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could allow its children to have only a fourth depth because 
the total depth of this WSN was four. Although the ship 
Hannara has a rather small main-engine room, only partial 
monitoring of both the bottom and 2nd decks was done due to 
the limited communication depth of the WSN. Therefore, it is 
necessary to increase the communication depth of the WSN 
in advance in order to monitor two decks simultaneously. 

Table 3 shows the operation schedule ordered by the ship 
captain. After the operation of bow thruster to leave the pier, 
the main engine operated and the ship speed increased 
gradually to 13.6Knots. When the ship had the full speed at 
14:15, it was confirmed that all the equipment were normally 
operated in the main-engine room. Before the ship sailing, 
the main engine experienced warming up process and the 
temperature of turbocharger had been increased gradually. 
However, it increased abruptly from the sailing time of 14:15 
for about two hours, and thereafter the region near the 
turbocharger had the steady temperature distribution of 34 ~ 
36℃ as shown in Fig. 10. Figure10 also shows the state of 
the cascade tank as the increase of the ship speed. Although 
the temperature near the cascade tank increased gradually 
according to the increment of the loading of the main engine, 
the highest temperature was less than 32℃ and there was no 
abrupt increase of the temperature. It seems that the operation 
of the cascade tank did not relate closely to that of the main 
engine. This sort of real-time monitoring and the fast 
estimation of current situation would provide helpful 
information to find out any human errors or any failures of 
equipment in advance.  

 
Table 3 Ship operation schedule ordered by the captain. 

Time Operation 

14:00 Bow thruster start 

14:03 Bow thruster stop 

14:05 Main engine operate (SLOW) 

14:13 Main engine operate (HALF) 

14:15 ~ Main engine operate (FULL) 

 
Thermal Environments in the Cabin 

 
Although a typical cabin has the ventilation unit to adjust 

the flow rate of heated or cooled air, this kind of unit should 
be controlled directly by the crews and might give 
discomforts to them because of the poor ventilation process. 
Most of all, different thermal environments will appear in 
each cabin according to the various locations and its purpose 
in spite of the simultaneous operation of air conditioning in 
the ship. In this study, one cabin was chosen to monitor the 
thermal environments in real time. The cabin was located on 
the 2nd deck and influenced by the heat generated by the main 
engine. There were two wooden bunk beds and one wooden 
table in the cabin. The cabin is very important place for crews 
to have a rest or sleep and the thermal environment around 
the bed should be carefully treated. As the upper and lower 

beds of a bunk were considered to have different 
environments, one temperature sensor node was placed near 
the upper bed (top) and the other node was placed near the 
lower bed (bottom) of one bunk. The measured temperatures 
were so high when a person enters the cabin at 12:00 as 
shown in Fig. 11.  

 

 
 
Fig. 10 The time history of thermal environment in the main-
engine room. 

 
Since the temperature over 36℃ is not a good condition 

for human living, the crew opened the door of the cabin to 
decrease the ambient temperature of the cabin. Figure 11 
shows the temperature decrease due to incoming of external 
air during one hour from 13:00 to 14:00.  

 

 
 
Fig. 11 The time history of thermal environment in one cabin. 
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It was also found that the temperature around the upper 
bed was more sensitive to the inflow from the outside, 
compared with that around the lower bed. Just before the 
taking-off of the ship at 14:00, the crews went to the upper 
deck and closed the cabin door. The temperature started to 
increase and thereafter the highest temperature near the upper 
bed became to about 38℃. The crews returned to their cabin 
at 22:00 to open the door again and operated the air-
conditioner to lower the cabin temperature. From 22:00 the 
temperature decreased largely because of the corresponding 
human activities. The temperature near the upper bed was 
controlled well by the human activities; however, the region 
around the lower bed has relatively harsh thermal 
environments. To service more comforts to the crew on the 
lower bed, it is recommended to modify the location of 
current ventilation unit or add another one near the lower bed. 
Generally, the thermal environments of cabins have been 
controlled by one management center in a ship and have not 
been considered seriously. The adoption of the system to 
monitor the thermal environment of a cabin in real time 
would be useful for the investigation of human activity against 
inconvenient environments as well as the monitoring of the 
temperature, providing important information on the 
improvement of the human living or comfortableness in a ship. 

 
 
 

CONCLUDING REMARKS 
 

In this study, ubiquitous technologies such as WSN and 
PLC were employed to establish real-time monitoring system 
in a full-scale ship. WSN was distributed in several areas and 
the collected data were transmitted to middleware by using 
PLC. The ubiquitous environments structured in the ship 
would be applied in various fields in a ship because it 
recognized well the sensing data. 

For the application of the developed real-time monitoring 
system, the thermal environments in the main engine room 
and one cabin were investigated. The monitoring results 
show that the operation of the main engine changed the 
thermal environments in the main-engine room and increased 
the temperature of the turbocharger to 37℃ from 21℃.The 
real-time monitoring in the main engine room would play a 
role of helping to estimate any human errors or any failures 
of equipments in advance. 

The cabin on the 2nd deck was affected directly by heat 
sources of main engine. The monitoring results show the 
highest temperature of 38℃ and the variation of the thermal 
environments by the human activities.  

 
 
 
 
 
 
 
 

The real-time monitoring for the thermal environment 
would be useful for the planning of the ventilation strategy, 
which is based on the data of the human activities against 
inconvenient thermal environments, as well as the detecting 
the temperature itself of each cabin. 
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