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Electromagnetic geographic environment is closely related to human life. With continuous popularization of public
infrastructures and daily electronic instruments, such as electric power communication systems and household appliances,
electromagnetic radiation sources have increased sharply in the geographic environment, which leads to increasingly serious
electromagnetic radiation pollution. Thus, it is significant to monitor, evaluate, and analyze the electromagnetic radiation
condition and explore its changing law in the environment. However, the traditional monitoring method can only detect
anomalies within certain frequencies in the fixed stations. To fill this gap, this research first develops a vehicle-mounted
electromagnetic environment monitoring system to collect both spatial positioning data and electromagnetic data of the whole
frequency range. The acquired data are then used to construct the location-based frequency-intensity curve to reflect the
variation of electromagnetic radiation at different frequency ranges. On this basis, a curve similarity measurement method is
introduced to analyze the similarity of different curves, which is effective to diagnose time-varying sources from both global
and local perspectives. This research provides a real-time mobile monitoring method, which is significant to know the dynamic
variation of local electromagnetic environment and promotes subsequent comprehensive geographic analyses.

1. Introduction

Electromagnetic environment is an external manifestation of
electromagnetic space, which refers to the sum of all electro-
magnetic phenomena existing in a certain time, space, and
frequency [1–3]. The geographic environment where people
live in is filled by an imperceptible electromagnetic field
and can be seen as an electromagnetic geographical environ-
ment with a characteristic of time-space-frequency [4]. With
the widespread application of public infrastructures (power
communication systems, domestic appliances, electronic
facilities, etc.), massive electromagnetic radiation sources

increase environmental pollution and cause serious impacts
on people’s health [5, 6]. Therefore, it is significant to moni-
tor, evaluate, and analyze the electromagnetic geographical
environment scientifically and explore the variation rules of
electromagnetic radiation in the geographical environment.

Electromagnetic environment monitoring is aimed at
detecting the electromagnetic radiation intensity and distri-
bution characteristics of the environment [7, 8]. In the
1940s, the harmfulness of electromagnetic radiation to air-
craft and ancillary electronic equipment is first noticed by
the U.S. military [9]. To control the electromagnetic interfer-
ence of mechanical-electronic equipment, they formulate the
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world’s earliest specification for military electromagnetic
interference (JAN-I-225). Afterwards, different high-power
radio devices have been widely used in both military and
civilian fields [10–12]. They can produce large amounts of
electromagnetic radiation and restrict people’s life. To
reduce electromagnetic hazards, many researchers have con-
ducted in-depth studies in this field. For instance, electro-
magnetic environment criteria are proposed to regulate the
application of electromagnetic equipment [13]. Different
kinds of radio monitoring software are developed to detect
the electromagnetic environmental condition and analyze
the electromagnetic spectrum [14–16]. Through continuous
improvement of the monitoring and management system,
studies on electromagnetic environment monitoring have
become more mature and reasonable. Many developed
countries have established relatively perfect databases and
realized the remote automatic monitoring and management
system of electromagnetic environment [17].

During the process of signal acquisition, conversion, and
transmission, electromagnetic data are often affected by
equipment, environment, or other factors and can be inevi-
tably contaminated by different types of noise [18, 19]. To
eliminate errors induced by these noises, data preprocessing
of measured signals is necessary for the subsequent diagnosis
and analysis. Smoothing, also known as a digital filter, is one
of the most prevalent preprocessing methods. There are var-
ious filtering methods, such as mean filtering, median filter-
ing, Gaussian filtering, and exponential filtering [20–23].
Different methods have distinct advantages and disadvan-
tages in dealing with different types of noise. Thus, it is nec-
essary to select an appropriate filtering method according to
the actual situation.

To diagnose anomalous changes in the electromagnetic
environment, it is effective to construct the frequency-
intensity curve of electromagnetic data and then compare
their similarities based on distance measuring equations.
Based on the types of distance, similarity measuring
methods can be divided into three kinds (Euclidean dis-
tance-based, Hausdorff distance-based, and Fréchet dis-
tance-based). Among them, the Euclidean distance-based
method does not fully consider every feature point and is
not sensitive to the position of the feature band. In addition,
curves are usually transformed (e.g., stretching and transla-
tion) when calculating the distance; it has obvious draw-
backs to measure those curves which have shifted
significantly [24]. The Hausdorff distance-based method is
widely used to measure the similarity of two point sets and
can solve the problem of image degradation, occlusion, and
false intersection points [25]. However, this method focuses
on points but not curves; it is hard to measure the similarity
of curves as a whole [26]. In comparison, the Fréchet
distance-based method considers the shape and continuity
of the curve and sequence of each point. It is better at mea-
suring curve similarity than the previous method and has
been applied in various fields [27, 28].

To sum up, although electromagnetic environment
monitoring has made considerable progress, there are still
some deficiencies in the dynamic monitoring scheme and
spatial analysis. From the perspective of the dynamic moni-

toring scheme, traditional methods mainly focus on a single
radiation source (e.g., communication base station, traffic
facilities, and high-voltage wire) and acquire monitoring
data in fixed stations. Nevertheless, the variation of electro-
magnetic radiation is different in different locations and fre-
quency bands. Monitoring in fixed stations cannot provide
the variation data in a large area. Meanwhile, the conven-
tional approach can only detect the electromagnetic signal
within a narrow frequency range but not the whole fre-
quency range. It is insufficient to monitor the complicated
electromagnetic environment and unable to reliably evaluate
the electromagnetic radiation condition of the entire region.
From the perspective of spatial analysis, limited studies are
conducted on the spatial variation regularities of the electro-
magnetic environment. Thus, it is urgently needed to estab-
lish an automatic method to diagnose spatial variation by
mobile measurement, which is the primary step for detecting
changing electromagnetic phenomena and their correspond-
ing frequency bands, searching unknown radiation sources.

To overcome these deficiencies, this research first breaks
through the limitation of the traditional electromagnetic
monitoring method and develops a vehicle-mounted electro-
magnetic environment monitoring system (VEEMS) to col-
lect the electromagnetic data of the whole frequency range.
Based on the collected data, the electromagnetic frequency-
intensity curve is constructed by integrating ideas from the
ground object spectrum. Moreover, the similarity of electro-
magnetic frequency-intensity curves of adjacent sampling
points is analyzed to detect anomalous changes in different
locations and bands. It provides clues for searching potential
radiation sources, improves the scientific management level
of electromagnetic geographical environment, and lays a
foundation for further environmental analysis and evalua-
tion. It should be noted that the anomalous changes in this
research refer to the changing power level of electromagnetic
signals which exceed a preset threshold.

The rest of this paper is organized as follows. We
develop VEEMS and make explicit the data organization
and management methods in the second section. We inte-
grate the concept of the ground object spectrum and propose
a detection method in the third section. The local changing
sources are then detected and analyzed in the fourth section
from both local and global perspectives. Finally, the conclu-
sions and future works are discussed in the last section.

2. Development of VEEMS and
Data Organization

2.1. Development of VEEMS. Since the electromagnetic radi-
ation condition is complicated in the urban area, a mobile
monitoring system which can detect a broad frequency
range is needed. Such system should integrate multiple
detectors for different frequencies and work synchronously
to measure the data. In addition, the system needs to install
a spatial positioning device taking account of the spatial var-
iation of electromagnetic environment. Thus, we develop the
VEEMS (Figure 1) which integrates the GNSS (Global Nav-
igation Satellite System) positioning device, electromagnetic
radiation detectors (six spectrometers and four
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electromagnetic probes), wide bandwidth antenna, signal
amplification and transformation devices, controller, etc. It
is a real-time synchronous acquisition system which can col-
lect both electromagnetic radiation data and location data.

Specifically, VEEMS adopts both selective frequency and
nonselective frequency methods to detect radiation field
intensity. The electromagnetic detectors collect data every
10 seconds, while each device is responsible for acquiring
different frequencies in X, Y , Z directions (note: three direc-
tions where the antennas are pointing to). The data from dif-
ferent directions are then combined by Equations (1) and (2)
to calculate synthetic intensities of the electromagnetic probe
(DTT) and spectrometer (PPY), respectively:

sumIntensity DTT =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
IntensityX2 + IntensityY2 + IntensityZ2

q
,

ð1Þ

sumIntensity PPY =
IntensityX + IntensityY + IntensityZð Þ

3
:

ð2Þ
According to the actual situation, parameters of the sys-

tem (e.g., data type, frequency, number of frequency point,
and step size) are set in Table 1. Additionally, the GNSS
device collects positioning data per second.

2.2. Data Organization and Management. VEEMS integrates
multiple devices to collect electromagnetic data and posi-
tioning data automatically and then saves these data as sev-
eral files in the storage according to the type of detectors,
such as GNSS data file, PPY data file, and DTT data file.
Among them, the GNSS data file records the trajectory
information of VEMMS, including GGA (GPS Fix Data),
GSA (GPS DOP and Active Satellites), GSV (GPS Satellites
in View), RMC (Recommended Minimum Specific), and
VTG (Track Made Good and Ground Speed). These records
save rich information such as time, latitude, longitude, and
magnetic declination. The PPY data file also records abun-
dant information, which is data acquisition time, IP of each
spectrometer, ID of each detector, resolution bandwidth,

starting frequency, ending frequency, time interval, and
high-frequency electric field power.

Compared with GNSS and PPY files, DDT data can be
further divided into two kinds based on the types of detector.
First, detectors marked as ID 7, 8 can obtain both electric
and magnetic data. The collected data include time, ID,
starting frequency, ending frequency, step size, filter band-
width, data type, direction, and the intensity of the electro-
magnetic field. The rest of two detectors (ID 9, 10) can
only collect one type of data (electric field intensity or mag-
netic field intensity), but their contents are similar, in which
each record includes time, ID, highest detecting frequency,
data type, step size, filter bandwidth, and intensity at three
directions (X/Y/Z).

The collected raw data should be further processed and
stored in the database. Thus, we develop a corresponding
program to finish this task. To be specific, GNSS data are
converted into shapefile (point data) and stored in MDB
(Microsoft Database); electromagnetic data are processed
separately, and the generated text files are stored in SQL
Server. Furthermore, to enrich the electromagnetic data with
positioning information and construct a unified electromag-
netic geographic database, we link two databases with refer-
ence to their collection time. Detailed procedures for data
collection and processing can be seen in Figure 2.

3. Construction of Electromagnetic Anomaly
Detection Method

The idea of electromagnetic radiation anomaly detection is
shown in Figure 3, and the specific steps can be explained
as follows: (1) construct electromagnetic frequency-
intensity curves of each sampling point, and remove noises
by accumulative curves and digital filters; (2) measure the
similarity of constructed curves by utilizing Fréchet distance;
and (3) conduct anomaly detections in both global and local
perspectives based on the similarity measuring results.

3.1. Construction and Processing of Location-Based
Frequency-Intensity Curve. VEEMS collects electromagnetic

(a) Exterior of the system (b) Interior of the system

Figure 1: The appearance of VEEMS.
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intensity data effectively at different frequency ranges. To
detect anomalous signals from these data, an effective ana-
lyzing method is needed. Thus, we integrate ideas from the
ground object spectrum [29] and construct the frequency-
intensity curve (Figure 4 as an example) to represent the
electromagnetic radiation condition at different sampling

points. Such a method lays a foundation for future anomaly
detection of the electromagnetic environment.

After constructing the frequency-intensity curve, we
have to recognize that the external environment as well as
data acquisition devices may produce noises to disturb elec-
tromagnetic signals; therefore, the generated curves should

Table 1: Parameters of different detectors.

Type Detector Frequency Data type Number of point Step size

DTT

ID 9 0~100 kHz Electric field 413 in X/Y/Z direction 242.72Hz

ID 10 0~100 kHz Magnetic field 413 in X/Y/Z direction 242.72Hz

ID 7, ID 8 100 kHz~200 kHz Electric & magnetic field 34 3030.30Hz

PPY
ID 4~6 200 kHz~10MHz

High-frequency electric field
461 21304.35Hz

ID 1~3 10MHz~2GHz1 461 4326086.96Hz
1Although the upper limit of this detector reaches 12 GHz, we set the limit to 2 GHz, since the actual radiation frequency in this region does not exceed this
value normally.

GNSS data

Shapefile
(point)

Electric
shapefile

Magnetic
shapefile

High-frequency
electric shapefile

High-frequency
electric file

Electromagnetic
data

PPY data DTT data

Associate with time

Given coordinates

Electric file Magnetic
file

mdb database GIS database
Associate with time

Sqlserver
database

Figure 2: Data collection and processing.
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remove burrs caused by these noises and ensure the accuracy
and reliability of the result. Therefore, we apply two methods
(accumulative curve and digital filter) to preprocess the data,
which can improve the Signal to Noise Ratio (SNR) and
smooth the frequency-intensity curves.

The frequency-intensity accumulative curve accumulates
electromagnetic intensity at different frequencies. It can
remove random noises as a filter and display the variation
trend intuitively. To be specific, the accumulative curve (S)
selects frequency (xi) as the horizontal axis and accumula-
tive intensity (yacci ) as the vertical axis, which can be pre-
sented as

S = < x1, yacc1ð Þ, x2, yacc2ð Þ,⋯, xi, yaccið Þ,⋯, xn, yaccnð Þ > : ð3Þ

The accumulative intensity (yacci ) is calculated by the
measured electromagnetic intensity (yi) as

yacci = 〠
N

i=1
yi: ð4Þ

Although the accumulative curve can remove some
noises effectively, it is not suitable for all frequency ranges.
Thus, a digital filter is needed in this study. We compare
the results of four common filters, which are Gaussian filter,
mean filter, median filter, and adaptive median filter. Since
there are multiple frequencies and limited space, we just
select one sampling point (ID 392) and the high-frequency
electric field (200 kHz~10MHz) as the example to show
the results. In particular, the window size of the Gaussian fil-

ter (the square deviation, σ, is set as 0.3), mean filter, and
median filter is 1 × 7, and the window size of adaptive
median filter varies from 1 × 3 to 1 × 7. The results can be
seen in Figure 5.

From Figure 5, the adaptive median filtering method
proves to be the most effective approach to remove noises
for some frequency ranges. It can reserve detailed character-
istics and adjust the filter window adaptively according to
the levels of noise pollution.

Eventually, the frequency-intensity accumulative curve is
used for the frequency range as 0~100 kHz, and the adaptive
median filtering method is applied for the rest of the three
frequency ranges.

4. Electromagnetic Radiation Anomaly
Detection Based on Curve
Similarity Measurement

4.1. Algorithm for Curve Similarity Measurement. After con-
structing frequency-intensity curves, the curve similarity of
different sampling points should be measured to identify
anomalous changes. According to the previous discussion,
we propose a measuring algorithm based on the discrete Fré-
chet distance [30]. To better understand the algorithm, we
will first briefly elaborate on how the discrete Fréchet dis-
tance is calculated as follows.

Suppose two curves, A and B, are consisting of multiple
discrete points as A = <a1, a2,⋯, am > ,B = <b1, b2,⋯, bn > ,
and these points can form a series of point sequences, that
is, W = fðAi, BiÞg ð1 ≤ i ≤ kÞ, which consists of k coupling
sequence as ðau1, bv1Þ, ðau2, bv2Þ,⋯, ðauk, bvkÞ, where u1 = 1
, v1 = 1, uk = n, vk =m. Thus, the discrete Fréchet distance
between curve A and B can be calculated by

dF A, Bð Þ =min max
a,bð Þ∈Ai×Bi

dist a, bð Þ: ð5Þ

Based on the discrete Fréchet distance, we propose the
corresponding algorithm, which can be explained as follows:

(1) Given two frequency-intensity curves A and B of m
and n discrete points, respectively, that is, A = <a1,
a2,⋯, am > ,B = <b1, b2,⋯, bn > , assuming m ≤ n

(2) Let curve A be the benchmark, and make Fréchet
alignment for curve B. Then, curve B is divided into
m arcs. Suppose k partitions meet the requirements
and can be defined as

Wj = Ai, Bið Þf g 1 ≤ i ≤m, 1 ≤ j ≤ kð Þ ð6Þ

(3) For each Wj = fðAi, BiÞg, calculate the largest dis-
tance from Ai to every point in Bi, that is, d = ∣ai −
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Figure 4: Frequency-intensity curves for the high-frequency
electric field (200K~10M).
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bj ∣ ð1 ≤ i ≤m, 1 ≤ j ≤ nÞ. Sort every d and get the
maximum value from all largest distances as

dWF A, Bð Þ =max
i

max
a,bð Þ∈Ai×Bi

dist a, bð Þ ð7Þ

(4) Find the smallest value from dWF ðA, BÞ as the optimal
result. This value is the discrete Fréchet distance
between curves A and B, which can be defined as

dF A, Bð Þ =min
w

dWF A, Bð Þ ð8Þ

4.2. Local Detection for Anomalous Changes in Electromagnetic
Geographic Environment.The above curve similarity measure-
ment based on discrete Fréchet distance can detect anomalous
changes in the electromagnetic geographic environment. To
study the electromagnetic variation more effectively and com-

prehensively, we adopt both local and global detecting
methods to analyze anomalous changes. The local detection
method first extracts previous and later surrounding points
of the current sampling point and thenmeasures the similarity
of frequency-intensity curves between these points. The basic
principle of this method is to explore anomalous changes
and their corresponding frequencies by comparing the simi-
larity and given threshold. The threshold can be calculated
by the following method.

Assuming the discrete Fréchet distance of the current
sampling point is dFi, and the discrete Fréchet distance of
surrounding points is dFj (n = 2, from dFi−n to dFi+n, except
dFi), then the threshold εi is the average value of dFj, which
can be defined as

εi =
∑i−1

j=i−ndFj

n
i ≥ 4ð Þ: ð9Þ

If dFi > εi, the corresponding sampling point is judged as
an anomalous point where unusual changes occurred in this
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place; otherwise, it is a normal point where the electromag-
netic data changes within a normal range.

4.3. Global Detection for Anomalous Changes in Electromagnetic
Geographic Environment. The local anomaly detection method
can monitor the electromagnetic condition in real time, but it
is hard to make overall analyses of the geographic environment.
Therefore, a global detection method is proposed to find all
anomalous points in the study area. The search process is sim-
ilar to local detection, which should find adjacent points of all
sampling points firstly and then calculate the curve similarity
between each point and its neighboring points. The global
detection method can figure out the frequency and location of
all anomalous points.

To find all spatial adjacent points of each sampling
point, multiple characteristics are first considered in this

research, such as the vehicle trajectory, traffic rules (straight,
left turn, right turn, etc.), and structure of road network (T
intersection, crossroad, etc.). Based on that, we build the
spatial index by the K-dimensional (KD) tree algorithm
[31], which regards the positioning data (longitude and lati-
tude) as two-dimensional data (x, y) and queries the neigh-
boring points of each sampling point under different
spatial distribution patterns. After establishing the KD tree
index, adjacent points can be found quickly by setting the
corresponding search radius. Moreover, it is also necessary
to clarify the relevant anomaly threshold. As such, we adopt
the randperm function in Matlab to change the numbering
of all sampling points and select 150 points randomly. After-
wards, adjacent points of these random points are searched
by the constructed KD tree index, and their similarities of
the frequency-intensity curve at each frequency band are

Table 2: Threshold of each frequency band.

Frequency (Hz)
Electric field Magnetic field High-frequency electric field

0~100K 100K~200K 0~100K 100K~200K 200K~10M 10M-2G

Threshold (εmax) 0.9880 3.2313 0.1994 0.1261 9.3791 6.6981

Table 3: Discrete Fréchet distances of ID 393 and its adjacent points.

Frequency (Hz)
Electric field Magnetic field High-frequency electric field

0~100K 100K~200K 0~100K 100K~200K 200K~10M 10M-2G

ID 390 7.3011 4.6118 3.2395 0.0381 9.3435 5.1323

ID 391 8.5636 3.4322 2.3834 0.0311 7.0051 5.0479

ID 392 2.4011 5.5605 2.3831 0.0928 8.2681 4.5961

ID393 2.6312 4.3504 0.4783 0.0238 7.4138 5.5456

Table 4: Threshold of ID 393.

Frequency (Hz)
Electric field Magnetic field High-frequency electric field

0~100K 100K~200K 0~100K 100K~200K 200K~10M 10M~2G
ε393 6.0886 4.5349 2.6687 0.0540 8.2055 4.9254

Figure 6: Local anomaly detection of ID 393.
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calculated by discrete Fréchet distance. For each frequency
band, we calculate the maximum curve similarity between
each selected point and its adjacent points by

dFi =max Dist ai, bj
� �� �

, bj ∈ Bi, ð10Þ

where ai represents the sample points, Bi is the adjacent point set
of this sample point, Dist ðÞ is a function used to calculate the
discrete Fréchet distance, and dFi is the largest value of curve
similarity between each sample point and its adjacent points.

After the training and learning of the randomly selected
points, we accumulate all dFi and calculate their average
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Land cover
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Figure 7: Spatial distribution pattern of anomalous points in each frequency: (a) electric field (0~100K); (b) electric field (100K~200K); (c)
magnetic field (0~100K); (d) magnetic field (100K~200K); (e) high-frequency electric field (200K~10M); (f) high-frequency electric field
(10M~2G).
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value as the thresholds εmax for each frequency range. It can
be expressed as Equation (11), and the results are listed in
Table 2:

εmax =
∑N

i=1dFi

N
, ð11Þ

where N represents the number of sampling points which
are selected randomly.

5. Anomaly Detection and Analysis for
Electromagnetic Environment

5.1. Local Anomaly Detection and Analysis. To realize the
autoanomaly detection of electromagnetic environment, we
integrate the above methods and develop a detecting system
by C# language on Visual Studio 2010. This system adopts
object-oriented technique and secondary development of
GIS (Geographic Information System) and can provide var-
ious functions, such as data management, basic map opera-
tions, data processing, data query, and change detection.
Among these, the change detection module supports the
detection from both local and global perspectives. Taking
the sampling point (ID 393) as an example, the discrete Fré-
chet distances between these points and its three adjacent
sampling points are listed in Table 3.

Moreover, the threshold of ID 393 for anomaly detection
is calculated by Equation (9) with these three neighboring
points, which can be seen in Table 4.

For ID 393, we compare its similarity of frequency-
intensity curves and ε393. The results show that when
VEEMS approaches ID 393, the similarity exceeds the given
threshold only at the frequency band of 10M~20G for the
high-frequency electric field, which indicates that ID 393
has a relative drastic anomalous change at this band com-
pared with its neighboring points. With the application of
this method, VEEMS can find changing electromagnetic
phenomena and detect the corresponding frequency band
in time (Figure 6). Moreover, after the consideration of the
surrounding environment, it is possible for users to specu-
late the cause of anomalous changes.

5.2. Global Anomaly Detection and Analysis. According to
the global anomaly detection proposed above, we detect in
the entire area and explore anomalous signals from all sam-
pling points. To reduce errors generated by VEEMS, we
repeat the experiment twice in a round trip and figure out
the spatial distribution pattern of anomalous points
(Figure 7), and the number of anomalous points is listed in
Table 5.

According to Table 5, numbers of anomalous points are
relatively small for the frequency of 0-100 kHz of both elec-

tric and magnetic fields, but larger in the middle-high fre-
quencies. Moreover, most anomalous points are mainly
distributed in densely built-up areas, which can be seen in
Figure 7. It can be explained that since a large number of res-
idents live in this area, more household appliances (e.g., hair
dryers, microwave ovens, TVs, and refrigerators), electronic
devices (e.g., mobile phones and computers), and broadcast
communication base stations are used in their daily life.
These devices can produce electromagnetic waves to inter-
fere local environment and lead to anomalous changes.
Additionally, the anomalous points also appear in arterial
roads or intersections constantly. Due to the large traffic in
these areas, electromagnetic waves radiated by vehicles
may easily cause changes in the surrounding environment.

The anomalous points of different frequency bands are
also different. For the frequencies of 0-100 kHz and
100 kHz-200 kHz, the number of anomalies in the magnetic
field is larger than the same frequency in the electric field.
However, their spatial distribution patterns are generally
consistent (Figures 7(a)–7(d)). According to the classifica-
tion standard of electromagnetic radiation frequency, only
a few sources generate radiation within the frequency of
0~100 kHz, and most of these sources are not located in
the daily residential area. Thus, points at this frequency are
fewer and scattered in the research area. Furthermore,
anomalous points within frequencies of 0-100 kHz,
100 kHz-200 kHz, and 10MHz~2GHz are not only distrib-
uted near buildings but also spread throughout public facil-
ities, such as communication sites, high voltage transmission
lines, and subway lines continuously. To be specific, radia-
tion sources within the frequency of 100 kHz~200 kHz are
some pervasive facilities like underground pipelines and
wireless communication systems. However, more radiation
sources are concentrated in the high-frequency range of
200 kHz~2GHz (especially in 200 kHz~10MHz for the
most), such as subway trains (2MHz~26MHz), mobile
communication base stations (150MHz~1800MHz), and
high-voltage power systems (3MHz~30MHz). These basic
public infrastructures can affect a large area, so various elec-
tromagnetic anomalous changes can be detected within this
high frequency in the geographic environment.

6. Conclusions

Electromagnetic radiation fields have important impacts on
human health. With the rapid development of modern elec-
tricity, media, and communication technology, most people
live in the electromagnetic radiation environment of differ-
ent frequencies and intensities. Therefore, monitoring and
evaluating the electromagnetic environment are essential
preconditions for further environmental protection and con-
trol. In order to detect the abnormalities and reveal hidden

Table 5: Number of anomalous points in each frequency.

Frequency (Hz)
Electric field Magnetic field High-frequency electric field

0~100K 100K~200K 0~100K 100K~200K 200K~10M 10M-2G

Number of points 340 484 354 513 631 478
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sources of electromagnetic radiation, this research first
developed a vehicle-mounted electromagnetic environment
monitoring system to make up the shortcomings of tradi-
tional detection schemes. Such system can collect electro-
magnetic data of full frequency as well as the positioning
data quickly and provide a reliable data source for subse-
quent anomalous detection of electromagnetic radiation.

After obtaining the above data, this paper integrates
ideas from the concept of ground object spectrum and gen-
erates the electromagnetic frequency-intensity curve to
reflect the variation of electromagnetic intensity of different
frequencies in the study area. In addition, according to the
characteristics of frequency-intensity curves of different fre-
quencies, several preprocessing methods, such as accumula-
tive curve and digital filtering, are used to improve the
authenticity and stability of data.

To analyze the constructed electromagnetic frequency-
intensity curve, a similarity measurement based on discrete Fré-
chet distance is proposed tomeasure the curve similarity of spa-
tial adjacent sampling points. The results are used to detect
anomalous changes in the electromagnetic geographic environ-
ment from both local and global perspectives. On this basis, var-
ious research methods (e.g., object-oriented and GIS secondary
development) are integrated to develop an anomaly detection
and analysis system. This system has many functional modules,
such as data preprocessing, data management and mainte-
nance, attribute query, basic map operations, and electromag-
netic change detection. Therefore, it can effectively diagnose
and analyze anomalous changes of electromagnetic radiation
of full frequencies in different geographical environments.

To sum up, this study is significant to master the condi-
tions of electromagnetic environment, which regards the
electromagnetic environment as an important geographic
feature. It can enrich the connotation of traditional virtual
geographic environment and improve the scientific manage-
ment level of electromagnetic geographic environment.
Although this research has made certain achievements, sev-
eral areas still need to be explored in the future. First, the
electromagnetic frequency-intensity curve constructed in
this study expresses a relatively wide frequency range; it
can speculate the type of radiation source according to the
classification standard of electromagnetic radiation fre-
quency and its surrounding environment, but hard to iden-
tify the exact source and location which leads to such
anomalous changes. To fill this gap, further researches can
refine the frequency range by considering frequencies of
some important radiation sources. Additionally, electromag-
netic radiation sources are growing rapidly, while different
sources may have different propagation and attenuation laws
of electromagnetic radiation. Based on these laws, subse-
quent researches can conduct physical inversion to verify
the speculative location of anomalous radiation sources,
which is significant to improve the detection accuracy.

Data Availability

Both electric and magnetic field data after preprocessing can
be downloaded at the following link: https://pan.baidu.com/
s/12DRBIOeptZsqYCQpSInmsA, with the password wf2v.
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