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Trajectory database (TJDB)
} Consists movement information of the objects in 

questions.
} Can answer questions like where was object o at time t ?



Meetings in trajectory database (TJDB)
} Interactions between tracked objects

} Meetings of service boats and cargo ships
} If unscheduled, what might they be doing ???

} Meetings of wild animals
} Meetings of Felonys (past convicted criminals)

} What might they be planning ? 



Meetings in trajectory database (TJDB)
} Place and time of such interactions

} When and where did the police ships and fire-fighting ships 
meet (incidents occurred) ? 

} When and where did the animals roam ? 
} Any changes in the past years ?
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Where (and when) did it loiter ?

Places of Interest
(POI)

Or the place it stops for a while without moving

t3 - t8

t20 – t28

t35 – t43



A “meeting” – where and when ?

t20 – t28

t20 – t28

t35 – t43



A “meeting” – where and when ?

Meeting (of 3)

t20 – t28

t20 – t28

t20 – t28

t35 – t43t45 – t48



A “meeting” – where and when ?

t20 – t28

Meeting place

Meeting time

Meeting members : 



MEeting of Moving Objects (MEMO)
} A group of moving objects M forms a MEMO when : 

} M has at least m members
} All members of M stay in a circle with radius not larger than r
} For a duration of at least w



Apriori properties of MEMOs
} Each subset O’ of a set of objects O that forms a MEMO 

during interval I also forms a MEMO during I.
} In addition, if a set of object O forms a MEMO during interval 

I, O also forms MEMOs during any sub-interval I’ of I. 

} {o1, o2, o3, o4} forms a MEMO in 
[t 1, t3]

} {o1, o2, o3}, {o1, o2, o4}, {o1, o3, o4} 
and {o2, o3, o4} also form MEMOs 
in [t1, t3].



Closed MEMO
} A MEMO M is a closed iff : 

} there is no MEMOM’ covering all its members and life-span.

} {o1, o2, o3, o4} forms a closed 
MEMO in [t1, t3]

} {o1, o2, o3}, {o1, o2, o4}, {o1, o3, 
o4} and {o2, o3, o4} does not 
form closed MEMOs.
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The search space
} For a TJDB and given parameters : m, r and w : 

} Check each set of objects O’ in O, having at least m members 
} if they stay in a circular area of radius r’ not larger than r
} during time-frame [t s, t e] , which is longer than w. 

} For each MEMO M found, check if it is closed :
} Check if there is another MEMO M’ that covers M.



Recall the example

t20 – t28

t20 – t28

t20 – t28

t35 – t43t45 – t48



A-Miner *
} Apriori-based MEMO Miner 

(A-Miner) starts with POIs 
of individual objects

} Build MEMO with 2 
members

{      } {      } {      }

{     ,     }

t35 – t43

t20 – t28

t3 – t8
t45 – t48

t20 – t28

t35 – t43

t20 – t28

t3 – t8

t20 – t28

* Adapted from the classic Apriori frequent item set mining algorithm by Agrawal 
and Srikant (1994)



Euclidean Messenger Boy (EMB) 
Algorithm*

} Calculates the Meeting 
Place 
} By expanding the circle 
} To accommodate all points 

the objects visited during 
specific interval I.

} The radius r’ of the circle 
is checked against user-
given parameter : r

* By Elzinga and Hearn (1972)
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A-Miner *
} Apriori-based MEMO Miner 

(A-Miner) starts with POIs 
of individual objects

} Build MEMO with 2 
members

} Build MEMO with 3 
members

{      } {      } {      }

{     ,     } {    ,     } {    ,     }

t35 – t43

t20 – t28

t3 – t8
t45 – t48

t20 – t28

t35 – t43

t20 – t28

t3 – t8

t20 – t28 t20 – t28 t20 – t28

{     ,      ,     }

t20 – t28

* Adapted from the classic Apriori frequent item set mining algorithm by Agrawal 
and Srikant (1994)



Optimizations to A-Miner
} Eliminating redundant checks of MEMOs at the level k + 

1 by : 
} Introducing a total-order among objects to sort sets of objects 

and
} Checking k – 1 prefixes of MEMOs at the level k.

} Reduces the number of EMB processing by : 
} Sorting the MEMOs at level k in temporal order and 

performing a sort-merge-join on them to determine the 
intervals MEMOs at level k + 1 possibly form.

} Introducing an Incremental version of EMB algorithm.



E-Miner *
} ECLAT-based MEMO Miner 

(E-Miner) :
} Limits the memory 

requirement of A-Miner
} Enable to parallel processing.

* Based on the concept of Equivalent CLAss Transformation (ECLAT) by Zaki 
(2000)

{      } {      } {      }

{     ,     } {    ,     } {    ,     }

{     ,      ,     }



E-Miner *
} ECLAT-based MEMO Miner 

(E-Miner) :
} Limits the memory 

requirement of A-Miner
} Enable to parallel processing.

} By (recursively) dividing the 
lattice into non-overlapping 
parts that can be processed 
independently. 

* Based on the concept of Equivalent CLAss Transformation (ECLAT) by Zaki 
(2000)

{      } {      } {      }

{     ,     } {    ,     } {    ,     }

{     ,      ,     }



Recall EMB Algorithm *
} Calculates the Meeting 

Place 
} By expanding the circle 
} To accommodate all points 

the objects visited during 
specific interval I.

} The radius r’ of the circle 
is checked against user-
given parameter : r

* By Elzinga and Hearn (1972)



FAR-Miner
} If a set of point P is covered by a minimum covering 

circle C, whose radius is r(C) ! r , then two points p, q in 
P cannot be further apart than 2r . 
} Checking distance is less expensive compared to calculating 

minimum covering circles.

Some combinations not shown in the diagram for clarity

Potential MEMO (to verify)



FAR-Miner
} Filter-And-Refinement MEMO Miner employs a filtering 

step that finds all potential-MEMOs, where no two place 
(point) member objects visited are further apart than 2r .

} Each potential-MEMO are exposed to a verification 
step that actually builds the minimum covering circle to 
verify actual formation of a MEMO.



CS-Miner *
} Its performance has never been evaluated.
} A geometric algorithm

} Involves rotating circles around the points and checks
} Impossible to implement on digital computers

} We implement it by rotating in steps
} Introduces inaccuracy (missing results too) !!!

* Based on the discussion by Gudmundsson et al (2004)
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Datasets
Name No. of 

Objects
Covers No. of 

Records

Statefair 19 3hr 17K+

Orlando 41 14hr 133K+

New York 39 22hr 118K+

NCSU 35 21hr 128K+

KAIST 92 23hr 404K+

SF-Cab21 482 8hr 1.1M+

SF-Cab22 477 8hr 1.2M+

Note : Parameters are chosen intuitively



Performance



Performance
Dataset Filtering 

(seconds)
Verification

(seconds)
Total 

(seconds)
No of 

MEMOs
No of 

potential 
MEMOs

Statefair 0.2 0.2 0.4 5 3

Orlando 1.2 0.6 1.8 15 18

New York 17.5 284.1 301.6 16 19

NCSU 6.2 452.1 458.3 48 64

KAIST 9.9 356.6 365.5 126 182

SF-Cab21 18.4 3110.3 3128.7 561 1230

SF-Cab22 19.8 1139.8 1159.6 10 129

Lion-share of 
processing time



No of MEMOs found
Dataset A-Miner, E-Miner and FAR- Miner CS-Miner

Statefair 5 5

Orlando 15 15

New York 16 16

NCSU 48 46

KAIST 126 123123



More on performance

Impact on algorithms by the number of objects in the datasets (KAIST and SF-
Cab21)



More on performance

Impact on algorithms by the parameter r in the datasets (New York and KAIST)



More on performance

Impact on algorithms by the parameter w in the datasets (New York and 
KAIST)
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Conclusions
} MEeting of Moving Objects (MEMO) is an interesting  

pattern we can discover in TraJectory DataBases (TJDB).
} A-Miner performs better than the existing algorithm, CS-

Miner,  in real-life datasets.
} E-Miner limits the memory requirement of A-Miner and 

enable multi-thread solution
} FAR-Miner performs best in many scenarios



Thank You

Q & A


