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Fusion Strategy on Heterogeneous Information Sources for
Improving the Accuracy of Real-Time Traffic Information

ABSTRACT

In recent, the number of real-time traffic information sources and providers has increased as increasing smartphone users and
intelligent transportation system facilities installed at roadways including vehicle detection system (VDS), dedicated short-ranged
communications (DSRC), and global positioning system (GPS) probe vehicle. The accuracy of such traffic information would vary
with these heterogeneous information sources or spatiotemporal traffic conditions. Therefore, the purpose of this study is to propose
an empirical strategy of heterogeneous information fusion to improve the accuracy of real-time traffic information. To carry out this
purpose, travel speed data collection based on the floating car technique was conducted on 227 freeway links (or 892.2 km long) and
2,074 national highway links (or 937.0 km long). The average travel speed for 5 probe vehicles on a specific time period and a link was
used as a ground truth measure to evaluate the accuracy of real-time heterogeneous traffic information for that time period and that link.
From the statistical tests, it was found that the proposed fusion strategy improves the accuracy of real-time traffic information.
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2nlEE B389 ITS (intelligent transportation
systems) 2132} & 5 AH5217|&(information and communi-
cations technology, ICT) o8 €AslE A RE wsAR 9
o] 7RI olell weh SEwE, RS, JHY 5 e
71t ThEo] T map, Aui], 7B7EeuH] & RRE 71dew ARk
WEPRE A2kl itk o]FAl teFsl Rl v AARE
WEA = VDS (vehicle detection system)9} -2 2|7 7|3k
5 "2} DSRC (dedicated short-range communications)
32 GPS (global positioning system) 7|4} probe 2=} &
T 7R 4 0 2 TRET A3 7 VDS 49 54
2 ARe FHere wE AU $U £5E 2gais v,
w8 Z700] A 7, U B2 ofF B selo] BrFse
©ho] gitk 7k 7k probe o] BG- w2 FIHE Ekehe
kel Aokt 5 Joh= Wk, 44 719 probe
A 57} B RE Ao B SE wjolo] BrhsE whlo]

S olsh 2] ER e o s mE Y A3
So W 5 Rt S wek Yehs) e epd

AT E X
'iT—L-E =

T Slow, @erxq-—i E4 77 e e ] g2 BlE)
P g T ke 2E gtk o= QlE AYE e
WFHRE A2 Q] o] B0l o]dF] aggr
o] g3t HRES AAJBHITHKim et al., 2005; Kong et al., 2009;

Liu et al., 2016; Soriguera and Robusté, 2011; Xia et al., 2013).

A7) FEWEE, eI, A 5 2L T 71Ee]
73%- VDS2} DSRCE 7|Wke 2 aEARE 3-AH| 28l Qo
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Table 1. Examples of Prior Studies on Data Fusion
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7P7e‘1 0}04 T/ EFEEYA ‘T:’rHE 71g x} 7]H} o= 1:]%
AER] § ks AAEaLA} gtk o]E fls) g

(892.2 km, 2277 ©=1), LuEE(937.0 km, 2,0747] Y=
Opde g 3 ZALE AXNEIoM, df H= 2 ARFHe probe
21 Sthe] it SAEEE RO T B8sfo] AART WwEHRE
FHAHVDS or DSRC, GPS-based A, B) Al&-<&=2} H| a2
SHTE gk e 52 AXRE aEAE AH|AE S35 o dd

WEAR §F WS AN, ol Brstirk

\__‘—12

AHAT Al
WEHR A= S 91 o]dH wEHR g Wt
s Uil o2 el ddEofsit(Table 1 =), =7uf
9] 789, Choi and Chung(2002)2 28 34 SPr KT 45
$J3) VDSS} GPS probe 2 A= 7|uk 7FEH, 51737,
WolAIet 71 A8 3¢ IXJsIck: 7} A, 4%
Azlo] YEksR] gRe 73eoll= 1:}4; F = ey = L) ) oy )

5 ;@Jrﬂ 551 Ao 2 el Lee ef al(2005)—— =R
A BT 1S A, AR e ag) TS

aejsle] ZnkdE 28 5] 2833l o714,
Y 2E2 AVI A5 o3 73 YRS VDS AsE
B2l e W2 AR HIER o] 7 Y=o SR

= A% Zlofnk B} A3, VDS Kt g3t Asvt A5 gt
FARE RS Bew, g5 d5S #83 A= 69
257 ¥ £ o2 YERith Kim et al.(2005)2 dut=e
SR & S18) VDS AVI Ap= 719k #2439l w] st

& BgS 2

Author (Year) Data source Data type Study site
Choi and Chung(2002) GPS probe / VDS Disaggregated data Urban networks (about 0.9 km)
Lee et al.(2005) VDS /AVI Disaggregated data National highway (about 11 km)
Kim et al.(2005) VDS /AVI Disaggregated data National highway (about 11 km)
Shin et al.(2014) TCS/DSRC Aggregated data Freeway (about 350 km)
El Faouzi et al.(2009) VDS / TCS Disaggregated data Freeway (about 7 km)
Kong et al.(2009) GPS probe / VDS Disaggregated data Urban networks (8 arteries and 10 branches)
Soriguera and Robuste(2011) VDS / TCS Disaggregated data Freeway (about 17 km)
Bhaskar et al.(2011) GPS probe / VDS Disaggregated data Urban networks (about 0.5 km)
Xia et al.(2013) GPS probe / VDS Disaggregated data Urban networks (393 roads)
Liu et al.(2016) GPS probe / VDS Disaggregated data | Urban networks in VISSIM simulation (18 links and 8 intersections)
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T UE] B8 ] oJEE B8 Aol Wl sk ANE
[

o]

2714 §3F B T T5Y) ol mAL Ag3 N 477
e} F5e0] ) Uehdow, o] F Halsh §3F wHe] /g

gk FAEE el A 02 vHERdTE Shin et al.(2014)2
AEEZ BPARE =5 93] TCS (toll collection system)<}
DSRC #}& 7]¥F KNN (K-Nearest neighborhood), 71553+
71 28 8% dateles ARRKITE 7t A, AARE e g
W3S 2 Whdel= DSRC 2k=9] 7P} 715 Hewrt
Z7FhRs Aog vehdt)

=2]2] 7, El Faowz et al. 2009y 12 SPARE 4
28l VDS¢} TCS A& 718t D-S o]Z(Dempster—Shafer Theory)
g dgES AXEISItk 3t A, iR A A7)
Hoh g3 darelge] F49o] S kel Kong et al.(2009)
& AR =2 534 =4S 95 VDS$} BlA] GPS probe
215 AR 7 A9 WhEE, D-S o] A8 §3 ¢aElEs
Afsidct w7 23, g3 darelge] i AAP] Bt F2g9o]
=7 YePdT) Soriguera and Robusté(2011)= IEEE Z3J4]
ZF S-S $18) VDS TCS 2hs 7[RE #2|3)7, wjo]A |t 74
28 &5 darElEs AT B7F A, §% datelsol
7 A7 |} S2g=o] A ekttt Bhaskar et al.(2011)2
As7} Y= EAPE E2r(signalized urban networks)] S84
T 2 ARSI E F78317] 918l VDS2} GPS probe b
A 719 CUPRITE (CUmulative plots and PRobe Integration
for Travel imE estimation) 7S A A8}k ¢d7)4, CUPRITE
7IE VDSS} 415 9 Wi(signal timing) B 7 E5
(cumulative plots)@} GPS probe 2% HRE Fgs+ Aotk
537} 23, CUPRITE 7S S8 FaAzt 34 g0l 4%
) EAHo 2 B Aoz Vet Xia et al(2013)&
TR =29 53E5E 9L 9)8) VDS9} GPS probe 1
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LRt Liu et al.(2016) =4 P e2 SARE 345
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H g3t B3 5= A3YE It He et al., 2016; Zhang
et al., 2015; Zhu et al., 2018).

2.2 AN
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7he vekdt wegRE Ve R vsus e §3 ks
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=7, ek %) uE5=E(892.2 km, 22770 H3) B il
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e

B IFE Y W AR aEARTE SAlN REE
J&ETT 9 s 1 F v W AP dPdElie S
ZA} tpdo 2 Eleitk 2AR= 20201 89 2495 E] 99 259U71%]
oF 537 HY(L-E o2 JPLQdnk v vl S
o g et olf= uIAAl Bl 2 A T3 2 exixje)
3 o] AgHHolar, vgkEA] vy FAe} G o 71t
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o3| A=Ak AR, A S s A BATE X AAGH
&= 40 kmv/h \|RE RIS 30 kmvh 1]RHe] (TS National

Table 2. Data Collection Site

Freeway National highway
Regions NuEngesr of Length (km) Nug:lt])::sr of Length (km)
Gyeonggi 211 378.1 1,233 314.1
Gangwon - - 15 7.3
Chungcheong 2 12.8 258 79.9
Jeolla 6 6.7 76 26.8
Gyeongsang 8 7.4 492 173.5
Total 227 405.0 2,074 601.6
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glom, dul=to] 7L VDS, GPS-based A, B ZHE| AX7F
WEAH Mu|2~E 91 9jt) o] = GPS-based A, B H-$,
aF 2ulEE olFgA o) AMAFES] GPS HRE FAlste]
AR WEARE RSt glom, A A IR(GE AE
- W, Ui darelE S sl AARE aE RS ARkl
itk 2hA probe AES B8] AL T A vigk aEAE
& Ao, 9 1R v T (missing link)©]
EAESITE: oHgh A 3 ] wERE HYE £ obd
oA AL]=SIk £ A olEe] wERE B3] WY, E2
8 T e 20 we} Hees F4619ion, FHWA(Feige
et al., 2004)01x] A&k RS-0 XK mean absolute percentage
error, MAPE)E -85} |-MAPEE A3he 24 2|52 2831y
t}t. MAPE:= Eq. (2)¢} 2tk

MAPE= %x =,

- @)

2

Xin:‘

oA71olM ne HA B2 F Xie @ W0 9 AleSs,
Yz i P8 @S SRS (e e SHS)E HERIG:

A A, n&see] B HYE(DSRC, GPS-based A,
B) 2 RE AR o] A= TR 80 % T LIERJTK Table 3,
Fig. 2 %), thk DSRC7} GPS-basedd]] v]sl] thi Hsh=r}
S ol U wEAE S e ol dhekEth
DSRC 7J¥ke] = gaqdls g cyanr) 52 vk

Fig. 1. Probe Vehicle and Equipment used for Data Collection
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Table 3. Accuracy Comparison of Collected Travel Speed Data as a Function of Regions, Traffic Information Providers and Road Types

. Freeway National highway
Regions
DSRC GPS-based A GPS-based B VDS GPS-based A GPS-based B
Gyeonggi 779 % 83.0 % 83.4% 69.4 % 60.7 % 64.0 %
Gangwon - - - -44.1 % 61.8% 87.9 %
Chungcheong 96.8 % 98.7 % 96.7 % 553 % 64.4 % 72.3 %
Jeolla 87.1 % 85.1% 83.2% 55.1% 62.8% 59.6 %
Gyeongsang 51.7% 70.5 % 74.7 % 65.3 % 65.6 % 72.7%
Total 77.8% 82.7% 83.2% 62.2% 62.4% 67.2%
Freeway
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Gyeonggi Chungcheong Jeolla Gyeongsang Total

mDSRC MGPS-based A MGPS-based B

Fig. 2. Accuracy Comparison of Collected Travel Speed Data for Freeways as a Function of Regions and Traffic Information Providers
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Fig. 3. Accuracy Comparison of Collected Travel Speed Data for National Highways as a Function of Regions and Traffic Information
Providers
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T 227 BAER] 9kth A k= VDS A, EEAY S TR 29 w2 vekd 5 Slom, 54
A 15702] H=2 ZF 970e] H=7}F T T Kmissing link) 0 = T o] v =g W) vjg) & 7 < jlvke 2s
LieRgo ], olo] we} vhz] 67le] HAE gpdo R EAskelck o 4= Qlrk w3k 53 GPS-based %] WH2jel 7

T o)E 6719 g 3 Aol A" VDSE 2831 71PE probe 2} 5 9 WP, U datels 5 ke 9 2ol
T WEARE ATl w i f=10] nE (e e} Jeterl oh2A vepd ez Helth

Hol 77k, Wo] AlF B5)S FH3] whdsiA] Fslgon, o=

Olef & exkgo] WE Ao g wosit) vk, GPS-based?] 4, 88 M=t

739 &l v 2 B} AlEshE AR aEARS

TRl FEEEEY AR 7l witel] VDS vls) et 4.1 g8 ™2k MY
7t =& Ao g gtk o W FRielx] VDSHTE Az g R AFe IS Y8 et 2o oA
GPS-basede] 3=y} vke 7o 2 vepd 7]E 97(Kong et R 9 MRS ANBIGITE A, B FHYE] Hd
al, 2009; Liu et al,, 2016; Xia et al., 2013)9}= AJake Zzjo}, 2% 03 Yol A5 wERRT} EARE A9, e
B Aol A9 vk wa) gA) &Gl ks gPde s FHAE)Y] Htg PR e Bgei) A, e SHYEY
wiizol] GPS probe 79k} <l probe 2}F -5 A3d3] gk Bt &5 22 Uol FHUAE)Y AR A &R A,
RAo g wekdck Bt &= dib] expt 7P wke 9o wE R s Easi)
39 1T B} QulEwa AR BEAYR o] Asker) gk AN S8 2] 2 0k Agsk] Slal A 2,30870
Y $ke Zlo g yepdth o) adates) dnkaee] wE 2= % 37) HAVDS or DSRC, GPS-based A, B)] w541
EA 2|2 gkt a&asE AR v, dukeiss 7 B 59 T30 F3(AE5FT 1907), dei=E 5417H)9)
Ui wREA wRE, 4lE o] AXE B d5E 2% TR AFEE AFE FE3IeH, 0 ~ 20 %7HA] 5 %
5 chdsle] AApE AR Bk A% 20 uE o5 W2 05 Agste] H|mEAe A7 10 %E JF QA=

(7, 81, 951 ) Bawe) Baph ) vhehda, Ba% AASKITE Fig 4% 10 %S 283 o84 wEAnel 43
T% v e Lomax et al, 2012; Zhang and Chen, 2015). s AAgE Aok
B 7o) 9 AR 2R 2l e iRt Zdgsislon), et
Q7o) 73S A7), HSl, S8 Aks B FEE A 4.2 8§ MEF Tt
B 7F5vgo] Q7] el nkEe) wEAR Hsher) AAE 3% Aokt A g9 e Aolg weal]
T Y& o= gk 2J3) g1 t7%(paired sample t-test)S AABFFOH, A
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Fig. 4. Fusion Strategy for Improving Accuracy of Heterogeneous Travel Speed Information
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(ST 1907, Let=ie 54170)9] =19 A AIgS
B3ttt g E gL T Hd Ul 270y A& W
F T xjolE varsh= SA13 7344 WHo|t) Table 4, Table 5+

7} g, bEcel ol -§3 9k Sge) Aok
ol #4935 Ajol)

4 25, o) 4% 3 A N S 4o
=}o]= DSRC 7.6 % (t=3.69, p-value=0.00), GPS-based A
1.9 % (t=2.06, p-value=0.04), GPS-based B 1.7 % (t=1.69,
p-value=0.09)Z Fol=<= 10 %E 7I1F o2 Folsp YeEldth
(Table 4 3x). o= AAE 3 Mkt 7/PE FHLE(DSRC,
GPS-based A, B)9] A= Zjol7} Jlrhar & 4= qlow, Ao
253 A AE A R 7P EEE Bk et e
Ao 7 JeEpJT] w3k DSRCE) 79 GPS-based FHYUE B}
53l ok Few P B EA U] 22 Fo = UERITE

A=e] A9 85 dEht i gL Ee] AEE Aol
VDS 10.2 % (t=8.15, p-value=0.00), GPS-based A 4.7 %
(t=7.00, p-value=0.00)2 2] 10 %E 7|FOo =2 FAX R
Srola] LfeRto, GPS-based B 2.2 % (t0.83, p-value=0.41)
= FTE 10 %E 7Eo R FAXCE fodkA] @ slo R
HERT(Table 5 32, of= AXH g3 Akt 7 5L
(VDS, GPS-based A)9] &= zjol7} lvjar & = glow,
AR o2 9 Ak A8 A 7] A SRYE Bk Aeert
e o= epit) vhE, GPS-based B2] 7¢-ol= A=
7} e AR UERtoL), SAR o R fefekA] ek Ao
2 Uttt 55k VDS 78 GPS-based 85 Bt 53]l
@ Askw W Eh AR O B Ao ekt

el Qo] A% Ik Rt 45 12 g A Aok
A e Ao veitorl 4% WS A483 Aotes
TSI’ Yo7t IRH(T21 %) B} T =2 Z0 R ekt
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-
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Table 4. Paired t-test for Freeway

oX,
re
>

o o= At vls) o], TS 415 ol WE o) 5
(#R0, A5, S8 5) FAL} A Aolslo] 7 Sists
of e} o = Yol Ayl whie) §3F A2k H8st
ofte 4 B} Ao} vl B4E Ao wekeck 2k
o= AAE 5 A2 o) thg HBE N EIR= o
AR fold Ro2 ek

5.2E
B e ol WERL S ATk Fhgslel ok
EEEYa Uele 13 AR TN 2 EaEgn §

(

ke ABITE o & $18l 14578922 km, 2277) H=),
IE(937.0 km, 2,0747) E2)E gPfoz F8 IS A
o, s W= gl ARl probe xFgF Stie] it LS
Ao 2 &gste] AART wEHE A AlTEse) vlud
Attt 4] i Fal AARE BEARe] AowE R,
AY, =2/F 5 st 24 wgt vg=A JeRd 5 9lem,
54 5 W2le] v e vjg] Y 978 5 flvke
& o T ok 53 5YE GPS-based g 211 A9-ol=
T4 717 probe AF=F 45 W v, UiF- garElE 5 4 A
ztole] wel geert t2A JeRd Ao Helck

okgw] AART nEAR L HIE IS 98l o]FH wEgr
o] % k& AAsISITE A, e THUES] B H59
£10 % 22+ Woll LS wegwrt SAshs B el
LB HS AFAHER L83t B, BE RYES
Bt £ £10 % 24} Wl FHAE)S] 2l HRTt EASHA]
B BT, T S o] APt 7R Bk o] wegRE
283} thSEE 7% (paired sample t-test)S F3l 85 Mk
I 78 Y] A AolE A% A, udmwe) s

o

diff
Freeway t-value d.f. p-value
Mean Std. Dev. Std. Err. 95 % Conf. Interval
DSRC 0.076 0.284 0.021 0.035 0.117 3.691 189 0.000
GPS-based A 0.019 0.124 0.009 0.001 0.036 2.064 189 0.040
GPS-based B 0.017 0.138 0.010 -0.003 0.037 1.693 189 0.092
Table 5. Paired t-test for National Highway
diff
National highway t-value d.f. p-value
Mean Std. Dev. Std. Err. 95 % Conf. Interval
VDS 0.102 0.292 0.013 0.078 0.127 8.146 540 0.000
GPS-based A 0.047 0.155 0.007 0.034 0.060 6.996 540 0.000
GPS-based B 0.022 0.626 0.027 -0.031 0.075 0.830 540 0.407
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