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Explosions and fires in a plant could greatly affect results and business continuity 
since they may damage not only buildings and facilities but also the neighboring area and 
environment. They could also bring the plant to a stop and disrupt supply chains for a long 
time. Advanced sensing technology that can detect equipment failure early and data analysis/
processing technologies can help prevent such accidents and are thus expected to play an 
increasingly important role. Although Yokogawa’s DTSX distributed temperature sensor is 
an ideal tool for detecting fire and leakage, its advanced applications are expected to deliver 
added value including early detection of abnormalities, and improvement of the efficiency, 
productivity, and quality of operation. This paper introduces these new applications of the 
DTSX.

INTRODUCTION

The DTSX optical fiber temperature sensor can quickly 
measure the temperature distribution along an optical 

fiber. By simply laying an optical fiber, the sensor can be used 
to build a temperature monitoring system covering a wide area 
easily and economically.

Some plant facilities are difficult to monitor with point 
sensors that monitor only measurement points or by human-
based safety control such as periodic check and patrol. In these 
facilities, the DTSX is increasingly used for detecting fire 
and leakage, ensuring safety, and performing diagnosis (1) (2). 
Figure 1 shows typical applications of the DTSX.

If a fire or other accident occurs in a plant, the company 
may suffer serious damage due to plant shutdown. In addition, 
the company is responsible for health, safety, and environment 
(HSE). To minimize such risks, Yokogawa is working hard 
on developing a plant monitoring solution with the DTSX as 
shown in Figure 2.

Figure 1 Typical applications of the DTSX

Figure 2 Plant monitoring solution with the DTSX
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Plant Monitoring Solution with the DTSX
Yokogawa currently offers the DTSX200 optical fiber 

temperature sensor, which covers the medium range of up to 
6 km, and the DTSX3000, which can measure distances of up 
to 50 km with high resolution. With these products, Yokogawa 
can offer a temperature monitoring system for diverse plant 
facilities to detect various changes in temperature ranging 
from small fluctuations to a fire, regardless of the scale of the 
installation site (3)(4).

When it is combined with Yokogawa’s measurement 
and control instruments, the DTSX can deliver an integrated 
temperature monitoring solution that can monitor the entire 
plant, leaving no blind spots (Figure 3). The combination of 
the features of the DTSX for linear monitoring, thermocouples 
for point monitoring, and thermal cameras for surface 
monitoring enables users to obtain a vast quantity of thermal 
data in plants, covering long distances over wide areas. If an 
abnormality occurs in a plant, users can quickly locate the 
source and take appropriate actions.

Figure 3 Example of integrated temperature monitoring 
solution

Expectations for the DTSX
Explosions and fires in a plant can damage buildings, 

facilities, neighborhoods, and the environment, and disrupt 
production and supply chains. The scale of the impact could 
be great in terms of time and area, seriously affecting business 
results and continuity. Advanced sensing technology and 
data analysis/process technology are attracting attention as 
solutions that can minimize such risks: they help to detect a 
small fault early and prevent it from developing into a serious 
accident. Since the DTSX can monitor temperature over a wide 
area, it can serve as an advanced sensing system. Although 
this sensor alone is enough for detecting abnormalities, 
when it is combined with an advanced data analysis/process 
technology, its performance such as for early detection of 
problems is improved greatly.

In addition to risks of accidents, manufacturers face harsh 
global competition and thus have to deliver higher productivity 
and quality. Although automation secures a certain level of 
productivity and quality, achieving higher levels depends 
largely on the expertise of veteran workers.

To address the situation, the industrial internet of things 

(IIoT) and big data analysis are increasingly used to visualize 
and quantify the know-how and expertise of human workers 
and use it in operations. The DTSX assists this process, since 
it can measure temperature across a plant without blind spots.

The following sections introduce examples of advanced 
applications of the DTSX.

ADVANCED USAGE OF DTSX

Early Detection of Abnormality in Belt Conveyors
To use a sensor in advanced applications, it is necessary to 

understand the characteristics of the sensor as well as analyze 
and process the data obtained. Satisfying these requirements 
can create new value. This section introduces an example of 
using the DTSX for early detection of abnormalities in a belt 
conveyor.

Coal and woodchip conveyors have a high risk of fire, 
and the DTSX is used for detecting a fire at these conveyors. 
Unlike point sensors and thermal cameras, the DTSX can 
measure temperature along a belt conveyor without blind 
spots and thus can detect ignition early and prevent a large 
fire in a plant (1) (2). However, the conventional approach cannot 
eliminate the risk of damage caused by fire.

Fires at belt conveyors are often caused by abnormalities 
in the bearings of a roller. As shown in Figure 4, poor rotation 
of a roller causes frictional heat on the belt, and this heat may 
ignite inflammable materials on the belt (5).

Figure 4 How a fire occurs on a belt conveyor

Optical fibers cannot be laid directly on a roller since it 
keeps revolving. Conventionally, it is also difficult to precisely 
detect the rise in temperature of the roller because its diameter 
(approximately 10 cm) is much smaller than the DTSX’s 
spatial resolution (1 m). To solve this issue, we simulated 
heat transfer and determined how the DTSX can measure the 
distribution of the temperature rise caused by an abnormality 
of the bearing. We also conducted experiments on the roller of 
an actual belt conveyor and optimized the type of optical fiber, 
laying method, and data processing. Figure 5 shows the heat 
transfer simulation and field experiment for using an optical 
fiber to measure the radiant heat from the roller shaft.
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Figure 5 Heat transfer simulation and field experiment

Figure 6 compares the conventional method and the 
optimized method of detecting an abnormality in the bearing. 
The conventional method was disturbed by f luctuations in 
the ambient temperature and could not detect abnormality. 
Meanwhile, the new method was able to detect abnormality 
with a threshold of 1.5°C.

Figure 6 Comparison of the results of detecting 
abnormality by the two methods

The DTSX can be installed easily and economically. To 
make full use of this advantage, we laid an optical fiber linearly 
along the belt conveyor, not fitting it to the complicated form 
of the roller. We understood the characteristics of this sensor 
correctly and analyzed the data carefully. When this advanced 
application is introduced into an actual site, users can detect 
any problem in belt conveyors early, take preventive measures 
such as replacing rollers, prevent shutdown caused by fire, and 
thus keep the plant running.

Highly Efficient Usage of Power Cables
This section explains an example in which the DTSX is 

combined with new technology for efficiently using power 
cables.

The safe, stable, and efficient transmission of electricity 
is increasingly needed because the demand for electricity 
is growing while energy resources are being depleted and 
CO2 emissions are being reduced. One way to ensure safe 
transmission is to measure the surface temperature of power 
cables, and thus detect deterioration of insulation caused by 
heat, which may cause grounding faults and fire. Since optical 

fibers are immune to electromagnetic induction, they are ideal 
for this purpose. 

Monitoring the surface temperature by the DTSX is also 
useful for improving the efficiency of power cables. As shown 
in Figure 7, real-time thermal rating (RTTR) technology can 
calculate the temperature of the conducting body of a power 
cable in real time. This calculation is carried out based on the 
surface temperature (measured by the DTSX), and other data 
such as the cable structure, laying conditions, environment 
conditions, and transmission current. 

Figure 7 System configuration of RTTR

Although external conditions such as power demand 
and ambient temperature change greatly over time and with 
the season, the temperature of the conducting body of a 
power cable can correctly determine the allowable current 
of the power cable in real time. This determination ensures 
that the power cable can be used efficiently and safely, and 
also facilitates preventive maintenance, stable power supply, 
reduction of blackout risk, prevention of deterioration, and 
increased power transmission.

Figure 8 shows an example of the temperature calculation 
by RTTR. The blue line indicates the surface temperature 
of the power cable measured by the DTSX, and the red line 
shows the temperature of the conducting body calculated by 
RTTR. Monitoring by the DTSX detected a sudden rise in the 
surface temperature after 15 minutes. Meanwhile, calculation 
by RTTR revealed that the temperature of the conducting body 
rose sharply after as early as 10 minutes. Supposing that the 
threshold of safe power transmission is up to 90°C, RTTR was 
able to detect a warning condition after 14 minutes, and thus 
appropriate measures could be taken quickly.

Figure 8 Temperature calculation by RTTR
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Improving the Productivity of Copper Bioleaching
The DTSX visualizes temperature distributions that 

cannot be detected by conventional methods, and is thus 
expected to improve the productivity of various plants. This 
section introduces an example in which the DTSX has greatly 
improved the productivity of a copper mine.

As shown in Figure 9, mined copper ore is stacked into 
a pile (leach pile), dilute sulfuric acid is sprinkled over it, and 
the copper component is extracted.

Figure 9 Producing copper by bioleaching

In recent years, a mixture of bacteria and sulfuric acid 
is used to accelerate the leaching and recovery of copper 
(bioleaching). Although it is well known that bacteria become 
active in a certain temperature range, it is not easy to apply 
this knowledge to bioleaching because it is difficult to measure 
the temperature inside a pile that stretches across several 
kilometers (Figure 10). The DTSX can solve this issue; it can 
measure the inside temperature over a wide area, thus helping 
to determine the current status of bacteria activity. Based on 
the relationship between the inside temperature and recovery 
efficiency, operators can add bacteria, supply oxygen, or 
take other actions. This solution has greatly improved the 
productivity.

Figure 10 Copper bioleaching

CONCLUSION

The DTSX offers breakthroughs in advanced applications. 
Yokogawa is now able to offer various solutions that were 
difficult with the conventional use of this sensor, including 
early detection of abnormalities in a plant, and improvement 
of efficiency, productivity, and quality.

As in the case of a belt conveyor, it is also crucial to 
identify the characteristics of the sensor, analyze and process 
the data obtained, and combine it with RTTR and other 
technologies.

By laying optical f ibers extensively, this sensing 
technology can collect various information in a plant in real 
time, not only temperature but also strain and vibration. By 
identifying and analyzing the characteristics of these data, we 
can convert mere physical quantities into valuable information 
for customers.

Yokogawa will accelerate the development of optical fiber 
sensing technology, and will continue to develop solutions that 
create value.
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