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Abstract— 21st century advancements in information technology 

are enabling a powerful emerging capability known as Urban 

Telepresence (UT).  This capability allows users to experience an 

operational environment (e.g.  an urban cityscape) via an 

immersive, remote browser interface.  UT operators can interact 

in real-time with personnel and sensor assets in that 

environment, and can derive comprehensive shared situational 

awareness (SA) from a mixed reality (i.e. live-over-virtual-over-

time) augmentation of the environment with supporting 

intelligence, including past/present/forecast information.  The 

deployment of UT capability becomes a force multiplier for 

military operations as well as civilian safety, security and 

emergency response.  By providing on-scene sensor data 

registered into the virtual scene of the real environment, UT 

facilitates effective supervisory control of the sensors to follow 

situation dynamics, and creates powerful enhanced “overwatch” 

abilities.  With super-human ability to change perspective and 

evaluate the scene both spatially and temporally, the “virtual 

operator” becomes a valued team member to personnel in the 

environment in real-time.  In the future, UT will play a 

substantial role for missions in both non-cooperative (e.g. 

military) and cooperative (e.g. natural disaster response) 

environments. 

 
fourDscape® four-dimensional (4D) browser/server technology is 
already deployed and providing enhanced situational awareness 
in homeland security applications, and is currently being 
leveraged by the U.S. Air Force Research Laboratory (AFRL) as 
a baseline technology for developing and evaluating a 
comprehensive Urban Telepresence integrated system and 
human-machine interface (HMI).  Some of the important 
technical components of this UT capability include:  an 
immersive, augmented virtual reality (AVR) environment 
providing an untethered perspective into the real-world 
operational environment;  a naturalistic user interface for 
temporal-spatial navigation and information management;  an 
effective HMI to perform supervisory control of 
manned/unmanned on-scene assets and sharing of vital 
information;  and disparate multi-systems integration to develop 
a complete temporal-spatial 4D context for comprehensive shared 
situational awareness.  In addition, a Testing/Training 
Methodology and simulation environment is being developed, 
combining both performance-based and knowledge-based 
measures of effectiveness (MoEs)  techniques, which will evaluate 
the value UT adds to SA in an overwatch capacity. 
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I.  INTRODUCTION 

The number of unmanned systems used in operational 
environments has been increasing at an exponential rate, as 
well as the volume of available data from onboard sensors.  
“We’re going to find ourselves in the not too distant future 
swimming in sensors and drowning in data” said former U.S. 
Air Force (USAF) Deputy Chief of Staff for Intelligence, 
Surveillance and Reconnaissance (ISR), Lt. Gen. David A. 
Deptula (quoted in [1]). What is needed is an integrated 
context combining this flood of ISR data from which users can 
build situational awareness for effective assessment and 
decision-making that directly support tactical operations; a 
force multiplier for military operations as well as in civilian 
safety, security and emergency response. 

In response to this critical need, the USAF Research 
Laboratory (AFRL) has an on-going research, development, 
test & evaluation (RDT&E) program called “Urban 
Telepresence and Augmented Vision” (UT/AV).  The 
capability UT proposes to develop will allow users to 
experience an operational environment (e.g.  an urban 
cityscape) via an immersive, remote browser interface.  UT 
operators will interact in real-time with personnel and sensor 
assets in that environment, and can derive comprehensive 
shared situational awareness (SA) from a mixed reality (i.e. 
live-over-virtual-over-time) augmentation of the environment 
with supporting intelligence, including past/present/forecast 
information.  By providing on-scene sensor data registered 
into the virtual scene of the real environment, UT facilitates 
effective supervisory control of the sensors to follow situation 
dynamics, and creates powerful enhanced “overwatch” 
abilities.  With super-human ability to change perspective and 
evaluate the scene both spatially and temporally, the “virtual 
operator” becomes a valued team member to personnel in the 
environment in real-time.  In the future, UT will play a 
substantial role for missions in both non-cooperative (e.g. 
military) and cooperative (e.g. natural disaster response) 
environments. 

AFRL is leveraging fourDscape® four-dimensional (4D) 
browser/server technology, which is already deployed and 
providing enhanced situational awareness in homeland 
security common operating picture applications [2], as a 
baseline technology for developing and evaluating a 
comprehensive Urban Telepresence integrated system and 
human-machine interface (HMI).        This work is sponsored by the U.S. Air Force Research Laboratory. 



 

 

 

 

 

II.  UT FUNCTIONAL CAPABILITIES ANALYSIS 

There are a number of important functional components 
that comprise the UT RDT&E program, discussed below. 

 

A. Augmented Virtual Reality Environment 

There are numerous human factors issues to be considered 
in building virtual environments for UT [3].  One critical 
factor impacting human performance is the degree of 
‘presence’ experienced by the operator, which is directly 
affected by the level of realism, interaction and live activity 
presented to the user in real-time. 

For the UT project at AFRL, the core user interface is a 
fourDscape-based  4D real-time augmented virtual reality 
(AVR) browser (see Fig. 1 below), providing the user an 
interactive,  integrated, mixed virtual reality remote view of 
the area-of-interest (AOI).  In the browser, all available 
past/present/predictive sensor/data feeds and meta-data are 
visually integrated into a virtual reality common operating 
environment providing the UT operator with a live-over-
virtual-over-time full context of the AOI. The UT operator has 
a remote ‘presence’ in the real-world AOI. Within this live 
AVR environment, UT operators can interact in real-time with 
personnel and sensor assets in the AOI, analyzing and sharing 
critical ISR information from multiple sources in real-time, 
and thus become a valuable, “virtual” team member with 
super-human  navigational and sensing capabilities in the AOI. 
 

   

Figure 1.  A UT AVR environment provides ‘presence’. 

 

 B. Natural User Interface 

AVR ‘presence’ will be degraded without a natural, 
intuitive human-machine interface (HMI).  With respect to 
overall HMI functionality and  techniques, UT requires: 

 HMI for coordination and supervisory control of 
surveillance assets – In part, this is being achieved through 

fourDscape 4D sensor objects embedded and geo-registered in 
the virtual scene.  These sensor objects includes methods to 
specify dynamic changes in sensor coverage to match the 
dynamics of the mission in the AOI.   As a proof of concept, in 
the testbed laboratory at the Morrelly Homeland Security 
Center in Bethpage NY, these sensor control requests are sent 
to custom 4D iPhone/iPad apps that direct the user to a new 
requested position and orientation. At AFRL, to further this 
approach in a more realistic scenario, UT will interface with a 
control station for small, unmanned air systems [4], both to 
receive unmanned aircraft systems (UAS) 
telemetry/video/sensor feeds, and also to send control requests 
implementing the NATO STANAG 4586 Common Message 
Format (CMF). 
 

 HMI to seamlessly manage operators view within 
Augmented VR – This is being achieved through fourDscape 
techniques to present to the user 2D, 3D and 4D spatial-
temporal awareness in an integrated virtual reality scene, 
utilizing techniques such as embedded recorded/live video and 
spatial field-of-view cones; simultaneous live and recorded 
video review;  independent and/or synchronized temporal 
control of embedded sensor/data feeds, including spatial 
progression over time;  object tracking from video; and also 
integrating with and leveraging graphical user interface (GUI) 
controls in Pursuer, an AFRL-developed GUI technology 
(based on NASA’s WorldWind) for assimilating multisensory 
imagery and metadata, to access, manage and query a wide 
variety of available ISR data content. 

Both of these HMI functional tasks require tailoring of control 
devices and techniques to allow the operator to interact in an 
intuitive, natural way.  This is an area of ongoing research, but 
is initially being addressed for UT with multiple devices and 
techniques, such as: 

 Immersive Collaborative Environment (ICEbox research 
facility at AFRL) – providing a 9-channel 360° visualization 
of a mixed reality simulated environment.  This immersive 
HMI facility affords the UT operator functional telepresence 
in a high-fidelity environment within which he/she can 
navigate, control sensors, and communicate with the team in 
the field.  [Note: a multi-monitor workstation or a single 
laptop can also provide effective UT AVR visuals, although 
with lesser degrees of immersion and, hence, presence.] 
 

 Flight stick (i.e. no mouse or keyboard) – providing user 
interaction and movement within the immersive environment.  
Using a realistic A-10 flight stick/buttons, instead of mouse 
and keyboard, the UT operator can maneuver through, 
point/pick and analyze activity in the AVR immersive scene. 
 

   fourDscape 3D Heads-Up-Display (HUD)  – which acts as 
a transparent glass control panel positioned in front of the user 
eyepoint within the 3D/4D immersive scene, which can be 
moved closer (i.e. enlarged) or pushed further away from the 
user as desired.  Metadata, control widgets, even keypad 
controls, etc. can be positioned on the 3D HUD and utilized by 
the user.  3D objects could also be “pulled” and replicated 
from the immersive AVR scene and docked on the 3D glass 
HUD for further interaction/analysis.   



 

 

 

 

 

 fourDscape Embedded 3D Controls/Widgets – can be 
positioned on the HUD glass or directly in the 3D immersive 
scene; these interactive objects can be simple controls, more 
extensive dialogs, or even comprehensive webpages/websites. 
 

 The new LEAP Motion device – that creates a 2ft. x 2ft. x 
2ft. volume of space (expandable with multiple devices linked 
together) wherein the user can interact with the immersive 
scene/HUD with natural, high-precision 3D hand/finger 
gestures, including the ability to hold other objects (e.g. a 
pencil) for pointing or designating features within the AVR 
environment.  With the LEAP device being capable of 
recognizing multiple user’s hands in small or larger volumes, 
multiple UT operators could even work side-by-side in a large 
immersive environment (e.g. the ICEbox).  [Note that multiple 
users can also collaborate remotely using multiple fourDscape 
browsers connected to the same 4D portal]. 
 

 Integration with Pursuer – which has been developed by 
AFRL scientists as a graphical user interface (GUI) capable of 
assimilating wide-area motion imagery, ground-based sensor 
data, and narrow field-of-view sensor overlays for review in 
one composite display composed of multi-sensor imagery.  
Pursuer can be leveraged for 2D “gods-eye” views, access to 
sensor feeds, ISR products, database queries, etc., and various 
plug-in capabilities (including a fourDscape plugin for bi-
directional interaction and coordination). 

All these HMI devices and techniques serve to achieve the 
higher purpose of enhanced, comprehensive situational 
awareness for the “overwatch” mission.   

 

C.  Temporal-Spatial Navigation 

Another important performance characteristic for UT HMI 
is navigation through the virtual world.  A UT operator needs 
to know the what, where and when to determine the what, why 
and how of past, present and potential future events in the 
AOI.  Spatial navigation through the 3D AVR scene is 
provided by the fourDscape browser, both in the air and on the 
ground (outside and inside structures) using a variety of 
motion, hover and tether modes while maintaining situation 
and locale awareness as the user transitions between various 
visual perspectives.   

Effective temporal navigation is also critical.  The UT 
operator needs to maintain temporal awareness while 
reviewing past data or playing out potential forecast scenarios.  
Temporal navigation controls provided by the fourDscape 
browser allow the UT operator to continue monitoring live 
activity in the AVR scene while replaying recorded geo-
referenced sensor video & data feeds from the immediate 
and/or archived past.  Past/present and predictive object-of-
interest tracks can also be visually replayed and analyzed for 
suspicious activity.  Temporal navigation brings a whole new 
dimension to a live/virtual mixed reality, adding past, present 
and predictive future realities into the mix.   

The integration of sensor data into one context (i.e. an 
AVR representation of the real world) enables the UT operator 

with unparalleled ability to maneuver through space and time.  
For the UT real-time tactical overwatch mission, it is 
important for the UT operator to stay cognizant of the present 
with low-latency full motion video (FMV) sensors, while at 
the same time being capable of analyzing higher latency 
recorded/predictive data.  The AFRL research will determine 
how best for the operator to maintain 4D SA, given this 
agility. 

 

D.  Supervisory Control of Assets 

Military operations and civil response operations are 
dynamic, and virtual operators employing UT need to be just 
as dynamic to maintain relevancy as scenarios unfold.  Based 
on perceived activity in the AOI, UT operators need to be able 
to manipulate the live sensor feeds to provide important spatial 
and temporal coverage.  They can do this by exercising 
supervisory control of the network of assets provided (e.g.  
requests for coverage sent to sensor 
systems/managers/operators, such as those previously 
mentioned).  Initially this might include requests like: “Move 
this/any mobile camera so I can see down this alley”, and, 
without specifying how the information is provided, the 
request is serviced.  In a fourDscape browser, the UT operator 
can achieve this by creating “ghost cones” of desired sensor 
coverage, and then see an active sensor platform moving 
towards that specific ghost cone location/orientation  and  
providing the requested coverage.  In the future, as unmanned 
systems are developed with increasing intelligence 
capabilities, this interaction will become more intuitive and 
natural for the virtual operator.  The UT capability, and the 
relative “omniscience” an integrated AVR context will 
provide, can be leveraged to prioritize overall sensor coverage 
in the AOI. 

   

E.  Disparate Systems Integration   

A major strength of the UT capability is the combined 
perspective it gives operators to examine the operational 
environment.  By integrating the myriad of data and 
information sources into one context, and presenting both an 
immersive (egocentric) and top down (exocentric) perspective, 
UT will enable operators to translate between a pilot’s and 
soldier’s perspectives.  This is important both in terms of 
producing imagery products of value to the joint force, as well 
as in real-time decision making during critical situations (i.e. 
to prevent fratricide).   

UT must integrate and leverage many existing capabilities 
in sensor platform controls and data sources to provide the UT 
operator the ability to both exploit and publish ISR products to 
effectively support the warfighter in the field.  This integration 
will initially be addressed through a close coupling of the 
UT/AV mission leveraging other disparate systems 
capabilities in the following areas: 

DATA SOURCES:  Accessing sensor imagery – such as 
ARGUS, AngelFire / BlueDevil, NITF, Gorgan STARE, MX-
14, etc.; managing full motion video (FMV) sources & 
telemetry data from unmanned platforms; utilizing filters 



 

 

 

 

based on location and/or time for narrowing data-load 
parameters and bookmarking data source locations for future 
access; and accessing metadata (mission-critical information 
pulled from multiple data sources). 

DATABASE IMPORT:  Managing data source remote 
network connections for wide area motion imagery (WAMI), 
tracks, data points, annotations, building wireframes, county 
maps, 3D models, National Imagery Transmission Format 
(NITF) images, shapefiles, Web Map Services (WMS), 
GeoTIFFs, etc. 

VISUALIZATION TOOLS: Image adjustments (brightness, 
contrast, gamma, invert, sharpness, etc.); creating shape and 
elevation data annotations, pushpins; publishing visual UT/AV 
products. 

CHAT:  Internet Relay Chat (IRC) Coordinate Extractor (ICE) 
to manage location/time based chat monitoring; georeferenced 
Keyhole Markup Language (KML) generator. 

AUTOMATED TRACKING:  Accessing and managing 
tracks, detections, alerts, track metadata; establishing track 
confidence measures; manual track generation, export and 
import; activity-based “pattern of life” video analytics, such as 
DARPA’s Video and Image Retrieval and Analysis Toolkit 
(VIRAT). 

 Integrating these diverse capabilities into the UT HMI 
provides the UT operator with a rich set of data and tools to 
both exploit and publish ISR products in support of the 
“overwatch” mission. 

 

F.  Information Dissemination 

 As more unmanned assets are deployed in future AOIs, it 
is expected that virtual operators using capabilities like UT 
will have greater, more comprehensive situational awareness 
than operators on the scene, as they will also have access to 
data archives not readily available in the AOI.  This SA needs 
to be shared in a timely manner for the team as a whole to be 
mission effective.  There are three distinct ways to achieve 
this: 

 Publish critical information derived from this SA to 
common ISR databases for exploitation by other 
deployed systems operators and analysts. 

 Increase the number of virtual participants in 
“collaborative telepresence” by engaging multiple 
remote fourDscape UT browsers/operators  
simultaneously. 

 Enhance the ability for the virtual operators to share 
critical information in near real-time with team 
members currently engaged in the AOI.  For example, 
a surveillance video clip of a person-of-interest 
entering a sensitive area can be pushed live to team 
member handheld devices (e.g. fourDscape browser 
enabled tablets and/or smartphones)  in the field. 

The primary goal is disseminating critical information to other 
team members where and when they need it.  Given their 

ability to see the AOI from any perspective, UT operators will 
become critical information managers for team members in the 
field who need it most. 

 

G.  Demonstration & Evaluation Scenarios 

 This current UT project has developed a number of UT AVR 
testbed portals at training centers/bases in Ohio, Indiana, 
California, and New York. A variety of datasets and UT 
capabilities can be demonstrated and evaluated in each portal. 
A live UT exercise/scenario is also planned for this Spring 
2013 in New York in conjunction with a Department of 
Homeland Security sponsored training exercise.  A battalion 
of local fire districts (FDs) received a federally funded first 
responder/ critical infrastructure grant, administered through 
the New York State Office of Homeland Security, which 
includes a “virtual reality training exercise”.  The VR exercise 
is planned as a coordinated response to a train derailment and 
resulting chemical spill on the railroad tracks approximately 
1000 ft. from a homeland security facility.  The event will be 
played out by FD personnel in realistic detail in virtual reality 
using fourDscape browsers, as an actual spill/derailment is 
obviously out of the question.  The simulation will include 
traffic, deployment of first responders and assets to the site, 
and the resulting chemical plume as it spreads in the area, 
causing evacuations, etc.  A second component to this exercise 
will demonstrate Urban Telepresence (UT), and will include 
live players and real-time sensor information which will be 
recorded as the FD response to the derailment/spill plays out.  
A UT system/operator will assist in the mission for securing 
the nearby homeland security facility.  The scenario 
storyboard presented here is a good illustration of how UT can 
be effective: 

 

 Initially, the UT operator has access to only two live 
aerial video assets positioned to the south and west of the 
building looking at the area north and east of the facility 
parking lots and perimeter fences (these will be 
represented by cameras on the building’s roof). 

 An alert is received of a train derailment on the nearby 
railroad tracks northeast of the entrance to the facility site.  
The UT operator requests/gains access to a local traffic 
camera at the railroad crossing to monitor activity at the 
crash site (this will be done using a virtual camera looking 
into the virtual reality scene where the FD exercise is 
being played out). 

 As more assets become available, the UT operator gains 
access to three mobile ground video camera assets 
(represented by handheld iPhones/iPads), with one 
initially on the adjacent roadway to the east (between the 
facility and the train tracks) and two more in the east 
parking lot monitoring the fence perimeter. 

 



 

 

 

 

      
Figure 2.  Live mobile ground video assets embedded in AVR 
and supervisory controlled by the UT operator 
 

 In response to the alert the UT operator will enhance 
perimeter security by requesting supervisory control (PTZ 
pan-tilt-zoom) of the two aerial cameras to stare at the 
north and east parking lots (note that due to their aerial 
positions to the SW, there are blind spots on the north and 
east sides of the building). 

 The UT operator will also request supervisory control of 
the three ground cameras to focus on (1) the roadway 
entrance, (2) the main northeast parking lot/entrance by 
the flagpole, and (3) covering the additional blind spot 
that exists on the north side of the building. 

 On Mobile Camera 1 (MC1) the UT operator sees a 
person-of-interest (POI) with a backpack being dropped 
off curbside by a blue jeep just outside the roadway 
entrance to the facility, and is seen approaching the 
building. 

 On Mobile Camera 2 (MC2) the UT operator sees the 
same person being tracked (assisted by visual computer 
analytics) approaching the main entrance to the building.  
The UT operator pauses the live video, captures a video 
frame of the POI, alerts security inside the building and 
also sends the picture of the POI to security’s smartphone. 

 As MC2 follows the POI, the UT operator sees that he 
fails to gain entry to the secure main front doors, and 
heads around to the north side of the building. 

 The UT operator positions Mobile Camera 3 (MC3) to 
acquire the POI, and sees him leaving the backpack 
against a fenced in area adjacent to the building.  From 
metadata augmenting the live/virtual scene of MC3, the 
UT operator identifies the area as housing a diesel-fueled 
generator, and again security is alerted of this action. 

 On MC3 the UT operator sees the person gain access to 
the building by “piggybacking” through an auxiliary side 
door.   

 Transitioning to an inside camera, the UT operator sees 
the POI detained by security personnel who identified the 
POI from the earlier image shared by the UT operator, 
and his ID is confirmed via comm. channels. 

 The UT operator uses data analytics tools to review MC1 
recorded video and locates previous video frames of the 

blue jeep that dropped off the POI, and can determine that 
the POI may have been picked up behind the building 
near the railroad tracks, creating suspicion that the train 
derailment and resulting chemical spill could have been 
an act of terrorism.   

 

       
Figure 3.  Temporal navigation of mixed reality (past-present-
virtual) 
 
 

 The UT operator pauses the archive video and captures 
the license plate for further inquiry by security to 
determine the vehicle registration and who is involved. 

  

H.  Testing & Training Methodology 

Measuring UT SA can be very qualitative in nature, but 
UT SA objective measures of effectiveness (MoEs) testing is 
being designed with a combination of performance-based [5] 
(i.e. rating user actions/results) and knowledge-based (e.g. 
Situation Awareness Global Assessment Technique (SAGAT), 
Situation Awareness Rating Technique (SART), Situation 
Present Assessment Method (SPAM), etc.) parametrics.   
Testing scenarios like the one described above can be played 
out live, and/or recorded and replayed/paused/resumed  in the 
AVR simulation environment for both SA knowledge-based 
assessments and UT training sessions.  Planned UT SA testing 
& evaluation will employ the following methods/measures: 

 At various points in the live/recorded scenario, pause and 
question the UT operators to determine what they know 
about the current events taking place in the AOI. 

 At the conclusion of the scenario, evaluate the UT 
operator actions for the duration of the exercise.  Taking 
the scenario described above, for example, evaluate 
whether the UT operator contacts security inside the 
building, gets a snapshot of the POI, successfully locates 
the vehicle from which the POI arrived, sees the backpack 
drop, etc. 

 Run scenarios with variable levels of capabilities 
available to the UT operator to determine if certain 
features affect SA MoE results.  For example, deprive the 
UT operator of supervisory control of mobile ground 



 

 

 

 

video assets, or simultaneous access to live/recorded 
video, and evaluate how the SA MoE results change. 

 

III. CONCLUSIONS 

Work to date represents an initial capability to integrate 
and deploy UT.  The first Increment for Urban Telepresence / 
Augmented Vision has been focused on demonstrating the “art 
of the possible” by leveraging and extending existing 
fourDscape® virtual reality capabilities (from the DHS / 
commercial space), while creating a first iteration of 
interoperable software layers that adapt specifically to the 
DoD mission.  This includes a prototype HMI for supervisory 
control of mobile surveillance assets and for operator 
navigation and maneuvering through the augmented virtual 
scene, while maintaining situation awareness in both space 
and time.  The next development increments will build upon 
this UT/AV prototype capability, and focus on: advancing 
interoperability with other AF/DoD products/systems; 
producing ISR products based on live exercise participation; 
evolving the UT/AV HMI through interactive MoE testing; 
and integrating intelligent Computer Vision algorithms; 
creating a comprehensive UT/AV operational system.   
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