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Abstract - The exponential growth of wireless devices has significantly created a challenge to spectrum regulators. As a key 
piece of the wireless economy infrastructure, spectrum needs to be well-managed and able to transmit data without 
interference, It has been well known in any situations. Spectrum monitoring therefore is one of the critical operation for 
supporting spectrum management efficiency. To monitor the spectrum, information such as frequency and location are 
acquired and used to detect any unauthorized or illegal activities. Moreover, spectrum monitoring has also used to allocate 
and assign frequency bands, resolve the problems caused by interference and enforce the compliance with regulations and 
conditions of authorization. In case of radio frequency, the robustness of signals can be harmful the operation of monitoring 
stations as well, which affects the operation planning and quality control of mobile or other radio services. Therefore, the 

main propose of this research is to investigate and adapt using radio monitoring stations, namely, Hybrid AOA/TDOA 
method with desensitizing test of harmful robust RF signals to accurately and efficiently locate its geolocation. 
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I. INTRODUCTION 

 

Radio-frequency spectrum is a natural resources that 

is restricted but can be reused and all countries have 
equal rights. By this reason the primary objective of 

the ITU-R is to enable radiocommunication services 

to operate without causing interference [1]. Spectrum 

monitoring systems configured for the management 

of interference such as unknown and potentially 

harmful signals require specific measurements for a 

variety of different applications [2]. Some 

applications require signal monitoring over a large 

geographic area while some others may be limited to 

the confines of a building or individual room. 

Therefore identifying the location of a target signal 
source is highly desirable especially in surveillance 

and interference management applications. The 

received signals are then subjected to analyze by two 

methods called Angle of Arrival (AOA) and Time 

Difference of Arrival (TDOA) for geolocation of 

interference transmitters [3]. The AOA method 

determines the direction of arrival of interference 

transmission using a receive antenna array. The 

TDOA method determines the location of 

interference transmitter by using a relative time 

difference of the received signal by several radio 

monitoring stations [4]. It can be seen that each 
method has unique characteristics, the combination of 

them (hybrid method) then can be used to improve 

the precision of the geolocation. It exploits Direction 

Finding (DF) lines from AOA method and hyperbolic 

curves from TDOA method and analyzes their 

intersections to precisely find the geolocation of 

interference transmitter [5]. This manuscript had 

conducted the experiments to investigate and measure 

against interference using a receiver desensitized by 

Hybrid AOA/TDOA method. The desensitization 

testing under this receiver can find solution and 

evaluate the geolocation efficiently and accurately of 

harmful interference in urban areas. In section II the 
harmful interference problems, geolocation methods, 

desensitization and Protection of fixed monitoring 

stations against interference had been investigated. 

Section III, the experimental designs of Hybrid 

AOA/TDOA method for geolocation interference are 

provided. The evaluation of efficiency and accuracy 

between the geolocation with the receiver 

desensitization and the geolocation without (or 

decrease) receiver desensitization were compared and 

evaluated in Section IV, and conclusions of Hybrid 

AOA/TDOA were provided in Section V. 
 

II. OVERVIEW  

 

2.1. Harmful Interference Problems 

Every transmitter causes a degree of interference into 

every receiver – the key question is how much [6]. 

Since interference is attenuated by the separation 

between the transmitter and receiver in the 

geographic and frequency domains  it is often useful 

to categorize interference into 2 types:  

 

• In-band interference, whereby there is frequency 
overlap between operating bandwidths of 

transmitter and receiver. Typically to operate 

without excessive interference between two of 

them, this implies a degree of geographic 

separation or coordinated time/code sharing. 

• Out-of-band interference, whereby there is no 

overlap in frequency between the transmitter and 

receiver’s bandwidths, but the geographic 

separation is sufficiently small that there can be 
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appreciable interfering signals. There are 2 sub-

types of this interference: 
• In-band emissions received out-of-band (due to 

imperfections in the filtering of the receiver); 

• Out-of-band emissions received in-band (due to 

imperfections in the filtering of the transmitter); 

as shown in Fig.1. 

 
Fig.1. In-band and Out-of-band Interference Paths 

 

2.2. Geolocation Methods 

One of the crucial requirements in spectrum 

monitoring is the geolocation of the target signal [7]. 

Normally, it is necessary for routine measurement by 

means of location identifying. Moreover, in some 

situations such as operations out-of licensed 

agreement or illegal issues. For illegal operations, 

suspected signals are identified as interfiled as 

interference, and the location information has been 

very essential because emissions usually spread out in 
all directions and can be harmful to any surrounding 

sources. To the best of our knowledge, There are two 

types of determination of emission’s location i.e., 

 

2.2.1. The angle-based method that calculates the 

source's location from the signal's angle of arrival 

(AOA) at different positions and 

 

2.2.2. The time-based scheme that calculates the 

source's location from the time difference of 

arrival (TDOA) for the signal when measured at 

different positions. 

 

2.2.3. The combination of the two methods is 

called Hybrid AOA/TDOA method which 

provides sorce advantages and restrictions. 

 

Hybrid AOA/TDOA Method 

TDOA generally provides higher accuracy for 

wideband signals, but requires higher number of 

TDOA stations. The AOA method requires lower 

number of stations, but is very susceptible to high 

accuracy.  

 

 
Table 1: A number of advantages and disadvantages to each 

method 
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The characteristics of both AOA and TDOA methods 

that make them suitable and attractive for geolocation 
of a target signal source. Therefore, the combination 

of both methods can help alleviate the geolocation 

ambiguity associated only with AOA or only with 

TDOA and improve the geolocation accuracy, as 

shown in Fig.2. The hybrid method is a preferred 

approach in modern radiomonitoring (also advocated 

by ITU [9]). 
 

As the Table 1 shows, there are a number of 

advantages and disadvantages to each method. In a 

specific application, (urban/suburban, 

permanent/temporary, flat terrain/mountainous, etc.), 

the requirements for the deployment will determine 

the optimum configuration [10]. 

 
Fig.2. Example of the radio monitoring stations using hybrid 

geolocation method 

 

2.3. Desensitization 

In telecommunications, be occurred when there are 

stronger signals presenting at that time and causing 

the weaker signals (i.e., the desired signals) are being 

redness. It can be seen that this situation can be 

normally occurred at the receivers; therefore, it can 
be called receiver desensitization, as shown in Fig.3. 

Due to the advance of antenna designs and the 

revolution of new communications era, there exist a 

number of radios of various forms used in close 

proximity to each other. The scenarios of two or more 

radios are operated very close to each other can be 

possibly occurred, and the blocking and receiver 

desensitization performance will be significantly 

important [11]. 

 

 
Fig.3. Effect of radio receiver desensitization by strong signal 

2.4. Protection of fixed monitoring stations against 

interference 
Table 2 provides the root-sum-square field-strength 

criteria advocated by ITU-R SM.575-1 [12]. 

 

 
Table 2: The field-strength criteria 

 

Noted that when all multiple signals are within the 

RF passband of the monitoring receiver the root-sum-

square field-strength value can be apply to all cases, 

in order to protect fixed monitoring stations against 
interference from nearby or strong transmitters [13]. 

Fig.4. Shows the maximum possible field strength in 

each spectrum range of recent technologies. 

 

 
Fig.4. Maximum permissible field strengths when using typical 

parameter values 

 

The maximum of field-strength provided by ITU-R 

SM.575-1 has been typically refined by most 

communication regulators to conduct procedures for 

protection their radio monitoring stations from other 

strong signals. For example, the prohibition of 

installing any radio stations near the fixed radio 

monitoring stations if their strength of one signal 

exceeds the maximum values mentioned above.  

In addition this is also one of shortcoming of 
recommendation because the limit values of field 

strength intrusive signals are not related to a 

bandwidth of the signals. Which should be depended 

on the receiver’s resistance to strong signals and on 

antenna gain [14]. 

 

III. EXPERIMENTS AND RESULTS 

 

This session depicted the experiment of monitoring 

and finding geolocation that used the fixed/portable 

remote station of public authorities by applied Hybrid 
AOA/TDOA methods with R&S UMS300 remote 

monitoring station [15] and R&S Argus 6.1 spectrum 

monitoring software [16] to measures the reference of 

geolocation of broadcast signal between the system 
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with the receiver desensitization and the system 

without the receiver desensitization in multipath 
fading environment in Bangkok. In which the 

receiver desensitization reduction is done by using 

the passive antenna R&S HK309 [17], Attenuator 

R&S DNF [18], notch filter Stridsberg FLT201A [19] 

and Notch filter K&L TNF-Series [20] that all 
connected into the system to reduce the receiver 

desensitization and the experiment procedure as 

shown in Fig.5. 

 
Fig.5. The experiment procedure diagram 

 

The appearance of remote station that using in the experiment by Hybrid AOA/TDOA methods with R&S 

UMS300 remote monitoring station as shown in Fig.6. 

 

 
Fig.6. Hybrid AOA/TDOA Remote monitoring stations using in the experiment 
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The selected of 2 Hybrid AOA/TDOA and 5 TDOA 

remote station using in the experiment by Hybrid 

AOA/TDOA methods with R&S Argus 6.1 spectrum 

monitoring software as shown in Fig.7. 
 

 
Fig.7. 2 Hybrid AOA/TDOA and 

5 TDOA selected remote monitoring stations using in the experiment 

 

3.1. Desensitization Measurement 

Begin the experiment by Desensitization Measurement of 20 MHz - 3000 MHz with R&S Argus 6.1 spectrum 

monitoring software as shown in Fig.8. and the result as shown in Fig.9. 

 

 
Fig.8. The receiver desensitization measurement of 20 MHz - 3000 MHz. 
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Fig.9. The receiver desensitization measurement spectrum of 20 MHz - 3000 MHz. 

  

3.2. Experiment of Hybrid AOA/TDOA Method with receiver desensitization 

Experiment by using Hybrid AOA/TDOA Method under receiver desensitization situation with R&S Argus 6.1 

spectrum monitoring software as shown in Fig.10. From then, the result in map view as shown in Fig.11. and the 

result of geolocation accuracy in metres as shown in Table 3. 

 

 
Fig.10. Example of Geolocation by Hybrid AOA/TDOA method of 106.00 MHz with receiver desensitization. 
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Fig.11. Example of Geolocation by Hybrid AOA/TDOA method of 106.00 MHz with receiver desensitization. 

 

 
Table 3: Position result of Hybrid AOA/TDOA method of FM 

signals with receiver desensitization 

 

3.3. Experiment of Hybrid AOA/TDOA Method 

without receiver desensitization 

Experiment by using Hybrid AOA/TDOA Method 

under receiver desensitization situation that was 
reduced (by using the passive antenna R&S HK309, 

Attenuator R&S DNF, notch filter Stridsberg 

FLT201A and Notch filter K&L TNF-Series, as 

shown in Fig.12.) with R&S Argus 6.1 spectrum 

monitoring software as shown in Fig.13. From then, 

the result in map view as shown in Fig.14. and 

Fig.15. including the result of geolocation accuracy in 

metres as shown in Table 4 and Fig.16. 

 

 
Fig.12. The receiver without desensitization measurement spectrum of 20 MHz - 3000 MHz. 
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Fig.13. Example of Geolocation by Hybrid AOA/TDOA method of 106.00 MHz without receiver desensitization. 

 

 
Fig.14. Example of Geolocation by Hybrid AOA/TDOA method of 106.00 MHz without receiver desensitization. 

 

 
Fig.15. Example of Geolocation result by Hybrid AOA/TDOA method of 106.00 MHz without receiver desensitization. 
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Table 4: Position result of Hybrid AOA/TDOA method of FM 

signals without receiver desensitization 

 
Fig.16. Geolocation accuracy in metres of Hybrid AOA/TDOA 

methods with the receiver desensitization and without receiver 

desensitization of FM signals. 

 

IV. EXPERIMENTS AND RESULTS 

 

By conducting the experiment as mension in Section 

III, it can be shown that Hybrid AOA/TDOA method 

without receiver desensitization provided more 
efficiency and accuracy results than that of Hybrid 

AOA/TDOA method with receiver desensitization as 

shown in the Figure 17. It can be described that there 

may be some other variables that affected the system 

such as the distance of the remote monitoring station, 

the target signal source environment located near the 

transformer area. Yielding, Hybrid AOA/TDOA 

methods without receiver desensitization should be 

selected for monitoring and geolocation of 

interference in urban areas. This evaluation of Hybrid 

AOA/TDOA methods it makes us aware of how to 
increase the efficiency and accuracy to monitoring 

and geolocation of interference to ensure 

communications can continue to be consistently and 
thoroughly. 

 

 
Figure 17: The Geolocation accuracy in metres of Hybrid 

AOA/TDOA Methods with the receiver desensitization and 

without receiver desensitization. 

 

V. CONCLUSION 

 
Strong RF signals can cause to reduce the ability of a 

monitoring station to receive and measure signals 

correctly. The receiver desensitization situation 

deteriorated the performance of system to capture the 

geolocation. This protection against strong RF signals 

is then very important in the environment of 4G, 5G 

mobile operations. Since monitoring stations are 

often located in urban areas and some exposed spots, 

it becomes more and more difficult to identify new 

sites and protect the existing ones. From the 

experiments, it can be shown that the Hybrid 
AOA/TDOA methods without receiver 

desensitization provided better results and been 

recommended to exploit to reduce the desensitization. 

Moreover, this method can be purposed to conduct in 

urban environment under the operation of modern 

digital wideband signals. Also noting that with the 

Hybrid AOA/TDOA method, monitoring the 

spectrum can turn the results with much closer to the 

sources which can fulfil the recommendations 

according to the ITU spectrum monitoring handbook 

and can be upgraded with a direction finding option 
for hybrid geolocation capabilities to get the 

geolocation more accuracy. 
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