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Abstract: Smart phones, GPS equipped vehicles and wearable devices can generate a large number of trajectory data. These data can not
only describe the historical trajectory of moving objects, but also accurately reflect the characteristics of moving objects. The existing
trajectory prediction approaches have the following drawbacks: both prediction accuracy and efficiency cannot be guaranteed together,
effective trajectory prediction is limited to road-network constrained local spatial areas, and complex and large-scale location data are
difficult to process. Aiming to cope with the aforementioned problems, a prefix projection based trajectory prediction model targeting
massive trajectory data of moving objects is proposed by employing the basic idea of frequent sequential patterns discovery. The new
model, called PPTP (prefix projection based trajectory prediction model), includes two essential steps: (1) Discovering frequent trajectory
patterns by creating projected databases and iteratively mining frequent prefix trajectory patterns from projected databases; (2) Trajectory
matching by incrementally extending the postfix trajectory based on each frequent sequential pattern and outputting the longest
continuous trajectory that is greater than the threshold of minimum support count. The advantages of the proposed algorithm are that it
can generate long-term trajectory patterns via short frequent sequential patterns in an incremental manner, and it will not generate useless
candidate trajectory sequences in order to overcome the drawback of time-intensive in discovering frequent sequential patterns. Extensive
experiments are conducted on real large-scale trajectory data from multiple aspects, and the results show that PPTP algorithm has very
high trajectory prediction accuracy when comparing to 1st-order Markov chain prediction algorithm and the average improvement of
accuracy can reach to 39.8%. A generic trajectory prediction system is developed based on the proposed trajectory prediction model, and
the complete prediction trajectories are visualized in order to provide assistance for users in path planning.

Key words: trajectory prediction; prefix projection; frequent sequential patterns; trajectory matching; Markov chain
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Table 1 Example of trajectory sequences Table 2 Support counts of trajectory items
1 2
ID
1 (abde) a 6
2 (abdc) b 5
3 (acke) c 4
4 (bcadef) d 5
5 (dabce) e 5
6 (ebade) f 1
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: : : 1 by (d) )
, 2 . 3, 2 (aby <(ad) , (a
1 (b) . , 3 )
Table 3 Example of mining frequent trajectory sequences
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Fig.1 Example of trajectory prediction
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Fig.2 Architecture of trajectory prediction system
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1. 4 .
L ——PPTP.
t, n.

F<«—getPrefix(t[0]);
IF F=Q

THEN RETURN PPTP(t.suffix(1),n);
END IF
F'«J;

FOREACHTfINF
IF f.len<t.len+n
THEN CONTINUE;
END IF
i«-0;
WHILE i<t.len
IF f[i]'=t[i]
THEN BREAK;
END IF
i—i+1;
END WHILE
IF i=t.len
THEN F'.add(f);
END IF

. END FOR
. F'.sort();
. IFF'=g

THEN RETURN PPTP(t.suffix(1),n);

. END IF
. RETURN F'[0].get(t.len+n-1);
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Table 4 Parameter introduction of the proposed algorithm

4

S5 e~

© EEEERK T

http:// Www. jos. org. cn



1 ~ 4 t 1, getPrefix
, t 2 , PPTP ;6 ~ 20
AR f t !
, f; 11 ~ 16 fot ) ;
, , f © 22~ 24 F' , ,
PPTP  ; 25 PP
4.2
1, o(m"), ,m in
5.3 5
2 ~4 , ,
O(k), K
1 1 2 )
1) PPTP
) : 3 , 3 :
®) : PPTP
5
5.1
T-Driver
GPS , 10 357 1
15 000 000, 9 000 000km, 5.
Table 5 Description of experimental datasets
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Intel(R) Core(TM)2 Duo P8700 2.53GHz CPU,3GB , Windows 7.
, 1 [4](
22 J :
: ) PPTP
90% ) 10%
5.2

GPS ; ,

[21]

3051

© EEEERK T

2

http:// Www. jos. org. cn



3052 Journal of Software Vol.28, No.11, Novermber 2017

[2]
11( ). T={T1,Ts.... Tk}, P={P4,P,,...,P,}.k<n,dist(m,n)
m n 0 , dist(T;,P)<s ,
1, dist(T;,R) <o
H(T.R) = . (0. ) 3)
0, dist(T;,R)>¢o
12( )- T, P,
2 H(.P)
Accuracy =2 —— (4)
[P
Pl
5.3
3@ 3(b)
, ) Accuracy.
0.6 0.7
055 | —e—PPTP
—O—2nd-order Markov prediction 065 -
05 1 _a—1st-order Markov prediction 06 |
0.45 '
04 | 055 W
0.35 F 05 ‘/‘/‘/‘/A_‘/‘—‘__‘___‘_-‘
03 -
0.45 -
025 - —e—PPTP
0.2 r 04 ¢ —O— 2nd-order Markov prediction
0.15 0.35 —a— 1st-order Markov prediction
0.1 3 -
100 200 300 400 500 600 700 800 900 1000 " 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 30000
(@) (b)
Fig.3 Prediction accuracy comparison with different number of trajectories
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Fig.6 Effect of support counts on prediction accuracy
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Fig.7 Prediction time comparison of algorithms with different number of trajectorys
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Fig.9 Graphical user interface of trajectory prediction system and visualization results
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