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Abstract Y\/

In the last few years, RFID is commonly used in many related fields{of service
application and new study as one of the significant techn ical ad s, such as
science manufacturing, logistics transportation, traffic ent, | mformatlon,
and so on. Those intelligent and automatic innovatiye, pkoducts gradwall ake the place of
manpower. Due to low cost and remote auto |@ dentificgtiop * advantages, RFID

technology seems to be a popular current trend. In P databas re is a vast number of
RFID trajectory data with the spatial-temporal{characteristi ow to extract the traveling

partners from these data is a difficult prom solvmg t icult problem, we proposed

an algorithm called MTP to dlscover |ng rs from RFID database, it uses a

intersecting method to mine movmg ts wi x g together in a period of time.
es

Meanwhile, we analyze the perfor MTP ult of our experiment demonstrate
that the MTP algorithm is sunﬂ the tr ng partners.

Keywords: radio freque |dent|f|c§@lD trajectory data, traveling partners, MTP

algorithm %

1 Introductlo%

In recent an increase in the location-aware devices (e.g., RFID, GPS,
and so on) an eless c&maﬂon networks. This has led to a large amount of trajectory
data capturlng the nt of animals, vehicles, and people [1]. Radio Frequency
Identification (RFI rFzTechnology of automatic object identification that uses radio waves
to transfer data fr@ electronic tag, called RFID tag or label, attached to an object through
a reader for the puipose of identifying and tracking the object [2]. As the rapid development
of RFID s of wireless sensor devices and positioning equipment have been widely
used s scientific research, logistics management, traffic management, medical

n, tracking management and security monitoring [3], because the low cost and
e@ oyment of RFID technology, it gets more people favor [4]. As RFID technology
ma widely deployed RFID devices produce large amounts of RFID trajectory data every
day, how to effectively and efficiently extract important information for us from these RFID
trajectory data in RFID database becomes extremely important.

In these information, people greatly concerns about the moving object groups with moving
together in the existing life, called traveling partners, such as batches of goods movement and
trend in the modern logistics system, the species migration paths in scientist’s study, and so
on. These existence methods such as flock method, but it limits the shape of moving object
group is circular, and it is oversensitive for its radius parameter [5]; the model of Swarm is
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based on the concept of frequent itemsets, it is difficult to detect the large size of frequent
itemsets and is difficult for large data sets [6] in space and time are too large, so this method
cannot be directly used in RFID trajectory data that are such incremental data. This paper
studied the moving object group with moving together in the RFID database, and proposed a
discovery problem of the traveling partners. We can cluster the RFID trajectory data to
produce sub-trajectory clusters by using a sub-trajectory distance measure method, and
discovery the traveling partners by intersecting method. The discovery of traveling partners
has played a catalytic role in studying frequent path and its future movement trend for further
research.

2. Related Concepts

Raw RFID records is made up of triples in the form of <EPC, location, t|me>
%o

is the global unique electronic product code, location is the position of t at is
[‘ tr;9

reading the tag, time is time point of reading the tag by the reader. RFI ry data

\i«
Where L/ is the position of reader that is readlng‘h mocht at the j-th time

point. _ _ Q .
A sample RFID trajectory data in RFID‘d Is show ble 1.

Table 1. RFID Tr%‘@\y ii@tm Database

1

1.1
S = (LijL, ... Li..

1

stream is generated by m moving objects, it is defined as foII%
L

2
I TN I B

EPC \ 5 Yocation time
epcl I&% 9:00
epc2 9:00
epc3 \@1 9:00
epcéd \\\ N Aﬂ loc5 9:00
epQ loc3 9:00
O @ ;
epcl loc7 9:09
epc;{'\ loc8 9:09
epes N\ loc4 9:09
\%:4‘ loc2 9:09
£\ 8pc5 loc6 9:09
\./

won 1 (sub-trajectory). For EPC of moving object is n, setting L' is the position at

et so L'L"" is called sub-

i+1 7 n

time point of t, and L~ is the position at time point of t
trajectory. Shown in Figure 1, Is; and Is ; are both sub-trajectories.

Definition 2 (directly density-reachable). Let D be a sub-trajectories set at time interval,
¢ is the distance threshold of two sub-trajectories, x is the density threshold,
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N,(Is,) ={Is |Is « D and distance (Is,Is,) < ¢}.1f Is, e N _(Is;)and [N (Is,) [z « , thenIs .
is directly density-reachable from Is . .

Definition 3 (density-reachable). Let D be a sub-trajectories set at time interval, Is ; is
density-reachable from Is , if there is a chain of sub-trajectories Is,1Is,,Is,... ,Is , such that

Is, =1s,,Is, =Is, whilels, e D(1<k <n), Is,_, is directly density-reachable from Is  in

k+1

relationto ¢ and 4 .
Definition 4 (density-connected). Let D be a sub-trajectories set at time interval, Is ; and

Is, e D are density-connected in relation to & and 4 , if there is a sub-trajectory Is € D , Is ,

*
and Is, are both density-reachable from Is in relationto  and . . ‘\/

3. The Description of Method
*
3.1. The Process of Creating Sub-Trajectory Clusters \* @
With these following proposed concepts, we for ine raveling partners and the
candidate set of traveling partners based on RFID ap ions as S:

Definition 5 (traveling partners). For RF ajectory @t 5. be the scale threshold,
*
5, be the continuous threshold, the movi t set Ogsycalled traveling partners, it must be
satisfied as follows:

(1) when t > s, sub-trajectori s@ re gener%b}by members of the moving object set
h%tl:ik ti

O are connected to eac

ep
(2) The scale of the mov&object se @re thans, .

Definition 6 (the%Q te set o aveling partners). For RFID trajectory data, let 5, be

the scale thresholg the c threshold the candidate set of traveling partners C

(1) when t <5, , sub-t(aj&ctories that are generated by members of the candidate set of
traveling part:e@»are connected to each other at time period t;

(2) The scale candidate set of traveling partners C is more than &_.

Because Igorithm is based on a density clustering method, we should introduce the
dlstance e of sub-trajectory.

% n in Figure 1, Is, and Is , of sub-trajectories are generated by two moving objects
at

time interval, the distance of Is, and Is | is composed of the horizontal distance, the
vertical distance and the angular distance, as shown in Formula 1.

dis tan ce(ls;,Is ;) =d (Is;,Is ;) +d (Is;,Is;)+d, (s Is) (D)
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Where d  (Is ,Is ;) is the vertical distance between two sub-trajectories;

d,(Is,Is ;) is

the horizontal distance between two sub-trajectories; d,(Is;,Is ;) is the angular distance

between two sub-trajectories.

Figure 1. The DlstaQQ%ub tf@@orles
spe

Their definitions are shown in formul

d, (Is;,Is ;) = min( 1,1,) @ (2)
d,(Is,,1s ) = min( |3,|4)A \% 3
xSI@ - (4)

d,(s,,
léxw

Where @ is th er angle between two sub-trajectories.

trajectory data, distance threshold & , density threshold . .
. sub-trajectories cluster sc

Inp

(1) for all RFID trajectory data

(2) using RFID trajectory data to generate sub-trajectories set D

(3) all sub-trajectories in D are marked as “unvisited”

(4) do

(5) select randomly a sub-trajectory Is that is marked as “unvisited”
(6) Setting Is is marked as “visited”

(7) ifthereisat least x sub-trajectories in the ¢ -neighborhood of Is

AIg@F The creating algorithm of sub-trajectories cluster based RFID
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(8) then create a new sub-trajectories cluster sc

9 add Isto sc

(10) let N be sub-trajectories set in the ¢ -neighborhood of Is

(11) select Is'e N

(12) if Is' is marked as “unvisited”

(13) Is* is marked as “visited”

(14) if there is at least x sub-trajectories in the ¢ -neighborhood of Is*
(15) add these sub-trajectories to N

(16) if Is* is not a sub-trajectory member of any sub-trajectories cluster
17 add I1s' tosc

(18) if there is any “unvisited” sub-trajectory in N

(19) goto (11) \/
(20) output sc ?”
(21)  until all sub-trajectories are marked as “visited” 0

3.2. The Algorithm of MTP

Because RFID trajectory data are incremental, ip - de to eff m\@et moving objects
based RFID technology with moving together a I\wof time, we use a
intersecting method to solve the problem of e ICIGHC? scovermg the traveling

partners. The system is updating when the n ajectory coming, and then intersect
sub-trajectories corresponding moving om ith moyxing ®bjects in the stored candidate
set, so as to gradually get the result.

Closed property: In a candidat@avelmg \\es it is not necessary to intersect the

candidate with the rest of clusters; the,re%‘nore than scale (r) - s, moving objects

existing in the intersected cluster.

Proof: Since in ever ime, eve%%/ing object only generates a trajectory, it also
belongs to a clus Y ore th cale (r)- g, moving objects already exist in the
intersected cluster, t case, | @ ected result will be smaller than the scale threshold.

Definitlo clos |date of traveling partners). A traveling partner candidate
is a closed ¢ ate of Ing partners, if no candidate is existing that it contains the
traveling partner candi nd its continuous time is less than one of the traveling partner

candidate.

MTP aIgorith@rst processes the new incoming trajectory data to generate sub-

j i d initializes the temporary candidate set, using algorithm 1 to get sub-
rs (line 1-3). MTP algorithm checks the remaining scale of the candidate set,
d conditions, the algorithm will intersect candidate set with the set of moving
object t are corresponding new generated sub-trajectories clusters to improve candidate
s% 4-10), and then delete these intersected moving objects from candidate set (line 11).
Theesult of enough scale is stored into new candidate set (line 12). Those of enough
continuous time are reported as traveling partners (line 13). MTP algorithm always checks
whether it is exist a candidate set that contains same moving objects and lasts for longer time,
only those that pass the checking of closed property will be added new candidate (line 15-16).
Finally, the candidate set C is updated, and algorithm waits for processing the new incoming
trajectory data (line 17).

if it is

Copyright © 2014 SERSC 41



International Journal of Database Theory and Application
Vol.7, No.2 (2014)

Algorithm 2: the mining traveling partners algorithm (MTP)
Input: new RFID trajectory data, distance threshold ¢ , density threshold . , scale

threshold s_, continuous threshold s, the candidate set of traveling partners C

Output: traveling partners

Step:

(1) for each new incoming RFID trajectory data

(2) initialize the temporary candidate set C '

(3) using algorithm 1 to get new sub-trajectories clusters

(4) select randomly a candidate r; from C

(5) select a objects set from set of objects sets that generates sub-trajectories cluster

(6) if the scale of r;is less than the scale threshold s_, then delete it from C \/
(7) if C isnull, then break v
(8)  else goto (4) 0
(9) intersect r; with the select object set to get the new c%ate r, @
(10) the continuous time of r; plus this time is the co@u m%
(11) delete objects with the same one of r,’ fro@

es

d5,then dr'toc’

S

(12) ifthe scale of r,' is more than the scale thr

(13) if the continuous time of r,' is mor he co s threshold s, , then output

’%\

r,' as traveling partners
(14) repeat (5)-(13) until all sub-t %rles c e selected
(15) checking the closed pro e@ very sub- ctory
(16) ifitisclosed, then aw&
(A7) copyc'toC

4. Experiment rox ults y5|s

As collecting tra\o esin sﬁ@io f RFID real life is not easy, we process these related
experiments e perf of our algorithm on synthetic dataset. By comparing it
with TCMM ithm, %md the outstanding feature and advantages of our algorithm.
TCMM [7]is an incre clustering algorithm to cluster those trajectory data, it is fit for
comparing with our al m to prove the better performance of our algorithm.

Dataset: The s dataset contains 150 moving objects, they generate 30000 records.

Experiment Ertironments: The experiment was performed on a computer with Intel i3
Dual-Core .8GHz, and 2GB RAM. The operating system is Windows 7, all algorithms
are imple in C# on VS2008.

We@a test and evaluate the effectiveness of our algorithm, and we use the accuracy
r sure it. The accuracy rate is the percentage of the mining result of MTP over true
tr. g partners
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Figure 2. Effectiveness Comparison OE
In Figure 2, we can find that the performance of our m is @Iy better than
TCMM, the accuracy rate of MTP is more nearly 15% t M aBecalse TCMM uses a

representative line segment to measure the distance fetWeen sub-tgajec and the cluster of
sub-trajectories, it makes some sub-trajectories not adld ip’clusters:

Secondly, we test the efficiency of our algorithm, and we sise the parameter of execution
time to evaluate it. The result of efficiency e ent is sh’q@ Figure 3.
*

&Y \O

100

Accuracy rate

—— TCMM

12 18 24

E @number of RFID data (10°)
@@' Figure 3. Efficiency Comparison

higher effi . This is due to TCMM has more complicated calculation when seeking the
candidate raveling partners, it goes against quickly finding the result of experiment. In
adé ic@/e use the closed property to fast deal with those RFID data.

Figure 3 stws at MTP costs less time than TCMM, it illustrates MTP algorithm has a

5. Génclusion

Discovering the moving objects with moving together from RFID trajectory data in RFID
database is much difficult, and many existing methods cannot efficiently deal with these
RFID trajectory data. This paper proposed a suited RFID data method to find the traveling
partners those groups with moving together for solving the problem of discovering the
traveling partners. We proposed the mining the traveling partners algorithm (MTP) can
effectively and efficiently mining these partners. First, it is creating sub-trajectories clusters,
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and then intersecting candidates in the candidate set with moving objects which are
corresponded by sub-trajectories clusters, using closed property to reduce running time of our
algorithm, the algorithm can achieve the function of quickly obtaining these corresponding
results.

MTP algorithm can effectively and efficiently handle the problem of discovery the
traveling partners in RFID trajectory data. By comparing TCMM algorithms, we test and
verify the better performance of our algorithm. In the future work, we are ready to study
anomaly detection about the traveling partners, and apply to intrusion detection, anomaly
identification management and other practical scenario.
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