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Analyzing Driving Behavior, Road Sign Attentiveness and
Recognition with Eye Tracking Data
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ABSTRACT

Due to the terrain in Korea, there are many road sections passing through mountainous areas.
During the winter, there is a higher risk of traffic accidents, due to black ice caused by the lack
of sunlight. Despite domestic road freezing safety measures, accidents caused by road freezing results
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Intelligent Transport Systems. All Under these considerations, this study analyzed whether traffic safety signs that change in response
rights reserved. to the external temperature help drivers recognize frozen road segments. The study was conducted
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through analysis of the effect of the signs on a driver’s perspective. For the signs under development,
out of the signs designed by experts, the sign design which received the highest visibility and
effectiveness evaluation ratings from the general public was selected. The sign was implemented
through Virtual Reality (VR) and installed on the right side of the road to analyze the effect on
gazing and driving behavior. As a result of analyzing the driver’s driving behavior, a speed reduction
of about 7km/h or more was found in the sign section. Therefore, It was found that the existence
of the sign had a strong relationship with the rate of the drivers’ speed reduction.

Key words : Driving simulator, Visibility, Freezing, Black ice, Eye-tracker, Driving Simulator
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<Table 1> Previous research on driving simulator data with eye tracking data

Year Author eye tracking data driving data

Lateral position, Throttle,

2002 Salvucci & Liu Fixation time .
Steering wheel

Fixation time, Fixation visit, Glance

2010 Edquist et al Lane change attempt, time of execution
Pattern,

2018 Park et al Fixation time, Fixati(?n vis.it, Average time Driving speed
of fixation time

2000 Babic ef al. Fixation time, leatl(?n v1s.1t, Average time | Driving speed, Accelera.tlf)n/Decelerat1on,
of fixation time Lateral position
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<Fig. 3> Driving Simulator(Left) with UC-winRoad Simulation VR(Right)

Ao Bgd T2 oF 20km WP 2E AL ©2Z UC-winRoadS 53 733 TE 739 T2
oF 2.0km 7o WE 1AZ 22 ALHUYL FHE T2 <Fig 4>9F 2on, 38 AlF A3 02 HE
0.6km(EA| 7HH1), 1.5km(FEA|¥H2) Ao 22t A= 733 #ATS Tt A WA 232 7|E
H2E FA AWEAH, T HA FAAL JR-Tol 733t FEA 7 PR AEHE TS ©
& B3 Re=d &k EXRY AHE T FIolA Y] FHYE vinE T EE3aAl ST

4) AlLIR|Q A I AlS RIs g

Location #1

<Fig. 4> Experimental road section and sign installation point
Location#1: Current Black ice Traffic Sign
Location#2: Suggested Black ice Traffic Sign

< U <Fig. 5> 22 AAE Tl YA 1A, 3ol Folgt A AP A
ol de)E dste] #d &S SAT A= 3t F3 AEdoly 4

124 =TS ==N| 207, T6=(2021H 122)



Zrol S APAEe] FAGes BAHE 2 BAS) S84 FAshe 22o) ARSETE cokmhel S AH
of ¢l A FYSES ARSES BH 25T 5 A AT BeoR HURA] AdYH B4
S15}e] Tobii Glasses Pro 3% Z-3he] MAWAE 232 Nax 0w Bat A4e SasAT. o 4oz
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NPT AEEOlE B FR3) %A & YES 4, Heloln, ¥ 5 T 2L 5

QA st AR A RS Tol v A @AV AEE el FEel seixl - FHldE & Ade st

L

Introduce I;fz;r;; Warm-up Conduct
Black Ice » IiF:nits * VR Driving * Main ’ Survey
Traffic signs (60km/h) Condition Experiment

<Fig. 5> Procedure of Driving Simulator Research
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AAE AW Fo BARO| W} Jepjs FadE W5 £ES BAG] 915i] <Table 359 o] £
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AEEE Y T4 712 A4 NAPAS dolE BRghow AHsg o, 28 Hagel Aol
& paired ttest 3] EAH O BAsHe] Aolo] folu e mEac

<Table 3> Comparison of Average Fixation Visit and Time on Area of Interest Analysis

Section 1 | Section 2 | Section 3 | Section 4 | Section 5 | Section 6 | Section 7 | Section 8 | Section 9

Distance from the

. 90 80 70 60 50 40 30 20 10
sign(m)
6) AlZIYE] 2A{EHY
Ag 7t A AFAE] HA FARE FAYSA A U AGPEE &3] H5te X ZATS
FAG 3ot FAAREY Highs 22T FA 35 2 AR Tobii pro glasses 39| #4122 7151 Tobii
Labo] ¥4 H$]E4(Area of Interest Analysis)S &-8-3l AFETh FA A 9 (fixation identification)= & A
HATS 13T (Steil et al., 2018; Peng et al., 2019), Tobii Laboll A& Al ZHolEjo A A4 aJefe] <4
[e]

7t 944 £E5(100%s)5 293 AlAo]F(Saccade), 1 €] AlAl EIE FA(Fixation) = F o3ttt FA] H]
olEle] AYstE 93l H4 FAIARES 60 millisecond® BITH T4 3= A0l F ] frF-(Availability of
saccade between fixation) 2 FHTtF 22 FTA| IS HH FAFIHIE £ 54U &2/ 94 &5 o) 4t
ZHW oA o FA St AEEHAT

I ¢ AR A A AGE B8-S 3] Tobii Labe] #A AIZF EA(Time of Interest
Analysis)& &3t} #4 A7 £4(Time of Interest Analysis)< T A & #}2] A|Z}JE] S Heat map o2 4+
3l T4 AIZE Bt FHAPAY AlAdo] ojE A EAEANEA FHsHE ol EEFU ol MEE EA T

A T fle TN 22k Al oud Wyt A Uehle ol AR I
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<Fig. 6> Preference of the Designed Signs Based on <Fig. 7> Preference of the Design Signs Based on
Online Survey Experiment
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<Table 4> Characteristic of running speed in the experiment

Categories mean std.

Total 51.19km/h 8.64

Sign location #1 52.54km/h 9.01

Sign location #2 41.90km/h 9.08
<Fig. 8>5 W A =240 AX o] LIHIL e Y2E T4 AWy mA o] AAH A WA
FAF A FREAE B FHEETE 50kmh ZRIHAA A& A JFT FHE Hole o= UEhs
oh BHE, Q)R % 7HE AW NS fo UAQE F WA AR AR PR M mABo] AAE A
HORRE o om oA AYRE FASES FolA A dom AFAHE SE 7hdo] A2 H(8om
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<Fig. 8> Current Black lce Traffic Sign(Left) and Suggested Black Ice Traffic Sign(Rightt Mean of Speed by
Roadway Sections
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<Table 5> Paired t test by Roadway Section for Current Black Ice Traffic Sign

'Coml.)ared sectl'on - mean (%ii':ference Standard Deviation t-statistic p-value

section (i) | section (j) (i)

section 1 section 2 -13 .65 -1.09 29
section 2 section 3 -.08 .70 -.60 55
section 3 section 4 -07 .69 -.56 .58
section 4 section 5 01 .64 .08 94
section 5 section 6 12 .68 .96 34
section 6 section 7 21 .69 1.70 01*
section 7 section 8 .30 71 2.30 03*
section 8 section 9 33 .65 2.85 01*

*p<0.05

<Table 6> Paired t test result by Roadway Section for The Suggested Black Ice Traffic Sign

.Coml')ared sect1.on ; fean (%il.:ference Standard Deviation t-statistic p-value

section] (i) section2(j) (i)

section 1 section 2 -26 .81 -1.76 .09
section 2 section 3 .85 2.16 221 04%
section 3 section 4 2.66 3.72 3.98 .00*
section 4 section 5 4.07 6.30 3.60 .00*
section 5 section 6 1.29 332 2.16 .04%
section 6 section 7 =71 3.17 -1.24 22
section 7 section 8 -98 2.73 -1.99 .06
section 8 section 9 -1.29 2.30 -3.13 .00*

*p<0.05

3. QRS AS FE

FH

K[ TZh AlZe] 2M20}

HEX]3 Q14 75 A2(50m section: 52+ 9 Alel) 71F FA 34 (Fixation Visit) 2 F+A| /\]7}(Fixation Time)

4] M E4(Area of Interest Analysis) 23} H|2E FA19] A F3} fE-S 98] CAIE AT FA H
o|E|7} h2A YERGOH <Table 7>3 2T} HAE 419 X HF /M-S 93 UARIE EXF9 FA]

A
Sl abol= 23], FAIARE Aol 2129msE YERSTE JEIY fls 7€ H2E T4 AW A=
HAZ S ddA7E B w2 N=ek 71 F AZke) AP E B o, ST vngs g1l
A A EA| ol ot 42k e Wkl M= FFe] vvFes A
W] FA7F #AE L5 5¥ AT 7, dA EA o] JAAFHIL ou)7} AEE o AL 3

o A7 E FAYSOIE BPehn LA Ar) Welel F83 FFL NHLS FAYLh

r

Y o &
o o rr
B i

(

<Table 7> Comparison of Average Fixation Visit and Time on Area of Interest Analysis

Current Black Ice Traffic Sign Suggested Black Ice Traffic Sign
Average Fixation Visit 7.8 5.8
Average Fixation Time 638.21ms 425.31ms
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A A4 7hHs ARG0m) 71Eo2 =2 AT 2AW 7 =2 AT 20| jle 7719
A AIZE 22A(Time of Interest Analysis)S 53l Heat map¥} Gaze Plot>= YUEFATE Heat map2 T-{HE
Aol FEXEE UEhe ARolal FA|Ho] &S] FA] o o3t FEFS nA=A] AW
lot-2 7XHE FAHY o)F TS YEE Asolal EA o] @Ak FAIH Y o] 5o

o gt %%% A=A AW e 248 Polth 4AY =& AT A we] HAd 3
T2 AT FAHo| gl I3t NG E A= o AR FEE Heat map S & <Fig. 9>, A2
298 Gaze Ploto.E <Fig. 10>3} 2t}

7‘;_11%1 o] ®A|Fo] AAE 7334 %]H} T3 FRhe] A e A AT, EA o] HAH P s
= Ao g 2P FAHE A3 WA EolA vEstth s 7ol Ao Al 22 dE E4E RS

AR FetaeE AL $AYE EAeS A & Ak ol wkaj Iyt F& FI Ao Al )
B EAZ2AE AvEd A 4@ FAHLS T JEs HERTh A £ Y EAEARE 4R
A sk 22 ol A o] AXH R A Po] AR HA] e 771 3§

2]
2
AR F7roA dZ A0l 220l By AXHA ¢ FrhoA AtjAo g nu)d $29S Byt

2 N

<Fig. 9> Driver's Visual Heat map for Suggested Traffic sign Section(Left)& Regular Roadway Section(Right)
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