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ABSTRACT 
 
As part of a larger effort to improve telemetry link availability, the U.S. Army Yuma Proving 
Ground (YPG) is currently in the process of upgrading its telemetry receivers. As YPG begins 
integrating new receivers into existing range infrastructure, the question of where to place these 
receivers to provide maximum benefit must be considered. Should the receivers be placed at each 
of the remote antennas or should they be centrally located at the primary telemetry site? Although 
many Telemetry-over-Internet Protocol (TMoIP) and radio frequency (RF) over fiber solutions 
exist to transport these data, there are numerous concerns including network and Cybersecurity 
limitations to consider when implementing either of these approaches. This paper will document 
the trade study conducted at YPG to explore the benefits of each approach. 
 
 

KEYWORDS 
 

1. Telemetry over Internet Protocol 
2. Radio Frequency over fiber 
3. Radio Frequency over Internet Protocol (RFoIP) 

 
 

INTRODUCTION 
 
YPG is a subordinate command of the Army Test and Evaluation Command (ATEC) and is one 
of the largest military installations in the world. Located in southwestern Arizona, it encompasses 
1,308 square miles. YPG personnel conduct tests on nearly every weapon system or piece of 
military equipment in the ground and air combat arsenal. With a mission to provide premier test 
services to the U.S. Government and her allies, YPG conducts, reports, and supports 
developmental tests, experiments, production tests, and integrated developmental/operational 
tests, as well as provides training support. In 2016, YPG fired over 212,000 rounds of artillery, 
mortar, missile, and small arms munitions, flew over 2,900 aircraft sorties, drove over 68,000 test 
miles, and conducted over 1,500 airdrops. These numbers more than double when events 
conducted in support of training are counted, and YPG was the busiest Army proving ground for 
the last 7 years. 
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The Aviation Systems and Electronic Test Division at YPG is responsible for testing of aviation 
ballistic weapons and missiles, unmanned aerial systems, aircraft systems, precision guided and 
unguided air delivered systems, personnel parachutes, sensors and surveillance systems, and 
electronic warfare systems. As a developmental test activity, the goal is to help the developer field 
their systems and provide the Soldier with the safest, most lethal equipment. Instrumentation is 
critical in order to capture the necessary data reported from the item under test or capture the "true" 
performance of the system. It is also important to display critical information from the system 
under test at remote locations in real-time so the test team can operate efficiently and safely. 
 
In order to support Telemetry missions, data needs to be moved around the range efficiently and 
reliably. At YPG, that means moving data from three remotely controlled fixed antennas back to 
the main Telemetry Building (TM Bldg) and between the TM Bldg and the mission control center 
utilizing YPG’s extensive fiber network. The locations of these assets are shown in Figure 1. On 
some occasions, data is also required to be moved from two mobile Telemetry vans to the TM 
Bldg, and data is also sent to other test ranges; however, while this is a rare requirement, it is one 
that is increasing in frequency. 
 

 
Figure 1.  Map of YPG with Telemetry Assets 

 
With respect to telemetry antennas and receivers, YPG’s current setup is a typical one where 
telemetry receivers are located at each antenna location. This reduces RF loss and allows for 
receiver’s digital Pulse Code Modulation (PCM) output to be used for data transfer, which is less 
prone to interference and noise. However, this approach requires that 2 to 4 receivers be located at 
each antenna site, which is both expensive and inefficient as each receiver costs between $65,000 
and $85,000 and are idle when the antenna is not in use. 
 
Alternatively, if all the Telemetry receivers could be kept at the TM Bldg, a less expensive, more 
efficient scheme may result. This scheme would likely require fewer total receivers that could be 
easily assigned to the various antennas as required, resulting in less idle time; however, this scheme 
is only possible if a low-loss RF path could be made between remote fixed antennas and the TM 
Bldg. 
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Currently, YPG is in the procurement phase of an investment cycle to replace its legacy receivers. 
These new receivers have advanced capabilities that will greatly increase link availability while 
also having the ability to support C-Band frequencies. As is always the case, the goal of this 
investment cycle is to maximize the Army’s investment and provide YPG the greatest flexibility 
to support its diverse test mission. The purpose of this paper is to evaluate options for moving data 
throughout YPG as well as off YPG. Due to various mission requirements, multiple options may 
be required for different applications. 
 
 

TECHNOLOGY OPTIONS 
 
There are three technologies evaluated in this paper that can be used to transport telemetered data 
around YPG: TMoIP, RF over fiber, and RFoIP. All three would use YPG’s extensive fiber 
network of buried fiber going to all improved locations or to lay above ground fiber cables to 
unimproved locations, as needed. Although Internet Protocol (IP) technologies do not require fiber, 
due to the availability of fiber at YPG, it will be used as transport medium for most IP traffic. 
 

1. TMoIP: TMoIP takes the receiver’s PCM digital data and packetizes it in an IP stream. An 
interface box is required on both ends, but the data can then travel on any network-capable 
medium, from a fiber to an Ethernet cable. When IP is sent via fiber, it shares the medium 
with other IP traffic, so it does not require a dedicated fiber path. There is minimal concern 
over packet delay when there is heavy IP traffic; however, IP does have a packet priority 
capability to help mitigate packet delay, which TMoIP hardware is capable of utilizing. 
YPG has already invested in TMoIP hardware and uses it regularly. For example, the TM 
Bldg and YPG’s mission control center are approximately four miles apart, and TMoIP is 
currently used to transfer the received telemetered data over that gap. 

 
a. Pros: 

 
(1) Currently in use at YPG. 
(2) TMoIP is also the most convenient option for transferring data between different test 

ranges since it is IP-based. Within the last year, YPG has collected mission data on the 
range and sent it via TMoIP to Redstone Test Center (RTC) in Alabama and Edwards 
Air Force Base (AFB) in California with little effort and great success. 

(3) TMoIP is very mature and readily available from many vendors. When YPG first 
investigated TMoIP options in 2015, five vendors were evaluated on-site and all 
performed exceptionally well. 

(4) The Range Commander’s Council (RCC) has begun discussion to start standardizing 
TMoIP. 

(5) Easily integrated into YPG’s existing range network infrastructure. TMoIP allows 
shared use of fibers, does not significantly increase network traffic, and IP is preferred 
by YPG’s Range Communications group. 
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b. Cons: 
 

(1) Packet delay due to heavy IP traffic. This has not been an issue at YPG thus far, but as 
more and more instrumentation systems are starting to use YPG’s range network, it 
could be in the future. 

(2) TMoIP has not been standardized; consequently, cross compatibility between vendors 
equipment is not guaranteed. Although the standardization process has begun, it will 
take several years to complete, and matched sets of hardware will be required to ensure 
compatibility until it is completed. 

(3) Receivers still need to be collocated at the remote sites so no reduction of required 
receiver assets is possible. 

(4) TMoIP equipment will have to conform to Cybersecurity requirements. 
 

c. Market Availability and Cost: Because all solutions have different functional 
capabilities, there is a wide cost delta of $7-54K for 4 to 16 channels. Some vendors in 
this marketspace include Apogee Labs, GDP Space Systems, IPtec, NetAcquire, and 
RT Logic. 

 
2. RF Over Fiber: This solution also has an interface box on each end and takes the RF from 

the antenna and converts it to light. The RF is then reconstituted on the receiving end, ready 
to input into a telemetry receiver. Depending on the capability of the interface box, RF 
levels can be attenuated or gain added to mimic the original RF level. YPG has not 
previously utilized this technology for mission support but it is worth noting that RF over 
fiber does not seem to be as common as TMoIP at other test ranges; however, it is in use 
reliably at some, notably Point Mugu. 

 
a. Pros: 

 
(1) RF over fiber, unlike TMoIP, provides the capability to locate Telemetry receivers at a 

central location. This means that if all receivers were located at the TM Bldg, the total 
quantity required could be reduced to approximately 20% without loss of test support 
capability. 

(2) RF over fiber technology is also very mature and readily available commercially from 
several vendors. 

(3) There are no cybersecurity requirements for RF over fiber technology because the 
hardware never touches the network. Some units can be configured via a computer, but 
it would not be a daily mission requirement. 

 
b. Cons: 

 
(1) One of the drawbacks for this technology is it requires a dedicated fiber path, meaning 

no other instrumentation or signals can share the fiber line. At YPG, this is of some 
concern. Each fiber cable at YPG consists of 12 individual fibers, and the TM Bldg, 
being a major range communications hub, has multiple cables available. However, 
when fiber lines go bad, they are not dug up and repaired—technicians switch 
connection to one of the good lines. This means in some places, the number of fibers 
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is limited. For these reasons, YPG’s Range Communications group, who are 
responsible for both fiber and networking, strongly encourage shared use of fibers, and 
particularly use of IP, by all users. 

(2) Multiple fibers and interface boxes may be required to send right hand circular 
polarization (RHCP) and left hand circular polarization (LHCP) RF from the antenna 
to the receiver if the RF over fiber interface boxes were only single channel. 

(3) RF over Fiber is susceptible to noise and dB loss. From a technical aspect, one needs 
to be careful when using RF over fiber because it can affect the RF dynamic power 
range. Any noise on the input from cables, multi-couplers, etc. increases the noise 
figure and reduces the RF link budget. An overall loss of 0.25-0.5 dB in gain to noise 
temperature (G/T) is possible when using RF over fiber equipment. Understanding the 
entire RF link path and careful planning can minimize the loss. 

(4) Not all vendors advertise the ability to support C-Band. 
 

c. Market Availability and Cost: Readily available commercially from several vendors, 
including some vendors not traditionally in the Telemetry industry. Vendors that 
produce RF over fiber hardware include but are not limited to Finisar (Optium), 
Glenair, Microwave Photonic Systems, Emcore (Ortel), Miteq (L3), and Universal 
Switching Corporation. Cost for this technology is $10-20K per link. 

 
3. RF Over IP: Like the name suggests, it converts the RF signal into IP packets for 

transmission across any network. Like TMoIP and RF over Fiber, it also requires an 
interface box on each end. This technology takes the benefits of both TMoIP (uses IP, non-
dedicated fiber) and RF over fiber (transfers RF). Currently, only RT Logic markets this 
capability. RT Logic’s SpectralNet box utilizes IP standard for intermediate frequency (IF) 
ANSI/VITA 49.0 to transfer the data. It can only handle one channel up to 54 MHz 
spectrum; if two transmitted frequencies are further apart than 54 MHz, two boxes will be 
required. The SpectralNet allows for the user to configure the box to send only the spectrum 
required. For instance, one could configure the unit to send only 3 MHz spectrum centered 
on a 1 Mbps signal. YPG has not utilized this solution. 

 
a. Pros: 

 
(1) RFoIP, unlike TMoIP, provides the capability to locate Telemetry receivers at a central 

location. This means that if all receivers were located at the TM Bldg, the total quantity 
required could be reduced by approximately 20% without loss of test support 
capability. 

(2) Easily integrated into YPG’s existing range network infrastructure. RFoIP allows 
shared use of fibers and IP is preferred by YPG’s Range Communications group. 

 
b. Cons: 

 
(1) The market for RFoIP is small, as only one vendor markets the capability, RT Logic. 
(2) It also is only capable of supporting Telemetry’s L and S bands, not C Band. RT Logic 

is developing a product that will handle 500 MHz and C Band in the future, but the 
timeline for completion is currently unknown. 
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(3) RFoIP can use large amounts of IP bandwidth in order to transfer the RF spectrum. As 
a mitigating option, the SpectralNet allows for the user to configure the box to send 
only the spectrum required. For instance, one could configure the unit to send only 3 
MHz spectrum centered on a 1 Mbps signal. 

(4) RFoIP equipment will have to conform to Cybersecurity requirements 
 

c. Market Availability and Cost: Only one vendor, RT Logic, markets this capability. If 
market demand increases, then other vendors may develop products as well. Cost of a 
SpectralNet box is ~$15K. 

 
Table 1 summarizes the pros and cons of the technologies listed in this paper. 
 

Table 1.  Pros and Cons of Technologies 

Pro  Con 

Currently own Hardware 

Telemetry over IP 

No reduction in receivers possible 
Shares Fiber Receivers remain at remotes sites 

Easy to transmit off range Matched sets of hardware required 

Easy to Transport around range 
Required to conform to 

cybersecurity rules 
Mature technology Future possibility of packet delay 

IP preferred by YPG’s Range 
Communications group – 

   

Receivers can be at central location 

RF over Fiber 

Dedicated Fiber is required 

Fewer receivers required for operations 

Possible requirement for multiple 
interface boxes and fibers at each 

remote site 

Mature Technology Susceptible to noise and dB loss 

No cybersecurity requirements 
Not all vendors advertise C-band 

capability 
   

Receivers can be at central location 

RF over IP 

Only one viable supplier identified 

Fewer receivers required for operations Uses large amount of IP Bandwidth 
IP preferred by YPG’s Range 

Communications group 
Required to conform to 

cybersecurity rules 

Easy to Transport around range Does not support C Band 
 
 

CONCLUSION 
 
The pros and cons of the different technologies lend themselves to different applications. At YPG, 
there are five different applications to consider: Remote Antenna Site(s) to the TM Bldg, the TM 
Bldg to Mission Control, YPG to another range, TM Van to/from the TM Bldg, and Airfield to the 
TM Bldg. 
 

1. Remote Antenna Site(s): The most obvious application where transferring RF data could 
benefit YPG would be between remote antenna sites and the TM Bldg (see Figure 1). YPG 
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currently has three remotes site and future plans include the possible addition of more sites. 
The remote sites are already remotely controlled from the TM Bldg and have receivers 
collocated with the antennas. All data captured by the antenna and processed by the 
receivers is sent to the TM Bldg. When YPG looked at options in 2015 for transferring data 
from these remote antenna sites, YPG’s Range Communications group was a strong 
proponent of an IP solution. The basis for this advocacy for IP solutions was the availability 
of fiber lines on the test range, which was limited and would only decrease with time as 
the fiber lines degraded. The addition of new fiber lines is not planned in the near future. 

 
The RF over Fiber technology offers the potential to reduce the number of receivers needed 
by 20% and had no cybersecurity compliance requirement. Although these were significant 
strengths, the lack of available fiber lines ultimately ruled out RF over fiber for this 
application. RF over fiber would require too many dedicated fiber lines, especially if two 
fibers were required to send RHCP and LHCP. This concern is amplified when fiber 
availability runs out, because the cost and complexity of adding new fibers (dig permits, 
cost, environmental assessments, etc.) far outweighs any cost savings from using fewer 
receivers. This left RFoIP and TMoIP as options. 

 
For YPG, the technical limitations of RFoIP do not make it a viable solution at this time. 
This becomes apparent when evaluating a typical Telemetry operation because tracking 
antennas have RHCP and LHCP feeds available; therefore two SpectralNet boxes would 
be required to send both polarizations. In order to support two frequencies greater than 54 
MHz apart, and both RHCP and LHCP, then eight total SpectralNet boxes would be 
required (four on each end). If a third frequency is added, more than 54 MHz from the first 
two, then four more boxes would be required. The added complexity and hardware required 
makes this option cost-prohibitive for a typical operation. This leaves TMoIP as the best 
option for remote sites at YPG. 

 
2. TM Bldg to Mission Control: For data transmission between the TM Bldg and Mission 

Control, the data has already been converted from RF to PCM by the telemetry receivers, 
so it makes sense to use TMoIP. This has been the standard at YPG since 2015 and has 
proven to be very capable data link. 

 
3. YPG to Another Range: Similar to data transmission between the TM Bldg and Mission 

Control, data being transmitted between YPG and another Test Range will be converted to 
PCM at YPG prior to transmission. Digital data is better suited for long distance 
transmissions. There are many straight forward networking options available to establish 
an IP link between YPG and another Test Range, making TMoIP the obvious choice. 

 
4. TM Van to/from TM Bldg: TM Vans and the TM Bldg are configured to be complete stand-

alone ground stations as many customers want to see the received data in real-time. In order 
to be able to receive, process, and display data, telemetry receivers are installed at the TM 
Bldg and in all TM Vans. Since both the TM Bldg and the TM Vans have receivers, it 
makes sense to use TMoIP to transfer data between them because the data is already in 
PCM format. 
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5. Airfield to TM Bldg: The last application is a checkout antenna at the airfield used to 
provide a data link to the TM Bldg. The TM Bldg does not have good line-of-sight to the 
airfield: furthermore, buildings, terrain, and other aircraft cause multipath and masking 
issues. An antenna located at the airfield addresses all these issues and provides much better 
RF coverage. For this application, RFoIP and RF over Fiber are viable since the costs of 
either is less than the cost of a receiver. Only one dedicated fiber would be required for the 
RF over fiber solution. Although no dedicated fiber would be required for RFoIP solution, 
the market space is small, creating sustainability and obsolescence concerns for the user. 
Since this application is the least utilized and not directly tied to test support, it could serve 
as a test bed to gain more experience with RFoIP. At this point, it is a coin toss between 
the two, and a decision that YPG will have to discuss in a broader group. Results from this 
paper should help guide that discussion. Table 2 shows a summary of the applications. 

 
Table 2.  Summary of Applications 

Application Best Technology Solution 

Remote Site to TM Bldg TMoIP 

TM Bldg to Mission Control TMoIP 

YPG to Another Range TMoIP 

TM Van to/from TM Bldg TMoIP 

Airfield to TM Bldg RF over Fiber or RFoIP 
LEGEND: 
RF – Radio Frequency 
TM – Telemetry 
TMoIP – Telemetry-over-Internet Protocol 
YPG – Yuma Proving Ground 
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