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Abstract In quay processes in shipyards, it is difficult to manage workers and to maintain secure working
environments because at least 1,000 people can occupy the quay at the same time. In this study, a system was
designed to monitor the environment and processes of quay operation. In order to lower initial investments and the
costs of maintenance and operation, the entire system consists of six connected components. Considering the
communication environment of the shipyard site, Wi-Fi and the LoRa communication protocol were selected for the
system. The feasibility of the communication protocols was verified by data transmission tests in the field. The
designed system can provide real-time information about employees working in the quay area, the safety status of
moored ships on the quay, and step-by-step alarms in dangerous situations based on the detected information. The
system is expected to prevent or greatly reduce safety hazards.

Keywords : Hazard, LoRa, Process monitoring system, Quay process for shipbuilding, Working environment for
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Fig. 1. Quay status in a shipyard
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Table 1. System components list

Component

Description

(D Quay Monitoring

* Installed on Main Server

System * Information Management

@ Ship . Ir?stallcd at gates for moored ship at quay
. directly

On Site Alarm * Detect access workers

(Ship OSA)

Display informations

® Bridge
On Site Alarm
(Bridge OSA)

Installed at gates for double banking or triple
banking ship
* Detect access workers

@ compartment
On Site Alarm
(compartment OSA)

* Installed at each access of ship
Detect access workers
Display informations of compartment

Fixed type: Installed inside of compartment

® Sensors * Movable type: Placed at Compartment OSA
* Detect toxic gas and alarm
* Install on mobile phone
® Mobile App * Display informations
+ Control eace compartment
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Fig. 3. Conceptual design of the system

4.2 SM On Site Alarm(=M 0SA)
54 OSA%: Fig. 304 & 5= 9l5o] gkl 24 7|

T35 Auke] ZQl9(service tower, bridge)ll i A

o Aq A% 3 7 AR WAL 2PN ARE
stefelr] slste] AATTh 29 AUS e 915

tag readeri= 2F A
HA st A=t
g ARl o) 2date]
ags AT

EERNE R

=

O

=
[}
—

tlo

3aL

o
oo —

R

2

@]
rir
o
N
52
1E
r

[>

1o Hg ox g%
oy h

o

fUorx 2 ofl 2 my 1o
X
>

ﬁOL
T e < o1

E

2y

i
jin

o e
%]

>

=2

=)

ofy d
<

i)

3

rin

2
£ o
=

4o
RS oili ofr
Oft

=
L o

ol
ol
=
[

@

]
=

ru

o
o,

r

My £ @ o
ﬁgi o, o

ilh)
&g

3
-
R

& S o
£

ol
Sl
=L
b g
N FU?L'
jinc
rO
ey
ol
o Gy
141 —_
o H
-
(A
M
X
ol
2 39

o 1E
ol i

[
o
>
o
[ Qb
N
s

)

d

I

fl

)
o H.E m‘lN'
o o

o
do 4
0
B>
r_‘,‘i ot
2
N
=
o
o

Q1910] obd 7

g 341 OSAd

p

0

N
o>

A5t Jus

O}
it
o,
ol
ol
il

¢

dioot 2 > fLopfl ot oo qfu
fol
2

O
ox

14
r'FBL._Q

o

tjo 8
>
:OL_"
oft
l-OiI
2
Lo

o
o, l.op
2o
)
rJ
X
>
[>
o

429

o) o] sule] EAlshe]

usy agunzs wamuza FYUI4ZI  WgAasEE  sHEEEs axz

(ot | anon | sae [ 2usra pom | 82l pom) | ZH987E8 00 |

o7 o AT
Diwae)

o3 [No2

o1

W7 B

Dowst Swwa

o B g
RSTIAA) )

6 |hos  [Nes
e [How

Diws
o7 [N
L
e
BB
o .3
‘ TSwar

it
[

. —_—
i _

Fig. 4. Design for display of ship on site alarm

4.3 Bridge On Site Alarm(Bridge OSA)

o AfE ddel &9 Y ZAE $I8e] Fig. 3
3} 7¥o] upper deckoll ] == bridgeol bridge OSAE
ARt v ARE Ak A95 A AR o
o kA ko] A AR MEte R S &
3L upper deckdll A% bridgeE 3l s|d 3H0=
#Z& o]FsHl At} ool wat el 25 AlFE ARt
°] 34 OSAE & wo] WA &g A 1
349 g o= 747 Aeldnt 1§ AHRprt A
A EH5E 2 THOE bridges F3lo] o]Fdte
=7F bridge OSA%IA o]& A%}

Bridge OSA 9] J197=] dx]= 54 0SA}
A9 tag reader2 TAE O] 2 Wjow



A 71E8 8] =2 A AlTd A0, 2016

4.4 <4 On Site Alarm(7< OSA)

b FAS Aol whet Ak ujte] thekgt o
HoA F2 Fdrt. Y 792 ATHE o
B2 FAdEo] glovt aA ERad sHEe] AAlH
HEF 99 7} S| ZHElt ballast water tank,
2 71717 WA
deckhouse 3 7]E}
”Loﬂ‘: 50047H«]

U

ofl

A

B -\Jg

L oy

o X rot AN 1|

—L
.

4

12

19| HRE
AlA 2} tag reader
gt} A" A

of

ol

rr

rlet

0

g

=
rot ot

2
o
o
)

riok
o
om
A
[
x

o, O
R

R o
2
o
ri_,{
2

=
lo

rlr
ox,
s
offl
2
fru

2 oft
2O
o

o,

R
w ofe 2
2

)

y;
-
2 oX, K
>
&
2 2 Ho oo
ENC O
oz
o
o
N

>
e
e

fr
=
o
>,
i)
N
_O‘l"
o rlr
o 2 4y 1 o o o=

4o o ax

Ly
o

N
=1

o
o

>

o
o ¥
=

Mol o
UN
X

o 4y oo
>,

L =)
> o

]

o 2

ri“

=

op il

o ret ok

fru

2y

otoiEijg_Qrﬂb
>~
=

o,

2

2R o 1> oM

oo O
o3 o

)
N
N
-
o
e

o br
o
1o

%
k]
jlg oX
ol
o
fru
o
offl
ofl,
fru
e

ofr
ol
ea
-4
12
=2
2
jincs

ofr
ol

2

L
o
off o
Joh
o ™
-
o =

[¥ oZ
o>
N
N

ot filo
~o

B} Aﬂ/ﬂi—ra
PO% F7IE AR o
T g RS o A AlaFlow
Al2=gl2 v 38 AEE S OSA
Tl Al Brpd jow FrIL

¢ﬂﬂﬁ
o:]
‘"1
O~

€] o
T —

i

430

4.6 THI o
P R A2E AR FrolEe) muk g A
gk AgelA Zuel g Fato] orel A Al4d
o2RE A A W AR 5 ok I #Ed
7% ARE Ag Ptk 13 54 0SA 5 4F 74
240 @ AX Al A FAE o]&3ste] a7
g0 B 2 AojE YT
Fig. 591 A 670 749 849 F2 7|53 74 &
2 E T 8] Bl A4S EAEAT
e
| 1
e Rlorn. Wik

Wi-Fi

LoRa
Display Port

Alarm ‘

Ac

T

H

= x%

L

& TAE o7 A L4 TellE
A Sale]l Tt 2 AFdA e
59 YA 73t
Wi-FI19} LoRa(long-range sub-Ghz module) [6]

FAE &8st AABIATE LoRax S48 #4168
A 7lER HT vdet &0k A8Ea A7
Fig. 5¢ sighd ghati= mAEo] Qo] b A
Az"3t 2d ARE wEstE 34 OSA, bridge

—

OSA, 79 OSA 5l Bubed <12 vjals] wel=o] 4&
SR A FAlo] o] FolA| e SO BE WiFi & T

Adste] $A1E P Fig. 59 =4 spakmel ol
TG WFE 507 FAlo] o] Fojxof sh= 27
Z] Mgk 79 OSA 7He] E21e LoRas %85t

Astatt Y B4 TR EF] AAFAS AZEsH] 9
ske] 7% T3 Fig. 6] =<l v}
9} Zo] Alxwlo] -85 A8 Fo] upper deckd] &
Y7ol LoRa gateways AX|8}al F-%(cargo tank,
ballast water tank) o] LoRa moduleS 7}4]aL o] &3}
H A FA4 59 T8 G 439 e A

Foll thstol v ool thal HFF At e

== ol

133
=

Al

5 o
A8E AR
2 H

glo
=

o]



gy BUEY 29 g A Be A7

12
=
X
Sl
By
N
S

o W o I
o

W 158K coT

% Gatewsy

— Testeath

Shadow Ares

LoRa e

Partal Area of Flat Bottom | Whole Avea of Flat Bottom

Fig. 6. Communication Protocol Test

6.

2=

i
>

)
)
N
)
N
N
off
ol
o,
kd

)
>
fo,
=

r__}:{{

R

=

= o ¢
L
N
N

do o

4o
X

o
M pob of
B ook o Ao W o> Y rQ Ay b B

o 1o oo o ox
= =

£
B ora
Lo 4

o ute} A5

s A A8 o

BN
x

o
o

References

[1] H.S. Oh, D.J. Kim, S.R. Jang, “A Development of HSE
Management System based on Smartwork”, Bulletin of
the Society of Naval Architects of Korea, vol. 50, no. 2,
pp. 38-43, 2013.

431

[2] K.S. Han, S.C Han, J.H. Park, “IT Convergence on
Ocean Plant and Shipbuilding”, Journal of the KSME,

vol. 53, no. 11, pp. 48-53, 2013.

M.S. Hwang, “Domestic Research Stasus
Convergence Technology on  Shipbuilding”,
Journal, no. 126, pp. 34-37. 2009.

D.Y. Cho, H.C. Song, J,H. Cha, “Monitoring and
Simulation of Block Logistics”, Bulletin of the Society
of Naval Architects of Korea, vol. 48, no. 4, pp. 24-29,
2011.

J.H. Yu, HK. Kim, R.S Leem, H.J. Shin, “A study on
Development of Auto Steel-Plate Pile System Using
Measurement System”, Proceedings of the SAREK 2008
Winter Annual Conference, pp. 424-428, 2008

[3] on IT

TTA

[4]

[3]

[6
[7

=

http://lora-alliance.org/

—

Y.D. Yoo, Y. S. Lee, “The Design and Implementation
for Smart lot Device and Application Solution based on
Long-Range wiress network technology,” Proceedings of
The Korean Institute of Communications and
Information Sciences, vol. 57, pp. 105-106, 2015.

S B(Ho-Kyeong Kim) [™3|H]
019961 2€ : Agdigta Fojush
Z208)| FFI(FEAIAD

0200251 8¢ : Algdigta Frjush
220 8)| FFsA(F A

©2003 8% ~ 20159 39 :
AN TEdTtAa

*2016\d 3¢¥ ~ &A : Bxoigw

ZAG T} W

STX

1 2(Dae-Eun Ko) [H3 €]
01993 29 : AMgdigta Fush
Z28)| g S I(F AL

019981 8¢ : AM&ugtu Frju)sh
Z28)| g s (FEHAD

©2002%1 109 ~ 20081 24 :
FTTUE) TREAE

*2008d 39 ~ dA : Fougw

23

=1

2AeG T} 3
<A op
A ES TR, $HUY 2 HA



