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ABSTRACT 

 

A comprehensive guide to implementing best source selection at a test range. This paper uses the 

history of the Atlantic Test Range's implementation as a guide to show the steps needed to 

implement Best Source Selection. It also discusses the advantages to best source selection at all 

levels of implementation. 

 

INTRODUCTION 

 

The goal of all test ranges is to provide the most accurate data possible to its customers. With 

each change a test range makes the goal is increasing the accuracy of the data or growing the 

area the range covers. Implementing Best Source Selection (BSS) can help with both of these 

goals. 

The primary way that BSS increases data accuracy is by reducing data dropouts. Dropouts 

plague traditional Pulse-Code Modulation (PCM) based testing methods and these dropouts often 

lead to the loss of critical data. Because of this, reduction of dropouts increases both accuracy of 

the data and total availability of the data. 

Increased coverage area is an important part of making BSS work, and BSS allows for far greater 

increases in range coverage than is possible without it. By allowing for accurate data across 

multiple antennas, BSS ensures that transitions between antennas does not result in the loss of 

data. 

This paper uses how the Atlantic Test Range (ATR) at Patuxent River implemented BSS as an 

example to illustrate both the process of building up a best source selection architecture and its 

benefits.  
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WHY BEST SOURCE SELECTION? 

The primary reason to use BSS is to reduce data dropouts. Caused by bit errors in the telemetry 

bit stream dropouts result in the loss of data, often critical, from the test. The primary cause of 

dropouts is loss of line-of-sight between the tracking antenna and the test article. This happens 

because of a “Man-on-Man defense” style of telemetry tracking, where there is only one antenna 

used to support the test, as shown in Figure 1: Single Antenna Test. This results in several 

angles where the test article may just not be visible to the antenna. 

 
Figure 1: Single Antenna Test (Normyle, 2018) 

Spatially diverse antennas all tracking the test article can solve this problem, ensuring that an 

antenna always has line-of-sight to the test article. This “Zone defense”, shown in Figure 2: 
Example of Multiple Antennas with Spatial Diversity ensures that as long as the signals from 

all the antennas are switch between correctly there should never be dropouts from line-of-sight 

issues.  
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Figure 2: Example of Multiple Antennas with Spatial Diversity (Normyle, 2018) 

BSS allows for the accurate integration of all antenna signals used on a test flight by time 

aligning the signals and the selecting the best source or developing a new source. In Figure 3: 
Best Source Selection Results, there is a sample of what the output of a BSS system would look 

like. Time aligning the signals from multiple antennas also helps deal with multi-path signals, 

another major cause of data dropout.  
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Figure 3: Best Source Selection Results (Normyle, 2018) 

 

IMPLEMENTING BEST SOURCE SELCTION 

There are five major areas of investment and modifications that a test range needs to make to 

implement BSS:  

 Increase telemetry antennas 

o More mounts 

o More locations 

 Upgrading telemetry signal transport to control centers 

 Upgrading telemetry signal routing in control centers 

 Choosing and installing a best source selector unit 

 Optimizing Operations 

The next several sections will look at each of these areas of improvement, and discuss the ATR’s 

implementation as an example of the process.  

Increase Telemetry Antennas 

To get any real positive results from BSS there needs to be an increase in antenna coverage. This 

is what allows the “Zone Defense” approach to work. This is the most intensive step, and the 

most potentially expensive. The ATR’s two primary concerns where to do this without making it 

too expensive or increasing the work force to operate the new antennas.  

To keep costs down, the ATR developed two types of small Telemetry Acquisition Systems 

(TAS). These TAS supplement the larger Automated Telemetry Tracking Antenna Systems 

(ATTAS). The smaller of the two TAS, the TAS-50 (           Figure 4), uses horn antennas and 

can cover 30NM. It costs $50-70 thousand depending on specific load out. The larger TAS, the 
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TAS-90(  Figure 5), has a 4-foot antenna dish and effective range of 100NM. It costs between 

$70-100 thousand. These options are significantly less expensive than the average $400 thousand 

cost of the larger ATTAS. 

   
           Figure 4: TAS-50 Horn Antenna (Normyle, 2018)  Figure 5: TAS-90 4-Foot Dish Antenna (Normyle, 2018) 

 

The TAS are also have a small footprint, which lets them be installed on existing towers and 

buildings around Patuxent River and in the larger Chesapeake Bay area. There are now 13 

installed on Pax River, 6 on remote vehicles and another 10 at other sites in the area, providing 

vastly improved coverage of the whole airfield as shown in Figure 6, where the yellow and 

green dots represent the new TAS antennas. Figure 7 shows the locations where the ATR added 

more antennas outside of Pax River.  

 
Figure 6: Pax River Antenna Locations (Normyle, 2018) 
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Figure 7: Off Site ATR Antenna Locations 

With this increase in antenna mounts at a variety of spatially diverse locations, there needed to 

be a way to control all of them without increasing labor requirements to an unsustainable level. 

To accomplish this, software developers at the ATR created a program called AccuTrack to 

control all the TAS mounts. They can be controlled manually, but more importantly to the labor 

requirements, they can be slaved to a source of Time-Space-Position Information (TSPI). This 

lets the TAS track the test article automatically. The ATR uses a verity of sources for its TSPI, 

including Radar, GPS, IFF and TSPI information in the telemetry stream. The software can be 

installed remotely so that employees do not need to be physically at the TAS sites. 

With the extra cover provided by the TAS mounts, the ATR has the antenna assets required to 

make use of BSS, all while keeping costs and labor changes to a minimum. 

Updating Telemetry Transport to the Control Center 

While all telemetry data in any system need to be transmitted to a central location to be used by a 

test team, BSS adds a complication. Using bit syncs to recreate a TTL clock and data signal will 

not work, because for BSS to work the selector needs not just the data, but information about the 

data quality. The ATR uses two methods to transmit the combination of telemetry data and its 

quality information back to the control center, Radio Frequency (RF) over Fiber and Telemetry 

over Internet Protocol (TMoIP).  

The preference is RF over fiber, which allows for the signal from the antenna to be brought back, 

fed into a receiver at the control center, and processed from there. Because this transmits the 
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analog signal, pulling out data quality is not a problem. Unfortunately, RF over fiber is not an 

option from every antenna site.  

TMoIP is the second method used to transmit data back to the control center. Since it is a strictly 

digital method, data quality must be included with the telemetry data. This process, called 

encapsulation, can be accomplished in a few ways. The ATR uses GDP data quality 

encapuslators that provide information on the quality of every bit, or every 4 bits. This system 

adds a somewhat serious overhead to the transmitted signal. There is now a second method, the 

Range Commanders Council (RCC) standard that takes larger chunks of data, 1024 bits worth at 

least, and provides a calculated quality of the set based on an expected bit-error rate, translating 

it to a number that can be presented by 16 bits. Either method provides information that will be 

used later in the process. (Range Commanders Council Telemetry Group, 2017) 

It is incredibly important to understand the transport latencies of whichever method of 

transportation is used. BSS only works when the different streams from the antennas are time 

aligned. To align the signals properly, best source selector boxes allow for buffers, which need to 

be set for the worst-case latency delay from antenna sites. The ATR maintains an antenna to 

control room latency of 20ms or less, so its best source selectors are set with that number to 

ensure smooth and proper function.  

Updating Telemetry Routing in Control Room 

The increased amount of data coming into the control room because of the additional antenna 

mounts, as well as the new BSS equipment required the ATR to develop a more efficient system 

to route signals. To achieve this end, a digital switch was setup to route TTL data signals around 

the control room.  

The current system is a large Cytec Digital Switch, shown in Figure 8, is effective and still in 

use, but is also a major single point of failure. There is a backup switch available but it take 

minutes to bring up to an operational status if the primary switch fails, and all connections need 

to be remade.  
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Figure 8 Atlantic Test Ranges Digital Switch (Normyle, 2018) 

As TMoIP is becoming more available, the ATR is slowing transitioning to a full TMoIP 
multi-cast solution to increase reliability and the ability to monitor signals.  

It is important to have usable GUIs to control the flow of the data, since with multiple 
antennas that can support different flights using different best source selectors there are 
no point-to-point solutions anymore.  

Selecting and Implement BSS method 

With the ability to route both telemetry data and its quality to and through the control 
room, the final step of implementation is setting up a best source selector unit. The major 
options for use are strait best source, weight best source, strait majority vote, and weighted 
majority vote.  

Best source is the most basic option, using the data quality of each source for each block of 
data quality information to pick one stream of data to output. It ensures that the best data 
is available at any given moment of the streams available. Weighted best source works 
similarly, but gives priority to data streams that have had better average signal strength 
when multiple telemetry streams are similar.  

Majority vote only works when there are three or more streams available. It then creates a 
new stream by comparing all the streams that are in a good range and picking the bit that is 
in the majority of the streams. This can result in significate improvement of signal quality 
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than just best source, by ensuring that the most accurate data is coming through, regardless 
of which stream is the strongest at any given moment. Weighted majority vote gives 
preferences to streams with higher short term a long-term signal quality and results in the 
best possible signals available. Figure 9 comparison between each BSS option for three and 
four inputs, with the x-axis showing the signal quality of the source signal and the y-axis 
showing the number of bit errors in the signal. Regular Best Source is the worst option, and 
Weighted Majority Vote is the best. 

 
Figure 9: Comparison of BSS Options for three and four Inputs (Gerstner, 2012) 

Figure 10 below shows the results of a flight test that was preformed using BSS in weighted 
majority vote mode. The four strip graphs show the best source data on the left and the 
data coming in from three different antennas used in the flight to the right of the best 
source selectors output. Spikes show where an antenna experienced a dropout during the 
flight. It shows that even single antenna is returning most of the data the BSS still can result 
in improvements.  
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Figure 10: Decom Status of Test Flight Using Weighted Majority Vote BSS 

WORD OF CAUTION 
 

BSS purpose is to overcome line-of-sight and multipath issues, and is not intended to overcome 

test articles or ground telemetry acquisition systems that are underperforming. BSS can mask 

those problems so it is important to keep careful track of the data quality so that when not using 

BSS a problem does not develop.  

 

CONCLUSIONS 

Best Source Selection is a tool that can greatly increase the data quality provided by any test 

range, but its implementation requires much more than just the purchasing of a BSS selector unit. 

It requires a dedicated investment in both antenna coverage and the data transportation networks 

to ensure there is enough signals with data quality information reaching the control center. While 

the costs of the implementation can be large, the return on investment comes from a reduction in 

both delays and repeated test points to the test programs.  
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