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ABSTRACT

Point-by-point data, which is abundantly collected by vehicles with embedded GPS (Global
Positioning System), generate useful information. These data facilitate decisions by transportation
jurisdictions, and private vendors can monitor and investigate micro-scale driver behavior, traffic
flow, and roadway movements. The information is applied to develop app-based route guidance and
business models. Of these, speed data play a vital role in developing key parameters and applying
agent-based information and services. Nevertheless, link speed values require different levels of
physical storage and fidelity, depending on both collecting and reporting intervals. Given these
circumstances, this study aimed to establish an appropriate collection interval to efficiently utilize
Space Mean Speed information by vehicles with embedded GPS. We conducted a comparison of
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Probe-vehicle data and Image-based vehicle data to understand PE(Percentage Error). According to
the study results, the PE of the Probe-vehicle data showed a 95% confidence level within an 8-second
interval, which was chosen as the appropriate collection interval for Probe-vehicle data. It is our hope
that the developed guidelines facilitate C-ITS, and autonomous driving service providers will use
more reliable Space Mean Speed data to develop better related C-ITS and autonomous driving
services.

Key words : Big Data, Probe-vehicle Data, Space Mean Speed, Local Dynamic Map
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4AAEH A7 EREEA 2E57LE, WrlA oA, 21FEE, GPS(Global Positioning System) 5 ICT
Zlgd HEE 7712 EE olF 9 5 39T F e The WulolEEe] Ao AT Qi
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2=, yulAlo]Ad Au| Wt oyl WA A x4 FE 9 nF5EES gots) udEY nEed, 1
44 g Ao £ Folx T80l Eoh(Lee et al, 2015). £33, QS JHto g HAHE HolHE
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<Table 1> Literature Review

Authors Contents

This study was conducted for a reliability analysis with various scenarios by adjusting the rate of probe
vehicles out of total traffic flows. The result pointed out that the rate of 15% gives the most accurate traffic
information among the scenarios.

Long Cheu et al.
(2002)

A method for short-term travel time predication was introduced based on probe vehicle data. It utilized

Nanthawichit et al. Kalman filter method and proposed fidelity of real traffic condition under connected network and conventional

(2003) ITS network (the loop detector surveillance environment).

Sananmongkhonchai This study proposed an algorithm for link average speed estimation using probe vehicles data. The algorithm
ot al. applied a position-based to estimate travel distance from a origin to a destination from the vehicles’ log
(2008) (latitude and longitude). The comparison result shows that the error in average speed is 8kph between the

estimated data developed by this study and a link speed data.
They suggested a new methodology to estimate the link space mean speed using instantaneous speed data
Chang et al. collected from Taxis with embedded GPS. The estimated space mean speed was compared with the speed
(2010) data collected from taxis. The error rate of the two values was calculated for reliability determination. As
a result, 23.7% of errors occurred.
Wenjuan et al. This study was copducteq for a comparison of space mean speed estimated by the instantz.meous speed
2011) collected from vehicles with embedded GPS and from loop detectors. It turned out that the instantaneous
speed was sufficiently accurate when estimating link speed and travel time.
This study has been conducted for the reliability analysis of instantaneous speed data by frequency of vehicles
Matthew et al. with embedded GPS. It conducted eighty experiments to measure reliability of instantaneous speed during
2012) acceleration, deceleration, and uniform velocity. Reliability was measured by calculating the correlation between

frequency (5Hz, 10Hz) and instantaneous speed of GPS. The confidence level was measured within 90%,
and the instantaneous speed was up to 6 times higher than 5Hz when the frequency of GPS was 10Hz.

This study was conducted for the reliability analysis of traffic data using bicycles, cars and buses with
Xiaoyun et al. embedded GPS. Reliability was assessed based on data such as the position, speed and altitude of the vehicle,

(2014) which indicated that the error between the speed collected from GPS and the actual speed increased with
the higher the speed of vehicles.

They suggested a methodology that complements the difference between the time mean speed and the space
mean speed used in conventional transportation engineering using the probe vehicle data. They found two

Jeneli d
eneiius an ways that using probe vehicles sampled by time to directly estimate the travel time model. first, all segment

Koutzs(())i);)ulos unit travel times are overestimated since low speed observations because of the finite path constraint. Second,
( ) the unit travel time of all but last traversed segment will be overestimated while the last traversed segment
will be under will be underestimated.
This study was considered for refer to the utility of probe vehicle data when acquiring highway traffic
. information. They estimated the minimum ratio of probe vehicles to collect highway traffic information
Kim et al. . f . . . . ..
2019) using VISSIM. Simulation experiments were conducted using 40 scenarios. As a result, the minimum rate

of probe vehicles for acquiring highway traffic information was calculated at 1% in general situations and
45% in special situations.
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2. MYFLEFI|C| MEEZ 2Tt 2RIE AME

AZA Aeke 93 2188 t3<8l3](Korean Mathematical Society)oll A Al F3h= 34 2o, =2
B A FNHAEE HolE S G447 A I TEE tolHE Hl-EA4ste 4Edith ¢4 =&
B g 3B AEE HolHE 0429 FF7IE AR F Y &Aoo s ST HolHE FF
3 & 2 (1)E o] 83 FUNHFEEE AEPT 042 E 4 3] F7I2 AT o] 124 AAHE
AHHARl 2 H A HolEHETH nA S vlolElE &85t o, FFAU FHFIY viE A

T

Aol ARk, FAAE ARE ol g3 HEATh S= oy ML Fig 1% 2
WSS G2 Masl oAee AT 1 F HEHoR A

o 4 @9 2o
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+ How to collect Space Mean Speed data for probe vehicles
- Calculate the Space Mean Speed by doubling the probe speed data collection cycle of an

experimental vehicle from 0.4 seconds

Sp:;:?ata : a‘ ‘ED.\
1.6s . . . . . . .
1.2s [] [] . [] [} [] [] [} [] [} . [] [}
0.8s L) L] L] L L) L) L] L] L L L) L) L] L L L) L) L] L L L L) L) L] L
045 ¢ 000000 et e el oeseeee el eeseseeteieioesencseseecioese

Comparison : :

Origin 65 m‘ m‘ m‘ Destination
e ) Chu) g Ol O
Based

Speed Data * How to collect Space Mean Speed data forimage based vehicles
- Collects at the same time zone and time zone as probe speed data

- Install video equipment at the origin and destination to calculate the Space Mean Speed from the

time and distance information of the vehicle passed through it

<Fig. 1> A Schematic Experimentation for Comparison of a Link-based Space Mean Speed

e | SMS, e — SMS 5|

(R et L BN TN
s, %100 )
o71A, PE D 3 E SRS QAHE(%)
SMS),,,, @ ZRB AT 7] FE 4 E(kmh), 18]

= s
SMS,, - B 7IHke] FH T 5 (kmyh)
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Step 1: Z2H 27 LTdloE] G 7|wko g 3k APEA 77+ AA,

Step 2: TZH A &£ dolH £H,

Step 3: FA7IHE A2 &% HolE =3,
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1. Step 1: EZEH XI2F SETHO|EH EMME J|HIo=

GF T AR P ATE el LA MEF AR P ATE ABSTA AT ©

W ER AR A% A48 BF AWslol sEe AT
e A

o]
TR A AR ARl Exte] BAHA F= A Ao E A7 4
H U =2+ <Fig 2>9F 2t}

/J Study Site

Legend

Seoul Outer Ring Expressway

= UiwangTG-Uiwang Tunnel Entrance

<Fig. 2> Study Site: Uiwang TG-Uiwang Tunnel Entrance
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<Table 2> Comparison of Space Mean Speed by Data Collecting Interval

Space Mean Speed (km/h)
Date 0.4 sec 0.8 sec 1.6 sec 3.2 sec 6.4 sec 12.8 sec 25.6 sec 512 sec

6/24(Mon) 63.47 63.97 63.86 63.32 63.51 63.72 64.65 57.31
6/25(Tue) 70.94 70.14 70.22 69.90 69.79 68.52 69.81 63.37
6/26(Wed) 64.58 64.38 64.42 64.12 63.83 62.27 62.24 59.56
6/27(Thu) 73.92 74.02 74.13 74.26 73.75 74.62 73.84 74.28
7/1(Mon) 79.07 79.06 79.11 79.01 78.78 78.06 76.69 76.59
7/2(Tue) 82.63 82.73 82.68 82.53 82.40 81.91 8247 79.48
7/8(Mon) 76.96 76.86 76.77 76.77 76.37 75.68 78.73 74.48
7/9(Tue) 86.19 86.29 86.06 85.79 85.29 84.07 81.62 83.56
7/10(Wed) 7326 73.54 73.56 7323 73.10 70.40 69.95 64.45
7/11(Thu) 96.22 95.93 95.89 95.78 95.37 95.09 91.35 9221
7/15(Mon) 83.83 84.03 84.01 84.12 84.38 84.49 86.25 80.78
7/16(Tue) 88.09 87.86 87.45 87.32 87.55 86.56 83.28 85.32
7/19(Fri) 83.40 82.65 82.70 82.81 82.95 82.44 84.20 80.78
7/22(Mon) 86.48 86.48 86.30 86.33 85.10 84.93 79.20 78.83
7/24(Wed) 70.60 70.72 70.80 70.96 71.00 69.79 70.59 68.74
7/25(Thu) 72.61 72.36 7227 7223 72.06 71.33 71.66 72.67
7/30(Tue) 78.21 7823 78.25 77.85 71.76 7723 71.72 72.78
7/31(Wed) 63.81 63.81 63.77 63.85 63.72 61.86 62.48 61.16
8/1(Thu) 72.64 72.69 72.37 71.71 71.92 71.96 73.24 69.74
8/2(Fri) 78.33 78.96 79.05 79.01 78.78 78.50 79.19 81.13
8/5(Mon) 88.83 88.49 88.30 88.07 87.95 86.84 83.34 82.92
Mean Speed* 77.81 7177 7171 71.57 77.40 76.68 76.31 7339
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WERE A8 Aot =2A] 47 (o] 2 FHE A FEelM 29 AFHEE TEes
T AFS ARG LA AN LA =AM =2 ARE e 77 TR A
e, A E 97 ARelA T W AR 151kmolt, JPEAFS] B FEEEE B4
A3 TN AE olsAEE Uie #he ARgSte dAAES St TEEE NEAE ST EE
o &e F T AT F= o ST T A TR A A= <Table 3>3 2

<Table 3> Vehicles' Travel-time Collected by Image Sensing Technology

Vehicle Num Departure-time Arrival-time Travel-time
S#HO# 8:00:04 8:01:14 0:01:10
TH#3# 8:00:08 8:01:21 0:01:13
6#9# 8:00:17 8:01:26 0:01:09
2414 8:00:20 8:01:31 0:01:11
OH#O# 8:00:21 8:01:32 0:01:10
3444 8:00:23 8:01:37 0:01:14

<Table 3>°l 4 A E FPAL 2] HE FPARASIkm)E o] &3 /NEAF] FHHAEEE A
A3t A= <Table 4>9F 2t}

<Table 4> Space Mean Speed of Vehicles Passing through the Experimental Link

. . . . . Space Mean
Vehicle Num Departure-time Arrival-time Travel-time Travel Length(km) Sieed (km/h)
5HOM 8:00:04 8:01:14 0:01:10 1.51 7743
TH3H 8:00:08 8:01:21 0:01:13 1.51 74.24
64Ot 8:00:17 8:01:26 0:01:09 1.51 78.55
2414 8:00:20 8:01:31 0:01:11 1.51 76.34
O#Ot 8:00:21 8:01:32 0:01:11 1.51 76.34
3#44 8:00:23 8:01:37 0:01:14 1.51 73.24

IRt E ApgE AEg sl A g
ol Ma o] AdE Aol = eo1tholn mAE 2} 618t S E g3
AAFH A o] T FLA| 9} =2A 9 !
54Th, W2 1302 % 356t 0]t} 3
A ALgH ZEH 2}eFe =
Mol &gt T 77 U $83k FHEHS
78.26km/hE AAFE AT},
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4. Step 4: TEFI|Y Z2H X2 SZHETDETO FAT|H &2 SLHEFSEO| HnEN

<Table 5> Estimated Speed Difference between Probe-based and Image-based

REETIN Space Mean Speed(km/h)
04 sec 0.8 sec 1.6 sec 3.2 sec 6.4 sec 12.8 sec 25.6 sec 51.2 sec
Probe Data 77.81 71.77 7171 7157 77.40 76.68 76.31 74.29
Image-based Data 78.26
Speed Difference** -0.45 -0.49 -0.55 -0.69 -0.86 -1.58 -1.95 -3.87
Percentage Error(%)*** 0.574 0.625 0.701 0.883 1.103 2.021 2.493 5.071
FE 7HiEE T Y S84 71EY SHTEE} T2 B g FHFVIEE ASE 331
S5 e vlas) sHRAFEE 2, AES AN A= <Table 5>9 2T} +r= Z2H AP F3t
T 7N A FAHAEES AL, s Y (F o &dl AHAE Aot 24AH
717 BETE A7 I TSR] SRS o F don, ST 245 A @3t HolA
2 Uehdth <Fig 3-& FUF71% 2AHe o] FRBAE S48 Aol o] Yo 1Y

pou) E e I N e b
pau)
o

7%
&%
S 5.071%
g 0.701% e 1
i 4% ’ T Legend
% . 0.574% 0.883% 2.403%.. ..o ITTTL g
g ’ 2.021% . e = Percentage Error
g 2% 1103% S .
L T eesanens Trend Line
° e 0.625%
0% 51.2s
0 10 20 30 40 50 60
Probe Data Collection Interval(sec)

<Fig. 3> Percentage Error by Probe Data Collection Interval

5. Step 5: S Y X2 EAS S8t HH +EFY| FE

<Table 2>°]l A|AE Z2B A} FHPTEEE G- adda FPELE0] 2pol7} SIoith wehx & o
TAAE &5 Y HaE F AAeHFrlE BT daUt vy fdsty s EEEE 3709
THOE o] £F7] LRSS S5 A REUA o) wek SHASEIF1LF), B
£EI5QIE), FAEEIFCIHY 3/ FH2E TR Ntk &5 do|ert AFEEE o
3 Johe 7HAEe ZE2H AR IBEEEE 108 VE0E AXE &5 HAEy xFEHAE 47

77.73km/h, 8.81km/ho|H ©]E r|Fo 7 TR T2]33 Avb= <Fig 4>9 L)
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Group 1 Group 3
—> «c—>

34.1%|34.1%

-3¢ -2¢ -l= 0 1= 2e 3
i 77.73km/h

68.62km/h  86.85km/h

<Fig. 4> Clustering by Probe Vehicle Space Mean Speed

1718, 2705, 31259 £xd 18 7&& 27 68.62km/h ©)3}, 68.62km/h~86.55km/h, 86.55km/h Z3}o]
o, T 459 - 62.99%km/h, 78.26km/h, 91.31km/ho|th FHE A4S =24813 AN <Fig. 5>9}
2},

1% 4411%
12% asm 11.39%
_ X Toa
S 10% a20sx T Legend
g 2% 0.293% Ge07% st ®  Percentage Error: Group 1
. 1 0125306% BIITH e 6.02% «  Percentage Error: Group 2
0.83sy 101% e
%\: 6% . e . o » Percentage Error: Group 3
T 3 e 829% i
g a.;:"’:-"""""', 1.992% T s Trend Line: Group 1
d?_’ I 1.119% . Trend Line: Group 2
2% 1 ) . Trend Line: Group 3
N . .
o €8T
0 ¥y 10 20 20 0 50 60
Bsec
Probe Data Collection Cycle(sec)

<Fig. 5> Percentage Error by Clustering Probe Data Collection Interval

ey Y PSR FAE oAE 9 A3, 12%9 A%YS Auge 247 4205%5)
1139%, 27152 0427%9F 2.86% 123 31H- 0293%9} 6.02% 2 RE TFNA FRF717F F71]

A& E PO WFOE HIWAS AL A0 FAUHUh BH A%, 23504 HF Re 08
o AEFY O, BE TFAA $UFIT o 82 A9E AHOE 0AEL 595 23T T P,
82 ote] #UF0I4] ko] 05%9) AHFES HHoM o8 Zen A &= volHe] 4 53
F7)2 AYstnr ek
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