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ABSTRACT: Many efforts are being made to enhance user productivity and promote collaboration while ensuring the economic
efficiency of office buildings. Analyzing space utilization, indicating how users utilize spaces, has been a crucial factor in these efforts.
Appropriate space utilization enhances building maintenance and space layout design, reducing unnecessary energy waste and
under-occupied spaces. Recognizing the importance of space utilization, there have been several studies to predict space utilization
using information about users, activities, and spaces. These studies suggested an ontology of the information and implemented
automated activity-space mapping as part of space utilization prediction. Despite the existing studies, there remains a gap in integrating
space utilization prediction with automated space layout design. As a foundational study to bridge this gap, our study proposes a novel
methodology that automatically generates office rooms based on space utilization optimization. This methodology consists of three
modules: Activity-space mapping, Space utilization calculation, and Room generation. The first two modules use data on space types and
user activity types as input to calculate and optimize space utilization through requirement-based activity-space mapping. After
optimizing the space utilization value within an appropriate range, the number and area of each space type are determined. The Room
generation module then automatically generates rooms with optimized areas and numbers. The practical application of the developed
methodology is demonstrated, highlighting its effectiveness in fabricated case scenario. By automatically generating rooms with optimal
space utilization, our methodology shows potential for expanding to automated generation of optimized space layout design based on

space utilization.
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Table 1. Research on space utilization measurement

Researcher Title Contents
Rashid et al. |Sedentary and fleeting activities and|The Time Utiization Survey (TUS), a tool developed by DEGW consulting,
(2006) their spatial correlates in offices. |is a point-based observation technique where the field observer walks
Oseland et al.| The WCO guide to: utilisation and |along a route to observe behaviors only at a predefined set of points
(2013) occupancy studies perhaps once an hour taking notes of the use of each space.
NAO Space management in higher  [Through UFO method, space utilization rate (U) is calculated as a multi—
(1996) education: a good practice guide |plication of frequency (F) and occupancy (O).
Benchmarking space usage in  |Freguency is the number of hours a room is in use as a proportion of total
Abdullah et al.| | . o : . S . . .
higher education institutes: attaining [@vailability (the timetabled week). Occupancy is the average group size as
(2012) efficient use. a proportion of total capacity for the hours the room is in use.
- ) Passive infrared (PIR) sensors are the most prominently used sensors in
Predicting room occupancy with a i i ) : :
Raykov et al.| . o these contexts. However, they can only provide binary information (occupied
single passive infrared (PIR) sensor i ) T .
(2016) vs. not occupied) and are often unreliable for capturing immobile occupants.

through behavior extraction This can be solved by behavior extraction through machine learning.

Based on the time—series data collected from 3D stereo vision camera,
algorithms  ensuring accurate estimates and annotating data in activity
recognition are proposed. Through the camera, the seats and space
utilization patterns are extracted. The data obtained can be used for
inspecting various types of open and shared spaces available for work.

Space utilization and activity
Das et al. | recognition using 3D stereo vision
(2020) camera inside an educational

building

An algorithm for the detection of occupants in the indoor environment is
presented, validated and evaluated among different scenarios. The
algorithm is based on the concentration of carbon dioxide (CO2) in the
indoor air. The CO2 concentration deriven from the CO2 level detected
implies the Occupants presence profile in the rooms.

CO2 based occupancy detection
Cali et al. [algorithm: experimental analysis and

(2015) validation for office and residential
buildings

User activity based workspace |Pennanen generalized the space utilization prediction formula proposed by

Pennanen definition as an instrument for  |Cherry (1998) for application to various types of building, including office.
(2004) workplace management in This method calculates space utilization based on the relationships among
multi—user organizations. users, activities, and spaces.

Autornated updating of space design Kim et al. developed an automated requirements updating method comprising

Kim et al. . i three phases: updating of user information, updating of the requirements for
(2015) reqwlrelments connecting user each space type, and adjustment of the numbers of space types to satisfy
activities and space types target Utiization.

MBIALE Cali et al. (2015)2 O|r=tEtA ZX| HME Z85101 of 20| CiYet Rl =20 XMEIFsoi=s ditst & &
SHE OJNtefEASl S0 ME AL S7te] ARSAt oig ot AlSISIGICE alid 37t AIBE &4 WH2 =7| MAIE Sot
of A2|IES kSTt QmA Z7h e & BN 59| EfgdS Eoioks Ol AlZE
MME 8ot M8 58 WAIR XisstE HolH a8 2 en, A Uig2e] 8 YWdE MSdl F= J2: ¢
X 2ME Soll S AEE 718 28X0l St ARE, HVAC 2 QITE Pennanen (2004)2] 37 MEE ALt Hits HIES
NAEL 2 22| 59| AxE 2|et SAIE 4 QUCH 0l2(8 2, Kim and Fischer (2014)= 27t AR BM0| Xi=3lef 2
POEE S¢f 3¢t ABE &Y AS2 Al AEAte 3¢ = G SRASIRUCE 3t AR 20| @71l= A=A 3
AE0l 7[BI2 ASZE FA| H2/0ll FpXQ1 B, A HA( af S7Ho 2HEE G0l 2EZXIE MM, XA H|o]
HMEoP7|ol= Cra of24=Z0] ot @A EA =7] Aol 4 HOJEfHO|A 78 S7F M8 M Xissh 22 E A
3 MEE 052 Seloto] g7 zIMstE ity | lsiA QISIAUCE. EBt Kim et al. (2010)2 &3t 2 ME HZA|
£ 7% & HI7KPre—occupancy Evaluations, POE)OIM AL il HE Xtsatetn, 2t A2E0 et XAise2 Z2t
S 0I5g 4 U= Yo et S Q5 LTS YH0[Edts HTE +ABIRACE Cha et al. (2018)
Pennanen (2004)2 2I|AS| HR Z7F A& nHES HOf = 3 AIZBES Eelolo] A=RZ2| | Al AR 25 &2
SIYleH, &39l A7kt UojLt= S HEES HIECoR &3 oY 7[gte] 7F Mg 249 AlE2|0[IS HerSHRICE OIx
718 ARFO] ABES el YRS HelorUrh A M7 HAM St AEES oISt Bteh= Het
Cherry (1998)01 2laff XMOtEl 37t AIBE &4 gotg 2u|A of #EE 5l ke EXfSILL, 0I5 2|4 2[0[0FR 4
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Table 2. Systems supporting automated or optimized office
building planning and space layout design

System
. Contents
(Website)
gbig’s Al—powerd planning software gene—
qbig rates custom office layouts in a matter of
(https://abia.ai/) |seconds and provides visualization of future
workplace,
At Altri uses generative Al to create office floor
(htios://ttriai) plans based on remarkable space optimiza—
tion.
Skelch Sketch automatically generates optimal work—
elc place floor plans and 3D designs from design
(https://sketch.h ) ) -
. to construction cost estimates based on site
owbuild.com/)

location.

Flexity is an automated planning and design

Flexity software that accurately incorporates building
(https://flexity.ap |codes and terrain elevation differences, pro—
p/urban/home) |viding optimal office floor plans and various
scenarios.

Finch By using generative design, Finch generates
(https://www.finc|different design options that follow the design

h3d.com/)  |parameters and constraints set by the user.
dRofus is a unigue planning, data manage—
dRofus ment and BIM collaboration tool that provides

(https://www.dro|all stakeholders with extensive workflow sup—
fus.com/en/) |port and access to building information throug—
hout the building lifecycle.
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Table 3. Defined input values for the methodology of this paper

Input type Input values Data type

UserType Description

UserNumber Number
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Frequency Number
Duration Hours
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Table 4. The implication of the space utilization

Range of utilization

Implication

Description

Utilization < 50%

No wait

Activities can be done

without waiting.

50% ¢ Utilization

Activities may need to be

< 75% Adequate scheduled.
75% < Utilization Inconvenient Activities need to be

< 100% relocated.
Activities cannot be

100% < Utilization Infeasible physically

accommodated.
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Table 5. User activity type input of the cases for the demon—
stration of the methodology

L3 Lssr Action Ratio s Duration _Req—
type [ number quency uirement
A ) o
workers 25 Working 100% 1 4 Reqg 2
B H [®)
workers 122 Working 100% 1 4 Req 2
A Meeting
25 (computer  [100% | 1 1 Reg 1
workers
work)
B Meeting
122 (computer  [100% | 1 2 Reg 1
workers
work)
A Meeting
25 |(no computer|100% | 1 2 0
workers
work)
5 Meeting
122 |(no computer [100% | 1 1 0
workers
work)
B 12 Meeting for 100% 1 1 0
workers research
A Studying o
workers & individually 100% 1 2 0
B Studying o
workers 122 individually 100% ! ! 0
faculty 5 Working 100% 1 8 Reqg 3
C ) o
workers 12 Working 100% 1 8 Req 4
Staif 6 Working 100% 1 7 Reqg 5
Faculty Meeting 100% 1 1 0

Table 6. Space type input of the cases for the demonstration
of the methodology

Space type Space criteria|Open time|Requirement
Computer cluster 4 12.0 Reg 1
Workspace 3 12.0 Req 2
Small conference room 4 20 Req 1
(computer)
Conference room 5 20 Req 1
(computer)
Private office 7 12.0 Reg 3
Shared office
(2 workstations) 5 2.0 Req 4
Cubicle spaces
(6 workstations) 5 2.0 Rea 5
Small conference room 2 12.0 0
Large conference room 5 12.0 0
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Figure 5. Result of an space utilization optimization though
generative design

> 0z
% 5
iy
=

2oy ploox O
mz
_El
HT
£0
1o
=
NS}
=
1=
(@2}
O
Ju
10
>
Hu
n
rn
Y
=

> mu o

[0 Mo

N o
=)
U gl
0=
ox M

mo = Jiok un
ro
Q'D
4
iz o0
1o 0
iul
N
N
=
i
Op
0

0

N
Ton
=
ofm
gl__l
s
sl
o
ro
gﬂ
4%
]
o
2
a
(@)
R
<
2
[0 [0

ﬂ
P
™

0 Mo [

e

o oox
Qﬂ
@
gjo
2
o
MHI
-1
elll
kl
©
0E
_‘

HO <@ mn J
I
i
>
0]

po MUE
\d
=)

Pl
for
O
o

o]

o

H—|

i

=

on

o 38

ful

[N

o]

o

2l

1x

2

40
rx
i
[0
Hu
=
)
gl_
:Q
iul
H
mn
Ju op
™ 0

0

LN
mo <
I
Mo
<
30
ojo
mjo

1o
>
00

iy
Bl
o

i
v Jr @ ¢
=
N
2

ool

1o

>
oo

[
=
ell]
£
|0
=

u oA

0| 75%
MZ 042 CHE Group size, 27F S8 7

(@)
op

g
e
]
=
o
rlo
o1
Opt
u
of
N
ot
SR

Il
>

[
=
$Q w8

ctivity—space mapping ZTES 712 §018 4
AuE0A Zltf & 24 B2 ABES 2= 37t
o2 MHEUOH, HMOFst Y=o o1

S AEE Fets DIREX 246 B!
o A o 7t

n

ogl

r

L2 H0 ¢

+H
[

FO Mo
P>
N

1

f_-l P

mn

2E 37 {0
Figure 61+ 2Lt A B Zu=(Table 7)2| 4%
7O AS0| HHEZUCH VI =2 AMEES de
&2 Shared office (2 workstations) (72.440%)2 B workers
meeting for research@t C workers working®| & 7| &s0|
OHEEIUCE o 2 SR gas0 ojgE o 37t 78

0| ZXHY0I= Shared ofice’t & =2 AMEES 2= 0l

C workers worker 50| %! Shared office0l| 2 /0]
Load per space’t =7| W22 A= KRFECH BHH| 71
H2 MNEES #= & F2 Small conference room
(computer) (8.330%)2 Faculty meeting®| 3t 7HX| &50| Oj
CIUCE oy 2E0] A2 Ao Qs F2 AlZtset oz

M O|R0X7| =0l 0he H2 S AIBES

| ®z5l

Ok N
40 1N o

o

o 1IN
S

b
o
2

Q30| Z7lof
2t
~

=
5 Wy ZutE(Table 8)9] AR0|= Conference room

S
=X
%%%%

Figure 6. Generated rooms of case study results with space
utilization: the first type (left), the second type (right)

Table 7. Values of the first type of case study results

Opimized Mapped activities' ldx
Space type p . (Follow the order in | Number| Area
utilization
Table 5)
Computer | 55 o90% 3489 4 4400
cluster
Workspace | 68.210% 1,2 6 7 12 264.0
Small conference
room 8.330% 13 1 4.0
(computer)
Conference
room 42.020% 34,5 6 9 7 550.0
(computer)
Private office | 71.260% 9, 10, 13 6 161.0
Shared office | 2 400, 7,11 7 |4400
(2 workstations)
Cubicle spaces| o, 50, 8 12, 13 4 | s00
(6 workstations)
Small conference 1.260% 89 5 160
room
L2rge conference! o, s50g, 5 13 3 | 800
room

(computer)zt Small conference room2| Al2E 1t HE0| 02
2 LIEteH, 0= ol 25t IEEX] $UUASH A
X AEE Qnfeitt AMEE 37t RYEE & K =2 A8
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