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Mining periodicity is an important but Directly applying FFT on movement is
challenging problem. sensitive to noise.
Periodicity is a very common phenomenon of moving objects. = <Each location (x,y) turns into complex number: x+yi or y+xi
Raw data of David’s movement Periodic behaviors oApply Discrete Founer Transform on the sequence
@ Periodic Behavior #1
2009-02-05 07:01 (601, 254) (Period: day; Time spa l"’/SLP‘ \m "
2009-02-05 09:14 (811, 60) 9:00-18:00 in the office
2009-02-05 10:58 (810, 55) 20:00-8:00 in the dorm
2009-02-05 14:29 (820, 100) . !’c chavior #2
2009-06-12 09:56 (110, 98) / s 00-18: 0{‘) n 1‘)‘1‘&;‘:‘;;&“@
2009-06-12 11:20 (101, 65) 20:00-7:30 in theiapartment
2009-06-12 20:08 (20,97) ® Periodic Behavior #3
2009-06-12 22:19 (15, 100) (Period: \week; Time span: Sept. - May),

13:00~15:00 Mon. and Wed. in theclassroom.
14:00~16:00 Tues. and Thurs. in the gym

multiple periods

Problem: Given a sequence of movement with constant time

(X,y) —pxtyi (x,y)=—>y+xi

gap, detect periods and corresponding behaviors. o ’ " No strong signal indicating the
e e L ’ @ 8 hours in hive periods. The method is sensitive to
T ko) 0 o o the random movement when the

6 hours fly nearb! ; . .
Table 1: A daily periodic behavior of David. Y Y bee is outside of the hive.

Finding reference spot(s) to observe the movement is essential to detect the periods.

inhive

Reference spots: frequently visited locations; should have high density.
o The movement is transformed into a binary sequence (in hive or outside
. hive).

) o The period in the binary sequence is easier to be detected.

Algorithm Periodica
Step 2: Summarize behaviors

Bottom-up hierarchical clustering
b The distance of behaviors are calculated usmg KL-divergence
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Experiments
A real bald eagle movement case A synthetic human movement case
data
3( = 20:00~8:00 at home reference spots
- Q’ ?pot ;63 9:00~14:00 at office on weekdays B TN il

15:00~17:00 at gym on Tues. &Thurs.
2 363 15:00~17:00 at class on Mon., Wed., & Fri.
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“This bald eagle stays in New York area (i.c., reference spot () Periodic behavior for 7' = 24 .
# 1) from December to March. In March, il flies to Greal spot period
£ Lakes area (i.c., reference spot #2) and stays there until the [
2 end of May. It flics to Quebee area (i.c., reference spot #3) o o Home |24
< in the summer and stays there until late September. Then it 3% e Office |24, 168
flies back to Great Lake again staying there from mid October § o4 ?
o to mid November and goes back to New York in December.” 02| Gym 168
oso B %0 120 150 180 210 240 270 300 3% 360
Day ° 12 24 36 48 60 72 Hi“ur 96 108 120 132 144 156 168 CIaSS 168

(b) Periodic behavior for 7' = 168.



