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SUMIT POOMRITTIGUL : A ROAD TRAFFIC MEAN TRAVEL SPEED SYNTHESIS SYSTEM
PROTOTYPE USING GPS DATA. ADVISOR : ASST. PROF. SETHA PAN-NGUM, Ph.D.,
CO-ADVISOR : KUNCHIT PHIU-NUAL, Ph.D., 98 pp.

Due to the expansive use of GPS, GPS dala can be used to provide valuable travel time
and the travel speed data for the traffic information system. However, to track personal cars for
such information would have privacy problems. Thus, the mean travel speed (MTS), which
requires individual vehicle tracking, cannot be calculated directly. In this research, we Iry to
estimate the MTS of the road by using GPS data without ID number.

The estimation is done by considering the relationship between MTS and time mean speed
(TMS), and experiment with relation between MTS and estimated space mean speed (eSMS).
Both studies were done on the 1681 Taxi GPS data and our own collected data. On account of
high variance and low transfer frequency of Taxi data, the results show that the MTS cannot be
estimated from the other speed accuralely. Therefore, we continue to test with our data.
In addition, vehicle speed has high variance on inner city roads. Therefore, we proposed grouping
methods of spot speed dala on Individual road segments, which are called segmentation,
to reduce the traffic variance and analyze the collected data for MTS estimation.

The results show that the correlation between TMS and MTS is 0.94 and the relationship
graphs between TMS and MTS have @ linear trend line. Hence, TMS and MTS are highly
correlated. In summary, MTS estimation can be improved and developed into the model or
equation if TMS is calculated under short segment (50'm), low traffic variance data, and under a
suitable time-period (5 minutes), Moreover, the variable of MTS of each segment can detect a
traffic incident.

Finally the researchers implemented an MTS synthesis system prototype for road traffic
level reporting on GI5.
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2.1.4.1 ANUNWNIEUBY PostGIS
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TMS-MTS relationship
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Estimated SM S difference as a function of CV
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32 N9ILATIEANNANAUSIRIAANIEIAS LialszunuATIANNLE A RINNg
\AUNILRARY (Mean Travel Speed) WAXNITATIARAULDNALNANITUNAUING
N1545145

A1nnsaAszidasulaiinisAnedeyaniniadezinnsnge 16w Time mean
Speed (TMS) Estimated Space Mean Speed (eSMS) uaz Mean Travel Speed (MTS) Tng

a o

Tfannsanuduiusrasanuiafeieanainainanuiaaae Rakha [10] WaANEN

I < dl 4 dJ 1 ?:/ ¥ 4dl v o 3| Y & v dl %
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SOUANTIL ﬁmmLLﬂiﬂmumm%’@H@mi@m% (Traffic Variance) gan1n gafludneoy
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fnllae9n1727199 ML NN NIDUULUL  A9N199LAN T UiaTa 3.1 LA AN
anduiusuazAANNRANAIALRAY (Mean Error) uad v liagd1fdnaauduiusszudng
TMS AU MTS HuHANANAUSNINAIIAINANAUTIEUIN eSMS AU MTS  waAN
ANNANNUSURIAINNIFINI DI AN URA TN UAIA NI 71571 ﬁ\iﬁu;ﬁ"ﬁﬁum@
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ANBINNNTANAIAINLLTF9UIRIN1799193 s TRq 1A AN 9L 79U TE 1 A EI M T
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Speed) WaanANNKLUTUTIUIRIN1799193A4 InEANAENITULNNGNAIFIAIHLUIENY
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TIENTUNITATIAT

[ %

HAARAAAUEIBNITULNNANAINITI VTR AAIIHTILANIZRAATHILUINTDIT
UL (Segmentation) ileanAvmuslsuaesdeyaienislszannsin MTS Wiaau
IndiRnannfign  Inedinssipiadiiuizniie = TMS MU MTS  ulaudfieudy
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321  AUARAUNITILATIEN
Tunigtszannidn MTS arnAusaanizqaitiasanagldnesy  1adinslddeys
ff/ | o 1 o K 3 v o ff/ % =2
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WAL TURINANNRF UL ey Al unguaNFaiNe N AN sz liika
2IANNANAUTITNT19AHTIA97] Usenausdaa A NduiuisenInaAINiiuanzan
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AINN9LIITNBIANNITIRR AN IZBZNINALAINTITBINITLAUNINLRAY (Relationship
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1) UNUHANNANAUSIEUdeAauLs
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2) ANANANNUT (correlation)
3) ANEAFIUANEANAIATTUINER9FLLTLRAE LL@zquuLﬁﬂ\uuummgm
109A1EAAIUAIMNRANAIATENI19aR9AusLaR8 (% of  Absolute

Difference)



46

4) ARANAIATTNINNERIFLTIaRE zd'aw,ﬁmLuummﬂmmmmamwmm

sxuqnagadfaLLlsiaas (Absolute Difference (km/h))
Tner ANEANANATIIANAAZINELIAINAT MTS 2849Usazgntaa

1 1 [ 1 i . .
3.2.1.1 NMSULNNGNAMNLTIATNTNOUBUULAINLNIAW (Fixed Segmentation)
ad nill o 1 1 ] | 1 1 t:lltzl QII a o till
Jannstiazyinnisudenuulnaudetosauuiudaanuutesniiainendnei ulseil
Mnsutie uaear1AINgn A 100 AT WAz 50 AT NBRANHIAAIINIANAINTEUNS
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® ANMNANWUSTZUNG TMS AU MTS

Relationship between TMS and MTS
[Segment length = 50 m]
Correlation = 0.96

®
o

' y = 1.0036x +|1.506
R%=0.9218 ,/
60
= 50 -
E alt
< 40
2
S 30
20
10 . *
L
0 . |®

TMS(km/h)

3N 312 AN usITAusEndn TMS L MTs TradiAAa NT e nuuisn
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WINAL 100 m

® ANMNANNURA

Relation between TMS and MTS
[Segment length =100 m]
Correlation =0.92

MTS(km/h)

60 70
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MTS TaeNANIAINTIDUUNFA

a‘ﬂ‘w 3.14  ANNANRNUSITUAWIZUING eSMS AU MTS TaadANANNTI9 D LUNFA

w&W’]EN NATBNIVIEINE
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Relation between eSMS and MTS
[Segment length =100 m]
Corgelation =0.78

/ =|0.6106x + 16.287 .
~ |R*=0.6035 }'
E :{\
£ o |
5 o
= * ¢ [#30
= 0‘
o
- /0
-50 -30 -10 eSM§8(m/h) 30 50 70

o

3171 315 A NANUS T AUITNIN eSMS U MTS TnalArAd g nuunsna

Winfy 100 m

1 1 [ e . .

3.2.1.2 NSULNNANAMNFIRINNsuIsIURRITaYA (Dynamic segmentation)
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START

Get all data from original segment
to array A

v

Calculate distance of all data from
the start of intersection
v
Sort data by position in ascending
order along the road

Assign Y,N=0
Get point by point to NO
new array (Array B)
v
Find Mean
NO
Y++(Count)
Is absolute of and get
difference of mean YES » present data
and next point > P? point to
NO
array C
NO
NO
S YES
v
N++(Count)

and get present data to array

YES
h 4
Segment with first [NO
YI;S point in array C
Assign Y, N %
=0 Back Stage to.the

first point of array

destroy array B,C; «
Assign Y, N = 0;

YES
] gVl

Merge array C to array B
and Destroy array C

7171 3.16 danesnnzeinsunguANEImINNsulsiuaesdaya
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® ANMUANWURTZNING TMS AU MTS

Relationship between TMS and MTS
Ignore out of pace data
(0,15,15,5) Correlation =0.89

MTS(km/h)

(0, 15, 15, 5)

® ANNANNUGH

Relation ' " veen eSMS and MT§
Ignore out of pace data y

0 10 ZOeSMgﬂ(m/h)M) 50 60

U7 3.15@ Q@ﬁ%&ﬁ%ﬂl&%ﬂ%ﬁmﬁ@mﬁms‘mﬁu
‘ﬁ%ﬁmmmummmaa

32122 MSIUATIBRRLUAATAYANTAIUANFINEANANNFNUAZEINIAR

ALaag (Include out of pace data ) (C=1)
Tn8n19112094a2099 N TATNAUUNILENNTULNNIAATIEVANANNUT 4RI A

~ - p ) = o a - A o~ p
LW@LTJ??JULV]HUI@HLLm@z‘ﬁ‘ﬂﬂqzﬁJﬂqﬁ‘&Lﬁﬂqu?qNLm’ﬂ? 2 by LWﬂﬂq?Lﬂ?ﬂULVIﬂUN@

(1,15, 15, 5) uaz (1, 15, 20, 7)
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® ANMNANWUSTENING TMS AU MTS

Relationship between TMS and MTS
Include out of pace data
(1,15,15,5) Correlation= 0.88

L
U7 319 Aadiniugiduduszudns ™S U MTS TagfAwasdinefiviariy

(1,15, 15, 5)

® ANMNANNUSANMNANN

WA el

g 320 AuANARSEuITde eSMS AU MTS  TaaliAwnsdmadivindu

eSMS(km/h)

(1,15, 15, 5)
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THE CORRELATION

SPEED CORRELATION  CORRELATION

RANGE(kM/H)  (MTS/TMS) (MTS/ESMS)

FIXED SEGMENTATION (50 M)

ALL 0.95 0.84
<5 0.26 -0.81
51010 0.03 -0.56
>10 0.96 0.89

FIXED SEGMENTATION (100 M)

ALL 0.93 0.80
. 0.49 -0.76
51010 0.05 -0.44
>10 0.92 0.78

IGNORE OUT OF PACE DATA (0,15,15,5)

ALL 0.94 0.93
<5 0.20 -0.29
571010 -0.06 0.24
>10 0.89 0.89

INCLUDE OUT OF PACE DATA (1,15,15,5)

ALL 0.86 0.73
<5 0.20 -0.25
5710 10 0:36 -0.24
>10 0.88 0.81

IGNORE OUT OF PACE DATA (0,15,20,7)

ALL 0.94 0.94
<5 0.53 0.05
51010 0.31 0.51
>10 0.90 0.89

INCLUDE OUT OF PACE DATA (1,15,20,7)

ALL 0.85 0.72
<5 -0.96 0.76
51010 -0.01 -0.29
>10 0.88 0.80

F197 3.3uAnIANANANANTUE TR sl ndsnag
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ANE19199 3.3 dayanauduiusaziiulidn Aanduiusaessioulsisasgasd
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Ananduiuseglusyndng 0.7 09 0.94 GededalAranduiuslunnaia Tnadiuen

ANANTUSIZNINAAULS TMS  uaz MTS  azlANANRUs AUNINNEIAMNENTUE
519198 eSMS uaz MTS TaaifliAnanduiusatjszndng 0.85 19 0.94 uaz 0.72 D9 0.94
pnasu Tnagléain m1919hl 3.3 T9aNmNI9aTLAINITUENTTRIANNIETIRaNTTUAN
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v
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TUNMTUAAIUN YN A NANAUS LY

3.2.2.1 NMFULNNGNANEIRINTIOUURLLANENIAST

ANANNRANAIATLNIN TMS 1 MTS wanalumisen 3.4 LATATANNEANAIA

eSMS i1 MTS uanalumnsein 3.5

ABSOLUTE DIFFERENCE ( ERROR ) BETWEEN TMS AND MTS

% OF ABSOLUTE
ABSOLUTE DIFFERENCE
SPEED DIFFERENCE(KM/H) COMPARED TO MTS

RANGE(KM/H)  AVERAGE ~ SD  AVERAGE SD
FIXED SEGMENTATION (50 M)
ALL 3.25 5.12 37.83 134.38
<5 4.26 7.17 80.56 132.72
571010 7.05 7.93 128.28 290.42
>10 2.50 3.60 15.57 84.60
FIXED SEGMENTATION (100 M)
ALL 3.70 5.46 41.64 114.32
<5 3.78 6.38 64.47 106.64
51010 431 6.04 66.31 92.16
>10 3.56 5.07 30.25 118.96

AN NI 3.4 LAANANAINEANAIATLNGNG TMS AU MTS



ABSOLUTE DIFFERECE (ERROR) BETWEEN ESMS AND MTS

% OF ABSOLUTE
SPEED ABSOLUTE DIFFERENCE
RANGE DIFFERENCE(KM/H) COMPARED TO MTS
(KM/H) AVERAGE SD  AVERAGE SD
FIXED SEGMENTATION (50 M)
ALL 7.48 12.27 134.40 398.29
<5 14.97 16.38 ~ 570.71 771.25
51010 18.62 19.72 .. 253.78 403.62
>10 4.23 7.19 19.15 55.03
FIXED SEGMENTATION (100 M)
ALL 9.85 13.45 154.85 367.42
<5 15.94 15.19  509.70 663.66
5710 10 15.17 15.03 203.95 211.45
>10 7.05 11.67  38.77 97.92

AN9N7 3.5 UARIAIANNNANAIATEZNGNS eSMS il MTS
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1 1 (3 s
3.2.2.2 NITHUNNAN ﬂ'J']NL?'Jﬁl"ls\lﬂ']ﬁuaﬂiﬂu‘llﬂ\'iﬁlﬂﬂﬂ

ABSOLUTE DIFFERENCE ( ERROR ) BETWEEN TMS AND MTS

% OF ABSOLUTE
ABSOLUTE DIFFERENCE COMPARED
SPEED DIFFERENCE(KM/H) TO MTS
RANGE(KM/H)  AVERAGE SD AVERAGE SD
IGNORE OUT PACE OF DATA (0,15,15,5)
ALL 4.28 4.64 92.85 201.71
<5 1.20 1.00 228.56 409.73
51010 3.22 2.45 142.27 191.00
>10 5.29 5.26 47.26 100.04
INCLUDE OUT OF PACE DATA (1,15,15,5)
ALL 6.09 S0, 242.32 1063.94
<5 2.02 1.54 890.72 1742.60
51010 8.75 5.59 1253.88 2835.77
>10 5.73 5.11 83.19 175.60
IGNORE OUT OF PACE DATA (0,15,20,7)
ALL 3.97 4.69 88.22 192.03
<5 1.65 1.96 205.90 352.01
51010 3.10 2.11 100.91 131.06
>10 5.02 5.51 42.99 81.46
INCLUDE OUT OF PACE DATA (1,15,20,7)
ALL 6.08 5.17 207.95 891.97
<5 2.59 1.20 491.39 344 .84
51010 8.98 6.78 891.39 2224.89
>10 5.72 4.78 66.12 129.95

A3 3.6 LAAIANANNRANAIATLNING TMS AU MTSTuAaznisNmas
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ABSOLUTE DIFFERENCE (ERROR) BETWEEN ESMS AND MTS
% OF ABSOLUTE
ABSOLUTE DIFFERENCE COMPARED
SPEED DIFFERENCE(KM/H) TOMTS

RANGE(KM/H)  AVERAGE SD AVERAGE SD
IGNORE OUT OF PACE DATA (0,15,15,5)
ALL 5.07 435 118.21 275.58
<5 5.16 4.42 475.89 585.34
51010 4.53 2.67 114.67 91.51
>10 5.21 4.79 39.00 86.80
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Segment length (km)

Estimated Travel TimePer Segment =
TMS

Uil Segment length azwiafiu 0.05 na.

Combined Estimated Travel Time =) Estimated Travel Time;, (3.5)
i=1

Road Length (km)

MTS = , : .
Combined Estimated Travel Time (hr)

(3.6)

Road Length = Number of Segment x Segment Length (0.05km) (3.7)
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Mean Travel estimation by our Absolute
Date Time Side
Speed program Difference(km/h)

2008-02-07 17:00:01- 2.7
2008-02-07 17:05:00 N/A
2008-02-07 17:05:01- 1.2
2008-02-07 17:10:00 4.3
2008-02-07 17:10:01- N/A
2008-02-07 17:15:00 0.3
2008-02-07 17:15:01- 0.6
2008-02-07 17:20:00 0.0
2008-02-07 17:20:01- 12.4
2008-02-07 17:25:00 0.2
2008-02-07 17:25:01- 0.6
2008-02-07 17:30:00 6.0
2008-02-07 17:30:01- 3.8
2008-02-07 17:35:00 4.0
2008-02-07 17:35:01- N/A
2008-02-07 17:40:00 1.6
2008-02-07 17:40:01- 1.5
2008-02-07 17:45:00 N/A N/A
2008-02-07 17:45:01- N/A N/A
2008-02-07 17:50:00 1 14.9 N/A N/A
2008-02-07 17:50:01- 0 18.5 N/A N/A
2008-02-07 17:55:00 1 13.9 14.3 0.4
2008-02-07 17:55:01- 0 15.0 N/A N/A
2008-02-07 18:00:00 1 17.0 14.1 2.9

- Mean Absolute Error = 2.7 km/h, Correlation = 0.4, 0 #ifin1g =2 1 fiAn1e €

AN N7 4.1 e uiaunislszanniA1annldsunsniual MTS
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Mean Travel Speed Estimation using GPS Data without
ID Number on Inner City Road

Suvit Poomrittigul, Setha Pan-ngum, Kunchit PNiual,
Wasan Pattara-atikom, and Panita Pongpaibool

Abstract—Due to the expansive use of GPS, GPS datan be
used to provide valuable travel time and the travebpeed data
for the traffic information system. However, to acess ID
number for personal car would have problems with pivacy.
Thus, mean travel speed (MTS), which requires individal
vehicle tracking, cannot be calculated directly. Inthis research,
we try to estimate the MTS of the road by using GPSlata
without ID number. The estimation is done by consideéng the
relationship between MTS and time mean speed (TMS),nd
experiment with relation between MTS and estimated pace
mean speed (eSMS). In addition, vehicle speed hadgln
variance on inner city roads. Therefore, we proposedrouping
method of spot speed data on the road segment, whics called
segmentation, to reduce the traffic variance and alyze the
collected data for MTS estimation. The results show he
correlation between TMS and MTS is 0.94 and the rel&nship
graphs between TMS and MTS have a linear trend lineHence,
TMS and MTS are very correlative. In summary, MTS
estimation can be improved and developed into the adel or
equation if TMS is calculated under short segment (b m), low
traffic variance data, and under suitable time perod (5
minutes).

I. INTRODUCTION
It is well known that traffic jam is a critical poem in

Bangkok. Travel time or travel speed of the roads i

considerably useful, which can be used to helplvesthis
traffic problem. Nowadays, the Global Paositioningstem
(GPS) is installed in many vehicles such as taxi modern
passenger cars. Therefore, it would be usefuleifGiPS data
from some of those cars can be sent to the datarcehich
has an automatic road-traffic analyzing systemeal time.
Then this analyzed GPS data can be used to pruogidable

S. Poomrittigul is with the Department of Computéngineering,

travel time and the travel speed data for the itraff
information system [1], [2].

Recently, research on traffic analysis by using RSG
system provides the high accuracy method to remedn
travel speed (MTS) [3], [4]. Many works employ velbi
probe technology [5], [6], [7], [8]. However, prokehicle is
not practical for everyday use, since it is expemsand
requires many vehicles to cover a large numberoafls.
Moreover, to access ID number for personal car ddalve
problems with privacy.

The time mean speed (TMS) [4] is the arithmeticrage
spot speed (instantaneous speed) of all vehicleheosame
road on a specified period of time. It does notmexgvehicle
tracking, and hence no individual vehicle ID fototdation.
TMS represents speed at specified period of ticherdfore,
it could not normally be substitution for MTS. Hoves,
there are studies on the relationship between MIGSTMS
in an attempt to modify TMS to represent estimat€dS
[3], [9]. The research by Hall and Zhang proposed
estimate and report a space mean speed (SMS) ludhvis
the average speed of vehicles traveling on a geegment of
roadway during a specified period of time. Theyealeped
eSMS equation (3) [10], [11] which is the estimataf SMS
from TMS. This eSMS is shown to be a good estinfiate
MTS under certain conditions. This given equatierbased
on the relationship between both speeds on a freeMare
importantly, these works apply to freeway and |a@pector
data, which is not necessarily applicable to incigy road
and GPS data.

The research by Quiroga and Bullock [9] analyzeel th
effect of using different highways segment length tfaffic
speed estimation. They showed that relatively shegiments
(0.32-0.8 km) are needed to detect localized trafiect.

In this research, we try to estimate the MTS ofrtred by

using GPS' data ‘without ID number by considering the
relationship between MTS and TMS, and experimerth wi
relation between MTS. and eSMS (3) on suitable road
segment length.
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S — split data into segments. Each segment would acomteire
U =Uu, —— (3) similar data with less variance. Two methods ofiging are
u, proposed: grouping by fixed segmentation and gray iy
dynamic segmentation. For each method and eachesggm
we calculate TMS from (2) and eSMS from (3) to gmel

where, U, is mean travel speed (MTS), ) ; N ; )
o their relationship with MTS from (1). The followirgnalysis
d; is distance of a car traveled, steps were made: 1. Plot scatter chart, 2. Finddhelation,
T ; 3. Find the average (mean) and standard deviaS@) Of
S t d of t led, .

: !S IMe perlod ot a car travele absolute difference error compared to MTS (ME) and
N is number of cars, Find the mean and SD of percentage of absoluterdiite
U, is spot speed, error compared to MTS (PME). Finally, we compare th
— results.

U, is time mean speed (TMS),

ﬂ is number of data, A. Grouping method by fixed segmentation
U, is estimated space mean speed (eSMS), Firstly, this method would split the original roatto an

equally fixed segment. In this research, the fisegment
length is chosen to be 50 meters and 100 metera.rAsult,
we obtain 15 and 30 segments, respectively.

2. .
o, is variance of TMS.

II. DATA COLLECTION AND PREVIOUSDATA ANALYSIS

We collected GPS data from five cars on PhayatibaidR g Grouping method by dynamic segmentation

from Samyan intersection to Patumwan intersectidnch is . .
1.5 kilometers long. The data were collected betwee el micnoth of this method would directlgeted

5.00pm - 7.00pm by using a Garmin10 GPS modules on the variation of traffic data. A Dynamic segnatian will
' ’ ’ accumulate TMS point by point from the point neateghe

beginning of an intersection, and check an assigned
condition for grouping near speed data set. Anrélyo is
shown in Fig. 2.

This method would use some grouping parameter. They
are as follows: 1. P (Pace) is a threshold speel@c¢ale that
is out of pace data or not. 2. y, is the quantitpwt of pace
data for segmentation. 3. n is the quantity of ptex data

g SamYan — Patumwan between decision of segmentation. 4. C is the patemfor
Intersection EEE Intersection selection between two alternatives where C=0 (igroart of
|1 5K ”cmamgm” pace data), C=1 (not ignore out of pace data).
g — e — — — —— — = Out of pace data is a datum or group of data thahithe
group of near speed. However, group of data, isnmath
Fig. 1. Phayathai road segment more than the quantity of out of pace data for sgation

Because each split segment may have some out efdzda,

The data are collected every second. Each GPS dafa need to reduce data variance by ignoring opact data
packet consists of latitude, longitude, directioht@vel, from speed calculation. However, we plan to anatieetwo
velocity, time and date. alternatives for comparison.

Previous Data analysis [12] showed that high vagan For each alternative, we apply several initial paaters to
traffic data affects the relationship between S8 BTS. compare the results-and identify the more suitahlameter
SMS cannot be substituted for MTS under high traffaita set. The assigned parameters (C, P, y, n) on asdtdlows:
variance condition. TMS may be substituted for Mir&ler

low traffic data variance and sufficiently shortgseent 1) Ignore out of pace data (C=0)
condition. Furthermore, for‘our collected data, ltlest result
of time period to get data from one segment is Buteis. a) (0,15,15,5)
. METHODOLOGY b) (0,15,20,7)

The objective is to use spot speed data in the pier®d 2) Not ignore out of pace data (C=1)
of 5 minutes to estimate MTS. MTS is computed fram
mean of a mean travel speed of each car on the road a) (1,15,15,5)
segment.

First, we found that data have high variance. Thus, ) (1,15,20,7)

estimation using equation (3) gives an inaccurasult.
Since, road data generally has high variance. Valdé to



94

variance and the correlation is lower than 0.4 lasve in

Table 1.
THE CORRELATION OF ALL METHODS
Get all data from original segment SPEED CORRELATION CORRELATION
to array A RANGE(KM/H) (TSITMS) (TSEESMS)
v FIXED SEGMENTATION (50 M)
Calculate distance of all data from ALL 0.95 0.84
the start of intersection ' ’
<5 0.26 -0.81
Sort data by position in ascending 57010 0.03 -0.56
order along the road >10 0.96 0.89
FIXED SEGMENTATION(100M)
‘ ALL 0.93 0.80
v <5 0.49 -0.76
Get point by point to NO 57010 0.05 -0.44
new array (Array B) >10 0.92 0.78
_ L IGNORE OUT OF PACE DATAO0,15,15,5)
Find Mean ALL 0.94 0.93
NO <5 0.20 -0.29
| 57010 -0.06 0.24
Y++(Gount) | | >10 0.89 0.89
Is absolute of and get \
difference of mean YE present data ‘ NOT IGNORE OUT OF PACE DATA1,15,15,5)
NO and next point > P? point to | ALL 0.86 0.73
array C
<5 0.20 -0.25
57010 0.36 -0.24
o NO >10 0.88 0.81
’ IGNORE OUT OF PACE DATAO0,15,20,7)
2 ALL 0.94 0.94
<5 0.53 0.05
YES YES 57010 0.31 0.51
v
N++(Count) >10 0.90 0.89
and get present data to array NOT IGNORE OUT OF PACE DATA1,15,20,7)
ALL 0.85 0.72
<5 -0.96 0.76
57010 -0.01 -0.29
>10 0.88 0.80
el Seg_':t?:t;"fr‘: ﬁg‘ Ne Thus, we plot only the relationship graphs for otfig
Nt | : . .
—x P Y speed data higher than 10 km/h as shown in Fij03 -
Assign Y, N %
— L Back Stage to the A. Grouping method by fixed segmentation
first point of array .
C: n The results of absolute difference (error) betwébs
destroy array B,C; and MTS, and eSMS and MTS for each segment length
ALY WO are shown in Table 2-3.
YES
L]
Merge array C to array B

and Destroy array C

Fig. 2. An Algorithm for grouping method by dynansegmentation

IV. RESULTS

The correlations between TMS and MTS, and eSMS and
MTS are from 0.7 to 0.94. In addition, the relatibip
between TMS and MTS has higher correlation. The
correlations between TMS and MTS, and eSMS and MTS
are form 0.85 to 0.94 and from 0.72 to 0.94. Frdm t
analysis, low speed data (<10 km/h) have high itraff
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TABLE Il .
ABSOLUTE DIFFERENCH ERROR) BETWEENTMS AND MTS Relation between TMS and MTS
% OF ABSOLUTE [Segment Iepgth =100 m]
ABSOLUTE DIFFERENCE o Correlation =0.92
SPEED DIFFERENCEKM/H) COMPARED TOMTS
RANGE(KM/H)  AVERAGE SD AVERAGE SD 60 y = 0.9743x +2.3175 -
2 _
FIXED SEGMENTATION (50 M) o R°=0.8411 - /
ALL 3.25 5.12 37.83 134.38 _
ey
<5 4.26 7.17 80.56 13272 eX
57010 7.05 7.93 128.28 290.42 @ 30
s
>10 2.50 3.60 15.57 84.60 20
FIXED SEGMENTATION(100M)
ALL 3.70 5.46 41.64  114.32 10 K 2
*
<5 3.78 6.38 64.47 106.64 0 1 Al : :
0 20 0 0 60 0
57010 431 6.04 66.31  92.16 c ! MsEmfhy  ° ’
>10 3.56 5.07 30.25 118.96 Fig. 4 Relationship between TMS and MTS on segrigemgth of 100 m
TABLE Ill 2) Relationship between eSMSand MTS
ABSOLUTE DIFFERECHERROR) BETWEEN ESMSAND MTS - -
Relationship between eSMS and MTS
% OF ABSOLUTE S t lenath = 50
ABSOLUTE DIFFERENCE [Segment leng n= m]
SPEED DIFFERENCEKM/H)  COMPARED TOMTS Correlation = 0.89
RANGE(KM/H) ~AVERAGE  SD __AVERAGE __SD [ v =1 0.790x 4 9.9271 .
FIXED SEGMENTATION (50 M) } " R? = 0.7894 -
ALL 7.48 12.27 134.40 ~ 398.29 \ ) U, .8
| *
<5 14.97 16.38 570.71  771.25 = | RS
57010 18.62 19.72 . 253.78  403.62 E L
>10 4.23 719 1915 5503 o | ol 8
E I
FIXED SEGMENTATION(100M) \ fs Z 1
ALL 9.85 1345  154.85  367.42 \ R
<5 15.94 15.19 509.70 663.66 N / ° . SO R R .
57010 15.17 15.03 203.95 211.45 ‘
>10 7.05 11.67 38.77 97.92 eSMS(km/h)
1) Rel ationship between TMS and MTS Fig. 5 Relationship between eSMS and MTS on segfeagth of 50 m
Relationship between TMS and MTS Relation between eSMS and MTS
[Segment length =50 m] Seament lenath = 100 m
Correlation = 0.96 [Seg ngth = ]
80 r Corgelation =0.78
y E 1.0036x +|1.506 ‘ 3
70 RZ=0.9218 / y= 0.6106x + 16.287 e
60 R® = 0.6035 }'
e
< 50 - ‘,;e 50 .o //
P . 2 % .
] = i
£ 20 §, M ¢ *
1% A
20 g SN
. .
10 * 20 -
'. 3 A
0 re 1 IK ' 7
0 20 40 60 80 o7 1 ‘ * S
- .
TMS(km/h) gl o
-50 -30 -10 30 50 70
Fig. 3 Relationship between TMS and MTS on segrieenith of 50 m esmstkmin)

Fig. 6 Relationship between eSMS and MTS on segieagth of 100 m

B. Grouping method by dynamic segmentation

The results of absolute difference (error) betwébs
and MTS, and eSMS and MTS for each parameter eet ar
shown in Table 4-5.



TABLE IV
ABSOLUTE DIFFERENCH ERROR) BETWEENTMS AND MTS
% OF ABSOLUTE
ABSOLUTE DIFFERENCE
SPEED DIFFERENCEKM/H) COMPARED TOMTS
RANGE(KM/H)  AVERAGE SD AVERAGE SD
IGNORE OUT PACE OF DATAO,15,15,5)
ALL 4.28 4.64 92.85 201.71
<5 1.20 1.00 228.56 409.73
57010 3.22 2.45 142.27 191.00
>10 5.29 5.26 47.26 100.04
NOT IGNORE OUT OF PACE DATA1,15,15,5)
ALL 6.09 5.22 242.32 1063.94
<5 2.02 1.54 890.72 1742.60
57010 8.75 5.59 1253.88  2835.77
>10 5.73 5.11 83.19 175.60
IGNORE OUT OF PACE DATAO0,15,20,7)
ALL 3.97 4.69 88.22 192.03
<5 1.65 1.96 205.90 352.01
57010 3.10 2.11 100.91 131.06
>10 5.02 5.51 42.99 81.46
NOT IGNORE OUT OF PACE DATA(1,15,20,7)
ALL 6.08 5.17 207.95 891.97
<5 2.59 1.20 491.39 344.84
57010 8.98 6.78 891.39 2224.89
>10 5.72 4.78 66.12 129.95
TABLE V
ABSOLUTE DIFFERENCHERROR) BETWEEN ESMSAND MTS
% OF ABSOLUTE
ABSOLUTE DIFFERENCE
SPEED DIFFERENCEKM/H) COMPARED TOMTS
RANGE(KM/H)  AVERAGE SD AVERAGE SD

IGNORE OUT OF PACE DATAO0,15,15,5)
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The results of this method are shown in Tabl, 1
5. From Table 1, y and n do not affect the corietatWe

only plot the relationship graphs for parameteng a equal
to 15 and 5.

1) Ignore out of pace data (C=0)

a) Relationship between TMSand MTS

Relationship between TMS and MTS
Ignore out of pace data
(0,15,15,5) Correlation = 0.89

y = 1.145x - 5.6652

R? = 0.7917 ;/g
© o ¥,

MTS(km/h)
*
PS >
>

. '%
20

* vV
04 -
*®
10
0
e

0 10 50 60

20 30 40
TMS(km/h)

Fig. 7 Relationship between TMS and MTS on paransse(0,15,15,5)

b) Relationship between eSMSand MTS

Relationship between eSMS and MTS
Ignore out of pace data
(0,15,15,5) Correlation = 0.88

y = 1.0673x - 1.2482
R? = 0.7994

,3/"
50 'Y &
/

*

*

MTS(km/h)
EXS
*
§<

NI
*

*

-

PR AR R4

>
L)
10
o

0 10

ZOeSMS!Ekm/h)AO 50 60
Fig. 8 Relationship between eSMS and MTS on paramset (0,15,15,5)

2) Notignore out of pace data(C=1)

a) Relationship between TMSand MTS

Relationship between TMS and MTS
Not ignore out of pace data
(1,15,15,5) Correlation = 0.88

ALL 5.07 4.35 118.21 275.58
<5 5.16 4.42 475.89 585.34
517010 4.53 2.67 114.67 91.51
>10 5.21 4.79 39.00 86.80
NOT IGNORE OUT OF PACE DATA1,15,15,5)
ALL 9.36 11.96 767.89 5473.94
<5 10.57 12.78 2710.38.. 4224.68
57010 24.81 20.99 5408.80 15057.8
>10 7.04 8.04 51.78 113.52
IGNORE OUT OF PACE DATAO0,15,20,7)
ALL 4.86 4.67 141.23 314.73
<5 5.30 4.23 485.09 544.36
57010 4.33 2.48 91.11 62.12
>10 4.84 5.28 32.34 65.51
NOT IGNORE OUT OF PACE DATA(1,15,20,7)
ALL 10.54 12.60 925.81 6278.18
<5 14.96 14.83 3015.32 2884.21
57010 24.34 21.00 5115.02 16026.9
>10 7.74 8.28 38.52 35.90

60
y =|1.2032k - 6.8428 ’g
> RE=07723 /
* *
e
E 40 ‘ “
é 30 & :
a AR
= * *
= $A %
20 - N
o %
10 24 -
:0
0

TMS(km/h)

Fig. 9 Relationship between TMS and MTS on paransste(1,15,15,5)



b) Relationship between eSMSand MTS

Relationship between eSMS and MTS
Not ignore out of pace data
(1,15,15,5) Correlation = 0.81

60

y * 0.8173x 1 8.8943 *
R%E 0°5636

)

be

00 *

40

*
*

<

MTS(km/h)
*
*

¢
4

g3

(4

1
-30 -40 / 0 10 20 30 4 50 ﬁﬂ

eSMS(km/h)

(2]

Fig. 10 Relationship between eSMS and MTS on paemset (1,15,15,5)

(3]
(4]

V. ANALYSIS

The results show that traffic variance data hasrse
relationship with correlation. Moreover, segmenntgih
affects correlation and difference  error. Forfixed”
segmentation method, 50 m segment length gives more
accurate estimation than 100 m segment. For grgupin
method by dynamic segmentation, parameters y atainot = [6]
clearly affect the results. However, the paramé&eriearly
affects the results. Ignoring out of pace datald/ancrease
the correlation and decrease the difference ernence
giving better estimate. From all methods, the reteship
between TMS and MTS has more correlation than tqgl
relationship between eSMS and MTS. In summary bt
MTS estimation is estimated from TMS using grouping
method by fixed segmentation at 50 m. This giveaberage
of absolute difference and the percentage of aeemig [°!
absolute difference equal to 2.5 km/h and 15.57,
respectively. [10]

7]

VI. LIMITATIONS
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VIIl. FUTUREWORK

Due to the limitation as mentioned above, we plan t
collect additional video data in our future datdlexion
trip. This would be used for additional accuracyifiation
and analysis. This can indicate if our method cadderally

applied to other road structures or some pammet

changes are needed. Future test would also inckdlecing
data collection frequency from every second to fimel right
balance of data collection frequency/estimationueacy
trade-off.

REFERENCES

J. G. Wardrop, “Some theoretical aspects of road traffisearch,”
Proceedings of the Institute of Civil Engineers, Part Il, Volume |, pp.
325-362, 1952.

S. Pan-ngum, S Pooomrittigul, and K. Phiu-Nual, ¢A@cy Analysis
of GPS Data in Inner City Road for AccessibilityNational
Electronic and Computer Technology Center (NECTHRRsearch
report, unpublished.

F. Hall, “Traffic stream characteristicsTtaffic Flow Theory A Sate-
of-the-art Report, US Department of Transport, Ch. 2.

S. Turner, W. Eisele, R. Benz, and D. Holderegvel Time Data
Collection Handbook,” Report FHWA-PL-98-035. U.S. Department
of Transportation, Federal Highway Administratia898.

R. Zito, G. M. D'Este, and M. A. P. Taylor, “Globalositioning
systems in the time domain: how useful a tool faeliigent vehicle-
highway systems?,” Transportation Research 3C(p), 193-209,
1995.

S. E. Young, “Real-Time Traffic Operations Data rdgiVehicle
Probe Technology.” Presented at the Mid-Continer@n3portation
Research Symposium, Conference Proceedings, 2007.

W. Pattara-atikorm, P. Pongpaibool, and S. Thajepayg, °
Estimating Road Traffic Congestion Using Vehiclesdgity,” |IEEE
International Conference on ITS Telecommunications Proceedings ,
1001-1004, 2006.

L. Zou, J. Xu, and L. Zhu, “Arterial speed skesliwith taxi
equipped with global positioning receivers as probhicle,” |EEE
International Conference on Wireless Communications, Networking
and Mobile Computing Proceedings, Vol. 2, 1343- 134,72005.

C. A. Quiroga, and D. Bullock, “Travel time studiesth global
positioning and geographic information systems: iategrated
methodology’ Transportation Research Part C 6, pp. 101-129819
H. Rakha, and W. Zhang, “Estimating Traffic Stre&pace-Mean
Speed and Reliability From Dual and Single Loopdogirs,” 84th
Transportation Research Board. Washington D.C., |\ 28A85.

1] W. Zhang, “Freeway travel time estimation based spot speed

MTS data are calculated from travel speed of aldhrs
that have been on each segment. Over the collpeteod of
5 minutes, a car may not complete the whole rogthsat.
Its data, however, are included in the MTS caldoitat

[12]

[13]
VII.

We can conclude that traffic variance has advefeete
on correlation, and hence the MTS estimation. TM®iund
to be closer related to MTS than eSMS, as seen fhlmm
absolute error and correlation. For these reasdngS
would provide a reasonable estimate for MTS. ThisSM
estimation would be accurate when the road segisesort
and the mean speed is above 10 km/h.

CONCLUSION

measurements,” Ph.D. Thesis, Virginia Polytechnsatitute and State
University, 2006.

S Pooomrittigul, S.- Pan-ngum, and K. Phiu-Nual, l&®enal
Analysis of MTS, SMS and TMS from Taxis and ColkettGPS
Data,” National Electronic. and Computer Technolo@enter
(NECTEC), Research report, unpublished.

A. D. May, “Traffic Flow Fundamentals,” Prentice IH&Englewood
Cliffs, NJ, 1990.



98

€

s R UINENRNUS

[

w1e gang QRONENA LNANEIUN 6 RAIAN W.A. 2525 NTIUTANTUNNNUIUAT
o [~1 =S o dl =l a a o o Y v K
AnFannsAnedoantanenlseFauiniaisinains Amdangamnuniuas uazlfdnAnm
maluszaudToynniuiin aneadinsuinsanunan anzddinssuAtans ao1iumalulad
% % o o (-3 = =) = ?:/ ¥
NILABNNANANAUNUITANANTZIN AuduFan1sAnm lulinnefinen 2547 aanifudun
AnsalunangnItAINIINAIARINNITUTR AN 113T13ANTINABNNILAAS N1ATEN

AAanssnAsNmas AnurAAINIINAIans anaansaiuuanenat TullnsAnmn 2548



	ปกภาษาไทย  
	ปกภาษาอังกฤษ 
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	1.1 ความเป็นมาและความสำคัญของปัญหา
	1.2 วัตถุประสงค์ของการวิจัย
	1.3 ขอบเขตของการวิจัย
	1.4 ขั้นตอนการวิจัย
	1.5 ประโยชน์ที่คาดว่าจะได้รับ
	1.6 ผลงานที่ตีพิมพ์จากวิทยานิพนธ์

	บทที่ 2 ทฤษฎีและงานวิจัยที่เกี่ยวข้อง
	2.1 ทฤษฎีที่เกี่ยวข้อง
	2.2 งานวิจัยที่เกี่ยวข้อง

	บทที่ 3 วิธีดำเนินการวิจัย
	3.1 การวิเคราะห์และตรวจสอบข้อมูลความเร็วเฉพาะจุดเฉลี่ยความเร็วของการเดินทางเฉลี่ย และการประมาณค่าความเร็วเฉลี่ยจากระยะทาง จากข้อมูลจีพีเอสของรถแท็กซี่และข้อมูลที่เก็บเอง
	3.2 การออกแบบอัลกอริทึมและวิเคราะห์ความสัมพันธ์ของความเร็วต่างๆเพื่อประมาณค่าความเร็วเฉลี่ยของการเดินทาง (Mean Travel Speed) และการตรวจสอบข้อมูลเหตุการณ์กีดขวางการจราจร
	3.3 อัลกอริทึมและโปรแกรมรายงานค่าความเร็วเฉลี่ยของการเดินทาง(Mean TravelSpeed) และรายงานข้อมูลเหตุการณ์กีดขวางการจราจร

	บทที่ 4 ผลการทดลองและการเปรียบเทียบความถูกต้อง
	4.1 การตรวจสอบและวัดผลความแม่นยำในการประมาณค่า MTS
	4.2 การตรวจสอบและวัดผลความแม่นยำในการรายงานเหตุการณ์กีดขวางการจราจร

	บทที่ 5 สรุปผลการวิจัย ข้อจำกัดและข้อเสนอแนะ
	5.1 สรุปผลการวิจัย
	5.2 ข้อจำกัดของงานวิจัย
	5.3 ข้อเสนอแนะ

	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน



