!defined($height_latlng{$y_tmp}{$x_tmp

H{
last;

}

if ('defined($id_latlng{$y_tmp}{$x_tmp})){
last;

}

$lat_los[$num_array] = $y_tmp;

$1ng_los[$num_array] = $x_tmp;
$height_los[$num_array] = $height_latlng{
$y_tmp}{$x_tmp};
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$id_los[$num_array] = $id_latlng{$y_tmp}{
$x_tmp};
$num_array++;

}
# BEREICNESNT—IDSRELZHEET S
$b = $height_los[0];
my $tail = $num_array - 1;
if (!defined($height_los [$num_array-11)){
return O;
}
# 1IREAZAV, 2RAICRBEUVLRZEBZ58IHBVHEER
$a = ($height_los[$num_array-1] - $height_los[0])/($num_array-1);
for(my $i=1;$i<$num_array-1;$i++){
if ($id_los[0] == $id_los[$il){ # A—DBMIZRELDEERICEDHE
Ly
next;
}
my $diff = $height_los[$i] - (($a * $i) + $b);
if ($diff > 0){ # diff B0 ZWMRABDELREBULRZEZD
return 0; # REBUDENEBWE® 0ZiRT

}
return 1; # REULAENDE® 1%ZRT
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