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FOREWORD 
The U.S. Department of Homeland Security (DHS) Science and Technology Directorate (S&T) Urban 
Operational Experimentation (OpEx) 2022—hosted in July 2022 by the OpEx program and National 
Urban Security Technology Laboratory (NUSTL)—provided first responders with the opportunity to 
experiment with new and emerging technologies in realistic, urban settings. This event combined 
demonstrations of leading-edge technologies with application-based field assessments staged 
throughout the New York City metropolitan area. 

Urban OpEx 2022 was an important opportunity for DHS S&T to better understand the operational 
needs and requirements of urban first responders. Additionally, this event enabled first responder 
agencies to assess new technologies and provide feedback to participating technology vendors. 
Urban OpEx 2022 included participation from a broad range of federal, state, local, and private 
sector partners. 

As part of the preparation for this event, DHS S&T facilitated discussions with first responder 
agencies to identify existing capability gaps. In coordination with NUSTL, the OpEx Program, 
developed a Request for Information to solicit interest from technology vendors who addressed the 
current capability gaps, needs, interests, and priorities of first responder organizations. DHS S&T 
selected technologies, in collaboration with first responder stakeholders, for participation in Urban 
OpEx 2022.  

Urban OpEx events enrich the homeland security enterprise by gathering subject matter experts 
(SMEs) as first responder evaluators to train on and assess emerging technologies.  

First responder evaluators provided recommendations and feedback to technology vendors that 
can inform the refinement of existing technologies. Evaluator recommendations also provide 
valuable insight for the national first responder community to inform investments in new and 
emerging technologies.  

For more information on Urban OpEx or to view additional published Urban OpEx reports, visit 
www.dhs.gov/publications-library/science-and-technology.

https://sam.gov/opp/ae6ed236434045c1b560e2cf7f61af54/view
https://www.dhs.gov/publications-library/science-and-technology
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EXECUTIVE SUMMARY 
On July 22, 2022, the U.S. Department of Homeland Security (DHS) Science and Technology 
Directorate (S&T) conducted the Urban Operational Experimentation (OpEx) 2022, during which 
participants evaluated Wave Relay® Mobile Ad Hoc Network (MANET)1, referred to hereafter as 
“Wave Relay.” Developed by Persistent Systems, Wave Relay is a deployable communications 
network that enables users to remain in communication throughout real-time emergencies and 
their aftermath.  

During Urban OpEx 2022, first responder evaluators tested Wave Relay in an operational scenario 
to provide feedback on its features and suitability for urban first responder organizations. 
Participating first responders came from a variety of New York City agencies, including the 
Metropolitan Transportation Authority, New York City Emergency Management, New York City Fire 
Department. And New York City Police Department, as well as members from the DHS S&T First 
Responder Resource Group2, including the Oswego (CA) Fire Department and the North Carolina 
Division of Information Technology. Wave Relay product engineers presented its features and 
capabilities before evaluators operated Wave Relay to conduct communications integration, long-
range transmissions, and communications in degraded environments. The Urban OpEx Planning 
Team incorporated vendor and first responder input to develop a list of critical tasks to accomplish 
while testing Wave Relay. The Urban OpEx Planning Team also encouraged first responder 
evaluators to consider other ways outside of the identified critical tasks that they might use the 
technology during a real-world event or incident. 

First responder evaluators were impressed by the all-in-one data and voice capabilities of Wave 
Relay. They appreciated the systems’ durability, mesh networking capability, and support for 
multiple relay solutions. Additionally, most evaluators thought the Wave Relay system, which 
includes the Man Portable Unit 5 connected to the MANET network and associated controls, was 
intuitive and easy to understand once engaged. However, evaluators felt a significant learning 
curve when setting up the system. Many indicated that the number of nodes required for clear 
communications and the required setup time for proper placement was a significant drawback. 
Evaluators noted minor unfavorable feedback, including radio communications latency issues and 
the antenna size being too large for covert use cases.  

Evaluators provided recommendations for improvements, including system developments to 
simplify the deployment of the Wave Relay system in a wide range of scenarios. The primary use 
case first responders identified for this technology was augmenting existing networks and 
seamlessly connecting two networks in the setting of temporarily degraded or disrupted 
communications. Overall, only a few evaluators believed that Wave Relay could effectively augment 
its current operations. 

 
1 A MANET is an interconnected system of wireless nodes that communicate over bandwidth-constrained wireless links. 
Each wireless node can function as a sender, a receiver, or a router. When the node is a sender, it can send messages 
to any specified destination node through some route.  
2 First Responders Resource Group is an all-volunteer working group comprised of 120 experienced emergency 
response and preparedness professionals (active and retired) who help S&T maintain focus on the top-priority needs of 
responders in the field, helping to guide its research and development efforts.  
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1.0 INTRODUCTION 

The U.S. Department of Homeland Security (DHS) Science and Technology Directorate (S&T) 
supports first responders in their mission to protect the public by introducing them to new products 
and tools that enhance their operational effectiveness. The DHS S&T Operational Experimentation 
(OpEx) Program partnered with the National Urban Security Technology Laboratory (NUSTL) to plan, 
conduct, and assess Urban OpEx 2022.  

To identify technologies with the highest utility for emergency response personnel, urban first 
responders from the Metropolitan Transportation Agency (MTA), New York City Emergency 
Management (NYCEM), New York City Police Department (NYPD), and New York City Fire 
Department (FDNY), identified capability gaps in their operations and technology areas that could 
help to mitigate those gaps.  

Using this input, the Urban OpEx Planning Team identified technology areas to address the first 
responders’ capability gaps. DHS S&T then developed and disseminated a Request for Information 
(RFI) to solicit responses from vendors who offer products in those technology areas. The Urban 
OpEx Planning Team surveyed technology vendors whose products could enhance operations for 
urban first responders. Table 1 highlights Urban OpEx 2022 technology areas included in the event. 

Topic Area Description 

Fixed, On-body or Handheld 
Sensors 

Fixed, on-body, or handheld technology solutions that can send and 
receive sensor data to support and enhance first responders' mission 
effectiveness. 

Unmanned Aircraft Systems (UAS) UAS technology solutions that provide the capability to survey and model 
urban environments. 

Situational Awareness Platforms 
Situational awareness technology solutions that provide necessary 
information to first responders to enhance disaster and emergency 
preparedness and response capabilities. 

Deployable Robotics Technology solutions that provide deployable robotics capabilities to 
support or enhance first responders' mission effectiveness. 

Deployable Communications 
Systems 

Technology solutions that provide deployable communications 
capabilities for use during an emergency or disaster, restoring failed 
communications systems or augmenting existing ones to increase 
capacity for emergency response functions. 

Video Content Analysis and Video 
Analytics 

Mobile and deployable technology solutions that aid law enforcement in 
threat detection, including but not limited to anomaly detection (e.g., 
bags left behind), behavior threat detection (e.g., crimes in progress, 
people in need of assistance), and facial recognition. 

Table 1: Urban OpEx Technology Areas 

https://sam.gov/opp/ae6ed236434045c1b560e2cf7f61af54/view
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DHS S&T used the technology areas to guide the selection process in consultation with subject 
matter experts (SMEs) from within S&T, leading to the Urban OpEx Planning Team selecting seven 
technologies out of more than 50 RFI responses. The Urban OpEx Planning Team then worked with 
first responders and technology developers to develop operational scenarios and select venues for 
staging the experiment. In addition to scenario development, the Urban OpEx Planning Team 
created an Experimentation Plan (ExPlan) to guide the event. The ExPlan included information 
about logistics, safety, roles and responsibilities, experiment design and scope, and evaluation 
guidance. Hosted by the OpEx Program and NUSTL, from July 19 to 22, 2022, New York City first 
responder agencies and members of the DHS S&T First Responder Resource Group (FRRG) 
experimented with the technologies and provided feedback and observations to inform technology 
development. 

On July 22, 2022, five first responder evaluators used Persistent Systems’ Wave Relay® Mobile Ad 
Hoc Network (MANET), hereafter “Wave Relay,” as a part of Urban OpEx 2022. SMEs from FDNY, 
NYCEM, NYPD, MTA, and NYCEM participated as evaluators to assess Wave Relay’s utility for their 
respective agencies. Observers from MTA, the Port Authority of New York and New Jersey (PANYNJ), 
and various federal, state, and local partners also attended. Persistent Systems participated under 
a Cooperative Research and Development Agreement (CRADA) with DHS S&T. 

1.1 PURPOSE 
The Urban OpEx Planning Team designed the Wave Relay operational experiment to provide first 
responders and emergency response personnel with an opportunity to learn Wave Relay’s 
capabilities and limitations, gain hands-on knowledge in a representative environment, and provide 
feedback about Wave Relay’s applications for first responders and emergency response personnel. 
First responder evaluators gave feedback that could be used by Persistent Systems to improve its 
Wave Relay product. Likewise, the feedback gave S&T program managers a better understanding of 
first responders and emergency needs to help guide future S&T investments. 

1.2 OBJECTIVE 
Urban OpEx 2022 will introduce new technologies and assess their ability to address first 
responder mission capability needs.  

 Objective 1: Share end-user feedback on Wave Relay with the national first responder 
community to inform their decision-making  

 Objective 2: Share first responder feedback with Persistent Systems to improve their 
products 

1.3 RESPONDER CAPABILITY NEED  
The uncertain and evolving nature of real-time emergencies and their aftermath highlights the 
importance of deployable communication systems that increase situational awareness amongst 
first responders and emergency response personnel undertaking dangerous missions. First 
responder SMEs who advised the Urban OpEx Planning Team on capability gaps indicated that 
deployable communication systems could enhance emergency responders’ ability to execute 
complex missions that require the flexibility to augment (without replacing) an existing network in 
temporarily degraded or disrupted operating environments.  
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For example, first responders identified communications-degraded environments such as tunnels 
or subway stations as a use cases that requires supplemental technology to augment or extend 
their communications network while increasing the range or number of radios.  

1.4 SCOPE 
Due to time constraints and scenario limitations, evaluators and the Urban OpEx Planning Team 
could not experience all of the features, capabilities, and configurations of the Wave Relay at Urban 
OpEx 2022. Technology training was limited to one hour of virtual training offered before Urban 
OpEx and one hour of in-person training at the event, which may have constrained how the 
evaluators interacted with the technology.  

1.5 PRODUCT DESCRIPTION   
Wave Relay is a proprietary configuration of a decentralized 
network that does not rely on pre-existing infrastructure. Each 
new node or device added to the network can be used to 
communicate with all other devices on the network, and 
further be used to route and relay data from other nodes. 
Persistent Systems initially designed and developed Wave 
Relay for Department of Defense (DoD) use cases and has 
further adapted the technology to address first responder 
mission capability needs. 

The Man Portable Unit Mesh Network Radio 5 (“MPU5”) is the 
physical device that was used to create and assess the 
capabilities of a Wave Relay (Figure 1). It is a two-way 
communication device that can serve as a node on the Wave 
Relay network. It is a compact device similar in size and shape 
to a land mobile radio and is powered by a 6.8 ampere-hour 
rechargeable battery. It is ruggedized and IP-68 rated 
waterproof.3  

The MPU5 has integrated GPS, native video 
encoding/decoding, and push-to-talk capabilities built in, to further facilitate users to share video, 
audio, and geolocation information with each other. The MPU5 also includes multiple input multiple 
output wireless transceivers, which is an antenna configuration that enables data to travel over 
many signal paths at the same time resulting in a more resilient network.  

The MPU5 runs on an Android Operating System, which allows for the use of third-party 
applications. Additionally, the MPU5 can be paired with hardware accessories and sensors allowing 
a user to interface with the MPU5 in more ways and share more types of information. During this 
event, the MPU5 was paired with a rugged display and controller, mobile video camera, and a 
tactical headset.  

 
3  The IP rating stands for “Ingress Protection” and indicates how well a product protects against the introduction of 
solid or liquid particles, mainly dust and water. The six rating describes protection against intrusion from objects greater 
than 1mm, and the seven rating describes protection against short submersion water immersion periods. 
www.iec.ch/ip-ratings 

Figure 1: End-Users Connect as a 
Peer-to-Peer Network Using the Wave 

Relay MANET MPU5 
Image credit: Persistent Systems 

https://www.iec.ch/ip-ratings
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2.0 EXPERIMENT DESIGN 

First responders, the 
technology developer, the 
OpEx program, and NUSTL’s 
Urban OpEx Experiment 
Director provided input to 
develop the scenarios to test 
Wave Relay’s technology 
integration and degraded 
environments communications 
capabilities. The Urban OpEx 
Planning Team designed this 
scenario to allow first 
responders the flexibility to 
experiment with features most 
relevant to their missions. 
Participating in the scenario development process helped first responders understand how the 
technology could apply to emergency response operations. 

Scenario: 

A fire develops inside the NUSTL office building (Figure 2). First responders have verified that 
survivors are trapped inside several places and have no escape route 

Critical tasks to perform while using MPU5s and Wave Relay’s MANET included: 

 Integrating third-party two-way audio communications devices with the MANET network
using the MPU5

 Demonstrating interoperability and two-way audio and data communications at various
locations.

To achieve these critical tasks, evaluators were deployed to various pre-determined locations within 
and outside of 201 Varick Street, a 12-story building that occupies the area of one full city block 
and is made of cement, mason, steel, and other materials (Figure 2). They were deployed one at a 
time to assess how the ability to communicate audio and data changed as more nodes were 
deployed, creating a stronger and more resilient network.  

Nodes were placed throughout the venue in a pre-determined sequence, and a voice and data 
communications check were conducted at each sequence step to ensure proper communications 
relay.  

After the experiment, data collectors asked evaluators to consider how this technology would affect 
their current standard operating procedures and whether Wave Relay could be used to augment 
their response capabilities. 

Figure 2: Aerial View of 201 Varick Street in New York, New York 
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2.1 SUMMARY OF THE OPERATIONAL EXPERIMENT  
At Urban OpEx 2022, participants from NYCEM, 
FDNY, and NYPD convened at the NUSTL office 
in New York, New York, to test and evaluate 
Wave Relay. Before OpEx was underway, 
evaluators for Wave Relay had the opportunity 
to participate in virtual technology training with 
vendors, allowing evaluators to familiarize 
themselves with the technology in advance of 
the event.  

Table 2 lists the number and agency 
affiliations of evaluators that participated in 
the Wave Relay test event. Each evaluator was 
paired with at least one data collector who 
recorded their observations of the experiment 
along with real-time feedback from the evaluator. Table 3 summarizes the equipment used for this 
experiment. 

Table 2: Equipment Used During the Experiment 

Table 3: Evaluators for Wave Relay 

Equipment Description 

Wave Relay MANET MANET hardware components 

Man Portable Unit 5 Radios Radios which enable communication between MANET and serve as 
network nodes; radios for experimentation 

C2 Software Runs Wave Relay 

Laptop Runs software 

Third Party Radios Motorola Vertex or similar 

Camera/Mobile device Displays data/video transmissions 

Body camera Rugged Display Controller (forward-facing camera) 

TV Monitor Conference room video display to project GUI and video images to 
observers 

Tactical Headset Over-the-ear headset and microphone with in-line channel adjuster 

 

Agency Participants 

FDNY 2 

MTA 1 

NYCEM 1 
North Carolina Division of 
Information Technology 1 

NYPD Counterterrorism Division 1 

Oswego (NY) Fire Department 1 
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2.2 CONDUCTING EXPERIMENTATION ACTIVITIES 
The experiment began with a presentation by personnel from 
the OpEx Program and NUSTL, providing an overview of Urban 
OpEx and its purpose. The Experiment Director provided 
additional opening remarks and a safety briefing. Wave Relay 
product engineers then provided an overview and trained 
evaluators on the operation and capabilities of Wave Relay. 
After hands-on training (Figure 3) with evaluators for 
approximately 30 minutes, the OpEx began with evaluators 
operating Wave Relay in and around the NUSTL lab complex, 
including the building rooftop, stairwell, warehouse, lobby, 
and surrounding streets 

The experiment scenario focused on using Wave Relay to 
establish and maintain communications where 
communications would typically be diminished or non-
existent. Evaluators experimented with establishing and 
maintaining communications by traveling to different points in 
201 Varick Street and conducting voice and data 
communications checks (Figure 4). The command center node-initiated voice communications 
checks requesting each user/node to verify they received the voice communications from the 
command center, then broadcasting their location one at a time. An evaluator playing the role of 
incident commander verified data communications from the command center.  

2.2.1 TWO-WAY AUDIO COMMUNICATIONS 
During the OpEx, each 
evaluator, when directed by 
the Experiment Director, 
moved to a location within 
the NUSTL lab complex: in 
the building, on the roof, or in 
the surrounding area (Figure 
4) Evaluators were deployed 
with a MPU5 (i.e., a MANET 
node) to test audio quality 
and their ability to 
communicate with the 
command center and 
between MPU5s. Table 4 
shows the deployment and 
activation progression of the nodes, starting with the command center and warehouse being 
activated during step one.  

Figure 4: Aerial Overview of Wave Relay MPU5 Deployments and 
Sequence of Activation  

Figure 3: Evaluators Train on 
Wave Relay 
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Step Active Man Portable Unit 5/Node Notes 

1 a. Command Center Unable to establish voice or data 
communications b. Warehouse 

2 
a. Command Center Voice and data communications were 

established between all nodes b. Warehouse 
c. Lobby 

3 

a. Command Center 
Unable to establish voice or data 
communications with Roof Node 

b. Warehouse 
c. Lobby 
d. Roof Center 

4 

a. Command Center 

Unable to establish voice or data 
communications 

b. Warehouse 
c. Lobby 
d. Roof Center 
e. Stairwell 9th floor (unattended) 

5 

a. Command Center 
Voice and data communications were 
established between all nodes after 

moving the Roof Center node to the NE 
corner 

b. Warehouse 
c. Lobby 
e. Stairwell 9th floor (unattended) 
f. Roof NE Corner 
g. King Street 

To test Wave Relay’s two-way audio communications, the Experiment Director instructed 
evaluators, one at a time, to go to an assigned area in and around the NUSTL complex. Evaluator 
two went to the warehouse and tested communications with evaluator one, who stayed at the 
command center. Once they established communications, evaluator three went to the lobby and 
tested communications with the command center and evaluator one. Evaluators four and five went 
to the roof and King Street, respectively.  

The evaluators tested communications with the introduction of each new evaluator at different 
locations to test the mesh connection. If an evaluator could not establish communications with the 
command center or other evaluators, additional MPU5s were introduced and positioned as nodes 
at strategic locations to extend network connectivity.  

The hands-on experiment continued until each evaluator established communications with the 
command center and the other evaluators using Wave Relay. Persistent Systems representatives 
were available to answer questions and provide technical assistance as requested during the 
hands-on experiment. Otherwise, the Urban OpEx Planning Team encouraged the vendors to remain 
hands-off, allowing as much uninterrupted assessment of the technology as possible. 

In parallel to establishing and assessing the quality of the communications network, evaluators, 
with the support of Persistent Systems representatives, integrated a first responder land mobile 
radio with an MPU5, demonstrating that this capability could be extended to legacy radio systems 
using hardware adapters.   

Table 4: MPU5 Locations and Activation Step Sequence 
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2.2.2 DATA COLLECTION 
Throughout the experiment, the Urban OpEx Planning Team also encouraged evaluators to voice 
their opinions to assigned data collectors. The Team obtained feedback from the evaluators in 
several ways: 
 During the test activities, at least one data collector worked with each evaluator to capture

comments, concerns, and difficulties using Wave Relay
 After participating in the scenarios, evaluators completed a questionnaire that recorded their

opinions on the suitability of Wave Relay for first responders and emergency response
personnel

 Finally, the Experiment Director led a technology debriefing during which evaluators provided
additional comments and feedback that data collectors recorded (Figure 5). The discussion
included the following questions:

─ In what applications do you anticipate using this technology? 

─ What did you like about this technology? 

─ What did you dislike about this technology? 

─ What changes would you recommend? Why? 

─ Is this technology something that you would actively use if it was available to you? 

─ How do you think this technology would affect your ability to complete your duties? 

Figure 5: Persistent Systems and Evaluators After 
Wave Relay Experimentation 
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3.0 RESULTS 

The results for the Urban OpEx 2022 evaluation of Wave Relay contain three types of feedback: 
questionnaire feedback, data collector notes from the experiment, and notes taken about evaluator 
comments during the technology debriefing. These results will help first responder agencies 
understand whether Wave Relay may be suitable for their operations and provide information to 
Persistent Systems on strengths and opportunities for improvement of their technology. Due to 
evaluators’ different backgrounds, use cases, and experiences, some assessments diverged from 
one another and were slightly contradictory about specific areas. However, most were in agreement 
with one another unless otherwise noted. 

3.1 QUESTIONNAIRE FEEDBACK  
Each evaluator completed a questionnaire focused on technology suitability, ease of use, and most 
useful features. Part one of the questionnaire asked the evaluators to respond to a series of 
statements about Wave Relay’s suitability for incident management missions and ease of use. 
Table 5 provides a breakdown of these responses. The number in each cell represents the total 
number of evaluators who selected Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree, or 
Unable to Determine when completing their evaluation.  

All but one evaluator agreed that Wave 
Relay could help support and fulfill their 
agency’s mission, especially in 
communications-degraded environments. 
Four out of five evaluators indicated that 
Wave Relay was an improvement over the 
technology they currently use. However, 
most evaluators did not think the user 
interface was intuitive or easy to operate. 
Three out of five evaluators indicated that 
Wave Relay would improve their ability to 
communicate, share information, and 
coordinate with other agencies or groups 
during a multiagency response because it 
supports multiple methods of 
communication and provides real-time 
video to Incident Command (IC) when 
working properly (Figure 6).  

 

 

  

Figure 6: Evaluator with Wave Relay 
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Equipment Strongly 
Disagree Disagree Neutral Agree Strongly 

Agree 
Unable to 
Determine 

This technology can help 
urban first responders' 
missions.  

0 0 1 2 2 0 

This technology is an 
improvement on the 
technology urban first 
responders currently use.  

0 0 1 3 1 0 

This technology performed all 
capabilities outlined by 
vendor. 

0 2 1 2 0 0 

Responders are able to easily 
use this technology in 
conjunction with their required 
personal protective gear, if 
applicable to the scenario. 

0 2 2 1 0 0 

The computer/mobile device 
user interface was intuitive 
and easy to both understand 
and engage with.  

0 3 0 2 0 0 

The technology was easy to 
use with little to no 
interference from vendor 
during testing. 

0 1 1 2 0 1 

This technology increases 
urban first responder's ability 
to communicate and 
disseminate information 
during an event or incident. 

1 0 0 3 1 0 

This technology can improve 
first responder's ability to 
communicate and coordinate 
with other agencies and 
groups.  

1 0 1 2 1 0 

This technology can improve 
my ability to review and report 
information back to my 
leadership. 

0 1 1 2 0 1 

This technology should be 
recommended to other urban 
first responders. 

0 1 1 1 1 1 

Table 5 Evaluators' Responses to Questions on Suitability and Ease of Use 
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Part two of the questionnaire asked evaluators open-ended questions to gather feedback on what 
features they found most and least useful. Some evaluators expanded on their answers by 
describing potential solutions to troubleshoot the issues they faced when operating Wave Relay. 
Some evaluators believed that Wave Relay could be an asset to their organization. Still, some 
believed that the range of use cases was narrow and said the weight of the radios (at 13.8 oz, 
nearly a pound) and the difficulty of setting up the technology led them to question the ease of 
adoption.  

During the operational activities, data collectors recorded evaluators’ comments about positive 
attributes and issues they experienced while operating Wave Relay. Data collectors also 
documented technical issues and noted evaluators’ concerns about the setup and capability 
limitations. After the scenarios concluded, the debriefing allowed the data collectors to solicit 
further feedback from the evaluators. Table 6 summarizes evaluator’s responses captured from the 
activities and debriefing as recorded by data collectors. The feedback falls under three categories: 
the complete Wave Relay system, communications, and radios.



  

Approved for Public Release       18 

Application Most Useful Features Least Useful Features/Problems Recommended Changes 

Wave Relay 
MANET x 2.6 x 4.6  

 All-in-one data, voice, and 
video capabilities 

 Integration with body 
cameras 

 User interface and 
communications are easy to 
use after setup 

 Mesh networking  
 Supports MPU5, Long Term 

Evolution (LTE), or wired 
relay solutions 

 Fixed nodes available 
 Flexibility to allow the setup 

of nodes on the front, end, 
or before an event 

 Setup is difficult and time intensive. At least one 
evaluator commented they would need additional 
training to be able to perform setup 

 The chances of losing communications with other 
nodes are much higher In difficult radio frequency 
(RF) environments, with a small number of nodes; 
They can occur with minor changes in position (20 
feet or less). 

 At least two nodes must be in close range to each 
other to communicate across further distances 

 Mesh is weak without enough nodes 
 Integration into the existing network is difficult 
 Situational awareness is very dependent on 

integration  
 Its needing numerous pieces of equipment makes it 

difficult to use  
 Utility of Wave Relay seems narrow and mission-

dependent to most evaluators  

 Provide a video with setup 
instructions 

 Label or color-code ports to 
simplify plug-in and setup 

 Supply fixed nodes for long-
term operations to improve 
the performance and avoid 
time-consuming setup 

 Make the system ready to use 
out of the box with little setup  

 Increase capabilities in 
subway operations and dense 
structures 

 Add a radio geolocation 
feature for use in global 
positioning system (GPS)-
denied environments 

 Increase distance range 
 Make MPU5 more compact4 

Communications 

 Supports effective 
communication between 
the two outdoor groups  

 Achieves underground 
communications once radio 
node placements are 
adjusted 

 Great communications 
clarity once users add 
additional nodes  

 Two to four-second latency  
 Overall communications are spotty and inconsistent 

(e.g., communications between the warehouse and 
the roof had diminished the sound quality) 

 Inconsistent video communications throughout the 
demonstration:  responders unable to stream live 
video feed to the IC (one of the ExPlan’s critical task: 
for this technology)   

 Node placement is difficult and requires significant 
trial and error to achieve the correct placement 

  (N/A) 

 
4 The chassis of the Wave Relay MANET is 1.5 2.6 x 4.6 in 

Table 6: Evaluators' Responses to Questions on Features 
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Application Most Useful Features Least Useful Features/Problems Recommended Changes 

Physical 
Configuration 

 Dual-channel and PTT 
features 

 Ability to cancel out ambient 
noise  

 Ruggedness and versatility 

 MPU5s became uncomfortably hot to the touch 
during the experiment 

 Too heavy for extended, daily use 
 Method of securing the PTT (i.e., via an alligator clip 

near the PTT button), makes it uncomfortable to 
wear  

 Maximum audio volume is too low 
 Antennas are too large for covert use 
 Antenna could be bumped and redirected if 

responders are crawling in tight spaces, negatively 
impacting communications and clarity 

 RF exposure to the user raises concerns [if the MPU5 
expose users to a larger set of RF signals, are there 
additional safety concerns that need to be 
addressed?] 

 Viewing signal-to-noise ratio (SNR)5 for all radios on 
the network was not intuitive (i.e., required the 
vendor to step in to show one evaluator)  

 Add a carrying case 
 Add the ability to mount in 

vehicles 
 Add additional attachments 

for a more secure fastening to 
uniform 

 
5 SNR is a metric that describes the signal performance in the presence of wireless channel noise (interference). 
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4.0 CONCLUSION 

Evaluators’ feedback on Wave Relay was mixed. Throughout the debriefing and written 
questionnaire, evaluators remarked that the technology’s rugged and versatile design are positive 
attributes that would increase usability. Most of the evaluators appreciated the design of the nodes 
and the ability to set them up before an emergency event occurs. Evaluators also reported that the 
fixed, add-on nodes would be an asset when setting up the system, particularly underground. Wave 
Relay was initially developed for special operations soldiers and is widely used in the field for DoD 
use cases. Wave Relay could benefit first responders by allowing them to respond appropriately to 
unique communications circumstances during an incident. This is especially important for high-risk 
actions, such as inspecting collapsed subway tunnels or active shooter response. In addition, the 
network range of Wave Relay has a flexible build out, making the system well-suited for an urban 
operating environment.  

A majority of evaluators also noted several shortcomings while testing Wave Relay. For example, 
overall communications were spotty and inconsistent. This shortcoming illustrates the relationship 
between the number of nodes and the stability of the network to transmit communications. This is 
especially noteworthy because first responders rely on stable and dependable communications 
during emergency responses and are not in a position to factor in how many nodes they may 
require for a particular operating environment. Though they are an optional accessory, evaluators 
noted the tablet that served as a remote controller for the radios was awkward to carry and use. 
Evaluators also noted that the radios overheated when used for too long. Additionally, while wide-
range node placement would be beneficial, evaluators found that the additional unattended nodes 
were challenging to place and turn on. Evaluators offered multiple solutions to address these 
problems, including:  

 Providing simplified instructions for use, such as training videos, labeled controls, or 
colored buttons 

 Including nodes that can be permanently installed in places like subway stations and above-
ground buildings to eliminate setup challenges when first responders deploy the technology  

 Engineering the system to be ready to use out of the box 

Urban OpEx 2022 experiments were conducted in a half-day timeframe. They were driven by a 
tailored set of scenarios that limited the evaluator’s exposure to a typical training program, broader 
technology configurations outside the planned scenario, and additional features/configurations of 
the technology not applicable to the scenario. Given these constraints, it is possible that some first 
responder evaluator feedback or suggestions for improvement could be addressed with the 
completion of the entire technology provider-recommended training program.  

In conclusion, most evaluators did not think Wave Relay - with its current operational capabilities – 
has potential for utilization across most agencies, except during special but infrequent use cases. 
One potential use case involved this system's use to temporarily extend existing networks to 
tunnels or other areas where existing first responder communications cannot reach and connect 
the new ad hoc network to the existing network. In this case, first responders would need to have a 
designated team trained with this system ready to extend the existing communication network to 
the communications-degraded environments. The feedback from evaluators may enable the 
technology vendor to improve the product and expand the number of use cases where Wave Relay 
could support first responders’ work.  
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5.0 ACRONYM LIST 

Acronym Definition 

CRADA Cooperative Research and Development Agreement 
DHS Department of Homeland Security 
DoD Department of Defense 
ExPlan Experimentation Plan 
FDNY New York City Fire Department 
FRRG First Responder Resource Group 
GPS Global Positioning System 
HAZMAT Hazardous Materials 
IC Incident Command 
IP Ingress Protection (rating) 
LTE Long Term Evolution (e.g., 4G or Fourth Generation) 
MANET Mobile Ad-Hoc Network 
MPU5 Man Portable Unit 5 
MTA Metropolitan Transportation Authority 
NYCEM New York City Emergency Management 
NYPD New York City Police Department 
NUSTL National Urban Security Technology Laboratory 
OpEx Operational Experimentation 
PANYNJ Port Authority of New York and New Jersey 
PTT Push-to-Talk 
RF Radio Frequency 
RFI Request for Information 
SME Subject Matter Expert 
SNR Signal to Noise (ratio) 
S&T Science and Technology Directorate  
UAS Unmanned Aircraft System 
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