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Document-ID:  - Revision / Issue: 1 

Title:  Bearing Characteristics of RHOTHETA direction finde rs in Multi-
Transmitter Environments 

RHOTHETA Part – No: RT-202, RT-300, RT-500-M 

Summary: This document summarizes the result of a trial inte nding to study the 
behavior of RHOTHETA direction finder systems in mu lti-transmitter-
environments.  

The documentation will show that it is possible to use the RHOTHETA 
direction finder systems for bearing multiple beaco ns transmitting on a 
single frequency simultaneously 
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Acronyms and Definition of Terms 

 
AU   Antenna Unit 
DCU   Display Control Unit 
DF   Direction Finder 
E   East 
EIRP   Equivalent Isotropically Radiated Power 
GPS   Global Positioning System 
m   Meter 
MHz   Megahertz 
N   North 
S/N   Serial Number 
UTC   Coordinated Universal Time 
VHF   Very High Frequency 
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1 Introduction 
A lot of practical experience exists regarding the RHOTHETA direction finder systems used to bear 
single transmitters.  

However there are several scenarios, where more than one transmitter will be active in the same time, 
such as: 

- Rescue boats with several persons, each of them wearing active transmitters 

- Several men over board spread over a wide area. 

From those scenarios, several questions arise: 

Did a DF equipment will be useable if multiple transmitters are active continuously on the same 
frequency? 

Did a DF equipment will be useable if multiple transmitters are transmitting intermittently on the same 
frequency, with no fixed correlation between their transmit cycles? 

Uncertainty in the answer of this question or negative experience with other type of DF equipments 
than those developed by RHOTHETA lead to procedures where, for example, it has been made sure 
that in an incident, only one transmitter will be active. This of course leads to an increased risk to not 
find all victims of an incident.  

The final question to be answered by the field study presented in this document will be: 

Is it possible to make sure, by equipping all possi ble victims of an incident, to bear and find all 
transmitters in a multi-transmitter scenario? 

The answer to this question, documented in this report, is “yes”.  

This document will show that 

- a multi-beacon scenario can be recognized by the op erator of a RHOTHETA DF, 

- a dense group of beacons can be accurately located by a RHOTHETA DF, 

- a wide-spread group of beacons can be located from large distances, just as if it would 
be a single beacon, and each single transmitter can  be located by a RHOTHETHA DF.  
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2 Test Setup 
In order to find answers to the questions thrown up in Chapter 1, test scenarios to be performed on 
land have been defined.  

In order to keep the test field size small, realistic distances of transmitters after an incident (easily 
several hundred meters) are simulated by transmitters with reduced power in smaller distances.  

Positions of transmitters are well known thanks to GPS positioning, and bearing information given by 
direction finders can be compared easily with bearing information calculated from GPS positions. 

The DF is moved over a well defined test track passing through the field of transmitters, which are 
distributed around a defined way point on this track. 

Bearing indication of the DF is recorded over this trail.  

In order to have comparable environmental conditions as on sea, the test site shall be flat and free of 
obstacles. 

Five test scenarios have been defined: 

Scenario 1  is a reference scenario with one single transmitter, transmitting an unmodulated 
continuous signal. This scenario is a reference scenario to show optimum test results under ideal 
single-transmitter conditions. 

Scenario 2  is a scenario where two continuously transmitting, unmodulated transmitters are 
positioned equidistant from a center point which is laying on the track. 

Scenario 3  is a scenario where the two RT-B77 beacons of scenario 2 are transmitting in normal 
operating mode, i.e. intermittent transmission with ELT modulation. 

Scenario 4  is a scenario where two RT-B77 beacons transmitting in normal operating mode are 
positioned in different distances from the track. 

Scenario 5  is a scenario where four RT-B77 beacons, all of them transmitting in normal operating 
mode, are positioned around a center point positioned on the track.  

 

2.1 Test site overview 
Tests have been performed at a relatively flat grassland area at around 47°44’10” North / 11°14’ East 
(East of the village of Obersöchering/Upper Bavaria) 

An aerial view is shown in the figure below. 

 

Figure 1: Aerial view of the test site 
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The orientation of this and all other aerial views is with the upper side of the figure towards north.  

The red line represents the track used to document the DF behavior.  

The blue circle shows the area in which the beacons have been placed.  

All of the test series have been performed driving from west to east. That means that a beacon located 
south of the trail has to be beard with positive angles, one in the north with negative angles.  

2.2 Definition of Scenario 1 
The placement of the single beacon for scenario one is shown below. 

 

Figure 2: Beacon placement in scenario 1 

The beacon is placed ca. 2.5 m south of the track. Its transmitter is set to transmit an unmodulated 
carrier signal on the VHF training frequency 121,650 MHz. The position on the track next to the 
beacon is defined as GPS waypoint used for scenarios 1 to 4. Normally, this waypoint is used to verify 
beacon accuracy.  

Position of: Latitude Longitude Remarks 

Waypoint 47,736342° N 11,233590 E  

Beacon 1 47,736278° N 11,233624 E RT-B77 S/N 01255,  transmitting an unmodulated 
continuous carrier 

Table 1: Relevant positions in scenario 1 
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2.3 Definition of Scenario 2 
The placement of the two equidistant beacons scenario is shown below: 

 

Figure 3: Beacon placement in scenario 2 and 3 

Both RT-B77 are positioned around 30m away from the track, symmetrically to the GPS waypoint. In 
scenario 2, both RT-B77 transmit unmodulated carrier signals on the VHF training frequency 121,650 
MHz. 

Position of: Latitude Longitude Remarks 

Waypoint 47,736342° N 11,233590° E  

Beacon 1 47,736616° N 11,233508° E RT-B77, S/N 0146 9, transmitting an unmodulated 
continuous carrier 

Beacon 2 47,736039° N 11,233702° E RT-B77, S/N 0152 8 transmitting an unmodulated 
continuous carrier 

Table 2: Relevant positions in scenario 2 

2.4 Definition of Scenario 3 
Scenario 2 is almost similar to scenario 3. The difference is that both RT-B77 are in the normal 
operating mode. 

 

Position of: Latitude Longitude Remarks 

Waypoint 47,736342° N 11,233590° E  

Beacon 1 47,736616° N 11,233508° E RT-B77, S/N 0146 9, in normal operating mode 

Beacon 2 47,736039° N 11,233702° E RT-B77, S/N 0152 8, in normal operating mode 

Table 3: Relevant positions in scenario 3 
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2.5 Definition of Scenario 4 
In scenario 4, a configuration has been selected using two RT-B77 beacons in normal operating 
mode. They are not positioned equidistant to the track or to the waypoint. The figure below shows the 
placement: 

 

Figure 4: RT-B77 placement in scenario 4 

Position of: Latitude Longitude Remarks 

Waypoint 47,736342° N 11,233590° E  

Beacon 1 47,736469° N 11,233564° E RT-B77, S/N 0147 0, in normal operating mode 

Beacon 2 47,735896° N 11,233768° E RT-B77, S/N 0146 6 in normal operating mode 

Table 4: Relevant positions in scenario 4 
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2.6 Definition of Scenario 5 

 

Figure 5: RT-B77 placement in scenario 5 

 

Position of: Latitude Longitude Remarks 

Waypoint 47,736270° N 11,233345° E Real GPS Waypoin t ca. 3 m off track. Waypoint 
Latitude / Longitude information is closest position 
on track. 

Beacon 1 47,736570° N 11,233089° E RT-B77, S/N 0152 8, in normal operating mode 

Beacon 2 47,735972° N 11,233289° E RT-B77, S/N 0146 9, in normal operating mode 

Beacon 3 47,736616° N 11,233508° E RT-B77, S/N 0147 0, in normal operating mode 

Beacon 4 47,736039° N 11.233705° E RT-B77, S/N 0146 6, in normal operating mode 

Table 5: Relevant positions in scenario 5 
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2.7 Test Equipment 
Tests are performed using RT-B77 beacons. For continuous unmodulated carrier operation, those 
beacons are operated in service mode, set to emit a continuous wave signal. For beacon modulation, 
they are operated in normal operating mode. 

In call cases, the operating frequency is the VHF training frequency 121,650 MHz. Effective radiated 
power is reduced to around -3 dBm EIRP. The relative power over time characteristics of the beacon 
emissions remain unchanged relative to standard RT-B77 beacons. Reduction of EIRP has been 
realized by modifying the antenna matching circuit by including an attenuator.  

Devices used for the test are: 

 

DF Type S/N System Status 

RT-202 AU: 02582 

DCU: 02582 

AU: Receiver [Rev 2] 

DCU: CPU [Rev 3] 

RT-300 AU: 00038 

DCU: 00038 

AU: Application:  [Rev 02-00] 

DCU: Application:  [Rev 02-12] 

RT-500-M AU: 00070 

DCU: 04-0002 

AU: System/Hardware:  [Rev 2.04] Software [Rev 3.10] 

DCU: Hardware:  [Rev 0.20] Software [Rev 1.73] 

RT-B77 01255 

01466 

01469 

01470 

01528 

[Rev 2.02], modified for reduced EIRP (-25 dB, by replacing the 
antenna matching circuit through an attenuator) 

Table 6: Test equipment overview 

The direction finders are installed on a car, as shown in the figures below. All DF data and position 
data are logged on a PC for further evaluation of the results.  
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Figure 6: RT-202 installation 

 

 

Figure 7: RT-300 installation 
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Figure 8: RT-500-M installation 

 

 

Figure 9: Test setup, left to right: RT-202, RT-300, RT-500-M, logging PC 
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2.8 Description of the result visualization  
 

 

Figure 10: Trial Result Visualization Example 

The visualization of the results contains the following relevant information: 

(1) Time Scale in UTC 

(2) Distance  of the DF to the GPS / Target waypoint (red line) 

(3) Signal strength  information as percentage value (blue line). 
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(4) Squelch level  (dotted line) 

(5) DF Bearing information  (red dots) as shown by the direction finder itself. 

(6) Momentary bearing information (green dots) or “live values ”. This is the actual bearing value 
without averaging. The more those values differ from the DF bearing indication, the higher the 
momentary bearing error is. A wide spread of values indicates that receiving conditions are 
not ideal, either due to a bad signal (noisy, overlaid by reflections, with disturbing modulation) 
or due to the reception of a mixture of several signal sources within a short time. 

(7) GPS Bearing . This is the bearing to the GPS waypoint calculated on the base of GPS data 
only. Under ideal bearing conditions with a single beacon placed on the waypoint, the data 
should be identical to the DF bearing indication. Originally, a point on the trial track between 
the beacons has been set as waypoint. It is possible to set a different GPS waypoint than the 
original one, allowing for example to select a beacon as a waypoint. This option has been 
intensively used in this documentation. 

(8) Bearing Error, difference between GPS and DF bearing. The GPS bearing is expected to be 
the correct direction. 

 

 

 

 



 

RHOTHETA Elektronik GmbH 
Dr.-Ingeborg-Haeckel-Str. 2 
82418 Murnau 
Germany 

Tel.: +49 8841 4879 – 0 E-Mail:  email@rhotheta.de 
Fax: +49 8841 4879 – 15 Internet: www.rhotheta.de 

Multi-Beacon Bearing  
Trial Report 
 

   

 

  Page 17 of 26 

3 Detailed Trial Report 
All tests have been performed on the test site as described in chapter 2 on May 5th, 2009. 

Environmental conditions have been constant, no change in measurement conditions occurred (e.g. 
due to changed reflectivity of the ground due to rain).  

As the overall amount of available test data would be far too large to be represented in this document, 
most plots are shown in the separate appendix document. This chapter only represents exemplary 
results, however covering all important outcomes of the trial.  

 

3.1 Scenario 1 Result (Reference measurement) 
This measurement scenario is used to show, as reference, an optimal situation: A continuous signal, 
which is transmitted without modulation. The expected DF behaviour is that the GPS and DF bearing 
are almost identical. Differences only arise due to the mounting inaccuracy of the DF on the car and 
due to the fact that the GPS waypoint and the beacon position are not 100 % identical (the beacon is 
placed ca. 2 m beside the street). 

Results for all three types of direction finders are almost comparable, therefore only the results 
achieved with the RT-500-M are shown. 
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Figure 11: RT-500-M bearing a single unmodulated continuous transmitter 

The measurement shows an initial error of ca. +10°,  which is due to the installation orientation of the 
direction finder on the car.  

Errors remain constant until near to the beacon, where the DF indication turns right-hand (=southward) 
towards the beacon, and, after passing by the beacon, showing in the opposite direction than during 
approach. This is exactly the expected behavior. Only at the points where reflections occur, bearing 
value accuracy shows some decrease.  
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3.2 Scenario 2 Result (2 unmodulated continuous sig nals) 
Again, only the RT-500-M result is shown. Details of RT-202 and RT-300 are given in the Appendix.  

The plot below shows the direction finder bearing data output, and the GPS waypoint on the track has 
been replaced by GPS-based bearing information towards the two beacons.  

 

Figure 12: RT-500-M bearing two unmodulated continuous transmitters 

At large distances, the bearing indication of the RT-500-M shows into the group of beacons. 
Fluctuation of live values is increased.  

While approaching the group of transmitters, the DF bearing indication moves more and more towards 
one of the two beacons – obviously the stronger one of them. At the point where the track crosses the 
line between the two beacons (they are at +90° and -90° off track direction), the DF bearing points 
exactly to beacon 2, which is the southern one of the two RT-B77.  

Moving further on to the east, beacon 2 dominance gets weaker, and the DF points more to beacon 1, 
which is a bit closure to the track now due to its curvature.  

The outcome of this test is that in the case where several continuous signals are being 
received simultaneously by the direction finder, th e stronger one of the signals will dominate 
the bearing and the DF bearing indication will lead  towards the source of signal.  
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3.3 Scenario 3 Result (2 modulated beacon signals) 
As seen in scenario 2, direction finders as built by RHOTHETA bear towards the center of a group of 
direction finders until one of the transmitters within the group becomes dominant. In that case, the 
bearing rapidly shows towards this transmitter. With intermittent signals of several beacons, the 
situation can be expected to be less obvious. At times where the strongest beacon is not transmitting, 
other beacons will be dominating the computation of bearing values. In average, the strongest beacon 
should be preferred. Bearing in a totally wrong direction should not occur.  

3.3.1 Scenario 3 / RT-202 

 

Figure 13: RT-202 bearing two RT-B77 
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In the first plot for this scenario using two RT-B77 beacons in normal operating mode, again, bearing 
showed towards the center of the fictive line between the two beacons. At a point very close to this 
point, the bearing indication moves by around 45° t o the north, and then, to the southern beacon. 
Continuing the trail towards east, the same behavior occurs again.  

Live values show a much more severe fluctuation. Due to the intermittent characteristics of the beacon 
transmission, there is no clear bearing information available from live values: Without averaging, as it 
is implemented in the RHOTHETA direction finder systems, it would not be possible to obtain useful 
bearing information.  

As for the scenario using unmodulated beacons, a more clear view is given if the beacons are used as 
GPS waypoints for the bearing accuracy calculation: 

 

Figure 14: RT-202 bearing two RT-B77, plus GPS bearing data 

By trend, the bearing prefers to show towards the southern beacon (beacon 2).  

Overall, the bearing indication stays within the an gle range between the two beacons, and the 
more dominant a beacon is, the more often the DF wi ll point towards this beacon. This is the 
most important conclusion of this test. 

3.3.2 Scenario 3 / RT-300 
The RT-300 bearing indication shows a much higher agility in its bearing indication: it regularly 
switches between northern and southern beacon. However, the conclusion of the RT-202 analysis 
stays true for the RT-300. Plots can be seen in the appendix document.  
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3.3.3 Scenario 3 / RT-500-M 
The same verification as for the RT-202 has been performed for the RT-500-M. The result of 
overlaying the two GPS bearings towards the two beacons to the bearing indication of the DF is shown 
below.  

 

Figure 15: RT-500-M bearing two RT-B77 

The result confirms again that bearing indication d oes never lead to a completely wrong 
direction. All bearing values stay within the limit s shown by the two GPS bearing curves. The 
stronger beacon is clearly dominating the bearing i ndication in this measurement.  
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3.4 Scenario 4 Result (2 modulated signals, differe nt distances) 
Only RT-202 and RT-500-M have been tested in this scenario. RT-202 results are shown in the 
appendix only. 

3.4.1 Scenario 4 / RT-500-M 
The RT-500-M with its more agile bearing calculation again shows bearing to both RT-B77. The 
transmission breaks of the stronger beacon are long enough to make the DF showing the direction to 
the weaker beacon. The dominance of the stronger RT-B77 can be seen clearly in the plot overlaying 
the GPS bearing towards the beacons and the DF bearing: 

 

Figure 16: RT-500-M bearing RT-B77 with different distances 
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3.5 Scenario 5 Result (four modulated signals) 
In this scenario, 4 beacons, equidistant to the center point, are transmitting in normal operating mode.  

 

3.5.1 Scenario 5 / RT-202 
RT-202 results are shown in the appendix. They provide no new information compared to previous 
measurements.  

3.5.2 Scenario 5 / RT-300 
 

 

Figure 17: RT-300 bearing four beacon transmitters 

The RT-300 bearing indication again has been the one with the highest fluctuation of bearing values. 
Live values would be almost unusable for bearing purposes. The bearing indication stays within the 
limits of the angles towards the four beacons.  
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3.5.3 Scenario 5 / RT-500-M 
The result of the RT-500-M bearing four RT-B77 beacons is shown below. 

 

Figure 18: RT-500-M bearing four beacon transmitters 

Again, the bearing output of the RT-500-M is much more stable than that one of the RT-300.  

The DF bearing indication shows a preference towards beacon 4, and, in all cases, stays within the 
limits given by the four GPS bearing curves.  
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4 Conclusion 
The scenarios 2 to 5 describe worst case scenarios: The direction finder is approaching a group of 
beacons on a track at which signals from two opposite directions can be expected to be almost equally 
strong.  

However, up to a very short distance of the center of the group of beacons, the bearing indications 
points towards this center point.  

It is absolutely sure that a group of beacons will be found using a RHOTHETA direction finder: The DF 
will never lead rescue forces into a completely wrong direction. In theory, if all beacons are of identical 
signal strengths, no clear preference of bearing direction might be visible. As soon as one beacon (or 
one sub-group of beacons) is slightly stronger than others, RT-202 and RT-500-M will bear dominantly 
into their direction.  

However, bearing indication will be unstable. In such a case, and especially with the RT-300 which 
shows stronger fluctuations than RT-202 and RT-500-M, it is important that rescue forces do not 
overreact on bearing fluctuations, but follow one possible direction once it has been identified. That 
way, an already dominating beacon signal will become more dominant, ensuring the beacon to be 
rapidly found. That way, the victims of an incident can be picked up automatically, starting with the 
nearest one.  

A multi-beacon scenario can be recognized by the op erator of a RHOTHETA DF. The easiest 
way to do so is by listening to the signal, which s hows heterodyne tones of several overlaying 
transmitters. 

A dense group of beacons can be accurately located by a RHOTHETA DF, as the DF bearing 
will point into the middle of the group.  

A wide spread group of beacons can be located from large distances. At large distances, the 
bearing indication points into the group, as if it would be one single beacon. Beside the audio 
characteristics, live values could already indicate  at this point that multiple signals are 
received. After approaching to the group, it will b e possible to locate each single transmitter 
with a RHOTHETA direction finder.  

Best suited for such operations is the RT-500-M (an d the RT-600 / SAR-DF 517 for airborne use, 
which has identical bearing characteristics), as it  will allow to easily identify the increased 
spread of live values, while its averaged bearing i ndication will point to the nearest RT-B77. 

 

 


