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Abstract . The alarm monitoring technology applied to existing operating ships manages data items such as temperature and pressure
with AMS (Alarm Monitoring System) and provides an alarm to the crew should these sensing data exceed the normal level range. In
addition, the maintenance of existing ships llows the Planned Maintenance System (PMS). whereby the sensing data measured from
the equipment 1s monitored and If it surpasses the set range, maintenance is perlormed through an alarm, or the corresponding part I1s
replaced in advance after being used for a certain period of time regardless of whether the target device has a malfinction or not. To
secure the reliability and operational saety of ship engine operation, it is necessary to enable advanced diagnosis and prediction based
on real-time condition monitoring data. 10 do so, comprehensive measurement of actual ship data, creation of a database, and
Implementation of a condition diagnosis monitoring system or condition-based predictive maintenance of auxiliary equipment and piping
must take place. Furthermore, the system should enable management of auxiliary equipment and piping status information based on a
responsive web, and be optimized for screen and resolution so that it can be accessed and used by various mobile devices such as
smartphones as well as for viewing on a PC on board. This update cost 1s low; and the management method is easy. In this paper, we
propose CBM (Condition Based Management) technology, for autonomous ships. This core technology is used to identify abnormal
phenomena through state diagnosis and monitoring of pumps and purifiers among ship auxiliary equipment, and seawater and steam pipes
among pipes. It is intended to provide performance diagnosis and failure prediction of ship auxiliary equipment and piping or
convergence analysis, and to support preventive maintenance decision-making.
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Fig. 1 Composition of front-end element component

Table 1 Front-end configuration library

Library Description
. Apply efficient structural design
Next.js .
and unity of React code
. Apply template and apply dynamic
Material Ul Y v

style according to state value

React-data—grid

Excel and spreadsheet-like effects

that are different from traditional

tables
React—chart, Real-time/cumulative trend,
Chart.js, voyage data monitoring, reports,
ApexChart etc.
React-sparklines | Implement sparklines
React—flow Implement data flow
React-icon Iconic Element Composition
Socket-io Real-time communication
. APl communication with the
Axios

server
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Fig. 2 Ship’s auxiliary equipment, Pipe condition diagnosis
monitoring system configuration
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Fig. 3 Ship’s auxiliary equipment, Pipe condition diagnosis
monitoring system configuration
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Table 2 List of pump_analyze attributes
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Attribute Type Description
CTIME numeric Create time
ROOTPATH varchar Root path
FILENAME varchar Filename
CH_NOOI varchar | Dlagnostic
Status
Diagnostic
CH_NO002 varchar Result
Probability of
CH_NO003 varchar Failure Cver
time
CNFM_CH_NO001 bool Confirmation
CNFM_CH_NO002 bool Confirmation
CNEFM_CH_N003 bool Confirmation
Table 3 List of pump_sensor attributes
Attribute Type Description
CTIME numeric Create time
ROOTPATH varchar Root path
FILENAME varchar Filename
CH_NO001 varchar Diagnostic
Status
CH_NO002 varchar Diagnostic
Result
Probability of
CH_NO003 varchar Failure Cver
time
CNFM_CH_NO001 bool Confirmation
CNFM_CH_NO002 bool Confirmation
CNFM_CH_NO003 bool Confirmation
Table 4 List of purifier_analyze attributes
Attribute Type Description
CTIME numeric Create time
ROOTPATH varchar Root path
FILENAME varchar Filename
CH_NOOI varchar |  Diagnostic
Status
Diagnostic
CH_NO002 varchar
Result
Probability of
CH_N003 varchar Failure Cver
time
CNFM_CH_NO001 bool Confirmation
CNFM_CH_NO002 bool Confirmation
CNFM_CH_NO003 bool Confirmation

e g BUHY a9 7d

Table 5 List of purifier_sensor attributes

Attribute Type Description
CTIME numeric Create time
ROOTPATH varchar Root path
FILENAME varchar Filename
Diagnostic
CH_NO001 varchar Status
CH_NO002 varchar Diagnostic
Result
Probability of
CH_NO003 varchar Failure Cver
time
CNFM_CH_NO001 bool Confirmation
CNFM_CH_NO002 bool Confirmation
CNFM_CH_NO003 bool Confirmation
Table 6 List of sw_sensor attributes
Attribute Type Description
CTIME numeric Create time
ROOTPATH varchar Root path
FILENAME varchar Filename
Temperature
near the steam
STEAM PIPE TEMP varchar .
pipe to be
monitored
Humidity near
STEAM PIPE RH varchar the steam pipe
to be monitored
ENGINE ROOM Engine room
varchar
TEMP temperature
Engine room
ENGINE ROOM RH varchar L
humidity
Steam pipe
STEAM PIPE
varchar surface
SURFACE TEMP
temperature
STEAM PIPE METAL Steam pipe
varchar .
LOSS mass reduction
STEAM PIPE Steam pipe
varchar .
CORROSION RATE corrosion rate
Steam Pipe
Remaining Life
STEAM PIPE RUL varchar .
Calculation
Value
STEAM PIPE LEAK Steam pipe leak
varchar )
DETECTION ZONE detection area
Boiler feed
BOILER FW PUMP
varchar water pump
PERFORMANCE
performance
Boiler
BOILER WATER . .
circulation
CIRC. PUMP varchar
water pump
PERFORMANCE
performance
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INLET TEMP

g H 9T (A - A4
Boiler feed Main sea water
BOILER FW PUMP ] MAIN CSW PUMP ]
. varchar pump inlet varchar pump inlet
INLET PRESS INLET PRESS
pressure temperature
Boiler feed Main sea water
BOILER FW PUMP MAIN CSW PUMP
varchar pump outlet varchar pump outlet
OUTLET PRESS OUTLET PRESS
pressure temperature
BOILER FW PUMP Boiler feed ) HIGH chest
varchar SEA CHEST (HIGH) .
LOAD pump load strainer
Boiler STRAINER DIFF varchar dift il
BOILER WATER el PRESS erentia
circulatin
CIRC. PUMP INLET | varchar & pressure
water pump No. 1 Main sea
PRESS . No. 1 MAIN CSW
inlet pressure varchar water pump
- PUMP LOAD
Boiler load
BOILER WATER . . -
circulating No. 2 Main sea
CIRC. PUMP OUTLET | varchar No. 2 MAIN CSW
water pump varchar water pump
PRESS PUMP LOAD
outlet pressure load
Boiler No. 3 Main sea
. ) No. 3 MAIN CSW
BOILER WATER circulating varchar water pump
varchar PUMP LOAD
CIRC. PUMP LOAD water pump load
load SW PIPE METAL b Seawater pipe
varchar
CASCADE TANK Cascade tank LOSS mass reduction
VOLUME varchar I 071024
volume SW PIPE LEAK o
Boiler Feed varchar Monitoring
AUX. BOILER F.W. DETECTION ID ) ,
varchar Water Pump interval coding
FLOW METER Flow Meter SEA CHEST (HIGH) HIGH degree of
BOILER WATER h Boiler water STRAINER CLOGGING | varchar clogging of the
rchar
LEVEL varend level DEGREE chest strainer
AUX. BOILER ) SW PIPE CORROSION Seawater pipe
varchar Boiler pressure varchar ]
STEAM PRESS RATE corrosion rate
AUX. BOILER F.W. Boiler feed Remaining life
varchar o SW PIPE RUL varchar .
SALINITY water salinity of drain pipe
AUX. BOILER F.W. Boiler feed Main sea water
varchar MAIN CSW PUMP
PH water ph varchar pump
Boiler Feed PERFORMANCE rformance
AUX. BOILER F.W. pe :
varchar Water MAIN CSW INLET Seawater inlet
CONDUCTIVITY o varchar
Conductivity TEMP temperature
CNFM_BOILER CENTRAL
) ) CENTRAL COOLER .
WATER CIRC. PUMP bool Confirmation varchar COOLER inlet
CFW INLET TEMP
OUTLET PRESS temperature
CNFM_BOILER ) ) CENTRAL
bool Confirmation CENTRAL COOLER
WATER LEVEL CFW GUTLET TEMP varchar COOLER outlet
CNFM_AUX. BOILER
N bool Confirmation temperature
STEAM PRESS CENTRAL
CENTRAL COOLER
varchar COOLER outlet
Table 7 List of st_sensor attributes SW OUTLET TEMP
pressure
Attribute Type Description CENTRAL
ROOTPATH varchar Root path PERFORMANCE ¢
FILENAME h Fil pertormance
varchar ilename CNEML CSW . .
bool Confirmation
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CNFM_MAIN CSW

PUMP OUTLET bool Confirmation
PRESS
CNFM_CENTRAL
COOLER CFW bool Confirmation

OUTLET TEMP
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Table 8 Onboard server specifications

Item Description

CPU Intel(R) Xeon(R) E-2383G CPU
RAM 32GB

OS windows server 2019
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REPOSITORY TAG
cbm_ui 1.0
cbm_api_service 1.0
cbm_process_service 1.0
stellirin/postgres-windows 12

Fig. 5 Docker image list created with docker file
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CONTAINER ID IMAGE COMMAND
NAMES

aaacf942918f  d3ac6d2f76d9 "emd /S /C yarn start"
cbm_ui

946a1905bdo1l  73f2491f2a3e "cmd /S /C node app..."
cbm_api_service

eadd57ef0324  30c5d89a7a69 "node executor.js"
cbm_process_service

fa%9e802be5df 52071f24bAfa "C:\\docker-entrypoin.."
cbm_db

Fig. 6 List of containers in operation with docker compose
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Table 9 List of service interfaces

Device | Method URI Description
api/init/pump_anal ump-anal
Pump GET P bHmp. y| pemp
ze/lhour yze: lhour
api/status/pump_sen | pump-statu
Pump GET P PHmb. e
sor/lhour s: lhour
api/init/pump_anal ump—anal
pump | GET | pump_analy | pump
ze/3hour yze: 3hour
api/status/pump_sen | pump-statu
Pump GET b purmb burmb
sor/3hour s: 3hour
api/init/pump_analy | pump-anal
Pump GET
ze/6hour yze: 6hour
api/status/pump_sen | pump-statu
Pump | GET | bumb pump
sor/6hour s: Ghour
| pump-anal
pump-analyze-realti
Pump GET yze:
me .
realtime
pump-sensor-realti | pump-sens
Pump GET .
me or: realtime
api/confirm/pump_s | Pump-statu
Pump GET P DU P )
ensor/ s: confirm
apl/monitor/pump_s
ensor?from=current | pump-grid
Pump GET ) )
_time&=current_tim Table
e
o . Purifier-an
o api/init/Purifier_anal
Purifier GET alyze:
yze/lhour
lhour
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. api/status/Purifier_s | Purifier-sta /Thour s: Thour
Purifier GET — —
ensor/1hour tus: lhour ST GET api/init/st_sensor/3h | st-genealog
{init/Purifi ! Purifier-an our y: 3hour
Purifier | GET ap/imit/Purifier_ana alyze: api/status/st_sensor | st-piestatu
yze/3hour ST GET /3h .
3hour our s- 3hour
api/status/Purifier_s | Purifier-sta api/init/st_sensor/6h | st-genealog
Purifier | GET | " ST GET . 6h
ensor/3hour tus: 3hour our/ ; y- bhour
Purifier-an api/status/st_sensor | st-piestatu
api/init/Purifier_anal ST GET )
Purifier | GET | ¥ alyze: /6hour s* 6hour
yze/6hour st-genealog
Ghour ST GET | st_sensor_realtime i .
N api/status/Purifier_s | Purifier-sta y: realtime
Purifier | GET ) st-gridTabl
ensor/6hour tus: 6hour ST GET | st_sensor_realtime .
N Purifier-an e! reatime
Pusifier | GET Purifier-analyze-rea alyze: - GET api/confirm/st_sens | st-status:
Itime . or/ confirm
realtime - -
Purifior—so api/monitor/st_sens - "
. Purifier-sensor-real ST GET | or?from=current_tim Sttt
Purifier | GET . nsor: - monitor
time realtime e&=current_time
- " - st—graph:
Putifir | GET api/confirm/sw_pipe | pump-statu ST GET | st_sensor_realtime glt' D
_sensor/ s: confirm reaime
api/monitor/purifier_
sensor?from=current urifier—gri -
Purifier | GET |~ i 8. HHSE 7|t MEl BXT|7| U HHEE Abef
_time&=current_tim dTable
. FEh AlA T3
api/init/sw_sensor/l | sw-genealo
sw | ger |?° &
hour gy: lhour
api/status/sw_senso | sw-pie,stat
sw | Ger | P
r/lhour us: lhour
api/init/sw_sensor/3 | sw-genealo
sw | ger |? &
hour gy: 3hour
api/status/sw_senso | sw—pie,stat
sw | ger | ™ P
r/3hour us: 3hour
api/init/sw_sensor/6 | sw-genealo
sw | cer |® &
hour gy: 6hour
api/status/sw_senso | sw-pie,stat
sw | ger | ™ P
r/6hour us: 6hour
. sw-genealo
SW GET | sw_sensor_realtime .
gy realtime
. sw-gridTa
SW GET sw_sensor_realtime .
ble: reatime
api/confirm/sw_sens | sw-status:
sw | ger |? .
or/ confirm
api/monitor/sw_sen
| sw-graph:
SW GET | sor?from=current_ti )
. monitor
me&=current_time
. sw-graph:
SW GET Sw_sensor_realtime .
realtime
ST GET api/init/st_sensor/1h | st-genealog o o 8 S
our y: lhour (b)Pump Status Diagnosis Screen
ST GET api/status/st_sensor | st-pie,statu Fig. 7 Ship’s CBM-based condition diagnosis monitoring

implementation screen
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