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{Summary)

This study is to explore the drawbacks and the improvements in the light of color, installation
location, brightness, and inductive directionality in order to increase the visibility and inductivity of
the existing emergency exit sign in consideration of the evacuation behavior, psychology, and

Purpose | cognition of the evacuaees at the outbreak of fire at the subway station and to develop the
effective evacuation guidance sign system in early phase in order to reduce the damage for
humans.

1) A comprehensive investigation was performed into the conditions of evacuation signs installed

in selected subway stations in Seoul(9stations), Busan(5) and Daegu(2), and problems that arise

in the event of fire were analyzed.

2) A questionnaire survey was performed on the location and color of evacuation sign

s and evacuation methods in the event of fire, and the problems of conventional signs

and directions for improvement were suggested.

3) An “in—smoke penetration test” was performed to identify colors with high visibility

for evacuation signs.

Contents |4) pesigns for evacuation signs that were effective in the initial response stage were
suggested.

5) Two VR models (maze-type, subway—type) that reproduced a subway station fire sit

uation were developed.

6) A VR perception test was conducted to measure people’s psychological state in the

event of fire and their evacuation speed, and to demonstrate the efficiency of a new eva

cuation sign, 'Action Picto.’

7) Samples of the new evacuation sign were produced.

1) The design of a new evacuation sign, 'Action Picto,' was developed.

?2) Basic data required to formulate a system related to the color and location of signs

Development |With high visibility and evacuation methods were suggested by producing and testing

Results ~ Samples
3) The findings are expected to contribute to the development of evacuation signs tha
t can induce a rapid response in the event of disasters.

1) A plan for utilization was established as follows:

» In strategic partnership with a manufacturer of firefighting products, an intuitive
and efficient evacuation sign system shifting from a wired system to a wireless
system can be developed.

» The new system needs to be installed in places where unspecified masses go, suc
h as public organizations, large hospitals and marts, hotels, bus terminals and airp
orts as well as subway stations.

2) Direct and indirect effects

» Technological aspect

— The development of new evacuation sign systems can be promoted.

Expected | Diverse evacuation sign systems and products can be systematically researched an

Contribution

d developed.

» Economic and industrial aspects

- The development of various evacuation sign systems can activate related markets,
and this can be established as an independent area.

- Korean-style emergency exit designs can be patented and distributed.

- This can contribute to the development of industries related to development and sa
les of fire safety equipment.

» Social aspect

— This will enable a prompt response to a fire situation, within the so—called “golden
period.”

Keywords

Evacuation guidance | Emergency exit sign Fire VR Action Picto
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Mﬂsm Spectrum
Sensor CMOS Linear Image Sensor
Wavelength Range 380 to 780 nm
Wavelength Data Increment 1 nm
Spectral Bandwidth Approximately 12 nm ( Half Bandwidth )
Wavelength Reproducibility +1nm=1
Measurement Range 1te 100,000 Ix
lluminance Accuracy + 5%
Color Accuracy + 0.0025 in CIE 1931 x,y
Color Repeatability llluminant A @ 2,856 K at 20,000 Ix | + 0.0005 in CIE 1931 x.y
CCT Accuracy 2%
CRI Accuracy @ Ra +1.5%
Stray Light -25 dB max. "2
Integration Time Range 6 o 5,000 ms
U meli Digital Resolution 16 bits
Feature ELF SYSTEM
Camera USB CCD Camera (640x480 pixels)
Wavelength Sensitivity Luninosity comection filter
Connect method USB 2.0

Standard : 6mm fixed focus lens H35° V26°

Option  : 4mm fixed focus lens H50° V37°

Lens
Option  : 6rm fixed focus lens H90° Ve&7*°
Option  : 12.5~50mm zoom lens H21° V16°
Filter Option : ND filter
Measurement range 0.1 ~ 30,000 cd/m? { 30,000 cd/m? O|4F ND Filter 2=7p
Measurement accuracy +3% Standard A lamp
Measurement reproducibility +0.9% within
Qs Windows7 32Bit, 64bit ~ Windows 10
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% [4243 Gammalzz _3j o
¥ 4054
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[~ | Display Hue Page I Des 10
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[ Display Value Page
[~ Display ColorChecker
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A3}, Munsell Conversion CMC 16d X2 138 o] &3} =3},
=2 6MAe] HV/C. RGB, CMYK e 138 2-11 3 2t}

gExo= Fxztol

COLOR NAME HV/C RGB CMYK
Red H7.5R V4 C14 R40.98 G43 B37| C10 M100 Y100 K
Orange H2.5YR V6 C14 | R235 G111 B14 | CO M70 Y100 KO
Yellow H5Y V8.5 C14 R250 G213 B12 | CO MO Y100 KO
- Green H2.5G v4 C10 | RO G116 B56 C100 MO Y90 K30
GreenYellow | H7.5GY V7 C10 | R129 G191 B72 | C50 MO Y100 KO
- Blue H2.5PB V4 C10 | RO G102 B162 | C80 M50 Y10 KO

[ 2-11] 7}A%84 5 Red, Green, Blue, Orange, Yellow, GreenYellow2] 6287

a8, 12 3o Axz 5 9 64

A WS F Mg ARl £ NFe FE

T M e 2Eeh Ak 11 Yelowel
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24 0] GALM S AZsP T 23F 244 A7) & 3lr Ao AL Yellow Munsell
Conversion CMC 16d Z2 1 & A] FZ3F 6419 o}zl HV/C. CMYK < 18 2-12
o} 7z}

Color HV/C CMYK
H10Y v85 C10 C10 MOYQ0 KO
H10Y v8 C12 C10 MO Y100 KO
H10Y v8 C10 C10 MO Y90 K10
H10Y v8.5 C10 C8 MO Y100 K22
H5Y v8.5 C14 COMO Y100 KO
H7.5Y V8.5 C12 COMO Y100 KO
H5Y v8.5 C10 CO MO0 Y90 KO
H5Y V8.5 C10 CO0 M5 Y80 KO
H10Y V9 Cé CO MO Y60 KO
H2.5YR V8 C14 COM15Y100KO

H2.5Y V8 C16 COM17 Y100 KO
H2.5Y V8 C14 COM17 Y100 KO
13 H2.5Y V8 C12 COM25 Y100 KO
(29 2-12] 14 H5Y V7 C10 COM26 Y100 KO
Mursell Conversion CMC 16d Z=TI8-& AMgste] |15 H10YR V8 C14 COM30Y100K0
210171 Yellow A 2441 16 H10YR V7 Cl14 COM35 Y100 KO
17 H10YR V7 €10 COM30Y100 KD
18 H10YR V7 C8 COM32 Y86 KO
19 H2.5YR V6 C12 COM45 Y100 KO
20 H7.5YR V8 C10 COM30Y60 KO
21 H7.5YR V8 C10 COM45 Y95 KO
22 H7.5YR V8 C10 COMS50 Y100 KO
23 | H75YRVBCIO COMS50Y100 KO

H7.5YR V8 C10

COM64 Y95 KO
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varsmog_speed_hor_distance=1000;

varsmog_speed_hor_time=1000;

varsmog_speed_ver_distance=2000;

varsmog_speed_ver_time=1000;

varpeople_speed_walk_distance=1330;

varpeople_speed_walk_time=1000;
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varsmog_speed_hor=smog_speed_hor_distance/smog_speed_hor_time;

varsmog_speed_ver=smog_speed_ver_distance/smog_speed_ver_time;

varpeople_walk_speed=people_speed_walk_distance/people_speed_walk_time;

onSmog(pos_x,pos_y,smog_speed_hor,smog_speed_ver,smog_speed_ver);
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functiononSmog(pos_x,pos_y,smog_speed_hor,smog_speed_ver,smog_speed_ver){

max_width=-1;
max_height=3000;

min_bottom_pos=60;

start_smog(pos_x,pos_y+min_bottom_pos);

for($i=1:$i<=10;$i++){

if(pos_x+1<max_width){
copy_smog_width(pos_x+1);
copy_smog_width(pos_x—1);

if(pos_x+1<max_height){
copy_smog_height(pos_y+1);
}
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varsmog_speed_hor_distance=1000;

varsmog_speed_hor_time=1000;

varsmog_speed_ver_distance=2000;




varsmog_speed_ver_time=1000;

varsmog_speed_floor_ver_time=1000;

varsmog_speed_floor_ver_distance=3000;

varpeople_speed_walk_distance=1330;

varpeople_speed_walk_time=1000;

A7) Zo) olBEEES A AT 2/gEL HAAY
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9] FhdEl LB AE AY : 1330cm, @9 7 224 EAJZE 0 1000ms

varsmog_speed_hor=smog_speed_hor_distance/smog_speed_hor_time;
varsmog_speed_ver=smog_speed_ver_distance/smog_speed_ver_time;

varsmog_speed_ver=smog_speed_floor_ver_distance/smog_speed_floor_ver_time;

varpeople_walk_speed=people_speed_walk_distance/people_speed_walk_time;

onSmog(pos_x,pos_y,smog_speed_hor,smog_speed_ver,smog_speed_ver);
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functiononSmog(pos_x,pos_y,smog_speed_hor,smog_speed_ver,smog_speed_ver){

max_width=-1;
max_height=3000;
star_max_height=max_height*2;

min_bottom_pos=60;

start_smog(pos_x,pos_y+min_bottom_pos);

for($i=1;$i<=10;$i++){

if(in_array($high_vertical_area,pos_x)){

if(pos_x+1<star_max_height){
copy_smog_height(pos_y+1);

if(pos_x+1<max_width){
copy_smog_width(pos_x+1);
copy_smog_width(pos_x—1);

if(pos_x+1<max_height){
copy_smog_height(pos_y+1);
}
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Table 1. Wave of EEG(Electroencephalography)
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a9 1. 5434 £F3k8 10-20 system
Abbreviation : odd number, the left hemisphere of the brain: even number, the right hemisphe
re of the brain, Fp, Frontal-pole: F, frontal: C, central:, P, parietal: O, occipital: A, auricular.
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1¥3. VR AH] (HTC VIVE Pro Virtual Reality Headset htc)
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Table 2. Summary of subjects

N
Description
(total=45)
Demographic age 20-26 45 100
Characteristics  gex male 23 511
female 22 48.9
Disease encephalopathy no 45 97.8
History yes 1 2.2
dizziness no 40 88.9
yes 5 11.1
respiratory disturbance pgq 42 93.3
yes 3 6.7
claustrophobia no 41 91.1
yes 4 3.9
Experiential fire no 44 97.8
aspect yes 1 2.2
VR game no 21 46.7
yes 23 53.3
evacuation simulation no 40 88.9
yes 5 11.1
Preparation cognition of fire golden pq 30 66.7
for accident time (3 min.) yes 15 33.3
cognition of no 9 22.2
emergency exits ves 36 778
cognition of safe pg 32 71.1
place yes 13 28.9
cognition of evacuee |, 43 95.6
guidance yes 9 44
Abbreviations: VR, Virtual Reality
Table 3. 2-paired t-test according to the taxiway line status.
group Mean *+ S.D. (sec) t Sﬁg;%ﬁf;
Pre 84.01 + 10.27
9.64 0.00
Post 56.26 + 13.98

Abbreviations: Pre, pretest not with taxiway line status; Post, postest with taxiway line

status; S.D., standard deviation
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Figure 6. Illustration of Absolute Power of electrodes. (a)F3, F4 (b) P3, P4 (c) T3, T4
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Wave Hertz Function

9 E}(Delta), § 174Hz 7L g1, ¥7s Ast &
A€} (Theta), © 4~8Hz Fe U 5

o+ 5t(Alpha), a 8713Hz 7 s

H EH(Beta), B 13730Hz 7, 25EE, 2Edx F
v (Gamma), ¥ 317100Hz S 2EY 2 ES A% 5

Table 1. Wave of EEG(Electroencephalography)(18)

(3) % £4 2 VR A

7] 10-20 system(Z @ De] =4 PELICAN PRODUCTS TORRANCE CA, USA Quick-
20 HASAH7E AHESATh HoRA S AsHE F oA FEARISY f5F wet A
T4, T4, 3549, FFEE FHNA TAHE AV H AsSES 245
Hutg 24 o MEY FuE 0.3~100 Hz 2 60Hz 2 A 93 3de9a A9 s
e &} 19953 T 9 Héfl% 0.3~100 Hz, 3 3}&2)A) settmg_l_
ALE-3FH AL 5mm/50W %F
adset htc. TAIWAN)E o]

™

[o
o
o
=
o
5
5
@,

NASION

INION

a9 1. =413 FF3+9 10-20 system
Abbreviation : odd number, the left hemisphere of the brain: even number, the right
hemisphere of the brain, Fp, Frontal-pole: F, frontal: C, central:, P, parietal: O, occipit
al: A, auricular.
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Table 2. Summary of subjects

Description N (total=50) %

age 20-26 50 100

) male 20 40.0

Subject of study

sex

female 30 60.0

no 22 44.0

VR game

yes 28 56.0

Exoeriential no 48 96.0
xperientia fire

aspect
yes 2 4.0
no 45 90.0

evacuation simulation

yes 5 10.0




cognition of fire golden no 43 86.0

time (3 min.) yes 17 14.0
i no 12 24.0

cognition of emergency

exits
Preparation yes 38 76.0
for accident

no 42 84.0

cognition of safe place
yes 8 16.0
- no 47 94.0

cognition of evacuee
guidance yes 3 6.0
no 48 96.0

encephalopathy
yes 2 4.0
no 45 90.0
Disease dizziness

History yes 5 10.0
no 46 92.0

respiratory disturbance
yes 4 8.0
no 45 90.0

claustrophobia

yes 5 10.0

Abbreviations: VR, Virtual Reality

Table 3. 2-paired t-test according to the taxiway line status.

significance
group Mean £ S.D. (sec) t probability
Pre 7744 £ 1711
9.47 0.00
Post 51.92 + 13.16

Abbreviations: Pre, pretest not with taxiway line status; Post, postest with taxiway line
status; S.D., standard deviation
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Figure 4. Illustration of Absolute Power of electrodes. (a)F3, F4 (b) P3, P4 (c) T3, T4
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