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Abstract

The radio frequency spectrum is a medium that connects landing, sea, air, space, and cyberspace.
It is related to national interests and national security. The right to use it is the “front and center
of competition among major powers”. This article first briefly introduces the current research
status of radio supervision at home and abroad, then discusses radio monitoring technology, and
finally introduces Yunnan University’s work in the field of border radio monitoring and the de-
velopment trend of radio monitoring technology.
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Joint Electromagnetic
Spectrum Operations

Figure 1. Covers of “Joint Electromagnetic Spectrum Operations” and “Electromagnetic Spectrum Advantage Strategy”
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Figure 2. Topological diagram of radio monitoring system in China’s Class | cities [13]
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Figure 3. A cloud-based spectrum monitoring method [16]
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Figure 4. The overall architecture of China’s integrated radio management platform [20]
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Figure 5. Demonstration system architecture [5]
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Figure 6. Border radio monitoring system architecture
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Figure 7. Application software (APP) for interference coordination between base station and satellite earth station
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FM radio monitoring system based on artificial intelligence
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Figure 12. Radio monitoring station of Yunnan University
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Figure 13. Architecture of proposed model
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Figure 14. Spectrum images with pulse interference and residual distribution
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Figure 16. Time domain and frequency domain waveforms of 5 kinds of mobile communication signals. (a) LTE downlink
signal; (b) 1xEV-DO downlink signal; (c) WCDMA downlink signal; (d) CDMAZ2000 downlink signal; (¢) GSM downlink
signal
] 16. 5 MBANBIEESHFHEASUIER . (2) LTE T1TIES, (b) IXEV-DO FT{ES, ()WCDMA TTES, (d)
CDMA2000 TITIES, (6) GSM TITIES

huills

DOI: 10.12677/hjwc.2021.113008 72 ToLkime


https://doi.org/10.12677/hjwc.2021.113008

MR -

EXN DRE &8F ONY

WmER : 1000
BRER: p [

Al 100 % ] mean

Figure 17. TDOA direction finding and signal processing
[E 17. TDOA M=) R 55 4038

@) (HRNRE) (SHHLE)

) D & EXD

Displaying 28 nodes, 31 relationships.

Figure 18. 6 sub-scene correlation diagrams of the experimental system
[E 18. LI F% 6 N FIHRXKE

ZiEpTd, REHRMEMBARK KRR T ANTIN, S5 RMTP B3 o2 Fi I ] 255 0 An it 1
SR G (1 T L R U R0 2% U =N B, R ST AR RE S 1 B A M A R AR PR SR B N 3

5. &ig

RS A& “ KESEFRIATI ARG, ZF RN “ERZ 7 BB, JoLk A i
WIE TORE 4k S i 55 B RS AT R R R, BT KA AR S, R JREE T3 — RN TR RERE
2 I I, R H AT o2k F I R G DA B TC A R AT A A L MR LR R A AR e
PEBOAR R, ARFEH T BUF AR S ALk, D 5300 85 r i 2 ) 22 s R AC 26 FL I 22 84 1] ER A JE otk =
FT S BORAEES:, [RIN, ONZERE B 15 TRE SR BLNRE B »

jallls

DOI: 10.12677/hjwc.2021.113008 73 ToLkime


https://doi.org/10.12677/hjwc.2021.113008

W E

E&WmE

E % 3 2R F 56 4:(61963037, 61863035).

&5k

(1]

[2]
(3]
(4]
(5]

(6]
(7]
(8]

[°]
[10]

[11]

[12]
[13]
[14]
[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]

[26]
[27]

Underwood, E. (2018) Managing Radio Traffic Jams with The Cloud. Eos, 99.
https://eos.org/research-spotlights/managing-radio-traffic-jams-with-the-cloud

WgH. FELLEEEMEMBSL L) []. P EJEL A, 2002(11): 17-20.
M. EEICL MR (T R) [0, HEJGZHE, 2002(12): 18-21.
Az, BT, B, XIEE, wE PUREES5HENIM] 8 2 R Jbat Tl i, 2017.

Lu, Q.N., Yang, J.J., Jin, Z.Y., Chen, D.Z. and Huang, M. (2017) State of the Art and Challenges of Radio Spectrum
Monitoring in China. Radio Science, 52, 1261-1267. https://doi.org/10.1002/2017RS006409

EREE. AU B s R A R AR A R R SRR [T]. BB RHE, 2020, 41(6): 68-76.
Pre S B . [E PR FELE B (ITU) 1/ [EB/OL]. https://www.itu.int/zh/about/Pages/default.aspx

Union of Concerned Scientists (2021) UCS Satellite Database.
https://www.ucsusa.org/resources/satellite-database

R fE, B, FAREFE IR S T[] ALRTIE B K5 23R, 2020, 43(5): 1-8

ifﬁﬁfﬁh%ﬁ, Fetn, HFERE. FE BB KRR R R0 R E B REERE A B AR, 2020, 15(8):
TFFIR. B [E SR RS ) 22 A A R A FELRG 2 ) 22 4 [E) FROR el —— BR B R RS I %2 4], R EME B%
4x,2020(12): 24-28.

Mrmd, bk, TE% EETETEMNZERNHBS K HLEm 0. CWitSe, 2021(2): 82-87.

EFRTL AT, BRTCLEETR A AR %5 S5 L[Z]. 2010: 9.

X, B, BRE . HIRTCS i M A R AR B bRk fk TAEBDIR[I]. Heid st 5, 2018(5): 1-4.

Midhim, B, SR, GBI EO0L A FROR B R AR TR A IM]. R =R RS H AR, 2015,

Cooklev, T., Darabi, J., Mcintosh, C. and Mosaheb, M. (2015) A Cloud-Based Approach to Spectrum Monitoring. IEEE
Instrumentation and Measurement Magazine, 18, 33-37. https://doi.org/10.1109/M1M.2015.7066682

Rajendran, S., Calvo-Palomino, R., Fuchs, M., Van den Bergh, B., Cordobes, H., Giustiniano, D., et al. (2018) Electro-
sense: Open and Big Spectrum Data. IEEE Communications Magazine, 56, 210-217.
https://doi.org/10.1109/MCOM.2017.1700200

Zheng, S.L., Chen, S.C., Yang, L.F., Zhu, J., Luo, Z., Hu, J., et al. (2018) Big Data Processing Architecture for Radio Signals
Empowered by Deep Learning: Concept, Experiment, Applications and Challenges. IEEE Access, 6, 55907-55922.
https://doi.org/10.1109/ACCESS.2018.2872769

Lin, Y.C. and Shih, Z.S. (2018) Design and Simulation of a Radio Spectrum Monitoring System with a Software-De-
fined Network. Computers and Electrical Engineering, 68, 271-285.
https://doi.org/10.1016/j.compeleceng.2018.03.043

Tk A5 B 463, YDT 3699-2020. JC£k FE 3 B — R4 P & 1R R 4840 K % AT [S]. db s Tl A5 B ALE,
2020.

Calvo-Palomino, R., Cordobés, H., Engel, M., Fuchs, M., Jain, P., Liechti, M., et al. (2020) Electrosense+: Crowdsourcing
Radio Spectrum Decoding Using loT Receivers. Computer Networks, 174, Article ID: 107231.
https://doi.org/10.1016/j.comnet.2020.107231

WG, BEM, Bdm. MM A IR E RS A M]. B = ks A, 2018.
S0, BUNE R FRERNE, HEshAEToek s it i [J0]. hE LR, 2016(1): 87.
DR LS, TSI BN T EME AL HETLH, 2019(7): 72-73.

Huang, M., Yang, D.R., Zhu, D., Yang, M.X. and Yang, J.J. (2020) FM Broadcast Monitoring Using Artificial Intelli-
gence. Radio Science, 55, Article ID: e2019RS006885. https://doi.org/10.1029/2019RS006885

DH RN H I, BN AL AR S ETEZ R, 2019(2).
TR RF LA FT LI =, FT AR R Mizs o4 H I 248 CARM[J]. R IE TE2R e, 2019(3): 75-76.

DOI: 10.12677/hjwc.2021.113008 74 Te Lk mAE


https://doi.org/10.12677/hjwc.2021.113008
https://eos.org/research-spotlights/managing-radio-traffic-jams-with-the-cloud
https://doi.org/10.1002/2017RS006409
https://www.itu.int/zh/about/Pages/default.aspx
https://www.ucsusa.org/resources/satellite-database
https://doi.org/10.1109/MIM.2015.7066682
https://doi.org/10.1109/MCOM.2017.1700200
https://doi.org/10.1109/ACCESS.2018.2872769
https://doi.org/10.1016/j.compeleceng.2018.03.043
https://doi.org/10.1016/j.comnet.2020.107231
https://doi.org/10.1029/2019RS006885

W E

[28]
[29]

[30]

[31]
(32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

KW EF IO B O 2 Pl 4R R b o B A T e i B O R [J]. A T 2k H, 2019(4): 2-3.

Lu, Q.N., Li, C.X., Yang, J.J,, Li, P., Huang, M. and Li, L. (2020) Radio Regulatory Knowledge Graph Framework and
Its Application. Proceedings of the 2020 3rd International Conference on Electronics and Communication Engineering,
Xi’An, 14-16 December 2020, 61-65. https://doi.org/10.1109/ICECE51594.2020.9353042

Li, C.X,, Lu, Q.N., Yang, J.J. and Huang M. (2021) Construction of Radio Transmission Equipment Type Approval
Knowledge Graph and Its Application. 2021 IEEE 2nd International Conference on Big Data, Artificial Intelligence
and Internet of Things Engineering, Nanchang, 26-28 March 2021, 956-961.
https://doi.org/10.1109/ICBAIE52039.2021.9389933

B, FIRRB) Ao B BRSO BE BOR I FE[D): [ 200 ). B =@ R%E, 2021: 5
Yucek, T. and Arslan, H. (2009) A Survey of Spectrum Sensing Algorithms for Cognitive Radio Applications. IEEE Com-
munications Surveys & Tutorials, 11, 116-130. https://doi.org/10.1109/SURV.2009.090109

Liu, X., Sun, C., Zhou, M., Wu, C., Peng, B. and Li, P. (2021) Reinforcement Learning-Based Multislot Double-
Threshold Spectrum Sensing With Bayesian Fusion for Industrial Big Spectrum Data. IEEE Transactions on Industrial
Informatics, 17, 3391-3400. https://doi.org/10.1109/T11.2020.2987421

S, B, FKOTA, SKAR. JEEREE R AR UMK 2 AR & 22 0TR[], IE{E 4R, 2021, 42(2): 103-112.
Guo, S., Akhtar, S. and Mella, A. (2021) A Method for Radar Model Identification using Time-Domain Transient Signals.
IEEE Transactions on Aerospace and Electronic Systems. https://doi.org/10.1109/TAES.2021.3074129

KIS, BIE, BRRE, Mdidh, BEE. —MEET CNN TGZRE a8 SORMITE[I]. MR 22%4R, 2020, 35(3):
350-357

Zhou, X., Xiong, J., Zhang, X., Liu, X. and Wei, J. (2021) A Radio Anomaly Detection Algorithm Based on Modified
Generative Adversarial Network. IEEE Wireless Communications Letters.

https://doi.org/10.1109/L WC.2021.3074135

Zhang, L., Huang, C.X., Tang, H., Yang, J.J. and Huang, M. (2020) DTV Radio Spectrum Anomaly Detection Based on
an Improved GAN. 2020 33rd General Assembly and Scientific Symposium of the International Union of Radio Science,
Rome, 29 August-5 September 2020, 1-4. https://doi.org/10.23919/URSIGASS49373.2020.9232396

Zhang, H.Z., Huang, M., Yang, J.J. and Sun, W. (2021) A Data Preprocessing Method for Automatic Modulation Clas-
sification Based on CNN. IEEE Communications Letters, 25, 1206-1210.

https://doi.org/10.1109/L COMM.2020.3044755

WRENSE, mae ¥, Modndh, 84 WIF 5 563 50k AP Efrmt i [J]. JELiEf5, 2021, 11(2): 26-35.
https://doi.org/10.12677/HIWC.2021.112004

DOI: 10.12677/hjwc.2021.113008 75 ToLimAE


https://doi.org/10.12677/hjwc.2021.113008
https://doi.org/10.1109/ICECE51594.2020.9353042
https://doi.org/10.1109/ICBAIE52039.2021.9389933
https://doi.org/10.1109/SURV.2009.090109
https://doi.org/10.1109/TII.2020.2987421
https://doi.org/10.1109/TAES.2021.3074129
https://doi.org/10.1109/LWC.2021.3074135
https://doi.org/10.23919/URSIGASS49373.2020.9232396
https://doi.org/10.1109/LCOMM.2020.3044755
https://doi.org/10.12677/HJWC.2021.112004

	无线电监测研究现状与展望
	摘  要
	关键词
	State of the Art and Prospects of Radio Monitoring
	Abstract
	Keywords
	1. 引言
	2. 无线电监测
	3. 边境无线电监测
	4. 无线电监测技术的发展趋势
	5. 结论
	基金项目
	参考文献

