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A Study on the Effective Health Examination
Center Distribution and Space Coordination
using Agent based Model
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Abstract

Purpose: The important things in space plan of a screening center are improving the spatial
awareness by space systemization and minimizing the examination time for customers, and reducing
the required time of screening work and maximizing the capacity for the screening center.
Therefore, we tried to solve the problem of improving spatial awareness and reducing the
examination time by using the pedestrian based discrete event simulation at the minimum cost.
Methods: We have analyzed the drawbacks and the supplement points by comparing the floor plan
at the time of opening and the current floor plan. Based on the analysis, we propose an improved
plan which changes the location of the examination rooms and the number of services, and we also
verify the improved plan based on simulation analyses. Results: 1) Through the analyses, we derived
the drawbacks of the floor plan at the time of opening, and we realized that the current floor plan
reflects the drawbacks. 2) The major reasons of the long examination time are the human traffic
jam and the occurrence of queues due to unreasonable allocation of services. 3) Through the
discrete event simulation analyses, it was possible to specify the place of the queues manually so
as to use the given space fairly. 4) Using the discrete event simulation, it was possible to reduce
the examination time and to improve the spatial awareness effectively at the minimum cost.
Implications: Although the proposed simulation methodology in this paper is an analysis of the
existing screening center, we expect that the proposed methodology will be used to develop a
more efficient architectural design process by pre-applying the method to the course of designing
a screening center and finding the suitability of the proposed method with the matched number
of services.

Keywords Health examination center, ABM, Pedestrian Simulation, Space syntax. DES
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2.2 Space Syntax
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2.3 Agent Based Modeling & Discrete Event
Simulation
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3. Simulation Environment

3.1 Required Rooms and Examination Sequence

ry
N
N
N
>
x

dEE +=dXAoA ojXls ggE 225 =}
o3| EEEQI HREAE Ml Qo
7

rot

M
]

N
BT

[
ne
N

(L - O =

o 2
oY O
2al
[H
Hu

4o bW

o oM
1o

Il
02

ja}
=2
Jio
i=)
N B2
N
Ao
=2
>
oY
>
rir
oY
o}
F>
>
N
o OF
>
rm

ko

™
rx mu gy
Ral
o2
Ot
]
s
oY
>
nx
mjo
oY
o
o
- TIr
= N
0 J
= =
Bl o2
>
=
ne
uu 4 1

0 2
x
rir
=)
rlo
>
Pal

of M
>

>
Ot
>
o2
[
oo
X Jo
|0
HU oY
[al
Of
rir
NI
40 |

Rul R
N
_t.:‘!
1o
i
M

M ro g
> 0%

rir

1>

> O

I A
M mlo p
bt
= L

o

o n
Ot
iul

re M
ot
o
>
=
o
Rl
— H

-

=2

>

rir

oY

[al

[El

F E
HM

oY gm

™ Jo

@ .

==

fin)

L% i

B

e
M

of K

30 30

of E rr

=

0ok oN

Jo Ho

rlo o
T
o
T
Ral
iy
>
>
N
HA o
10
H
N
oxY
el
EJ
o
mjo
=
;
J
= 3R
ful

>t
o
N
30
N
Ho
=2
HL
il

2
fot
_9_}
inl
k=)
m
mjn
ne
N
40

AT SRAYAT Y BEN0IM KFS ATEA
X

[ o
S EUZ cts?9, SS9 Aot ol 2 S 41

7) Korean Associate of Health Promotion Official Homepage
http://www.kahp.or.kr/cms/doc.php?tkind=1&Ikind=1&mkind=2,
2018.02.03

8) Han, Seungwoo, A Study on the Spatial Composition using
Circulation of Health Promotion Center in General Hospital,
Master’s Thesis of Hanyang University, 2008

9) Song, Seungeon, Kim, Suktae, A Study on Traffic Line Efficiency
of Health Examination Centers Based on Space Syntax : Focused
on the Spatial Cognition of the Testee Taking the National
Examination Program, Journal of Institute of Healthcare
Architecture, 18(4), 2012, pp.53-67
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el o - MEL : Medical Examination by interview
m | & | - AM: Anthropometric measurement

- BG : Blood-gathering, R : Reception,
- CRM : Changing room(male)

- CRF : Changing room(female)

- CUM : Collection of urine(male),

1
— -
P — . .
'_m 1 ~ - - CUF : Collection of urine(female)

ww 1 — ] - 0: Ophthalmology
| © | P - HT : Hearing Test
|

[ - U : Ultrasonography

- UG : Upper gastrointestinography
- BD : Bone Density

- X : Xeromammography

- M : Mammography

- ECG : Electrocardiogram

BG
- PFT : Pulmonary function test
- RR : Recovery room

- NC : Nutrition consultation
- En : Endoscope
L - G : Gynecology

=HEnT. I —l —I —I —I | - P : Preparation room
I C NC NC

- W1~W4 : Waiting area-1~4
[Figure 1] Examination Center Floor Plan(Current)

- Admin : Administration
- DO : Doctor's Office

[Table 1] Sequence of Standard Examination Program

| R BICRMEY MEI B AM BYCUMEY BG BY PFT B3
VEESN o1 BY HT BYECGEY U B3 X E3en/ucEy RR B3
NC RACRVES C B Exit]

| R B3 CRF &3 MEI BY AM B CUF BY BG BY PFT B3
TN 0T BY HT BY G BYECGEY U BI BD BY X B
LM Ben/uGlkd RR B NC B4 CRF R4 C B Exit |
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[Table 2] Result of Space Syntax Analysis

36 Control Global Local
—— oy Value Integration | Integration
Maximum 10.000 8433 2273
Minimum 1.000 0.100 0.699 2.681
Average 2.163 1.000 1.240

Global . Local

Connectivity ~ Control Value

Integration Integration

Global Integration
*

Local Integration(r=3)
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3.4 Work Flow
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[Table 3] Number of Services and Taking Time by Examination

Agent |Code |serv. Description Std |Min |[Max
Work_R R 3 |Reception 213
Work_MEI | MEI | n |Medical Examination by interview |2-3| 2 | 3
Work_ CRm | CR | 30 |Changing Room(Male) 5 110
Work CRf | CR | 30 |Changing Room(Female) 8 |13
Work AM | AM | 1 |Anthropometric Measurement 2|3
Work_BG BG | 3 |Blood-Gathering 445 15| 3
Work_CUm [CUM| 4 [Men’s Toilet 1115
Work CUf | CUF | 4 |Ladies’ Room 2|3
Work_OT OT | 3 |Ophthalmology 41315
Work_HT HT | 3 |Hearing Test 21213
Work ECG | ECG | 1 |Electrocardiogram 3 125] 4
Work_PFT | PFT | 1 |Pulmonary Function Test 3 125(35
Work_X X | 1 |Xeromammography 21213
Work_ M M | 1 |Mammography 5146
Work_U U 1 |Ultrasonic 10| 8 | 12
Work_G G | 1 |Gynecology 5137
Work_En En | 2 |Endoscope 75| 5 |10
Work_RR RR | 1 |Recovery Room ok | 25| 35
Work_NC NC | 1 |Nutrition Consultation 213
Work_BD BD | 1 |Bone Density 413]|5
Work UG | UG | 1 |Upper Gastrointestinography |10 | 8 | 12

14) Jung, Jeehee, A study on the space plan of a health
examination center based on environmental psychological
behavior, Master's Thesis, Hanyang University, p37

podSource work R work CRM work MEL work AM work CUM work 86

@mie @n
@ person
[ work PFT work 0T work HT work BCG wark Ul
B &3 = AR IR
work G
. work B0

= 3

\\ﬁ

work CRM1 work € work BT pedSink
1 work CRF1

[Figure 2] Work Flow Chart

3.5 Setting the Evaluation Index
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1) Number of Queue
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2) Agent Lifetime
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3) Distribution of Agent Lifetime
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4. Pedestrian based Simulation
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[Figure 4] Inspection Time by Number of Persons to be Admitted

4.2 Status Analysis

1) Analysis of Complement Time's Floor Plan - Pa
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[Figure 5] Queue Time Series Analysis by Examination -Pa
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[Table 4] AMH[A BZ0)| CE(CHRHO| CHeh) ATAIZ S

Primary Readjustment Secondary Readjustment
Increase Pb PFT+1 PFT+1 PFT+1 PFT+1 PFT+1 | PFT+;'T+‘1' UE+C16+1 T Eerd
e )
S | A - oT-1 BG1 |BGLOT1| Enl AM-1, BG-2, OT-1, En-1
o |1903210] 1908144| 1905544| 1930297| 1902804| 1950283 1948085| 1916680| 1772957] 1787405
051712 051801| 051735 052143| 051708 052503| 052441| 051927| 045530 04.57:54
i 17,28497| 1639832| 17,0876| 1733440 17,02106| 16,60204| 17,469.85| 1630499| 1535178 15717.70
044805| 043318 044509| 044854| 044341| 043642| 045110| 043145 041552 04.21:58
N 1819861| 17,833.99| 17,85042| 1826995 17,98886| 1849253| 1820840 1810244| 1689233| 17,067.85
9 050319| 0457:14| 045730 050430| 045949 | 050813| 050328| 0501:42| 0441:32 04.44:28
Std.Dev 497.78 928.05 604.33 600.97 60891 962.75 585.31 856.06 769.16 60145
Variation ] 36462  -348.20 7134  -209.75 29392 978 9617| -130629| -1,13076
-000605| -000548| 000111| -000330| -00.0454| 000010 -0001:36| -0021:46| -00.1851
Peak PFT HT OTHT.EC HT HT HT AM
AM 2 2 2 2 2 2 1 1 1 1
BG 3 3 3 2 2 3 1 1 1 1
PFT 1 2 2 2 2 2 1 2 1 2
w | Or 3 3 2 3 2 3 2 2 2 2
= 1 1 1 1 1 1 2 2 2 2
® | ECG 1 1 1 1 1 1 1 1 2 2
v 3 3 3 3 3 3 4 4 4 4
En 3 3 3 3 3 2 2 2 2 2
Sum 17 18 17 17 16 17 14 15 15 16
4.3 Solution for Improvement -Pc Pa—Pb
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3) 2nd Service Readjustment
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4.4 Verification of Floor Plan Improvement - Pc
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[Figure 12] Average Sink Time by Agent
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