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2012]. Thus, for the model proposed by this work, density-based methods are more 
suitable, since we do not know previously how many stay points might be created. 

When the stay points are identified, the next step is to identify the type of places. 
The task of automatically discovering the type of a place may be facilitated by the use of 
APIs services which return a POI given a certain location, such as Google Places1 and 
Foursquare2. However, this task is not trivial as it seems, since a user might be at a 
restaurant for leisure, and another might be at the same restaurant for working. Thus, this 
discernment is one of the challenging that needs to be addressed. Therefore, gathering 
further information, such as day of the week and duration that a user spent in a place, can 
help understand the relationship between users and locations. 

At the moment that a vehicle starts to move, predicting the destination and route 
is useful in several contexts. For instance, by having this information, along with real-
time traffic data, a computational system could suggest the user to take a detour, because 
the route commonly used is jammed. Furthermore, it is also possible to suggest POIs, 
such as a bakery or a market located along the route to the user's destination. A remarkable 
feature of predicting is that both points of interest and less jammed routes could be 
suggested without an active user participation in the process, which could improve the 
daily use of this kind of system. Thus, by just starting the trip, the system should be 
capable of predicting the destination and the path.  

 There are two important observations related to user displacements that we 
empirically have identified: 

z !"#$%"&'()*+%,()-+.+/0(1#%%#2'(*($*33"-/ . Workday activities often include trips 
to work, to home, or to a leisure activity (e.g., beach, restaurant). Even in 
vacation times, people use to repeat certain trips, such as visits to some Shopping 
Center. Furthermore, for a significant number of daily trips, it can be observed 
repetitions of the paths traveled. For example, people tend to always take the 
same route to go from home to work. Thus, if the place of departure and the 
destination of a user are known, it is possible to estimate the path the user is 
likely to take. 

z 4-+$'( #556-'( *3('+7+%*-( 3+7"': Besides the repetition of trips (i.e., origin, 
destination and route), it can be observed a pattern of times and the days of the 
week in which the trips occur. Hence, it is reasonable to assume that certain 
contextual information, such as day of the week and time, could be useful 
variables to improve the destination prediction. 

 Given a set of GPS points, our model identifies the stay points, infer the type of 
place that a user is located, partition all the trips which users travelled, associate each 
GPS point to a road segment, which is called map matching technique [Quddus and 
Noland 2006], and predicts the destination and the remaining path. For route and 
destination prediction, we propose Prediction by Partial Matching (PPM) technique as the 
core of our model, which was originally conceived for the data compression context. 
Summarizing, the main contributions of the model proposed by this work are as follow: 

                                                 
1 https://developers.google.com/places/ 
2 https://developer.foursquare.com/ 
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�x Identify stay points and type of places automatically, with support of APIs 
services, such as !""#$%&'$()%* and +",-*.,(-% ; 

�x Enrich trajectories semantically, by the use of contextual information, improving 
the task of understand the behavior of users’ displacement; 

�x Predict real-time route and destination as soon as user starts a trip, apart from the 
type of place prediction. 
The experiment carried out in this work was focused on individuals who use the 

vehicle for personal transportations only, instead of those who use it as work, as is the 
case of taxi drivers. The route database was created from real displacements, captured by 
using an application installed into */(-012"3%*&of the participants of this work. From the 
GPS points collected, information such as day of the week and departure time related to 
the points was also obtained, for helping to improve the model. 
 The rest of this paper is organized as follows. Section 2 addresses related works. 
Section 3 presents our developed approach. The collected data and experimental results 
are discussed in section 4. Finally, the last section concludes the paper and discusses 
future work. 

2. Related Work 
There are many works that can be found in the literature concerning the problem of short-
term and long-term prediction of destination and routes, and several different techniques 
have been proposed. Simmons et al. (2006) used the Hidden Markov Model (HMM) and 
contextual information (day of the week, time and speed of the vehicle) in a corpus of 46 
trips in the Michigan area, in the United States. The rate of correct predictions was of 
98%. Nevertheless, only 5% of the transitions from one segment to another occurred in 
intersections between streets, while the other 95% were connected to only one other road 
segment, which reduces the difficulty in the prediction of the next segment. For the 5% 
of transitions occurred in corners, the rate of correct predictions was between 70% and 
80%. In Krumm’s (2008) work, the focus of his model is in predicting short-term, i.e., 
only next segments, instead destination prediction. His model uses Markov model for 
prediction, and after observing the last 10 segments traveled by a user, it is possible to 
predict the next one with 90% accuracy. For predicting the next 10 segments the accuracy 
rate decrease to 50%. In contrast with Krumm’s work, our model predict both route and 
destination, instead of only the next road segments. 
 Froehlich and Krumm (2008) use a closest match algorithm, that identifies the 
similarity between an ongoing route and a route performed in the past, and, if they are 
similar, the remaining path and destination are predicted. They do not use /(1&/(0)243#  
technique, which considerably increase the volume of data that they work. Tiwiri et al. 
(2012) use a similar methodology for predicting routes and destination as proposed by 
Froehlich and Krumm (2008). However, Tiwiri et al. (2012) perform map matching, and 
showed a reduction in the size of data worked, apart from a progress in the performance 
of the predictive algorithm. The works of Froehlich and Krumm (2008) and Tiwiri et al. 
(2012) have reached about 40% of accuracy rate in prediction. The PPM algorithm has 
already presented encouraging results in the work of Burbey and Martin (2008), which is 
also concerned with the prediction of future location. The training approach considers the 
time the users arrive at places, the amount of time they stay at those places, and their 
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current location. The results present 92% accuracy. A main difference between Burbey 
�D�Q�G�� �0�D�U�W�L�Q�� �������������� �Z�R�U�N�¶�V��and ours is that we consider route prediction, and uses 
automatic semantic identification of places. 
 Knowledge discovery techniques, such as association rules, have already been 
used as an approach to the prediction problem. When a vehicle starts to move, an 
association rule is obtained for the moving object (according to the streets it passes by). 
Then a pattern matching function searches for the set of segments of the path traveled in 
a paths tree. In Morzy (2006), a version of the Apriori algorithm is used to generate the 
association rules. Tanaka et al. (2009) present a hybrid method of predicting destination. 
Their hybrid method is capable of changing the approach to predicting the destination 
according to the type of road.  
 In location-aware systems, semantic information is the action of linking 
contextual data about geographical places with raw position data collected [Parent et al. 
2013]. Thus, a cluster where many geographic points are located can be useful for 
identifying pattern of displacements, but limited for identifying the reason why the person 
stays in such place. Thus, semantic information can enrich a trajectory with information 
such as name and type of place. Ying et al. (2011) are among the pioneers in considering 
semantic data for improving place prediction. The data that they collected are from both 
GPS and cell tower signals. For creating semantic tags, they populate the geographic 
semantic information database (GSID), which contains semantic information from 
Google Maps3. Their system comprises two modules: one offline, which is responsible 
for tagging the semantic locations; and another online, which is responsible for a real time 
location prediction. A limitation of this procedure relates to updating of the information. 
Ying et al. (2014) improved their previous work with item recommendations, i.e., when 
the system identifies that a person should stay in some place, it can suggests some items 
that are sold at that establishment. 
 Lung et al. (2014) developed a model for predicting destinations and for detecting 
the transportation mode. They use Google Maps API to search for a location, and enrich 
the trajectory. Their prediction model, which is based on Hidden Markov Model, was 
tested with real world data, and an accuracy rate of 68.3% was obtained for identifying 
the next location. Cao et al. (2010) proposed a model that first identifies the stay points. 
When the object remains stationary for a long period of time at the same place, a stay 
point can be identified. Then, they try to tag that place retrieving the name and type of 
place from the Yellow Pages. They do not perform location prediction, but they create a 
ranking for the most visited locations. 
 Our work differs from works that only use geographical information because we 
also consider semantic information for enriching the trajectories. We are not only 
interested in identifying the patterns of movements, but also in understanding the reason 
why the user is at a certain place. The difference between our work and the work of Ying 
et al. (2014) and Lung et al. (2014) is that we predict not only destination, but also the 
route user will pass. 
 Table 1 demonstrates the works most related to ours, and summarizes them by the 
following features: if the type of place is automatically identified; whether both route and 

                                                 
3 https://www.google.com.br/maps 

Proceedings XVI GEOINFO, November 29th to December 2nd, 2015, Campos do Jordão, Brazil. p 80-91.

83



  

destination (or place) are predicted (or one of them); the method applied for route and 
destination prediction; the accuracy rate. Each line represents one work analyzed. 

Table 1: Summary of works most related to ours 

Authors Identify type 
of place 
auto? 

Route and 
Destination 
Predition? 

Method for Prediction Accuracy 
Rate 

Simmons et al. (2006) No Both Hidden Markov Model 95% / 70-80% 

Krumm (2008) No Segment Markov Model 90% 

Burbey and Martin 
(2008) 

No Place / 
Destination 

PPM 92% 

Tiwari et al. (2012) No Both Closest Match Algorithm 40% 

Mazhelis (2011) No Both Longest Common 
Subsequence 

87% 

Ying et al. (2011) Yes Place / 
Destination 

Partial Matching and 
Longest Common 

Sequence 

53% - 68% 

Monreale et al. (2009) No Place / 
Destination 

Prefix Tree Pattern 
Matching 

~54% 

Froehlich and 
Krumm (2008) 

No Place / 
Destination 

Closest Match Algorithm 40% 

Lung et al. (2014) Yes Place / 
Destination 

Hidden Markov Model 68.3% 

It can be noticed that a few works draw attention to join semantic information with 
geographic location. Most of the papers that we encountered in the literature only consider 
geographical information for predicting route and destination. The exploration of 
geographic semantic information can be an important feature to improve the prediction. 

3. The PredRoute Prediction Model 
This section describes our predictive model. First, we formally introduce important 
concepts used along this paper: !"#$%, &'!$(')* !"#$%, !%+'(,(,-* !"#$%.* /$'0* &"(,$.*
1",$%2$#')*(,3"!+'$(",*and*$!'4%1$"!0*+"5%). These definitions are stated below. 

�x A !"#$% 6 comprises a sequence of segments 789.8: .8; ���«���6, .* ,*<*=>, i.e., *6*?*
789.8: .8; ���«���6, >, with ,*<*= and 8( representing the ($@ road segment of a route; 

�x Each !"'5* /%-+%,$, or just /%-+%,$, has exactly two geographic points 
7A(9.A(: .A(; ���«���3(B.*B*<*9*and*�����”���L���”���Q��, i.e., 8(*?*7A(9.A(: .A(; ���«�3(B>, with B*<*9, and 
A(B representing the B$@ point on the ($@ road segment. A point (2.*0) represents a 
geographic coordinate (latitude, longitude); 

�x A &'!$(')*!"#$% C represents a subset of segments of a route 6 (89.8: .8; ���«���6+ , �����”��
+*D*,), i.e., C*?*789.8: .8; ���«���6+>, with �����”���P�������QE*

�x A !%+'(,(,-*!"#$%*F (8+G9.8+G: ���«�6+G&.8, , �P�������S�����������”���Q) represents the predicted 
subset of segments to a certain destination, i.e., F*?*(8+G9.8+G: ���«���6+G&8, ), with +*
�����S�����������”���Q. Figure 1 depicts the concepts of !"#$%.*&'!$(')*!"#$%.*!%+'(,(,-*!"#$%*
and*!"'5*/%-+%,$/; 
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�x We consider many variables as contextual information, among them: day of the 
week of the departure, which is represented by an integer (0 = Sunday, 1 = 
Monday, ..., 6 = Saturday); the time interval of departure which is represented by 
an integer that corresponds to an interval i between two times (0 for 0 < i ≤ 1; 1 
for 1 < i ≤ 2; ...; 23 for 23 < i ≤ 24); origin and destination, which represents, 
respectively, the place of origin and the place of destination of a route; type of 
place, which represents the type of location that a user remains. The possible 
values for the variable type of place in our work are home, work, other, sports, 
education, leisure and unknown; 

�x A stay point, cluster or stop, is a geographic area which represents a place that a 
user spent a time interval greater than a threshold D. The value for D considered 
in our work is 10 minutes. For finding out the time interval that a user spent in a 
cluster, it is necessary that the GPS points are ordered by timestamp, and that the 
distance between consecutive points are less than X meters. The value for X 
considered in our work is 40 meters. Both values for D (10 minutes) and X (40 
meters) were empirically defined; 

�x A trajectory model comprises a list of road segments and contextual information. 

! "#"$%&'()*+),-$./$%0&+)01$20+*3)-4$

The Prediction by Partial Matching (PPM) algorithm is a sophisticated method for data 
compression based on statistical models, and is among the most efficient techniques 
concerned with compression without loss of information [Salomon 2004]. The key idea 
of this method is the use of an adaptive symbolic model in a finite context. That is, a 
probability is assigned to a symbol not based on its frequency in the information source, 
but on its frequency in the context formed by the last n characters. For each order of, there 
is a table of symbols, which is updated for each new symbol codified. 
 PPM has some features which can be useful in classification and prediction tasks, 
since it has the capability of rapidly elaborating a symbols tree, adapted to the information 
source. The symbols tree is called a PPM symbols tree, or simply PPM tree. Further 
details about the behavior of PPM, including a step by step of an example and the creation 
of the PPM tree, can be found in Nobre Neto et al. (2015). Because of the features and 
behavior of PPM, we use it as the core of our model for predicting route and destination. 

                  Partial Route 
                  Remaining Path 

                  Route 

5,0($6'47'-+8  9,7' $

:,&; $

Figure 1: Definition of route (or trip), partial route, remaining path and road segments$
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3.2. Identifying Stay Points 
An important step of our predictive model is the process of identifying stay points 
automatically, which is based on !"#$%&'()* techniques. An stay point comprises a 
centroid point (latitude, longitude) and a radius of 40 meters, and it is created when the 
object remains stationary inside this area more than 10 minutes. The algorithm of 
identifying stay points proposed by this work is based on DBSCAN [Ester et al. 1996], a 
+&)$(%,-./$&+0algorithm for clustering spatial points [Tork 2012]. Algorithm 1 details the 
procedure for creating the stay points. The algorithm takes as input a list of users (line 2). 
For each user (line 6), the algorithm retrieves the set of GPS points ordered by timestamp, 
which represents the trajectories performed by that specific user (line 7). From those data, 
the clusters are extracted (line 8). For creating of stay points from GPS points, it is 
necessary that a user remains stationary for a minimum of 10 minutes, and the distance 
between the points may not be superior 40 meters. When the stay points are identified, 
they are associated with the current user (line 9). Then, based on the stay points recently 
created and on the set of GPS points, the algorithm calculates the routes performed by the 
user (line 10). Afterwards, the map matching procedure is performed, which associate a 
geographic point (latitude, longitude) with road segments (line 11). The advantage of 
doing map matching is that the data to be handled by our model is reduced [Tiwiri et al. 
2012]. The output of the algorithm is the same list of users, however containing 
information about their stay points and the routes performed (in terms of road segments). 

Algorithm 1: Procedure for spatial clustering creation  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

INPUT 
   users        // List of users for creating spatial clustering points 
OUTPUT 
   users         // List of users updated, with their respectively list of clusters 
METHOD 
   FOR EACH users as anUser DO 
        gpsPoints = anUser.getGpsPointsOrderedByTimestamp(); 
        clusters    =  extractClustersFromGpsPoints(gpsPoints); 
        anUser.clusters = clusters; 
        anUser.trips = extractTripsFromClustersAndGpsPoints(clusters, gpsPoints); 
        anUser.tipsRoad = mapMatchPointsRoad(anUser.trips); 
// End of FOR EACH 

 It is important to notice that our methodology for identifying stay points does not 
involve any procedure for identifying the type of place. Up to this moment, we just 
identify the length of time a user remains stationary in a stay point and the time the user 
reached the destination. Thus, we are dealing only with geographical data. 

3.3. Type of Places Identification 
 Our approach to automatically identifying type of places of the stay points is 
detailed in Algorithm 2. This algorithm takes as input a list of users with their respective 
stay points, as showed in the procedure of Algorithm 1 (line 2). For each stay point of 
each user (lines 6 and 7), the algorithm retrieves contextual information (the day of the 
week, the time interval and the length of time remained stationary in the stay point) (line 
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"#$!%&'()! '*+',(-.! /',012' / !345!6!""#$%& '$()%*)!+",-*.,(-% !-(7! +()/,($ 4#! -,'! 8(.1('!
9:',1'7!;8,! ,'0',/'!<'82871(< !+&'!/+-=!>81(+!62'(+,817!>81(+#)!<-+&',1(<!1(;8,?-+18(!-@8:+!
+&'!4A5/ !-,8:(7! 1+!6.1('/!BCDE#$!%&'!1(;8,?-+18(!28..'2+'7!8;!+&'!4A5/!1(2.:7'!+&'!(-?' )!
+=>'!8;!>.-2')!+&'!71/+-(2'!@'+F''(!+&'!/+-=!>81(+!-(7!+&'!4A5$!3;+',!+&-+)!+&'!-.<8,1+&?!
17'(+1;1'/!+&'!('-,'/+!4A5!-?8(<!+&'!+&,''! ,'+,1'0'7 !+8!+&'!/+-=!>81(+!6.1('!DG#$!%&'()!+&'!
+=>'!8;!4A5!1/!,'+,1'0'7)!-(7!?->>'7! +8!+&'!+=>'/!8;!.82-+18(!+&-+!8:,!?87'.!28(/17', / !
6.1('!DH#$!I8,!1(/+-(2')!1;!+&'!4A5!2&8/'(! F-/ !;,8?! +",-*.,(-%& /',012')!-(7!&1/!+=>'!1/!
0%*/(,-(1/ )!+&'(!8:,! 1(;','(2'!'(<1('!?1<&+ !17'(+1;1'/!F&'+&',!+&'!+=>'!8;!>.-2'!8;!+&'!
/+-=! >81(+! 1/! ;8,!2%3*,-%!8,! ;8,! 4"-5 $!%&'! 1(;','(2'! '(<1('! 28(/17',/! +&'! 28(+'*+:-.!
1(;8,?-+18(! ,'+,1'0'7! ,'.-+'7! +8! +&'! /+-=! >81(+!+&-+! +&'! >',/8(!,'?-1(/! /+-+18(-,= ! +8!
71/280',!+&'!+=>'!8;!>.-2'!6.1('!DH#$!A:,!1(;','(2'!>,82'7:,'! F8,J/! -/!;8..8F/K!

�x !"#$ )!1;!-!:/',!/>'(7/ !? 8,'!+&-(!DL!&8:,/!-+!-!BLM!8;!+&'!7-=/N!
�x %"&' )(1;!-!:/',!/>'(7/ !@'+F''(!/1*!-(7!'1<&+!&8:,/!-+!-!.82-+18()!-(7! +&','!-,'!

/8?' !7-=/!8;!+&'!F''J! +&-+!+&'!:/', !78'/!(8+!<8!+8!+&-+!>.-2'N!
�x )$*+,&$)(1;!-!:/',!<8'/!+8!-!>.-2'!+&-+!&'O/&'!78'/ !(8+!<8!;,'9:'(+ .=)!-(7!/>'(7/ !

@'+F''(! +F8!-(7! ;8:, !&8:,/N(
�x -."&/+ ���� �L�I�� �W�K�H�� �W�\�S�H�� �R�I�� �W�K�H�� �3�2�,�� �U�H�W�U�L�H�Y�H�G�� �L�V�� �U�H�O�D�W�H�G�� �Z�L�W�K�� �V�S�R�U�W�V�� ���V�X�F�K�� �D�V�� �³�J�\�P�´����

�³�V�R�F�F�H�U�´�����³�I�R�R�W�E�D�O�O�´#)!-(7!:/',!/>'(7/!@'+F''(!8('!-(7!+F8!&8:,/ N(
�x 01,23/*"4 )!1;!+&'!+=>'!8;!+&'!4A5! ,'+,1'0'7!1/! ,'.-+'7!F1+&! '7:2-+18(!6/:2&! -/!

�³�O�L�E�U�D�U�\�´���� �³�X�Q�L�Y�H�U�V�L�W�\�´���� �³�K�L�J�K�� �V�F�K�R�R�O�´��!)! -(7! :/',! />'(7/!@'+F''(!+F8!-(7! ;8:,!
&8:,/ !2',+-1(!7-=/!8;!+&'!F''JN (

�x 5/6$&)!F&'(!+&'!:/',!1/!/:>>8/'7!+8!@'!/8,+1(<!+&1(</!8:+!-(7!/>'(7/!@'+F''(!+'(!
-(7!/1*+=!?1(:+'/!-+!-!>.-2'N(

�x 74'4"849( 1;!(8('!8;!+&'!+=>'/ !8;!>.-2'! -@80'!&-/!822:,,'7$(

Algorithm 2: Procedure for automatically type  of places identification !

D!
E!
G!
H!
P!
Q!
R!
" !
B!
DL!
DD!
DE!
DG!
DH!
DP!

5S4T%!
!!!:/',/ !!!!!!!!OO!U1/+!8;!:/',/!F1+&!+&'1,!,'/>'2+10'.=!2.:/+',/!
AT%4T%!
!!!:/',/ !!!!!!!!!OO!U1/+!8;!:/',/!:>7-+'7)!F1+&!+&'1,!+&'!2.:/+',/!'(,12&'7!F1+&!/'?-(+12!
VW%XAY!
!!!IAZ!W3[X!:/',/!-/!-(T/',!YA !
!!!!!!!!!IAZ!W3[X!-(T/ ',$/+-=481(+!-/! /+-=481(+!YA!
!!!!!!!!!!!!5(;8!\!<'+[8(+'*+:-.5(;8,?-+18(6/+-=481(+#N!
!!!!!!!!!!!!2'(+,817481(+!\!<'+[.:/+',U82-+18(6/+-=481(+#N!
!!!!!!!!!!!!<88<.'5(;8!\!<'+]88<.'4.-2'5(;86 2'(+,817481(+#N!
!!!!!!!!!!!!;8:,/9:-,'5(;8!\!<'+I8:,/9:-,'5(;86 2'(+,817481(+#N!
!!!!!!!!!!!!;-2+:-.5(;8!\!<'+I-2+:-.5(;86 2'(+,817481(+#N!
!!!!!!!!!!!!/',012'[&8/'(!\!<'+S'-,'/+4A56<88<.'5(;8)!;8:,/9:-,'5(;8)!;-2+:-.5(;8#N !
!!!!!!!!!!!!/+-=481(+$>.-2'%=>'!\! 1(;',%=>'6/',012'[&8/'()! 1(;8)!2'(+,817481(+#N!
OO!W(7!8;!@8+&!IAZ!W3[X!

:; <;(=",/$(341(>$+/*43/*"4(?&$1*2/*"4(

%&1/!/'2+18(/!1/!71017'7!1(+8!+F8)!F&12&!7'/2,1@'/!+&'!7'+-1./!-@8:+!+&'!+,-1(1(<!-(7!+'/+1(<!
/+-<'$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4!&++>KOO;-2+:-.$28?O!
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!!

!"#"$"%&'()*)*+%,-(+. %

"#$!%&'()()*!+%'*$!,-)+(+%+!-.!,&$'%()*!-/&!0&$1(,%(2$!3-1$4!.-&!&-/%$!')1!1$+%()'%(-)!.-&!
$' ,#!0'&%(,(0')%!-.!%#$!$50$&(3$)%6!"#$&$.-&$7!%#$!0&$1(,%(2$!3-1$4!-.! '! *(2$)! /+$&! (+!
0$&+-)'4(8$17!%#'%!(+7!(%!9(44!)-%!:$! ().4/$),$1!:;!%#$!%&'<$,%-&($+!0$&.-&3$1!:;! ')-%#$&!
/+$&6!

! "#$!0&-,$1/&$!.-&!%&'()()*!-/&!0&$1(,%(2$!3-1$4!(+!0&$+$)%$1!()!=4*-&(%#3!>6!"#$!
'4*-&(%#3!%'?$+!'+!()0/%!'!4(+%!-.!/+$&+7!9#(,#!,-)%'()+ !().-&3'%(-)!':-/%!1(+04',$3$)%+7!
+%';!0-()%+!2(+(%$1!:;!%#$!/+$&+!')1! /+$&!(1$)%(.(,'%(-)!@4()$!AB6!"#$!-/%0/%!-.!%#$!'4*-&(%#3!
(+!'!4(+%!-.!/+$&+!9(%#!%#$(&!&$+0$,%(2$4;!%&'<$,%-&;!3-1$4+!,&$'%$1!@4()$!CB6!D$*'&1()*!%#$!
$5$,/%(-)!-.!%#$!'4*-&(%#37!.-&!$',#!3'0!3'%,#$1!&-/%$!@'%!%#(+!3-3$)%!'!&-/%$!(+!'!4(+%!
-.!&-'1!+$*3$)%+B!.&-3!$',#!/+$&!@4()$+!E!')1!FB7!%#$!$5',%!4-,'%(-)!')1!&-'1!+$*3$)%+!-.!
-&(*()!')1!1$+%()'%(-)!'&$!*'%#$&$1!@4()$!GB6!"#$)7!,-)%$5%/'4!().-&3'%(-)!(+!&$%&($2$1!.&-3 !
%#$!&-/%$7!9#(,#!'&$!%#$!1';!-.!%#$!9$$?7!%#$!%(3$!()%$&2'4!-.!1$0'&%/&$!')1!%#$!%;0$!-.!
4-,'%(-)!-.! %#$!-&(*()! ')1!1$+%()'%(-)!-.! +%';!0-()%+!@4()$!HB6!I/,#! &-/%$!().-&3'%(-)!(+!
%#$)!/+$1!%-!,&$'%$!%#$!JJK!%&$$!@4()$!LMB6!"#$!)$5%!+%$0!@4()$!LLB!,-)+(+%+!-.!,&$'%()*!'!
%&'<$,%-&;!3-1$4!.&-3!'44!-.!%#$+$!().-&3'%(-)!,'0%/&$1!:$%9$$)!4()$+!G!')1!LM6!N.!%#(+!
%&'<$,%-&;!3-1$4!'4&$'1;!$5(+%+!@(6$67!%#$!3-1$4!#'+!'4&$'1;!+%-&$1!%#(+!%&'<$,%-&;B7!%#$)!'!
,-/)%$&!(+!(),&$3$)%$1!@4()$+!LA!')1!L>B6!"#(+!,')!-,,/&! ()!,'+$!-. !'!/+$&!#'+!+$2$&'4!$O/'4!
1(+04',$3$)%+7!+/,#!'+!#-3$!%-!9-&?6!P%#$&9(+$7!%#$!%&'<$,%-&;!3-1$4!(+!+%-&$1!.-&!%#$!
.(&+%!%(3$!@4()$+!LC!')1!LQB6!

Algorithm 3: Procedure for training stage !

L!
A!
>!
C!
Q!
E!
F!
G!
H!
LM!
LL!
LA!
L>!
LC!
LQ!
LE!

NRJS"!
!!!/+$&+!!!!!!!!TT!U(+%!-.!/+$&+!.-&!,&$'%()*!+0'%('4!,4/+%$&()*!0-()%+!
PS"JS" !
!!!/+$&+!!!!!!!!!TT!U(+%!-.!/+$&+!/01'%$17!9(%#!%#$(&!&$+0$,%(2$4;!%&'<$,%-&;!3-1$4+!
KV"WPX !
!!!YPD!V=ZW!/+$&+!'+!')S+$&!XP!
!!!!!!YPD!V=ZW!')S+$&6%&(0D-'1!'+!&-/%$!XP!
!!!!!!!!!JPN+!!!![!! *$%P&(*()=)1X$+%()'%(-)U-,'%(-)@&-/%$B\!
!!!!!!!!!,-)%$5%/'4N).-![!*$%Z-)%$5%/'4N).-&3'%(-)@&-/%$B\!
!!!!!!!!!003]%&$$![!&-/%$"-JJK"&$$@&-/%$B\!
!!!!!!!!!%&'<$,%]3-1$4![!,&$'%$K-1$4@JPN+7!,-)%$5%/'4N).-7!003]%&$$B\!
!!!!!!!!!NY!@')S+$&6$5(+%"&'<$,%-&;@%&'<$,%]3-1$4BB!"WVR!
!!!!!!!!!!!!!!!')S+$&6(),&$3$)%Z-/)%@%&'<$,%]3-1$4B\!
!!!!!!!!!VUIV!
!!!!!!!!!!!!!!!')S+$&6+%-&$@%&'<$,%]3-1$4B\!
TT!V)1!-.!:-%#!YPD!V=ZW!

!"#"/"%&.0-)*+%,-(+.%

"#$! %$+%()*! +%'*$! ,-)+(+%+! ()! -:%'()()*! %#$! &'%$+! -.! ,-&&$,%! 0&$1(,%(-)+! -.! %#$! /+$&+!
1$+%()'%(-)!')1!&-/%$7!.&-3!%#$!3-3$)%!%#$(&!%&(0!+%'&%+6!=!%$+%!()!%#$!,-)%$5%!-.!-/&!9-&?!
(+!%-!0&$1(,%!%#$!*$-*&'0#(,!1$+%()'%(-)!')1!&-/%$!-.!'!/+$&!-)*-()*!1(+04',$3$)%7!')1!%-!
0&$1(,%!%#$!%;0$!-.!04',$!%#'%!'!/+$&!(+!*-()*6 !"#$!&-/%$+!/+$1!()!%#$!%&'()()*!+%'*$!'&$!)-%!
/+$1!()!%#$!%$+%()*!+%'*$6!"#$&$.-&$7!9$!'004;!,&-++]2'4(1'%(-)!()!-/&!%$+%+7!0'&%(%(-)()*!
%#$!,-&0/+!-.!&-/%$+!.-&!%&'()()*!%-!%#$!,-&0/+!-.!&-/%$+!.-&!%$+%()*6!

! =4*-&(%#3!C!1$%'(4+!%#$!0&-,$1/&$!.-&!$5$,/%()*!%$+%+6!"#$!'4*-&(%#3!%'?$+!'+!()0/%!
%#$! -:<$,%! /+$&7!%#$!4(+%!-.!^JI!0-()%+! '4-)*!9(%#!%(3$+%'30! -.! ')! -)*-()*!&-/%$! ')1!
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! !

"#$%&'%()*!+$,#-.)%+#$/!01+"1!)-&!2)3!#,!%1&!0&&4/!%35&!#,!6%)3!5#+$%!#,!%1&!#-+7+$!)$2!
#-+7+$/! 8*+$&6! 9:;<=!>+-6%/! %1&! )*7#-+%1.! -&%-+&?&6! %-)@&"%#-3! .#2&*6! %1)%! 1)?&! 6+.+*)-!
"#$%&'%()*!+$,#-.)%+#$!0+%1!%1&!#$7#+$7! -#(%&/!6("1! )6!%1&!2)3!#,!%1&!0&&4/!%1&!%+.&!
+$%&-?)*!#,!2&5)-%(-&/!%1&!6%)3!5#+$%!#,!2&5)-%(-&!)$2!%1&!%35&!#,!%1&!6%)3!5#+$%!#,!%1&!#-+7+$!
8*+$&!A<=!B1&$/!%1&!)*7#-+%1.!5&-,#-.6!)!.)5!.)%"1+$7!0+%1!%1&!*+6%!#,!CDE!5#+$%6!#,!%-+5!
8*+$&!FG<=!B1&!-#(%&!5&-,#-.&2!6#!,)-!+6!"#.5-&66&2!0+%1!)**!DDH!%-&&6!#,!%1&!-&%-+&?&2!
%-)@&"%#-+&6! .#2&*! 8*+$&! F9</!+$! #-2&-! %#! #I%)+$! %1&! %-)@&"%#-3! .#2&*! 0+%1! %1&! I&6%!
"#.5-&66+#$!-)%+#!8*+$&6!FJ:FK<=!B1&!"#.5-&66+#$!7&$&-)%&6!)!L#.5-&66+#$!M)%&!8LM</!
01+"1!+6!%1&!2+?+6+#$!#,!%1&!"*&)$!,+*&!0+%1!%1&!"#2+,+&2!,+*&=!N#I-&!N&%#!&%!)*=!89GFK<!
5-#?+2&6!,(-%1&-!2&%)+*6!)I#(%!%1+6!"#.5-&66+#$!-)%&=!B1&!#(%5(%!#,!%1+6!)*7#-+%1.!+6!%1&!
I&6%!6&*&"%&2!%-)@&"%#-3!.#2&*!,#-!%1&!#$7#+$7!%-+5/!01+"1!"#$%)+$6!+$,#-.)%+#$!)I#(%!%1&!
-&.)+$+$7!5)%1!8-#)2!6&7.&$%6</!%1&!2&6%+$)%+#$!)$2!%1&!6%)3!5#+$%!#,!2&6%+$)%+#$!8*+$&!O<=!
B1(6/!0+%1!%1+6!+$,#-.)%+#$/!0&!5-#?+2&!,#-!%1&!,+$)*!(6&-!%1&!6%)3!5#+$%!)$2!%1&!%35&!#,!
%1&!6%)3!5#+$%!%1)%!1&!#-!61&!+6!7#+$7/!I&6+2&6!%1&!-#(%&!%1)%!0+**!I&!5&-,#-.&2=!

Algorithm 4: Procedure for testing stage !

F!
9!
J!
; !
K!
O!
P!
Q!
A!
FG!
FF!
F9!
FJ!
F; !
FK!
FO!

RNDSB!
!!!(6&-!!!!!!!!!TT!S6&-!%1)%!+6!)$!#$7#+$7!-#(%&!
!!!%-+5!!!!!!!TT!U+6%!#,!CDE!5#+$%6!)*#$7!0+%1!%+.&6%).5!+$,#!#,!)$!#$7#+$7!%-+5!
!!!"#$%&'%()*R$,#!TT!L#$%&'%()*!+$,#-.)%+#$V!2)3!#,!0&&4/!%35&!#,!5*)"&!#-+7+$/!#-+7+$!
WSBDSB!
!!!6&*&"%&2:%-)@&"%#-3:.#2&*!!!TT!X!%-)@&"%#-3:.#2&*!5-&2+"%&2!
HYBZW[ !
!!!.)' :"#.5-&66+#$:-)%&!\!:F!
!!!%-)@&"%#-+&6:. #2&*!\!(6&-=7&%B-)@&"%#-+&6H#2&*8%-+5/!"#$%&'%()*R$,#<]!
!!!-#(%&H)5H)%"1&2!\!.)5H)%"1D#+$%6M#)28%-+5<]!
!!!>WM!YXLZ!%-)@&"%#-+&6:.#2&*!)6!)H#2&*![W !
!!!!!!!!"(-- :"#.5 :-)%&!\!"#.5-&668)H#2&*/!-#(%&H)5H)%"1&2<]!
!!!!!!!!R>!8"(-:"#.5 :-)%&!^!.)' :"#.5-&66+#$:-)%&<!BZYN!
!!!!!!!!!!!!!!.)' :"#.5-&66+#$:-)%&!\!"(-:"#.5-&66+#$:-)%&!
!!!!!!!!!!!!!!6&*&"%&2:%-)@&"%#-3:.#2&*!\!)H#2&*!
TT!Y$2!#,!>WM!YXLZ!

!"#$%&'()*'+,-.#$/-.0-,)1+ #

B1+6!6&"%+#$6!&'5*)+$6!%1&!2)%)!6&*&"%&2! ,#-!%1&!%&6%+$7!6%)7&/! )$2!5-&6&$%6!%1&! -&6(*%6!
#I%)+$&2!,-#.!#(-!.#2&*= !

!"2"#3-,-#4'.'5,)1+ #

B1&!2)%)!(6&2!+$!%1+6!0#-4!0&-&!#I%)+$&2!,-#.!5&#5*&!*+?+$7!+$!%1&!"+%+&6!#,!_#`#!D&66#)!
)$2!L).5+$)!C-)$2&/!I#%1!+$!%1&!E%)%&!#,!D)-)aI)!8b-)c+*<=!d&!6&*&"%&2!&+71%!5)-%+"+5)$%6!
,#-! +$6%)**+$7! +$%#! %1&+-!!"#$%&'()*! ! )$! )55*+")%+#$! ,#-! ")5%(-+$7! %1&+-! 5#6+%+#$=! B1&!
)55*+")%+#$!")$ !(6&!I#%1!0+-&*&66!$&%0#-4!)$2!CDE!2&?+"&!#,!%1&!!"#$%&'()* =!R,!)!(6&-!+6!
*#")%&2!+$!)$!+$2##-!5*)"&/!01+"1!5#66&66!d+:>+/!%1&$!%1+6!%35&!#,!-&6#(-"&!+6!(6&2!,#-!
7)%1&-+$7! %1&! *#")%+#$=! R$! )$! #(%2##-! *#")%+#$/!%1&!JC! 8+,! &$)I*&2<! #-!CDE! 2&?+"&!#,!
!"#$%&'()*+0)6!(6&2=!B1&!5)-%+"+5)$%6!0&-&!#-+&$%&2!%#!*&%!%1&!)55*+")%+#$!&'&"(%+$7/!
6+$"&!+%!")$!6&$2!2)%)!%#!%1&!6&-?&-!)(%#.)%+")**3=!H #-&!%1)$!JGG=GGG!CDE!5#+$%6!0&-&!
"#**&"%&2!,-#.!%1&!!"#$%&'()*! !#,!%1&!5)-%+"+5)$%6/!01+"1!-&5-&6&$%6!)!%#%)*!#,!FKO!-#(%&6=!
B1(6/!)$!)?&-)7&!#,!FA=K!-#(%&6!5&-!(6&-!0&-&!7&$&-)%&2=!B1&!2)%)!0&-&!"#**&"%&2!,#-!(6&-6!
%1)%!5#66&66!"#.5*&%&*3!2+,,&-&$%!1)I+%6/!2(-+$7!#$&!.#$%1=!
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!!

!"#"$%&'()*'$

"#!$%&'()&%*!(&!#%+'()&!,-.-/0!+1)##2345(*4'()&!6789!):!*4'4! :)1! '14(&(&;!4&*!<89!:)1!
'%#'(&;=!>4#!?%1:)1$%*!(&!'@(#!>)1A-!B1)$!'@%!1)C'%!')!D%!'%#'%*0!)C1!$)*%5!*%1(3%#!'@1%%!
&%>!)&%#0!'@%!:(1#'!>('@!<E9!):!'@%!1)C'%0!'@%!#%+)&*!>('@!E89!4&*!'@%!'@(1*!>('@!FE9-!
G@(#!(#!($?)1'4&'!:)1!*(#+)3%1(&;!(:!'@%!?1%*(+'()&!4++C14+H!(&+1%4#%#!)1!1%$4(&#!'@%!#4$%!
>@%&!'@%!1)C'%!(#!;%''(&;!&%41!:1)$!*%#'(&4'()&-!

! G4D5%!<!#C$$41(I%#!'@%!1%#C5'#!)D'4(&%*-!G@%1%!41%!'>)!1%#C5'#!+)&#(*%1%*!(&!'@(#!
>)1AJ!)&%!4D)C'!1)C'%!4&*!*%#'(&4'()&!?1%*(+'()&!6KLM=0!>@(+@!+)&#(*%1#!)&5H!;%);14?@(+!
$)3%$%&'#N!4&*!'@%!)'@%1!'@4'!(#!'H?%!):!?54+%!?1%*(+'()&!6GMM=0!>@(+@!+)&#(*%1#!#%$4&'(+!
(&:)1$4'()&-!B)1!%4+@!1%#C5'0! '@%1%!41%! '@1%%!+)5C$&#0!1%?1%#%&'(&;! '@%!?1);1%##! ):! '@%!
1)C'%! ')!D%! '%#'%*-!O('@!<E9! ):! '@%!1)C'%!?%1:)1$%*0! '@%!4++C14+H!14'%! :)1!KLM! >4#!
,7-/ 90!>@(5%!GMM!@43%!P8-Q9!):!+)11%+'!14'%-!G%#'(&;!E89!):!'@%!1)C'%0!'@%!4++C14+H!14'%!
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Table 1: Accuracy  rate according to the percentage of an ongoing partial route  
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