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[Purpose] This study aims to suggest the application of IoT-based integrated management system to

public sports facilities(PSF) in order to improve the utilization and management of PSF by analyzing the
actual state of PSF empirically. [Methods] A survey was administered to managers(n=279) and
users(n=500) of PSF in order to identify problems of current management and collect suggestions for

improving the utilization and management of PSF. Previous research on establishing IoT-based system

was also reviewed for considering the effectiveness of IoT technology. [Results] Generally, PSF are in

low utilization and operate in a deficit. The deficit operation is caused by high labor costs and

management expenses. The survey result shows that there are many problems in management and

utilization such as lack of equipment, deteriorated facilities, shortage of manpower and funding, limited

programs, difficulties in promotion. The result also shows that PSF need to consider developing local

demand-based programs, reducing management costs, extending opening hours, improving online

booking system. [Conclusion] To solve the problems of PSF in utilization and management, this study

suggests that IoT-based integrated management system needs to be applied to PSF. It is expected that

applying IoT-based integrated management system to PSF would improve operational effectiveness, ease

of facility management, and user convenience.
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Table 1. Average annual users by sports facilities in 2014

. Sports ball .
Category Stadium for ballgame Gymnasium
No. of facilities 185 289 376
Capacity(A)(person) 11,664 1,878 2,941
Average annual g ooy 62,520 175,199
users(B)*
Period of opening
332 327 325
(C)(days)
Rate of utilization
24 10.2 18.
(B/A*C)(%) 0 8.3
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Table 2. Cost and benefit by categories
(unit: million won)

Sports
Category Stadium  hall for ~Gymnasium
ballgame
No. of facilities 179 271 375
Average 81O 248 109 702
operating ncome
balance* gross
2
(12-14year) expenditure 665 8 879
(million o :
perating
-41 -1 -1
won) balance 6 80 7
rental 234 24 70
Average rental fee 65 52 100
income the rest 336 175 944
sum 634 250 1,113
management -, 113 346
expense
payroll cost 239 129 403
Average renovation
expenditure 225 79 73
expense
the rest 263 122 336
sum 950 444 1,157
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Table 3. Difficulties of management of public sports
facilities(the first difficulty) (unit: %)

Category Total A B C D E F

No. of sample 279 147 33 64 8 21 6
(%) (100.0)(52.7)(11.8)(22.9) (2.9) (7.5) (2.2)

Lack of
infrastructure,
equipment &
deterioration

348 299 333 375 50.0 524 50.0

Overspending
expense, 287 347 182 28.1 00 238 0.0
underfunding

Manpower
shortage,
limitations of
capacity 25.1 272 455 172 0.0 48 50.0
(professionalism)
of management
body

Institutional
limits of use
pricing, 7.9
restrictive
programs

54 3.0 125 250 143 0.0

Underpopulation
by limit of 29
location

The others 0.7

14 00 47 250 48 0.0

14 00 00 00 00 0.0

Table 4. Importance of needful factor by management organ

Types of Organ Total A B C D E F

Physical factors 23 23 23 22 19 18 23

Sports facilities
composition according 1.9 19 1.7 2.1 15 1.8 2.0
residents’ preference

Repairing facilities,

. 20 22 18 18 1.6 19 18
remodeling

Installation or
expansion of profit or 2.6 28 2.6 25 25 19 23
convenient facilities

Comfort &
management of 22 22 24 20 18 16 20
facilities

Distance,
improvement of
means of
transportation

26 25 30 26 21 21 32

Non-physical factors 29 3.0 3.1 3.0 24 25 29

Evaluation on
measurable and
non-measurable

performance

34 35 34 32 31 31 32

Promote
professionalism of 2.4 26 25 22 21 22 23
manpower

Promote service level

of staff & coach 23 25 25 21 20 19 23

Hlgeld SR aas Fode A 3 A=A Ay
2 FF F(2.3)F A ARG Ax =¥(2.4),
T Z2ad £9(2.6), TE 3R FRAF2.7)
ool T8F Aer Ao, o T W2 A
718 ol dEglol TEH R Yehe @39 Aew
A=A

O|ZAL 2fAZ=AL

ok
ok
Wi

°
J5A1d9] o] 847F =7 ASAd tig
9 BAdeRE A FEd daglol AA Y]

=3l =%384(36.8%) 71 7 wA JEsen, o
=

o o dr —

Promotion &

e . 27 29 28 24 19 25 23
providing information

Contracting out to

. 34 31 35 44 30 27 40
professional organ

Running variable
programs

26 27 29 25 19 22 23

Reduction on

. 30 30 32 30 15 25 28
operating cost

Reduction on rental
of facilities and cost
of participating in
programs

34 34 36 36 26 26 3.0

Expansion of opening

34 33 34 40 30 28 32
hours

Improving
convenience of use
procedure (on-line
reservation systems)

28 28 33 24 3.0 27 32




Table 5. Difficulties of utilization of public sports facilities
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Table 6. Comparison necessity of physical and non-physical

(the first difficulty) (unit: %) factors by organ
ty Y Org;
Sports . Sports .
. G
Category Total Stadium hall for ymnast Types of Organ Total Stadium hall for Gymnasi
ballgame ballgame
No. of sample 500 160 175 165 Sample size 500 160 175 165
[%] (1000) (32.0) (35.0) 33.0) Physical factors 33 3.0 33 3.7

. ffa:fu(;fn Sports facilities

m ?S Ct ;’ 36.8 394 40.0 30.9 composition according 3.1 2.8 32 34

e(;llilp .rnent. residents’ preference

eterioration
Manpower Repairing facilities, 31 )3 31 35
shortage remodeling '

]imjtaﬁons,of Installation or expansion

capacity 19.6 20.6 21.7 164 of profit or convenient 33 3.1 33 3.6
(professionalism) facilities
of management Comfort & management
body of facilities 36 33 34 39
A high ; ;
o 1gh use 16.6 194 143 164 Distance, improvement of 16 19 15 40
pricing system means of transportation
Lack of running 15.0 15.0 12.0 18.2 Non-physical factors 34 3.1 34 38
programs .
Evaluation on measurable
Lack. f’f and non-measurable 35 32 35 39
accessability by 8.2 3.8 8.0 12.7 performance
limit of location o P
Difficult of use Om(z:f igi;;i:a B35 320 35 39
procedure 3.0 1.9 34 3.6 -

(reservation) Promote service level of 16 12 16 19

taff & h ) ’ ’ ’

No problem 0.8 0.0 0.6 1.8 stalf & code

Promotion & providing 34 11 34 37
information '

Zﬂ %}\]}g O] _Q.x],.__o] g —5‘]”‘5 1—1’?‘% O] %'04 COIltI'aCﬁl’lg out to 35 34 35 138
BEAAE ZEA o7 A AH[EE 2 w5317} 713 professional organ ' ’ ‘ '
Z A AR AFEAY. theere deled 7 Running variable 13 29 13 16
Ao ARA 25 A% ABAGBY P L2 programs S
TGHE ZAZE A7 dof F o] &HAe] of e Reduction on operating 53 30 55 g
&2 e BAd g gudor we Aoz 24y —

9 REREES Reduction on rental of
A _—

facilities and cost of 33 3.0 33 3.6
participating in programs

Expansion of opening
hours

Improving Convenience of
use procedure(on-line 34 3.1 32 3.7
reservation systems)
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Table 7. Construction on-line integrated reservation system
of metropolitan Gov.

Faciliti Di
Non- actties rect Separate

Region construction managen.fm management homepage
corporation  homepage
Seoul o
Busan o
Daegu o
Incheon o
Gwangju o
Deajeon o
Ulsan o
Sejong o
Gyeonggi o
Gangwon o
Chungbuk o
Chungnam o
Jeonbuk o
Jeonnam o
Gyeongbuk o
Gyeongnam o
Jeju o
Total 11 2 0 4




Table 8. Construction on-line integrated reservation system

of local Gov.
Facilities oiféi‘lnng
Non- manage _ Separate % of
Region construc ment home- construc
tion  corporati homepage page politan tion
on Gov.
Seoul 18 6 0 1 o 28%
Busan 12 0 2 2 o 25%
Daegu 7 0 0 1 o 13%
Incheon 4 2 4 1 o 64%
Gwangju 3 1 1 0 X 40%
Deajeon 5 0 0 0 o 0%
Ulsan 5 0 0 0 o 0%
Sejong 1 0 0 0 X 0%
Gyeonggi 36 11 1 4 X 31%
Gangwon 14 3 1 0 X 22%
Chunguk 11 1 2 0 X 21%
Chungiam 14 1 2 0 X 18%
Jeonbuk 15 1 0 0 X 6%
Jeonnam 21 0 0 1 X 5%
Gyeongouk 21 2 0 2 X 16%
Geongeam 17 2 1 3 X 26%
Jeju 2 0 0 0 X 0%
Avg.
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Table 9. Structure of the integrated reservation & management
system

Structure Contents System user

- Provide online system to
Online Facility user
reservation - Offer user facility information
system and function of reservation &

payment

Facility user

Provide control system to

manager & supervisor Facility/
Online - Modification of facility & Center
control center information / reservation manager
system information
- Offer manager and supervisor Supervisor
utilization statistics function
- Attach IoT to facilities and
belongings
IoT - Check condition of Facilities
Hardware  and belongings i

- Monitoring and accumulation of
facility usage data

Table 10. Software category and function of IoT-based
integrated management system

Supporting

. Function
Environment

Category

- Check the information of
facility & class
Mobile Web Reservation of facilities &
system classes
- Use the facilities, classes
and attached facilities

Check the condition of
facilities

- Control of the attached
Mobile Web facilities

- Reservation, monitoring
and management the user

Reservation

Facility
manager

of facilities

Check the facility condition
- Facility control

Set the facility manager
Supervisor Web - Monitoring utilization
statistics at facilities

Control
system

- Management user
information




Management System
-Supervisor-

* The power ta Facility/center administrator

+ Management of membership

* Monitoring & Check statistics on utilization

of all facilities Booking System
S R -User-
+ Search & check
information of faciities
+ Booking & payment of
Management System facilities

-Center/Facilities administrator- « Eontralstiaded ot

+ Monitoring of faclity
‘condition

10T1.- Door open sensing
[g] 1072 Light OOt - Control attached facilties

“L,', Iot3 - antitheft alarm * Management of booking

Fig. 1. Exemplification of S/W composition

Supervisor
|
[
Center Center
administrator administrator

PHEEEE— E—
[Gym.] [Swimming poal] ‘

Facilities Facilities Facilities Facilities
administrator administrator administrator administrator
I ‘ 1 T —
instructor  instructor  instructor  instructor

Fig. 2. Authority composition of the IoT-based integrated
management system.

Table 11. Roles according to authorities of the IoT-based
integrated management system

Authority Role

User & massage management,

Supervisor .. I
P Check statistics on utilization of all facilities

Add and remove of facilities in Center,
Center Designation of manager at facilities,
administrator Formation of classes / Designation of instructor,
Allocation of Facilities

Management condition of facilities in center
Facilities  and reservation,
administrator Conform information of allocated classes in
facilities

Check information of the participants,

Instructor . .
Management of class information

FHo 39T AT Wy ohie} M 2YS B
@ 4% And Sk FAS Fse] 95 184
A Bel-eogel ke B A4 L AlY el
£ A A8AE A4 ek BAEA AEd
BUHY, PEA4 Ao, doe) 9 47E B
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- Remote control & check facility condition
- Check resource consumption(electricity consumption )

Fig. 3. Construct of IoT H/W (exemplification)
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