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Analyzing drivers’ visual response variation in very long expressway tunnel ;
the Yuksimnyeong tunnel
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This research analyzed the changes of drivers visual workload with beta wave of bionic signals from
brain's occipital lobe from entrance to exit section of the Yuksimnyeong tunnel which is 3.1km long in
Daejeon-Tongyeong section of Jungbu expressway. There are 10 subjects who participate our
experiments and the results are as follows.

First, the drivers visual workload is higher about 41% in entrance section of the tunnel than 200m
in advance of the section of the tunnel. Second, it is higher than 200m in advance of the section of
the tunnel by 34.5% that the value of the drivers visual workload who is driving in the tunnel. Third,
as a result of analyzing the tunnel into 200m unit section, it is statistically different from other
sections at the 1.0km and 2.4km section from the entrance of the tunnel. If drivers sustain average
visual workload for safe driving in very long tunnel, it's not desirable environment that drivers’ visual
workload goes under the average workload. Therefore, it would be the section where drivers who is
driving in tunnel could cause a traffic accident.




18 Joumal of Korean Society of Transportation Vol.27 No.1, February, 2009

1. &2 w3

FelveleE FEY T0%71 A 2 A& FA =Y
At =2AF S FAgsian 87 s el
AFEEA MEdedinded 2 A4 Wxludss
= SoAM Bdo| A& F7lehke FA0 Ja =244
Al 718 2 AXNEAGA Y AR AR NN E E-E
Zoefdoly A&H = Ede] Aoz Zrlsla gle
Aoltt, 0|2 13 el Mag7t A&F g F713
o &zl AL 19953 54744eld Ao] 2003
274704, 2007d 4967042 Z7ketson Hddd =
g 19949 26,697mellA 20073 388,997TmZ 90%
ol Z7HE T (A nER =284E, 2008)

A oM Hd3H Eed =24A7E v
A wAod Qe 1.5km ©]4e] 9A4< 7R A
Edo] 11E8A 1 3t} 20073 & 71Fo8 e
2EEE PUEE L 3 30142 BFAFL 2.44km
ojny, o] 3 AR ISR BHEL AR Ao
F8 4.6kmdl °]&t}.

AUEd-e ZEAAEZANY 7|872E EAoz
s g sl Bldz EolAA HE A4 1.5km
ol’dS H'd WX A& FhsiA Hol 7]Ee} BB
g3 g2] goket 2384 28-S ¢S S 9ta By
H31 9t} (K. Jurgen Bieger, 1999) &3] Zulo|A
T =234 Euolx] RAAAN T ANE DS F3
R SR} AT FAFAE T4F AL o
Zoeldo] gt ot A7t 283 Alyelel sl

2. §79| =5

A7 T F dolgole PR ok 80% o]4dol
AR EY A2 $HAY ARG SFo) Wdle ¢
83 adolt}h (FFF(1996), Bosurgi G.(2005))
53] gdiwetE 5aYt 2HEAY By Bd
29| 1] Al AR Aol 2D YTl
A9l o5& Mt A-go] IR A Hol AREt F
ol o gt FRESo] Skt Aejrt Ao a2y,
71EATNN = HEFIoIMY e 2 g3A
T ZES5A Hloltt S A GS ol A2 B
o] AlX|2} FEol Uit ARAA ZHo] 75l what

AR AAZe digk ARAAT7} hFRA FREEHL
At

£3] el /as € AL A e
o2 z2AAR eddAst 38 rer2A §4
By =2 T, A2 HE AR 2 J
S5 AAZY, A0 AX), 259 F57 Sz dA)
2 Hd g FYshe A FeIHE A A4
g, gaul AlzAe] FEAA, FEEA, FAR 43,
Ede] a3 Sl diside FAAT7E ook
& gevt sivkx &

old] B dolMe FRuLER thA ~Fh Il
A% AUEdQ] SAHEES ddez A4 @3
PAR L AR en, 22 Hot F vEsE o|&
Blod EAAbe] Az 23 F(Workload) & A #sle s
A BEAdARE AUed S FAFQ AR 6
e BASYY. 2 dFdAe HES 7 3
SAAE A A& A8 BN dEFE Al
7 Y42 FASGR /WA, FaEEE A%
SAALY] wreAEE B - AAlge 2 AEd dA
5% A N&AEE AFshed A7 EFo] gl

£ =2 A3 8018 Fesld olefe} 2}

- ZMdF(workload) : AYFstetns 3 o2
ZAA], o] Zeslol & 58S Aulsi <l
e Ajol a7dhe Axet wdo] Eva
23 &= gloh. &, ofx A}ielA gF7EE Ao
HA 7 o]} BoldSyE AojRalFe vt
Ha Ale] e HoAA He FAolrt. (o2
3](1994), Charles E.(1984))

- 354 (Occipitial lobe) : T 9 2z} F-£& Azt
9] Azt & whgo] digf 1R d9E el F
F4 2Y= A2 EA(visual information)
g = FA=2 ] R AAF ot
(R. Cooper, 1980)

- WeteH(B wave) : T ASE FAB] FET
HANEE Foegde ek ov, g, 639
onz HE FEN o] F WElge 2~20uVe
ZZ3} 14~30Hze] F9-8 3t HEor 32
Aal#ol At AAA 5o s A W e}
vhe otk (R. Cooper, 1980)

- BAHEA (ANOVA, Analysis of Variance) : Al
A oo Jd HER) Aol & HA kAt AHE-8}
€ A4 7R S F /K #& 7=

1



thstmEas Xl H27d HM1s, 20094 2@

75l Agsle t-HAE dYEHEH (one-way
ANOVA) S} dgolh. (B3l 9, 1998)

- Duncan test : #AHEAOA §og A7} v}
7% #AA olx At ol It Zel7t d=
2] Gojol & w7} g}, AMHo g FoFES F
2 Azt v nE 3he A ohEd|nen
sl=dl, LSD test, Scheffe test, Tukey test,
Duncan test7} Bo] 22It}, o] & Duncan test
t AFE] B3 Aot A7E Auidoz 44
4 & e dolrh. (Fesl ¢, 1998)

n. s
1. YT FHEY

Z3) 29| kol A HZ Al HE7e] 7|
st (T, Bld Avke] 2493, Ed Ao, H
i & Z Hdue 2% 5)9 gdof dig &4
2] AeA g9l S o8 S=As 9 $FAE
Aoz A AAZ FuEA ot HddTF F2ol
A &eAst 2 2344 JAS dodle 891E A9
B ohea 2o} (FEE(1998), AF3(2002))
- el gl = g7 58 E(Black hole)A
& 2o gdAAl 71383bo] 12Fh
-HEAY RN E oJFgo] thE Hgo] Rolx
2 A7EQF Fao) Wad RIS B4A
&7k Ak
- oAl E, AAGR) . SdefZo] FolAH &
uk7to] A7},
- AN B Y FL SRAA a4 H4)

% |

adaptation)< AXA A o wt

e &30 BlE doFd & Uk EF o T FollA
9o 3o 2 g wole ol £33k S (Light
adaptation) &3] glom, 2|&AQ ZHer A
sEged dog AR oF 30~4027) L84

2. HYTZHIMe| nERY 3 2T IS

F74591(1995) & Elde] SRAst vAE Y

BRsdon HEE I £5aE e L2
A} p2rEc o 34 veldtin #3819t 53 B
B A 28E Nds] A8
o] &xzire Hadw Fd, J
o s 71 A dFE WS F
(1999)& gxAte) AP S B4 4 9IE TALK
EYEQH|E olgdtd ez EdF7telAe] 244
AZute-g BAEQIY A72A%, HIAYF 200m
Apolo| A FHEE - & FAGY F FASEI H
A7t By, 3EEE eEFLA Uehde 220 W
3, ZolgEe a, ¢ed T FaFeH(Under
load) & 2} -+ FA 99 Z& FoAA 3t TAEE
g 7 e, o) AL AR LA THE A
A FASEE AT T

D. Diamantidis €(2000)& FdiEdolx 9] kA
of Tel AFAA A BAETEA FHE DA
o YPEMANER EHEHol F& At

Hirata and Yai(2005)& ZAIH A&F F1te) A4

7z

oW A BHEHE A EHAT. 21834 H
i
A &Rz Aol Astse A

Aol AAFo] Astde 7R ERFOIN 2Hed
HE AFY 3T £4Ae] QxYel &

ok A8-79(1996) & B J9H 200m A5 ¥
GAYF A eddE 3 AYwes d7ess
o B g7l AdF SrRpe] S0 A 3 A2
A7L Bl AR wsiA 8435 @ 2eR vebge
o, B9 FASEE BHEI we} taEy

B3z 193 2E £57) daditt 8d FAE

[o3

T
(b
i<
o
2
Jn
HE
oot
jm
T
o
ofy
rﬂ\(_‘
i
2
I
O%
-
3
2

& AN ST S0 45 Bolax BT
oA FAEE ool F7kE 24 bl AS

Zm s}, 2E2T(2006) L EE A EHolE 48& 5
3 $AA ¢ 2F FHPEN S FHY AR A
wexa s #8023k HuAdgAg Bl
oA A giubzte] wgslon, HAE EEEH S
2 0¥ AZd HEE wile Aoz NI
Bosurgi G.(2005)& $AAe] A% wE 529
279l A|ZFE3}7|%(the visual load index)o=
T3l $AAE sl Fa8900% AT F8

A& STk

tljo



20 Joumal of Korean Society of Transportation Vol.27 No.1, February, 2009

(B 1) St Jlsi7x &4

y o , AERA .
Bdd A HqAdE | FYUAAN%) R = A 174 (m)
" M Aem A A4 . o Lo EREE
FAREY | deEE e A (L=3.170m) 0.8 A FRpsce 128.1
. X2 a3 o Al -3 AGE meisie] oldst B rFoR
23
1. HTONTZE HE © E9AL 1.5km o13e] 383 AFE 7hHok &
@ vlolE 439 8014
APARL AT B GATRE By 2 A7 @ 7bke Agle] EACIETL Qo BRFYLHES]
o)y

@ AR AJdglel A% 2A AR Fe T
(EAHo] HA3HA AAHAL AndAde 2
oW EY} WA o 73h)

#o| Wk} 3R gfol nEFoE AT A
37t 34 @& ¢

ol 2AL 1 FHuEEE HA~FIT
7k HY 3 SAFEYE JAgsiglen, (D, (2
A 1), (23 2+ €49 7872 54 € fXE o
Bz ok SAREES TRAAL £1% H9oH,
PHNFEe Aol 3.1kme] AXERE AL
o} (a¥ 3), (aF oA BRo] 4 - 318 £ FH)
o] Hdg 77 HE 2328 FAH Ut

@
B Rl oo
oft

(a8 3) SYE malg " (3E 4) SNE yE



e SeE x| H27d M1z, 20094 2¥

(¥ 2) "iXt E4XIZ

T Yol (A) |28 (cm) | A% (kg) | A ()
497 1 33 167 68 2
487 2 29 172 67 6
5484 3 29 170 60 2
3484} 4 44 177 80 8
3444 5 44 176 70 4
3497 6 46 175 63 20
484 7 34 176 76 12
432 8 59 162 58 30
H497 9 39 182 71 15
3484 10 35 169 59 8

37 39.2 [ 1726 | 672 10.7 |

e I b

2] Al oA BEY 7t Fu 7RG
o] ATEEE gy A ¢ gle A AIPE
7F A gcta 8 4 itk a8y 229 37171 30 ©]
A Aol 2T oud FEE mavds £
Hog {3t 58 HET F e Aoz A ¢
o} AlHE g e g &= Human Factors Bofke] <
7ol olx = diole 3¢ o o2 Q8 5~10%
vielel SAgAE ey Aug £5, Base 2
< Fstm Uk, ke B Aol 1099 34A
AAE Uder 7 FPAd-2 A5

AEE2A 24 Q1 EHAAAM ASZHE o]
B3] dlofelE Sk A 1% kA 8890l
g 7 3o B8R ke A Be A
£ Asiglt), dAgAEE Aed oz Al o3t

AP g dirte A EHA Fdet

AP HA HAZ g Aoz A 4
AU A8 E e Ao glar, A=, ek 5 Azt 7]
soll o]o] gle A A7 HAeE e g %
o AN Aoe dEELN 3D, AY, ¢2e
(E)e B83 4= sien, slddaes 927}
FAHEA & Fuelr Aol HAEE 3T} T3k
HAGA = AA Al 848 55 nesle] A%
AT £ Aol S dA wixel Qo] HE 2 A
Foll g exite] whgAjolE meishA] ¥skow, A
ol FHolg AP AR E (R 2)9) 2o

r

3. AEE U EAU

Age %—6317401 FEd Bed BY 14:00~
AzkRel SaEgen Anpdile] 2B 2

21

%9 100km/hE FREE T

HAYAE BHHE WA AN B HE
2R3 A% ekl Adsn, 48s wae Feo
Nge Aged. 9n SAgAe QAAEAR
(01, BT 2450, A% DAY LAY, Fu
29 A, FRAA N3 5 y

lo

o FAAIZEE ok AALE ZFAM RS Biopac
Aol oA An (MP100SWS)E o83t #AEE

FRHAT (28 5

TFE B8 AL FEF S e A9
dele] AL A EE 5F o) £ A
oA 3" AANTE Normalization EA2H o
AN AREEY olEidt BF S B3l RIS Aol gl
T U (A2) AL AFICHA &8st SHHE
& Ay HRBCAA EHste g o2 et

3 AR AANS(H e T5F Ao 4}
Zo] &5 F9 TP A5 E FP8IAE H FF
g4 Al —‘f@“ﬂ ARAE AAEez 4eA Joi(R.
Cooper{1980), ZF4(1999), AE2(2002)) ¥ A
Ho] Bdof F3tuo] M=t & AFA +HE A
AR &) Feksl Wi FET(Fast Fourier Transform)
S B3] wue] T g2 A agadE
H (A1) F3ta o] FollA] dAe] 2wt B

1) Helander 9, Usability Engineering : Our experience and evolution, Elsevier North-Holland, 1985



22 Joumal of Korean Society of Transportation Vol.27 No.1, February, 2009

< 7He Feg g2 wEld e BAsgY. B4
sEE 2= dd gY2dEY BN doja g
Normalization®4dfe] @zl 24(2](2))& AH8-319)
o Aey 2 EATH A Huig L A4S AAS
T xo|2 ZE S AT (P E=, 2003) BAL
7.22(2F 20078 F3A)) & dr|EoE FAE
o} (21(3))

' — power 1
12Power Z(Apowe,.) ( )

&]714, Rpower
Epower

DY AeadEd g
D54 A2HEY @&
H2dEY g

Apower P EE

P, ..
N = driving (2)

4 .
resting

o714, Np
Pdriving

. Normalization &

DA AANE
Presting : A=A AANE g
N, =7.2secxn{n=1,2,3..) (3)

714, Nn : B471& Azt

n AF0=12.)

v. XZEM 2

1. EHY ZATZH0IML HSEY

SAREEE FYPske AR AldeEuheE B
A9 200m A BTN (T¥ 6)3 2on
ALY & 1089 FAgkel. B4Es 247 A%
FEdgEe B A9 200m AFNA 17.742 1
efston ediltalM e 25.012 vehd o 41%9 5
7He Hele Aoz Yyt o] Aol ALY
He B BT 23 EAFE fesA veinte
o 1 #4833 (E 3 AN

2. FOE UMY BEEM

SHEEHEE JYs] HIWE 73 ¢ 23RS
AGeEits-S B3 HaduR Fgage
23.8622 B'd YA 200m A|-e] vk 17.7450}
34.5% =skom Jdzte] Aol & HI19E EAEN B
Duncan test2®, AZEFZ BIEo] B4R 200m
AR FUEA R FRE FAFoR folaitt
Ed 1&F 200m A9 ¥hgak2 20.630.2 EHdF3Y
TR 15.6% *& Ae2 UE ey Duncan test
AxolA EAHZE FA3HA ¥A vt #82
e (a8 DI (E 4), (E 5l AN

35

30

A 200m

(E 3) B TdTF2oiMe 2HA et SAHIRY o

HyYdT
(T8 6) Ed TIYT2olMe 2TK AlZTFE ezt

Source DF Sum of Squares Mean Square F Value PrF
Model 1 389.5182163 389.5182163 9.60 0.0037**
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Source DF Sum of Squares Mean Square F Value Pr>F
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Error 361 16584.925121 45941621

Total 379 18183.382085

) ** : significant in level of 0.05
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