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SUMMARY

A LBS-Based Tracking System of Similar Trajectories
Using Hybrid Method

Kyoung-Bok, Han
Department of Computer Engineering

Graduate School of Cheju National University

In this study, the hybrid methods are suggested, which use the
direction angle information to present running trajectory and track the
past locations through a small amount of vehicle’s location information.

In order to prove the effectiveness of the new technique suggested
here, vehicle’'s location information are collected by running the
vehicles moving objects under various conditions. Using the location
informations and direction angle information collected with time
intervals, the vehicle’s location information is abstracted, compared and
analyzed.

When the similar trajectory generated by the new techniques is
compared with GPS Track Maker and Difference Image Techniques,
the running trajectory almost identical to the current situation was
able to be presented rather than ones by the time interval.

In addition, having analyzed the consistency of the running

trajectory, it is shown the running trajectory is more consistent than



one by time intervals.

When the sizes of files generated by running in real time were
compared with the file made by the suggestion above, it was
quantitatively proved that it was able to save 80 percent of storage
space. The record number saved in database showed same results.

The method of a proposition generated location information rather
than the direction angle techniques . However, it showed running
trajectory track closer to real time than the direction angle one in
presenting the vehicle's running trajectory.

Finally, from the results of comparing the vehicle’s running
distances, the suggested techniques and hybrid method can express the
distances almost identical to the real time running distances which

proved the effectiveness.
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Table 1. Query for moving point object.

il
it
..__AO
Ho
o
T |
MAT e
& (Tl
m@ of | T
e b N S
dIX | = = o
oF ) O
® | 37 T
= | o N | e
~
IRy
o Zls
o4 | o X 16°
Mo |=m | O |2
Mﬂ T ||
= |Tl=
o ol of =
Ko |&|X
0 AJo X
< S
AR o
o | =
x| Mo

Fig. 1 A Spatiotemporal moving point object.
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Table 2. Query for moving region object.
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27 ol EAA o= BA AHOlAL g5 LEHR WIFOE olFIS UE
Wth, TPR-tree(S. Saltenins <], 2000)(Y. Tao. D. Papadias 2], 2003)(S.
Saltenis and C. S. Jensen, 2002)(C. M. Procopiuc |, 2002)%] 4% T,
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Fig. 3 Location of time 7
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Fig. 55 TA%bel A% o549 ANE aZat7] 98 A7k
RE AF o EAASE £E2 AANLEE F4A7 RAold. 2y
AR olFol o8 ol EAAT} B ME SER |58 AP T
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A 2387 B
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Fig. 5 Predicted location of time 75
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Pihrrk el 5 40

Esschiclnn distance: = 23 L]

Fig. 6 Query processing on euclidean space.

3. 2 olg Holy # Al&F

olFAA #HYE 3 HxFHA & Al2H AFd = DOMINO,
CHOROCHRONOS, DEDALE, Battlefield Analysis7} 21t}.

1) DOMINO

DOMINO(Database fOr MovINg Object)(O. Wolfon, 1998)= ©|&72
o &l gk § 7Rk AN A §8&9 A |
AZESO] EFEA, DBMS7|&S &8&3te] vhe AAE 912 F4 A

¥ ZzEggloltt. 2#Y DOMINO ZZEEIYLS oA x|

(e} = =] -
S FHee o
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2) CHOROCHRONOS
CHOROCHRONOS(Martin Erwig 5, 1997)& A] &%t dlo]glw o]~
ok e ol FAA o Bk Ayt HFTHOE FHHYT, o] FHA|

3) DEDALE
DEDALE(S. Grumbach %, 19992 A|<FALe} dHlo]gjwlo]2~ mdS
&3t A7 HolHE Rdsta oA s sty Hal MdE Z=
Bgoz 7]Ee A7t dHolE e EH¥gk ofyg} olF A #AH T

7 e dole md ¢ Ao F¥E AFITh DEDALES 13 539

fm
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4) Battlefield Analysis
Battlefield Analysis(I. B. Oh &, 2002), (S. S. Park &, 2001), (M. H.

Huh & 2002)= B Ao osste wul B #A59 w2ds

g AANAELS AAAANE B dotstal, FEEMY A2 F
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Dead-Reckoning©o] & Z}&F Ao AXE A 9 HAlAol &3 o]
At UAE HEFoE2N FAHAAS F55= AHFRA T A
A Aol

Dead-Reckoning®l] Al&% & AlAole SEAIA S WeJAIA7E ST

oAM= AEEIHCEEED), A2Y=d(=ZY golddoly ¥t

D), HEET So] YA, AEEHo] @ol o]&AT. o £Fo|

At WA ol th(G. Siouris, 1993) (HZ9Y 5, 1996)

WA cle Ao EQ AAVGhiER - PFIUE PFH2)AA Fo
DA, A& T (fHE)AEEQA Aed do]Exto] 27t dnbd o),

Dead-Reckoning®] A4 98]+ o= A H (X0, YO) oA =314
o] AFXn, Yn)ol EE23S w oHxEE, W9 AX} AGAXE
SHAE Ao dHolHeA 4 AHY AR(FAALL HHE T
3, HE Rt g ke Aotk 1 @9 Akl Azl LAl 16
A HelHE A, 2 FolA A4z Ao, HA dolHE WA UeA 14
deolel & A-&ste] ALt At 24 A X, ¥ 4 #EE 730k

(o]
oft %
o o o

N

) % w & (Map-Matching)
Dead-Reckoning©.2 8|3 FAHRE= Ay &HAIREe] DojHd

g A4 eAv} Bol wAleE, Ed A 20 4 2R} rAY

of A&gel AAl AAE F&sA MY F gle B5UF B

W ouAe At duHoR AFAE £4e FARTh uA



H e T2 2 XS A9t B AEAE T2 olw FY5HA
gethe Zolth Dead-Reckoning @2 el FA 3o o3t F3A4
7 CD-ROMoA ¢foldl tAd Ax9] &2 RS F4 dxeHA F
AEe a5 adad B3y, A dAAAAE UAE A

ke
>,
9'15
e

71l W ujH o] 7|22 Yol
3) GPS(Global Positioning System) %2

GPS(Global Positioning System @ & A5 9] A|2=")ES v =%
dol MEate, v AT FFoE & #AEstE e ATl ¢
g A AAAQ HukS9 Al 2Hlolth

GPS =9 9=le A48 o) ERHGPS 47417]) Atele] AgE A3y
=95 o379 Aol oA A4 AAE oW &l AT, A
ANA o] &AHA o AE d¥ A 7F FAF

ol FAF SHE sl sk dole] =3te] GPS A4 A=
AN BEHIL e A= FRo| s A3 AT = Uk

Aol A ol &8ANA Y A= fAdolA Aol FEHIL SlolA Hu
7F SIS U A o] 87 FAlEE AlZH(FA 7] HARAAD Y Aol

il

oM Aut AgAts & 5 Aa, 771

rr
2o
2%

& a
o84 A7 WEAAE ABG A opth wepd oA ZHH

Ash AYALE P RAFAEE, AYE FFRAE Dk o]
stel 7% ALE oA} Ael RO S

Qete ADE Tair] A% 48A 40 BasA Aok,
olgAte] FA7] WRAATL A4 AAe SulsA 2ok, A7 9
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HAAS AANE WA e AR FEA 1FAA AR o
g0 WRAAZ} BA e Wolt, £a71) AR e Pl 1
A WASFES AAE ST oA o] 41§D AR
e AY SAE ¢ 5 AE Aolok

GPS F4l719] g ZA(REZ9E FA 479 GPS 9140] 74

Helo] glojof sttt gy Alx AXRY BA AHAHE =9 Almanaco|uh
EphemerisE &=, 218 =2 A7t ZAHXNE 2AZ A9 XS At
sk,

4) o] B8] = (Hybrid) 4

ke
)
=3
rr
offl
e
o
DX
=2
>
D
e
P!
uv)
i
o
1>
o
AN
o
i)

T

2] slolBy= W
2] Z953% Ag LAE Hlagk dEo|th

Table 3 GPS w079 Aa Azboa w35t}

BaAg LAl S9&elgts 27FA adldA Fstd, stolrg= W
2] A S & 5 AT
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Table 3. Positioning rate and distance error.

T =&(%) B AL L2Hm)| FHh A2 22Hm)
GPS 67 13.3 38.6
539 100 90.2 2495
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o] ZAollMe olFF AAR 2F olFAA N et Hok A o]F
! aga A olF AEE FASHAT. L3 AF oY HolH FE<
AR A= ol AA L AZE B AR A =1 A olF A A

A% ANAE HoIsen
L A3 ol5AA 39

B Aot 23 39 A% o|sAAY AR Bas] 9

A, JEHS UL S o FAMI AF oJFEAA HolHE T

3} o] A9 sk

(e 1] GH ol AA) Azke] Wstel wie} =7F A HA gt

5 AF o|EAANE BAG. 4% o)5AA ypE A

2

7t 4 (Time attribute), &7t 4 (Space attribute), &¥ 3

’d(General attribute)S 7FAW, yp = T4 Sa Go7F AT

)

(8ol 21 (Nt £4) ypo) A E4 T = i, wp R TFAE

AlEE AR e TE NS UERT o] o) gy of

rr

U
u,= TEAIZH(Valid time)d] JE S8 9427 E0 F &
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[49] 3]
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AZe AAACA " AzkE YEE, S, =
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<t AE KRS ot = ], 4 =tk
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(A% oIEAA volEuelx) Az o] FEAA wo|Euo] 2%
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(MPy, MPy, -, MP,}°1T. Sp TAE % ol5AA o
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Fig. 7 Min_dist application example using minimum distances critical.
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Fig. 8 Vehicle moving paths.
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o we} Ag 7hs st

Fig. 12= & ol§ AH F& dadgSs Hehd Zoln. tolEH 9]
2ol A AF AAMRE HAst AEH Ad=E FE54] AT o
ARE FH}AH

FAANEE AF ol5AA AHS olFE AdY $AYEL @

5

o,
r

=
T

e

AA Z=(0~360)2 F8E L, AR AH Q=(q, g9, **, ap) =

St AT

public boolean AngleAbstraction(int ID, int X, int y){
DBmanager dm = new DBmanager();
/* Base Location */
int baseX = dm.getBaseX(ID);
int baseY = dm.getBaseX(ID);
/% Current Location */
int currentX = x;
int currentY = vy;

/* Get Length of current to base */
int linel = this.getLength(baseX, baseY, currentX, currentY)

/Get Length of base line */
int line2 = this.getLength(baseX, baseY, currentX, baseY);

/*Get eaceh angles */
int currentAlgle = this.GetAngle(linel, line);
int baseAlgle = dm.getBaseAngle(ID);
int diff = abs(currentAlgle - baseAlgle)
/% Compare */
if(diff > dm.getBaseOrError(I(D))
return true

else

return False

}

b

Fig. 12 Extraction algorithm for vehicle moving action information.
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else if(Ang_Diff < 0) Ang_Diff = Ang_Diff + 360°
[e)

if(Ang_Diff > 360°) Ang_Diff = Ang_Diff - 360°;
return Ang_Diff;

Ang_Diff = 180° + (a2 - al);

int Ang_Diff;
Sk Aol A A ZIHEES

}
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pul

int ADF(int al, int a2)

}

Fig. 14 Direction angle abstraction function of vehicle moving object
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1) GPS §°41 NMEA# 23} @ =}
(1) NMEA& 2]

oL

_(H

A\

%

2

NMEA (National Marine Electronics Association)< 7NA A S ZE
o FAE H AHUFH AEHolx H HolH ZZEZZ A
NMEA-0183¢] AF&5 3 th Fig. 155 GPSF4l #AHlo] £419 NMEA

24 gl

$GPGGA,141113.999,3730.0308,N,12655.2369,E,1,06,1.7,98.9,M,,,,0000+3E
$GPGSA,A,3,02,07,01,20,04,13,,,,,,,3.7,1.7,3.2%31
$GPRMC,141113.999,A,3730.0308,N,12655.2369,F,19.77,195.23,101200,,#3C
$GPGGA,141114.999,3730.0264,N,12655.2351,E,1,07,1.2,98.8 M,,,,0000%3C
SGPGSA,A,3,02,07,01,20,24,04,13,,,,,,,2.3,1.2,1.9+3E
$GPRMC,141114.999,A,3730.0264,N,12655.2351,E, 15.51,202.12,101200,,#3C
$GPGGA,141115.999,3730.0231,N,12655.2345,E,1,07,1.2,98.7,M,,,,0000%37
SGPGSV,2,1,07,07,84,025,47,04,51,289,48,20,40,048 47,02,32,203,46+74
$GPGSV,2,2,07,01,23,101,47,13,20,131,32,24,19,268,40+49

Fig. 15 GPS receiving format.
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2o% YNH L BE AAw Yok

o
off

Table 5= GPRMC &E9] W&o]t}. Sentence ID =+ GPRMCHE
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AA oW flelA AFE & GPGGA, GPGSA, GPGSVIIAE 143}
FEolth. UTC Timew A7+ dWelll= Z=olw, UTC Date 2E
oF o] A @Rl Ate A g Aok UTC Time AlAl EFA
ojmg eyt = 9AZte Hell Folof @tk UTC Datex &
oot Status 2=+ @A GPS F4A7] BHE UEH 7=
Ast V2 AT Ae Validd Zeeld Ve Invaliddh FeiE UeE
H Ve ASe AXAHEE AHT F g AHeold. Latitude =+
1=, N/S Indicatore H9¢ H9E Ul Sd=ox= F99
E/W Indicatordl & =7 Hro] 2 4 7} glth Longitudes ZAEE Uehd
t}. Speed over groundv %5 YEU = s8] 7] wjFol KnotsT
AE ARSI mEbd 2 SEAE HEA7] 7] feiM = 1.8525 et
o &= A4ksfol 3t} Course over groundv 3 ek et
ANES FAHOE AANFSE 0 ~ BRI A=t FoAAH, JAHLS

WGS-84 BlAE T4H4S0=2 3+ Aoty Magnetic variatione Al&-3}

rr

r_{

Y
ot

I
=

Course over groundol|lA &3k &7 zpol& A= FAIS ZAQH I
7k GPS#AHIZE olyw tiZf= Null2 AHA Atk yHA F==
Checksum3} Terminatorg 2zt=t}.
(2) 22 We 573
dutx oz A4z GPSY A Hg=+= 2DRMS(Distance Root Mean
Square)Z ek 100m AFZolth el m Alo A 2000 594 <l
A& 23 892190 SA(Selective Availability)S HOEZH YJAASTE==
2DRMS 20m X7} # o}
GPS #d xte AgF: AdA 4, diFd AAd A4, s AEELA)
ABAE2L, ABAA LA, 2-]a F417] 2%
=

GPSe] xb+= o8 71A 89le
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GPS#A7] 24 eAE TR 3, BYF A3, FLE Faol A GPS

FAZINA FAR A AR FAxge] WEE S48k 2AS B A

Table 5. GPRMC field composition.

Field Example Comments
Recommended Minimum

Sentence ID $GPRMC Specific GNSS Data
UTC Time 091342.862 hhmmss.sss
Status A A=Valid, V=Invalid
Latitude 3327.4064 ddmm.mmmm
N/S Indicator N N = North, S = South
Longitude 12633.8847 dddmm.mmmm
E/W Indicator E E = East, W = West
Speed over ground 10.85 Knots
Course over ground 336.50 Degrees
UTC Date 031005 DDMMYY
Magnetic variation Degrees
Checksum Ax5]1
Terminator CR/LF

2 A7 A AFEE GPSAHIE= NAVIUSASY] NSA-U3RHo|n A
= 4% AE vlE oA =AFAT GPS 23 EHANAE A5 F7)
o #3571, 714, 2= wEh 9A FHEgre] v2A s wekA

D
)—U
w

\
>,
A
=2
R
o
>
£
N
ot
do
Y
==
2
o
A\
o
r 1
i
i)
o
Lo
o

Ht
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A7} ok 0023%, Y=

olE Y= Fitste] AL

067% gxol Hit BA7l By om,

L2k W7 EA s,

Table 6. Location coordinate value received by GPS.

e A=

1 126°33 " 54.18 7 33°27 " 2392”7

2 126°33 " 54.18 7 33°27 ' 23.90 7

3 126°33 " 54.10 7 33°27 " 2395”7

4 126°33 " 54.19 7 33°27 ' 23.99 7

5 126°33 " 54.19 7 33°27 " 23.85 "

6 126°33 " 54.19 7 33°27 " 23.70 7

7 126°33 " 54.22 7 33°27 ' 23.83 "

8 126°33 " 54.20 7 33°27 " 2380”7

9 126°33 " 54.17 7 33°27 " 2375 "

10 126°33 " 54.25 " 33°27 " 2392”7

11 12652354248 33°27 ' 23.93”

12 126°38 5418 33°27 " 23.87"

13 12633 H4.22" 33°27 " 2385”7

14 126°33 " 54.19 7 33°27 " 23.90 7

15 126°33 " 54.17 " 33°27 " 2392

16 126°33 " 54.22 "7 33°27 ' 23.87"

17 126°33 " 54.21 7 33°27 © 23.90 7

18 126°33 " 54.18 7 33°27 ' 23.92”

19 126°33 " 54.20 7 33°27 ' 23.90 7

20 126°33 " 54.19 7 33°27 " 2393 "

2) eI 22 % AA

e ge A% GPSFATA A8 A% 9% AHgk T FRHAY
4% olF Aol RAMT AF A HEFS AAFE otk AF
Sol, Aol o5 F ABFAN AB BT e AS, EE AFe] &
5] A B AR e FASE A9, 2RI Telnd A A
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Fig. 16 location coordinates received while a vehicle stops.
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Fig. 17 Location change of moving object between ¢ and f,
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Fig. 1814 O(cy, y) & ELF A9 ARE AXE 4F o)A
A7 3013, Ry, y) = AASEE AX7F Bk Fold Alzk oo
o% V5@ AAY fAE A @A P AL pot NHE 7 A
98 MAEoR st o] AL o] FolA A (DlA TaR o5 Wy
gl ABHE AR oW Ade FF ol AAE TE & ok

Fig. 18 Circle equation.

Qo] WA M FHo2RE FoZ 7 g9 WAE pS THAE A
Hxy, vy HEE 2 (1037 (1Dl o8] 78 5 gt} o714 W&
DE A (89 A pot stk

x9 = Dcosf (10)
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A AZEE BHEA G A, o Ml e @ o EAA el ol

43l A—B—-C—Deta E7|= oyt v wekw, AF ols Al

ofzd ol 912 Wyt shbe] ABLE AAHEES sl
debd o FANNE AAY Bk £Ao U FEALS AAA
=4 A0 AR L L w2 BN 2387 oHe oF
AB2zs) o] oF AW2E Felwt
Table 7¢ HolBo| 2ol A 2 JF o] FAAY o]F NA2E F28
A0l o ANNE e gp©l 0ECIFT AR I7)N A%
AA) 3¢ Al WA Wl WA 93 Abelel AlZE ZHHO] L g 308
& 2P T Ao o]F NP2 Be@th

Table 7. Moving sequence.

Moving Sequences

1 <A B C D>
2 <A B C> g
3 <B C D>, <F>

Fig. 212 A% &3 F2E& 2449 F3o2 Yrojx AAste olF
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Fig. 21 Attribute informations of vehicle moving object running
sections.

3 9] olF A|PEAE FEFI WE €1glE MovingSequenceExtract( )

o dEE 2 o] FAA o]
B A S,pd 4 AF ols AlEzol diste A AR dAIAICL
wan__dist» m_g@‘:% 1211_—;-}‘—?3‘]—5—;% 11:]_“?4 o]%
2 A A=A A
Ae dA M= SCGenemlzze()

OFO
o
B
il
=
r& )
rok
2
do
o
offt
>,
)
[>
Ll
ofl
ox
o
v
=)

% 7} 99 o]F AAxY o]F WEE Andt)
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Algorithm : MovingSequenceExtract();
Input :
Sypt A ol FAA dHoly HF
MAP: 7 Ax "Heoly JE
scy: °ls 73t g AT
min_dist* A& 18 FAA
ng_ggp: Zam }\]Zl' 21'7—31 ?317:]]7'(]
Output :
MS EEEE ols AlEA [}
Method :
MS empty;
J/ 2k A o5 o] F A@zel vhshel
FOREACH( 4 IN S,
{
wid 1 /) &9 olF AlE AEA 273}
PrelC 1> 7/ olA L o]F QYA %273}
/AR B9 AlEE A
sid= getSid(s);
US= new  US( sid, usid)
US = 11
/) AR B B
FOR (G = 2; I < slength; i++) {
/) HA AZE 7 JAA A&
MS™ MSTUS
JABZ Y] R AR &9 olF AlEE A
usid= getNextUsid( );
(5= new  (8Csid, usid )

A A

M

(5= Sl
} PrelC = b
ELSE {

/)AL ALY dAA A&

IFC gist S prercdy sG> an aist) |
s = s -+ slil; B
PrelC = b
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ELSE {
/TR BAE LH A EE aof
PreAreq = GeneralizelntoRegion
SI percl, yap);

CurArea = GeneralizeIntoRegion(Slil, j74p);

IFC predren <> Curdrea)
5 = (5 + sl
Prel},C =1

}

} MS=MS+ US
/) olE R N ASE AE3 ditst #3
MS SCGeneralize( yS, SCH, gen_ threshold)

return S,

Fig. 22 Moving sequence abstraction algorithm.
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ol o] 2o . 3]

o 7 szl AHE WM olF ARAE the Has) FRAALES
NEMIEEINEE RS BT P
A7) gAY A4E FR AR flow By,

E Ca C; F
Sequence | Support SepueTe Seguance | Suppoel Sequence | Suppon
=l 2 <A, B = fi= 2 < B= 2
<F> ] =, O < G F i, o 2
0= k] =/, = = 1= 1 =8 = 3
<[ ] <B A= =B A= a =i e 2
<BCx | —Senl g 3
« [ [Cow wff [1= 1
< fr < e i
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<DE= | [ «pBx | 0
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cABCe |—SCMO_ ] ap @ Ca F wh B G 2

Fig. 23 Candidate sequence creation example.

%Xﬂ'&]‘—‘&} z} 7} 9] o]% }‘]'?:]_—{\— S1, ,Sk_lj’]' S 1, s k—17]_ txﬂbﬂ' UH,
S1, s e 7t 1,y Spooe EgstAL, S,y Sper 7t
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o
2o

FH S AAFsta olF AlEzd HIEHE FHEH
2072 HAsEy] 95 sl EYE ARSI s ERle a4 HolE
7 FEFFE Egste U H-=Z(internal node)®t @ == (leaf node)Z

4l Elol&9 72k WAL AH ==F 7heg]7]= ),
¥ =EE ZHo] d+19 ==& itk $R FEJES 3l
A Efe] 718 W FEZRE wuwse o2/AA Lol 14 37}

AN Ede] A Qo] do] WF =Eold R FEAFe) d

A FEE e Fol A&t A == AR
min_sup® 2708l AlA ek 7EGRE W, Table 79 °lF AlALZY
B 23 9 o]lF FHe {<A>, <B>, <C>, <D>, <A B>, <A C>,

<B C>, <C D>, <A B/ C>»}o] HH| Fig, 232 o] #}38& HAFT}

AG7tA 2 olF #HE wloldS A +3 AAHS ¥ EsH. Fig.
245 o]#3 7zt @A d18]Z& VMP(Vehicle Moving Pattern mining)
o AA F4& HoAFEh

VMP(database D, max_gap, min_sup, Area A)
begin
foreach moving objects mpoint in D do
foreach location x, y of mpiont do
foreach area a in the A do
if (contains(mpoint, a))
set location of mpoint as a
break;
for (i=1; end of a mpoint; i++) do
begin
if ot — vt;—> max_gap
msert with new sequence id

end
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F1 = {large l-sequence};

for(k=2; Fk-1 # &; k++)do
begin
Ck = New candidates generated from Lk-1
foreach moving-sequence ¢ in D do

increment the count of all candidates in Ck that are contained in ¢

Fk = Candidates in Ck with min_sup
end

Answer = Frequent Sequences in UkFk

end

Fig. 24 Moving pattern mining algorithm VMP’s whole composition.
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HE AT Y £4 ol 244 H4L WA 234 £4 H)

g S Hole2 ARl ti £4 BEE AFste HolEeolth A

F 54 JRE 28 SR gep ARx F20 288 290 ¥ 5 9
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Table 83 Zo] FA =T}

T

L

Table 8. Vehicle attribute table.
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3) A o2 ol
A &4 HolBe A7 Wstel e A o|EAA DY} A% ol F

ol &
Ll

HEAE AAsta, T3k &7 ols kel WHstES AFs= HolE
olt}. ®HlolE FA-2 Table 107 2t}
Table 10. Vehicle history table.
= Type Sl
vmo_id String 2= 1D
mo_date Date P s PN e
VMo_X double 2eF xFE
VMo_y double 2eF yEIE
4) 25 o]5 A|HEZX HolE

A ols AlEE HolE2 AH ol Al¥EE FEW

g zev,

Hol| oJsliA F=
5t Ao & Table 113 & #+*%

Table 11. Vehicle moving sequence table.

A Type oju]

seq_no number AP HE

S_X double A A A FHH®
S_y double AlZF 9= FHE
e_x double 3 Ax FE%
ey double =237 9= Fx
lang number A

ang double VAR

speed number ST
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}\];l(j tH_I‘CA (x, y) }’]'—:-jl- 7/(\)1— ( tH‘l’ xt{H); ( tH—l’ ytiﬂ)% 71511&115__@ 71511

S 9% HEE o183l 1,9 v, e Folel AT WDV

Algorithm past_location ( vmo_id, t,)
VL => gDl A EAA ypol AUA, A 5H
1A
22 > 108 A pe) LAEL v AR A el 3
Begin
v_history_data®l Xl QEE 0 7= 7HAE AA H2A
If(A A7 nulle] obY™) Then
v_history_datal Al £,< ¢,< ¢, 20& W= 92 HHE A
(t, %), (4, yi)F (tivps Xen), Ctigq, Vi )= A
If (A4 A3} nulle] o}y ™) Then

2

L

Xy, Xy,
Xy (t,—t;41) +x,
t, ti+1_ti ( b l+l> tiv
Vi Ve,

(f —t; )+y.
tig—t; 0 T fin

Vi,

Else %, « 2% 3, Vv, « 27 #
Return x,, and y;, //3A9] tANHL (4, 4) FH3Eg T2
End

Fig. 25 Past location estimation algorithm.
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oY 91N HEE BAT] FE x(£)% wW(1)E T vlehe] AH

Algorithm fudure_location (vmo_id, t ;)
DY > @9 clEAA ypel AEBAL, ¢ vhe] 54 AA
=8 => x, AR A e o FEE v A A el yFE
&
N P A FHE FAO AFEE HT olsHEY A HAxE Y
N
Begin
v_history_datall Al FEE 4 5 7HE AA A2
(A2 A7} nulle] oY) Then

v_history_data°ll A ¢, 0139 HZ a7le $1A xR S 2

f(AM Ax7t nulle] oY) Then

AN 9] -7‘(’]'-::}—% A g X Vi tloﬂ Xﬂ;g—(]a', Z:]_~N>

N N
x,f;—( > ey —x, )+ lZ;(t,-—til)>X(tf—tN) +x,,

N N
yt,<—( ;(yt,.—ytﬂ% ;(ti—l‘i_l))x(tf—t]v) +y,

Else x;, « 27 %%, v, « &/ %
Return x;, and v, //vIehe] ¢ A1HQ (, FER WS
End

Fig. 26 Future location estimation algorithm.
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Fig. 28 GPS TrackMaker execution.
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Table 13. System and analysis tool for vehicle location information
and similar trajectory abstraction.

CPU : PentiumII Processor

Exn RAM : 288MB

o Hard Disk : 30GB

OS : Microsoft Windows 98 Second Edition
CPU : PentiumIV 1.70GHz

RAM : 512MB

3 EF
=SS ard Disk : 120GB
OS : Microsoft Windows XP Professional
Z R iE P
GPS obe|L} A }o(5) dES$

2dm : NSA-U3
2w o] | Java2 SDK(ver 1.4.2)

O| ~AEAZE(EST soft) @™ 2.0 Deluxe
GPS TrackMaker(ver 13.0)

to]ElH] o]~ | Oracle 9i

Y

e

22 EFAAY YPXARE GPS TrackMakerE AFg3le] AA7to =
GPS&4171% B8] S389em, Table 149 2o] a9t
Al wet Y =79 HIZE U S She

s B A
Table 1494 23} AAEE HH tE 85 HU & S0 HAIE
g ol|Ae AAAHA =2 43S HE3 7] wFEoltt Fig. 295 29 13}

,I_z

A eRAAS 24 o AN /Y HHoz Ao FIF AXL 2
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1% 24 AY
23} g9 A%

Fig. 29 GPS receiving error by vehicle’s backward moving.

Table 14. Vehicle running data for vehicles location information

abstraction.
S 12+ 2} 3} AR} 52}
Al ZFA TE 14:48:05 | 13:12:40 | 19:08:13 | 07:19:06 | 08:08:43
T8 AIZE 15:41:26 | 14:05:04 | 20:14:13 | 08:07:10 | 09:03:19
=3 AZHZE) 3,201 3,164 3,960 2,884 3,276
+ AZ(km) | 22,664 22,986 22,791 22,567 22,761
B &= (km/h) 25.5 26.3 20.7 28.2 25.0
7 &7 (kb) 131 167 148 124 136
dz= 1,885 2,399 2,142 1,754 1,912
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Fig. 30 Vehlcle running trajectories.
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1min 2min

3min 4min

Smin

Fig. 31 The first time interval running trajectory.
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1min 2min

3min 4min

Smin

Fig. 32 The second time interval running trajectory.
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1min 2min

3min 4min

Smin

Fig. 33 The third time interval running trajectory.
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1min 2min

(S

3min 4min

Smin

Fig. 34 The 4th time interval running trajectory.
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1min 2min

3min 4min

Smin

Fig. 35 The 5th time interval running trajectory.
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Fig. 36 The first similar trajectory.
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Fig. 36%-¥] Fig. 407t A= 1x}3-E 531714 AA|7to 2 =A%) 2pF &

5}
BAZNA FP2 JRZ F28 AT BN Y Feloh

10° 20°

30°

Fig. 37 The second similar trajectory.
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10° 20°

30°

Fig. 38 The third similar trajectory.

10° 20°
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30°

Fig. 39 The 4th similar trajectory.

10° 20°

30°

Fig. 40 The 5th similar trajectory.
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first second

third 4th

5th

Fig. 41 Hybrid trajectory.(Direction angle 10° + Time interval 1min)
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first second

third 4th

5th

Fig. 42 Hybrid trajectory.(Direction angle 20° + Time interval 1min)
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1min 2min

3min 4min

Smin
real time —_—— . time interval

Fig. 43 The first real time running trajectory and time interval
running trajectory.
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1min 2min

3min 4min

Smin
real time —_—— . time interval

Fig. 44 The second real time running trajectory and time interval
running trajectory.
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1min 2min

3min 4min

Smin
real time —_—— . time interval

Fig. 45 The third real time running trajectory and time interval
running trajectory.
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1min 2min

3min 4min

Smin
real time —_—— . time interval

Fig. 46 The 4th real time running trajectory and time interval
running trajectory.
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1min 2min

3min 4min

Smin
real time —_—— . time interval

Fig. 47 The 5th real time running trajectory and time interval
running trajectory.
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(2) AN A <@ AT PF FAH A

AN A% eBAAT W} §ANES GPS TrackMakerS 3

1 20°

30°
real time —_—— . time interval

Fig. 48 The first real time running trajectory and similar trajectory.

Fig. 48%-¥ Fig. 527tA= 7t 59
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10° 20°
= o
30°
real time —_—  time interval

Fig. 49 The second real time running trajectory and similar
trajectory.
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10°

20°

real time

Fig. 50 The third real time running trajectory and similar trajectory.
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similar trajectory

10°
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20°




30°

real time —— — similar trajectory
Fig. 51 The 4th real time running trajectory and similar trajectory.

10° 20°

30°

Fig. 52 The 5th real time running trajectory and similar trajectory.
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first second

third 4th

5th

real time _ 10°+1min

Fig. 53 Real time vehicle running trajectory and hybrid trajectory.
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real time _ 20°+1min

Fig. 54 Real time vehicle running trajectory and hybrid trajectory.
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Fig. 55 Trajectory comparison
(Hybrid trajectory : direction angle 10° + 1min).
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Fig. 56 Trajectory comparison
(Hybrid trajectory : direction angle 20° + 1min).
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Fig. 58 The first norm difference image abstraction.

Fig. 60 The first time interval difference image abstraction(2min).
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Fig. 61 The first time interval difference image abstraction(3min).

Fig. 62 The first time interval difference image abstraction(4min).

Fig. 63 The first time interval difference image abstraction(5min).
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Fig. 645 17 A7 A3 S3A43 B3z 1009 fAE 3

vl gtoln Blo|EstAart F4E Hadte AS = F Utk =, 39

Estart gafke Ae $RAMe] HsE wro] wrke ZlolH,
Aol Boha B % 9
Fig. 6476 667hA% HAZ g $9AAT HF4E fAAH 29

‘de Hlalgk 3ol

Fig. 64 The first similar trajectory difference image abstraction(10°).

Fig. 65 The first similar trajectory difference image abstraction(20°).
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Fig. 66 The first similar trajectory difference image abstraction(30°).

Fig. 673 Fig. 682 13} AA|7td spolBE|= FAMH A S 29 719

H
o2 FAFE g FHoz Wzt 10°+1minel do]lBH = FAHF
NA B AFNAN FAAHEA EAIALSFTL sojvdes AS B 5 U

Fig. 67 The first hybrid trajectory difference image
abstraction(10°+1min)

Table 15= AAIZF Ak 33414, A28 3AF, W& 54
A a2l slelBEE fARA S AP HaE T3 3o|EdA H

ot s Wt HolE2M HolsdME & yEy 915kl Wz
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SAF A AT WeEzE SAME AR o Be Egsiass B 4 Q)
o] 7] -] B¥ Black, W& White 84S UellE Aot}

Fig. 6958 Fig. 7671 A= 23 AA 7 A|70702,) Wkt slolH gl =

Jo

FAHIA S A 7IMer vl EA4% sdEolty a8al Fig. 77, 78
H

< ol B = FAMIAS G 7]

Fig. 68 The first hybrid trajectory difference image
abstraction(20°+1min)

Table 15. Comparison of the number of pixels in the first vehicles
running trajectories.

Al 774

LG Wity |

1min 2min 3min 4min Smin
B W B W B W B W B W
144,255| 6,145 [144,063| 6,337 |144,148| 6,252 (144,166| 6,234 |144,383| 6,017
AR SfolEe= A7
10° 20° 30° 10°+min | 20°+1min
B W B W B W| B W| B |[W| B | W
146,961 (3,439 | 145,646 | 4,754 | 144,653 |5,747(147,222 (3,178 |146,186|4,214 |146,306|4,094

A A 7F

Y
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Fig. 71 The second time interval difference image abstraction(3min).
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Fig. 72 The second time interval difference image abstraction(4min).

Fig. 74 The second similar trajectory difference image abstraction(10°).

109



Fig. 76 The second similar trajectory difference image abstraction(30°).

Fig. 77 The second hybrid trajectory difference image
abstraction(10°+1min).
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Fig. 78 The second hybrid trajectory difference image
abstraction(20°+1min).

Table 162 22k AAIRE, AIZPAE, W) stolBel= FAHE 3}

a4 vy Holeolw olwA AVl= 400x3792H, F SaTe
151,60038} 4= o] &}
Fig. 7958 Fig. 87IA|= 3z A9 vl gHoez o|vx] A7

480x380°1™ &A= 152,000t}

Table 16. Comparison of the number of pixels in the second vehicles
running trajectories.

A1+ A

LG Wity |

1min 2min 3min 4min Smin
B W B W B W B W B W
145,104| 6,496 [145156| 6,444 |145,307| 6,293 |145,570| 6,030 [145,568| 6,032
FAHIA Sfoluel= 97
10° 20° 30° 10°+min | 20°+1min
B W B W B W| B W| B |[W| B | W
148,172 | 3,428 | 145,705 |5,895| 144,917 |6,683 146,653 {4,947 [146,701 4,899 | 147,501 4,099

A A 7F

Y
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Fig. 81 The third time interval difference image abstraction(3min).
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Fig. 84 The third similar trajectory difference image abstraction(10°).
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Fig. 87 The third hybrid trajectory difference image
abstraction(10°+1min).
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Fig. 88 The third hybrid trajectory difference image
abstraction(20°+1min).

Table 172 32k AAZE, A4, W&zt stolHE = FAMA 3}
242 Hlwste] AE)d go)lE 2 A olu|A] A7|E 400x3800.2, F A&
T 15200084 o)t}

Fig. 89%-E Fig. 837FA= 4zt 2194 H]

480x377°1™ F &g+ 150,8000]

W o E olwA AV]=

Table 17. Comparison of the number of pixels in the third vehicles
running trajectories.

N
1min 2min 3min 4min Smin
B W B W B W B W B W
145,802| 6,198 |145,615| 6,385 |145,607| 6,393 |145,981| 6,019 [145858| 6,142
FAHIA somelE A4 [,
10° 20° 30° 10°+min | 20°+1min
B W B W B W| B Wi B |[W| B | W
148,322 13,678 | 147,270 | 4,730 | 145,918 [6,0382|148,254 |3,746 | 147,781 4,219 | 147,907{4,093
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Fig. 91 The 4th time interval difference image abstraction(3min).
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Fig. 94 The 4th similar trajectory difference image abstraction(10°).

117



§ APpH P38
¥

Fig. 97 The 4th hybrid trajectory difference image
abstraction(10°+1min).
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Fig. 98 The 4th hybrid trajectory difference image
abstraction(20°+1min).

Table 182 42 AAIZY, AIZPAE, WA, sto]lBel= FAHA 3}

7_:]]
LS Blaste] Z3 HolE ot

Table 18. Comparison of the number of pixels in the 4th vehicles
running trajectories.

/\] 7} 7+ A

T

1min 2min 3min 4min Smin
B W B W B W B W B W
144,321| 6,479 (144,305| 6,495 [144,442| 6,358 |144,738| 6,062 [144,710| 6,090
FAHI A EREE R
10° 20° 30° 10°+min | 20°+1min
B W B W B W| B Wi B |[W| B | W
146,528 [4,272| 145,692 |5,108 | 144,773 [6,027|146,781 |4,019 |146,119|4,681 |146,730{4,070

2 A 7F

Y

Fig. 84%H Fig. 917hA|= 53 294 vlw W o =z oju|x] Z7|=

480x379°1H F stA+= 151,6000] .
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Fig. 99 The 5th time interval difference image abstraction(1min).

Fig. 101 The 5th time interval difference image abstraction(3min).
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Fig. 104 The 5th similar trajectory difference image abstraction(10°).
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Fig. 107 The 5th hybrid trajectory difference image
abstraction(10°+1min).
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Fig. 108 The 5th hybrid trajectory difference image
abstraction(20°+1min).

Table 195 52 AAIZL, AIZPAE, Bzbd) slo]lBg|= fAMA 8
LS vty gele golEolth

Fig. 1099} Fig. 1102 |7 2p=2] B3, 3o]
ojt},

|
[

st2gE Hlag a9y

Table 19. Comparison of the number of pixels in the 5th vehicles
running trajectories.

A1 7¥73+ A

QLG Bty |

1min 2min 3min 4min Smin
B W B W B W B W B W
145,096| 6,504 [144,856| 6,744 |145,285| 6,315 |145,382| 6,218 |145,566| 6,034
FrAHA A stolH = #HF
10° 20° 30° 10°+min | 20°+1min
B W B W B W| B W| B |[W| B | W
147,435 | 4,165 146,236 |5,364 | 145,835 |5,765|147,643 |3,957 {146,634 4,966 |147,490|4,110

A A 7F

Y
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Fig. 109 Comparison graph of the number of black pixels.
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Fig. 110 Comparative graph of the number of white pixels.
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stolBE =7y a&4S AASFAT
Table 208 247hA= 1A7H 5271A1 9] b 3o whet A4€ A
RS st
Fig. 111, 112& $9A A<=k Table 2058 247149 7+ x}49] =Y
a71¢F d2E & vlagk &S 22 38T

Table 20. Quantitative comparison between time interval and similar
trajectory (first).

e Time Interval A & stol B =
e 1sec | 1min|2min | 3min |4min |5min| 10° | 20° | 30° |10°+1]|20°+1

(kb) ] 133 3.76| 1.98| 1.49] 1.20, 0.99)25.05(12.49| 6.59| 27.47| 14.62

gm=%[1870] 51 26] 19] 15 12 351 174] 91] 385 206
AT | 22664km| £HAZ | 3201%] HFEE | 255km/h

Table 21. Quantitative comparison between time interval and similar

trajectory(second).
£ Time Interval A A slo| B E
1sec | 1min|2min | 3min|4min |5min| 10° | 20° | 30° {10°+1|20°+1
RN 170/ 383 212 148| 120 0.98/31.74 1431 835 3394| 17.15
dZ=412399 52| 28| 19| 15| 12| 445/ 200| 116| 476/ 240
o978 | 22086km| <A | 3164%] FESE | 263km/h

Table 22. Quantitative comparison between time interval and similar
trajectory (third).

Time Interval A A stol B =
1sec | 1min|2min | 3min |4min |5min| 10° | 20° | 30° [10°+1|20°+1

31} @)
s ;‘7] 152| 4.83| 2.55| 1.84| 1.41| 1.20]31.50(15.64|8.53| 33.55| 19.33

=
(
2= (2143] 66] 34] 24 18] 15| 441] 218] 118] 484 270
A | 22791km| A | 3960%] HHE= | 207km/h
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Table 23. Quantitative comparison between time interval and similar

trajectory (4th).
£ Time Interval A4 stol B =
e 1sec | 1min|2min | 3min |4min |5min| 10° | 20° | 30° |10°+1]|20°+1
g =.7]

(kb) 124| 370 2.00{ 1.30] 1.10] 0.91}23.00| 11.00| 6.40} 25.52| 14.15

Plm=s|1754) 50| 26| 17] 14 11] 314 158 188] 36| 197
A | 22567km| A | 2884%) HEE= | 282km/h

Table 24. Quantitative comparison between time interval and similar

trajectory (5th).
e Time Interval A4 stol B =
e 1sec | 1min|2min | 3min |4min |5min| 10° | 20° | 30° [10°+1|20°+1
fI—]—O] :‘17]

(—T‘{b) 133.9] 4.10] 2.20| 1.60| 1.20{ 0.99]25.80|13.60| 7.50| 28.39| 16.56
HIZ=4|1,878) 56| 29 200 15| 12) 361| 189| 104 397| 231

A | 22761km| A | 3276%| HHE= | 250km/h
180
160 |
140 |
5120 |
S0
2 %
[ 60 F
o |
20 M
0 " . . — : : : ‘
KU
7 F
‘+1i]—+2§<}+3i}——x—4§<}—+5ﬁ]—‘

Fig. 111 Comparative graph of the file sizes between time interval and
similar trajectory.
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Fig. 112 Comparative graph of the number of records between time
Interval and similar trajectory.
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Smin

Fig. 113 Time Interval consistency comparison.

129




10°+1min 20°+1min

Fig. 115 Hybrid trajectory consistency comparison.
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w

Fig. 116 GPS location information change by vehicles running.

(6) +34 77 ¥l
TUT ARE ¢ AFE TLE Y AYs e
2 YT A 3 A AAE, W
gl 223 stelEe| e fAH A A SF AT
oluH = fAHAA Y de= Brhstaih
Table 25= AAIZY, AZPHA, Wzt sfo|He =
Bl o] &oltt.

Table 259 AN LAY WP fAAAY 2PANS B
400mel A 500m AE] A& Ao B moln YTk AT 1% AHAY

A ¢4 A Fol B Mwade A5 o 4~SkmPE] ol T Hol
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ol

lolBgl=9] P AT AL AATH 7M7he 2F SFAAZE Ho|
3 ks A5 P ARG o A A7kl 7Rz
Table 26 Table 252 AA|7F 3 AT e} AIZHrAE ) wFkzd | &lo]

BYE ¥ 7gE HES(%)E 18 3 Aotk

ol

Table 25. Vehicle running distance. (units : km)
T 12k 22 3¢ 4=} 52}

A A ZE 22.664| 22986 22.791| 22567 22.582

1min 18.462| 18.389] 18.984| 18.665 18.573

2min 14.716| 15.344 16.98| 15.782| 17.321

3min 13.918| 13.833] 15505 14.158| 13.823

4min 1276 12.017| 12.626| 11.775] 12.623

5min 11.252| 11.512 1245 11.779] 11.628

ek Zk10° 2219 22565 22.276| 22.151| 22.194
nF3EZ120° 21.716| 21.383] 21.671| 21.766] 21.587
Wek7k30° 18785 18.431] 18.942] 19.905] 19.905

stol B8] = (W3FZH0°+1Imin)|  22.279] 22582 22355 22.190| 22.257
sto] B gl = (WaFZzt20°+1min)|  21.934 21.98| 22.015] 21.871| 21.849
Table 26. Percentage of vehicles running distance. (units : %)

TE 1z} 2} 3xF 4=} 5&F

1min 81.46 80.00 83.30 82.71 82.25

2min 64.93 66.75 74.50 69.93 76.70

3min 61.41 60.18 68.03 62.74 61.21

4min 56.30 52.28 55.36 52.18 55.85

Smin 49.65 50.08 54.63 52.20 51.49

nFgEZE 0° 97.91 98.17 97.74 98.16 98.28
Wek7k20° 95.82] 93.03] 95.09] 9645 = 9559
Wek7k30° 32.88 80.18 83.11 38.20 32.01

sto]l B8] = (W&F2H0°+1min) 98.30 98.24 98.09 98.33 98.56
sho]l B 2] = (W&F2+20°+1min) 96.78 95.62 96.60 96.92 96.75
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Fig.117 Vehicle running distance.
» 100%
g 90%
g 80%
o
3 70%
(=}
o 60%
2
5 50%
2z 109
o
o0 30%
o
£ 20%
S 104
m 0

0%

[—— 13 —m—2x —a—33 -4z 57 |

Fig. 118 Percent of vehicle running distance.
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Fig. 119 Vehicle running path.

Fig. 1202 Fig. 119¢] &3 Z=Z AF F StartAH e &3 F=Z9 &
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Fig. 121 Finishing area and running path point.
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Fig. 122 Vehicle running path abstraction.
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4min Smin

real time —_——  time interval

Fig. 123 Real time running trajectory and time interval running
trajectory in straightaway.

30°
real time —_—  similarity

Fig. 124 Real time running trajectory and similar trajectory in

straightaway.
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30°¢1 AS-ole 2570olth webA Fig. 12404 HglEo] FAAE 2
Jekzy 71Ro] A9 TP FHAHLS gy Y A7 dIE S
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2 2 4 99

Table 27. Quantitative comparison between time interval and similar

trajectories.
am Time Interval A A sfolrE =
1sec | 1min| 2min | 3min | 4min|5min| 10° | 20° | 30° [10°+1]20°+1
HEED 60,82 143 085 0.64{05650.495) 3.37] 220/ 193] 445 337
dze=s| 873 18 10 7| 6 5 45| 30 25 60 45
AT | 20.782km| A7 975%| HHAE% | 76.7km/h

HIZCHsH g =ohe A2t
Fig. 1259}Jg. 1&&“@*%%ﬁ %.Lff 2 vlwdt gyl

70

File volume(kb)
Do w P a1 D
(@} (@} (@) (@) (@)

=
o

AAIZE 1min 2min 3min 4min Smin 10° 20° 30°

10° +1  20° +1

Fig. 125 Comparison of file sizes between time interval and similar
trajectory in straightaway.
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Fig. 126 Comparison of the number of records between time interval
and similar trajectory in straightaway.
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Fig. 127 Vehicle attribute table structure and search.
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Fig. 128 Driver attribute table structure and search.
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Fig. 129 Vehicle history data search result.
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Fig. 130 Vehicle moving sequence table.
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Fig. 131 Vehicle frequent sequence table.
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Table 28. The file size of similar trajectory by real time vehicle

running (units : %).

77 | 24 | 34 | a4 | 54 |AA=
nFakzE 10° 18.84 18.67 20.72 18.55 19.27 5.36
wekzE 20° 9.39 8.42 10.28 8.87 10.16 3.65
wekzE 30° 4.96 491 5.61 5.16 5.6 3.07
slo]lB = 10°+1 20.66 19.97 22.08 20.58 21.20 7.08
slo]lB = 20°+1 10.99 10.09 12.72 11.41 12.37 5.36

142



Table 29. The number of similar trajectory record by real time vehicle

running (units : %).

= 12k 22F 3%} 4=} 52 |AAE=

Wkt 10° 18.77 18.55 20.77 17.90 19.22 5.15

k7t 20° 9.30 8.34 10.17 9.01 10.06 3.44

k7t 30° 4.87 4.84 551 5.02 5.54 2.86

stolB g = 10°+1 20.59 19.84 22.59 20.30 21.14 6.87

stolB g = 20°+1 11.02 10.00 12.60 11.23 12.30 5.15
25.0%
20.0%
% 15.0%
'% 10.0%

5.0%

0.0%
10° 20° 30° 10° +1min 20° +1min

‘—0—1;1]- —a— 22} —a— 32} 43} *—53} —e— A XML E ‘

Fig. 132 Comparative graph of similar trajectory file size.
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Fig. 133 Comparative graph of the number of similar trajectory record.
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The first similar trajectory 10°

The second similar trajectory 10°

The third similar trajectory 10°

The 4th similar trajectory 10°

The 5th similar trajectory 10°

real time

Straightaway similar trajectory
30°
similar trajectory

Fig. 134 Similarity between real time and similar trajectory of.
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