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Abstract 
The equipment and cables of the various plants of Nuclear Power Plant are complex, 
which greatly improves the possibility of electrical equipment being subjected to 
electromagnetic interference, and electromagnetic interference is mainly reflected in 
the interference of digital, pointer-type instrumented systems and automatic control 
systems, resulting in false alarms and electromagnetic compatibility failures. In order to 
solve such faults, the project team conducted field tests in and developed a set of 
electromagnetic environment visualization system based on image recognition 
algorithm, including image recognition, image processing, electromagnetic signal 
monitoring, etc., to visually display the electromagnetic environment in key areas of the 
plant and sort out a complete test and monitoring process. 
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1. Introduction 

The project group took 10 typical plants of Nuclear Power Plant as the research objects, sampled the 
field strength values of the areas many times and saved them in the electromagnetic database. Because 
of the large amount of data, and the diesel engine plant includes the electrical room, the main body 
building and the cable room, the situation involved is relatively comprehensive. Therefore, taking the 
diesel engine plant as an example, the test method, image recognition algorithm and the visualization 
effect of the electromagnetic environment of the building are described in the experiment. 

The RS spectrum analyzer is selected as the electromagnetic acquisition equipment to cooperate with 
the probe. The frequency range of the test is 5KHz ~ 3GHz. The experiment analyzes the error of the 
test data, improves the model and corrects the error. 

The visualization system includes a stereo camera with CCD, a control unit, a special notebook 
computer, a marker ball, and a set of special software. In addition, it also includes high-precision 
infrared positioning and recognition, and coordinates can be recognized by infrared regardless of the 
environment and position. The light on the scanning site and the color of the target object will not 
affect the positioning, so the scanning can be carried out at any position, whether it is light or dark. 

After the imaging equipment obtains the test data, it establishes the indoor propagation model, and 
after obtaining the electromagnetic field intensity distribution of the plane where the indoor sampling 
area is located, it displays the signal propagation characteristics and field intensity changes in 
different positions. Because there are many equipment in the plant and they can not operate 
independently, the measured field strength is not necessarily generated by a single equipment, but 
superimposed extreme value. 

After comparing the electromagnetic compatibility requirements of each frequency band of the 
equipment, formulate the electromagnetic environment test standard of the plant. 



International Core Journal of Engineering Volume 8 Issue 10, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202210_8(10).0032

 

222 

2. Test Method for Electromagnetic Environment of Diesel Engine Plant 

2.1 Overall Electromagnetic Environment Assessment 

The spectrum analyzer is used to cooperate with the probe for reciprocating test in the whole plant to 
ensure that there is no dead angle of test with a radius of 3 meters in the plant, and the reciprocating 
test time is not less than 3 minutes. The electromagnetic environment of the machine plant is generally 
clear, and the data tested by the spectrum analyzer are mainly 4G signals and derivative signals in the 
base station, i.e. 1.82GHz, 2.14GHz and 2.56GHz bands. 4G signals and derived signals do not have 
strong interference to most equipment of the power station and can be ignored. Other electromagnetic 
signal spikes meet the class A limit. 

When the spectrometer shows that other signals exist, it is especially necessary to pay attention to the 
signal peak of 30MHz--1GHz. 

 

Table 1. When the rated power of all equipment in the factory is less than 20kVA 

 230kHz--800MHz Greater than 
1.82GHz 

Less than 8kHz 

Other frequency bands 

Normal Less than 57dbuV/m -- Less than50 dbuV/m 

Electromagnetic interference risk 
exists 

57--60dbuV/m -- 50--57dbuV/m 

High risk of electromagnetic 
interference 

Greater than  
60dbuV/m 

-- Greater than  
57dbuV/m 

 

Table 2. When the rated power of all equipment in the factory is greater than 20kVA 

 230kHz--1GHz Greater than 
1.82GHz 

Less than 8kHz 

Other frequency bands 

Normal Less than 60dbuV/m -- Less than 57dbuV/m 

Electromagnetic interference risk exists 60--65dbuV/m -- 57--62dbuV/m 

High risk of electromagnetic 
interference 

Greater than 
65dbuV/m 

-- Greater than 
62dbuV/m 

2.2 Electromagnetic Signal Source Positioning 

When an out-of-limit signal or sensitive signal appears, the directional antenna is selected to 
cooperate with the spectrometer to test the electromagnetic signal, and the maximum direction of the 
directional antenna signal is the signal source direction. After installing electromagnetic shielding net 
or electromagnetic shielding layer, observe the spectrum analyzer signal. If the original signal 
disappears, it proves that the signal source is positioned correctly; If the original signal does not 
disappear, the position of the suspicious signal source is located step by step through the directional 
antenna again. 

2.3 Testing for Motor Equipment 

The electromagnetic interference of diesel engine system mainly includes abrupt magnetic field and 
spark discharge between brushes. The frequency of these electromagnetic waves is less than 1000 
MHz, the frequency band is wide, the field strength is vertical and horizontal polarization, and the 
field strength and frequency meet the basic normal distribution. The peak value of interference pulse 
is related to many factors such as structure, load, insulation aging and wear of winding. 

Since most of the electrical rooms in the diesel engine building are analog systems, they are prone to 
interference. Actually, when the diesel engine starts, all kinds of components and wires will receive 
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electromagnetic interference from the factory where the diesel engine is located, in addition to their 
own current and voltage changes. This increases the false alarm rate of analog signals and makes it 
difficult to trace the source. 

2.4 Evaluate Test Results 

The areas with high superposition amplitude are: cable stacking place, cable intersection, near 4G 
signal transmitter, near various motors, cabinet door gap and cabinet top. The plant is divided into 
the following four categories: cabinet plant dominated by shielded cabinets (Including exposed relays 
outside the cabinet); Cable rooms and power plants dominated by cables; Large equipment room 
dominated by large equipment; Open space. By comparing the test results with the risk of 
electromagnetic interference, we can find the related interference source, and then determine the 
interference source through the shielding treatment in the solution. After repeated tests, we can 
achieve the expected results. 

When signals of key parts appear, it is necessary to analyze specific situations and reduce the 
influence of electromagnetic interference under the condition of ensuring safe operation. Adjust the 
distance between the equipment and increase the shielding. If the interference source can be traced 
accurately, the interference source can be shielded, and the effect is better. When the interference 
source can't be found, shielding the sensitive equipment in this interference frequency band can also 
play a corresponding role. Because the electromagnetic wave is directional, if the direction of the 
interference source can be determined, the equipment elements can be placed perpendicular to each 
other. 

3. Principle of Electromagnetic Visualization Equipment in Plant 

3.1 Spatial Localization Algorithm in Region 

The positioning algorithm of the visual reference system matching various environments adopts the 
method of cooperation between the apriltag written in Python and the infrared receiving device. The 
main body adopts Apriltag positioning algorithm, which is similar to QR code detection. Three 
positioning balls in a group are connected with the electromagnetic probe, and the positions of the 
three small balls, that is, the positions of the electromagnetic probe, are positioned. The positioning 
code adopts QR code with highlighted edges, and through field testing, the pixel area can be mapped 
to the depth of field. The original image is transformed into a gradient intensity map and a gradient 
direction map, which are clustered and fitted, and the line segments are detected twice. Make the 
nodes of the graph be identified as each pixel, calculate the weights, arrange them in increasing order, 
and finally merge the edges according to the weights of the edges. 

When generating a QR code, it is necessary to check the validity of the QR code. Through the coding 
system of QR codes, errors of QR codes with prominent features can be detected. Currently, fhd01m 
monocular camera and QR codes with a scale of 0.4 are used. 

Firstly, it is corrected by infrared rays, then the position information of the positioning ball is 
calibrated by triangulation, and then the accurate 3D position, direction and identification relative to 
the camera are obtained. 

Through mathematical morphology, meaningful components can be extracted from special images. 
Especially in the expression and drawing areas, the most essential shape separation ability can be 
obtained, including edge detection, image thinning, pixelation and burr trimming. 

3.2 Image Superimposition 

Because the locating ball, that is, the central area of the QR code, is linked to the electromagnetic 
probe, the field intensity value of the locating area is the collected value of the spectrometer. Under 
the condition that the first shot bottom image is unchanged, the set area and depth of field are matched 
with the QR code recognition range, and the bottom image is gridded. Then the corresponding area 
is assigned by the spatial positioning algorithm in the area, and the front-end electromagnetic probe 
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can be driven by a stepping motor. Finally, the uninterrupted scanning monitoring in the area is 
realized. 

 

 
Figure 1. Side view of M20 factory 

 

 
Figure 2. Front view of MX20 factory 

3.3 Electromagnetic Database 

Storage logic includes incomplete information problem handling methods, static JSON presentation, 
and putting back test information as needed. 
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4. Electromagnetic Test Data of Two Groups of Diesel Engine Plant 

4.1 Diesel Engine Spectrum and Electromagnetic Environment 

 
Figure 3. Spectrum diagram of L3LHQ diesel engine 

 

 
Figure 4. Spectrum diagram of L4LHQ diesel engine 
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Figure 5. Schematic diagram of superposition of electromagnetic environment in the direction of 

L4LHQ and L3LHQ generators 

 

The electromagnetic intensity near the diesel engine body is strong, mainly concentrated near the 
generator, the intersection of the ground and the upper and lower troughs, and the amplitude of the 
full frequency superposition is generally between 50-85dbuV. The superimposed field strength is 
evenly dispersed, the spatial superimposed state components are scattered, and the overall 
superimposed field strength is in a high range. In addition to the common three frequency 
electromagnetic waves: 1.82GHz-1.88GHz, 2.14GHz-2.17GHz and 2.56GHz-2.59GHz, there is a 
large amplitude of 812MHz-890MHz with obvious peak area. 

4.2 Inter Gas Frequency Spectrum and Electromagnetic Environment of Diesel Engine 
Electrical Room 
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Figure 6. L3LHQ, L4LHQ schematic diagram of electromagnetic environment superposition when 

the cabinet door of the electrical room is closed and opened 

 

The electromagnetic intensity of the electrical room is relatively weak, and the amplitude is generally 
45-65dbuv, mainly including two groups of frequency electromagnetic waves distributed outside the 
front door of the cabinet: 1.82ghz-1.88ghz and 2.14ghz-2.17ghz. There is almost no electromagnetic 
signal on the back door of the cabinet, and there is almost no electromagnetic signal inside the cabinet. 
After the cabinet door is opened, the overall amplitude has not changed much, and the extreme value 
area has shifted. However, there is a group of 812-890MHz signals in the electrical room of L3LHQ, 
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with obvious amplitude and intensity between 46-57dbuV. At present, the two diesel engine plants 
tested contain this band of radio waves with high amplitude, while other plants have almost no 
relevant radio waves. It is recommended to find the radio wave source and eliminate this band of 
signals in the diesel engine plant by shielding or modifying the radio wave source. 

In addition, the electric room of L4LHQ diesel engine factory also measured a high wave in this band, 
with a peak value of 60dbuV/m, exceeding the electromagnetic radiation disturbance limit of Class 
A equipment less than 20kVA, which may affect the equipment in the electric room. However, there 
is no obvious radio wave signal in the electrical room of the L3LHQ diesel engine building, so the 
gate and wall between the electrical room and the diesel engine body can be inspected to analyze 
whether there are areas with lax shielding. 

4.3 Spectrum and Electromagnetic Environment at 2GRE15m Cable 

 
Figure 7. Schematic diagram of spectrum at 2GRE15m cable 

 

 
Figure 8. Schematic diagram of superposition of electromagnetic environment at 2GRE15m cable: 

 

2GRE15m takes the electromagnetic field at the overlapping position of cables as the relative 
maximum in the area, and there are mainly four frequency electromagnetic waves distributed in the 
area: 262MHz-306MHz, 1.82GHz-1.88GHz, 2.14GHz-2.17GHz, 2.56GHz-2.59GHz. The amplitude 
of full frequency superposition is between 42-70dbuV, especially at the bend of cable. The frequency 
band of 262MHz-306MHz fluctuates periodically with the power cable. The signal in this band is 
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only obviously distributed at 2GRE15m, with a peak of more than 50dbuV/m, which exceeds the 
electromagnetic radiation disturbance limit of less than 20kVA for class a equipment, and has no 
typical characteristics. This paper suggests looking for the radio wave source, and shielding or 
modifying the radio wave source to eliminate this band signal of 2GRE15m. 

4.4 1.82GHz, 2.14GHz and 2.56GHz Band Signals 

This band is a low frequency radio wave in UHF(Ultra High Frequen), which is often used in the 
fields of mobile communication, radio and television, and is also the basic frequency band of 4G 
signals in the plant. The signal intensity is related to the distance and position of the 4G signal 
generator, as well as the enclosures such as cabinets and iron gates. The amplitude change is less 
affected by the environment. 

This band signal has strong attenuation characteristics in rooms with crowded space, insufficient 
space and multiple groups of walls, and it spreads almost straight, with very weak diffraction ability. 
In addition, if it is in a high humidity environment, the signal will also decay more severely. 
Equipment sensitive to this signal and prone to interference include wireless signal generator, power 
supply, part of PLC and output load, welding machine, tram or high-voltage power transformer, high-
current cable, screen equipment, part of digital circuit, memory, equipment with large power 
fluctuation, equipment wires without grounding screen, etc. At the same time, it will also produce 
strong interference to network signals and their devices, such as mobile phones, tablet computers, 
chips, etc. 

The signals in this band exist widely and cannot be shielded, so this paper can only consider shielding 
the equipment that is vulnerable to interference. 

5. Conclusion 

The areas with high electromagnetic wave superposition amplitude in diesel engine plant are: Cable 
accumulation, cable intersection, 4G signal transmitter, various motors, cabinet door gap and cabinet 
top. The abnormal band in 2gre15m room is 262MHz-306MHz. The abnormal frequency band of 
L3Q and L3LHQ diesel engine body workshop is 812MHz-890MHz. Because there are 
electromagnetic shielding doors in the diesel engine plant and electrical room, when the shielding 
doors are closed, high electromagnetic interference can still be detected in L4LHQ electrical room, 
but not in L3LHQ electrical room.  
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