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Abstract: This paper introduces the transmission line fault indicator based on the Internet of Things 

technology. The basic principle of the magnetic sensor around the transmission line as a magnetic 

sensor is composed of a signal acquisition device, a data transmission system, and a monitoring 

center control system. The signal acquisition device collects the changes in the magnetic field around 

the transmission line, uses the power Internet of Things technology to send real-time data information 

to the monitoring center through the data transmission system, determines the type of fault and 

locates the fault point, and explains the precautions for the installation and maintenance of the fault 

indicator. It can reduce the workload of inspection staff, improve work efficiency, and has certain 

feasibility. 
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1. INTRODUCTION 

With the rapid development of the power grid, the voltage levels of transmission lines in the power 

system continue to increase and the scale continues to expand, ensuring that the smooth operation of 

the power network plays an important role in maintaining normal production and life. Positioning to 

eliminate faults is one of the important topics to ensure the smooth operation of the power grid. 

High-voltage overhead transmission lines usually have long transmission distances, wide coverage, 

complicated terrain, large climate changes, and many other uncertain factors. Therefore, daily 

inspection and maintenance are difficult and require a lot of manpower and resources. Under severe 

climatic conditions, transmission line short-circuits or single-phase ground faults often occur. In many 

types of accidents, transient faults exceed 80%. Such faults are often not easy to be directly observed 

and discovered by inspectors, which causes great difficulty in locating the fault point. 

Although the traditional fault indicator can indicate the fault current flowing through the line through 

the optical word plate, it still needs to patrol to find out the fault location, and the patrol workload is 

still very large. In the context of the rapid development of big data, 5G technology, and the Internet 

of Things, the power IoT technology is used to monitor the operation status of transmission lines in 
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real time and comprehensively to solve the problems of difficult positioning of complex fault points 

in transmission line loop networks and the high cost of human monitoring. This paper uses the power 

Internet of Things technology, combined with engineering electromagnetic field related principles, to 

propose a transmission line fault location indication construction and design. 

2. PRINCIPLE OF FAULT INDICATOR 

2.1 Fundamental 

A fault indicator is a device that indicates fault current. It is usually installed on overhead lines, power 

cables and switchgear busbars, or where other faults in the power system are likely to occur. When 

the line is faulty, the indicator will send out an alarm signal, and the inspection personnel will quickly 

narrow down the fault occurrence area according to the alarm information, find the fault point in time 

and accurately, analyze the fault type, and then locate the fault point. For permanent faults, the power 

supply is reset in time after power is restored, and instantaneous faults are automatically reset as 

required to reduce the probability of power outages due to transient faults and to avoid malfunction 

of the protective device caused by generator excitation inrush. 

When a short circuit or ground fault occurs on the line, all the indicators on the fault line from the 

outlet of the substation to the fault point display normal, and the fault indicator after the fault point 

generates an alarm message. Therefore, the operator can start from the substation and find the interval 

between the last working fault indicator and the first fault indicator along the fault line. This interval 

is the fault occurrence interval, which shortens the fault range to be searched and facilitates rapid 

Identify the fault section and fault point and restore power supply in the shortest time. 

2.2 Analysis of magnetic field around transmission line 

According to the principle of engineering electromagnetic field, according to Maxwell's equations:  

∇ × H = 𝐽𝑐 +
𝜕𝐷

𝜕𝑡
                                                                (1) 

Among them, 𝐽𝑐 is the conduction current in the wire, and  𝐽𝐷=∂D/∂is the displacement current. 

When a fault occurs at a location on the transmission line, there is a changing electric field in the 

conductor near the power source end, which can excite the magnetic field in space, while the fault 

point is far away from the power end and the magnetic field cannot be excited in space. The difference 

in the distribution of the magnetic field of the transmission line can be used to locate the location of 

the fault and issue a fault alarm message. 

3. MAGNETIC SENSOR ARCHITECTURE  

As the core part of the transmission line indicator, the magnetic sensor is mainly composed of a signal 

collection device, a data transmission system, and a monitoring center control system, which realizes 

the collection, processing, and analysis of transmission line data, and ensures rapid query of fault 

points and rapid restoration of power supply.  

3.1 Line signal acquisition device 

The core function of the fault indicator is to judge the faults such as short circuit and grounding of 

the power line, and preprocess the collected information. The system performs real-time analysis 

based on the difference in the magnetic field around the transmission line. The signal acquisition 

circuit in Figure 1 performs multi-stage amplification of the collected magnetic field around the 

transmission line. The criterion monitors the operation of the transmission line, transmits the line 
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information to the data transmission system through the internal information transceiver module, and 

transmits it to the monitoring center through the Internet of Things technology, thereby completing 

the entire process of fault indication. 

The line induction coil senses the external magnetic field changes. When the line fails, the multi-level 

amplifier circuit outputs a high level to indicate a fault. Adjust the parameters of the inductance and 

resistance elements to achieve the control of different voltage levels. 

 

 

Fig. 1 Schematic diagram of line signal acquisition 

3.2 Data transmission system 

The system is mainly used to receive the fault information sent by the fault indicator on the line, 

collect and repackage the information through the single chip 8086, and then transmit the collected 

information to the monitoring center through NB-IOT technology. Because the processor works on 

the transmission line, the external environment may be harsh, so the battery and solar power supply 

method is used to ensure the accuracy and real-time of information transmission. 

In order to realize fault indication, real-time monitoring of line electrical quantities, and rapid 

processing of measurement data, the ubiquitous power Internet of Things requires the ability to 

interconnect everything at the terminal layer, achieve full coverage in time and space at the network 

layer, and open sharing at the platform layer Data information, the ability to analyze data in real time 

and monitor electrical equipment. The ubiquitous power Internet of Things has higher requirements 

for equipment connection, communication, and information processing capabilities to ensure stable 

power communication performance. This is reflected in the ubiquitous terminal communication 

access, expanded transmission bandwidth, sufficient fiber resources, and safe operation of equipment. 

3.3 Monitoring center control system. 

The data through the data transmission system is finally transmitted to the control center through the 

communication system for data analysis and processing. NB-IOT is a narrow-band IoT technology 

built on a mobile cellular network. The normal operating frequency is 800MHz, which only occupies 

a bandwidth of 180kHz. It is installed in the area covered by GSM, 3G, 4G and other mobile networks, 

so it covers a wide area and has low energy consumption. Normal battery power can work 

continuously for more than ten years. Real-time data perception can be realized, and it is less affected 

by external environment such as temperature and humidity. The monitoring center generates alarm 

information according to the monitored data, determines the location of the fault, and guides the 
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operating personnel to carry out inspection and maintenance. The following figure is the structural 

diagram of the fault indicator monitoring system. 

 

 

 

Fig. 2 Structure diagram of transmission line fault monitoring system 

4. FAULT INDICATOR INSTALLATION AND MAINTENANCE 

The installation of the fault indicator should be as reasonable and scientific as possible. When the 

number of installations is insufficient, the fault interval of the alarm of the control center will be 

expanded, increasing the workload of the inspection staff and losing the meaning of installing the 

indicator; when the number of indicators is installed too much, it will cause economic waste and 

increase normal operation and maintenance costs. Generally, a group of indicators should be installed 

at the outlet of the substation, the line branch and the line 'T' contact, and a group of spares can be 

added if necessary; in some mountains, swamps or deserts, where it is not easy to observe the fault, 

the installation density is appropriately increased to Improve the positioning accuracy; at the same 

time, according to the actual system operation, increase the installation of indicators in the accident-

prone section. 

The fault indicator should fully consider information security. The Internet of Things is facing security 

issues such as sensor networks, wireless public networks, and application systems. There are also new 

hidden dangers caused by the overall system. Access authentication, transmission encryption and key 

data should be safely stored locally to strengthen the system software fault tolerance. 

The fault indicator shall be regularly maintained and verified. In order to ensure the normal operation 

of the indicator, the cleaning of the indicator should be reasonably arranged according to the actual 

line maintenance schedule; when the indicator malfunctions, the cause should be promptly identified, 

and the indicator setting parameters should be verified to meet the sensitivity requirements ; In the 

event of lightning strikes and other natural disasters, the working status of the indicator should be 

checked at the same time when the line is repaired. 

The fault indicator should be upgraded regularly. When the transmission network is upgraded or 

expanded, the corresponding power system power flow distribution changes. At this time, the 
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installation and layout of the indicator should be adjusted reasonably, and adjusted according to the 

actual installation principle; the software should be updated regularly to reduce the difficulty of 

operation for the operator, and indicate the fault simply and accurately position. 

Table 1 Technical parameters of fault indicator 

Parameter Explanation 

Line voltage 6~35kV 

Current measuring range 0~1000A 

Current accuracy 1% 

Operating temperature -35~80℃ 

Altitude 2000m 

Humidity 95% 

 

5. CONCLUSION 

Transmission line indicators based on the Internet of Things technology are feasible. It can collect 

transmission line information in time, and calculate and report faulty lines accurately through 

hardware and software processing and calculation. The application of the Internet of Things 

technology makes the fault indication of the power system more intelligent and precise, provides real-

time operation information for the operation and maintenance personnel to monitor the line, and 

provides reliable data for the emergency repair line. Strength, improve work efficiency. After the fault 

occurs, you can immediately determine the type of fault and locate the fault location, which is helpful 

to quickly restore power supply and minimize the impact of the power outage on normal production 

and life. 
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