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Abstract: The fast development of mobile internet has given rise to an extremely large volume of moving objects trajec-

tory data. These data not only reflect the spatio-temporal mobility of individuals and groups, but may also contain the 

behavior information of people, vehicles animals, and other objects of interest. They are invaluable for route planning, 

urban planning and vehicle monitoring, etc., and tremendous efforts have been made to support effective trajectory data 

management, including trajectory data pre-processing, which handles issues such as high redundancy, low precision and 

inconsistency of sampling; trajectory database technologies, concerning the efficient and effective storage of trajectory 

data and query processing; trajectory data warehousing, which supports the analytics on large-scale trajectory data; 

knowledge discovery, by which useful patterns can be extracted from trajectory data. A survey of trajectory big data ana-

lytics from three different aspects: data, applications and techniques is provided. 

Key words: spatio-temporal database; trajectory data management; indexing structure; query processing 

 

1  �� 

��������	
���
������

������������� �!"#$%&

'()*+&',-!"�./01�2#�34

5678�9:��;<=#>?@AB�CD6

/E;<Fspatio-temporal trajectoriesGHI(/E

;<J3KELMN/LOPCD�QRELS

�TUV	�WXYZ��[\+T]^_/L`

ab��cd@(eU;<fTgh/Eijkl

D�mSenijk456�c�/L�op�q

r�st)uvwxyz�{�|�}~6)*+

�����2015-10-21l�����2015-11-27 

�������D���YZ��w<��973�w< �¡¢£¤¥(2015CB352500)l��¦§¨��¡¢£¤¥(61232006, 

61402312, 71331005, 61272092)l©ª«¨
��w<�¡¢£¤¥(2014GGE27178) 

Foundation Item: The National Basic Research Program of China (973 Program) (2015CB352500); The National Natural Science 

Foundation of China(61232006)61402312, 71331005)61272092); High-tech R&D Program of Shandong Province(2014GGE27178)

doi:10.11959/j.issn.1000-436x.2015318 



2982 3  4  	  5 � 36� 

 

/E����n������9:(����r�

���8�;<HIS����6��[\�%+

����u�����)����uz����x


����{���Z6x
�@�b+�K(+

7HI/�� ¡¢�;<HIi£�B¤¥¦�

§¨©ª«��=¬X�­®'()*
¯;<°

±{²]³�´µ�¶�=·¸*¹'+º»x


��c¼½¾'¿ÀS�ÁÂx
���ÃÄ�Å�

¼½ÆÇ�ÈÉÊr�x
ËÌ�ÍÎÏÐ�ÑÒ

ÓÔ{( 

ÕÖ8�;<HI×�ØÙ�vw�¾'Ú

Û����ÜÝx
���Þßx
¼½�ÓÔà

á���âÜ�ãäå{vwæçèé6ê��

ë�ìí[î´)*�vwz��ï@ðñòãÏ

c���óôõ�D�ºö÷u ¡�ØÙøù=

ú©$%Øû(+üýþ��;<7HI�K#

����¡�78���;<HI°±u��¥

¦D�HI��	
�TnØÙ�ê�°�(�

¡�����
[7��;<HIB¤u°±�

���678�K��¿À�����ÁÂ;<

��K������ï@�;<°±u��{(,

-D��&'��è�6ö÷�K�vw¼½� 

¡�®���=�� !6)*�"zo�(#

J��HI���ËH¢$_�¾'%&�'q

è��¶��;<HIB¤����°±o()

*+Q,-�.%/0;<HI��K1l�°

2��({34��( 

56·�;<°±�%&�²��HI�¾'�

�� 3no)789	
¶:���(+HIo)�

;<;<HI�=>����?@{ËA�=°±

¸*[;<HI�K� !B+¾'o)�·;<

º»;<HI�C>¾'DmEþ�=°±m¶:

���FGB+;<�K��o)�·°=;<;

<HIB¤u°±	
�H�æç�IJ���K

L�M7HI����;<�K��B+�æç

���op( 

2  ������	
� 

�������yN��+OP��Qq�

�R"6�8�;<HI(¸*456��[\+

/E�����cijgh(;<HI��ãQj

ST�WX
¯ÑU GPS�²�¼½�
�VW�

ðxX�st
¯Y?µZ�[\µZ���]^�

vx_�HI{�.o�`a��.�bc;<d

e�.�HIf��gA¿À(./�;<HIX

hQ�qri"=jËH¢$_�Ê��Z��¼

½ðkPl����[\H8W¨mn�XÕqH

IÎ�Co³�B¤��K¿À(;<HI�T-

34pqF��rê?@�HIs8�et$8�

/E°2{G[HI�K�°±uvwx��yl

� !( 

56z{;<�.i£o��|}� ¡;

<HI(Y 1~s6�.¾'Sf GPS�3[¼½�

VW�ðxX�àáX�Pi£�;<HIDm3

4pq(+ ¡¾'S�[\ij?@+�¢�°

�st�/¢�{�e�Pi£�;<HI+mn

t��nijk����L�K���D� TB s

t PB ���;<HI(mSVW���;<�r

^��
¯ CellIDP[¾�VWgA��`a�c

�|��ü�r
�+H����`a(ìÑU

GPS�3[ APPPi£�;<ij�r^Õ���


�+H�Xb(;<�¥¦D�º73[���

{¼½ðk�ØÙHIòã������;<��


�+��UXN(�I¥¦�T-ð��|};

<HI£W'������� GeoLife�T-Drive{( 

fY 1 W´�;<HI��67HI�¦C

�3V�����87FvolumeG�}/FvelocityG�

QjFvarianceG(ü����[\;<HI��T

� 1 ����� ! 

()67 89:; 8<=> ?@()AB8<+C ()DA 

EFGH EI GPS JKLMNK OP−QK TBK 

RSGH TU APP JKLMNK OP−VQK TBLPBK 

W�GH XYZ[ MNK \Q−VQK TBLPBK 

]^GH ]^_ `aK VP−OPK TBLPBK 

_b() _bcd MNK OPKe TBK 

fgGH h^ij MNL`aK VP−OPK PBK 

2015318-2 



� 12� klmnoGH�()o()Lpq���rs 2992 

 

-����WXs���( 

1) /Eghq(;<J/E����ijg

h�,-;<kgh��6[\�/E�oq�H

I��JXgh�V5�����M76 �u°

±��KSTr( 

2) ¡?ijq(;<�ijL¢�¡����

��¼½��¢2°�¢ij�©vx_���;

<��/stX��L¢�ij�,»�¡qh7

 !6;<�ª£qr8u°±( 

3) HIÖ8�(f�¤¥�¹�;<#¦§@

YZ��ZJ«ijL¢¨©H°�XN2!"�

ij�r^�/��c�¨�q[;<HI°±l

Dh7©ª( 

4) á«ª3q(+x
=¾'S�;<�¹�

:o
�-�x
á«��üHI°±%Ùz{¬

D GPSELpá«EL�­Y�=®'á«�/E

®¯�|ï@HI�K( 

°N�;<HI±õ²ù����º»��[

\�/E����|�#$%¾'++Q ¡¢¾

'S(ì;<HI�N8��³;<HI�Ku°

±è´6T¿hÙ&u©ª( 

3  ������
 

;<HI456)=�z����9:���

6��q��������(�Y 2PZ�;<H

I �u°±¥¦#$%¾'+ �x
��c¼

½{¿À�×�¾'1ÙÁÂX�µo)( 

1) 7¶@¦·á¸ÆÇ(á¸ ����¼½

�¹º©ªJ»X+}/°¼º»�½�­3¾

¿= �á¸(T-3[¼½ðkÀÁ;<°±²

]Þ³á¸ÆÇÂÃ��7��;<Sèa%+�

�����=���.����ÕÖ8�¦·�á

¸�ÄI}/�ýþ��ÅÏF��ÄIÆÇ�Ñ

Ò=>�x
�Èà�É:o{�½G��'ÊÆ

Çr�¼K�Qj@�¦·á¸����Z',»

o���è�6'Ê�·( 

2) x
áË�Ì(
¯;<ÎÀ��o�¾¿

�.�
�³´Î8�ÍÌÎ�2ÏÐá]�`a

}/�x
oG��'Êèéàá�ÑB
¯;<

HI°±���KÜx
áË�������@

���°¼¹'9:ÉÒ�/E�z���Æ{

QR�|�ÓÁlxHIÔ��ÃÄx
ËÌ�

¿�Õ©ËÌÝÂ�{´{Ö�Ñ��ï@×Ø�

ËÌÊr�D/1�BXü�� �@�x
�

�����'ÊèéÙ¨��Ú/L�Ì�=Ä

I'Ê[©¨/L�Ù&ÆÇáËÛ^�¼K´

�/L( 

3) ÃÄ�Å(
¯;<���°±ÃÄ�.�


�vw���Ür���¨�,-ÃÄ�
�q

Ö������op�èÝÃÄb�ÃÄL�x


Î��(,-�|#'�Ë�ÃÄ���x!��

K�&�3×Þ�ß¼K®'à3òã�áÊÃÄ

�EL2,��ÃÄx!�Ø7Î�èéÝÂÓÁB

��l�âã�º=z��äå%&èéÜÝo

æBï@ÃÄðx�3ç{ðñ¼½	á(  

4) nq@¼½uz�ÆÇ(vx_�S�;<

HI456'Ê��c����ßrM��3°±

;<�ÁÂ[;<���KÜ�'Ê���}~�

'Ê�������{(
['Ê[Qn���


�z�è8� ��é·�'ÊÆÇ�ßêë��

ô[�âã2nq@�¼½uz�Bìí;<��

�'Ê�·FV�î^°±G���ïðñÆÇò

¼'Ê�ó�nq@þk�á	(ÄI'Ê�ôÚ

á	ÆÌ��3�´�ô[�³�V��c��Ù

$õöÉ( 

5) ´÷Ñ¼½(;<HI#'�ÓÔ´÷Ñ�

�Úá	�èé[øáùñ{¶\�ÍÌ��(


¯[�8´÷Ñ;<�°±�¿ÀWX�EÚ�´

� 2 �����	"#$ 

pq tq() pqrs 

�u�v-wxyz {|E GPSGHL}~ERSGH()L��()L^3w�

()L����()n 

��pq�TU��]���������� 

^3w����� GPS ()B�CLw�w�()L��()L���S��L

*���()n 

q�TU���^3�� ¡�¢�£¤¥�¦ 

§'¨©ª«¬­ GH()LTU()L®¯+()L°±()L²³()L]

^´wL����n() 

q�()µS¶¨©¬­�·¸()9¹�º»¼

½+ 

¾¿�����Syz EF�W�GHLh^�À�h^ij()L®¯+�ÁÂL

ÃÄ()n 

q�Z�ÅÆ¶��yz�¥�¦ÇÈÉÊ�yz

�Ë 

{|E�� {|E GPSGHL}~ERSGHL]^´w�GHn() pq�ÌÍ��Î��ÏÐÑÒ��ÓÔ 

 

2015318-3 



21002 3  4  	  5 � 36� 

 

÷Ñï@�Úá	Fúûx
���
�K7@�

ÚSë©ñÊ�ü@GB��)èZýO��­þ

Ñ3k�XD}/��Kï�ðñx
´�á	(

T- ¡��
¯;<����×�ª£´��

��'Ê�}¶ ��Ñ{nq@ÆÇ( 

+N8¾'¿ÀS�[;<HI+¬�"�

�	b��­�KD�ñq%&(�����¡

���678������,-��&��;<

HI
�W'�KLdDP%Ù��|u´µ(�

)·;<;<HI�Ku°±���IJD�u

��¶:( 

4  ���������
� 

�;<HI�"��	���[ 1�Z6;<

HI�
��>��Y6;<HI��.î´�r

�W'q��(º��Lä�N¿�ªy��(K

��J��;<HI�B+�Q�������(

#yl&'(
¯HI��K�fT¿h��·m

����Ù;<(�Ù;<JW'HI�#J�(

#�­Í��°±�%Ù
¯HI��K��[m

�­���D��ß�­Ba�HI�;<(+ü

V�N�%Ù³T�[/E�65{pq�KÜ°

±�lD;<HI ��CD±õ;<(KL
¯

���°±�K{²]�±õ;<S¬©�'�

;<´µ�¼½º=¾'(;<�
��>�¶6

;<HI�´µ@¯�( 

 

U 1  GHÕÖ× 

¯! 10 PS�)*[;<HI�K��³�

678����&�8;<HI�ß#D/�K�

�|�´µ�ß#�Sèa(,-��"#;<�


��>°���(�[ 1PZ�¸*��AJ&

;<���pÕ��@�WX#7$%&�HI�

�KFdata preprocessingG�;<HI�Ftrajectory 

databaseG�;<HI �F trajectory data ware-

houseG�́ µèaFtrajectory knowledge discoveryG(

4 »����ª'�&;<f��HI�d��`

@HI��|�´µ�CD¬��"��	(5(

z{�),-34æç��¼T-� !��H�

D�78��¶:( 

4.1  ����� 

um*7HIª£�;<HIB+�T¿h�

HIÖ8æç�1ÙÁÂ+f��,c�ÍK��

�$�HI�Ù¨F�cGBf!"�c-ÏÐ2

���{�½�$�HI�¬��&×°F
�J

T]/L��
GHIå.Bf�.gAYZrê

ÂÃ�±�d�F��;<HI£/#6Qn3[

23[05{G�$�HI�T$Bf×°;<H

I�´�"1�$�HI��(,-HIÖ8æç

&��;<HI��yl'�°±����z{%

Ù
¯��K��³�HI��u�Ù(T2�

3�;<HI���K1ÙÁÂX� 4=��( 

1) ;<HI45Fdata cleaningG6+!7;

<S���kFredundant pointsG���kFnoisy 

pointsG(��kJËWX
¯8Û{���´�i

j�¸*��$M6¿À�B¤����9���

[\+:;�<q¹�:oS=wi"78��

�kB��kJËf>?Ò!"¡��$�@�i

j�¸*wh7 !;<���°±��(¶�o

(1ÙJ��U;<��r45HI(ÀAV	u

BCD�;<45�(

[1, 2]

 �äaE8���Y

q�ijk�!778���ij�&9U;<�

¬�/Eö �F�ß#�­YZFV�	qG¼

�(G(�¼T-/E�H�¡����k¬X#

Ù¨µZ=!7(
[}/@�;<45Ù&�6

I[3]è´6T»V�/LJ�+	45�(( 

2) ;<°]Ftrajectory segmentationGJË[_

/];<F��X��K���G�¼KL°uA

M�L°L�enN;<]�YT�´�45�J

�N¢�;<°±[\(;<°]�¹ºæçJK

Ü/E�����1Î�;<°]o�ÁÂV�/

LOÛ�µP®¯�;<±õ, 3 »V5ÂÃ(X

V�±õ�;<°]��A�QR+6I[4]Sè´

6T»V� GPS;<HI�STkÍÌFstay points 

detectionGo(�STkJ
¯�U¬©�¦���

Vk2�k��c2�
����WÞ$E�z=

�E{�J;<°]�ØÙ/ì[\B6I[5]è´

2015318-4 



� 12� klmnoGH�()o()Lpq���rs 21012 

 

6T»V�;<X=�STkYao(( 

3) á«ÅÏFmap-matchingGJ3N;<uH


3[�· GPSgA�ijgh���á«gAg

h(á«ÅÏL�en;<ijk=­Y©Tná

«�c�»k+�ij��c���Zij?@�

3[[á]¤¥®¯�¦§@YZ{�&enij

kgA�(Ù¨ÅÏá](á«ÅÏ�(�¹ºC

DJ®';<k�L�/EW¨qÕÅÏ�[(�

6}¶Õ­�á«ÅÏ�6I[6]è´6T»V�E

LµPr8�ÅÏ�(B6I[7]è´6T»V�®

¯ Frechet \¦�á«ÅÏ�(B6I[8]i']^

_W`�>�
¯�o�Å�(K7@ÅÏ:o�

��ü@�}¶p3[EL��Ù­Y(6I[9~11]

ÜÝ6V�a@3[�Õ­á«ÅÏæç( 

4) ;<�ÙFtrajectory calibrationGJAb;

<HIW'q�ØÙ��()pZ?ij;<�6

I[12]è´6T»V�;<�����U��c�

¨�cd�e(;<HI�Ö8æç�7�rNJ

f�ij@�¡¯7�$�(« 2n;<�ij@

�Z^7/�ylV�¸*�ijk³�ª£qf

^g�ôõ�%Ù[��;<�ÙXh¼K¾¿;

<ª£q(6I[13]è´6 2 »ìíEL�q��

Ù�>�
¯�i�U�(jk¬©/#¿À�+

9¿ÀS!7��HI=lmØÙå.ij(6I

[14]³T�./ìí6/L�ELpq�êë/E

nØú-�;<ª£q°±Ù&�7oè�;<�

Ù­�=¬©ÕÖ8;<HI( 

4.2  ����� 

;<HI�J;<7HI�K�¹º�JHI

 �u�Kq��Ab(cÀHI����
'�

�KÕr���p�l@d_�;<HI(�6}

¶7��;<HI+HI���­�Ku���)

*
[;<HI�>�;<qr�;<��{¹º

æç��678��( 

;<HI�>Ftrajectory data modelGJ;<

HI+HI�S�YZo(�JHI��u�K�

V�(;<HI�>Vã���[\HI��s	

��1ÙJV�3¿�>t��ÁÂ Wolfson{è

´�MOST�>

[15]

�·��[\��c�|YZ�

�opqBGuting {+6I[16]S�!�6T»V

�Y\HI=> ADT��>�=£ SQL���±

u�X��k����
�V5Y\(O-P��

Hadoop��V�;<HI�>#h7a@�
�J

X��[\�Sº�Xgh@;<k�vzYZ�

HI+ HDFSS>?@AB()p}/;<HI°

±�%&�6I[17]ÀAû?HIYZ�e�è´

6T»X/L�Sº�;<�>�V�9�>�;

<HI� SharkDB
'�bB�����[/Lú

-�;<°±F�}/x
Î���µZuFG°

±{G×��FïG( 

;<qrFtrajectory compressionG(f�;<

HI�ZÚÛ�r�B¤!"-e�HI��(A

Bm×;<HI�
�%Ù[;<HI£³�qr

B¤(¶�;<qro(1Ù°� 3=( 

1) V�á«Froad network basedG�qr

[18, 19]

(

[V�á«YZ�;<
¯á]®¯�wx{o

(�qr;<HIB¤EL( 

2) V�;<Ftrajectory basedG�qr

[2, 3, 20]

�

1Î��yØ��U;<�qr�
¯[��[\

;<x��!7W
¯�>F8ÛG���;<k�

��á«Kzá¸N�;<k�Abu�;<��

�ò¼�r`a( 

3) V�{wxFframe encoding basedG�qr

[17]

�

en[\+34{S45�¨�ij�|�+p3

4{S�45ijuNT{S�|�Û��ì7o

qrHI8( 

;<��u��Ftrajectory indexingG(;<°

±�}�78������ÄI'Ê³����[

\�/E`a���pqF�u~/�/qr�;<

_r�ij?@{GÛ
{UÒ��b'Ê2°±

P%�ª3;<( 

;<HI�Õ­Í��}�HI��(+EL

HI�SK¦C����lJ R-tree

[21]

DmÞ³0

5��yl&'�R� 3D R-tree [;<��·�

$+Qæç����(dead space)¯7�;<�¬�

q#0�{(
[,-æç Pfoster{+6I[22]S

è´6 TB-tree ���l��f3�en�(k�

Á�p�.T;<�	]XK7-r3Ab;<

�¬�q(�-�����;<�/L�ELRr

°Z³�����HI+/LRrN³�Å°FL

°Z' R-tree��V��en R-tree[¾�JTn

/LkFHR-tree

[23]

G2/L]FMV3R-tree

[24]

G�

,»�lWXr�3�KV�/L�;<��(6

I[25]è´6T»ELï{Å°�f����l�

[V�EL�
�������­�( 

76N8
';<�����T-����Ø

2015318-5 



21022 3  4  	  5 � 36� 

 

k+�)p�e�����!����)pá«ú

-;<��� NDTR-tree

[26]

XDV� LCSS

[27]

�

ERP

[28]

�EDR

[29]

�k-BCQ

[30]

{;<ª£qr8��

��l

[27~30]

(�¼ª¾���ï@���,-��

�>6º»=>�;<�Ù��unq@;<°

±�Qq�K( 

4.3  ����	� 

;<´µ�¶X[HI��}KÜ�Iè(�

�*�ü��78����[�¼º»ª3�|�

KÜ;<HIýL�/Eu�����·;<HI

�����KÜ�±õ;<Fsemantic trajectoriesG�

lx;<HI �( 

��qKÜFmobility understandingG([;<

�î´z{J�/E�r�['Ê¹�o�³�°

±(6I[31]��6V�;<¹�o�F����

�Ñ�ðx��ô{G�;<°]uAM�!�6

T»V�UÒ��E�>��(K7@°]�r�

&[;<¹�o���ÙAMD�W�(OP��

)*���Q33M�P
¯/EÀ��o(K

Ü��[\�ñq���~sFGq�|( 

��KÜFactivity understandingG��AJK

Ü'Ê+;<S���2W����([;<��

�KÜ%Ù+/ERr����65è8�¶�o

(1Ù
¯ 2»o�(� 1»J·;<HIu�ó

kFpoint of interestsG��©Fcheck-insGHI�

¼

[32, 33]

�²ù'Ê+;<STkW����b�`(

� 2 »J�vx_���©HIS�a��;<

Factivity trajectoriesG�mSen;<kÁ�/E�

65�m*�|�YZ6'Ê+�.�c�:o�

��(ucÀ/E;<ªf�N8;<Á�6rQ

Rr�|��ü»��K�Q�{+6I[34]Sè

´6T»Õ­�Í��1( 

;<ª£qFtrajectory similarityG'�¾¿�

.;<�L�/EV	�±õª£�r�J;< 

�u���¹º(+V�EL�;<ª£qr8�

Ho)�76¦C DTW�LCSS���{+6I[29]

S�õT»V�;<w�\¦� EDR �H�6I

[35]�õ6ìí¤¥q�r8ËA OWD(
[/E

����;<ª£qr8�)*+üV�N³�6

/LRr�t�

[27]

(
[Á�'Ê���|�±õ

;<�6I[36]�õ6T»�¼65ª£r�;<

\¦(6I[37]
[;<�¨�q�õ6T»V�

ü@�ª£q¾¿�e( 

4.4  ��
��
 

;<HI��6+�;<S�¶�ÚÛ�´

µ��>�¥¦D�HI��	
�TnØÙê�

°�

[38]

�#$%&'+º=¾'�S(¶��;<

´µèa��1Ù�V�;<�HI���±õ

%& 2n�r��( 

1) ?�����Ffrequent patternsG6+�7

��;<S�¶/g������¯T�H8�[

\+³�/LL¢b�Ú�ðñá¸�[��3�

Ì�á¸ÆÇ���KÜ�ØÙ�ÚÛ(6I[39]

·ELf�@�ÄI GPSijk�r·f��¼D

��
�
¯?�����(èa?���B6I

[40]è´6T»V�I� �?�;<Õ­��o

(�úû¯8�N;<�¼·bB6I[41]�õ6

�¶´�ñq���?�á¸�=!�6T»Õ­

�?�á¸ �ÂÃ(+üV�N�6I[42]!�

6T»V�¦�ÍÌ�e�¡�;<èao((6

I[43, 44]
¯;<�U}¶�­���3�Ì�ü

��6I[45]��6)p7��;<��	q��

��( 

2) ¡�����Fmoving together patternsG+

;<HISèa¡����[\�'�ÉÏÊ��

ÈÉÓÔ{¾'(�Yq�;<��1ÙÁÂ

Flock

[46]

�Convey

[47]

�Swarm

[48]

�Gathering

[49,50]

{(

mS�Flock ����

[46, 47]

6+�¶³�/LL

¢bW#³�)�¢£�T���[\BConvey

��

[46,47]

HJÄI�r���ä�¡����[

\�úû¯��¤@�ELOÛ-�Bì Swarm

[48]

JT»r�
'@�;<��(6I[51]è´6)

p;<HIÎ�¡���+	��o(( 

3) ;<X=�°=Ftrajectory clustering and 

classificationG([��;<�/EX=WX¥Á�

¶×��Yq�FGq�����(s	�;<X

=JX�U;<�[\(#Jf���[\;<


��¬mØ¦�6I[52]!�6T»V�°];<�

X§¨Q`\¦�r8�X=o(���è�6X

=­�(6I[53]è´6$8��;<X=�(�

©Z;<X=�K�/L�EL�9(ì;<°=

æç

[31]

HJÄI���x
o�{����Z�.

=>;<(ü��6I[54]è´6T»V�;<�

Õ !��c���((ª«{

[55]

P��6 T-Drive

¿À�;<HIS�U´÷Ñ�¹����¦·�

�'ÊÆÇr�
¬�h­�á¸XD´�/L�

2015318-6 



� 12� klmnoGH�()o()Lpq���rs 21032 

 

¼KÆÇ( 

4) ;<®ÙFtrajectory summarizationGJX6

5�o��üÙTU;<PÁ���|�&;<H

IrM��KÜ(6I[54]è´6T»V�;<L

°�®Ùo(�&;<]b±õª£�;<]L±

õ�.�KL
¯z65s���+;<HIS�

/E�x
���{ºRr�|( 

5  ��� 

��[\;<HI¥¦D�T»V5�HI

òã�ª3¾'×��-�¯�(�ü�°±�

�;<P���´µJî´'Ê�)��ÃÄ�

��ØÙ²](;<HIum*HI��ZJ'

Ê��HI�¦M·i"r�°7�â¡�vw

ÚÛ( ¡¢�;<HI¥¦��©ª«7���

í$8HIXhQqri"(�ü�Q'±��

t��;<HI�K¿À¥¦D�N8¾'�ñ

q%&( 

�6êëN8%&�)*[;<��K�H

I��HI ��´µèa{T¿hæç���

��a¬6²²�D�(
¯,-���;<H

I�ß#�­�K��Sèa�´µ#¾'�Ñ

Ò�����ÆÇ�ÃÄ�Å{S(#J��;

<HI���Qq$_�º=�c¼½�³¶�

¶��;<�K��+�Kq��°±��{o

)¥¦�(êë}´¾'%&( 

µ��;<HI�K%ÙØk/0X�34

��(+HI�/HI ���o)�¶��;<

HI�1Ù)[£S��;<�K��(�> 

¡¢7���Õ$8;<HI�Õ­�K��ü

°2�����W�ot��;<B¤u���

1·D�ÜkæçB+;<HI�KÜu°±o

)��6¶°��HIýL�°7ÚÛ��P£

D;<um*«·HI¡½��SÙ¨3}~'

Ê��=��x
��·ú©r�$%�3M(

./�;<HI�K��Tn¸�H��æç�

¹D3K�|¿À� �x
�HI��HI�

�{�.	
�%Ù,-�.	
���)ºñ

.á��K�}¶;<HI¬�"��	��­

�K�ÚÛ�¶( 

����� 

[1] SCHUESSLER N, AXHAUSEN K. Processing raw data from global 

positioning systems without additional information[J]. Transportation 

Research Record: Journal of the Transportation Research Board, 

2009(2105): 28-36. 

[2] DOUGLAS D H, PEUCKER T K. Algorithms for the reduction of the 

number of points required to represent a digitized line or its carica-

ture[J]. Cartographica: The International Journal for Geographic In-

formation and Geovisualization, 1973, 10(2): 112-122. 

[3] MERATNIA N, ROLF A. Spatiotemporal compression techniques for 

moving point objects[A]. Advances in Database Technology-EDBT 

[C]. 2004. 765-782. 

[4] ZHENG Y, et al. Mining interesting locations and travel sequences 

from GPS trajectories[A]. Proceedings of the 18th International Con-

ference on World Wide Web[C]. 2009. 

[5] PALMA A T, et al. A clustering-based approach for discovering inter-

esting places in trajectories[A]. Proceedings of the 2008 ACM Sympo-

sium on Applied Computing[C]. 2008. 

[6] GREENFELD J S, Matching GPS observations to locations on a digi-

tal map[A]. Transportation Research Board 81st Annual Meeting[C]. 

2002. 

[7] BRAKATSOULAS S, et al. On map-matching vehicle tracking 

data[A]. Proceedings of the 31st International Conference on Very 

Large Data Bases[C]. 2005. 

[8] NEWSON P, KRUMM J. Hidden Markov map matching through 

noise and sparseness[A]. Proceedings of the 17th ACM SIGSPATIAL 

International Conference on Advances in Geographic Information Sys-

tems[C]. 2009. 

[9] LIU K, et al. Effective map-matching on the most simplified road 

network[A]. Proceedings of the 20th International Conference on Ad-

vances in Geographic Information Systems[C]. 2012. ACM. 

[10] LI S, et al. Quick geo-fencing using trajectory partitioning and bound-

ary simplification[A]. Proceedings of the 21st ACM SIGSPATIAL In-

ternational Conference on Advances in Geographic Information Sys-

tems[C]. 2013. 

[11] TANG Y, ZHU A D, XIAO X. An efficient algorithm for mapping 

vehicle trajectories onto road networks[A]. Proceedings of the 20th 

International Conference on Advances in Geographic Information 

Systems[C]. 2012. 

[12] ZHENG K, et al. Reducing uncertainty of low-sampling-rate trajecto-

ries[A]. Data Engineering (ICDE), 2012 IEEE 28th International Con-

ference on[C]. 2012. 

[13] SU H, et al. Calibrating trajectory data for similarity-based analysis[A]. 

Proceedings of the 2013 ACM SIGMOD International Conference on 

Management of Data[C]. 2013. 

[14] SU H, et al. Calibrating trajectory data for spatio-temporal similarity 

analysis[J]. The VLDB Journal, 2015, 24(1): 93-116. 

[15] SISTLA A P, et al. Modeling and querying moving objects[A]. 

ICDE[C]. 1997. 

[16] GÜTING R H, et al. A foundation for representing and querying mov-

ing objects[J]. ACM Transactions on Database Systems (TODS), 2000, 

25(1): 1-42. 

[17] WANG H, et al. SharkDB: An in-memory column-oriented trajectory 

2015318-7 



21042 3  4  	  5 � 36� 

 

storage[A]. Proceedings of the 23rd ACM International Conference on 

Conference on Information and Knowledge Management[C]. 2014.  

[18] KELLARIS PELEKIS G N, THEODORIDIS Y. Trajectory compres-

sion under network constraints[A]. Advances in Spatial and Temporal 

Databases[C]. 2009. 392-398. 

[19] SONG R, et al. PRESS: A novel framework of trajectory compression 

in road networks[J]. Proceedings of the VLDB Endowment, 2014, 7(9): 

661-672. 

[20] CHAN W S, CHIN F, Approximation of polygonal curves with mini-

mum number of line segments or minimum error[J]. International 

Journal of Computational Geometry & Applications, 1996, 6(1): 

59-77. 

[21] GUTTMAN A, R-trees: a dynamic index structure for spatial search-

ing[A]. SIGMOD[C].1984.47-57. 

[22] PFOSER D, JENSEN C S, THEODORIDIS Y. Novel approaches to 

the indexing of moving object trajectories[A]. Proceedings of 

VLDB[C]. 2000. 

[23] NASCIMENTO M A, SILVA J R. Towards historical R-trees[A]. 

Proceedings of the 1998 ACM Symposium on Applied Computing[C]. 

1998. 

[24] YUFEI T, PAPADIAS D. MV3R-tree: a spatio-temporal access method 

for timestamp and interval queries[A].VLDB[C].2001.431-440. 

[25] CHAKKA V P, EVERSPAUGH A C, PATEL J M. Indexing large 

trajectory data sets with SETI[A]. CIDR[C]. 2003. 

[26] ØÙÚ. Ñ6Û»�=ÜÅÆÝ�¶�ÀÞßRSà�GHáâ[J]. 


��	5, 2012, 35(7): 1448-1461. 

DING Z M. An index structure for frequently updated net-

work-constrainted moving object trajectories[J]. Chinese Journal of 

Computers, 2012, 35(7): 1448-1461. 

[27] VLACHOS M, KOLLIOS G, GUNOPULOS D. Discovering similar 

multidimensional trajectories[A]. Data Engineering, 2002 Proceedings 

18th International Conference on[C]. 2002. 

[28] CHEN L, NG R. On the marriage of lp-norms and edit distance[A]. 

Proceedings of the Thirtieth International Conference on Very Large 

Data Bases-Volume[C]. 2004. 

[29] CHEN L, ÖZSU M T, ORIA V. Robust and fast similarity search for 

moving object trajectories[A]. Proceedings of the 2005 ACM SIG-

MOD International Conference on Management of Data[C]. 2005. 

ACM. 

[30] CHEN Z, et al. Searching trajectories by locations: an efficiency 

study[A]. Proceedings of the 2010 ACM SIGMOD International Con-

ference on Management of Data[C]. 2010. 

[31] ZHENG Y, et al. Learning transportation mode from raw gps data for 

geographic applications on the web[A]. Proceedings of the 17th Inter-

national Conference on World Wide Web[C]. 2008. 

[32] YAN Z, et al. Semantic trajectories: Mobility data computation and 

annotation[J]. ACM Transactions on Intelligent Systems and Technol-

ogy (TIST), 2013, 4(3): 49. 

[33] ALVARES L O, et al. A model for enriching trajectories with semantic 

geographical information[A]. Proceedings of the 15th Annual ACM 

International Symposium on Advances in Geographic Information 

Systems[C]. 2007. 

[34] ZHENG K, et al. Towards efficient search for activity trajectories[A]. 

Data Engineering (ICDE), 2013 IEEE 29th International Confer-

ence[C]. 2013. 

[35] LIN B, SU J. One way distance: For shape based similarity search of 

moving object trajectories[J]. Geoinformatica, 2008, 12(2): 117-142. 

[36] ZHENG B, et al. Approximate keyword search in semantic trajectory 

database[A]. Data Engineering (ICDE), 2015 IEEE 31st International 

Conference[C]. 2015. 

[37] MA C, et al. KSQ: Top-k similarity query on uncertain trajectories[J]. 

Knowledge and Data Engineering, IEEE Transactions 2013, 25(9): 

2049-2062. 

[38] ZHENG Y. Trajectory data mining: an overview[J]. ACM Transactions 

on Intelligent Systems and Technology (TIST), 2015, 6(3): 29. 

[39] GIANNOTTI F. et al. Trajectory pattern mining[A]. Proceedings of the 

13th ACM SIGKDD International Conference on Knowledge Discov-

ery and Data Mining[C]. 2007. 

[40] WANG Y, ZHENG Y, XUE Y. Travel time estimation of a path using 

sparse trajectories[A]. Proceedings of the 20th ACM SIGKDD Inter-

national Conference on Knowledge Discovery and Data Mining[C]. 

2014. 

[41] CHEN Z, SHEN H T, ZHOU X. Discovering popular routes from 

trajectories[A]. Data Engineering (ICDE), 2011 IEEE 27th Interna-

tional Conference[C]. 2011. 

[42] LEE J G, HAN J, LI X. Trajectory outlier detection: A parti-

tion-and-detect framework[A]. Data Engineering, ICDE 2008 IEEE 

24th International Conference[C]. 2008. 

[43] KRUMM J, HORVITZ E. Predestination: Inferring destinations from 

partial trajectories[A]. UbiComp 2006: Ubiquitous Computing[C]. 

2006.243-260. 

[44] LIAO L, et al. Learning and inferring transportation routines[J]. Arti-

ficial Intelligence, 2007, 171(5): 311-331. 

[45] CAO H, MAMOULIS N, CHEUNG D W. Discovery of periodic 

patterns in spatiotemporal sequences[J]. Knowledge and Data Engi-

neering, IEEE Transactions on, 2007, 19(4): 453-467. 

[46] GUDMUNDSSON J, KREVELD M V. Computing longest duration 

flocks in trajectory data[A]. Proceedings of the 14th Annual ACM In-

ternational Symposium on Advances in Geographic Information Sys-

tems[C]. 2006. ACM. 

[47] JEUNG H, et al. Discovery of convoys in trajectory databases[J]. 

Proceedings of the VLDB Endowment, 2008, 1(1): 1068-1080. 

[48] LI Z, et al. Swarm: Mining relaxed temporal moving object clusters[J]. 

Proceedings of the VLDB Endowment, 2010, 3(1-2): 723-734. 

[49] ZHENG K, ZHENG Y, et al. On discovery of gathering patterns from 

trajectories[A]. ICDE[C]. 2013. 242-253 

[50] ZHENG K, ZHENG Y, et al. Online discovery of gathering patterns 

over trajectories[J]. IEEE Trans Knowl Data Eng, 2004 26(8): 

1974-1988. 

[51] TANG L A, et al. On discovery of traveling companions from stream-

ing trajectories[A]. Data Engineering (ICDE), IEEE 28th International 

Conference[C]. 2012. 

2015318-8 



� 12� klmnoGH�()o()Lpq���rs 21052 

 

[52] LEE J G, HAN J, WHANG K Y. Trajectory clustering: a parti-

tion-and-group framework[A]. Proceedings of the 2007 ACM SIG-

MOD International Conference on Management of Data[C]. 2007.  

[53] LI Z, et al. Incremental clustering for trajectories[A]. Database Sys-

tems for Advanced Applications[C]. 2010. 

[54] CAO X, CONG G, JENSEN C S. Mining significant semantic loca-

tions from GPS data[J]. Proceedings of the VLDB Endowment, 2010, 

3(1-2): 1009-1020. 

[55] YUAN J, et al. T-drive: driving directions based on taxi trajectories[A]. 

Proceedings of the 18th SIGSPATIAL International Conference on 

Advances in Geographic Information Systems[C]. 2010. 

[56] SU H, et al. Making sense of trajectory data: a partition-and- summa-

rization approach[A]. Data Engineering (ICDE), IEEE 31st Interna-

tional Conference[C]. 2015. 

 

����� 

 

 

 

 

 

 

 

 

 

 

 

����1983-���������	�


��
�����	��������

������� �!"��#�$%�

�&'�()*+,�-./012 

	
�1983-����345����

	�
��
67����	�����

���������� �89:;��

(<�!"��#�=>?��#�@&

��#���ABC2 

��
�1977-��D�EFGH��

�	�IJ�
�����	������

�������K
�����LM
N2

����1963-����OPQR��

�	�IJ�
����	������

�������K
�������AB2

����1963-����P
ST���

	�
��
67����������"

U��#�V:;��#���W%�XY

Z��[ \]^_`01�a\bcde

f�g_`
�h _`01�ijkl�

 �mn_`01�opq�01�Web

rs\tu��vwC�xyz{2 

����1977-����34|���

�	�34�
����	������

��������� }(<�~�()

*/��� �!"��AB�8�:;

��(<C2 

2015318-9 


