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Abstra
t. Nowadays, we note a huge population growth in Dakar Re-

gion due mainly to the drift from the land. Therefore, the suburbs keep

growing and daily workers need to be transported sin
e e
onomi
 a
tivi-

ties and most urban infrastru
tures are lo
ated in Dakar-downtown. The

la
k of pun
tuality and the amount of time wasted at a bus stop are big


on
erns for the national so
iety of transportation �Dakar Dem Dikk"

(DDD). We aim to enhan
e the 
ommuni
ation system by allowing the

bus passengers to know either how many bus stops it remains for a given

bus to rea
h a �xed bus stop; or the estimated distan
e between a target

bus and its position. The proposed ar
hite
ture is based on GPS sensors

and mobile networks that relay bus position towards bus passengers that

request the information. Relying on two heuristi
s, Landmark-Based and

Polygon-Based approa
h, the obtained results show that 70% of targets

are lo
alized with an error distan
e less than 100m.
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1 Introdu
tion

During last de
ades we note a huge population growth in Dakar Region due

mainly to the fa
t that e
onomi
 a
tivities and urban infrastru
tures are lo
ated

in Dakar-downtown. Dakar Region, whi
h is a peninsula, is the smallest and most

populated region in Senegal. The population is estimated roughly to 4 millions

of inhabitants for an area of 550km2
.

Sin
e daily workers need to be transported in Dakar-downtown, Dakar roads

are in 
haos during workday. This 
haos is a

elerated sin
e everyday the num-

ber of new private vehi
les and the 
landestine exploitation of private vehi
les

as means of publi
 transportation in
rease. Consequently, diurnal tra�
 jam

o

urs and during rush hour, the wasted time 
an be up to 4 hours from Dakar-

downtown to suburbs. The big 
on
ern with the in
reased number of 
ars is air

pollution. Indeed, the 
ar pollution is high sin
e most of vehi
les are bought in

se
ond hand from European 
ountries.

The national so
iety bus transportation �Dakar Dem Dikk" (DDD) has no

Information System and it operates 17 bus lines that 
over 352.4 km within Dakar

Region. Bus Passengers su�er with the la
k of pun
tuality whi
h is in
reased
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a

ording to tra�
 jam. Therefore, the time wasted while waiting for the bus is

a big 
on
ern for potential bus passengers. Potential bus passengers prefer to use

private bus transportation even if it is more expensive. The number of 
ustomers

is redu
ed as well as the 
ompany's revenues.

To over
ome these limitations, intelligent transport system should be used

by the DDD so
iety [1℄ [2℄ [3℄. We propose an information system, 
alled DDDT

(Dakar Dem Dikk Tra
king) that 
an predi
t buses arrival in order to help bus

passengers in their 
hoi
e when they travel. The DDDT ar
hite
ture system is

based on a GPS, Short Message Servi
e (SMS ), and Web Servi
es te
hnology.

From a SMS sent by a target bus passenger and having as inputs the bus num-

ber line and its dire
tion, the information system is able to provide either the

remaining bus stops from a �xed bus stop, or the distan
e between the target

and the bus.

The remainder of the paper is stru
tured as follows. Se
tion 2 depi
ts the

di�erent 
omponents of the DDDT ar
hite
ture. In se
tion 3, we design the

Landmark-Based and Polygon-Based bus geolo
ation te
hnique and the DDDT

methodology to lo
alize target hosts. Following that, we present in Se
tion 4 our

experimental results. Finally, Se
tion 5 
on
ludes this work.

2 Components of the Bus Tra
king Ar
hite
ture System

2.1 Data A
quisition Module

The 
ore embedded data a
quisition (DAQ) system is based on an Arduino

Uno board (AUB). Fig. 1 illustrates the set of 
omponents whi
h is 
onne
ted to

the AUB. The used Global Positioning System (GPS) hosts a high performan
e

re
eiver and a low power 
onsumption Arduino GPS shield V.1.1 of ITead Studio

with an internal GPS Antenna. It 
an tra
k up to 20 satellites at a same time

and performs fast Time-To-First-Fix (TTFF) during weak signal environments

1

.

The DAQ system 
olle
ts through the GPS shield the latitude, longitude, velo
-

ity, altitude and bus dire
tion. In order to send the 
olle
ted information to a

SMS gateway, a GSM shield

2

with a 
ompa
t right angle antenna type is also


onne
ted to the AUB.

Furthermore, due to unpredi
table road 
onditions, it is not suitable to send

SMS periodi
ally [2℄ [3℄. For instan
e, in situation of tra�
 jam, it is not ne
-

essary to send SMS 
ontinuously sin
e the bus is not in motion. Therefore, it is

mandatory to deal with 
ongestion on the transport network. To over
ome the

limitations of previous works, we propose to send SMS even if the bus is moving

in respe
t of a given distan
e (Fig. 2). In order to mitigate the number of trans-

mitted SMS, every τ se
onds the AUB 
olle
ts the geographi
 lo
ation of the

target bus. Afterwards, the AUB 
omputes and adds up the distan
es travelled

along the road. However, a SMS with the last 
olle
ted information will be sent

1 http : //store.iteadstudio.com/images/produce/Shield/Shields/gpsshield/ArduinoGPSshieldDS.pdf
2 http : //www.embeddedartists.com/products/acc/cell2gshield.php
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Fig. 1. Data A
quisition Components.

only if the 
umulative distan
e D ex
eeds a threshold distan
e Dl. The distan
e

Dl is estimated with respe
t to our mi
ro-segmentation heuristi
 whi
h splits

the paths into several short and linear mi
ro-segments. The values of τ and Dl

depend on several fa
tors su
h as distan
e between bus stops, roads 
ondition,

and rush hour. A

ording to the illustrated algorithm in Fig. 2, we are able to

mitigate the numbers of transmitted SMS.

2.2 Bus Tra
king Ar
hite
ture System

Fig. 3 represents the bus tra
king ar
hite
ture system where the SMS sent

by the embedded system are analyzed by the Kannel server whi
h is used as

SMS gateway Server. Afterwards, we 
onsider web servi
es in order to fet
h the

latitude, longitude, velo
ity, time and date from retrieved messages and store

these data in a MySQL data base.

The 
ommuni
ation between target bus passengers and server is also based

on SMS servi
es. When a target bus passenger needs to use our servi
e, he

will just send a SMS to a Kannel Server. In order to estimate the bus arrival,

the server needs to re
eive the target bus stop name or number, and the bus

dire
tion. It is worth noti
ing that the geographi
 position of bus stops along

the used route is well-known. Furthermore, a mapping between ea
h bus stop and

its 
orresponding geographi
 position is done. At ea
h re
eived SMS, a tra
king

pro
ess is done in order to retrieve bus position and its dire
tion. Next, the bus

tra
king system will respond by sending ba
k a SMS to the target host. It should

be noted that the SMS �ows ba
k the passengers through the SMS gateway. The
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Fig. 2. SMS Transmission Pro
ess.

Fig. 3. Bus Tra
king Ar
hite
ture System.

SMS 
ontains the number of bus stops that will be 
rossed with respe
t to your

a
tual bus stop as well as the geographi
 distan
e between your position and the

targeted bus.
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3 Bus Geolo
ation approa
hes

3.1 Overview on Distan
e Estimation

Fig. 4. Geographi
al Distan
e Estimation.

The shortest distan
e over the surfa
e of the earth between two GPS tra
e

points A and B is given by the Haversine formula [2℄ [4℄ [5℄:

DAB = 2Rbtan−1(
√
b,
√
1− b) (1)

where b = sin2( latA−latB

2
)+cos(latA)×cos(latB)×sin2( lonA−lonB

2
), R is the

radius of the earth and latA, lonA, latB , lonB are respe
tively the latitude and

longitude of the GPS tra
e points A and B.

However the distan
e travelled by a bus between these two points along the

road is often greater than that the distan
e given by Eq. (1). These two distan
es

are equal only if the path that relies these two points is linear or very short. By

proposing a mi
ro segmenting approa
h Aradhya et al. [4℄ try to over
ome this

limitation. The goal of mi
ro-segmentation, whi
h splits the path into several

short and linear mi
ro-segments, is to in
rease the a

ura
y of the distan
e

estimation. By so doing, the add up mi
ro-segments is then 
loser to the a
tual

distan
e travelled by the bus. For instan
e, Fig. 4 shows the path between to

bus stops 
rossed by the line bus number 10 of DDD transportation. On 
an 
an

easily see that the mi
ro segmenting approa
h is more suitable.

In this paper, we design and evaluate two geolo
alization te
hniques based

on mi
ro-segmenting approa
h. Therefore, the travelled path along the road bus
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is split into mi
ro-segments (l) having equal distan
e. Ea
h mi
ro-segment has

an unique identi�er 
alled ID. Our proposed heuristi
s aim to a

urately mat
h

ea
h re
eived GPS tra
e point into a mi
ro-segment along the road.

Fig. 5. Lo
ating a host with Landmark-Based Geolo
ation approa
h.

3.2 Landmark-Based Geolo
ation approa
h

Fig.5 illustrates the Landmark-Based geolo
ation (LB) pro
ess. The LB

heuristi
 lo
alize the bus position by performing a 
orrelation between ea
h

re
eived GPS tra
e point and the set of landmarks. It should be noted that a

landmark is a well known geographi
 position point (latitude,longitude) along

a given bus line. Afterwards, the 
losest landmark with respe
t to the re
eived

bus position is 
onsidered as the bus estimation position.

Indeed, at ea
h re
eived GPS tra
e point, the LB heuristi
 seeks a 
on�den
e

region. The area of the 
on�den
e region is given by a square surfa
e as follows;

lat− δlat ≤ lat1 ≤ lat+ δlat

lon− δlon ≤ lon1 ≤ lon+ δlon
(2)

where (lat,lon) are the latitude and longitude of the re
eived GPS tra
e point

and (δlat,δlon) are used to �nd the boundary of our 
on�den
e region. The 
enter

of the square is the re
eived GPS tra
e point and the values of (δlat,δlon) 
an

be tuned in order to obtain ∆1 as shown in Fig.5. Next, the number of land-

marks within the square surfa
e is determined and will be used as testbed. By


onsidering the 
on�den
e region, we redu
e the 
omputation time 
ompared to

previous work that veri�es the distan
e between the whole set of landmarks [℄.
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Thereby, the mi
ro-segment ID is known if the number of landmarks is equal

to 1. Otherwise, the same pro
ess is repeated by 
onsidering ∆i < ∆1 until the

mi
ro-segment ID is not found. As soon as the mi
ro-segment ID is known, our

bus tra
king tool 
an determine either the bus geographi
 bus position, or the

remaining bus stops with respe
t to a �xed bus stop, or the distan
e between

the bus stop and a target bus passenger.

3.3 Polygon-Based Geolo
ation approa
h

Fig. 6 depi
ts the di�erent steps of lo
ating a host with a Polygon-Based (PB)

heuristi
. Firstly, the PB approa
h sele
ts the nearest set of landmarks a

ording

to the re
eived GPS tra
e point. Afterwards, the sele
ted set of landmarks will

form the verti
es of a polygon whi
h area represents our 
on�den
e region. Next,

the 
entroid of the polygon is determined and the nearest landmark with respe
t

to the 
entroid of the polygon is 
hosen as the bus estimation position. The

same pro
ess Like LB approa
h is 
onsidered in order to determine the 
losest

landmark with respe
t to the 
entroid of the polygon.

Fig. 6. Lo
ating a host with Polygon-Based Geolo
ation approa
h.

During weak signal environments, when the re
eived GPS tra
e points is far

away a

ording to the bus road, as illustrated in Fig. 6, by 
onsidering the 
en-

troid of the polygon, we are able to shift the potential wrong lo
ation towards

the landmarks. However, with respe
t to the number of turnings or 
urvatures

along the bus road, as shown in Fig. 7, an error may happen on distan
e estima-

tion. Nevertheless, the PB approa
h will be more suitable in 
ase of weak signal

environments.

4 DDD Tra
king evaluation

4.1 Experimental settings

To analyze and 
ompare the performan
e of the two proposed dete
tion meth-

ods, simulations are 
arried out the line number 10 of DDD transportation over
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Fig. 7. Potential mismat
h with the Polygon-Based Geolo
ation approa
h.

a distan
e of 15.5Km. We 
olle
ted the GPS tra
e points of all the bus stops

whi
h are 28 in ea
h dire
tion. Also, we realized the mi
ro-segmentation of the

15.5Km with two three sampling distan
e equals to 65m, 130m, and 195m. For

instan
e, a sampling distan
e of 65m means that the distan
e between two land-

marks is equal to 65m and 239 landmarks are 
onsidered over the bus road.

Ea
h mi
ro-segment has a unique ID whi
h depends on its position along the

bus road. All these information are stored in our MySQL data base. In order to

lo
alize a target host, the following steps are performed: �i� the DAQ module

whi
h is 
on�gured to send by SMS the geographi
 lo
ation of the targeted bus

is embedded in the bus. The geographi
al position of the bus is sent only if a

distan
e equals to �xed threshold Dl = 100m is travelled by the bus; �ii� at ea
h

re
eived SMS, the DDDT pro
ess is run in order to retrieve the bus position.

Finally, based on well known geographi
al position of 130 target bus passengers,

we evaluate the estimation provided by the DDDT tools with respe
t to the

a
tual position of the target.

(a) Landmark-Based approa
h (b) Polygon-Based approa
h

Fig. 8. Lo
ation estimation error a

ording to a 
on�den
e region ∆ = 100m.
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(a) Landmark-Based approa
h (b) Polygon-Based approa
h

Fig. 9. Lo
ation estimation error a

ording to a 
on�den
e region ∆ = 150m.

(a) Landmark-Based approa
h (b) Polygon-Based approa
h

Fig. 10. Lo
ation estimation error a

ording to a 
on�den
e region ∆ = 200m.

4.2 Results

Figures (Fig. 8, Fig. 9, Fig. 10) 
ompare the CDF (Cumulative Distribu-

tion Fun
tion) of the lo
ation error estimation of Landmark-Based (LB) and

Polygon-Based (PB) approa
h with respe
t to several sampling distan
es and ∆


on�den
e region values. The purpose of these �gures is to study how LB and PB

approa
h estimate the position of target bus passengers with respe
t to a �xed

bus station stop. The lo
ation error estimation for a given bus passenger is the

di�eren
e between its a
tual geographi
 lo
ation and its estimated lo
ation. On

the x-axis, we have the error distan
e lo
ation for di�erent target bus passengers

with respe
t to their a
tual position. On the y-axis, we show the probability that

the lo
ation estimation for the target bus passengers have an error less than x.

We note that the sampling distan
e has en e�e
t on the a

ura
y of the lo-


ation estimation. Con
erning LB approa
h, the obtained results show that the


on�den
e region ∆ has less impa
t on the a

ura
y 
ompared to the sampling

distan
e. We observe in Figures (Fig. 8(a), Fig. 9(a), Fig. 10(a)) that the sam-

pling distan
e equals to 65m is a stri
ter upper bound on error lo
ation than

other sampling distan
es. The reason is be
ause to the fa
t that when the sam-
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pling distan
e in
reases, the potential landmark points that 
an be 
onsidered

as lo
ation estimation for a targeted bus passenger is redu
ed. Consequently, the


omputation time is redu
ed but the error lo
ation 
an be in
reased. The LB

approa
h estimates, 70% of the target bus passengers with a error distan
e less

than 100m. Furthermore, when the 
on�den
e region ∆ ranges from 100m to

200m, with the a sampling distan
e equals to 65m, LB approa
h lo
alizes 97%

of the target bus passengers with a error distan
e less than 200m.

The performan
e gap between sampling distan
e is larger in the LB approa
h.

With the PB approa
h (Fig. 8(b), Fig. 9(b), Fig. 10(b)), the sampling distan
e

whi
h is equal to 130m outperforms other sampling distan
es. Nevertheless, the

obtained 
urves with respe
t to a sampling distan
e equal to 65m illustrate the

same trend for δ values equal to 100m and 150m (Fig. 8(b), Fig. 9(b)). A

ording

to a sampling distan
e equals to 130m (resp. 65m), the LB approa
h estimates

90% (resp. 88%) of the target bus passengers with a error distan
e less than

200m; whereas with both sampling distan
es 62% are lo
alized with an error

distan
e less than 100m.

The obtained results exhibit that the LB approa
h outperforms the PB ap-

proa
h. The fa
t is due how LB heuristi
 maps the target bus passenger into the


losest landmark; whereas for the PB heuristi
 it is the 
entroid of the polygon

that is mapped into the 
losest landmark. Notwithstanding, the PB approa
h

has the advantage of providing a 
onservative upper bound on the error distan
e.

In fa
t, in situation where the target hosts tend to be far away from the land-

mark points, the 
entroid of the polygon will be able to shift the target towards

the baseline whi
h is formed by the set of landmarks.

5 Con
lusion

Sin
e e
onomi
 a
tivities and most urban infrastru
tures are lo
ated in

Dakar-downtown, the DDD so
iety should provide an e�
ient transportation

system. Relying on private transportation in order to over
ome the la
k of pun
-

tuality of buses is not a good deal and then in
rease the air pollution in Dakar

Region. Nevertheless, the provided DDDT ar
hite
ture is able to provide either

the remaining bus stops from a �xed bus stop, or the distan
e between the tar-

get and the bus. Two geolo
ation heuristi
s were designed and the LB approa
h

lo
alizes 70% of targets with an error distan
e less than 100m. We are investi-

gating to predi
t the waiting time at bus stop as well to develop appli
ations

whi
h are based on the web-mapping for users with a 3G or Internet 
onne
tion.
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