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Abstract Accidents are steadily occurring due to machine defects and carelessness during LNG
storage operations. In previous studies, an environmental sensor module capable of measuring
pressure, temperature, gas concentration, and flow to detect danger in advance was developed and
the response speed according to the amount of leaked gas was measured. This paper proposes the
development of a wired and wireless communication module that transmits data measured by the
environmental sensor module to embedded devices connected to wired and wireless networks of
SPI, UART, and LTE. First, a data communication module capable of interworking with an
environmental sensor is designed. Design a protocol between devices in the Local Control Part and
wired and wireless protocols in the Local Control Part and Remote Control Part. Ethernet, WiFi, and
LTE communication modules were designed, and UART and SPI channels that can be linked with
embedded controllers were designed. As a result, it was confirmed through a Ul (User Interface) that
each embedded device transmits data measured by the environmental sensor module while
simultaneously communicating on a wired and wireless basis.
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Fig. 1. Environment for sensor module application
for LNG supply
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Fig. 2. Block diagram of sensor module communication network
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Fig. 3. Detailed block diagram of sensor module communication network
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+ HEADER : Transmitted data characteristics, operations, efc. such as Command and 1D
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« DATA : Add the total amount and extra of data defined by P&ID,

Distribution data according to commands or requests delivered by HEADER

* (S:16-bit based data check sum for SOD to DATA 34byte

+ EOD: Data transmission end, ex) OxFFF

Fig. 4. Structure of data transceiver packets based on LNG Bunkering Unit 10 List
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Table 1. Command list of HEADER packets
HEADER Command
Definition

No Command HEADER Functional Description Exception Errorcode Error Note

1 nc 0x0001 - nc 0x0001 -

2 nc 0x0002 - nc 0x0002 -

3 Call Back 0x0010 Communication check call back - 0x0010 -

4 state data 0x0011 Current state data transmission - 0x0011 -

5 system state 0x0012 Confirmation of System information - 0x0012 -

6 | ps auto valve info 0x0101 Check PUMP SCOPE automatic valve - 0x0101 -
information

7 ps auto valve con 0x0102 PUMP SCOPE automatic valve control _ 0x0102 _
command

8 | ps hand valve info 0x0103 Check PUMP SCOPE manual valve - 0x0103 -
information

9 ps sensor info 0x0104 Verification o.f PUMP. SCOPE sensor _ 0x0104 _
information

10 ps sensor err 0x0105 PUMP SCOPE sensor error - 0x0105 -

11 ps pump state 0x0106 Check PUMP Status of PUMP SCOPE - 0x0106 -

12 ps pump con 0x0107 PUMP SCOPE PUMP Controll - 0x0107 -

13 ps pump err 0x0108 PUMP SCOPE PUMP Error - 0x0108 -

14 ps inverter state 0x0109 Check the INVERTER status of PUMP - 0x0109 -

SCOPE

15 ps inverter con 0x0110 PUMP SCOPE INVERTER Controll - 0x0110 -

16 ps inverter err 0x0111 PUMP SCOPE INVERTER Error - 0x0111 -
17 ~ 21 : None

. Check automatic valve information of
21 ds auto valve info 0x0201 DISPERSER SCOPE - 0x0201 -
29 ds auto valve con 0x0202 DISPERSER SCOPE automatic valve _ 0x0202 _
control command
. Check manual valve information of
23 | ds hand valve info 0x0203 DISPERSER SCOPE - 0x0203 -
) Checking the sensor information of the _ _
24 ds sensor inf 0x0204 DISPERSER SCOPE 0x0204
25 ds sensor err 0x0205 DISPERSER SCOPE Sensor Error - 0x0205 -
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Fig. 6. Wire/Wireless communication board
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Variable-Reading

byte]] bytesBuff1 = new byte[] { 0x4C, 0x53, 0x49, 0x53, 0x2D, 0x58, 0x47, 0x54,
0x00, 0x00,
0x00, 0x00,
0xAQ,
0x33,
0x02 0x00

1[0x11,0x00, /20|
0x03,

0x40

2[ 0x54, 000, //5400: #4721 ///// 5800 27| ]
0x02, 0x00,

0x01, 000,

0x25, 0x4B, 0x57, 0x30, 0x30, 0x30, 0x30 };

3
407, 000, J G

0 2 3 4
KOOOO | 4FS6; 0010 0004 0000 . 4455

KOO10 | 0000 ; (000 ; 0000 0000 ; 0000
KDO20 | 0001 ; 0000 . 0050 0350 1800

Fig. 10. PLC Memory Read Process in External Communication Environment

Variable-Writing

byte] bytesBuffl = new bytef] { 0x4C, 0x53, 0x49, 053, 0x2D, 0x58, 0x47, 0x54,
0x00, 0x00,
0x00, 0x00,

0x40,

2]0x58,0x00, //5400: 37| ///// 5800: 27| |
002, 000,
0x00, 0:00

J|0x02, 000, /22 5 285

007, 000,

0x25, 0x4B, 0x57, 030, 0x30, 0x30, 030, //%:KW000(]

0x07, 0x00,
0x25, 048, 0x57, 0x30, 0x30, 0x30, 0x31, /9

.

0402, 0x00, //H10TE] 2= : 271
0x34, 0x12,
02, 000, /7507
0578, 0x36 )

403

] 2] 3
kool 1231 578 ] puos ] oo

KOO10 | oo 0000 ¢ 0000
K020 | 0001 ¢ 0000 0050 0350
KO030 | 0000 : 0000 0000 0000

Fig. 11. PLC Memory Write Process in External Communication Environment
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