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Uncertain Trajectory Prediction Method Using

Non-parametric Density Estimation

CHENG Yuan'? CHI Rong-Hua® HUANG Shao-Bin?® LV Tian-Yang® *

Abstract
could help to improve the service quality of location-oriented applications. To solve the problem of less effectiveness existing

With the popularization of a large number of mobile devices, the accurate and efficient trajectory prediction

in modeling for uncertain trajectories, we propose a method for predicting the destination of uncertain trajectories using
the non-parametric density estimation method. In the modeling stage, the uncertain trajectory model between the same
origin and destination is constructed with the method of non-parametric estimation to represent the density distribution
feature. In the trajectory prediction stage, the trajectory to be predicted is regarded as a data stream. And it is matched
with the uncertain trajectory having the same origin through the KS (Kolmogorov-Smirnov) hypothesis testing. Then
the optimal matching uncertain trajectory is the prediction result and its destination is the predictive destination. The
Experiments on real trajectory datasets indicate that the proposed method has obvious advantages in prediction efficiency

and accuracy under different conditions, as compared to the existing trajectory prediction methods.
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BT ST T S TR] B Al A .
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end
4) UD = {(vi,vj,w; j)vi,v; €V} J/HEAR
i Bl UD, 54E
T A R] AN 2 B
5) for each w; ; € UD do
fig = [ (wiy) /RIS 2 X
AN B T A s
BT A AT AR5 B R A
end
6) UDf = {(vi,v;, fi;)|i,j € k}
[/ A8 7 R SN AR, AR R R
(1] 7 %28 o XA i
HIR 3. BBk A& S .
1) while (UDf* # 0||T* == 0)
for each UT € UD f where s =z,
if Ks(r-ur == 1 //FIH KS K50
T >k B 5 HEA M R E S E

I R P A3 AT
then
UDf*=UDf*+UT
end if

T =T"-T(Q) //EBE—DTRGE
S SE iR R (SRR T TR
end for
end while
2) Return UD f*.

BV SRR R LS, i R e T
I R BB B A AT 201, £33 29
I S, I 250 O(NKE), Fokt N 3y
BB D b, Bk, ¢ < N; s R
LS, VA B B I U B A, T e
O(nk?), Jorh n WHGBAEL, bl R G Fit—
SR T 6 R B L 5 T 45 A
SRR, AT B R B L, R
AN O(nk?). T TMIE B & Sl 4 I
A H AN BT ZERUBBIN B, BT
LR Bl LS 5 R S T A A R A 1
i SR I TR SRR L
I RUAECh N, REE BB R ROk k2, R
ST K H N /K, TR B o B
AN O(N/K2), 5T KS KB i 1A A
I S A A BB AN ECH e DA R B K
RNy ¢, WO R T 2518 4 O (b (N/K2)).

/2 RHEHRE A, R 2 R
TR T S 24 T 1 AT O
.

BRI 2K Ao, yo), T HCEFRIHHE

B S v B B N o A S AR B R AL A
AT B TR AL R E L (A, B, fag), (4,
C, fac) 1 (A, D, fap), EIEW15H A WHEEIER
LR AIEUE R { B, C, D}; B N A shT hidfe
LT, RAEBN BB EH R {(20,¥0), (T1,91),
(T2, y,) }, RIS AT BRI, & KS Kifs 3] 24 5]
R BB 5 R € U (A, B, fap) BRI
A= E5ie, Bk & L g coh {C, D}
TERE R W FE W PLEEIEE {(T0,y,), (1,Y1),
(2, Ya)s (%3,Y3), (T4, 94) } 5, £ KS K5 m] 155150
(A, C, fac) WIEESR S KRIPLEH A2 R4
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(xlr yl)
X
4 (%os ¥)
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Fig.2 Trajectory prediction
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Fig.3 Frequency distribution of marking time
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Fig.4 Significance level of different data scale
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Fig.5 Accumulation density and error of uncertain trajectory prediction
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Fig.6 Prediction method accuracy
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Table 1  Prediction accuracy comparison of

several methods on Geolife

# 2 T-Drive $ffasl EA VAR TN RS X L
Table 2 Prediction accuracy comparison of

several methods on T-Drive

REAHI MBM BNM RBM NNM UDTM REAHI A MBM BNM RBM NNM UDTM
0.496 0.51 0.434 0.552 0.671 0.519 0.495 0.49 0.593 0.705
0.515 0.511 0.491 0.549 0.663 0.511 0.513 0.444 0.596 0.699
0.506 0.489 0.495 0.548 0.653 0.477 0.512 0.482 0.579 0.708
30% 30%
0.508 0.524 0.467 0.561 0.660 0.520 0.510 0.467 0.586 0.719
0.523 0.498 0.426 0.548 0.673 0.535 0.506 0.488 0.601 0.721
0.502 0.495 0.464 0.547 0.674 0.521 0.505 0.480 0.594 0.702
0.674 0.630 0.618 0.694 0.860 0.691 0.659 0.620 0.780 0.898
0.652 0.634 0.633 0.716 0.827 0.680 0.688 0.683 0.747 0.895
0.654 0.660 0.665 0.749 0.855 0.673 0.675 0.634 0.767 0.889
60 % 60 %
0.696 0.643 0.585 0.729 0.847 0.685 0.675 0.654 0.793 0.897
0.687 0.632 0.627 0.717 0.861 0.675 0.681 0.660 0.772 0.879
0.650 0.654 0.644 0.732 0.861 0.680 0.644 0.607 0.761 0.902
0.793 0.749 0.761 0.861 0.916 0.841 0.798 0.751 0.915 0.969
0.807 0.745 0.729 0.861 0.897 0.805 0.779 0.761 0.879 0.944
0.794 0.800 0.750 0.861 0.900 0.857 0.808 0.777 0.910 0.948
90 % 90 %
0.799 0.784 0.771 0.863 0.890 0.839 0.823 0.694 0.893 0.963
0.775 0.780 0.706 0.860 0.894 0.790 0.797 0.721 0.901 0.961
0.802 0.767 0.771 0.839 0.900 0.804 0.786 0.740 0.888 0.961
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Fig.7 Accuracy verification on T-Drive
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Fig.8 Accuracy verification on Geolife
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Fig.9 Algorithms execution efficiency comparison
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