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Abstract In LNG-fueled ships, damage to gas pipes and gas leakage is an area that always requires
real-time monitoring and diagnosis because it is associated directly with fatal structural damage,
explosion, or fire. Currently, an inspector uses an analog sensor to check whether the double pipe is
damaged or leaks gas. On the other hand, this method makes it difficult to respond quickly because it
is difficult to determine the precise location when an abnormality occurs in an unexpected situation.
This study attempted to solve these shortcomings and maximize the efficiency of pipe monitoring and
diagnosis by examining the configuration and application of a real-time piping monitoring and diagnosis
system based on a 3D simulator to enable location synchronization with an IoT sensor with a wired and
wireless communication function. As content, a 3D simulator that enables piping modeling identical to
that of AVEVA Marine design information was developed and applied to the monitoring GUI standard
frame. The data measured from the IoT sensor was stored in the MS-SQL database through
wired/wireless communication and was expressed in quantitative values and graphs within the system,
enabling intuitive diagnostic analysis. The efficiency of the developed system was reviewed through
performance tests. In addition, the conceptual design of the IoT sensor module device specialized in gas
piping conditions was introduced.

Keywords : Piping Monitoring System, IoT Sensor, 3D Piping Simulator, Wired and Wireless
Communication, Data Transmission/Reception Interface
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Fig. 1. An example of double-wall pipes arrangement
(blue pipe) in the engine room of LNG
dual-fuel propul- sion vessel
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Piping monitoring system based on 30 simulator

Fig. 2. Concept for piping monitoring system based on 3D simulator using IoT sensors



AR &85 =8 A A22d8 A9E, 2021

A 2] g F2A4NE gIRE AVEVA MarineA}
9] HA AZEQJolE AREsto] Al E A HAE &
Pl o, 3D CAD A4 ¥ dAxYolg HRE A
1Az ZQo] Algsta ek ol 3D CAD AARd

FHE RVMIY R A& ==, RVMIFAe] 3D CAD
FAARE BT T

g IF3g oHEd
(EyeShot Ver 12.0 for C#%E ©o]&3}o] 3D v A&
gojE|2 F&EsITh ojnff RVMOAZRE AH J4+
DS stug A4 AJH EAglo] 5Ygk 3D A
EdlolE] #do] 7Fssltt. Fig. 2+ 789 v ZYH
g AA"Y pxe FH8AE Ushdth AVEVA
Marine®] RVMI}YE 4% & €Q3t A4 34
BE 74 3D =i AlEFolE WollA SLstA 878
Stk 181 [oTAAERE 9 472 A|2HE HiojlA
AFH It JHEE yepdtt oY 2E FH:=
MS-SQL dlo]gHojAe] AR =0} 45 AFEo] 2-&
gttt Table 12 Fig. 29] IoTAIA, BA41 12|11 A|AH]
o] 7FAof & 715d E4& UEhdth o714 [oTAIA
< AN AFEO| Sl 715 WIFIHEYA 716,
TCPAZ A= AlA Seo|AEY ALt FAV|s

2, Jel3 BUEHY A2RS AN HolHg HAjstol
3D AlgeolEet AuE B B BAE0] et

3.2 loT4lIMet 3DAIZZ0ES| 2IX| S7I8t
AA| o] AA == [oTAIA AAIet FU HEE

A2 oA FEE 3DAEFCIHE Bl BT 4
At} 71# HEE F85+E 3D CAD 44 e 3

€ wWEth 712 AA dA0IA A2 AP (After
perpendicular, °|5} AP)E ¥4 HECE HI)ZE o

of AA7} ST waba] A 2 AL AAAE I
HbRog APE A9 7|& FH(Global reference
coordinate)2 Zrjo] £=FHt. 12t A4 TA B4
o] wg} 571 HE( Local reference coordinate)

2 AHg3IE Sto, RVMaY] 3D CAD wdl &
B 71202 44 S/} 3D U AEelelel 5713
g % Qs Stk 1T AR 3DR AolA &

é?:

2 AL B8] 2 3DHITAEF o] E %Oﬂ A3
HAA SIXCA Eie] A ARE HEHoz Fel
g 4 AT SHcHFig. 2(a), Fig. 3).

Location and
s information of 5enm:.l'l

Heerzoninn. 1ol

;;::’ﬂ mm&u‘ﬁi’ﬁn
s~
<5 *

Q
| |

a L4

Fig. 3. Synchronization of sensor location on 3D pipe
model and displaying the relative information
e.g. piping status

Table 1. Functional definition of components of the system

Component Function Description
WIFI network TCP . . X . L .
- WIFI network connection function for communication with the server
socket communication
IoT Sensor information . .
. Receiving the value of the sensor connected to the micro-controller board
sensor receiving
Sensor information Sending the value of the sensor connected to the micro-controller board
transmission to the server through WIFI
Sensor socket L . . . .
L Communication handling with sensor clients trying to connect to the server
communication
TCP R .
. Sensor information .. . . .
receive o Receiving Sensor information sent from the sensor client
receiving
server
Sensor information . . ) )
X Saving the received sensor information to database
DB saving
3D simulator Analyzing 3D CAD information of RVM file and displaying piping 3D modeling in 3D
view simulator view
Piping Sensor information splavi h wed inf i I
monitoring view Displaying the received sensor information as sensor list
system
Sensor chart view Displaying the sensor signal as chart
Risk alarm view Displaying the sensor information as an alarm, when an abnormality occurs
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Fig. 4. An display example of operation status and
measured value of IoT sensors on the grid view

shato] AXE [oTAIAE U3 AZF(HE0R Himy
S48 Eick. ojn) 415
244K B BEY 4 Qomz, 2%

B BB

F Ty

Fig. 5. An example of displaying piping status trend
over time for values measured from IoT sensors
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Fig. 6. An example of linkage between the abnormality
check function of IoT sensor and 3D simulator
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Fig. 7. Connection between IoT sensor module and
data server
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