
Abs
tech
stre
used
to m
ped
can
inst
desi
littl
Thi
dep
tool
dev
effic

 
Key

W
of 
WL
WP
extr
stre
WP
for 

M
use
stre
sma
poin
invo
pac
dep
the 
be 
sma
info
and

T
blo

Mod
Sys

stract— Wi-Fi
hnology based
ength to imple
d of Wi-Fi int
monitor pedes

destrian traffic
 be used to 

tance, a better 
ign. Although 
le works has be
is paper pro
ployment in a 
l. The results o

vice deployme
ciency.   

ywords—WPS

Wi-Fi Position
research com

LAN infrastru
PS sniff the 
ract the infor
ength and cap
PS can easy o
instance. 

Mobile trackin
d to monitor

eet. To detect
artphone whi
nts scans the 
olves in this 

cket contains 
ploying the m

packet which
captured [1]. 
artphone as 
ormation of th
d received sign
The mobile tr
cks: sniffing b

delling
tem D

Uni

i Positioning 
d on WLAN in
ement position
egrated smart

strian moveme
c load. The info
improve the 
bus time sche
there are lots 
een published 
ovides model
street environ

of the simulatio
ent to achiev

S, Deployment,

I. INTR

ning System (
mmunity in th
ucture to pro
packets trans

rmation of ca
ptured time. T
btain from m

ng system is o
r the pedestri
t the availab
ch is carried
Wi-Fi band in
detecting pro
a unique dev

mobile tracking
h sends by the

It is possibl
well as the 
he captured p
nal strength [2
racking system
block and adm

g and 
Deploy

Zhuliang X

Facul

iversity of Tec

System (WPS
nfrastructure a
n determinatio
tphone, WPS h
ent such as m
formation of pe

services prov
edule and more

of paper relat
to discuss the 

lling and sim
nment using M
on can be used
ve better sys

 Modelling, Sim

RODUCTION 

(WPS) have d
he past few y
vide low-cos
smitted by W
aptured pack
The sniffing 

market: router 

one application
an movement
le network, t

d by most of
ntermittently. 
ocessing is pr
ice number (M
g system in a

e passed throu
e, to estimate
holding per

packet such as
2, 3]. 
m is dividing

ministration bl

Simul
yment 
Xu, Kumbesa

lty of Enginee

chnology Sydn
Zhuliang.X

K.Sandra

Cheng-Chun

S) is a localiz
and used the 

on. With the w
has been intro

movement trend
edestrian in a 

vides to peopl
e friendly pave
te to WPS, bu
system deploy

mulation of 
MATLAB simu
d to optimizing
tem coverage

mulation 

drawn the atte
years. It relie
t location se

Wi-Fi devices
ets such as s
device neede
and Wi-Fi ad

n of WPS, wh
t and density
the Wi-Fi en
f pedestrian t
The typical p

robe request. 
MAC address
an area of int

ugh smartphon
e the location
son by using
s the MAC ad

g into two bui
ock.  

lation
t for P
an Sandraseg

ering and Info

ney, Centre of 
Xu@student

asegaran@ut

ng.Lin@eng

 
zation 
signal 

widely 
duced 
d and 
street 

le, for 
ement 

ut very 
yment. 

WPS 
ulation 
g WPS 
e and 

ention 
es on 

ervice. 
s and 
signal 
ed for 
dapter, 

hich is 
y in a 
nabled 
traffic 
packet 

Each 
s). By 
terest, 
ne can 
n of a 
g the 
ddress 

ilding 

     Th
block
statio
sniffi
adap
extra
recei
sniffi
and s
datab
admi
3G n
Altho
by u
publi
mode
envir
The r
descr
the s
conta
conc

In
listen
But, 

of W
edestr

garan, Cheng

rmation Tech

f Real-time Inf
.uts.edu.au

ts.edu.au 

.uts.edu.au

Figure 1: T

he Figure 1 
ks. In the sn
ons which ar
fing station co
ters, antenna

acts packets r
ived signal str
fing station ID
sends to adm
base is used
inistrator can 
network and ob
ough it is not 

using WPS, h
ished for the
elling and sim
ronment. 
remainder of 
ribes the syste
simulation m
ains the simul
luded in Secti

II. MOBL

n mobile trac
ns the Wi-Fi c
Wi-Fi techno

Wi-Fi P
rian M
g-Chung Lin 

nology 

formation Netw
u  

u  

he building block

demonstrates 
niffing block
e used to cap
onsists of mi

as and 3G m
elated inform
rength indicat

D. Then, the in
inistration blo
d for data 
access to the

btain the colle
a new topic to

however there
 system depl
mulation for 

this paper is s
em model for 
odule is disc
lation environ
ion 5. 

LIE TRACKIN

cking system,
channel and ca
ology has 14 c

Positio
Monito

twork 

k of mobile track

 the structure
k, it contains 
apture the Wi
icroprocessor,

modules. The
mation:  hashe
tion (RSSI), c
nformation is 
ock. In admin

storage and
e sniffing stat
ected data from
o track vehicle
e is very littl
loyment. Thi
WPS deploy

structured as f
mobile tracki

cussed in Sec
nment and resu

NG SYSTEM

, the sniffing
aptured the tra
channels, ther

ning 
oring 

 

ing system 

e of the build
several snif

i-Fi packets. 
, memory, W

e sniffing sta
ed MAC addr
captured time 
written into a

nistration bloc
d back up. 
tion remotely
m the databas
es and individ
e work has b
s paper prov

yment in a st

follows. Sectio
ng. By follow
ction 3.Sectio
ults. This pap

M MODEL 

g station pas
ansmitted pac
refore, in orde

ding 
ffing 
The 

Wi-Fi 
ation 
ress, 
and 

a file 
ck, a 

An 
y via 
e. 

duals 
been 
vides 
treet 

on 2 
wing, 
on 4 
er is 

ssive 
ckets. 
er to 



scan
hop

I
Fi n
pro
sen
“M
cha
des

A
sim
and
mob
mod

A. 

T
cro
figu
ped
with
gro
dist
use
velo
vec

      
In a
6]. 
is r
whi

n all the chan
pping. 
In this paper, i
network and 
be request on

nds probe re
inChannelTim

annel until all 
cribes the flow

Figu

A MATLAB 
mulate the snif
d smartphone 
bility module,
dule and chan

Mobility Mod

This module 
ssing which is
ure is the bui
destrian traffic
hin a group h
up can enter
tributed rando
d to describ
ocity, traffic 

ctor.   

F

The group si
a street, most 
Therefore, in 
randomly cho
ich mean is 2 

nnels the sniff

it is assumed 
the Wi-Fi en

nly. In broad
quest on on

me” [4] for 
the channels h
wchart of mob

ure 2: The mobile

III. SIMULA

simulation to
ffing station o
behaviors. Th
, packet gener

nnel hopping m

dule  

simulates th
s shown in Fi
ildings beside
c is a group
have same m
r or exit thi
omly. Some 
e the pedestr
load, group 

Figure 3: The simu

ize gives the n
pedestrian gr
the simulatio

osen from 1 
and standard 

fing station ha

that the street
nable smartph

dcast procedur
ne channel a
response the
have been sca
bile tracking s

e tracking system

ATION MODE

ool was develo
operation, ped
he tool consist
ration module
module. 

e pedestrian 
igure 3 and th
e the street. T

p and all the 
moving speed 

s area from 
parameters in
rian traffic: 

reference p

ulated street cros

number of me
roup contains 
on, the group s

to 5 with n
deviation is 3

as to apply ch

t does not hav
hone broadcas
re, the smartp
and wait at 
en hop to an
anned. The Fig
system model.

 model 

EL 

oped to mode
destrian move
ts of four mod

e, radio propag

traffic in a 
he blue block 
The basic un
individual p

and direction
8 ports (A 

n this modul
group size, g
osition and g

 
sing 

embers in a g
1 and 2 peop

size for each g
normal distrib
. 

hannel 

ve Wi-
st the 
phone 

least 
nother 
gure 2 
.   

el and 
ement 
dules: 
gation 

street 
in the 

nit for 
people 
n. The 

- H) 
le are 
group 
group 

group. 
ple [5, 
group 
bution 

The 
speed
study
group
distri

     Th
enter
diffe
and p
The g
The 
using

loci(t

wher
whic
entry
rando
The 
each 
group

posit

     Th
mean
when
infor

B.  P

Th
each 
trans
modu

A 
stand
smar
On o
unde
smar
Tabl

B

Sa

A

group veloci
d. The Table
y in different
p velocity for 
ibution which

TABL

Country   

Netherland  

United State  

Australia  

Hong Kong 

United Kingdom

India 

Average  

he traffic load
rs the street c
rent pedestria
peek-off time.
group referen
new location

g the equation

t+1)) = loci(t)

re vi is the gro
ch is a fixed an
y port. The mo
omly when th
group vector 
group memb

p i can be dete

tionj(t) = loci(t

his mobility 
ns the pedestr
n it reaches 
rmation for the

Packet genera

his module ge
group. As th

smitted with 
ule only consi

Wi-Fi enabl
dby mode an
rtphone is full
other hand, the
er standby m
rtphones in th
e 2. 

TABL

Brand 
Ope

Sy

HTC 
An

v

amsung 
An
v4

Apple IO

Sony 
An
v4

ity presents t
e 1 summariz

countries. B
each group is
mean is 1.33 

LE I. The pedestr

Mean(m/

1.14 

1.4 

1.44 

1.19 

m 1.32 

1.46 

1.33 

d is the freque
rossing. This 

an traffic load 
 
ce position is 

n for group i
n: 

+(vi×diri)      

oup velocity a
ngle (0°, 90°,1
oving directio
e group meets
(vecj) is used
er (positionj).
ermined by us

t)×vecj           

module is a
rian group no
the exit por

e left group an

ation module 

enerates probe
he probe reque

a fixed data
iders the pack
led smartphon
nd active mo
y running and
e smartphone 

mode. This p
he markets a

LE II. Probe requ

eration 
ystem 

Mo

ndroid 
v2.3 

Stand

Acti

ndroid 
4.2.1 

Stand

Acti

OS 6.1 
Stand

Acti

ndroid 
4.1.2 

Stand

Acti

the pedestrian
zed pedestria

Based on this 
s randomly ch
 and standard 

rian walking spee

m/s) Standard

0.22 

0.15 

0.23 

0.26 

1.00 

0.63 

0.42 

ency for a new
 parameter is
in a day such

used to mark
i (loci(t+1)) i

                     

and diri is the 
180° and 270°
on can change
s the street tur
d to determin
. The position
sing the equat

                      

a pass-throug
ot stays in th
rt. The tool 
ny more. 

e request for t
est is very sm

a rate 1Mbps
ket generates f
ne has two o
ode. Under a
d sends probe
sleeps for po

paper studied
and the resul

uest sending frequ

ode 
Averag

value(pa
ets/min

dby 0.86 

ive 3.53 

dby 0.60 

ive 0.73 

dby 0.07 

ive 1.13 

dby 0 

ive 3.73 

n group walk
an walking sp

study result,
hosen with nor

deviation is 0

ed [7] 

d deviation 

w pedestrian gr
used to simu

h as the peek-t

k a group locat
is determined

                     

moving direc
° ) depends on
e 0°, +90° or 
rning.  
e the position
n for member 
ion: 

                     

gh method w
e simulation 
not updates 

the smartphon
mall packet an
s. Therefore, 
frequency. 
operation mo
active mode, 
e request frequ
wer saving, w

d 4 major br
t is presented

uency 

ge 
ack
n) 

Standar
Deviatio

0.11

0.12

0.40

0.64

0.12

1.62

0 

0.70

king 
peed 
, the 
rmal 
0.42. 

roup 
ulate 
time 

tion. 
d by 

   (1) 

ction 
n the 
-90° 

n for 
j in 

  (2) 

hich 
area 
the 

ne in 
nd is 

this 

odes: 
the 

uent. 
when 
rand 
d in 

rd 
on 



 
B

kind
mem
freq
mod

The
dev
2.2 
the 
in m

C. 

    T
cap
radi
eac
sha
use
equ

 PL

whe
usu
snif

     B

 PL

whe
mea
all l

     T
con
from
sma
whe

     A
Ray
path
carr

     T
sma
foll

RSS

whe
mpa

D. 

T
is o
tim

By following 
ds packets sen
mbers in ped
quency random
de by followin

Figure 

e mean of n
viation is 3 an

and standard
smartphone s

most of time. 

Radio propag

The received 
pture the radio
io propagation
h pedestrian 

adow and mu
d to calculate

uation: 

L(dB)=PL(d0)+

ere PL is the 
ually is 1m, d
ffing station a

By considerin

L(dB)=PL(d0)+

ere XdB  is a 
an. In terms o
locations from

The path loss
ndition effect.
m 2.7 to 3
artphone and 
en the smartph

A simulator 
yleigh distribu
h gain is relat
rier frequency

Therefore, in 
artphone hold
lowing equatio

Sj(dB)=Txj(dB

ere Txj(dB) is
athj(dB) is the

Channel hopp

This module i
occurred in sn

me sniffing sta

this table, t
nding frequen
estrian group
mly switch be
ng the mechan

4: Standby mode

normal distrib
nd the mean o
d deviation is 
state in a stree

gation Module

signal streng
o signal is se
n module uses
group in or

ulti-path gain. 
e the path-los

+10nlog(d/d0)

path-loss, d0 
d is the distan
and n is the pat

ng the shadow

+10nlog(d/d0)

Gaussian dist
of XdB, it mode
m the smartpho

s exponent in 
. In the simu
3.5 when th
sniffing statio
hone is blocke

developed by
ution to gener
ted to the pede
y. 

this paper, t
d by group m
on: 

B)- PLj(dB)-mp

s the transmit
e multi-path ga

ping module 

s used to simu
niffing station
ation spent to 

the simulatio
ncy and rando
. The allocate
etween standb
nism which is

e and active mode

bution rando
f uniform dist
 0.5. This me

et, which is un

e 

gth is needed
ensible for sn
s group veloci
der to compu
The log-dist

ss and consist

)                     

is the referen
nce between th
th loss expone

wing effect, the

)+XdB             

tributed rando
els the path lo
one due to sha

Eq.4 describe
ulation, the n
here is line
on or random
ed by building

y Komniakis 
rate multi-pat
estrian walkin

the received 
member j (RS

mpathj(dB)       

tting power fo
ain. 

ulate the chan
n. The hoppin

scan one cha

n tool provid
omly allocate t
ed packets sen
by mode and a
s shown in Tab

 
e selection 

om is 0, stan
tribution rand
ethod can sim
nder standby m

d to determin
niffing station
ity and positio
uter the path
tance model 
ts of the follo

                      

nce distance w
he smartphon
ent. 

e Eq.3 become

                      

om variable w
oss variation a
adowing. 

es the environ
n randomly ch
e-of-sight bet
mly choose 3.5
gs [9]. 

[10] which 
th gain. The m
ng speed and W

signal strengt
Sj) consists o

                     

for smartphon

nnel hopping w
ng time (Th) 
annel. The sn

des 4 
to the 

ending 
active 
ble 3. 

andard 
dom is 
mulate 
model 

ne the 
n. The 
on for 
h-loss, 
[8] is 
owing 

   (3) 

which 
ne and 

es to: 

   (4) 

with 0 
across 

nment 
hoose 
tween 
5 to 5 

using 
multi-
Wi-Fi 

th for 
of the 

    (5) 

ne and 

which 
is the 

niffing 

statio
First

Th
Spec
simu
every
their 
devic
chan

A. S

The s
the a

Table

S

Num

In th
are 
How
posit

Figure

The 
are f
the s
boun
posit
The 
and 8

on supports t
-Out (FIFO), 

Fig

he Figure 4 de
cifically, in FI
ultaneously an
y monitoring 
own section 

ces hop on th
nnel only. 

IV. SIM

Signal station s

simulation dep
all of the simul

e III: The mobile 

Paramete

Sniffing station s

mber of monitor

Traffic loa

Street leng

Street wid

Max_channel_

Hopping me

Selected chan

Simulation t

he simulation, 
received sign

wever, only th
tion of the snif

e 6: The pedestria

800 pedestria
fixed in this s
simulation are
ndary area. In
tions of pede
triangle mark

80 locations h

three hopping
Round Robin 

gure 5: The chann

emonstrates th
IFO method, a
nd following 
devise have o
only. In HOL

he channels an

MULATION R

simulation 

ployment area
lation parame

tracking system s
simulation

er 

ensitivity 

ring devices 

ad 

gth 

dth 

_Time 

thod 

nnels 

time 

the factors w
nal strength 

he signal stren
ffing station.  

an and sniffing sta

ns are evenly
simulation sce
a is divided in

n the figure, t
strians and p

ks represent th
ave been used

g methods w
n (RR) and Ho

nel hopping meth

he details of th
all the monito

each other. 
own hopping s
L method, th
nd others is f

RESULT ANA

a is the street 
eters are shown

simulation param
n scenario 

-

Fixed num

60

which can affe
and packet 

ngth is direct

tations distributio

y distributed a
enario. As sh
into two parts
the circle ma

pedestrians se
the location o
d in the simula

which are Firs
op On Last (H

 
od 

he three meth
oring devices 

In RR meth
section, they 

he last monito
fixed to scan 

ALYSIS 

intersection an
n in Table III.

meters of single sta

Value 

-93dbm 

2 

mber of pedestrian

100m 

30m 

1ms 

HOL 

1, 6, 11 

00000ms 

ect packet snif
generation r

tly related to

 
n of the first scen

and their posit
hown in Figur
: central area 

arks represent
end packets o
of sniffing sta
ation.  

st-In 
HOL). 

hods. 
hop 

hod, 
scan 

oring 
one 

nd 
.  

ation 

n 

ffing 
rate. 

o the 

nario 

tions 
re 6, 
and 

t the 
once. 
ation 



The
obs
the 
that
dist
dire
fou
ped

 

How
snif
bas
mu
dep
stud
snif
resu
mob
whi
cate
cov
acc
loca

 

0
2
4
6
8

10
12
14
16
18

E
rr

or
 (

m
)

e simulation 
served that the

central area 
t the sniffing
tance to the 
ection. Specifi

ur highest pos
destrians. 

Figur

Figure 8

wever, it is h
ffing stations 
ic requiremen
st well-space

ployed at the b
dy the localiz
ffing stations
ult which is s
bile tracking 
ich a shown i
egory is more
ver an inves
eptable option
alization accu

Ta

Category 
Accurate 

Good 
Normal 

Acceptable 

1.
0

1.
4

1.
9

2.
7

3
7

result is sho
e sniffing stati
than the bou

g stations loca
pedestrians i

fically, the snif
itions in the 

re 7: The result of

8: The localizatio

hard to achiev
are deployed

nt of triangula
ed. Therefore
boundary area
zation accurac
s and pedestr
shown in Fig
system can be
in Table IV. T
e costly as the
stigation area
n is suggested

uracy. 

able IV: The local

Erro
<
1
3
5

3.
7

5.
2

7.
2

10
.0

13
9

Dista

wn in Figure
ions captured 

undary area. T
ated at centra
in both horiz
ffing station w
Figure 7 has 

f first simulation 

on error at differen

ve optimal loc
d within a c
ation is that th
e, some sniff
a. A simulation
cy at different
rians. Based 
ure 8, the loc
e classified in
The option of 
ey need more 
a. Therefore, 
d for balance t

lization error cate

or (m) 
<1 
~3 
~5 

5~8 

13
.9

19
.3

26
.8

37
.3

51
.8

ance(m)

e 7 and it ca
more packets

The main reas
al area and sh
zontal and ve
which located 

line-of-sight 

 
scenario 

nt distance 

calization if a
entral area, a
he sniffing sta
fing stations 
n was conduc
distances bet
on the simu

calization erro
nto some categ
f accurate and 
sniffing statio

the normal
the system cos

egory 

Distance(m
<14 
<42 
<72 

<114 

72
.0

10
0.

0
13

8.
9

19
3.

1

an be 
s from 
son is 
horter 
ertical 
at the 
to all 

 

all the 
as the 
ations 
have 

cted to 
tween 

ulation 
or for 
gories 
good 

ons to 
l and 
st and 

m) 

In th
MAT
majo
walk
is us
gene
resul
recei
used 
chan
this 
the s
After
statio
divid
deplo
are n
stree
deplo

 
[1] M

s
A
A

[2] Y
t
S
o

[3] C
l
C
C

[4] V
I
I

[5] Y
I
(

[6] G
b
A
(

[7] D
d
W

[8] S
m
M

[9] R
a

[10] K
s
G

his paper a sim
TLAB has b
or models, the 
king pedestrian
sed to simul
ration rate for
lts. Radio pro
ived signal st

to simulate t
nnel hopping f
simulation to
imilar result.
r conducting 
on deploymen
ded into cen
oyment sugge
needed to depl
t intersection
oy in the boun

Musa, A. B. M
smartphones us
ACM Conferen
ACM, 2012. 

Yeh, Sheng-Ch
technology usin
Sensing and Co
on. IEEE, 2009

Chung, Wan-Y
location trackin
Convergence In
Conference on.

Velayos, Hécto
IEEE 802.11 b 
IMIT-LCN, 200

Yücel, Zeynep,
Identification o
(2013): 875-89

Ge, Weina, Rob
based analysis o
Analysis and M
(2012): 1003-1

Daamen, Winn
distributions fo
Washington. 20

Sarkar, Tapan K
models for mob
Magazine, IEEE

Rappaport, The
and practice. V

Komninakis, Ch
simulator." Glo
GLOBECOM'0

V. CONC

mulation tool w
een introduce
mobility mod

n movement; 
late the prob
r the probe re
opagation mo
trength and th
the channel sc
function of th
ol is validate

the three sim
nt, the investig
ntral area a
estion is given
loy in central a
, at least one

ndary area. 

VI. REFE

., and Jakob Eri
sing wi-fi monit
nce on Embedde

heng, et al. "A st
ng GPS and Wi
ontrol, 2009. IC
9. 

oung. "Enhance
ng system for in
nformation Tech

IEEE, 2007. 

or, and Gunnar K
MAC layer han
03. 

 et al. "Deciphe
f Pedestrian Gr
7. 

bert T. Collins, 
of small groups

Machine Intellig
016. 

ie, and Serge P
r pedestrian tra
006.  

K., et al. "A sur
bile communica
E 45.3 (2003): 

eodore S. Wirel
ol. 2. New Jerse

hristos. "A fast 
obal Telecommu
03. IEEE. Vol. 6

CLUSION 

which was de
ed. This tool
del is used to 
 the packets 
be request b
equest is based
odel is used 
the channel h
canning, pack
he sniffing sta
ed with field 

mulation scen
gated area (si

and boundary
n as: a) more
area. b) at eac
e sniffing stat

ERENCE 

iksson. "Tracki
tors." Proceedin
ed Network Sen

study on outdoo
iFi networks." N

CNSC'09. Intern

ed RSSI-based 
ndoor and outdo
chnology, 2007.

Karlsson. Tech
ndover time. Vo

ering the Crowd
roup Motion." S

and R. Barry R
s in pedestrian c

gence, IEEE Tra

P. Hoogendoorn
affic." TRB-Ann

rvey of various 
ation." Antenna
51-82. 

less communica
sey: Prentice Ha

t and accurate R
unications Con
6. IEEE, 2003. 

eveloped based
l comprises 
simulate the f
generation m

broadcasting. 
d on the field

to calculate 
hopping mode
kets capturing 
ation. In addit
test and obta

narios of snif
imulation area
y area and 
e sniffing stat
ch direction of
tion is neede

ing unmodified 
ngs of the 10th 
nsor Systems. 

or positioning 
Networking, 
national Confere

real-time user 
oor environmen
 International 

niques to reduc
ol. 3. TRITA-

d: Modeling an
Sensors 13.1 

Ruback. "Vision
crowds." Patter
ansactions on 34

n. "Free speed 
nual Meeting, 

propagation 
as and Propagat

ations: principle
all PTR, 1996.

Rayleigh fading 
ference, 2003. 

d on 
four 
free-

model 
The 

d test 
the 

el is 
and 

tion, 
ained 

ffing 
a) is 

the 
tions 
f the 
d to 

ence 

nts." 

ce 

nd 

n-
rn 
4.5 

tion 

es 

 


