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Facility Temperature Monitoring System for Supporting Transformation to Smart Factory
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Abstract

In recent years, public-private sector joint efforts have
been driving a transformation across the entire manufactur-
ing industry to Smart Factory, making use of IoT. Even so, in
the materials industry, it is difficult to visualize processes
because the processes progress inside apparatuses such as
reactors, and it is therefore difficult to transform to Smart
Factory. In order to accelerate this type of transformation
driven by customers utilizing data, the focus has turned to
the visualization of surface temperature data generated by
most equipment and formed products themselves.

To realize customer value, as to the requirements of the
users, which are comprised of plant operators and facility
managers, we have placed emphasis on the accumulation of
facility surface temperature data as image data, and the con-
tinuous gathering of equipment surface temperature data
24 hours a day, 7 days a week. We have chosen the environ-
ment-proof MOBOTIX dual camera M16 Thermal as the sens-
ing device of this monitoring system. It is thought that by
imaging facilities 24 hours a day, 7 days a week with the M16
Thermal and analyzing the accumulated surface tempera-
ture data, it is possible to visualize processes, detect abnor-
malities early, and detect predictors. With the capability of
detecting abnormalities and predictors early, it becomes
possible to prevent the occurrence of serious trouble such as
production stoppage.

We tested the efficacy of the system on a heat-exchanger
under actual operation at one of our plants. The heat-
exchanger transfers heat of high-temperature liquid flowing
in, thereby changing its surface temperature at a predeter-
mined cycle. By collecting and accumulating this type of sur-
face temperature data and analyzing the results, tempera-
ture unevenness was extracted as a surface temperature
condition that predicted abnormality but was not noticed
by the plant operator, and to generate a report presenting a
summary of parts that should be examined for repair. This
result confirmed that the system has the potential to stabi-
lize operations.
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Fig. 1 Percentage of Japanese manufacturers that utilize data to visual-
ize operational processes to improve operation, in a survey by the
Ministry of Economy, Trade, and Industry (METI)".

With only about 15% of manufacturers found to be utilizing data
with the adoption of loT to digitize, utilizing of IoT in manufactur-
ing operations has not advanced very much.
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Fig. 2 Examples of heat-map images of a heat-exchanger.
Utilization of images for surface temperature measurement
enables more comprehensive temperature monitoring of the tar-
get equipment without missing points that would not be picked
up with already used sensors such as thermocouple type tem-
perature sensors. Furthermore, the entire process can be moni-
tored by tracking the surface temperature over time.
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Fig. 3 Facility surface temperature monitoring system.

Table 1 Specifications of MOBOTIX M16 Thermal.

Dimensions (HxWxL) 210%158x207 mm
Weight 1,1609g

Angle of view 45°x34°
Protection class IP66 and IKO7
Thermal resolution 0.05°C
Temperature measuring range -40°C — +550°C
Power consumption <7w
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Fig. 4 Screenshot of temperature analysis application.
The program is developed for this study to perform image data
analysis of surface temperatures.

Fig.5 Screenshot of temperature analysis function.
Temperature data is stored in infrared images as brightness infor-
mation, so the user can check the temperature at a given position.
The red and white lines on the graph imitate temporal changes in
temperatures for points a) and b) in Fig. 4, respectively.
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Fig. 6 Outer appearance of a heat-exchanger that was used an object of
a demonstration test and was actually operated for production.

Fig. 7 Heat-map image of surface temperature of the equipment shown
in Fig. 6 when in a uniform temperature state.
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Fig. 8 Heat-map image of the equipment immediately after a high-tem-

perature liquid has flown into the equipment.
A temperature unevenness, which is thought to be a predictor
of abnormality, is detected at a part that was once subjected to
temporary repair. This shows that the temperature unevenness is
related to a part in need of permanent repair.
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Fig. 9 Heat-mapimage as a result of searching for a temperature uneven-

ness after a high-temperature liquid has flown into.

A temperature unevenness is observed on the right side of the
same equipment as in Fig. 8. No trouble is found at this position,
and nothing is repaired.
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Fig. 10 Temperature comparison between the point with temperature
unevenness and the point with uniform temperature.

It is thought that a repair becomes more urgent as the tempera-
ture difference between the point where a temperature uneven-
ness is observed and the point where the temperature is uni-
form becomes larger with time.
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