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T INODOMELRZY, BUET — & ORFRS & §i% s
bEET—2%ES. EEOWZERED T VTR ORER &
LTo@BYDNRE—Y (=BT 50, —BLEWD) LiEDS
NBRND, AR D BUE T — XL B (G2 O E % v
R YY) DR UTERAMEERDED. /2, IV
DRINZR S ThE 4 BT — & L% AV TRED & A 27 IZHL
DAL LT, [GER, s, AO#HER L % FH
, RO E T U [21) %, MBI & 72— 0D
B b REEEDERE % 175 7115 [6] b 2. AMEIZIND
DG L 2, (B E0) FED 2 A7 I LD TIE
B, ZEBIEREEOMEEIZEE D W AR R R %
K9 5.

2.2 BFFRIIOEHMREICEAT 2R

ARWFFLITIE R T O Mg % Z & U~ A FIED—D,
DTW (B RS i 5) % V2. il 2 258 U 72 Tk 4t
IZEFEL, LOSS[14], EDR[4] ZEMHIFHNE. Zhb0D
T DTW IMRE BHITH Y BN 5, ENMREZH>Z &
RINTND [15]. E/2EE, TRV SHERFIT—2E Y b
DEMEHNHAZZ LITEY [5], HEARIRI T —ZHET D
FEPEEZ EEINTVS [1]. KRS HEMEIIBNT
DTW % W7z 155G TH 2 A A TELE XN T
BY, R=A5A4 2 UTURUVIERHINTVWS. Kk
DTW &0 & 1-EFEORENRVWE XE WDTW [9] 225
F129%. WDTW 13 DTW 125 U THRRF DD ¢ m R
FNT 4 B UAFETHD GHITHRRT D). RF%kiEZ
DRFIVT o % —ERIEER U 726 D & BTV T 1 LIER, R
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d
2: Modified Logistic Weight Function.
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DEEIFIFRIZIZRY, g = 025 DS ¢ # B AEICHE
MNEDY, g =3 DG c 2BICEMRIE=DIToLnb.
Wmaz = 1,c=50D &%, g=0,9=0.05,9g=0.25g=3D
Modified Logistic Weight Function (& 2 D& 51272 %.
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A—RIZOLAEDEEES. I?:ET%H%%W’%VT
DTWp 2B RFINT 1 DEFERBEBWBNRD. 72720
t%bmﬁwééT#bEL®M§@ﬁm3MTwé%@tT
5. ZOLE, ws,, = lws,,, =2,9s=30cs =60%5
X, DTWp IZBIF2RFIT 1 kK8 DL HIcERIH, =D
DOEES ED gIAEWIEER BT 2 BRI G5 INDERFIT 1
NI AR, EBWFERELIRD L aimAaling. DTW
IEaAANDRFPNI KRB LD ITNAZENT LD (K1
ZHR), RFNT 1 & ERERFTOEHATINCENT D 2 L
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252%. $48bb, X1HD w(g,r) £LUT ws(g,r) AV
5. 2O EDDTW Wil WDTW,(v)*,v?) LRHT D &,
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DTWp IFAFD LS IZEHRIND.
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+ Y WDTW, ()", v}?)

=1

DTWp 2B} 2 RFINT A DIRTA—=ZIZDVTHET 3.
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WFTARTHELUL RS20, DTWp DT —E Y I )NZAE DTW
anbv VI NA=W5 (KM4). $205, BlirkR

W5 22BN BE. —f, NTA—KR g, BN3DLX
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SR U TR F LT 1 (R 3) 0BEME5T 5. $hbb,
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FBEU, W, Way, ..., W, RETNENOHME R LADES

BB NBEATHS. ZN5DEMIFAHH A % HE

LT3,

5. NS A—=FII0T BEE

AWFZENEART N T 1 B FFD /85 A — R O TRIZEEMD
L co ICHEREZYT, HUMBIZE T e, 2RETDLD
DIEBEEIRETS. U, ¢ OREVHERILHEZFHT 5.
cs I DTWp ORFIVT 1 BIROFLERETIEBTH S /2
b, gs B0 LV KREIVEE, BB OE#ITFHIORT c, £V
REBRBERIZHIEUZRFIVT A IEREILSRY, ¢ LVINIR
BREITIE U 2RI T 1IN E <585, X9 IXBBiR o fHEE
TN LT, o AFDEDOE N Z2EFELEY ODRULAZKTH
5. B9 ITRU s OFE#E T & V256, o B RS
OB OBR R OWH LV NI T2L, §48bbc, =1
292 &, R DOHEHITIICE R 5N RFIT 1 2RD
KELBOTUES. —HT, cs &KEDOEBFOBIH D
P LD ERILLTDE, TARDLLb ¢, =423 58, HRY
K OEEETHIZEZ 5NBRFIVT 1 BEPNI LK BR>TLUE
5. &oT, BRERFINOEHITHIOT =YY TISAH R
DFEETHIOT — Y TR AGEMN K D BRFINVT 1 2 5 R
FRIE (6 BI), oo 2HERAS 3T BENHE L
Abhd. UL, E0c, WHEERDOD, WRT—XIIHNT S
HIRAARZ U TV ARPETIFHIWT A L.

TIT, AARIIFHZIZ ¢ TEERETIRLDOTIEEL,

BRI EREZR AP TWEE ke 2REI Y, ke MHERX
NBIRTA—& ke % o, DROVIZHAET S &S Beillnz

%zt.mméiﬁﬁét@ T ORI (A) £ AT 5.
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(A) &2 (', p®2) OEEETFINIZB VT, cs MTFDORIV
DIHBTT =YV ITNA%ZF K ZENARETH D

ARG (A) ZMITRAND ¢ % 12 ERBIT 2. &
T, X 9IRS O BEEE TS & B AW THRHT 5.
KYIZHBNT, ;=10 %, ETHNOEFEIEY ODRINA
BV OHREMST (H, Lk, GEOWTAPDHFICED Z &
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min

& p2(r) MOW#E% D(q,r) TRET .

6;1”7;12 = h(niy, niy)

f(q,r—l)

f(qflﬂﬂ) >
f(q_LT_l)

h(q,r) = mazx <D(q, r), min

(@=2,...,mi;7=2,...,MN5)

KOl AT Y K, FF ORI 0 FL R D BB 51 S
(A) BW7T &5 REUND ¢, & Fe L RET B, ABIEIR
PRI R 2 4 20 TR K, R FIHHE AN E LT, ke
M 1B /S5 A — 4 che %V BPAIC R Y, EYIA
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Algorithm 1 Minimum Warping Threshold Search
INPUT: k.
INPUT: query trajectory p?

INPUT: candidate trajectories p!,...,p"
OUTPUT: e

min

> the number of candidates which satisfy (A)

1: for i < 1 to k. do
2 PQ.push(c mm)

3: end for

4: for i + k. + 1 to N do
5: if cfnzm < PQ.top then
6 PQ.pop()

7 PQ.push(cgr’Lin)

8 end if

9: end for

10: return PQ.top
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Wp, Ways oo, W, £ UTWS. RiFZEIE DTWwp (2K
FINT 1 &5 UzEEEE DTWwrp & XKB1T 5.

6.2 ERFT—FIIDOWVT

AFEIEND r—V OF — 2 AWV THEMMEZ 7\, 220~
FNT 4 NEZBHEBIIETEIER T2, N T—V 0O
7 —4 & LT, Unisys Weather ™ O KB EDNY 75—
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DAP1MLP20D:ZVM L@)==2 ()2 @)=y (1)

Da, (v1(q), v3* (1) = o1 (@) — 0* (7))
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R RPN T 1 - IR FIVT 1 DFREIIHBELRINT A =4
AT D) THD.

o Wi Ws, (NSFTIT 1 DTER)
Wiy Wepang (PNFTIVT A DIE)

o e (RFINTADORLERET DIEL)
o gi,9s (RFNVT 1 ORERET DLEE)
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(1) : http://weather.unisys.com/hurricane/



\
Il i I\
A [ 100 100 A 100 100| 100 [ 100
| 100 J 100 M ool | ‘ M | | n /l JA
80 80 n/ 80 J 80 80| sof [ wof || 80 n/ 80 80 J 80 80 IVl
| | "l \ i [\ | A | | /1 [ V|
60| | oA [ wf ~ | e/ et/ | eof | 4 wf || ool | sof A\ wf ol n /| ot | |
a0l aolf \, w | af | aff | w0\ /| W0 \ a7\ awl | { wff N/ {w \
20 \ 20 v 20 20 N 20 20 v 2 v 200 n 20 v 20
35 40 6 %0 70 40 60 80

I 120 120 120 120 2o |

20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80

(a) Wp =1, W,; =1,DTWwrD

20 40 60 80 20 40 60 80 20 40 60 80

(b) Wp =3, W’“l =1, DTWwrD

20 40 60 80 20 40 60 80 20 40 60 80 20 a0 60 80 20 40 60 80

(c) Wp =1,W,; =1,DTWwrp,gs =0

20 40 60 80

20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80

(d) Wp =3, W,; =1,DTWwrp,gs =0

20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80

() Wp =1,W,, =1,DTWwrp,9s =3

20 40 60 80

20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80

(f) W;D =3, Wvl =1,DTWwrp, gs = 3

X 10: FEERAGH.

12, welq,r) - ws(g,r) ZAWVS. THUT&Y, HBHHE O
HRFIMOHE#IZAEINERF LT DOERIZELLHE 9,
TIRIFESELE 1 LY, XFINT 412 &> THEFHOREHE &
RERFIE DD AT — VISR ELKEDLD Z IR VWEE RS
Nnd.

AEBRCIE k. =50 8 Lzl XD e % e, ELTHNS.
7, ZODLEBIRIOEHED 10%DE% ¢ £ LT
HWs., ZOfl%E ¢ & UTEAZEEHZ LNIGENS, RFEAR
TV T 1 ERER A DMHHED T AU IR % %1 2 FEO—D2TH
% Sakoe-chiba band [12] DILIE LA S I ENTES. &£
T, Sakoe-chiba band O3 band [ENT—4& Y MZk-
TERAEDLWVDHFE 1] LRAKIC, ¢ ORERMEIZT—2 1Y
MI&-oTHELRZLEEZLNDS. UNUERIE, EMZS )LD
BELBENT =2ty MIBWT ¢ OEEREEZRDZ Z 213
W#ETHL. TIT, WAEHZE[11] HD 10%% B A % band
EAENET =2y NOERNTERro7k] LWOHIRE
BILE U, —>DLEEIIRGIFOFIFTED 10%DEE ¢ &
LTHWS., KFEERTIX g =3 &L, EHA, HHIE, ¢, %
BRI TOHEMMBOHNIEREERTD.

6.4 RERER ER

1992 T AV W ERE TR ELPEEE 5 LAY r—
> ANDREW % AJ1& U, EA, HHRE, g, 22X L~
EEOHIMEREM 10 CRY. K 10aiE W, = 1,W,, =1
U, DTWwrp 2 VG EOHNKRETHS. K 10b 1
W,=3,W, =1%20L, DTWwrp 2V /25EDH R T
Hd. F10ciEF W, =1,W,;, =1,gs=0& L, DTWwrp ZH

WA IR THS. M10dIE W, =3, W, =1,9. =0
U, DTWwrp Z HWZGEOH IR THS. 7720,
10c & 10d THWOL N EHRE (DTWwre,gs = 0) &
DTWy (IZEHR (W, Wy, ) 2 MA-HEHMRELEMTHD. X
10e i W, =1,W,, = 1,9s =3 &L, DTWwrp ZHV 25
EOHMKERTHD. K 10fIZ W, =3, W, =1,gs=3 &L,
DTWwrp & WA GEOHNERTH S, 2L, &HOL
BeIND r =Y D%, TEBND 77—V DREDI RS %,
—BEDHNANE UIN) r—> ANDREW #£ L T\ 3.
B 10a, X 10c, X 10e (FEANETHLME (W, =1,W,, = 1)
LTEY, —HOMBIZEHEL TVED, HFIEERZR>TND.
B z1E, NV r—Y KATARINA 33 R TOHIFERICE EN
TWVWaH, M 10c Tid1%H, M 10a, X 10e Tid 4 FHIZH
BLUTW3. KATARINA & ANDREW I H BIAT B S KNS 12 5
BBH, WAL 2% al5, /2, ANDREW D/
HORERINIAMDNY - — > & AT, KATARINA OJaEj# D
BERANCEEBIL T3, ko T, Bilhx & BRSO DTW B
BT L B IEVDS, RERII T — VY VS L IRRFIX DT —
EYINAFIRESEBES>TWDREEZLND. BALEXY, B
DT — Y ITNRALRRIID T - TRADREREE
L DTWwrp(gs = 0) Tld 1 HBHDH A5 203, #
DT — Y TINALRERFIN DT =V TINAN—HT S
DTWwrp RWRRIIKI DT =Y T NRARHER DT — Y 7
N2ZEDL EDBRFIT 1 25525 DTWwre(gs = 3)
TIHAFBHOHR IR > FEZLNS. K 10b, K 10d,
10f THARICEAIZRTIE (W, =3,W,, =1) LTHY,



—BDFERIFEE L TV DM,
10a, 10c, 10e & BN,
BWI ez RTINS,

AT, DTWWHJNJW’&ﬁ%<¢é&8,Wm%®
PREETT ) DA ER DML, B DOEHETF DK ERDOMEIZL
Wth%WUDé(E5§%);of,mmémﬁ%ﬁﬂ
DT =KV TNAITHB ORI OT — ¥ Y TR ATED
REEZEZLNS. TADL, SEBRBNOT - TSAN
OB DT -V INAEDILEHFEZLND. LML,
DTWwrp & DTWwrp & EAY, O 7 - 732D
AEERTDIFETIERN. T—EVINRNZ2EHLES> &L
TW, #KELT2L, BUIOEUZTOEDELEHINTL X
5. B 10128WT, DTWwrp 2 HW TN O —¥ o
NAZBEHLU LD L Uz EDH T (K 10b) &, DTWwrp %
FAOCTHEHS O -V IR AZER L LD L LA SOHN
(M 10e) ZL#T 5. D& E, DITWwrp % AW/ H R
®¢K,%%u%MLTméﬁﬂﬁwmﬁﬁ%<E&othu
r—> (ISAAC) BEEFNTWD I L 2R TES. L&Y,
DTWwrp Z TN DT =YV I ADAZERTSE Z
LIIREETHD L HFEZOND D, MO T -2 TNRAD
AEEGLZOVEEIE DTWwre 2V ONELTHDE LH
ZAbhd.

7. BbYIC

RSS2 A BIGEMBNCN U T, B0y —¥r 732
REMT DRIV T R AR E2REL-. £,
RINT A BABERET DBICHHABOZRENHEEE L Z 2 S5
NI AT HIEE AL TREL 2. ARTIE, %
BICBWT, RERUAZEBAEEZ N 7 — 2 ORI #EH
UZEBEDERI % FTIce 8040, SBIIREL 7~ IR R g
MWED & S BRIETHR D b 5E B 22 2140 2 470 720,

EF R RZ>T WS, 272U,
KR FI DL EF I N TV

X [

[1] Anthony Bagnall, Aaron Bostrom, James Large, and Ja-
son Lines. The great time series classification bake off: A
review and experimental evaluation of recently proposed al-
gorithms. 2016.

[2] ZoltdN Banké and JdNos Abonyi.
namic time warping of multivariate time series. Ezpert Sys-
tems with Applications, Vol. 39, No. 17, pp. 12814-12823,
2012.

[3] Donald J Berndt and James Clifford. Using dynamic time
warping to find patterns in time series. In Proc. ACM KDD
workshop, pp. 359-370, 1994.

[4] Lei Chen, M Tamer Ozsu, and Vincent Oria. Robust and
fast similarity search for moving object trajectories. In Proc.
ACM SIGMOD International Conference on Management
of Data, pp. 491-502, 2005.

[6] Yanping Chen, Eamonn Keogh, Bing Hu, Nurjahan Begum,
Anthony Bagnall, Abdullah Mueen, and Gustavo Batista.
The ucr time series classification archive. www.cs.ucr.edu/

Correlation based dy-

eamonn/time_series_data/, July 2015.

6] Yanjie Fu, Hui Xiong, Yong Ge, Zijun Yao, Yu Zheng, and
Zhi-Hua Zhou. Exploiting geographic dependencies for real
estate appraisal: a mutual perspective of ranking and clus-

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

[16]

(17)

(18]

(19]

20]

(21]

(22]

tering. In Proc. ACM SIGKDD International Conference
on Knowledge Discovery and Data Mining, pp. 1047-1056,
2014.

Joachim Gudmundsson and Thomas Wolle. Towards auto-
mated football analysis: Algorithms and data structures. In
Proc. Australasian Conference on Mathematics and Com-
puters in Sport, 2010.

Shen-Shyang Ho, Peng Dai, and Frank Rudzicz. Manifold
learning for multivariate variable-length sequences with an
application to similarity search. IEEFE transactions on neu-
ral networks and learning systems, Vol. 27, No. 6, pp. 1333—
1344, 2016.

Young-Seon Jeong, Myong K Jeong, and Olufemi A Omi-
taomu. Weighted dynamic time warping for time series clas-
sification. Pattern Recognition, Vol. 44, No. 9, pp. 2231
2240, 2011.

Jae-Gil Lee, Jiawei Han, and Kyu-Young Whang. Trajec-
tory clustering: a partition-and-group framework. In Proc.
ACM SIGMOD International Conference on Management
of Data, pp. 593-604, 2007.

Chotirat Ann Ratanamahatana and Eamonn Keogh. Ev-
erything you know about dynamic time warping is wrong.
In Proc. ACM KDD workshop, 2004.

Hiroaki Sakoe and Seibi Chiba. Dynamic programming al-
gorithm optimization for spoken word recognition. IEEE
Trans. Acoustics, speech, and signal processing, Vol. 26,
No. 1, pp. 43-49, 1978.

Mohammad Shokoohi-Yekta, Bing Hu, Hongxia Jin, Jun
Wang, and Eamonn Keogh. Generalizing dtw to the multi-
dimensional case requires an adaptive approach. Data Min-
ing and Knowledge Discovery, pp. 1-31, 2016.

Michail Vlachos, George Kollios, and Dimitrios Gunopulos.
Discovering similar multidimensional trajectories. In Proc.
IEEE International Conference on Data Engineering, pp.
673-684, 2002.

Xiaoyue Wang, Abdullah Mueen, Hui Ding, Goce Tra-
jcevski, Peter Scheuermann, and Eamonn Keogh. Exper-
imental comparison of representation methods and distance
measures for time series data. Data Mining and Knowledge
Discovery, Vol. 26, No. 2, pp. 275-309, 2013.

Kiyoung Yang and Cyrus Shahabi. A pca-based similar-
In Proc. the 2nd
ACM international workshop on Multimedia databases, pp.
65-74, 2004.

Wei Yu and Michael Gertz.
distance functions for object trajectories.

ity measure for multivariate time series.

Constraint-based learning of
In Proc. Inter-
national Conference on Scientific and Statistical Database
Management, pp. 627-645, 2009.

Chao Zhang, Jiawei Han, Lidan Shou, Jiajun Lu, and
Thomas La Porta. Splitter: Mining fine-grained sequential
patterns in semantic trajectories. PVLDB, Vol. 7, No. 9,
pp. 769-780, 2014.

Kai Zheng, Shuo Shang, Nicholas Jing Yuan, and Yi Yang.
Towards efficient search for activity trajectories. In Proc.
IEEE International Conference on Data Engineering, pp.
230-241, 2013.

Yu Zheng. Trajectory data mining: an overview. ACM
Transactions on Intelligent Systems and Technology, Vol. 6,
No. 3, p. 29, 2015.

Yu Zheng, Furui Liu, and Hsun-Ping Hsieh. U-Air: When
urban air quality inference meets big data. In Proc. ACM
SIGKDD International Conference on Knowledge Discov-
ery and Data Mining, pp. 1436—1444, 2013.

Yu Zheng, Lizhu Zhang, Xing Xie, and Wei-Ying Ma. Min-
ing interesting locations and travel sequences from gps tra-
jectories. In Proc. International World Wide Web Confer-
ence, pp. 791-800, 2009.



