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Abstract — Improving coverage has been one of
the main objectives of radio monitoring network
construction, and radio monitoring coverage assessment
has become a matter of concern. This article uses a
graph model to associate nighttime light remote sensing
(NTL-RS) data of a particular area with the corre-
sponding spatial field strength (SFS) data obtained from
an elastic wave propagation simulation. The geographic
coverage and population coverage of the radio moni-
toring station are characterized through adjacency
matrix calculation. Taking Wuhua District, Kunming,
Yunnan Province, as an example, two radio services are
available. Results showed that the geographic coverage
of digital TV and FM radio was 21.06% and 27.96%,
respectively, while the respective population coverage
was 48.1% and 57.5%. When considering the light
intensity weight, the weighted population coverage was
92.9% and 94.3%. The method proposed in this article
is vital for the scientific assessment of radio monitoring
coverage.

1. Introduction

Coverage prediction is essential for wireless
network planning by operators and a basic requirement
for offering users high-quality services [1]. It is also
crucial in the construction of radio monitoring net-
works. One of China’s main objectives in building its
radio monitoring network since the “12th Five-Year
Plan” has been to improve radio monitoring coverage,
and this trend persisted to the “14th Five-Year Plan”
[2]. According to the requirements of the Ministry of
Industry and Information Technology [3], China has
conducted radio monitoring coverage assessment from
various dimensions, including spatial coverage, geo-
graphic coverage, site coverage, and time and frequency
domain coverage capabilities. Numerous industry
experts and scholars have conducted computational
simulations based on this specification. For instance, [4]
proposed a geographic coverage assessment scheme for
VHF and UHF fixed monitoring stations by calculating
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the geographic coverage of several specific radio
services provided by fixed monitoring stations. Others
proposed a geographic coverage evaluation method for
fixed monitoring stations in land border areas for the
topography of border areas and the characteristics of
frontier radio work [5]. Researchers compared and
analyzed the differences in the geographic coverage of
radio monitoring (GCRM) in Yunnan and Henan
Provinces and found that the topography is a key factor
in determining the geographic coverage of the two
provinces [6]. In [7], an evaluation scheme was
proposed for the coverage area of VHF and UHF fixed
monitoring stations. However, the relentless pursuit of
high geographic coverage can result in a waste of radio
monitoring resources. Radio monitoring should first
consider covering the population aggregation area, i.e.,
the primary goal should be to improve population
coverage of radio monitoring (PCRM). Because night-
time light remote sensing (NTL-RS) data are important
data that reflect the degree of population aggregation
and intensity of human activities [8—11], this article
combines NTL-RS data with spatial field strength (SFS)
data simulated by ICS telecom (EV 15.6.2) and
proposes a monitoring coverage assessment method
based on a graph model, which has practical signifi-
cance for planning and designing radio monitoring
networks. To the best of our knowledge, the existing
methods mainly focus on geographic coverage [12, 13],
and there is no report on the population coverage of
radio services.

The rest of this article is organized as follows. We
describe the SFS data set generated by simulation in the
Section 2. Section 3 introduces the NTL-RS data set and
its preprocessing. The radio monitoring coverage graph
model proposed to correlate the SFS data set and the
NTL-RS data set is illustrated in Section 4. The
calculation of geographic coverage and population
coverage is illustrated in Section 5. Results and a
discussion are given in Section 6. Finally, conclusions
are drawn in Section 7.

2. Spatial Field Strength Data Set

The SFS data sets for FM radio (100 MHz) and
digital TV (700 MHz) were obtained using electro-
magnetic wave propagation simulations in ICS Tele-
com software [14]. Simulation parameters are shown
in Tables 1 and 2, with case A representing the
national standard simulation condition [3]. The simu-
lation radius is set to 50 km. The station site is the
Huizhou building of Yunnan University, and the
propagation model is ITU-R P.1546. Figure 1 shows
the FM radio coverage maps obtained under different



Table 1. Simulation parameters of SFS data of FM radio

Transmitting Antenna Feeder

Geographic power height loss
FM radio coordinates (dBW) (m) (dB)
Case A 25.054076, 102.703556 50 70 0
Case B 25.054076, 102.703556 40 70 0
Case C  25.054076, 102.703556 50 35 0
Case D 25.054076, 102.703556 50 70 5

conditions, and the digital TV coverage map is
displayed in Figure 2.

3. NTL-RS Data Set

NTL-RS data originated from the Defense Mete-
orological Satellite Program (DMSP) 30 years ago. The
spatial resolution was initially 2700 m [15], which was
increased to 740 m 10 years later with the launch of the
Suomi National Polar-Orbiting Partnership (NPP) [16].
In recent years, China has made a breakthrough in
remote sensing technology, and the spatial resolution of
the Luojia-101 developed by Wuhan University reached
130 m. Recently, researchers in [17] used a crewless
aircraft as the remote sensing platform and a portable
camera device as the sensor to obtain a set of voluntary
passenger aircraft night remote sensing (VPAN-RS)
images with a spatial resolution of less than 15 m. As
a result of the NTL-RS data’s increasing spatial
resolution, studies in various monitoring fields have
moved to smaller scales with improved accuracy. Table 3
shows the current significant global NTL-RS data and the
main parameters [18].

The NTL-RS data chosen for this study are the
NPP Visible Infrared Imaging Radiometer Suite (NPP-
VIIRS) 2020 annual average data. The spatial resolution
of the NPP-VIIRS annual synthetic data is roughly 500
m. Solar radiation, lunar radiation, and transient light
sources such as fire, aurora, and explosion [19] are
removed from the annual average data processed by the
system, and the noise value of the annual average data is
minimized. The NPP-VIIRS data source is a global-
scale image map. It must use ArcGIS software to cut the
administrative area vector map of the target research
area as a mask to produce the night light image map of
the study area. The necessary georeferencing, projection
conversion, and resampling through the nearest neigh-
bor method are performed to obtain a nighttime light
image with a standard 500 m spatial resolution. The
preprocessed NTL-RS and SFS data were correlated
using a graph model, and the GCRM and PCRM were
determined by calculating the adjacency matrix.

Table 2. Simulation parameters of SFS data of digital TV

Geographic ~ Transmitting Antenna Feeder
Digital TV~ coordinates  power (dIBW) height (m) loss (dB)
Case A 25.054076, 40 70 0
102.703556
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Figure 1. FM radio coverage map under different conditions.

4. Graph Model and Adjacency Matrix

The proposed radio monitoring coverage graph
model based on NTL-RS and SFS data is represented by
a three-layer structure:

¢ = (V' E' X") (1)

Here, G' denotes the graph model at time ¢, where
t is the time when the NTL-RS data are selected, V' is
the node set, N = |V| is the total number of nodes,
including light nodes u and SFS nodes v, E is the edge
set, M = |E| is the total number of edges, X* is used to
denote the node attribute features, edge attribute
features, and adjacency matrix 4. The graph model
denoted by (1) is shown in Figure 3. The SFS nodes v
are divided into radio monitoring SFS nodes vj, radio
service nodes Vi, and frequency band nodes vj;, so
there is a containment relationship between them, i.e.,
Vi C Vi, vip C vi. Accordingly, the light nodes u can be
divided into nighttime light data u{, nighttime light node
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Figure 2. Digital TV coverage map.
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Table 4. Assessment result of FM radio monitoring coverage

Table 3. NTL-RS data and the main characteristic parameters®
Spatial Operational
Observation platform resolution years
DMSP Operational Linescan 2700 m 1992 to 2013
System
NPP-VIIRS 740 m 2013 to present
SAC-C HSC 200 m to 300 m 2001 to present
SAC-D HSC 200 m 2013 to present
International Space Station 30 m to 50 m 2000 to present
Loujia-101 130 m 2018 to 2019
VPAN-RS <I5m 2021

* SAC: Scientific Applications Satellite; HSC: high sensitivity camera.

corresponding to radio service coverage uf, and the
nighttime light node corresponding to a certain radio
frequency band ufy, uf;, C uf},vj; C uj.

In radio broadcasting and communication appli-
cations, the SFS can only be perceived by users when it
exceeds a certain threshold E,,;,. Therefore, in addition
to the same geographic location, the frequency band
node v; and the corresponding light node u;;; must
satisfy the requirement that the space field strength
exceeds Enin, and its value is determined by the node
attribute characteristics and edge attribute characteris-
tics. The adjacency matrix 4,, is expressed as

€11 oo Cm
Aw=| 1 T 2)
€nl cc dpm

where [1,2,...i...,n] and [1,2, ..,j..., m] correspond to the
geographic coordinates of the frequency band nodes vy
and the light nodes u;, respectively. In the adjacency
matrix A,,ej; = 1,1 =j,E > Ey;, indicates that the
geographic coordinates of the frequency band node
v and the light node uyy;; are the same, and the SFS
exceeds the threshold E.;,, so there is an adjacency
between them. Also, e; = 0,i =j, E < Ey;, indicates
that the geographic coordinates of the frequency band
node vi; and the light node wuyy; are the same, but the
SFS is less than the threshold E,,, so there is no
adjacency between them. Moreover, e; = 0,i # j indi-
cates that there is no adjacency between the frequency
band nodes v; and the light nodes u,; with different
geographic coordinates.

Only the adjacency between lighting nodes and
SFS nodes is considered in the definition of the
adjacency matrix. The influence of node weights on
the adjacency matrix is not taken into account. To more
accurately characterize PCRM, this article defines the
adjacency matrix with weights as follows:

€11wi E1mWim
Ay = : : 3)

€nlWni AnmWnm

where w; is the weight of e;, characterized by the
coupling coordination between the NTL u; and the SFS
node v;, calculated using the coupling coordination

FMradio NLC (%) GCRM (%) PCRM (%) WPCRM (%)
Case A 58.8 27.96 57.5 94.3
Case B 58.8 17.91 44.6 91.9
Case C 58.8 22.90 49.8 93.1
Case D 58.8 23.00 51.0 93.3

NLC: Night Light Coverage

model proposed in [20]. Assuming max(u;, v;) = u;, Wy
are calculated as follows:

wy = /[ = (= )] X (/) 4)

5. Definition and Calculation of Radio
Monitoring Coverage

The radio monitoring coverage in this article is
defined and calculated as follows. The nighttime light
coverage is first computed as R; = N; + Ny, where N, is
the number of lighting nodes with light value greater
than 0 in the target study area and /V;, is the total number
of lighting nodes. The GCRM is then computed as
R, = N, +— N, where N, is the number of SFS nodes
with value greater than or equal to 48 dBuv/m and Ny is
the number of all SFS nodes. The PCRM is computed
afterwards as R, = N,.; + N;, where N,.; is the number
of light nodes with light value greater than 0 and SFS
nodes with value greater than or equal to 48 dBuv/m
with the same latitude and longitude. The weighted
PCRM (WPCRM) is calculated as R, = V;=+ V7,
where V; is the total value of light nodes in the target
study area and V; is the total value of light nodes in the
same geographic location of the SFS nodes with a value
greater than or equal to 48 dB (millivolt per meter) for
FM radio and 54.1 dB (millivolt per meter) for digital
TV.

6. Results and Discussion

The target study area for this work is the Wuhua
District in Kunming, Yunnan Province. The SFS data of
FM radio and digital TV are simulated under various
transmitting parameters and combined with NTL-RS
data to evaluate the radio monitoring coverage. The
statistical results are shown in Tables 4 and 5, and the
values of the adjacency matrix are represented as points
on the map shown in Figure 4, where Figures 4a—4d
correspond to the simulation condition of Figures la—
1d, respectively.

The previous results show that the FM radio’s
WPCRM in Wuhua District, Kunming, is 94.3% under
the national standard simulation conditions. Reducing

Table 5. Assessment result of digital TV monitoring coverage

Digital TV NLC (%)

GCRM (%) PCRM (%) WPCRM (%)

Case A 58.8 27.96 57.5 94.3

NLC: Night Light Coverage



Figure 3. Graph model of wireless monitoring coverage.

transmit power, reducing antenna height, or increasing
feeder loss decrease GCRM to varying degrees but have
little impact on PCRM. According to Table 4, the
GCRM of FM radio increases by 56.11% when the
transmitting power goes from 1 kW to 10 kW, while the
WPCRM only increases by 2.61%. When the height of
the transmitting antenna is adjusted from 35 m to 70 m,
GCRM increased by 22.01%, while WPCRM only
increased by 1.29%. Also, when the path loss is reduced
by 5 dB, GCRM of the FM radio increased by 21.57%,
while WPCRM only increased by 1.07%. The same
conclusion can be drawn for digital television. It is
evident from the previously mentioned results that for
plateau and mountainous areas, such as Yunnan
Province, the performance of the monitoring station
can be improved to increase GCRM of the radio
monitoring station, but this has negligible impact on
improving the PCRM.

7. Conclusion

The geographic coverage and population coverage
of TV and FM radio in the Wuhua District of Kunming
is studied based on the combination of NTL-RS data
and SFS data. The results demonstrate that although
enhancing the performance of radio monitoring stations
for mountainous areas can significantly improve
GCRM, it has little impact on PCRM. Therefore, the
key to enhancing PCRM is to increase the number of
spectrum sensing nodes or class IV radio monitoring
stations. Compared with previous studies, the work
presented in this article has the following advantages: 1)
the combination of NTL-RS data and SFS data provides
a new approach for the coverage capability assessment
of radio monitoring stations from the perspective of
population coverage; and 2) a graph model for complex
data correlation is established, while the research
methodology is universal and can be extended to other
fields.
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