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Abstract

This study delved into the foundational aspects of planning an experimental simulator for respiratory infection control technology. Utilizing
this information, a design plan was proposed to replicate the environment of a regional emergency medical center. The challenges presented
by infectious diseases, especially in emergency rooms, have prompted the development and testing of various infection control medical
technologies. However, legal constraints prevent the demonstration of these technologies in real medical settings. Hence, there's a demand for
simulation spaces to conduct experiments like performance verification. The proposed simulator aims to replicate an emergency medical
institution for respiratory infection control technology experiments, facilitating testing in the developmental stage before practical application.
The design plan, based on a spatial analysis of Seoul National University Hospital's emergency medical center, was outlined. Requests from
research teams were gathered, and conflicting requirements were reconciled to form an integrated design plan. Considering the absence of a
specific design plan for medical technology experiments in academic contexts, it is anticipated that this comprehensive spatial planning for
infectious disease response and related medical experiments will serve as a valuable reference in the future.
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LM B A3A DAH FAT o mAAR e AL AAHT
O HE 34499 7 AlRe Zdde] wAy g
1.1 A7l WA B9 wAHT W, o]E fulsy] U J8AMT 7% A

20239 5¢ 119 HR= COVID-19 #elgle] 9712 el WaAol aTHT 9
Fusgta g4 Adsin, Z2UE 94 5143 5 2ol was fae gudsgel = goE do
YRS 2t} °lf1§l d@4e 53] %Z}fﬂr ﬂjﬁiﬁﬂr_’iix}ﬂ #
relasle A9e ABdolE A% A% A7) F =G sl Al she s adA Al wddd. el 57
Za Ag AAATZ 448 A0, FejolA SFAL B HAWAA U WojAdo=m
o] ATE 2022~2023 3% F7FATFA ARG dslow HALE 7153t COVID-19 #4713 thwe] 2 s W
A% AL PG AAgRATRAY degonaag U8 SHAS WA FEse Al Ao =l A4
s & MEAY A Dol o3 A, FAH 5 :HG22C0020 F AFEFY HE2 AHE S AEE FEA =4
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5 MAde B &g A SAel dEide dE

g7 e] 2z A A R welk os Fo)
A sk tHlee et al., 2020). o)X H

=i
g AAEERE IZ2Y HAdgEe] g gs5r)H
A Ao TEo=m A S22 T Jde UHF 95U
o FEJ FFAHANA #HEAY FP vl FL3T
(Lee, 2021).
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AEE D

st71el ofel Alefo] wETE A2 HUHE A ¢
e FQ s8rle 9 o |

w3k Ao wep A FoFdAAL 52 glol+ A
g glen, g8 E AYstae s omd
Ae WHALE  dA3 FAH W] Tolth
(Regulations on the Approval, Declaration, and
Evaluation of Medical Devices, 2023).

FAE] BAER AsA A TE AorEE9 I
B #4 =942 Hoixa Utk ©d AEE Adde
tfrde]l oA BAITE FFYE Al2=Ee] XA
Ao 27tA o]lojd JhsAdol Yok sF EAY FEES
A B AFNAE F7PE AF A ddeR A
A 587 EH Aories AA Aol Hgst

# & B 2~ EH =(Testbed)
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12 979 =3

B ATINE 557 293 Aol HEe AT
AEAOEY AR Ade ARt AF ABL e )
A% ARge] SASL BHBT o wigow Fe
Aol71%8 AEAH SANHCIk e $FY BTN
S, o WA AYFULOE BASE MBI
oE MA £EE BHoE Wtk 9 AL B 4Y
M o87& 4gel S8 ABdclE A% Awe )
2 A A 9 AARL ANsE Aol B AT F
8% =30l

Ay AEACE A% AP Y 2ks 20g 4
Walel A, SB7]E AP e AEdclHY % e
& B3 A% 54 Aego=a A% AY Aw
of U olHE Ui BEE Atk oF I /)%
AYg NEACIE AFe] Fo ¥HS FYsty, Yax
A5¢ gefetud ok olAH oz uslE APE A
gelolE 4% A"l Qo] A A% AYTHs )
935 zeisolof s 5459 B - BHBT

B A47E B3 Axe 79 AoE 4P AT
g5 g AEHCIE A AdE A 1Ed A%

2 &l

oA FEEA Rl AP AEdHlH Eoks
AA AT AYhem EYEolnA . oo ¢
B7le 488 AEdClE e AAZA EAt dAHF F=

13 A7l Wels 83
SERERRLERRES D
Y57t sel AYe e
Stth(Lee et al., 2023). &7 #¥EH
zZ

Asta olE ez 3 AEdHClH AL AAMNE

SECICDER

A7 REE AA, HIATE B 5F7) B
3 AellE 4Ee AT ABdlE AY Ao el
of ¥ 1B STAFES etk B4, 157 B9
A7 &3t A 71& BPS A% ABUolHe TS
o] sl grach AM, =AFH H3 2 43
FAM LT BAL AR RO 9 WEE
& Ao 557 294y AoE 2PE AEIH
AL AN EHE ATE QY Tk,

2. 489 MoZ|lz 28 AlE20lH 23 s AT

nrelE Ropoli AP o)m AE oA
axel A F FUR ‘WEFUAR U B PR
2 AFWh ol7)M mwF Bl Ak Lol
@ WAe BNY 5 Qor, nojaz AN A
JAaBo] FHsEa A A St G S
7ol tH(You, 2005). &Y ol= EA o=
Ao AYsE kel opym, o|muys
4o AYATE Hold B ATolN 44
oAt AgHolE b 2 Fol7h ek,
AR ZslelA wEd ey ousle 49
A% AZAY A7 AnE 1 S BA @k ol
AL Ak B AEHolE, AEHIH 37
A2, AgdolE Ay B4 2 gdy Hge A7
Hath ol HYATE EU 5§57 29y Aol
ARG ABolH AH 712 EE3 Yng Bk
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2.2 NEHCIH 3 BA AE

Ludwig et al.(2009)= A7 AlAd WF S35 ALY
AAAQ] F4e EH3t7] g AEHele HSC(Human
Simulation Center)& Alg3tA ot HSC= HAYUE, s
AL, FEUHYEE o] YEAA osE fs A @AF
B 4712 HA o5 Z2A2E AEFH AT Al
E#oHE Al @4, A olf, At &Y FEs
BASH] 9g o] A2 FAEM, 3 X A4
As #AFE F Jde FHES T FEHEHS A5
Atol& FElF o2 wigtEo] A#AHA #HFo] rhFsith
2340 #F FHegE AAste AEIolAE EYEST
A Ao 5+ JYEF AFstArt

Bjare et al.(2022)= Al E#CIEHDE A X3, o]
B9} vle W) A2EE 23 Hdoeg Fof Ay F
Z 37 A4S APt A AlEdolEle 4.2m*4.0
m*2.4 mel IV|E AFFHUNoH PC-Ao] AlxEES T3
THH 3719 25, 979 vlE&E 2EY F AEE A
AT YutARl AARAT A FHE BARSE] 930
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Je olFd sdAHBEe MLt T REe &=

1) Wvia gHstn FA AU 87 U AE g 9l

=, A4, 494 8 Ade =3sta glen

I

=
L BxdA A4, A4, s £AZ 2SS
gate] 71R77F AR E ol F s F7], "Wyl A"
74T 289 F71FH #7134 6-ACH(Air Change
per Hounel A ¢7] Al=®E& HE3Art. Agw4AdY
Hi 7| = SR oo 938l
] Al

N

24 APAF 24

E AFE AYdT BHE 53 g85re AdE A
E#olHY 7E EAQ ‘AA, JHA, uEd, BF
A D gy Aorie Ads AEEIEHY AdrE
1071418 FZ34th olE EUZE ‘57 ¥ Ao
7€’ I ‘SFYEIF F BEAP 9 BEAHES 7R
A, 71 7HHA, SFYEEY UEAd, 39S
7t ZEG o2 Fo BHAAG Y9 V8 E4E
AR 3o, =9 1079 AA7EE FUstA e w9
A#AAF L g4 ZokFigure D.

Facility Standards for Infectious Disease
Control Technology Experimental Simulators Basic Plan Matters for
Infectious Disease
Control Technology
Experimental Simulators

1. Maintaining temperature and humidity
2. imitation of furniture -
3. PC-Control system —-————
(Bjare et al) ’

~ Stability of air flow

-, Transformability

4. Changing supply and exhaust port —— of air flow

5. Simulation of a heating source

(song & Kirm) _Representation of

emergency medical
6. Consideration of healthcare processes

Standardization of

7. Ease of observation )
emergency medical

(Ludwig et al)
/4
8. Consideration of variable air volume’”
9. Confidentiality Consideration /
10. Consideration of legal standards #
(Cho)

Figure 1. Relationship between facility standards and
developed basic structures

APATFo Badaes 357 299 Aojrle 2F
& AlEHIEY 1071A] AE71ES =&33, Lee et al
(2023)9] 987 AgE AEHIHY 471A 71E AF
AFES B AT A AlEdHOlH T4 FFol| wA &
AAATE A7) Lee et al.2023)4 AHGg thdd =
9] o5 AEHNH 7B FRE bygoR 39, 7
A FHE BAR 557 49 Alorle 488 AE
dole AAFE A AIST]

57 7+

o

o
L=
=

3. 257 #48d Mo7|e2 o|2X 1

31 557 749w Aol & TR
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A As AAE f3 AEHE o5V|=
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(Blocking) 2. &3+ W 2+
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& 9ugt. =
1. 3 W Zdd g4 3
¥ AAEliminating) w2
E5E 7 Atk @A AggAd e 57 9y A

o7lEe IME FEol 7HsstH, AE 7ls A& A A
oA A o3 ZtkTable 1).
Table 1. Overview of respiratory infectious
disease control technology
Types Technologies | Characters LAailizsiizl
considerations
Enabling
. mechanical
Emlttlng strong installations
A - air to partially
ir-curtain block the around
. doorways by
airflow o .
providing spatial
allowances
Blockin Removal of Creating
g Air-shower contaminants by | physical buffer
spraying zones between
high-speed air rooms
Constructing a Allocating space
~ space using for cubicles
Softwall- | Vinyl with with minimum
particle control dimensions of
technic 2.5m*2.5m*2.3m
. Maintaining the
Blocking Negative- pollution area at Carefully plan
& positive lower the airtight
S e pressure . sealing of the
Eliminating atmospheric :
control opening.
pressure
Filtering viruses .

. Integratin,
particle contaminants into existin
filtering through a HVAC s st%ms

HEPA filter yStetns.
Using
UV-resistant
uv Microbial materials for
sterilization disinfection interior finishes,
through UV especially for
transparent
windows.
Prevention of Ensure adequate
HVAC microbial spread | performance of
Eliminating | system through exhaust | the AHU and
control system provide a viable
modification duct system.
Automatic
dispensing of Selecting
Chemical disinfectants interior materials
disinfection such as that resist
hydrogen chemicals and
peroxide and contamination
ethanol
Continuous Setting up
Biological monitoring by infrastructure for
Exam%nation collecting monitoring and
microorganisms sensor
through filters equipment

2k wbx] Wk (blocking)e] Ao 71E9d &
9 Z(Softwall-clean room)<
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o} oojuf A F3te] MEH EAFS B4 T AAsE
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WAl o2 AxA AEWde] §EXS 2.5m*2.5me] &
' Z& Aok sttt SY¢Aloi7l& (Negative-positive
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o
il
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pre -ssure controDel ¢ AAH FUHE
vlolgl 29 §9< 9AU(Blocking), =Holg
oz st AA FH Yol AE FEdES
© 2 H]Z=(Eliminating® & Yot o2 24!
71e9 B8R )Eol HWY] Wi T8
W Aorl&olgta & & Uth

Table 2914 AAE ATDA L Aoj7IE F oo 7
E(Air-curtain)®} oo} AEQJ(Air-shower), ME38ta A}
(biological examination)= Al E#olEleA 2] A5 AE o
dollA AdHAT. o] AEL CFD 43 A3 Aol
HRlE ATt olo] ARSIl A Az MEESEA A
< Ag3loF 3, ol FF Al omFItAA HEA
=83 I FH olEgo] Y& ALE d44HAT
A=A Habes dllg ZAek 7I71E A% ZIaAdEr)
AZAY BN F7rH o2 aeEojof Jt} ol ‘&
FoR7 T BFA o= Al EFolE Y 7E &

ol fefEttal AkEo] AlE thdel A A= At

X
o 1l

f
2
2
N

2 g
i o Y
o2 rlo & to &

g
ot
N
o

32 NEHIH S &8 =3

SHA W ZE8 Ared] Ag2 $FE W A4
Aol APAS AAsE AL FHHORE 3ty AT
552 o Z2thFigure 2).

Risk of infection Transmission in the The Importance of Infection Control
Emergency Room on spatial-Units

Variation in Limitations of
Infection Control Existing
Characteristics Technology

B

Limitations of
Early Detection

Overcrowding
Emergency room

Evaluation and Modularization of Infection

Control Technologies
HVAC Softwall UV disinfect
- =N
- g &
m u Fuf
hemic oM Y pressure
HEPA Filter Cm""‘j_jr ok i

Simulation effectiveness Pilot Implementation
evaluation In Emergency Room

Effectiveness, Economics, I Development of Standard
Universality, Prompiness Faility Guidelines

Figure 2. Research flow of infectious control technology
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A & %7}011‘/}.
i%ﬂ e Aoried
HHslE

o 1
$34 =g
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Mo, 758 EAS A FHe ARUCE =A
For Adsn BF gaAel 7ee AHE 3 &
3} 71e Qael ok ok

EAZEQ] ALddudd SFRAEH (o8t &34
2 20239 9Y JFE AL AMEFILL Iuss AgL
FARAEE AAH Ank. 9 IR B &%
Hol e g £ oY EE Hole YEI|Holth

o57lE APE& AEHIHAAY BA T FE
A, ded, AE-HAA, 7142 dadcilee et al,

= gus
o oem & Zolslel
=

>

e F42 wmeistel WA e HAsoE Bt

2y Aoiee] B 49 BA% 8 9@ )
24 Ao 23 29 AolE tgos Bk mebd 3
Adegel BHAE w2, JRVORe ALY s
Hol e F& SHOR HAse] SFIRF Y
He Fndth $FBAMY P PAALE JHAG
ol§ E4o) weh A 27 Am PE A A4 F
B A9 2R, ¥ 78 $Roe FEATKIm, 2016).
s E omdoRe] wAGY Aol S4E ueld
2 W Ay REe AU FA s FrosA BA
By 3 AN AU ol e 2AES AE
sol AFHoE BA W] AXsY oJmHel 2ol
AR SFBA ABTY W FF T4 AE
T R R BT & ABdeld BA

, =
o Z7to 2 =Z39 thFigure 3).

Severe Emergency

Emergency Patient
Patient Treatment Area

Treatment Area
T -

Triage Waiting Area

Resuscitation
Room

D : Simulated Space

: Laboratory Size

o] 7bestth. $H A JIETHF virtAE vHE A o]
ARE o, A &l "FrArE flos Aol el
I &3tz AAsi o o
et AYPF3t - A B I3t 4ol FAFHU
18 FEAE A=857] 4
JeFitoltt. 244 Wele AZAAETY 5 T o
F717150°l EA8tH, 7] YA Ent opyst 1E
2 JAE oAFstr] 9 dHLEIE AR EHe Sl
a3 Foll 7 F2 A7)olm, 24 4
= 3] 71 tAeR AASAHY. et
He Fa BEoke] 3t 97do] FA = A tTable 2).

2 o lo pob

)

Table 2. Emergency room space analysis

Floor plan analysis Character

Emergency Patient Treatment Area

The location of
exhaust system
in the
underneath of a
bed console

Floor Height:
2.83m

The corridor
between negative
pressure isolation
room and
hospital bed

Floor Height:
2.75m

Position of
HEPA filter on

o] o (e} ceiling and
multiple medical
D D devices
0 o (e}

Floor Height:
2.9m

Multiple chairs,
Furniture and
open space in
all directions

Floor Height:
3m

Legend for table

[1: Air conditioner

: Simulation
Space Corridor

. HEPA filter  [] : Bed console R/A
[]: Laboratory size @: R/A @:S/A

2D F% 34 ARTY A A 4709 93 APk 5t
 AgEAS WwIs) fs) A gue $RAQ 279y
o] o] o)zt
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AEEolE ARGl Fofst= 2

a Arle 43 4
T FAE L $FIE 473 2 3% 477 3. A%
Av] 87 A7 4 ASEY AFIE FAEHY
o ¥R s AFILE FEAor|Ee] HEgH F3olA
sFAclAel PAEE ozde AP o2
TR AEaAY gdAel JVE APska 4L =
&3t A4S FPAT. AR B AL FH7]
T8 FEaA 5 AFMuA SholAe gaAls%
APS Yot Aty A7zl AP AgHE
APFe AT FGAEY Hg Fo ARD =
BARAN FEHE AWl AAH Ao LEA
H7rE &g
Table 3. Request for each research group
Item | Experiment Required space Consideration
Team contents 4 P for design
Infection
Emergenc control Laboratory Installation of
rgency technology similar in size doors on 4
Medical - L .
experiment for to resuscitation sides of the
Researchers
emergency room laboratory
situations
1.Variable
diffuser
MIC-BIS3) Observation installation
Biomedical | usability test
. : . room attached .
Engineering | check air flow to laborato 2.Installation
Researchers | change by door Yy of 1.6m wide
position doors on four
sides of the
laboratory
L.installation
of diffusers
on both sides
of the bed
and on the
g ceiling to
Ll Airflow Control allow for
Mechanical | . Warehouse of
e in the Supply change of
facility more than .
and Exhaust % exhaust air
Researchers 1.5m*l.m
System supply
2.Door width
of 0.7-1.1m
or less for
blower door
installation
Need a
. ] separate
bio-chemist Bacterial Nee*d at least thread to
Iy spraying and sm*3m corridor lace
Hligeisi cg tl};reg in front of Eterilizer and
researchers P laboratory - .
biosafety-cabi
net

3) Multimodal infection control - bed isolation system: /g€l
2 H}de FAZS AskeE MEgA e 2 Aol 717

om/e Ade A% AEdcEHE A o8 3
9 BAE dol, AR F1% Adel AW w e
AAAT F7rel BEARNE BB AAH7] oAk o
BdA 4Y FASHY ALHA 25 B 2TUL
=23 U1 ol aRHez zgasle BHel WR
shth. webd B ATHe AgdclE A wAdA @
THE HEEAE AW I LAY Bl2ES T
BEET o F aTAGe AR FFSHe el AT
o BAol wE $HwE WHs Wgstel o A
Yore 2234 Ak olF Mos HEEA §B
&AM, AT AW APWES A& BA, AE ol
Hol Bag 31 BAL AA, ARdelE 7% A 1
Ba% Ao FAHM, MEXA Ao Table

MEzA AR APUWES T 2TA oiA 9
AZEol WANT. AP 49e] B2 AN A% B

AAT AFAS DA AR st FRAA TEC] EA
StRoy AFae] o] A FHojof stk AT
E9] o) wgt AF4el Ao E& AXdty BEA
I greke HWols #F Ae FE o2 FAAIAY =
3k Air-flow checkg 9% Z 1.6me & A9} B=Zo
To] EHl2EZE 93 0.7-1.1m & = A3 AF z7o]
FEHAT AFEe 2 we 2Ad I BAE
A Fe= AL AR st E ZS L1lm o3l
AA AT
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Figure 4. Simulator plot image
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Table 4. Laboratory construction and heat transmittance

Heat Expected maximum
Part Components transmi heat transmittance
-ttance Winter Summer
-18t O.S.B
Ceiling | -10inch Insulation 0.06 -151W 100W
-2P Gypsum board
-12t laminating
board
Wall -11t O.S.B 0.12 -11wW 11W
-6inch Insulation
-2P Gypsum board
-4t Deco tile
-12inch Insulation
Floor -18t O.S.B 0.08 -128W 85W
-12t Waterproof
plywood
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Control and Prevention, 2017). uo}7} 3}8t AZ7|&
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Figure 10. Simulator air conditioning facility
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Table 5. Simulator space simulation scenario

Imitation of Area for severe emergency patients (3-Beds)

i~
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